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Conventi onal bedding systens in the United States include a mattress
‘supported by a foundation or "box spring". Foundations are provided to

-give support and firmmess to the mattresst-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 spaced 10 above the wooden
frame and supported by a nunber of steel wire coils such as conpression
type springs which are secured to the wooden frane. In order to properly
support and neintain the firmess level in the mattress, a |arge number of
conpression springs are needed in the foundation, resultlng i n high
production cost. This is the nmain di sadvant age of usi ng 15 conpre55|on
springs in mattress foundations. Al so, foundations which use conpression
springs typically have a |ow carbon wire grid, or matrix attached to the
tops of the springs. Both the w res aRfFLEheF FEE HVENTI®Me matri X can be

br oken under abusive conditions.

Low Profile Composite Material Bedding Foundation System

FIELD OF THE INVENTION .

The present invention pertains generally to bedding foundations
and, in particular, to the intermal weight bearing structures of
bedding foundations.

BACKGROUND OF THE INVENTION

5 Conventional bedding systems in the United States include a
mattress supported by a foundation or "box spring®. Foundations are
provided to give support and firmness to the mattress as well as resilience
in oxder to deflect under excessive or shock load. Foundations are
typically composed of a rectangular woocden frame, a steel wire grid spaced
10 above the wooden frame and supported by a number of steel wire coils such
as compression type springs which are secured to the wooden frame. In
order to properly support and maintain the firmness level in the mattress,
a large number of compression springs are needed in the foundation,
resulting in high production cost. This is the main disadvantage of using
15 compression springs in mattress foundations. Also, foundations which use
coﬁtp:ession springs typically have a low carbon wire grid or matrix
attached to the tops of the springs. Both the wires and the welds of the

matrix can be broken under abusive conditions.
In an effort to avoid the high cost of using compression
20 springs in foundations, another type of spring used is the torsional steel
spring formed from steel spring wire bent into multiple continuous sections
which deflect by torsion when compressed. Because torsional springs are
dimensionally larger and stiffer than compression springs, fewexr torsional
springs are needed in the foundation. However, the manufacture of
. 25 torsional-type springs from steel wire requires very expensive tooling and
bending eguipment. Elaborate progressive bending dies are reguired to
produce the complex torsional spring module shapes which may include four
' or more adjoining sections. The manufacturing process is not economically
adaptable to produce different spring configurations without new tooling,
30 tooling reworking and/or machinery set-up changes and process disruption,
etc. Therefore, the configuration and resultant spring rate of such
gprings cannot be easily or inexpensively altered to produce foundations
with different support characteristics. Furthermore, the many bends in



In an effort to avoid the high cost of using conpression 20 springs in
feundati ons, another type of spring used is the torsional steel spring
formed fromsteel spring wire bent into nultiple continuous sections which
deflect by torsion when conpressed. Because torsional springs are

di mensi onal | y |wogesssesid stiffer than conpression springs, feREFUSHNSha
springs are needed in the foundation. However, the manufacture of 25
torsional -type springs fromsteel wire requires very expensive tooling and
bendi ng equi prent. El aborate progressivezbending dies are required to
produce the conplex torsional spring nodul e shapes which may include four
or nore adjoining sections. The manufacturing process is not economcally
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variations in st @glndations, and a particular disadvantage of torsional springs, is the
phenomenon of "spring set" in which a spring does not return completely to
10 an uncompressed height following excessive loading. So long as a spring
is deflected within its spring rate tolerance range, it can be repeatedly
loaded for a certain number of cycles without noticeable change in
operating characteristics. However, if deflected past the maximum
deflection range, it will undergo permanent deformation or "set™, resulting
15 in a change in operating characteristics such as lack of reflexive support,
permanent change in shape, or catastrophic failure in the form of
breakage. Spring set in steel wire springs may also occur simply following
prolonged normal use, i.e., wear and tear.
' A growing problem in the bedding industry is the trend toward
20 mattresses of greater thickness dimension which, when placed on top of
traditional foundations of six to eight inch height, are too high in
proportion to the head and foot boards of beds, resulting in an awkward
appearance. This trend toward larger mattress and foundations is
increasing distribution and storage costs. '
25 Bedding foundations in the United States typically measure on
‘the order of five to eight inches thick, with an average thickmess (or
_height) of six and one half to seven and one half inches. In conventional
foundations, most all of this dimension is attributable to the height of
the spring modules. In general, deflection of torsional spring modules is
30 1imited to approximately 20% of the total height dimension. Compression
which exceeds the 20% range can cause spring set or breakage. Reducing the
overall height of torsional spring modules can make the spring too rigid
or diminishes its deflection and support capabilities. Moreover, the
number of cycles to failure during life testing is generally harder to
35 predict with shortened height spring wire modules and is usually many less -
cycles to failure than spring wire modules of greater height. -
Accordingly, there is a need for an entirely new foundation
design and construction concept which avoids and overcomes the many
deficiencies of the prior art including spring set, production quality
‘40 control and expense, excessive height dimension and other problems.
SUMMARY OF THE INVENTION .
The present invention is a new low profile/low height abuse
resistant and long life bedding foundation which employs low-profile
springs modules formed of composite materials. The total height of the



material properties and the need for corrosion protection and heat-treating
aéd to the cost and difficulty of producing steel wire spring nodules. And
5 furthernore, the awkward geonetry of the relatively large torsiona
springs makes assenbly of the springs in the foundation frame difficult.
Anot her di sadvamOag#oes the use of steel wire springs in fount?ﬁrmg"’s"a?ld a
~particular disadvantage of torsional springs, is the phenonenon of "spring

' set” in which a spring does not return conpletely to 10 an unconpressed

- height follow ng excessive |oading. So-3ong as a spring is deflected
'within its spring rate tolerance range, it can be repeatedly |oaded for a
certain nunber of cycles w thout noticeabl e change in operating
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of selective assembly of foundation units using composite waterial spring
modules wherein the spring modules are selectively arranged upon and
attached to a frame structure and to an overlying grid. -
In a preferred embodiment of the spring modules, composite
15 material is molded into a generally C-shape spring module to provide a low
depth/height dimension and efficient stress and load distribution
capability. The use of molded composite material spring modules, and in
particular the C-ghape composite material spring module, provides numerocus
manufacturing and assembly advantages over prior art wire springs,
20 including simplified part handling and ready adaptability to automated
assembly processes for both subassewbly and final assembly of foundation
units. Furthermore, the novel method of molding 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
25 deflection characteristics such as spring rate, without substantial
sretooling. . g
In accordance with one aspect of the invention, a low profile
composite material bedding foundation includes low profile spring moduies
formed from composite material molded to have suitable spring rates and
" 30 improved spring rate tolerances, and are configured for attachment to
spring module supporting frame members and to an overlying wire grid to
form a reflexive support structure for a mattress.
In accordance with another aspect of the invention, a composite
material bedding foundation system and method of manufacture comprises a
35 frame including inner frame members adapted to support selectively arranged

° © low-profile molded composite material spring modules which have a spring

- ' property of return to uncompressed state from total depth deflection
without spring set, wherein the composite material spring modules are
deflectable through an entire depth dimension of the modules.

40 In accordance with still another aspect of the invention, a low
profile composite material bedding foundation system and methed of
manufacture includes inner frame members adapted to engage a plurality of
molded composite material spring modules, clips for attaching spring ends
of the spring modules to a wire grid over the inmer frame members.



25 Beddi ng foundations in the United States typically neasure on
the order of five to eight inches thick, with an average thickness (or

hei ght) of six and one half to seven and one half inches. In conventional
foundations, nost all of this dinmension is attributable to the height of

- the spring noduwesesmes general , deflection of torsional sprinSCHYSWOED?| s
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These and other aspects of the invention are now described in

10 particularized detail with reference to the acconlpénying Figures

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying Drawings:

FIG. 1 is an isometric view illustrating an embodiment of a low
profile composite material bedding foundation of the present invention;
15 FIG. 2 is an elevational view of a section of the foundation
of FIG. 1 showing the profile of the composite material spring module and
its arrangement with respect to, and method of attachment to, a frame

member of the bedding foundation of the present invention;

FIG. 3 is a plan view of FIG 2;

20 FIG. 4 is an isometric view of a camposite material spring
module of the present invention and clips which attach the spring module
to intersecting wires of a wire grid in accordance with the present
invention;

FIG. 5 is an elevational view, partly in section, of the clips

25 of FIG. 4;

FIG. 6 is an isometric view of an alternate embodiment of a
clip for attachment of composite material spring modules to a wire grid in
accordance with the present invention;

FIG. 7 is a isometric view of an alternate embodiment of a low

30 profile composite material bedding foundation of the present invention;

FIG. 8 is an isometric view of alternate embodiment of a
composite material bedding foundation of the present invention;

FIG. 9 is an isometric view of alternmate embodiment of a
composite material bedding foundation of the present invention;

35 FIG. 10 is an isometric view of alternate embodiment of a low
profile composite material bedding foundation of the present invention;

FIG. 11 is an isometric view of alternate embodiment of a low
profile composite material bedding foundation of the present invention;

FIGS. 12A-128 are profile views of alternmate embodiments of

40 composite material bedding foundation spring modules formed in accordance
with the present invention.

PIG. 13 is an elevational view of an embodiment of attachment
of a linear spring module to an inner frame member and a grid, and
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-3- conposite material bedding foundation is approximately one-half the

hei ght of

traditional foundations, yet has inproved

defl ection/resilience characteristics over traditional foundations. The

| conposi te nmt erwalsé3s9ed ng nodul es are used in place of tradit RERAISINETEL

. springs as the 5 principle reflexive support conponents. The invention

- further includes a novel nethod of manufacturing foundation spring nodul es
. fromconposite materials such as epoxy as« fiberglass conbi nati ons, by
nol di ng such materials in various spring shapes particul arly adapted and
especially suited for use as support elenents in 10 a beddi ng foundati on.
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springs,

material spring modules 16. In this embodiment, frame 12 inciudes two

10 longitudinally extending perimeter members 18, two transversely extending
perimeter members 20, and a transverse central member 21, all of which may
be constructed of wood or steel or other suitable material and secured
together to form a rectilinear frame. A plurality of longitudinally
extending immer frame members 22 (which may be constructed of wood or

15 steel, or extruded or pultruded plastic such as polyethylene or
polypropylene or fiberglass reinforced plastic) attached to transverse
perimeter members 20 and central member 21, provide attachment points for
the composite material spring modules 16 as further described below. Grid
14 may be constructed of low carbon or high carbon steel, but may

20 alternatively be formed of composite matexrial such as pultruded f£iberglaes
reinforced plastic which is then glued or otherwise fastened in the matxrix
arrangement, or by composite material molding processes suitable for
relatively large structures such as rotational molding or injection molding
of structural foam.

25 The grid 14 is tormed by a peripheral border element 24, of
generally the same width and length dimensions of frame 12, a plurality of
longitudinal elements 26, and a plurality of transverse elements 28 which
intersect longitudinal elements 26 to define a rectilinear grid which
supports a mattress. The terminal ends of transverse elements 28 are

30 downwardly bent tc form vertical support elements 30 secured to frame 12
to éupport: peripheral border wire 24 and the grid over frame 12. Support
elements 30 may be selectively formed to deflect in the mamner of a spring
as is known in the art. As further shown in FIG. 1, the matrix portion of
grid 14 is further supported over frame 12 by the plurality of spring

35 modules 16 attached at a bottom point to inner frame members 22 and at
upper points to intersecting grid elements 26 and 28 of grid 14.

The embodiment of FIG. 1 is shown with a plurality of composite
material spring modules molded in a generally C-shape configuration (shown
in perspective isolation in FIG. 2), attached to inner frame members 22 in

40 a position concave relative to the surface defined by grid 14, and with a
length dimension of the wmodules disposed transverse to the length of
foundation 10. The following describes a mamner and method of attachment
of the C-shape module to frame 12 and grid 14. However, it is to be
wnderstood that the principles and innovations of the invention are equally



20 including sinplified part handling and ready adaptability to autonated
assenbly processes for both subassenbly and final assenbly of foundation
units. Furthernore, the novel method of nolding foundation spring nodul es
fromconposite materials is readily adaptable to the manufacture of a wde
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defl ection characteristics such as spring rate, w thout substanti al
retooling. In accordance with one aspect of the invention,- a low profile

. conposite material bedding foundation ingludes [ ow profile spring nodul es

. formed from conposite material nolded to have suitable spring rates and 30
inproved spring rate tol erances, and are configured for attachnent to
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total foundation height dimension to be reduced to approximately one-half
the height of traditional foundation units, without any compromise or loss
of deflection depth, spring rate, compression/decompression life cycles,
resilience and support characteristics. The C-shape spring module is
designed to deflect at least 100% of its depth dimension, i.e., compress

15 to a completely flattened position withoui: taking a set or breaking. In
fact, the C-shape spring module can be deformed beyond the flattened
position, i.e., where spring ends 34 travel below the lowest concave point

"of curved section 32, and still return to its original uncompressed
configuration without set or breakage.

20 The C-shape embodiment of spring modules 16 is a generally
elongate configuration, meaning that the length dimension x of the curved
gection 32 of the spring module is at least twice as long as the depth
dimension y. Preferably, the C-shape embodiment of the composite material
spring module 16 is configured so that the length dimension x is at least

25 three times, even more preferably four times, the depth dimension y. In
the particular C-shape embodiment illustrated, the length dimension x is
_approximately five times the depth dimension y. Even flatter springs,
having length/depth ratios of ten, twenty or more can also be used in
accordance with invention. ’

30 Regardless of the length/depth ratio of the spring employed in
any particular embodiment, the C-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. 1In addition, the C-shape

35 spring module is configured and made from a material such that it can be
compressed to an essentially planar position without reaching its "spring
set” condition. Accordingly, even if the inventive bed foundation is
subjected to excessive load conditions, the C-shape spring modules will not
be deformed or otherwise caused to fail because even at maximum deflection

40 they will not take a spring set.

The C-shape spring module depicted in FIGS. 2 through 5 has a
total length dimension of approximately 7.5 inches, a total width dimension
of approx:.mately one inch, and a total height/depth dimension (of the
central curved section 32 relative to spring ends 34) of approximately 1.25



manuf acture includes inner frame nenbers adapted to engage a plurality of
mel ded conposite material spring nodules, clips for attaching spring ends
of the spring nodules to a wire grid over the inner frame nenbers. WO
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rate tolerance of +/- 5%. Of course, it is understood that each of these

dimensions and the resultant spring rate can be easily selectively varied

by mold modifications to produce C-shape spring modules of different sizes

and stiffness characterigtics, as further described below in connection
10 with the spring module manufacturing process.

The spring modules 16 may be produced from a wide variety of
composite materials such as fiberglass reinforced plastic, fiberglass in
combination with epoxy or wvinyl ester, high density plastic such as
polyethylene, high density plastic foam, encapsulated steel and steel

15 alloys, or any other material which exhibits the desired spring rates and
cycle duration. When made of a fiberglass composite material, the modules
are compound molded and/or compression molded into the configuration of the
male/female formed mold cavity under heat and pressure. For example,
continuous fiberglass strands, approximately 65% to 70% of the product

20 weight, are saturated with a resin system by winding or pultrusion through
a bath of epoxy or vinyl ester which is approximately 30% to 35% of the
product weight. The material is then loaded into a compression wmold and
subjected to approximately 200 psi at approximately 300 degrees Farenheit
until cured. Flash is removed by conventicnal methods such as a vibrating

25 pumice bed. The molding material can be selected and blended to produce
modules of different spring rates. Also, it is possible that geherally
linear spring module shapes could be produced solely by a pultrusion
process, without the necessity of any molding. Pigments can be used in the
molding material to readily identify modules of differemt spring rates,

30 which greatly aids the assembly process described below. As used herein,
the term "composite material” means all such materials described and
equivalents, i.e., any material which can be extruded, pultruded ‘and/or
molded to have the desired spring rate characteristics.

Certain configurations of the composite material spring

35 modules, as further disclosed below, may be formed by pultrusion and
continuous pultrusion of, for example, fiberglass reinforced plastic
wherein fiberglass strands (also referred to as fibers) are pulled from a

. reel through resin impregnating bath followed by application of a surfacing

material, and continuously pulled through a forming and curing die. The
40 continuous strand is then cut to any desired length. Pultrusion is
especially well suited for mass production. of composite material spring
module configurations which are substantially linear. Curvilinear spring
module configurations may be pultruded and then compression molded as
described. Another significant advantage of formation of spring modules



15 FIG 2 is an elevational view of a section of the foundation
of FIG 1 showing the profile of the conposite material spring nodule and
its arrangement with respect to, and nethod of attachnent to, a frame
nmenber of the bedding foundation of the present invention; FIG 3 is a plan
view of FIG 2; 2 96/39906 FIG 4 is an isonmetric view of a RCRIPSOET
material spring nodule of the present invention and clips which attach the
spring nodule to intersecting wires of a wire grid in accordance with the
present invention; FIG 5 is an elevatioml view, partly in section, of the
~clips 25 of FIG 4; FIG 6 is an isonetric view of an alternate enbodi nent
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conposi te mat er isamedydeldi ng foundation of the present invention; 35
FIG 10 is an isonetric viaw shbwaliheFIeat 3, dhbownteit curired, sectiopr 37 idfgeach C-
conposi te mat er i adhape ity doulel 8¢ ii6 taffertfl 1y Asadhed ith lengitudinal inner frame
member 22 by tabs 35 formed in an upper surface 23 of inner frame member
22 and bent over opposing edges of curved section 32. By arranging the
10 length of the spring modules transverse to the length of inner frame member
22, the spring ends 34 can, under extreme loading conditions, be deflected
below the top surface of inner frame member 22. Alternatively, the spring
modules could be arranged with the length dimension aligned with the length
dimension of the inner frame members to vhich they are attached, as further
15 described below with reference to FIGS. 8 and 10. If the inner frame
member 22 is made of wood or extruded plastic, the C-shape spring module
may be simply stapled to the top surface of frame member 22 in a manner in
which a chammel-type staple straddles the top of the concave surface of the
curved section of the module 16.
20 As shown in enlarged isclated detail in FIG. 4, spring ends 34
of a spring module 16 are attached to each intersection 39 of longitudinal
support elements 26 and transverse cross elements 28 by means of clips 40
which may include a main body 41 from which extend upper longitudinal
element engaging fingers 42 and a perpendicularly arranged transverse wire
25 engaging finger (or opposed fingers) 44 for secured attachment to each of
* the grid elements at intersection 39. Clips 40 further include means for
receiving and engaging spring ends 34 which, in this embodiment, is a
catcher wire 46, the opposite ends of which are bent around and under main
body 41 to form guide sections 48 and engagement end sections 50, as shown
30 in FIG. 5. Engagement end sections 50 may be offset along the length of
spring ends 34 to increase the gripping force.
Of course, compression of C-shaped spring 34 in use will cause
the spring ends 34 to move outwardly from the spring center. To
_ accommodate this movement, c¢lips 40 are designed to allow sliding movement
35 of spring ends 34 relative to intersections 39 without distorting the
matrix, while at the same time keeping the grid securely attached to the
spring modules at each intersection. By this structure, each of spring
ends 34 is firmly secured to grid 14 while at the same time being free to
move in sliding contact relative to each clip 40 and each intersection 39
40 upon deformation of the spring modules, while remaining securely attached
to grid 14.
As shown in FIG. 6, clips 40 may alternatively be constructed
from a single piece of spring steel to also have a main body 41,
longitudinal element engaging fingers 42, perpendicularly arranged



FIG 11 is an isonmetric view of alternate enbodiment of a |low profile
cenposite material beddi ng foundation of the present invention; FIGS.
12A-12S are profile views of alternate enmbodi ments of 40 conposite materi al
beddi ng foundation spring nodules fornmed in accordance with the present .
“invention. Fl GWQS6R06n el evational view of an enbodi ment of PATUSEHMER of

ta linear spring nodule to an inner frame nenber and a grid, and WO

+ 96/ 39906 PCT/ US96/ 08799 - 5-

- FIG 14 is an elevational view of an enb®di ment of an inner frame nenber in
. conbination with a linear spring nodule and a grid. DETAILED DESCRI PTI ON OF
EVMBODI MENTS OF THE | NVENTION Figure 1 illustrates one enbodi nent of a

conposi te mat eri gtansveestdeTegheh® enghaihg Bindepsli4aatand epmeinglehy rateik@ng channel
constructed in ags HAREE ByVirkird1CodnB¥ th® NaterakhndsObf dhaid B6ay @1l NadavHesE

a frame, indicatgg, %asf,ﬁ,ﬁl ¥nglyick? sedt1hd Qfoehmaax chdp HoSRQsed Bavmall @len

to and abovefra res o) rt| S e and aplurallty of
mol ded-conposite msﬁ erl aIals s 48k d§FGD 39 Lﬁ%

odi t, 1
i ncl udes two 10°1 ongi t udi F?‘“’gﬂ ﬁﬂl“ﬁ@h F| E?g |n§n it 188 ed e

transversely ext mtﬁg to frame 12 and grid 14 in this manner, support elements 30 of
transverse wires 28 provide a dual spring/support action to the foundatiom.
Because support elements 30 may be formed of traditional steel wire, they .
may have a spring rate differemt from the modules 16, especially modules
10 formed of composite material. The combination of these two very different
spring elements gives the foundation an unigue and improved dual spring
rate and action. 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
15 which can permanently bend and deform under a load.

A further significant advantage of the inventive bed foundation
is that the overall thickness can be easily selected in the manufacturing
process simply by changing the height of the inner frame members which span
the frame perimeter. By this invention, it is a comparatively simple

20 matter to alter the height of the immer frame members which support the
spring modules to selectively produce a bed foundation of any desired
thickness dimension.

For example, in the embodiment illustrated in FIG. 7, the
composite material spring modules 16 are similarly attached to somewhat

25 elevated inner frame members 23, analogous to frame members 22 of FIG. 1,
but having.a substantially greater height, thereby increasing the overall
height of the foundation. Inner £rame wmembers 23 may be formed by
extrusion or pultrusion of polypropylene or polyethylene or fiberglass
reinforced plastic, or of steel formed by conventional steel shaping

30 methods. The taller cross section of inner frame members 23 also of course
increases the structural rigidity of these members and the entire frame 12.

FIGS. 8 and 9 illustrate alternate embodiments of the invention
in which low profile spring modules are incorporated into a foundation
frame of greater height, to provide foundations baving a conventional,

35i.e., greater, height dimension, but which take advantage of the low

. profile spring modules. FIG. 8 illustrates a foundation 10 in which inner

frame members 60 are arranged tramsverse to the length of the foundation
and supported at distal ends by support posts 62, and by a central
longitudinally arranged inner support member 64 also supported by posts 62.
40 Support posts 62 serve to elevate frame members 60, thereby increasing the
height of the foundation to conventional dimensions. A generally U-shaped
cross-section of frame members 60 is of sufficient width to receive therein
the curved section 32 of modules 16 which are thereby aligned with the
length of inner frame membexrs 60. Other heightened cross-section inner



peri neter nmenbers 20, and a transverse central nmenber 21, all of which may
be constructed of wood or steel or other suitable material and secured
together to forma rectilinear franme. A plurality of longitudinally
extendi ng i nner franme nenbers 22 (which may be constructed of wood or 15
“steel, or extruWaPspsul truded plastic such as pol yet hyl ene JCTUSIE08799
- pal ypropyl ene or fiberglass reinforced plastic) attached to transverse
" perimeter nenbers 20 and central nenber 21, provide attachnment points for
. the conposite material spring nodules 16i3%&s further described below. Gid
- 14 may be constructed of |ow carbon or high carbon steel, but may 20
“alternatively be fornmed of conposite material such as pultruded fi bergl ass
rei nforced pl astifrandishhpdsScdnissnugpdle dabs map berent Szok asd eaddcah wabls pétfirare
arrangenment, or Ryemb@FP@6  doCeriabé the! cuPhdlisBEtidh 052066 REctS wbdlle! €n fthe correct
relatively |arge GLbuelur g %umpaﬁng Undl | Hnake r@cd*aagtormtewé&ma %8| dhng
of structural foam 25 similar to t esg.[:.&:gdépﬁv '9{:%%1 egréﬂjr&gﬁf%verse
border el enent 247101 ge IT’ and h ngl o& é)
frane 12, a pl ursa"f"i°f§/ egfm?"('fﬁ %%"@T%?P hr upport
transverse el emerRO¥EDS ghimaK ﬁ’rF‘ér?Ect“F'b?ﬁ’gl?ﬁdanséFﬁsn{“%“EGa*'o Gﬁ?’r"r‘?é“%l
rectilinear grid wiskedelduinrontethaneygrt foans andThave sons dagraends Hfexibility or
transverse el enemndlas@idiay e t30 gikm\nuker bgvé clésdribddordwmy espringl =stipporto the
el ements 30 securmanddtibhane 12 to support peripheral border wire 24 and
the grid over fyjpame 12. SURPQhbwf iR NEAGL So,30n MBYu RKE SRLLH! biloke [ (Us#BUed, O the
deflect in the rmﬂl@%aloLn& oF rﬂrggsverse inner frame members 60 may be downwardly bent
to form a strut section 61 and a base 63 for attachment to longitudinal
perimeter frame members 1B. Strut section 61 gives the foundation a
greater overall height.

15 As shown in FIG. 10, the U-shaped frame members 60 may also be
mounted directly upon ‘the frame perimeter members 18, 20, without strut
sections 61 or elevating support posts 62, in the manner in which frame
membexrs 22 are mounted in FIG. 1, for a foundation of minimized height.

FIG. 11 illustrates another embodiment of the inventive

20 foundation 10 which uses transverse inner frame members 70 formed of
composite material such as injection molded structural foam or extruded or
pultruded plastic, or compression molded plastic, or blow-molded or
rotational cast molded, and/or reaction injection molded polyurethane.
Frame members produced in this manner can actually be more rigid than frame

25 members made of cold-rolled steel. As shown, the frame members 70 may be
formed as structural trusses, with upper and lower truss spans 71, 72, and

. reinforcing elements 73 provided under the points of attachment of spring
~ modules 16. Clips can be integrally formed in the top surface of upper
truss spans 71 to engage the tangential point of contact of each module.

30 The lateral ends of each' frame membexr 70 may be formed as abutments 74
which £it within and rest upon a frame perimeter 75 wvwhich may be
constructed of wood or composite material. Abutments 74 wmay be substituted
with, or adapted to rest upon, composite spring medules of a generally
vertical configuration to provide the above-described dual spring action

35 without any wire elements. This embodiment has the further advantage of
weight reduction from foundations made of wood and steel. In this and
other embodiments, frame 12 may be blow molded or formed of extruded or
pultruded plastic, such as polyvinyl chloride, polypropylene, polyethylene,
or isophthalic polyester with £lame retardant additive and fibers when

40 pultruded. The frame could be produced by any of the composite material
formation processes applicable to the inner frame members 70.

In accordance with the manufacturing and assembly methods and
processes of the invention, the actual assembly of the compos:ttt_e material
bedding foundation system is highly flexible and greatly simplified by the



as is known in the art. As further showmn in FIG 1, the matrix portion of
grid 14 is further supported over franme 12 by the plurality of spring 35
modul es 16 attached at. a bottom point to inner frame nenbers 22 and at
upper points to intersecting grid elenents 26 and 28 of grid 14. The

enbodi ment of M@96/39996 shown with a plurality of conposite nEREEASEMOERR | ng
nodul es nol ded in a generally C-shape configuration (shown in perspective
isolation in FIG 2), attached to inner frame nenbers 22 in 40 a position
concave relative to the surface defineday grid 14, and with a length

di rensi on of the nodul es di sposed transverse to the |ength of foundation
10. The followi ng describes a nmanner and nethod of attachnent of the
C-shape nodul e t gelfatdd@yl dnand sgid Gnd dsinpleyedinetiyl of StiieO spfing NEaNAEs0d For
that the princi pL:E‘énpiQd B\t iveily aQfenble 4 RRSYsLEN rAt&i80WRAdMy Eodation
96/ 39906 nventi t:he fo ow:.ng steps are erformed Ergg-n %@49&7%%de16

appl | cable to al 5::?%12 ngi:.m er :cfs :':m'xsl::mc?:eél n %{mgna(EiSCl Ose EW%eFf‘er}-'

and equi val ents

modul es of -any SHSHERSF BedR ‘Fr%’ﬁ%° Fﬁgé’FFeﬁ? TURAPRIE

Figures 2, 3 andHﬁ %he’rc;@namsebhﬁsg &’FG%-n 8Rngf Oh-heh AEtaRY £53RE mepber may

nodul es 16 has abegxbvidedcte wud papenddruld? todiophex frame mewbers. The number of

inner frame members is then selectively determined, limited only by the
cross-sectional width of each member, as to how many may be packed within

10 the frame perimeter. The spring modules may be attached to the inner frame
members before or after attachment of the inner frame members to the frame
perimeter. The number of module attachment points (e.g., in the form of
tabs 35) will determine the number of modules which one frame member can
support. For example, a single frame member may include as many as forty

15 module attachment points, yet only twenty evenly spaced modules may be
attached in the assembly process.

The type of spring modules used may be selected by shape and/oxr
color (indicating spring rate) to be either uniform or any desired
combination. For example, modules of a higher spring rate may be placed

20 in the hip and/or back regions of the foundation and lower spring rates
near the ends. The grid may have the module-engaging clips f£irst attached
to the grid element intersections and then positioned upon the modules for
sliding engagement with the spring module ends in the manner described
above. Padding and covering is then attached. Each of the assembly steps

25 lends itself to automation given the small size, light weight and simple
geometry of the spring modules, and the elimination of dimensional
constraints dictated by awkward multiple arm steel wire springs.

As used herein, the term "elongate" in reference to the C-shape
spring modules of this invention means that the length of the spring is at

30 least about twice as long as its width. Furthexmore, "horizontally
arranged", means that a tangent point on the backside or "rear" face of the
module, at any point along the approximate central cne-third of the curved
section is generally horizontal. A2And "upwardly-arranged" means that the
concave or front or face side of the C-shaped faces generally vertically

35 upwardly. Also, when it is indicated herein that a compressive stress acts

. along the depth dimension of the spring module, this means the compressive
stress is applied in such a manner that the module, as a whole, tends to
compress in its depth dimension. It does not mean that the stress acts
precisely along centerline C of Figure 2.

40 Although only a few embodiments have been described above, it
should be appreciated that many modifications can be made without departing
from the spirit and scope of the invention. For example, it should be
appreciated that the C-shape of the C-shape spring modules need not be
molded or formed in a eontiz;uaus curve, but may be formed in a stepped_



generally flat coplanar spring ends 34. The C-shape is one of the
preferred shapes of the nolded conposite material spring nodules to obtain
t he unobvi ous advantages of a |ow profile/depth dinmension and.efficient
stress and | oad distribution. Use of the C shape spring nodule allows t
10 total foundawio®es9mes ght di mension to be reduced to approxi RETAJSH6A8TI
one-hal f the hei-ght of traditional foundation units, w thout any conprom se
or loss of deflection depth, spring rate, conpression/deconpression life

he
9

. cycles, resilience and support characteri®tics. The C-shape spring nodul e
s designed to deflect at |east 100% of its depth dinension, i.e., conpress
.15 to a conpletely flattened position without taking a set or breaking. In

fact, the C shap@askicnnghssuhepecdn bRe difgresme bpyoninstbe fhealcestmsl curved
position, i.e., \WaetfnSHY b En€R0shadd wobidded 1 ¢L RN E41R4 ne¥Inl A0B6AChe BPrig
of C!Jrved $ECt I 0 ’348(&dtﬁté-lshaeﬂ’ e$ i %dﬁlteg ot Ll tiB4 %ﬁ% coplanax
conflgyratlon W t hout S%.t or t"k e. 1C-s aR8 ‘g_@‘go;(;l i
of spring nodul e§*1TFF 8" Yen 5?‘? e BeehBR PR G HEPER "R An Nyt asgg
the | ength di neR&Pothexgsid t PRE B bR Figidhy BeFuEsd &P ?‘?‘Feg"siﬂr?ﬁggﬁo’ﬁgﬁs??’%ﬁ‘s
| east twi ce as | @figthes lengitudigel agfl RrRss wiewentprqaf at shhsr, legationa ggdesired.
enbodi ment of thalsenpbsic-shapatsprirg noiwles gapieudwratded dowowrrdlyufasdng Fathen
the | ength di nenzhan uswardipifachiSas ih tihermaticiles embsdinenter dlpsefated erein.
four tinmes, the depth di nefgi géhe¥al bikHabe iRaidti tidl Gy CotifigacatiishOosiiaR tiay be
| Ilustrated, tBg Lenoid 2didRRSIORih the HBREALHE! ¥ dolfiohl "B LBCcsipiRblite
di mension y. Evertlna era:l.L e:{n r%(pfdlixrllggsand/or pultrusion processes to produce spring modules
for bedding foundations lends itself to a wide variety of spring module
.configurations, all of which may be similarly selectively molded £rom
blended materials, selectively arranged and attached upon wood or steel or
15 composite inner frame members which may be longitudinal or transverse to
the length of the foundation; and secured to the grid. FIGS. 12A through
12R illustrate profiles of representative configurations of bedding
foundation spring modules, including substantially linear and substantially
curvilinear configurations, which may be molded and attached to frame and
20 grid assemblies in accordance with the invention. Other configurations may
be utilized. In partiocular, the configurations depicted by FIGS. 12H-12K,
12N, 120 and 128 are especially suited for mass production by pultrusion
without the necessity of any further molding.
FIGS. 13 and 14 illustrate alternate embodiments by which
25 substantially linear, flat spring modules, such as shown in FIG. 128, may
be mounted to the inner frame:members and to grid 14. Im FIG. 13, tabs 35
of inner frame member 22 are bent to engage an approximate central section
of a linear spring module 16, the lateral ends of which are fitted with
lifters 80 which extend upward to attach by a fastener 81 to grid 14.
30 Lifters 80 may be formed as continuous elements which run parallel to inner
frame members 22 and span between the lateral ends of a row or columm of
spring modules. The lifters 80 may also be of composite material molded
or pultruded. Fastener Bl may be integrally formed in the top surface of
lifter 80 or separately attachable, and contoured to allow for relative
35 motion of the lifters to the grid upon deflection of the spring module.
In FIG. 14, an inner frame member 22 of modified cross-section
configuration provides symmetrical opposing footings 84 for angularly
receiving and retaining ends of adjacently placed generally linear spring
modules 16, portions of vhich are supported by contact with an angled side
40 wall 86 of inner frame member 22. Upper ends of the spring module are
connected to grid 14 by fasteners B8 adapted to slide upon grid 14 upon
deflection of the spring module. Any arrangement of linear spring modules
on the right or left side of the inner frame mewnber (positive or negative
slope) can be made. )




having | ength/depth ratios of ten, twenty or nore can al so be used in

accordance with invention. 30 Regardl ess of the | ength/depth
ratio of the spring enployed in any particul ar enbodi nent, the C-.shape
spring nodule 16 is configured such that the conpressive stress inparted on
the grid of tha&O96m39%6 ve bed systemis absorbed by the spri nBCHE Y in

~the depth dinension, and generally along the centerline of the nodule. In
“addition, the C shape 35 spring nodule is configured and nade from a

| material such that it can be conpressedi3o an essentially planar position
| W thout reaching its "Spring set" condition. Accordingly, even if the

- inventive bed foundation is subjected to excessive |oad conditions, the

- G-shape spring nodul es W lah extRigh béned Ghoéd6n Ohad teeh Wassr Qiids ad ’aetaiﬂ lwith

because even at e o e o adfBodimektsl, N eSQi11 The
TR R
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|nches di'mensi o ends 34 is
approm manzlmﬂmmlmmmalr A C-ShaEH@giﬁaég t hese basic

di mensi ons, * ntd ded #f &n advanced co nclt verial guch as an

epoxy/ fi bergl ass blend or a preferred fiberglass reinforced plastic has a 5
spring rate of wppesssiénat el y 75 pounds per inch, and a contr oPCHUSSEIPNg
rate tolerance of +/- 5% O course, it is understood that each of these

di mrensions and the resultant spring rate can be easily selectively varied
by nol d nodifications to produce C shapasspring nodul es of different sizes
and stiffness characteristics, as further described below in connection 10
with the spring nodul e manufacturing process. The spring nodules 16 may be
produced froma wide variety of conposite nrmixsi al s such as fibergl ass

rei nforced pl ast jpgat {d QQ;%@S;@B i n conbi nation with epoxy or vinyl ester,

hi gh density plastic ;such,a ﬁ%}ﬂé@e@i‘ﬁ bid ¢ Qf \g/s%‘ bc f oam

encapsul at ed st eel and stee 0 |ch
exhibits the desired % Fi'i%g if‘ ﬁé"tﬁ/eﬁi"‘a?ﬁ’ e frembers
fi bergl ass conpo3¥iees Y"e*’r*’i‘ﬁlsa’-tih%r%cﬂﬂ’%@ta’? DerReTH ound nol ded and/ or
conpr essi on nol ded i repying) mogekesi geﬂvapﬁomlittheﬂmrﬁlf @ntrched gronedidrdneer
cavity under heatrsmachepbessua® For exanpl e, continuous fibergl ass
strands, approxi mat elay mba¥ets s6E86:@f sdrietyre tuathedOraVah i bpridendaalds!. at ed
with a resin systemby w nding or pultrusion through a bath of -epoxy or

vinyl ester whi ch | s pprggé W;&Q%%téi 2590 3';‘3%]%’% PLQANGE ndebaiibs natd'%

material is then RLesshon mol
gene pe oo

3. The foundation of claim 2 wherein ends of said spring modules
are connected to said grid.

4. The foundation of claim 2 wherein ends of said C-shape spring
module are connected to said grid by clips which allow said spring ends to
slide relative to said grid.

5. The foundation of claim 1 wherein a length dimension of said
spring modules is aligned with a length dimension of said immer f£rame
members to which said spring modulesare attached.

6. The foundation of claim 1 wherein a length dimension of said
spring modules is perpendicular to a length dimension of said inner frame
members to which said spring modules are attached.

7. The foundation of claim 1 wherein said frame perimeter includes
longitudinal members and transverse members, and wherein said inner frame
members are arranged parallel to said longitudinal members of said frame.

S The foundation of claim 1 wherein said frame perimeter inéludes
longitudinal mewbers and transverse members, and wherein said inner frame
members are arranged parallel to said transverse members of said frame.

9. The foundation of claim 1 wherein said inner frame members are
connected to said frame perimeter members.

10. The foundation of claim 1, wherein said C-shape spring modules
are made of fiberglass-reinforced plastic. )

11. The foundation of claim 1 wherein said inner frame members are
made of composite material.
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subj ect edummwmmu 200 psi a TH@SHF*WE\S[%@O{O degrees Farenheit

untll cur ed by cony qﬂa{q uch as a vibrating
5 pum ce Bed® The mD sdl Rg materi al &aR-be. bl ended to produce

rmdul es of different spring rates, Also, it is possible that generall

| i near spring woleé/as9eshapes coul d be produced solely by a pul PEE 99

process, wthout the necessity of any nolding. Pignents can be used in the
mol ding material to readily identify nodules of different spring rates, 30
which greatly aids the assenbly processagescri bed bel ow. As used herein,
the term"conposite material" nmeans all such materials described and

equi valents, i.e:, any material which can be extruded, pultruded and/or

mol ded to have the d%.%' r%ﬂe%&h&ﬂi&@%@ SRk ACLEdS] bafa £h&fe Biflmeter members
configurations of the g?%‘_}g&g ﬁl j.8l spring 35 nodules, as further
y

di scl osed bel ow, may rusi on and conti nuous puI trusion of,
for exanple, fiberglass reinforced plastlc wherein fiber Iass strands (also
referred to as fiber si*-af8e pafdatiam ehripimeb vhentin gaif e 1° MRt of ferPrRyte
bath fol |l owed bymagspidleati on of a surfacing material, and continuously

pull ed through a formng and curing die. The 40 conti nuous strand is then
cut to any desired | eagtha comboditeUfatdrialS REFDRL moddly ¥&t lustUns cdl Supboriag
production of comnesd t18 FBlRBiR £Sidatdo téh, Coltlal Bohpabi mavbitial BpAng

substantially [i haaS gghgg S
pul t ruded and ttﬁﬁ% cg&l\ggéodqneébe igF'Eaan escr?gﬁg%%%%&glﬁ%‘l%gtﬁ 2
rma

advant age of fo spr odul es

15. The composite material spring module of claim 14 comprising a
spring rate in the rangé of approximately 65 to 120 pounds perxr inch.

16. The spring module of claim 14 in a substantially linear
configurat:.on.

17. The spring module of claim 14 in a substantially curvilinear
configuration.

18. The spring module of claim 14 configured for engagement with
a fastener for attachment to an inner frame member and a grid of a bedding
foundation system.

19. A bed foundation adapted for use as a support structure for a
sleeping mattress, the foundation comprising:

a generally rectilinear frame,

a plurality of inmexr £frame members attached to said rectil:.near
£xame,

a plurality of composite material spring modules attached to said
inner frame members,

a grid attached to and supported by said plurality of spring modules,
said grid providing a generally planar mattress support surface, and said
composite spring modules providing deflectable support for said grid.

' 20. The bed foundation of c¢laim 19 wherein the grid further
comprises support elements which are attached directly to the rectilinear

. frame.

21. The bed foundation of claim 19 further comprising fasteners
which attach the spring modules to the grid.
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by these pjmﬂ m uﬂlﬂtilitytoeasilyR@t t he spring
characteri J9th H LI_ x Si nmply by ed—(—eﬁ-r-»g-lftﬁgnuu:be. of fibers, and/or

the location or orientation of the fibers within the nodules. 1In the
preferred enbodwowas9seshe fi bers are aligned with a | ength di REREISIGOHT t he
5.nmodule. As shown in FIG 3, the central curved section 32 of each C
shape spring nodule 16 is tangentially attached to |ongitudinal inner frame
menber 22 by tabs 35 forned in an upper-igdrface 23 of inner frame nenber 22
and bent over opposing edges of curved section 32. By arranging the 10
| ength of the spring nodules transverse to the I ength of inner frane nenber
22, the spring ends 342 CanthelbudCfouRddt 64T8E cath 19 whsedh lsh O fnneb Erdaé henbsrd

bel ow the top sugaa&%r%gﬁ -%%rs'lgg&feeel rirzzgeééia&if%éas;ﬂor%%a%i B
nodul es could be _arra th e length di nsi gi ned wmth the | ength
di mensi on of theerll&nsné’?' lifilrearr'?em"r"'r'er%’t%“res 0 \ﬁh‘foc%g? ﬁggp%re %tfrggﬁéd, as furtger

15 described below with reference to FIGS. 8 and 10. If the inner frame

menber 22 is made of %bod Bre ke fayadarien afclaim 19, phezedn spid inper fFame ggmkers
may be sinply st aps atitdched fte sadd rechil irper Frafe dwen PidRtAtiRA depexprliMmaraliead
whi ch a channel - ty pe lebgtpl ef shidddéddindae f2ape0f t he concave surface of the

24. The bed foundation of claim 19 wherein said inner frame members
are attached to said rectilinear frame in an orientation generally parallel
to a width of said rectilinear frame.

25. A low profile mattress foundation support structure, the
foundation comprising: .

a generally rectangular frame defined by connected length and width
perimeter members,

a plurality of inner frame members attached to said generally
rectanguiar frame, '

a plurality of composite material spring modules attached to said
inner frame membexrs, and a grid attached to said composite material spring
modules.

26. The foundation of claim 25 wherein said grid further comprises
lifter elements which extend from said spring modules to said grid.

27. The foundation of claim 25 whereinisaid grid is constructed of
composite matexrial.

28. The foundation of claim 25 wherein said generally rectangular
frame is constructed of composite material. .

25. The foundation of claim 25 wherein each spring module of said
plurality of spring wmodules comprises multiple. elements of composite
material attached to said grid and to said inner frame members.

This Sheet Has Been Relila'ced




curved section of the nodule 16. 20 As shown in enl arged

i.sol ated detail in FIG 4, spring ends 34 of a spring nodule 16 are
attached to each intersection 39 of |ongitudinal support el enents 26 and
t-ransverse cross elenents 28 by neans of clips 40 which may i gd'Bi N
body 41 from wyooksmes end upper | ongitudi nal el enent engagindggnngers 42
and a perpendicularly arranged transverse wre 25 engaging finger (or
opposed fingers) 44 for secured attachmed{13 o each of the grid el enents at
intersection 39. Cips 40 further include neans for receiving and engagi ng
spring ends 34 which, in this enbodinment, is a catcher wire 46, the
opposite ends of which are bent around and under nain body 41 to form guide
sections 48 and engagenent end sections 50, as shown 30 in FIG 5.
Engagenent end sections 50 may be offset along the length of spring ends 34
to increase the gripping force. O course, conpression of C shaped spring
34 in use wll cause the spring ends 34 to nove outwardly fromthe spring
center. To accommodat e this novenent, clips 40 are designed to all ow
sliding novenent 35 of spring ends 34 relative to intersections 39 w thout
distorting the matrix, while at the sanme tine keeping the grid securely
attached to the spring nodules at each intersection. By this structure,
each of spring ends 34 is firmy secured to grid 14 while at the sane tine
being free to nove in sliding contact relative to each clip 40 and each

I ntersection 39 40 upon deformation of th@sspring nodul es, while remaining
securely attached l

2



to grid 14. As showmn in FIG 6, clips 40 may alternatively be constructed
froma single piece of spring steel to also have a main body 41,
| ongi tudi nal el ement engagi ng fingers 42, perpendicularly arranged WO
96/ 39906 PCT/ US96/ 08799 - 9-
transverse el enent engaging fingers 44, and a spring end receiving channel
52, fornmed by i waesed®geébendi ng the | ateral ends of main body PCT/USKSHSTIP t he
gri ppi ng/ engagi ng sections of the steel clg/q240 may be formed with chines
53 as is known in the steel spring clip art. 5 I n conbination
with the reflexive spring action of nodules 16 nounted to frame 12 and grid
14 in this manner, support elenents 30 of transverse wires 28 provide a
dual spring/support action to the foundation. Because support elenents 30
may be, formed of traditional steel wire, they nay have a spring rate
different fromthe nodul es 16, especially nodules 10 forned of conposite
material. The conbination of these two very different spring el ements gives
t he foundation an uni que and i nproved dual spring rate and action.
Furt her nor &4since the inventive design may use a high carbpn grid,E?ﬁe

i ¥rormtothe———

grid itself &¢ts as /

FIroe 2

~J_
=

reserassnsansere]
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hori zontal plane when a load is renoved, unlike |ow carbon welded grids 15
whi ch can permanently bend and deform under a load. A further significant
advant age of the inventive bed foundation is that the overall thickness can
be easily selected in the manufacturing process sinply by cha?g%ng t he

_hei ght of the iwaees®eame nenbers which span the frame perine 087 S
“invention, it is a conmparatively sinple 28/t&tter to alter the height of
the inner frame nenbe®s which support the spring nodules to selectively
produce a bed foungay Mon qf any desired thickness di mension. For exanpl e,

in the enbodlnent\\’lustra ed in FIG 7, the conposite material spring

modul es 16 areJsim \ ttached to sonemhat 25 el evated i nner frane
menbers 23, andio~o \\ fra ‘m -nb s 22 of FIG 1, but having,,a
substantially, gre...\\ P -%%aincreasing the.overal Il height of the
f oundati on. ﬁ' S C’ners 23 y be fornmed by extrusion or

ol yet hyl ene or fiberglass reinforced

\ onventional steel shaping 30 nethods. The
taller cross se~u:-,) \F menbers 23 al so of course increases the
structural rigiditis® t;ﬁﬁe menb and the entire frame 12. FIGS. 8 and 9
illustrate alter %g‘-enbi~§k-nts of the invention in which |low profile
spring nodul es are |hcorpf\ﬁ_ed into a foundation franme of greater height,
to provide fou i gris hay |‘w\a conventional, 35 i.e., greater, height

di nensi on, but4mh|ch take ad §\tage of the | ow

pul trusion of pd]

oy
aya k. \4»’6‘5.
pl astie, or ;0 S N7 A\

>

L
L
.
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profile spring nodules. FIG 8 illustrates a foundation 10 in which inner
frame nmenbers 60 are arranged transverse to the length of the foundation
and supported at distal ends by support posts 62, and by a central
| ongi tudinally arranged i nner support menber 64 al so supported b osts 62.
40 Support postWO8E39986 ve to el evate franme nenbers 60, ther eb¥CF E&@E?Png
- the height of the foundation to conventiongyadi nensi ons. A generally
| U-shaped cross-section of frame nenbers 60 is of sufficient wwdth to
' receive therein the curved section 32 of nodules 16 which are thereby
~aligned with the length of inner franme nenbers 60. 4gher hei ghtened
Cross-section inner WO 96/33206 77

Zean be uged.

PCT/ US96/ 08799 -10- frame shap %@b may be cut fromthe
vertical walls of franme nenbers t.o engage E e Curved section 32 of each

modul e in the correct position,  h [ s 34 are secured to
intersections 39 in a manner sif-"ar]to thatf=8@esedyi bed above. Term nal ends
66 of transverse 5 cross elenents 28 Ward] y_beng,t o engage support

A conposite materi al
one degree of
d dual spring action

posts 62. Support posts 62 may jal so be fornmed of
i ncluding mcrocellular uret & -0k Fo e —anc b
flexibility or plasticity tolpive _the above descr
*to the SO

“e FTre. 5

. FIIG &



foundation. 10 As shown in FIG 9, in lieu of lateral support
pests 62, the lateral ends of transverse inner frame nenbers 60 nay be
downwardly bent to forma strut section 61 and a base 63 for attachnent to
| ongi tudi nal perinmeter franme menbers 18. Strut section 61 gives the
foundati on a greep&sesveral | height. 1%/12 As shown i RCHP826/08799 { he
U.shaped frane nenbers 60 may al so be nounted directly upon the franme
perimeter menbers |18, 20, w thou trfit sections 61 or elevating support

H

posts 62, in the manner inN whic_trnbers 22 are nmounted in FIG 1,
for a foundation of mnimged { W/ F\& 11 illustrates another

enbodi nent of the invenyjve &“p:;\ 10 whi ch uses transverse inner
frame menbers 70 forned®of c )ﬁ) \'\ -f"'\\\:.‘-\@f“ al such as injection nol ded
structural foam or extruded/dr .0\ .\-\\e;

plastic, or bl ow nol dd§ or ,@“1 N Nk
i nj ection nol ded pol yuret ‘*‘5{‘3' »'

actual by be nore rigid a\w"
shown, the fra rrerrber,z,,’f’ \
and |ower truss%gans 74, /TANaNNwF
the points of attaChgght ).\ NG
formed in the top sSuyASRERY&

- /\ Wo

astic, or conpression nol ded
(4l ded, and/or reaction
3 roduced I n this manner can
dde of cold-rolled steel. As
ctural trusses, wth upper
&' ents 73 provided under
\ ™\ps can be integrally

\ engage the tangenti al
o,:‘b each franme nenber
\17‘"

A}

poi nt of contact of
70 may be fornmed a




which fit within and rest upon a frame perinmeter 75 which may be
constructed of wood or conposite material. Abutnents 74 may be substituted
with, or adapted to rest upon, conposite spring nodules of a generally
vertical configuration to provide the above-described dual spring action 35
Wi t hout any wi WOe4¥énts. This enbodiqﬁné has the further adPEHUSR§E8HP
~wei ght reduction from foundations nade ﬂ wood and steel. In this and

- ot her enbodi ments, frane 12 may be bl ow nol ded or forned of extruded or

pul truded plastic, such as polyvinyl chloride, polypropylene, polyethylene,
or isophthalic polyester with flanme retardant additive and fibers when 40
pul truded. The frame coul d be produced by any of the conposite materi al
formati on processes applicable :ﬁT\‘ﬁ(\ ner frame menbers 70. In accordance

%

with the manufacturing and ass,ﬁ?'w“ﬂ%\ ds and processes of the invention
“the actual assembly of the conposy & Nal beddi ng foundation systemis
“highly flexible and greatly s WO 96/ 39906

PCT/ US96/ 08799 rel ati y Sna ./éy‘ e geonetry of the spring

D
modul es. For exanple, t /
foundation of the inventio ‘
| ogi cal order.

made whet her

Q conmposite material bedding
(e performed in any
wcted. AJleternination is

8 9+



5 the inner nodul e-supporting frame nenbers are to run longitudinally (as
in FIG 1) or transversely (as in FIGS. 8 and 9). A central frane nenber
may be provided to run perpendicular to inner frame menbers. The nunber of

i iner franme nenbers is then selectively determned, limted only by the
Cross-sect i onal waisds#9ef each nenmber, as to how many may be pZETABIREM n
10 the frame perinmeter. The spring nnduleng?y be attached to the inner
frame nmenbers before or after attachnent he inner frame menbers to the
frame perimeter. The nunber of nodule attachnent points (e.g., in the form
of tabs 35) will determ ne the nunpgr ofzmpdul es which one frane nenber can
support. For exanple, a single fr#ng X may include as many as forty 15
nodul e attachnent points, yet on axenly spaced nodul es may be
attached in the assenbly procesg 42; Ok Spring nodul es used may be
sel ected by shape and/or col or l--€%§ ing rate) to be either

uni form or any desired conbi nA AR
rate may be placed 20 in the

B a\:, nodul es of a higher spring
i xgions of the foundation and

| ower spring rates near the [ $\

clips first attached to thg

NARve the nodul e- engagi ng

CLAN

7N\ ons and then positioned

IF e
4 /ﬁéggaﬁ\\ering.dbdule ends in the
A coveQQV g \3\ attgCched. Each of the
; W 2PRYPNe sAmal |l size, |ight
7N 9

/é, he elimnation of 0\

N~

manner descri bed above.
assenbly steps 25 | ends
wei ght and si npl e geony
di nensi onal




constraints dictated by awkward nultiple armsteel wire springs. As used
herein, the term"elongate"” in reference to the C shape spring nodul es of
this invention neans that the length of the spring is at 30 | east about
twice as long as its w dth. Furthernore, "horizontally arranged”, neans
~that a tangent point on the backside or "rear" face of the nodule, at any
' pai nt al ong t hewap@dass nate central one-third of the curved s®ET{USPHAIBHY
generally horizontal. And "upwardly-arranged” neans that the concave or
front or face side of the C shaped fac@!"generally vertically 35 upwardly.
Al so, when it is indicated herein that a conpressive stress acts along the
dept h di nensi on of the spring nodule, this neans the conpressive stress is
applied in such a manner that the nodule, as a whole, tends to conpress in
its depth dinension. It does not nean that the stress acts precisely along
centerline Co | gure”~2. 40 S SO hough onl yra few RghOosy MRS
have been des bgabove, it _gF n“f’? RGORNSC at gt hat many MR
For exanple, it s 5:‘5’3%(’ ed that S <7¢- pe of th
spring nodul essgeed TIRED ded or forpel i N NKYXLOx
Q

&,

can be: nmade wi TS

%) scope of the j

be formed in a~s :n-“fﬂ?j"‘{‘:?‘
PCT/ US96/ 08799




-12- fashi on whose shape in the aggregate approxi mates the central curved
section 32 of the C shape nodules 16 illustrated herein. Al so, the spring
ends 34 of the C-shape spring nodul es of the invention need not be copl anar
or’ even planar. Nor do these ends need to be slidably nmounted with respect

.5 to the grid, but may be rigidly secured to the grid at the intersections
~of. the IongitudWﬁé@B%ﬁkj cross elements ar at other |ocations BCITHRO810P720 .
Al so, the C- shape spring nDduLes may be ariggyed downwardly-facing rather

t han upwardly-facing as in thg
The general C-shape is not t}

accordance with the inventig ﬁﬁﬂfﬁob\ious use of conposite material in
nmol di ng and/ or pul trusion p S\

TC&EVSQ‘!}OdUCG spring nodul es for bedding
foundat i ons | ends\yi t sel f // fivdr~ﬁ‘?' % of spring nodul e configurations,
all of which may be_sim fvodiectiid pl ded from bl ended materi al s,
sel ectively arranged~Ng or steel or 15 conposite inner
frame menbers which na} Ayansverse to the length of the
foundati on; and securg D) through 12R illustrate
profiles of repggese addi ng foundation spring
nodul es, i ncl udQng A yes Mtantially curvilinear
configurations, i DA o frane and 20 grid
assenblies in ac configurations may. be
utilized. In par

Par 4f cul ar enpodi ments illustrated herein.
d‘v”.n6~figuration whi ch may be 10 used in




12N, 120 and 12S are especially suited for mass production by pul trusion

w t hout the necessity of any further nolding. FIGS. 13 and 14 illustrate
alternate embodi nents by which 25 substantially linear, flat spring

nodul es, such as shown in FIG 12S, may be mounted to the i nner

fr ameznenber s amme WEMW6i d 14. In FIG 13, tabs 35 of inner froPEIAISIGIO8T9922
are bent to engage an approximate central section of a |inear spring nodul e
16, the lateral ends of which are fitt¥®1%ith |ifters 80 which extend
upward to attach by a fastener 81 to grid 14. 30 Lifters 80 nay be forned
as conti nuous elenents mhich run parallel to inner franme nenbers 22 and

span between the ends of a row or colum of spring nodul The
lifters So may of conposi te mojgled or pul trude Fast ener
81 may.be integ Ily/?orned in the/fop surface-of lifter 80 or/geparaigly
attachabl e, and\Qontoured to allowW(for relative 35 notion of e LLL&ers to
the grid upon de tion of the sp\\ng nodule. In FIG 14, aRNnnér frane
menber 22 of nodified cross-sectio ation provides sy trical
opposi ng footl %; angularly recei ving and retaini ng ends\yf

adj acently pl ace <§ené fﬁy | i near spFTIgsSHOAR! 16, portions df. which are

supported by contact with an angled side 40 wall 86 of inner Afe®e neaher
22. UYpper ends of the spring nodule are S nnected to grid 14 by fasteners

88 adapted to slide dfon grid 14 upo ef ect .9n of the spring nodule. Any
ar r angenent i neary spring_nodul es {gn t e rffjght or left s |Q9er
frame nmenber (p ive or tive

TG, 12D Fre.

FZs, 12F

V) ) V4
TG /12 G FITGC, 12H FITG. /2..7:
: ' 6
C j/ (i j) ); -
. FTe., 120 FITG. 12
~Tre. 12
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‘ e ‘;z /6
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sl ope) can be nade. WO 96/ 39906
PCT/ US96/ 08799 -13- Although the invention has been described in detai

with respect to certain preferred and alternate enbodi nents, it will be
appreciated to those of skill in the art that certain nodifications and
vari ation of thwoi9esmoeive principles disclosed. Al such var PSEUSHOSTRY 5
"nodi fications are wthin the scope and'ﬁd?@ieM/of the invention as defined
for now by the acconpanying clains and all equival ents thereof. 14 WWHSAT
1S CLAI MED: 1. A lowprofile conposite materigl bed foundation

tconprising: a frane ingluding frame pe r gy ers and inner
menbers arrang within said fxrAnme perinete
spring modul es e material,

~attached at the point to said _inner frame ne
: e, 2P

rame /6

ch spring nodul e arately

Fre. /2@ FIG. 12 R

(-

Fr&, 12 S



a mattress support structure in the formof a grid attached at two upper
points of each of said spring mpdul es, whereby each of said individual
spring nodules is conpressible in response to a force applied to said
mettress support structure. 2. The foundation of claiml1, wherein said
spring nmodul es WOPEA¥O¢eneral |y U shape configuration. 3. BEYIHPR i on
~of: claim 2 wherein a curved section of each of said U shape spring nodul es
is attached to said inner frame menber 4242 ends of each of said J-shape
spring nodul es are connected to said grid. 4. The foundation of claim3
wherein ends of each of said U ghge spring nodules are connected to said
grid by clips which aIIOM/sng spring engg to slide reI |ve to said grid

when a force is applied torsaid grid. 5 The foundatl of claim 2,
whereip said U shape spryng nmodul es ca be f|IIy conpr essed an
appr oXi mat el % Nl I AYaERVY Lol

foundation of claim?2 eln sald U-shape spring nndules ar £ -miyle from
f ber gl ass- rnggorced ic. 7. The foundation of
| ength di nenSion 0 4pring nodul es i [ i
of said inner frane ‘
| engt h di mensi on of Ef T 2
di mensi on of said i nNEr==FAnEe nen

wwmunsmdfrmm[mnnmernmmms
transverse nmenbers, and wherein said}
parallel to said transverse nenbers

l dl "ensi on
I‘EI n a

nenbers and
& @rranged

ncl ude | oM tudlnal
nner franea 2
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ndation of claim1l wherein said frane peri ers

|ncI udenﬁ %“ mmﬁmers and trahsverse nenbers, %&EN&NT SHEET
1 e

fame me parallel to said |ongi t udi naI menbers of said
frame furidafi on of claim1 wherel n said inner frame nmenbers are
connected to said frane perineter nmenbers!4 12.  The foundation of claim1
wher ei n sn-'mlfsnnam)f;rarre menbers are made of conposite material .
REPLACE T . 3, erein said frane”
per i met er gﬁ_g_ge&%ée i @an};;lﬁ%gf%r%% cr e "gti&?rf & énﬂzﬁefswgﬁ Withig!
clalmlwh E f'§51d PERE; 0S1 emaferlaT pring

nodul e of$ ;%n‘n nati.on ,wth st .one_faste c r
attachnent of &R r%‘b‘?’l g; ép'flﬂggﬁd\‘ g}aﬁﬂn PRt &aQeiﬁ&-‘Mﬂ%d[“%
ot her f astepawiely arachsd nt 59 §aid Rk m °§jag*‘ duI e 1o thF a%ixl(ii
of the bed fouhm‘tﬁﬁs‘lﬂm’“sm“’éé OIELYS 371G YFachiepattwo]
st r uct ur esaid ppringsinedplies gvhers a of saighindiyidyal spRPE 78 ‘.,...'u;' e4n response
general | ytOraafDmd appligd td smmatwssasmmmycme i nner’ frame menbers attached to
said rectilinear frame, a plurality of individual conposite materiadl spring
nodul es, 2ach The fcngldmntub’éclalml wherem said spring modules have a generally U-shape
configuration.

(L)

3. The foundation of claim 2 wherein a curved section of each of said U-shape spring
modules is attached to said inner frame members and ends of each each of sa.xd U-shape spring
‘modules are connected to said grid.

o~

4. The foundation of claim 3 wherein ends of each of said U-shape spring modules are
connected to said grid by clips which allow said spring ends to slide relative to said grid when a
force is applied to said grid. . :

5. The foundation of claim 2, wherein said U-shépe spring modules can be fully compressed
10 an approximately planar configuration without causing spring set.

6. The foundation of claim 2 wherein said U-shape spring modules are made from
" fiberglass-reinforced plastic.

7. The foundation of claim 1 wherein a length dimension of said spring modules is aligned
with a length dimension of said inner frame members.

_8. The foundation of claim 1 wherein a length dimension of sgid spring modules is
perpendicular to a length dimension of said inner frame members.
. ) /
9. The foundation of claim 1 wherein said frame perimeter members include longitudinal
“members and transverse members, and wherein said inner frame members are arranged parallel
to said transverse members of said frame.

10.  The foundation of claim 1 wherein said frame penmeter members mclude longitudinal
“members and transverse members, and wherein said inner frame members are arranged parallel
to said longitudinal members of said frame.

11.  The foundation of claim 1 wherein said inaer frame members are connected to said frame
perimeter members.

12,  The foundation of claim 1 wherein said inner frame members are made of composite
material.
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"b \
separately a |lower point to said inner frame e
spring attla\m{mmm r points to a gri d supported REMQEWW%EET
pl ane above*sat d SPfy #lul es, said gri1 provi ding a generally horizontal
pl anar mattress support surface, and said conposite spring nodul es

provi di ng,def . | d,: Gl : ey '
claim 15—9;3&9er ﬁ%%&?#ﬁpﬁéﬁ ?ugihegegﬁnpgarl??ggl eg&{)ﬂggﬁ:ﬁ%&mm é%ig?gh%}?%&he
at t ached "' tly to the rectilinear franme. 18. The bed foundation of -
claim 15 _further conpr.isi fast ener.s ich.attach.the spring .npdules to
the gridl419. efﬂ‘é”%&ﬂ“f’g%ﬁﬁﬁﬁi YR S &1“31 ﬁ%&‘:@ﬂ?"?ﬁ?ﬂ"gﬂ%r frane
menbers further conprise Slrjfg_por_t el ements .in a generally verti c;&l
orientatldn f i spriag moduleas claimd, incombinatian pathat |s3st one Tastener Fonfigured fop e,
20.  Thetaghmens gfthe:spang groduledp an innerfameimember and afleast ppopbenBHBRYS are
at t ached cenfigraediforagtachment of therspring medule te thegridafi theybegefoundatiop. paral lel to
a length of said rectilinear frane. 2X The bed foundation of claim 16
wherei n 46i d iAnhet fdundationrfonss 2 asuppat startad form slesping mattess, thededf r ane in
an ori enfeiidatiogesaprisihg: parallel to a width of said rectilinear frame. 22.
A | ow profil e agehbrally Sedtidinestefrdrid) support structure, the foundation
CONpr i Sing:  a aA0RGY BiniGTtatikMbekrshed of L@ stcBing@Rane] ed | ength and
Wi dth peri met §plGREResSindRiddallédthpdsite RfatdrAN §iring rAcBuIER e spriAg ddlird to and
Wi thin salohgeRahalbhed dtG0bRBIEMIAT to'shid Bner frahlethahbdry, Bl e Rlat kb
modul es TRAE Wik 4R S5 ShppBaeh @ hoAbhtd plaie AB6yedai PR mE T HuldsOsartE :
par ol of B s hcheialy dilagal it it b Rt Wb e,
odules 60835{5& le 3Gpporf for 5418 BHu

nmenbers are

_17.  The bed foundation of claim 15 wherein the grid further comprises support elements
‘which are attached directly to the rectilinear frame. '

_18.  The bed foundation of claim 15 further comprising fasteners which attach the spring
modules to the grid.

_19.  The bed foundation of claim , 16 wherein said inner frame members further comprise
support elements in a generally vertical orientation from ends of the inner frame members to the
rectilinear frame. : '

20.  The bed foundation of claim 16 wherein said inner frame members are attached to said
rectilinear frame in an orientation generally paralle] to a length of said rectilinear frame.

21.  The bed foundation of claim 16 wherein said inner frame members are attached to said
rectilinear frame in an orientation generally parallel to a width of said rectilinear frame. '

22.. A low profile mattress foundation support structure, the foundation comprising:
T agenerally rectangular frame defined by connected length and width perimeter members,

a plurality of inner frame members atrached to and within said generally rectangular

" frame, '

a plurality of individual spring modules made of composite material and attached at one
paint to said inner frame members and attached at two points to a grid disposed in a plané
parallel to a plane in which said rectangular frame and said inner frame members are disposed,
whereby said grid is flexibly supported at a distance from said rectangular frame and inner frame
members by said plurality of individual spring modules.
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whereby said grid is flexi supported at a distance frﬁEEﬂWU%EET
frame and i nlﬂl‘“mﬂ mgi]!y \ by sai d pl #]r ality of indiv | g

nodul es.” SRR on of cl ailfh 22 wherein said grid further :
conprises lifter elenents which extend generally perpendicular fromsaid

grid angsatt 3 folnddticl of Rlaid 32 TLNif Said Sfid fartR P Blefibnts i 22
uher ei g ek s e sgx? ST B gﬁ o
oundat ion" o=~ n Sail gur ar

Heg'ne S ’
construgted C ite nmpterial,. 26. .. The foundation of claim 22 wherein
each spéing Mg&%ﬁ‘%é’f gPaHP_.E’( Herejn sgid §BB i'%@%?‘tgpmﬂﬁ’ﬂt%%wﬁﬁ*'t iple
el ement s _of site material__attached . to said grid and to, said inner
frame neédber gﬁ%}lﬂéﬂ*&&ﬂ@&ﬁiﬁﬂ?&ﬁﬁ@% il gERTallY ToRRBHIA e s CAnHRKTREATab o
support cempestematerigl 53 sl eeping mattress, the foundation conprising: a
rectilinear frame formed by orthogonally connected | ength and w dth
per i met @6. e BwrfoundstiongdclaimZaavhersin rachvapring Fwdulectf shidlwliorofapring  and
| ower amedulesmdsapsises myltiple elemients wf compdrite mastriah atiached to saidkgtidawedt toanida t o
t he r ectinderfieare fiembersand spanni ng the frame fromone perineter nmenber to
an opposite perineter nmenber, a plurality of spring nodul es nmade of
conposi 9. mataldwbroflebéd Sunddtich HPtdens adetudtable SapHonGstcRed fop b skeFing ON
attac heﬁﬁ;‘megpmémdaﬁbﬁaoﬁgﬁﬁagj nner frame nenber and an end section
a rectilinear frame formed by orthogonally connected length and width perimeter
members,
clongate inner frame members each having an upper and lower area, ends of the inner
frame members attached at the lower area to the rectilinear frame and spanning the frame from
one perimeter member to an opposite perimeter member,
a plurality of spring modules made of composite material, each of said spring modules
having a center section attached to an upper area of an inner frame member and an end section
on either side of the center section, the end sections of each spring module attached to a grid
positioned parallel to the frame, whereby the end sections of each of the spring modules are
deflectable in response to forces exerted upon the grid.

28. A composite material spring module for use as a supporting element in a bedding
foundation system, said composite material spring module having a substantially linear
configuration and being attachable at one point to an inner frame member and a grid of a bedding
foundation. :
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o _ _ _ qrossug.-¢
on either side of the center section, the end sections of each spring jpos 4
nodul e attached to a grid positioned parallel to the frame, whereby thezfp%jcgmsn
sections of each of the spring nodul es are deflectable in response to
forces exerted upon the grid. 28. A conposite material spring g e FSFE'T

use as a supportin ment in a bedding foundation system sai digidpposite
material spring mo havi ng y%%@?%%!%ﬂfﬁ%%‘&?“%ﬂ?ﬁ gurati orre®nd
bei ng att achARERNATIGAIE. APLIEATIONPUBELNRED UNGHIPTHEFPRINTEGoRRATTION Thedry
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(57) Abstract

A Jow-profile composite material bedding foundation system and methods of manufacture and assembly uses spring modules (16)
made _o_fmolded compoasite materials and supported by inner frame members (22). The low-profile of the spring modules, and the composite
material spring of retum to uncompressed state from total depth deflection without set, greatly decreases the height of the bedding
foundation (10) in which the spring modules are attached directly to foundation frame members (18, 20, 21). The small size and simple
geometry of the spring modules is especially suited for fiexible arrangement and automated assembly of low-profile foundations.




