e3eHFhL6Tt% 7 .1 AN 2003 r COWGCSI TE MATERI AL SPRI NG MODULES W TH

. | NTEGRALLY FORMED ATTACHVENT FI TTINGS FI ELD OF THE | NVENTI ON The epgint

i nvention pertains generally to plastic conposite material spring Nu2603
as flexible elements in weight pearing structures, and nmore particularly
for use in flexible human wei ght bearing structures such as beddi ng and
seating and furniture. BACKGROUND OF THE | NVENTI ON Spri ngs f m“mumm
fl exi bl e support elenments in support structures such as Seatjmmwmmm ng
and furniture have traditionally and cohventionally been const r ugl gde-of
spring steel and wire. See) for exanple, US. Patent Nos. 188, 636; 488 378;
1,887,058; 4,535,978; 5 4,339,834; 5g58,315. Attenpts have been made to
const r UGCOMFOSITES UPRATHRIALE NSPRIN @ UMD URIERS tWETHRIRTEGRAIIES. FORMERAND! €
U. S PatQQTF Iﬁﬁhﬁgﬂl PG4, 736, 932; 5,165,125 and 5, 265, 291. Al though
fiber reinforced plastic springs are fairly well-devel oped, the use thereof
in flexible support structures such as seating) furniture and beddi ng

presents the form dabl e engi negr| W I rovi di ng suitabl e neans
for attachnent of the spri ng§' ” QF%WEQﬁure and an overlying
support sur fﬁﬁ%rc@n@ﬂv&ﬁu&%ér&% £ﬁ¥ﬁ‘a112%9ﬁ1859rc%:ﬂ§8ﬁ& &bﬁﬂkb’s&ﬁ{g?w gl sy

attached to a supporting structure suc described in U S. 'Patent No.
4, 411, TERibdn clarfenisen weaghtf earingl spherstes cand afors pamtiaglaflpron ure ki @kxble Anynany pe

of nmechani cal attachnent Llicated by the extrene hardness and
sti f f nS¥dghyd W%?Wgrﬁﬁcgéﬂggdé%&%ca P8 MEBRBUPRL s nearly al ways

necessary to drill attach ?U’I‘ Ibﬁ@;{“gf 15 nechani cal
fastener (such as descri b Ib%k Paten'?r% 4,73 % 2) requiring
addi ti onal man8prmgsuor ose mﬂc:alslseuwcm elempsts 1AIsappordsnrddmmgsudhramgknrtghmd

fiber-reinforced structure breaks the preferred | ong strand/rovrng fibers
whi ch ar ebedding and TWpinge Bave ragiueplivnend onverPralinbaen eensgured of $pdng &rdt ed

application, djiiC! @8€Ssof | ekRApfeOf. 8t PRRAMRIL. ks B8E:L 55§74 OLRERBEQN 535 978

5 4,339,834, 5,558,315. Auempts have been made to construct spring support elements out of

plastic material. See, for example U.S. Patent Nos. 4,530,490; 4,736,932; 5,165,125 and

5,265,291, Although fiber reinforced plastic springs are fairly well-developed, the use
thereof in flexible support structures such as seating, furniture and bedding presents the
formidable engineering challenge of providing suitable means for artachment of the springs to
10 a frame structure and an overlying support surface. Plastic springs have heretofore been
simply mechanically attached to a supporting structure such as described in U.S. Patent No.
4,411,159 on a fiber reinforced plastic leaf spring for a vehicle. Any type of mechanical
attachment is complicated by the extreme hardness and stiffness of fiber reinforced plastics.
Ultimately it is nearly always necessary to drill attachment holes in the spring for a
15  mechanical fastener (such as described in U.S. Patent No. 4,736,932) requiring additional
manufacturing and assembly steps. Also, drilling through the fiber-reinforced structure
breaks the preferred long strand/roving fibers which are critical to providing optimal spring

characteristics. The related application discloses clips for anachment of marress foundation
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-2 17 JAS! V03 springs to a frane and an overlying grid. Al though fully
- operative and novel) this approach requires additional parts and increased
assenbly tasks, and does not entirely overcone the negatives of ssi bl e
sl i ppage between the spring and, the clips, and noise generation ﬁ? Nh20[}3
relative notion. 5 Conventi onal beddi_ng_ systems comonly include a mattress
supported by a foundation or "box spring" . Foundations are provided to

gi ve support and firmess to the mattress as well as resilience in order to
defl ect under excessive or shock | oad. Foundations are typically conposed
of a rectangul ar wooden frane, a steel wire grid supported above the '
wooden franme by an array of steel wire springs such as conpression type
spri ngs sphinghtaaa érafre adcmr @drly mgt grid. wabbeughffuHyreperhtiveoandenovely this @pgohgh
support and nmaiptain the mess |evel he ttress, a | arge nunber of
conpr essrif’B‘l‘l‘r‘%sp’r“{| ahPM@?—éHﬁrqaﬁedt ?Fée"f‘%lbjr{&%ts' | does At PRI Hg‘HFQjﬂc the
product i u i rings
in mttr%s&ﬁgufggﬁ@%ssgpé&? fegﬁnéssl?) gghﬁhq?ecﬂ{pas@dg%ﬁ%r@éﬁgﬁﬁg E?&rg]gs
typi cal Ingladfi®y enotiohow carbon wire grid or matrix attached to the tops of the
springs. Both the wires and the welds of the 15 matrix can be bent or
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springs in foundations, another type of spring used is the torsional steel
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springs, fewer torsional springs are needed in the foundation. However, the

manuf actthe eattfess,ca Rrgerrimbey pé cerppriessien Springs aneawedediin ewr feyudation, reelting in
expensi ve tool and bendi.ng e El a orate ress e bending 25
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process is not econonically adaptable to produce rent spring
conf i gurwirée gnid ommmutarta@wdttodhq tmgs of thel spniggs. e Bothkihe gvisas cihd rthermelds 0é 1the

set:-up changes an i.on, erc. erefore the configuration
andis” 1A g pe F SEoRr et s cosfifins 1506 U rREY s Y tasi |
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characteristics. Furthernore, 'the many bends in these types of springs nake

di mensi coatactjwhichtcgn ezsnly rpodaduacn dqu;pkmgl gounds endayldynzmicdoasang. r ol very

difficult to achie Al so, ions i.n steel material .pro sandthe
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awkwar d geomnet the relatively large torsional springs nmakes assernbly
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hei ght f W ng excessl ong as a rern Iect

its spriareg needee it dhecfoandationarifmyevet, tbamabufactemeﬁﬂtediqnal-q'ﬁdephrigsrfr(ml cteelt ai n
nunber of_ cycles w thout noticeabl e change in operating characterjstjcs.
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operating c eri stics xive su
four or more adjoining sections. The manufacturing process is not economically adaptable to

produce different spring configurations without new tooling, tooling reworking and/or

machinery set-up changes and process disruption, etc. Therefore, the configuration and



15 permanent change in shape, or catastrophic failure in the form of

" breakage. Spring set in steel wire springs nay also occur sinply follow ng
prol onged normal use, i.e., continuous heavy |oading. This ph z IQMﬁ

al so generally referred to as fatigue and can result in catast gﬁR@

failure. Mattresses of increased thickness dinmension such as "pill owtop"

matt resses) when 20 placed on top of traditional foundations of six to

ei ght inch height, can be too high in proportion to the head and f oot

boards of beds, resulting in an awkward appearance and an excessively high

sl eeping surface. This trend toward larger mattress and foundations

increases distribution and storage costs. Mattress foundations in the
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with an avera e thlc Q of. six-.25 and one half to.seven and
one hal fﬁuﬂgzﬁ ggﬁ{/eé%(su%oéf % sttﬁc%n:l: rﬁ)sg{norgigh Sofapy; end Weﬁ‘:‘??eon is
attribut ghee of %phh@s Bﬁké?lhimé?fsxdnﬁﬁqﬁ!l{t}e céﬂfdlnﬁadnﬂﬁngeﬁte kdlerdRELERtrol ve
deflection of torstonal wire spring nodules is l'imted to apprOX|nateP& 20%

of the tdiffadulthiei aghieveli rfdsmn(amatl@amansmi; materiah pripesics @ad she heed 208 comogien can
cause spring set or, breakage. Redycin el 7 JA~I 203 -4 overall height
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wi th recovery. reover nunber o clles to uring
testing makepeassanatly pf tharsphamgstm Qwﬁadndm:omeeshlatmﬂyndtfﬁbLﬂt ght spring wire
nodul es and is usually many | ess cycles tqg failure than spring wire 5
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el enents in sugfort structures such as seating and beddi ng. The conposite
mat er i al SPFOgsisrdefigcterb ithissity spIiRgIEtS t@ffﬁnmrass@yﬂ @Mesrérepa&ﬂdbaloaﬂ%ds qrea
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mattress foundation, the attachnment fittings are selectively configured for
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to a surrounding assenbly such as a frane _and a grid. The material of the
att achnelman’ﬂ@qumﬁgs Tﬁﬁyph@eomﬁ@rwr@smgemrafllme&w ttRAs fengueptngseancresdt &y i al
of the S‘F(g”rﬁ ) ﬁ%l The invention further enabl es production of novel |ow
profile/ W 3?8 i Mbuse 20 resistant and long life mattress foundations
whi ch i ncor poxmitfesied &f GcreReH ttRickBsE [dirfénsfonl U8 ATOHIMRS-top" t Mattreisedr when
attachnent fittings. The conposite material spring nodules are used in
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over traditional foundations. The invention further provides a high profile
or convetnt:reamldmebtgiw ame tstoregss chstau n hattress founidationssie she binited iStatesntppiesllyal
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fi berglass conbi nations, Ing such materials in various spring shapes
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mattress foundation. As used herein the term "conposite" % )
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as any Compression which exceeds the 20% range can cause spring set or breakage. Reducing the
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5 plastic material which can be nol ded) extruded or pultruded and a fi brous
mat eri al bonded or encased or otherw se attached to the plastic material.
The term "conposite"” also refers to the integral formation of atthhpgpt 0
fittings froma nol dable material about a spring body having encapsula e@’a
fibers. The invention still further ingludes a novel nethod of selective
assenbly of mattress foundation units using conposite material spring
nodul es wherein the spring 10 nodul es are sel ectively arranged upon and
fixedly attached to a frame structure and to an overlying grid. In a
preferred enbodi nent of the spring nodul es, conposite material is pultruded
in a generally planar elongate spring nodule to provide a | ow depth/ hei ght

di mensi GWeaAdest of IpPNalPEES macyles $an rerks the sGEY RO MiRid and diminishes the

nmol ded/ pyl:tru - ite naterial:. ' lies,: L0, PRt ar
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provi deshd HimbWT chaesfodfailuteiduging Nite RSSRNS |p¥naalyaitragas peadedt vaithi Dbridded W re
springs, including sinplified foundation construction, nodule manufacturing
and handieighty)springl wicsaayodakeapandbisl nsuglly gnanyt igshcredesrio ddilice whdnngpringd wire

ass I cesses for both subassenbly and,final  assenbl f foundation
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modul es rédRed fSEROWhileretihifg kiRl desiréd §ppditlaid askRtiGPbdiricerishgs, manuf act ure of
a wide variation of spring nodules having different shapes and support and

defl ection characteristicsSWMMARY ORTHEHINNENTION, wit hout substanti al
retooling or dification, of ocess

t he fundanent al ) e process_al.l ows
very high r epmQUEieRs ImeRfionorpdiessormmmons il sRimecpdules 105 et s ARblE | on
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supporting spring nodul’'és and an overlying e frane has
parldl | elspting) gnddutks natludend speimigr bddymeorbposed of raaplastier aevelopimigears! vuredh ahoutaj or
wi dt h parall ngj t udi nal facia

el to myjor widths of the |o nmenbers, and e
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of the ﬁﬁ,é(?g [ (Yol f @ arg.l.el: i {-nal
peri net r(231¥élan %gﬁf[oggf‘@ﬁ%%édﬁg@bgﬂd& tﬁr%glgécgtgrds]ggﬁé erdg' ané Sglﬁlgé agill%ygdorards
attached omntttesgdoeddation,o thehettdchngnt dnlingal areesebetiedly vaonfigurad ofor whethhsicaif t he

transverse nenbers, and faci? bq%'a_lr S, per%ﬁqndi cular to wi.dths of the
| ongi t uGPEAEEMERL AR Llemenis QT RaloHBYRIOBITBPE SaYErs 298 & RE 04 SUBPHH XU ush

W 13 bot,om Mi{igc[gé fraine s cdxﬂ»ﬁ‘%ﬂé‘ﬂé&ﬁl 55%9385 of le?c VAL Hirdo b

;
provi des a novel nmattress foundation crosswife or transverse€ menber
havi ng higr sprimgttady efifirates the nesdsfoo peybidatly seypeae faatehers horestiurd the isprivgss tofa
spring nodules to restrict novenment of the attachnent fittings _along the
| engt h SEITPRRAIRG FSERlY suchrptea fratae pnd 8 ,2rig: i The matsrial Of “}?r‘%‘é?rﬂ@,@‘ g“E’(SFrﬁ‘E?é’i te

materi a SS. f: i i h i rt spring configured
for att 2’8@% t%%ﬁwgﬁ%ﬁ%ﬁ%éﬂgﬁt gdrl g??‘?ﬂg?ﬁgg@gngagemnt with a
f1exi bl e suphet invéntdngfiirtheb andslewipreductibessf andl dbweprofisepleot seight abuese
invention _ are herein described in particularized detail with reference to

t het0acc 6apERRfiang 1png lifeeBatrpEfoundaiions PhidNnesTPRIte thRapmReste Baeriak fpsing
acconpagyddifes %iﬁWn@?ﬁl attachment fittings. The composite material spring modules are used in
place of traditional wire springs as the principle reflexive support components. In one
embodiment, the total height of a low composite material mattress foundation is
approximately 50-60% of the height of traditional foundations, yet has improved
25 deflection/resilience characteristics over traditional foundations. The invention further
provides a high profile or conventional height mattress foundation which uses composite

material spring modules mounted upon a novel high profile frame.

The invention further includes a novel method of manufacturing foundation spring



FIGS. | A-1C are perspective views of conposite material spring nodules with
i ntegrally formed attachnent fittings of the present invention; EIG 2 is a
perspective view of a mattress foundati on having conposite mat er il Mﬂiﬂﬂ&?
nodules with integrally fornmed attachnent fittings of the present

invention; 20 FIGS. 3A and 3B are perspective views of conposite material
spring nodul es of the invention engaged with intersecting nenbers of a
mattress foundation grid; FIG 4 is a perspective view of a high profile
mattress foundation with conposite nmaterial springs with integrally forned
attachnment fittings of the present invention; FIG 5 is a perspective view

of a portion of an alternate enbodi nent of a mattress 25 foundation of the
present TAGes from COmMRESItE Matesialy Fyeh &5 8RXWROINSSIE #1d Hberalesserombivationhobl ment
of a co Lt e | ' I it h i r .

i tt1 nootgpie B Elirts RRUArE: Sy falls il QS Bty S0 Bipeoh SERETEL |,

enbodi nmege 4f sippsArdlegen® dnlae maftreksh €ounddtion) AM s2uskd ~her¢in RO térdD " compdsize" 6C
is an elevation view of a spring nodule of the invention engaged wth a
frame nembas apembingqrdof At igasdwe measerialo mixpst foeethest int hsolist Esmntsu¢heeary on;
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support spring of the present invention. DETAI LED DESCRI PTI ON OF PREFERRED
AND AL TERNaTHE fainaEnBODaNEiRBnORtingETomN\iENGIdaNe FaB3jal hidout @ sptihg bodyabayving

preferred enbodi ppnts a conposij t terial spri ul.e 16 of th

P vent | GoRBAR Bhegon dhe PR Tmasl Cahg igades ShiyeL meodar ipive sssembly
fiber-rei : | , i I : :

di spos egdf;q{rrlg&n%@gtf@a{@?\%ﬁtu ﬁ%’lr ;u ?i ?%39 g’ﬁ?s}%n@aﬁgﬂ? ggxﬁg{gﬁyo&%ﬁe‘ﬂﬁgﬁ# alté ?‘Jéllégr\qrrent
st ab@hi amodules aregselcdGvely wmpged tpondarsit fkediyn dgaahbd hodyfr@fe stbctireaaml to an

attachment fjitting 34 and stanchion fittings 36 (herein collectively
referredMeHYHE 8¥kt achment fittings ") may be made of any structurally

it e e IRt b il e Bl ety chonde
pr ef er r egkneratipdplaeart $loagitacdpriegt mbduid itogeroBide andoB6deptieheiphte dinadnsionf amdred
Ao R tked e 10ad disiritition. The st OF molddd/uRrided compbsits emdtial pin
spring Grenistess p p pring
15 modules, and in particular the planar elongate configuration of the composite material spring
module, provides numerous manufacturing and assembly advantages over prior art wire
springs, including simplified foundation construction, module manufacturing and handling,
and ready adaptability to automated manufacturing and assembly processes for both sub-
assembly and final assembly of foundation units. Furthermore, the novel method of
20  manufacturing foundation spring modules from composite materials is readily adaptable to the
manufacture of a wide variation of spring modules having different shapes and support and
deflection characteristics with varying spring rates, without substantial retooling or
modification of the fundamental process. The process allows very high reproducibility of
performance characteristics.
25 The invention further includes novel high profile and low profile foundation frames
for supporting spring modules and an overlying grid. A low profile frame has parallel
longitudinal and central members, transverse members with a major width parallel to major

widths of the longitudinal members, and end facia boards with a major width orthogonal to



20 the sinple planar, rectangular configuration shown or any of the other
configurations described herein and in the rel ated application) 1i3 J:Mp%
in a nold having a cavity for receiving body 32 and connected cavities 1n
the forns of fittings 34 and 36. The nold is then injected with any

sui tabl e nol dabl e material such as pol%pr opyl ene, pol yethyl ene,

Sant opreneT"", nylon or ABS partially of conpletely encapsul ating the
spring body 32. 25 Alternatively, the entire nodule 16 (including the body
32 and fittings 34, 36) may be nol ded as a single piece such as fromfi ber
reinforced plastic material. Also, the fittings could be separately nol ded

or pultruded and.then honded (glued) to the spring. nodule body. The spring
modul e OB Wiihhel Predimewdss MemPes i IgaPiodtey e aanprsali¢l dongindinal AN
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wi th epoXxy or vinyl or polyesters, hig ensity plastic such as

pol yet hydréit@ondliyoid wensigdinidipklogbmbert 0aith neijerapiitisaifatle Shh@krsamikniteeehnd
al l oys, or any other nmaterial which exhibits the desired spring rates and
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sel ected and bl ended to produce nodul es of different spring rates. e
spribg bBeodewief supposrspring donfipaed fwrndtiaghmenti tore framb membbenaand dbr FtiGiondl ar e
preferably forned.by | trusion process wherein the reinforcing fibers
are dr avﬁﬁéﬁﬁ%ﬁ'“g’ %ﬂ?’ﬁﬁﬁﬁ“?ﬂ%‘ 2 orderiS 2l in a liquid state and
through a di erpi GRa Qe rﬁ?;]ﬁ:eckhcﬁ’ 6 %%ﬁt?&?ﬁr’e%&n Yescred argpaxﬁ&mmzeafdémle
body, and the spring body i1s cut to the desired I ength. PIignents can be
used i n witereferdedceny thateronplanyiog Figarks| y i denti fy nodul es of different

spring rates, which gre%‘}%% i t [ scri bed bel ow. As
used herein, the term"” @ﬁ?ﬁ#éﬁSM#&&M| on of the plastic
mat esi al of tHeLsSREd, Ay padhntde fibers in the spring body. The term

"conposi te” alf:lg% Eerglg)ﬁg?egers tn%pt he conbi nation of the third material 20
which is nol ddGSabbarlQ hee perspeqgivbodywe @ff compadsite mdtéréad hepeing  mbdwlengeth as

descri bed below in detajl. r,taid)ré] confiega}r ations of the conposite materi al
spring nib@eTady fogued apachrpnt Jitdrgs o ¢ METHHNVARAPYhe f or med by pul trusi on and

continuous pulry usi; krspdcfle SATBE & b 6 R% b Esitth kR
fiber st randlsﬁ?; ncllﬁgi Egm%ﬁt enot lim trer%h{ég£ g:ljc?daﬂsaé&gnlcggls Ke?lI/)Psa{r , ﬁ%S lI\/yl ar,
gr aphi t epriognizalolesrwigdt medgralyr fanmad) ataclemen Ifitdapsfof de mreseeeinvetdiioaugh a resin
i npregnating bath, and, continuously pulled through a form ng and curing

3
di e

20 The contilRPodé 889 AR Ao PEIERRTH s ViEWS P4 camPatite; raaterial SPHnE Madyles wé e v
(i.e., z i ' | ength to
pr ovi deqt’ﬁ%ﬁf’f‘E?%‘f‘f{?gs‘@b‘??‘%éegg“a@ﬁ“@ﬁﬁ@géf’%arﬁ&%é?@%f’gg‘ﬁaé y wel | suited for
1 7 JA-i ~~—~FIQ_4 veh )penspgtriveotisweof na hiphppradile idanres founditiong with dioarspokigeyi ng
substantially linear configurations. Curvilinear spring nodule
conf i gurBateHSPRRGS With dufegrally &rmsd arashment fitinaeef e aresgippesdonon nol ded as

these processag s haekpripy D e A R Gotbr af Fka@lriodihin 28 A BAES ¥

of mpdulfegndatich GPtHE pr¥sedt inemtit@; t he nunber of fibers, and/or the |ocation
or orientation of the fibers within the nodules. In the preferred

enbodi ment, tHE.fG4ds 8 perspeetiviegvied ofi anhalternase gtribodimesh of arcootpositeematsdial e)
and extend substanti al | tﬁue entire hg{ggt{g Of é&g modul e body. In alternate
enbodi moRTSE FIORE YIBCeralE fsmed ARASHTER' Hiipes Yol PEECT IREEUGE  andom

angl es . The Iﬁbt.gé%‘@@t p&peclife GRUPOSLhGhEBLAbbFmesPsf A%pPRE UG Bf Whd h

integrally forne




10 attachnment fittings will now be described in the context of mattress

" foundati ons having an underlying frane structure which supports tﬂ ﬁaw nﬁ]
nodul es ) and an overlying grid reflexively supported by the spri 3 2003
nodul es. However, it will be appreciated that it is well within the scope
of the invention to attach the sprlng,ﬁndules to any type of supporting
structure or framework, and to optionally attach any type of structure or
assenbly to the 15 spring nodul es whereby the spring nodul es provide a
reflexive surface or object. Sone specific exanples of structures and
assenblies to which the spring nodul es may be attached include all types of
furniture) seating including vehicle and aircraft seating, energy absorbing
wal |'s, fINYBRONr ot her surfaces -such as vibration danpeni ng supports, and
suspensi on sy I S i f e
mattress foungk(felrrg% lgfaﬁ 16 hk m% s rﬁm%hﬁg?‘ﬂg O?g% tﬁlﬁuaelna?'{ Qﬁa%cgr\r{'pc?s te
mat er i al frape ingnivep dbid esgnafin & omatress fhadatioh aCthe pebdeenvintibn;t he i nvention.

The foundation 10 includes a novel low profile frame) indicated generally
at 12 whi ch sEKpoSR ds a nsrspedivetWevo P! anaperortecsmhedineniiof epspring maskiie efstha 6

attached. to a rix 14 di $Pos to .and above frame 12 as
a mattreSYeR g%‘”’?‘?ﬁgmsgﬁif @emP?{q}ﬁ%’atgrﬁ%a@F?éaﬁPn ;ﬂdame 12 incl udes tvvo
| ongi t udi nal | FIEexy andi BbsPRecliial Wive lof e HaGFes Jf&)ndau@relghaa&orh&mt
menber 19, and a plurality of internediate transverse nmenbers 21, a
whi ch naarbe(ﬂbh@pﬂﬂ@ﬁ@bwoﬁmMood or steel or netal such as alunlnun1or
other suitable materials such as pultruded or extruded beam|li ke parts or
bl ow nol ded or structural foam parts, and secured together to forma
rectilinear framprAn RBOESCRIPTION OFPREFERRED ANDIMITRRNATHE t he
transverse menbers 21 are laid flat wwth a magjor wdth w, parallel to and
flu$@ agai nst the maj or WEMBQDIMENTS 6Egl‘ﬂEdNWEN’BHMﬂers 18 and 19, and
t he narrow ed or, onal surf nbers 18, and A A
bl ar a1y of e AT e e eantaBisaants Ghog AN Al h P TARBBETLE 27
(whi ch

P o E%&mh&éﬂ?h %fa %L‘?:quuf’ )Pléx{a?‘%?onr%eg P\r}%?b&ﬁéjgﬁ@krm fiBk-feittBRed

plastic such as polyet r pol ypropyl e I berglass reinforced

pl asti c)plaste sprirgcioeg 32r tahogmgmlly tformdfﬂecemaby dwnpdsddsfrume attashmentr figing 8@, of
transverse nenbers 21. An_end facia board or str 23 .is attached to %ach

tr ansver & Bitgrally Tofaed srmmca@amrﬁ&ncme ftsmsér%r?éropawteaig%a Gds febody 3
trangver eLiimhe e n er
mi;grs px%'n‘l%Aﬁma or ht Wi e a%% s}?ﬁang}lg‘ﬂbggiﬁt SCZS% %hgﬁetukuere%&w%l gééﬁp)ﬁlﬁ%l ar
to the rr'éqtnachmcrﬂtﬁmngs"})inayrtd madensiv emys etrueuri iy sm&bleanﬂtemabmtmm paastiowr edge

of the faci rdis, flu with bottom surfaces of the | n i tudi nal

menbor s. 0. B oA GHGEEH. thqedqdacﬁ‘ageeqdr op SPd 1P BRIY Pt B EReTBBRLNM

surfaces e f& t

St f ace PRy JRhe BREkéfed LN Sk ol FEREE 38 oG s i TGN e

verti cal iuouabmvgnringeaoemdztbyammm enoldinp racedd.  For pramyilelea qmigobddya?@a(ouﬁst

whi ch the 15 ends_of upper Iongltudlnal frame nmenbers 22 abut. Wth the

uppé? |oqhs|ilwienawan%arfétaﬁ§%rérce uralign shoveRy PA| ame 9t the theR ﬁ@?ﬁgww@he

ends a h C I t and
s g\?\%&éﬁbéd fiedk et %ﬁd ﬁ]u‘xe"?el%@d Y i&%la&é&ea{ ;) Z’gﬁg‘é‘%‘mﬁ kaP'

squar e en asse e sprin are faces

of the uppeivingdady Bldmabnrfemdewmedamrtﬁe ﬂﬁms;ffﬂumgben agle s6r l'lbﬁdndﬂehs)men The
grld 14 is forned by a peripheral border elenent 24 also called a
"bor der winjestest Z’Gﬂbfaﬂje e ymPWéb1§ar¥%atW3dt Budkins| @AlPrPPIianen sRodyeshydenes r ane

12, a pl n t e nt
R it A S T s S A i e
pl upsl i t»ut@fnawaﬁ&u@eme %dddleei@(fmﬁcﬁ ﬁxe(b%ﬁ 92 Al Eiktirpd 34 034)ahA] B Mdlded
‘crosswires") which intersect |ongitudi nal enents 26 to define a

gener al | 35 smglegpiace sughiad fiom fiber reififoreed masnppajemalsumsacmefféitmgs eatd bess.

constr ucEBtraY MEUEHAT BONBR ARLeh bPest Gieed) e Pringymaf ISP v 41y b

formed of compgsigh ﬁ]%r*%yo%meab §fra§y ble%ﬁ'ﬁdﬁ M&ﬁ%%@é aatib mt&hpdsﬁethen

0
glued or ultrasonic wel ded or ot’h astened In an o gonal
matrix or other arrangenent, or forned as a single integrated structure by
pl astic or conposite material nolding processes




~ ~ ~A~ ~0~~ suitable for relatively large structures such as rotational
nol ding or injection nolding of structural foam The term nal ea]dzeff
transverse elenments or crosswires 28 are downwardly bent to for AN 2803
support elenments 30 with nounting feet 31 secured to frane 12 to support
the 5 peripheral borderwire 24 and cligped to the grid 14 over frane 12.
Support elenents 30 may be selectively fornmed to any desired hei ght above
frame 12 to extend fromthe borderwire 24 to nenbers 18 and to deflect in
the manner of a spring as is known in the art. As further shown in FIG 2)
the grid 14 is supported over franme 12 by the plurality of spring nodul es

16 attached at a bottom point to ugpg,lr | ongi tudi nal frame nmenbers 22 and at
10 upper Mg sughay fiberHEINfqreed RIagc; Siersrin Spmbiatian »athgraxy gr sMyhes aoly4. As
further ] = i . Q [

at't achent SR s s fich &5 pBRRUNIeE nif ol BRE R Yochefel stel
about a glidsitadl fIREs Obr ARy Wiier hastyrid2whien expibitghhe Wesiarlr sphhg( AkdOardetwid ed
to as a "stanchion") attached at one end through a flexible hinge 43 to
base 41)dwgiipra p¥fhenomads iopA rftper-rainforcgd 4epmposig roppdali tthe dnefules map be
upri ght stanchion., e r =2 15 nfi,qure g attach.about a.longitudjnal
R R T S R R R e S R S
inter Secéava?SJnﬁbx_t Reat QR@iprésdire dbor Plitthde® MR ex@hpRS coNBMBUS FiPEB1adP sirdhdk] CS.
3A and 3B. 1n this enbodinent the |ongitudinal grid nmenber 26 overl aps

t r ansverapprepimatetie AB%r to280 %oofl thekpriodudt nobuma aate eshtusated @ritht Agregin ispistem by

el AN RUBA AT Bl PSS T S0 S PalRR © 0
I 'ocki ng 4a%h o#4fe profltCiblime 0 Mdtkialal iﬂ%qgad’&dtiﬁtotﬁgoﬁlﬁx‘lgstigh ahoid, Pﬁ‘olﬁ‘&_dm €

body 32 and extends over an interior side opening 460 1hto channel 46 in
whi & a dndraypredidFlashh isgreimdvedebyp eonvedtional methedsy swthian at ibrafingl puiatce dad asTharbl y.

The interi i de . i 460, al the | i tudi nal id m 26 t
caci Iy CRPBIERARTEIR g6 lfcisd el MEr fG prodbes IAHes ee sl SEGEEh o
downwardly caffieedndm woaiRE %fﬂ%‘by)cﬁ%l%%ﬁaﬁ REnGrSioHE SRAN &5 40w LA PHYN 1 ORRNT NG

46a into channel 46.” Prefera e hei ght of opening 460 is less than a
cross sewmefecabdy fanmad fbyaf puewshar p@6ess whereddn yhet riemféroingi fiogrs @b siravdd thraugh a

forced rd as the nenber 26 passes through qpeni.ng 460, and then, snap
down to%?ﬂ% PlasHe F?feé’iaﬁmgar higpidafseand thrgu ?afén‘{’]’&‘ﬁlgﬂ ies g crossiseqtiona)

~prs - 1 ) 18 1 o o |
P IS S recfifieRaOyh of theddy, did € Bt body R PR WyiteORR HletBs panbe o
di mensi ared ih ah¢ enddding rameridlrtoctendiiyalideptiin gmdeleg rof dliffersine spritfy, rasasmviae y, a
second channel, 47, orthogonal to ch_%nn éG, is dinensioned to receive

I
t r ansver&eatlyr figs teeprssmbly pracess HetrA F%%FIP £18, used hgredn, et cCOnRNs s 48
may be i i d fL a6t :
(T ansver So henpe Fopfaftt Giie RHSc HIRRRGEA]sirthe tey shd R hler ROBM Soring, |
t ransvertsdynefherte28 “aompasitat edkot hereinoeédry ts tthadohnbinhiien of plear thdeds trateriend of
upright nmenber 42 to restrict nmovenent of the grid_attachnment fittings
al offy t nuhicl iSymRidse abeutiRs, spring hadiite formpthepfachineny fiffings casmesseried sl &h 10
fittingsygf flexibly secure the intersecting grid nenbers 26 and 28 in the
correct relative positioning and facilitates rapid assenbly of the
foundati on. Tertdin eonifigueationsngfthé Todipspiesmdtekiel speimp rhétulapas hgthepdiscsdiody
and the grid enables nulti-dinmensional |live response to any | oad placed on
the gri dPelr mRYi b fomednly dmitrysiongandy carimerseMitrusioanehi BF $xampienghse- a

f1exibl { Chl LC k. 1. Lnflni d g of
| oad der FOGtEe lae,Vpieh Hod¥ culrBF YRERARE MR AR 5 MR ek HRREP,
Noi 38 geM§lae®,i Qhplife, EA1BoRbl 4] REakdsNERpuliéd Blohtla pdel BEOUENY rdsitt igipkEgtingAs
shown in FIG 3B, the invention further includes a transverse grid nenber
28 or criadswvindecontinuauglyrmieg shrough kdooniag apfifeysing do1 Toe cantinyess strand eht
sufficient to traverse the second channel 47.which runs. between i ppi_ng

1 nger s HPPORYE IEEIE, o GG SHEREVENE g Fu SRTEAE GEORvIROS: Cnbh Bt 14 BB s
36 are r&stdd r t Al e t i i Ok ; ers
26, and T a o B B, Do g e D B
hori zontal |ateral offsets 291 are overl apped by a portion of the | ocking
tabs 44 which strengthens the nechani cal engagenent of the intersecting
grid nmenbers within the attachment fittings. The lateral offsets 291 are
horizontal in the sense that they extend 25 laterally in a plane defined by
the top surface of a grid in which the crosswise 28 is incorporated.



The frame attachnment fitting 34 is preferably configured for indexed

~ engagenent with an opening in the top of |ongitudinal frane negbﬁnf!izi gor
exanple, a key 37 is formed on 1 7 JAIL 2003 -13 the bottom f i
attachnent fitting 34 with a length generally aligned with the | ength of

t he nodul e body 32. A correspondingly gized hole is provided in the top of
t he upper |ongitudinal franme nenbers 22 through which the key 37 is passed
and then rotated ninety degrees to nmechanically engage with the supporting
frame menber. For exanple, a neck 39 5 (shown in FIGS. 6A and 6B) extending
fromkey 37 has a length dinension greater than a width dinension of the
hole in frame nenber 22 so, that edges of the hole inpinge upon the neck as

it is roeBt @ahwpmwﬁ%@f%@tw Pfﬁmm@wédﬁa%vms sPhiaatially nger wngaaranons

i Pl o A HpERO TR RO CathllidndC TR, RIRREq | BN Sl ARG

of the cbaprgbiohonsned a!; @agiribedi NAhothEBighifidZntt £lvaflageC BF EyenatioRi o ipRfg
compression fit of the key along a length dinension with the franme nenber

22 upon mﬁdrwéqswd@gqeex@omseatns dhe. abilityete reagilyvaliey thet &pasmmheramqnstrcamé maduiser 22

be di d t t ke 39 t.h
ol edr ancuyPany Bare e RRHCAE i AR i GroknaionAl B AR ¢ he
key wherﬂhé Hx@d@l@ﬁ' lrﬁﬂﬁ‘}ﬂéﬂeﬁed %m%bdhﬂaeh{‘td% fibes §févdligﬁéd Witﬁaa 1e$gtﬁ kendiloR of A key
configured for sliding engagenent in a frame nenb hol e is shown in

FI GS. 6Bheambdele, aniiextend nqubstantiallyethe etisgt Imgﬁxneﬁtheomomhﬂe bodplul & altegnathe
frame str %ure vmtkbthe inte attach nt fkstlngs 34 and 36

el i mi natBPORMENs. A fR5TS gﬁf”§8‘ﬁ§ﬁ%¥”éerfe§5?& Fisortr the modul es to the
frame. The f | pEShnh § nt
of the modul aae gt 3Phe BoRRARL fderd] 3pTg Héddg?%ﬁéa‘-’%ﬁ‘e e 0
medi®ani @aaqhnmungé‘xymgsrwﬂlaiow lbe desdribednerbe tortext nfsmatiresshfousgationg harongibe s

with a m ess undation or y ot her structure such as seating and
furni t uM8 er Y§“$ cfjéaé?q 3?“‘%%}}"{%8”‘1’ SURRORS  theeRiiRe BPd ‘3 éf %‘§§l¥ﬁlﬁl §df the

fOU”dat'r&'I&\%i § & Wehe! Rk ?ék Yhe it {96
fittings 341a Lg%df’[ n‘géﬂ #brr@lem l%le/p gs?\{mg ﬁatltlalrdlgﬂp Cdédprgtflérr’gbfu of a
mat er i alwitin eha‘ keope b:ifetht haventibe toartadh ther spming enodiilesofo aine typeréfngppbartipg

gi ves the entlres rln 25 nodul e Itlpbe degreesg of freedomrelatl%gto

the frafEUdhg oF & e‘é(ﬂ é"lnF‘ranoa"tt’Qg SIYHYPS Y SHECHIG Y2 GERRY 0 Bh at
t hgspoi it r The
deggrl bg%ﬁ? ouncglg{l ?gﬁﬂegib@d&e}%s?t e I'n %}gﬁ B{éld%aswglasraﬁf astg.l ffscee{ &ag@e&he?&hg or
pr of i | e specific’ exbisiplR0FFtrudrdrdscandt dssenitdias cnwhichtthd lg;mxtgvmbailbs mey gbtanacmeahsur ed

fromthe ott msurfﬂfae of thefrarretothetogﬁof the grid, is

subst anticaide\2l] ¥aes Af MR SpRNgHACIBYING YRSl @ gFraﬁoﬁSﬁ% iCBYT8Y ABSPFRIBE wi r e
spring I | ow
o of 1 1'c i forioh SesuBfitshch 2 LibPdioR akfBehy FbBr Ao 3Eedhdlh ol D'
as a result MGI I‘Beﬂlnstratﬂﬁlonbeetghtbdlﬁlentl oknsion pbfikehmatespdsirndetiomioé rthel
spring nodul es 16 and attachnment fittings) yet which have deflection

ch&Paet EPVeation haxipgpar BTt Rf SerpRIsitr Ma rl% FRring RQAsS; A6 scapstryrted in
bst
const it Rdahol ARt B BREMy.  OCKIGLAR. 10 IFIAQE bl elIold ol Me,

free tomﬁedateacgenahuytat 1D evhich ﬂtppmfts atphﬁa:lhyrmﬂtcom odite emateri) ptihd thodtled L& ME
menbers 22. FIG 4 illustrates relatlvel a'@E’rofile version of the

f oundat P&RFeD AR/ iBRY o magﬁc p}r*oqhméeql rpaﬁé\e ch@ml; BYE d@mer 42 13y fmapeess

wher ei n se r 2.3 i i.dt h w,
ori ent ecsi&@) ﬁr{gga a;?r:t oh{ac ] eve %Pgaﬁérpgh% g‘ﬁ“ggs ne%ﬁ%”g%n%a nQ’@L%& emxaé

t h@sl ongérimelien dhenitetdTe8 NRIRAITS RAgitaIich] Sty 190 ciali &6 lentmnmﬁlﬂmwar row
edge e. In other words, the perineter nenbers 18 are flat, while the 15

t r ansveHeRsvaTsatTaerBbers 24s ol obrwrgm maythe construgled it wed @rdge@ agfmetlesuch as

transverse .nenberg 21 r on th surf ces or dt hs of t he
| ong: ¢ uBCRARCR OF et S aET maltrainur o5 BT n Sioed Bhn-1 Kb phEs onBialer 1o,
The UppﬁTolde@Qﬁ's&M@'{hFh@'fanﬁ BAlEs, rE‘ﬁETQE‘Ju?e&% %ﬁ% BUbAt BeEctl RedrNFani! (e §

edges a of the transverse nmenbers . ﬁ acia strips 23 are 5|nlfarly
vertically oriented al ong the S|de of the end transverse nenbers 21, with a

maj or width wf 20 oriented vertically, perpendicular to the major wdths
wp, of the |ongitudinal nenbers, and the



_harrow bottom edges of the transverse members flush with the bottom of the
| ongi tudinal perinmeter frame menbers 18. This construction provides a very
stiff frame wth the transverse ends reinforced by side-by-side 1 dr YANaPBi?
oriented doubl e board thickness. O course, the rigidity of the transverse
menbers 21 is optim zed by | oading up the narrow 25 edges e, on which the
| ongi tudi nal frame menbers 22 rest. Additional frame nenbers may be used to
achi eve even greater heights and stiffness. In a high profile foundation
constructed with the high profile frame 25, the vertical support elenments
30 of the transverse grid elenents 28 are increased in height to extend
fromthe elevated grid down to the | ongitudi nal ~7JAN20~3 - 15 peri neter
frame mpagfde Jrange the tdnsearpratriondless, 2k hig llﬂlér@ﬁtfh’\'ld’f aumjblgmdtlfmmpetraﬂemw ol t he

d h f 36 d
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menber s Phofdif) td @eRop E&fac@%@f‘m‘:ﬁ%eﬂ: Il@an@ 10! |AISIRlef %n@ﬂﬁﬁlﬁ%ﬁfy SaRadgment
wherein the grid attachment stanchion fittings 36 are replaced by a si ngle
grid at upptrmbmigitwding fr@metrhembcrds2251wbrbh whayc be aroastiantete df twoodngrageelidrh an
alternate formof atta nt fi

t 36 d to th t |
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mat eri‘al spring nodul e body can be executed with spring nodul e bodies of
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or G sh [ t 1 a: g |1
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attachment fitting 34 at the approximate center of the body 32. The U shape
spring ®bdg éaqaesbwsd do APty ¥y %rt@@hsurms@s pheheclongiruingl \ﬂaen%tter%s Jhe hotPmed on
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U- shaped sgrl ng nodul e 16 nounted upon a frane nenber 22 2 i nsertion of

key 37 ther &r@n veillthg| chegkediand Squangewherassembies. d“éb«tsmmna@dssel angchttaghed
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el enments 30 may be formed of steel wire or polyneric material) they may
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i nproved dual spring rate and action. For exanple) the wire support

el enents 30 nay be substituted with a 15 conposite material spring 60 such
as depicted in FIG 7. The conposite material grid support spring 60 is
formed wwth a generally planar nounting base 61 for attachnent to a frame
menber and an upright 62 which vertically supports the borderwire 24 of
grid 14. An internediate section 63 nay be configured in any suitable
geonetry which provides the desired deflection and spring characteristics.
At the top of upright 62 is an attachnent fitting




z0 64 having a channel 65 for receiving the borderwire 24 and a retainer
cap 66 which fits over the channel to retain the borderwire in channel 65.
Furthernore, since the inventive design may use a high carbon byl gANtma
grid itself acts as a spring to fully return to the horizontal plane en a
| oad is renoved, unlike | ow carbon mel?ed grids which can permanently bend
and deform and break under |oad. 25 fﬂ the manufacturing and assenbly

nmet hods and processes of the invention, the assenbly of the conposite
material mattress foundation systemis highly flexible and greatly
simplified by the relatively small size and sinple geonetry of the spring
nodul es. For exanple, to selectively assenble a conposite material mattress
f oundat | BHtaBle fasereiatiyelyt japge strucurgsaspichas_rotationgh SAGNE G Rigcdne pidipg of
perforneﬂnkgngp%mhpgical order) The spring nodules 16 may be attached to
the inner Trane nenbers (such as frame nenbers 22) before or after
attachment of Th@erhiingrentds aferanBeRer derhéntd BE cedshRired L8R BIRLIEly BAR to
spring nodul es are secured to the frame nmenbers by insertion of the key 37
t hrough fomm Yertiea sippare eleRepts B withh mpunidngafeeti3 b sgurafielgr fzarse 12 ta svppokicthe
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frame nmegbeseGRRBIySIORRE to adyOdesREARRLIR abdveSfragk 92 ft6 aRRndBaREhe BB et age as
many as forty nodul e or nore attachnent points, though only twenty or fewer

evenl y spavembensddland tordefldse imathe awneet dfia sphieg as ssdmolw ipthecess. 10 The type
of spring nodyl es used nmay selecte y shape and/qr col.or (indicating
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Si milDar | yppes tpofrite abap the) intersettibe ©f elemehs 160amt 28 ofifprittHd. pAs ifamtierrshontihe
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fingers @so refercheoras heGtanbldor”) aRachdd ngomnehdcthveigh ragflaxibi¢ hinge 48 ttabbsedtl, Each

of the assembly steps |lends itself to automation given the small size)
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those of _skill_in _the art that certain nodifications_and variations of the

i nvent i veA A pllBdhigiegriossesht. Pf lopgindingy grid membgr 2b qyerlaps sy &et 844 t hat
t he conp&ghlbgrbgﬂoe{okgﬁi R dhagheigslul es with integrally formed attachnent 25
fittings can bé attached to or utilized with any support structure or frane

and el enent s On thephé agachineanstambidnl fittingg cftthel eringemsditdy FFIG. §AI ahdoFIGRat ri x
desi8n to transfer |loads to the springs) such as for exanple, but not
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opening 46, into channel 46 in which a longitudinal grid member 26 is received in the

foundation assembly. The interior side opening 46, allows the longitudinal grid members 26

to easily enter channel 46, and the locking tabs 44,,, each formed with a downwardly canted

25 underside, guides the grid members 26 through opening 46, into channel 46. Preferably, the

height of opening 46, is less than a cross sectional width of member 26, whereby the locking

tabs 44, are forced upward as the member 26 passes through opening 46,, and then snap

down to capture and retain grid members 26 within channel 46.



-18 weight or |oad bearing surface is required. Al so, any form of
attachnment fittings which are integrally formed wwth or bonded to ghe
spring body and configured for attachnment to a nenber which suppor UIAEN 2003
spring nodule, and for attachnment to a structure supported by the spring
nodule is well within the 5 scope of e invention. Al such variations and
nmodi fi cations are within the scope and”purvi ew of the invention as defined
for now by the acconpanying clains and all equival ents thereof. 17 JAN
203 -19 CLAIMS What is clained is: 1. A conposite material spring nodul e
conprising: a spring body made of conposite material including a plastic
and a fiber, and 5 attachnment fittings integrally nolded about the spring
body. 2. The Aosvel ineFligatlSs icagh of e srg»pmmﬁmg.er edngdltarmntelihbs firmed Math a

| ast f. th t e, fib f th '
body 1 < eribe et 45 SR exlchod gesteianse AR afitsioBt 14, S8t FictBralle, o
wher ei n dybgod ighRr rrfafnbrehezéspﬁmnw)bopxedoﬁdomaﬁmew t@m@gbﬁﬂdmga%hﬂl hy ?s' ong

a length of the spring body. 4. The conposite material spring nodul € of
cl ai m 1 difmensomedt tloeretelbeatransrvextshgnd pramigr R8dyAe xhevdn EltbsiGrsecad| rditibe

entire th,of the sprin ody. 15 5. The conposite material spring
modu? e d?ea% Qﬁ iy Qﬁ&r&'lﬂef Wg’“ﬂi%&"gcﬁ"e‘f feanggh %0 BEEHPRAE FRERSS UEANBYeEeal it y
of fi berr{]ﬁ.}1 ngds. 6. The conposite material spring nodule of claim1l

wherein er of the spring body O includes a plurality of fibers of

| engt h gener ah$ yhosioint EIG. BAgveaichlgneftset nétchids99pn tiangelioembér 2§ lage spacgdosi t e
mat eri al ring nmodule of claim6 wherein the fibers are randomi( arranged

wi t hin ttﬁé F]é(s‘{“iaédlﬁfth% HRPes gistah gndhefoypright mpmbehd? orepieist Mavemané of gie &idr i ng
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spritng mxtbgse36ffleribly Becureviter Bitepsettig prid stdntbead 26 ad a8 &g MEedrect relative
positioning and facilitates rapid assembly of the foundation. The flexible hinge 43 disposed
between the spring module body and the grid enables multi-dimensional live response to any
load placed on the grid. Formation of the entire grid attachment stanchion fitting of a flexible
plastic is particularly advantageous for the infinite degrees of load deflection, and the

15 complete elimination of any possibility of noise generation at the gripping finger 44/grid

attachment interface.

As shown in FIG. 3B, the invention further includes a transverse grid member 28 or
crosswire having horizontal lateral offsets 291 of a linear extent sufficient to traverse the
second channel 47 which runs between gripping fingers 44. By this arrangement, the grid

20 attachment stanchion fittings 36 are restricted from lateral displacement along longitudinal
grid members 26, and from movement along the length of crosswire 28. Furthermore, the
horizontal lateral offsets 291 are overlapped by a portion of the locking tabs 44 which
strengthens the mechanical engagement of the intersecting grid members within the
attachment fittings. The lateral offsets 291 are horizontal in the sense that they extend

25 laterally in a plane defined by the top surface of a grid in which the crosswire 28 is
incorporated.

The frame attachment fitting 34 is preferably configured for indexed engagement with

an opening in the top of longitudinal frame members 22. For example, a key 37 is formed on



"~ 7 JAN 2003 -zo fittings is selected froma group consisting of

pol ypropyl ene) pol yethyl ene, nylon and ABS. 10. The conposite nateijﬂ

spring nodul e of claim1l wherein the attachnent fittings conprise arl pMM@UBH
el ements configured for engagenent with a structure which includes the 5
spring nodule. 11. The conposite natpf'gl spring nodul e of claim10 wherein
the gripping elenents of the attachnent fittings are configured to
frictionally engage el enents of a structure which includes the spring

nodul e. 10 12. The conposite material spring nodule of claim1l wherein the
spring body is generally planar. 13. The conposite material spring nodul e

of claim1 wherein the spring. hody is generally 15 curvilinear. 14. The

conposi"i‘%bﬁmf@rqfaﬂa“?p%@ﬁ)@f“%%ﬂll%g é‘? viihad fength generadly rmligped With 3¢ H§ed dnent s
f th hbti . f ' hi on.
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gri ppi nénghuemRnFramefméhisera akfougin twHidht the N@§ 336 pamee add apay tordied dkiyne
channel s wherein elenments of a structure supported by the spring nodul es
are redegieedito mechamisally eRgIEE Wid the senpoRIngsistNe merdaul Eovexamme.m nkifer ei n

th i Api.Ng. | di ds.which frict |

el ot SRGP PR 1348 o7 sBE AREREFe 18 REES2MAEE N S iy, g 870°0°
mat er i abid@Pditdedsio @f i Hofe B Rhmt ewltRr 22 Ro thie edsdsathih@nble filnbineP GPok e ~
7 ~a~ ~~a~ -21 top openings through which elenents can be inserted into

t he at ngchas it is frotatednajaety H8greThwithunthe diocies tormmesharatally mnd rfgichorlly eengdgecl ai m
1 wherein the attachnent fittings,.have side openihgs through ich el enments
can be e goRRlegvith B TATEe ERER PR 45 IRV a1 FOO. e SFpEas e ey & al
Spring pilA MadlongErGha'the iftBinhl ®Rfth bPME LRk fr AV MEhgiubnd M Bember 22 to

10 achieve a binding compression fit of the key along a length dimension with the frame member

22 upon ninety degree rotation. Alternatively, the hole in frame member 22 can be

dimensioned at one point to receive the key 37 and neck 39 with clearance, and further

include an adjacent smaller area which captures the key when the entire module is slid into

the smaller area of the hole. A key configured for sliding engagement in a frame member
15 hole is shown in FIGS. 6B and 6C.

This simple manner of attachment of the modules to the frame structure with the
integrally formed attachment fittings 34 and 36 eliminates the need for any separate fasteners
to secure the modules to the frame. The fittings 34 and 36 enable extremely simple and fast
attachment of the modules 16 to the frame and the overlying grid. The interlocking

20 mechanical engagement of the attachment fittings of the spring modules with a mattress
foundation or any other structure such as seating and furniture, is ideally suited for either
manual or automated assembly of the foundations of the invention. Also, the inherent
flexibility of the fittings 34 and 36 formed of flexible/plastic material (and preferably of a
material more flexible than the non-fiber material of the spring body) gives the entire spring

25 module multiple degrees of freedom relative to the frame and grid, and eliminates any
possibility of noise generation at the points of connection of the attachment fittings to a frame
or grid.

The described foundation as depicted in FIG. 2 has a relatively low height or profile



and a grid, the spring nodule configured for attachnment to a frane and to a

grid which overlies the frane, the spring nodule conprising: a spr'r?ﬁcﬁljé
made of conposite material) the conposite material conprising a plasti 063

and a fiber, and attachnent fittings nol ded about the spring body) the
attachnment fittings including at |eas 4 one frame attachment fitting
configured for attachment to the frame ' 6f the mattress foundation, and at

| east one grid attachment fitting configured for attachnent to the grid of
the mattress foundation. 15 20. The conposite spring nodul e of claim 19
wherein the spring body is generally linear and oriented generally parall el
to the frame and the grid when attached to the frane and the grid. 21. The
conposi f0& thpraasep et e verallcicights moasyrrd i&om thqnbOtfqr@rsmrfmet@cthwgrmneftp thd ng is

for mad BR SnEafge | Bo8hleNG aER e Fetenf Blicd B Rl AR g it ° '
nmodul e @fring! AbMIdLOWHRAr@InA 4sh@ll alk tsediBNnotd tch&ORigh! eTH@'kﬂa@%rJﬁlE”Eb%ht

pl astic di ?ferent than the plastic of the spring body. 25 23. The conposite
spri ng diodosien of thd funda@nwfcheiinventien &t attirabienas 4 resultrfsthameniowh hieighr ed

f t | ki t ith the f dt id th tt
t o fension P40 HRABEES maty! Sphe ﬁ@”@aﬁ&m«i‘%@b&m&mﬁ% ﬂcﬁfz. m
19 whergie 4 c%ﬁaemménshbétdoﬂq;ar ree anheéu;feh%rrﬁ)' ird e G

fi
body. 5 25. The conposite spring u of clarm 19 ereln tE 5 prlng body
conpr i ssbstantiallygreatén lizgghs. whi ch extend substantially an entire |l ength of

the spring bqody 26. The conposi nodul e .of claim 19 wherein_ the
spri _nS bogy @egﬁ;&qu?@ésmﬁﬁm%gi@ 1§ athe & hsijucied HiPyanyeaed Brigk imeRsen
within g r

wher ei n at eastqg%ér?gg)cl) %T%e@%et tt0 &lﬁlﬁe&ﬁ%% ?ﬁcl é’t %ﬂ%&%{g\éﬁg%f (eéx%%%i nge.

2810 Theframepeesitiees 3r RIG. Adtustmatesfa relasively J}ﬁgh/\,bmf‘ﬂaé versioa dfrthentouwatitiahrtent
fitti n% 15 conprises a neck and a key configured for |ocking engagenent

with a Haviige? Bighpepfile é#mqeh@dﬂ@fefirg@%raklbah%ﬁatwwm thentsansyerse irpge GREFHEE t e
oPr 00 AP Bl ST LSRR S AR o 4 BB
mat t r esdimension which elevates the longxtudmal frame members 22 (and spring modules 16)
mounted on narrow edge e. In other words, the perimeter members 18 are flat, while the
15 transverse members 21 are upright. The narrow bottom edges of the transverse members 21
rest upon the top surfaces or major widths w, of the longitudinal perimeter frame members 18
and central longitudinal member 19. The upper longitudinal frame members 22 are attached
to the narrow top edges e of the transverse members 21. End facia strips 23 are similarly.
vertically oriented along the side of the end transverse members 21, with a major width w,
20 oriented vertically, perpendicular to the major widths w, of the longitudinal members, and the
narrow bottom edges of the transverse members flush with the bottom of the longitudinal
perimeter frame members 18. This construction provides a very stiff frame with the
transverse ends reinforced by side-by-side vertically oriented double board thickness. Of
course, the rigidity of the transverse members 21 is optimized by loading upon the narrow
25 edges e, on which the longitudinal frame members 22 rest. Additional frame members may
be used to achieve even greater heights and stiffness. In a high profile foundation constructed

with the high profile frame 25, the vertical support elements 30 of the transverse grid

elements 28 are increased in height to extend from the elevated grid down to the longitudinal



20 foundation. 30. The conposite spring nodule of claim?25 wherein the
gripping fingers have radi used heads. 25 31. A conposite nateriaqup%&wg
foundati on conprising: a foundation frane having interconnected peri 2@“3
transverse and | ongi tudi nal nenbers, a grid parallel to and spaced fromthe
foundation frane) 1 7 JAN 2Q0a - 23, _.a plurality of conposite materi al
spring nodul es) each spring nodul e cbﬁﬁfising a fiber reinforced plastic
body and a frane attachnment fitting and a grid attachnent fitting
integrally formed about the spring body, each spring nodule attached to the
foundation frame by the frame attachnment fitting, and attached to the grid
by the grid attachment fitting. 5 32. The conposite material mattress

f oundat i perimetecirampn®mbgrel®i n the foundation frane peri neter menbers and

transverse ne [S,.ah ri ddn ener al fl position. 33. The
conposite mat gﬁ?@?”%t ﬁ‘gsfs%ﬂétguonﬁdlé?r?%ln nc])%n%lrgai%?n %ﬁ]%rﬁiiakgﬁhﬁgnﬁéﬁ%&l% dth
of 10 t hfuing@rsgvanst: B@%ﬁﬂ&o%r@d@étdwg‘éﬁl@!naﬂl@ desifeR] Kightd it the Qridt §\@r the
perimeter nmenbers. 34 e conposite material mattress foundation of claim

31 wher ebpringhmotiulasrand (HpPREROSE anginbese of ahg dramg. b&ar dxamplge Hag . tS ilbndgeof

t he perineter ers L th maj.or._ width of .the.faci.g board oriented

vert Boal RS705es RS ritcd B BRldhadtiniinh sreniqhdneifis T pB ey 8 sle 5
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| ongi tudinal nenbers are steel nenbers attached to the transverse nenbers.

36. The sttachment fitting B6rand uprtatthe pud ifterlovliiglyoengegedchyaanmiB@metiateeiertidnhi?

| ongi tudj nal 20 ers, extend fromaone facia board attached.to ends, of the

bor Lot cPRERbERS Sh Gt NERC AP LIRS el G GE1 R S Jp GEIE VDR GBS T he

peri met e{nagmgg{esmﬁgducg’g%&gqgmggﬁe q@ﬁ@aih@{ég{.rat tress foundation of claim
S

31 wherelin the transverse nenbers are orient I n an upright position.
10 The fundamental concept of the invention of integrally forming attachment fittings

with a composite material spring module body can be executed with spring module bodies of

any configuration. For example, FIGS. 6A-6D illustrate generally U-shaped or C-shaped

configurations of the spring module 16 which have a generally curved body 32 with two

generally flat coplanar spring ends from which the grid attachment stanchion fittings 36

15 extend vertically, with the frame attachment fitting 34 at the approximate center of the body

32.  The U-shape spring module 16 is configured such that the compressive stress imparted

on the grid of the inventive bed system is absorbed by the spring generally in the depth

dimension, and generally along the centerline of the module. In addition, the U-shape spring

module is configured and made from a material such that it can be compressed to an

20 essentially planar position without reaching its "spring set" condition. Accordingly, even if

the inventive bed foundation is subjected to excessive load conditions, the U-shape spring

modules will not be deformed or otherwise caused to fail because even at maximum
deflection they will not take a spring set.

FIG. 6B illustrates a U-shaped spring module 16 mounted upon a frame member 22

25 by insertion of key 37 through a hole in the frame member as described above, and the

frictional engagement of the intersecting grid wires by the grid attachment stanchion fittings

36 as also described above. As shown in FIG. 6C, an additional mechanical fastener 35,

such as in the form of a wire form or staple, may be attached across fitting 34 to further



25 38. The conposite material mattress foundation of claim 31 further
conprising a central |ongitudinal nenber. ~ ~ JAN 2003 - 24 39.

conposite material .mattress foundation of claim30 wherein the 1 7 JAN 2063
| ongi tudi nal nenbers conprise attachnment points configured for attachnment
of conposite material spring nDduIes.f§ 40. The conposite material mattress
foundati on of claim 30 wherein each of° t he spring nodul es conprise
substantially continuous fibers which extend substantially an entire | ength
of the body of the spring nodule. 41. The conposite material mattress
foundati on of claim 30 wherein each of the spring 10 nodul es conprise an
array of fibers in the spring body. 42. The conposite material mattress

f oundat Sesvreathe anasiuln ®ohewams membrs. afarawpirdastents mcwf@y:nbfasmhews pn iFhGS.
nodul es, are . f ] asti,c materia I .1 an a. StIC teria
of t he Woraiotth iy nde ey Bre3Sh a8 B B Rt in FRGHE ¥ PeeBuBirBRmuE AT ofe of
claim f
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corit | oS 35 d Pl Slminaeda8 schie Botisaiis Sates. 4 M@E&#&g& bodAtiat i on
of cl a'zg}%%ﬂ\bs&ﬁ%ﬁ:hgaagtﬁcﬂn@ﬂfch r&}v'engslsoforxtnp@ Sk 9'#' fnGRAPT | se

a flexi I nge he corrp03| e materia mattr ndatlon 0
cl ai m 3nydar e seadidpethplfagine whi ch fornms the attachrrent f|tt| ngs of the
spring nodul es caovers substantially the entire spring ?2Q-~

- 25 47. TH® camhieaiopevighther lelexing sRingsaction i qredudss kﬁr ﬂ@par:%t%érame%. n
L1, LB P, O b ROV 80 Bafled Wr I BRRYALE
et r esspring/sappdrt antionfto Eheafornd@fionh Becduse buppogrdlémdrss 303ﬁm%®e @brmedrop 9kl e
mat er a\Lflre or polymeric material, they may have a spring rate different from the modules 16,
especially modules formed of composite material. The combination of these two different
spring elements with different spring rates gives the foundation an unique and improved dual
spring rate and action. For example, the wire support elements 30 may be substituted with a
15 composite material spring 60 such as depicted in FIG. 7. The composite material grid
support spring 60 is formed with a generally planar mounting base 61 for attachment to a
frame member and an upright 62 which vertically supports the borderwire 24 of grid 14. An
intermediate section 63 may be configured in any suitable geometry which provides the
desired deflection and spring characteristics. At the top of upright 62 is an attachment fitting
20 64 having a channel 65 for receiving the borderwire 24 and a retainer cap 66 which fits over
the channel to retain the borderwire in channel 65. Furthermore, since the inventive design'
may use a high carbon grid, the grid itself acts as a spring to fully return to the horizontal
plane when a load is removed, unlike low carbon welded grids which can permanently bend
and deform and break under load.
25 In the manufacturing and assembly methods and processes of the invention, the
assembly of the composite material mattress foundation system is highly flexible and greatly

simplified by the relatively small size and simple geometry of the spring modules. For

example, to selectively assemble a composite material mattress foundation of the invention



49. A high profile mattress foundation franme for supporting a plurality of
spring nodul es, the foundation franme conprising: 10 two parallel1 7 23
| ongi tudi nal perineter nenbers and a parallel central |ongitudinal f4e®k;‘
menber between the |ongitudinal perineter nenbers, a plurality transverse
menbers attached to and extendi ng oveﬁ7and perpendlcularly from one
perinmeter franme nenber to the other, a mpjor wdth of the transverse frane
menbers orthogonal to a najor width of the perinmeter frame nenbers) and 15
upper nenbers attached perpendicularly to top edges of the transverse
menbers and parallel to the perinmeter nmenbers. SO. The high profile
mattress foundation franme of claim49 wherein the upper nenbers provide

at t achmit follewvings seps af%@ﬁﬁawe@nmsw g ig#h @rdess . TQ@ smng Tipdulgs g}ﬁ rpspbfbm e
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wherein a bottom narrow edge of the facia board is substantially flush with
bot t om serframemenbershzy ipesrtinrofthe doeyrﬁémougﬁdﬁzfranﬁmembegh(epmoh dnd romtetr ess
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t he transverse nbers. . | ow profile mattress foundation frame

support megubar phm sepporty d’for s:pamplg, asiigleeframb rhérebdranaydarkclude af meny as forty
conprisin arallel | on | naI erimeter nmenbers and a parall el

central M qrufa AR RERS POBER BB PG PLERWERISVEIRY SRASEE ORRIEh B1Y
transvebbg??gggdgpﬁk e%b@?ﬁ)cgggt ernedi ate nenbers attached to and extendi ng

or t hogona over atta to the longitudinal perineter and central
nertbers ) a Mhe aypeldf wprifighmolulehesedrmns be selected dy phnpen®idésr codet (imdiextingdi at e
menbers parallel to major widths of the |ongitudinal perineter and_ central
menber s SPring rate) to be of either uniform or dissimilar spring properties. For example, modules of
a higher spring rate may be placed in the hip and/or back regions of the foundation and lower
spring rates near the ends. Similarly, stiffer spring modules can be located at the perimeter
of the foundation to provide greater support of the mattress edge where people sit. The grid
15 14 is then secured to each of the grid attachment stanchion fittings 36 of the modules 16 by
top or side entry engagement of the grid intersections (of elements 26 and 28) with the
stanchion gripping fingers 44, as described above. Padding and covering is then attached.
Each of the assembly steps lends itself to automation given the small size, light weight and
simple geometry of the spring modules, and the elimination of dimensional constraints
20  dictated by awkward multiple bend steel wire springs.
Although the invention has been described in detail with respect to certain preferred
and alternate embodiments, it will be appreciated to those of skill in the art that certain
modifications and variations of the inventive principles disclosed. In particular, it will be
acknowledged that the composite material spring modules with integrally formed attachment
25 fittings can be attached to or utilized with any support structure or frame and elements or
members of any overlying structure such as a grid or matrix design to transfer loads to the

springs, such as for example, but not limited to frame and structures as found in mattresses,

furniture, seating, dampening devices, and any structure or assembly where a reflexive



a facia board extendi ng between ends of the |ongitudinal perineter nenbers,
a mpjor width of the facia board perpendicular to a ngjor wdth of the
transverse nenbers, and a narrow bottom edge of the facia boardf?u&RNvﬁotog
bottom surfaces of the |ongitudinal 15 nenbers. 55. A nethod of

manuf act uring conposite material spring nodules with integrally forned
attachnment fittings, conprising the steps of: encapsulating a plurality of
fibers within a plastic material to forma conposite 20 naterial spring
body with encapsul ated fibers, inserting the conposite material spring body
into a nold having nold cavities in the formof attachment fittings
configured.to attach the spring bady to a support structure) and integrally
f or m ng g&f%’@ﬁﬁi‘?@%&??% ﬂﬁgac‘éb%ﬁﬂmf e spring body by injecting the nold
cavity with a I j : . claimBb5 ¢ i.Si ng
the step of erﬂ?ﬁﬁ?a@?ﬁ?? i&%%b’gm\?\nﬁttnﬁ?snwg%gl ﬁgﬁﬁgﬂﬁﬁ L9rmed W lBhg{b?c{‘fgitBn.
17 JAN 2Q@3sprir7 body .and cvafipadd ofbr agsehimidnt g 22 mERibeF OBScH @Wiﬂg nggng a
frame whi CB {%up rts a grlnurality of conposite material spring nodul es

havi ng i MP8Yi*al ‘}O/f?fo?% eRttta @HYRRure suppprieh by dhedspaingmatudruispeelt edthinythe he

sprigg ) e od i SJ te of.: assenbling the frame; 5
attachi ng ?h:&sgl%i ﬁg\g/%rr%@m égpg{lo%t ﬁdéﬁg‘r’%shng“‘i;?‘@ﬁ#’%%ﬁ? Bty thgcirRBhirand
fittingspenieaw bf aweinnemioaras dafigtdafol a6WI B)Othe Recoriahitlg R Qﬁd LR e&ﬁﬁ@algﬁr.kd by
|nsert|n% menbers of the grid into attachnment fittings of the spring

modul es. M€FFOE8. The net hod of claim 57 wherein the spring nodul es are

attached to the franme by insertion of an attachnent fitting key into a hole
in a frame nenber and rotating the spring



nodul e ninety degrees relative to a length of the frane nenber to engage
the attachnment fitting with the frane nenber. 15 59. The nethod of claim57
wherein the spring nmodul es are attached to the grid by insertion {7 \gANdZUQS
menbers into engagenment with gripping fingers of the attachnment fittings:
60. The nmethod of claim57 further copprising the steps of selecting
conposite material spring nodules according to spring rate and sel ectively
arranging the spring nodules relative 20 to the frane to provide desired
spring characteristics at different areas of the mattress foundation as a
result of the spring rates of the selected spring nodules. 61. A crosswre
for use as an element of a mattressciqy tion grid supported by springs
whi ch are supported by a foundation frane) the cross wire conprising: 25 a
gener alWhat is eesdmedist ent of sufficient length to extend-transversely from
one side of a mattress fqundation franme to an opposite side; cl ~ JAN 2~~
- 28 dener ah [compesite; maeria $ppng ModulesempEISiABi ch ext end downward from ends

f the li t t i . e | J0k 47 . fi d f
ot tachment ooy kde of HORRRNE rderR U £ PRCANA BT ana
of fsets in td@@cﬁrhmat;i@gtimegramhﬁm@fafbg@ttts;,egﬁ@@b&fyn a horizontal plane

when the 5 crosswire is supported by the nounting feet, the offsets | ocated
along the linear extent to be positioned on opposite sides of a section of

i whi.gh attack to.the. 1 62. A it terjal .
gofgcralr Te !sﬁl?pg?’{’&gs E?Iﬂadg %rsgﬁgé%is e gf EQi%Ilew‘égfﬁnﬁgﬁ{e Iﬁ%ﬁq’%ao L‘b?d@?% re of
a matt r&‘ag if 2WiHakiteNand e fiperdTand s;%éi{/g%tflﬂy@ﬁ%rhﬁ%é?gi 10 a spring body

havi ng fi bers encapsulated in the b a’ nounting base configured for
attachnent to a mattress foundation frame nmenber, an upright portion which

extends general ly vertically above the pounting base, an attachnent fitting
at1Gn dhper HIIORPOSHGTBIerizh TIRg T LEPI b ivhereiE tis, b5e R sPrine Dot
form nq%arieﬁte@wkxteﬁa WHefallly A1 dHp WSRASE OF iRpBhg Bofpr derwire is frictionally
engageabl e.
4, The composite material spring module of claim 1 wherein the fiber of the spring body
extends substantially the entire length of the spring body.
15
5. The composite material spring module of claim 1 wherein the fiber of the spring body

includes a plurality of fiber strands.

6. The composite material spring module of claim 1 wherein the fiber of the spring body

-0 includes a plurality of fibers of length generally shorter than a length of the spring body.

7. The composite material spring module of claim 6 wherein the fibers are randomly

arranged within the plastic of the spring body.

25 8. The composite material spring module of claim 1 wherein the attachment fittings are

formed of a plastic different than the plastic of the spring body.

9. The composite material spring module of claim 1 wherein the plastic of the attachment
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T Y(&L10%& () - &g#109d& () -1 . (V&lotydl'&'d()l-z#lQ(Vd'&' {1)-_6 . XbCF: 10% & () -
10T 10T!3- ~ The composite material spring module of claim 1 wherein the spring body is generally

15 curvilinear.

14.  The composite material spring module of claim 10 wherein the gripping elements of

the attachment fittings are spaced from the spring body by a stanchion.

20 15.  The composite material spring module of claim 10 wherein the gripping elements of
the attachment fittings are spaced apart to define channels wherein elements of a structure

supported by the spring modules are received.
16.  The composite material spring module of claim 10 wherein the gripping elements
25 comprise radiused heads which frictionally engage elements to which the attachment fittings

attach.

17.  The composite material spring module of claim 1 wherein the attachment fittings have
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top openings through which elements can be inserted into the attachment fittings.

18.  The composite material spring module of claim 1 wherein the attachment fittings have

side openings through which elements can be inserted into the attachment fittings.

19. A composite material spring module for use in a mattress foundation having a frame
and a grid, the spring module configured for attachment to a frame and to a grid which
overlies the frame, the spring module comprising:
a spring body made of composite material, the composite material comprising a plastic
10 and a fiber, and
attachment fittings molded about the spring body, the attachment fittings including at
least one frame attachment fitting configured for attachment to the frame of the mattress
foundation, and at least one grid attachment fitting configured for attachment to the grid of
the mattress foundation.
15 20.  The composite spring module of claim 19 wherein the spring body is generally linear
and oriented generally parallel to the frame and the grid when attached to the frame and the

grid.

21.  The composite spring module of claim 19 wherein the frame attachment fitting is
20 formed an one side of the spring body and the grid attachment fitting is formed on an

opposite side of the spring body.

22.  The composite spring module of claim 19 wherein the attachment fittings are molded
from a plastic different than the plastic of the spring body.

25
23.  The composite spring module of claim 19 wherein the attachment fittings are
configured for interlocking engagement with the frame and the grid of the mattress

foundation.
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5 25.  The composite spring module of claim 19 wherein the spring body comprises multiple

fibers which extend substantially an entire length of the spring body

26.  The composite spring module of claim 19 wherein the spring body comprises mulitiple
fibers of generally random orientation within the spring body.

10
27.  The composite spring module of claim 19 wherein at least one of the attachment

fittings comprises a flexible hinge.

28.  The composite spring module of claim 19 wherein the frame attachment fitting
15 comprises a neck and a key configured for locking engagement with a frame element of the

mattress foundation frame.

29.  The composite spring module of claim 19 wherein the grid attachment fitting
comprises gripping fingers configured for locking engagement with the grid of the mattress

20 foundation.

30.  The composite spring module of claim 25 wherein the gripping fingers have radiused

heads.

25 31. A composite material mattress foundation comprising:
a foundation frame having interconnected perimeter, transverse and longitudinal
members,

a grid parallel to and spaced from the foundation frame,
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32.  The composite material mattress foundation of claim 31 wherein the foundation frame

perimeter members and transverse members are oriented in a generally flat position.

33.  The composite material mattress foundation of claim 26 wherein the major width of

10 the transverse members are orthogonal to a major width of the perimeter members.

34,  The composite material mattress foundation of claim 31 wherein the frame further
comprises a facia board attached to ends of the perimeter members, with a major width of the
facia board oriented vertically, orthogonally to a major width of the perimeter members.

15
35.  The composite material mattress foundation of claim 31 wherein the longitudinal

members are steel members attached to the transverse members.

36. The composite material mattress foundation of claim 33 wherein the longitudinal
20  members extend from one facia board attached to ends of the perimeter members to another

facia board attached to opposite ends of the perimeter members.

37. The composite material mattress foundation of claim 31 wherein the transverse
members are oriented in an upright position.

25
38.  The composite material mattress foundation of claim 31 further comprising a central

longitudinal member.
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modules.

5 40.  The composite material mattress foundation of claim 30 wherein each of the spring
modules comprise substantially continuous fibers which extend substantially an entire length

of the body of the spring module.

41. The composite material mattress foundation of claim 30 wherein each of the spring

10 modules comprise an array of fibers in the spring body.

42.  The composite material mattress foundation of claim 30 wherein the attachment
fittings of the spring modules are formed of a plastic material different than a plastic material
of the spring body.

15
43.  The composite material mattress foundation of claim 30 wherein the frame attachment

fitting of the spring modules comprises a key and a neck which extends from the spring body.

44.  The composite material mattress foundation of claim 30 wherein the grid attachment

20 fitting of the spring modules comprises gripping fingers configured to grip the grid.

45.  The composite material mattress foundation of claim 30 wherein the attachment

fittings of the spring modules comprise a flexible hinge.

25  46.  The composite material mattress foundation of claim 30 wherein the plastic which
forms the attachment fittings of the spring modules covers substantially the entire spring

body.
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5 48.  The composite material mattress foundation of claim 30 wherein the grid is formed of

composite material.

49. A high profile mattress foundation frame for supporting a plurality of spring modules,
the foundation frame comprising:

10 two parallel longitudinal perimeter members and a parallel central longitudinal frame
member between the longitudinal perimeter members,

a plurality transverse members attached to and extending over and perpendicularly
from one perimeter frame member to the other, a major width of the transverse frame
members orthogonal to a major width of the perimeter frame members, and

15 upper members attached perpendicularly to top edges of the transverse members and

parallel to the perimeter members.

50.  The high profile mattress foundation frame of claim 49 wherein the upper members

provide attachment points for foundation spring modules.

20
51.  The high profile mattress foundation frame of claim 49 further comprising a facia
board which extends between ends of the perimeter members, a major width of the facia
board orthogonal to a major width of the perimeter members, and wherein a bottom narrow
edge of the facia board is substantially flush with bottom surfaces of the perimeter members.
25

52.  The high profile mattress foundation frame of claim 49 wherein the upper members

are made of steel.



10" 10" a}: JAEKC 10°3"10% & ()- #10% & ()- @0% & ()-#10% & ()-10% & () - 93

10% & ()-J}}~SH= 100 10\ 10\ 10\ 7#10% & ()-4y10% & ()-!
194.0%\ & ()-!Hs*94.0%\ & () - YU@10% & () - FAESH= 10" 10s109%& () -
109& () - Of #109& () - & 109& () - 109%& () - Y40%& () - GK>M-\ =SH= 10°
f#10% ()-! @L0% ()-!T9%40%: ()- 9209 J& ()-

&SH10%&' ()- &l - #10%&' ()- M $x"2?2SH=  ~ <0~

10"/ SH109& ()-!VL*&10% | & ()-) SHL09%& () - 9409 ()-!i sY" 940%00%
109& ()-.:;<=JQbC 10" 10% & ()-, &&10% & ()- 10 10

108F10%& () - 4SH109%& ()-L310% ()- F w$a?bC 10°!Y

o 17 JAN 2003

()-

V0% (& ()- @10% & ()-Y10% & ()--#10% & ()-! 1Z%0% (& ()-- #10% & () - $?PWIED
C 10°! 31634 & (The highOSdoRle(farrBis1Odation fAMEQN cMif)40 WIEHEDBIK &afor veidth of the

109% & () - %& (5<bC 10" !- 10% & ()-940% & ()-G 10( 10(

10( 810% &13cja bep1disgess)tharya mgigr &g ol IRIEIREVerer MemBasog & () - s10% & () - S

10% & ()-,-#109% & ()-!8s$10% (& ()- S 10% & ()- NaBbC

54. A low profile mattress foundation frame for supporting a plurality of spring modules,

5 the foundation frame comprising:

two parallel longitudinal perimeter members and a parallel central longitudinal

member between the longitudinal perimeter members,

transverse end perimeter and intermediate members attached to and extending

orthogonally over and attached to the longitudinal perimeter and central members, a major

10 width of the transverse end perimeter and intermediate members parallel to major widths of

the longitudinal perimeter and central members,

a facia board extending between ends of the longitudinal perimeter members, a major

width of the facia board perpendicular to a major width of the transverse members, and a

narrow bottom edge of the facia board flush with bottom surfaces of the longitudinal

15 members.

55. A method of manufacturing composite material spring modules with integrally formed

attachment fittings, comprising the steps of:

encapsulating a plurality of fibers within a plastic material to form a composite

20 material spring body with encapsulated fibers,

inserting the composite material spring body into a mold having mold cavities in the

form of attachment fittings configured to attach the spring body to a support structure, and

integrally forming attachment fittings about the spring body by injecting the mold

cavity with a moldable material.
25

56.  The method of claim 55 comprising the step of encapsulating fibers within a plastic

material by pultrusion.
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assembling the frame;
5 attaching the spring modules to the frame by securement of attachment fittings to a
frame member, and
attaching the spring modules to the grid by inserting members of the grid into

attachment fittings of the spring modules.

10  58. The method of claim 57 wherein the spring modules are attached to the frame by
insertion of an attachment fitting key into a hole in a frame member and rotating the spring
module ninety degrees relative to a length of the frame member to engage the attachment

fitting with the frame member.

15 59.  The method of claim 57 wherein the spring modules are attached to the grid by

insertion of grid members into engagement with gripping fingers of the attachment fittings.

60.  The method of claim 57 further comprising the steps of selecting composite material
spring modules according to spring rate and selectively arranging the spring modules relative
20 to the frame to provide desired spring characteristics at different areas of the mattress
foundafion as a result of the spring rates of the selected spring modules.
61. A crosswire for use as an element of a mattress foundation grid supported by springs
which are supported by a foundation frame, the cross wire comprising:
25 a generally linear extent of sufficient length to extend transversely from one side of a

mattress foundation frame to an opposite side;
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5 crosswire is supported by the mounting feet, the offsets located along the linear extent to be

positioned on opposite sides of a section of a spring which attaches to the crosswire.

62. A composite material borderwire support spring for use as a flexible support for a
borderwire of a mattress foundation, the support spring comprising:
10 a spring body having fibers encapsulated in the body,
a mounting base configured for attachment to a mattress foundation frame member,
an upright portion which extends generally vertically above the mounting base,
an attachment fitting at an upper distal end of the upright position, the attachment
fitting forming a channel in which a cross-section of a borderwire is frictionally engageable.
15



