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CUSHONS COMPRISING GEL SPRINGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This patent application is related to U.S. patent application 
Ser. No. 12/784,381 filed May 20, 2010, pending, U.S. patent 
application Ser. No. 12/784.247, filed May 20, 2010, pend 
ing, and U.S. patent application Ser. No. 12/784,346, filed 
May 20, 2012, pending. 

This patent application claims priority to and benefit of 
U.S. Provisional Patent Application Ser. No. 60/977,300, 
filed Oct. 3, 2007 and U.S. Provisional Patent Application 
Ser. No. 60/004,460, filed Nov. 27, 2007, each of which is 
hereby incorporated by reference in its entirety. 

BACKGROUND 

The Subject matter hereof relates to gel springs. 

BRIEF SUMMARY 

Various gel springs can be constructed for cushioning pur 
poses, as illustrated and explained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 1A, 1B, 2, 2A, 2B,3,3A, 3B, 44A, 4B, 5,5A,5B, 
6, 6A, 6B, 6C and 7 depict embodiments of gel springs. 

FIGS. 8A-8D depict example load versus deflection curves 
for gel springs. 

FIG.9 depicts an embodiment of a screed molding process. 

DETAILED DESCRIPTION 

Gel Springs Generally 
Gel Springs may be used in an unlimited number of cush 

ioning applications. Gel Springs are designed to buckle at a 
predetermined pressure threshold, and this buckling can 
relieve pressure hot spots and redistribute pressure so that no 
part of the cushioned object receives pressure above the pre 
determined threshold. In addition, the ability of individual gel 
springs to deform laterally to the direction of the principal 
cushioning load can relieve shear stresses. Further, the nature 
of most elastomers and especially plasticized elastomers such 
as gel is to absorb shock and attenuate vibration. When com 
bined with the shock absorption and vibration attenuation that 
is Supplied by the buckling action, gel springs are excellent at 
absorbing shock and attenuating vibration. Any cushioning 
application needing any or all of these characteristics will 
benefit by utilizing gel springs. 
Gel Material 
The gel springs described herein may be made in whole or 

in part from a gel, or other desired material. The term “gel.” 
may refer to an elastomeric gel Such as a Solid elastomer 
extended by at least 20 parts plasticizer per 100 parts solid 
elastomer by weight (20:100). The elastomer could be a sty 
rene-ethylene-ethylene-propylene-styrene (SEEPS), or sty 
rene-ethylene-butylene-styrene (SEBS), or styrene-ethylene 
propylene-styrene (SEPS) elastomer, or other elastomer, as 
desired. In some instances, the Solid elastomer is extended to 
at least 50:100 and most preferably by at least 100: 100. Some 
acceptable gels are disclosed in U.S. Pat. Nos. 7,060,213; 
7,076,822; 6,908,662; 6,865,759; 6,797,765; 6,498, 198: 
6,413,458; 6,187,837; 6,026,527; 5,994.450, each of which is 
hereby incorporated by reference in its entirety. 
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2 
A useful gel is KRATONR E1830 elastomer made by 

Kraton Polymers, Inc., of Houston, Tex., extended by white 
food grade mineral oil such as CARNATIONR) oil. Another 
useful gel is SEPTONR 4055 elastomer made by Septon 
USA and Kuraray America, Inc., extended by CARNA 
TIONR) oil or other white food grade mineral oil. Other useful 
gels include polyurethane-based gels, silicone-based gels, 
PVC-based gels, acrylic-based gels, and many others. 
The products and processes described herein can also uti 

lize non-gel elastomers in place of the gel elastomers 
described, but in many cases the product is described as 
including gel by way of example and for simplicity, but not by 
way of limitation of the bounds of the invention. The inven 
tors have discovered that the optional addition of hollow 
microspheres not only lightens the gel and reduces cost, but 
also can aid the manufacturing process by changing the char 
acteristics of the gel in the melted or liquid phase. In addition, 
the inventors have discovered that foaming the gel (open cell 
or closed cell foam) can also be advantageous in reducing 
weight and/or material cost. 
A preferred material is elastomeric gel, which may be 

defined as an elastomer material with at least 15% by weight 
plasticizer. Gel is the preferred material because it has the 
"feel that is desired in many cushions such as mattresses, 
seat cushions, shoe insoles, and the like. Gel is able to buckle 
with more agility than stiffer elastomers, sometimes forming 
multiple curves during buckling where a stiffer elastomer 
may simply fold and thus not give a gradual buckling “fail 
ure or refusing to buckle at typical cushioning pressures 
when manufactured at reasonable wall thicknesses. Gel, 
especially gel with Sufficient elastomer, also provides cush 
ioning without buckling, due to its ability to flow to shape 
around a cushioned object. If the cushioned object “bottoms 
out.” or when gel is used, the resultant pressure peak on the 
cushioned object will be less than when bottoming out on 
harder elastomer. Nonetheless, although the word “gel' is 
used in the naming of the present invention because it is 
preferred in many cushioning applications, the invention 
applies to non-gel elastomers and/or higher-durometer elas 
tomers, such as cross-linked latex rubber, cross-linked and 
non-cross-linked synthetic elastomers of many types (SAN 
TOPRENE(R) of any grade, KRATONR) of any grade, SEP 
TONR) of any grade, isoprene, butadiene, silicone rubber, 
thermoset or thermoplastic polyurethane and many others), 
natural rubber, thermoplastic elastomer, PVC, synthetic rub 
ber, polyurethane, polyurethane film, polyurethane foam, 
polyurethane memory foam, foamed gel, latex rubber, Syn 
thetic latex rubber, latex foam rubber, latex foam, polyolefin, 
foamed polyolefin (including, but not limited to, foamed 
polyethylene), or any other flexible or elastic material. For 
simplicity, the elastomer will be referred to as “gel hereafter. 

There are numerous types of gels that would work as the 
material from which the embodiment of the present invention 
is made, including silicone/plasticizer gels, polyurethane/ 
plasticizer gels, acrylic/plasticizer gels, plasticized block 
copolymer elastomer gels, and others. The inventors prefer 
certain types of plasticized block copolymer gels, because 
they are less tacky, bleed or wick out less plasticizer, have 
greater tensile, compression, shear and tear strengths, and do 
not exhibit permanent deformation after being stressed 
repeatedly or applied long term in typical human cushioning 
situations. The two most preferred gels for most applications 
of gel springs are: 

(a) SEPTONR 4055, a high Mw SEEPS tri-block copoly 
mer elastomer (styrene-ethylene-ethylene-propylene-sty 
rene), is melt blended with white paraffinic mineral oil with 
Zero or low naphthenic content, such as CARNATIONR) oil. 
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The durometer can be adjusted to the specific configuration 
and application (for example, to provide the correct buckling 
pressure threshold for a given design) by adjusting the ratio of 
SEEPS to oil. The higher the ratio, the higher the durometer. 
A more complete description can be found in U.S. Pat. No. 
5,994.450, which is incorporated hereby by reference. While 
non-limiting as an example, many cushions do well with this 
preferred gel in a ratio of between 150 and 800 parts by 
weight of mineral oil to 100 parts of SEPTONR 4055. Cush 
ions such as mattresses and seat cushions can be advanta 
geously made with this preferred gel in a ratio of between 250 
and 500 parts by weight of mineral oil to 100 parts of SEP 
TONOR 4055. 

(b) KRATONR E1830, a SEBS tri-block copolymer elas 
tomer (styrene-ethylene-butylene-styrene) in which the EB 
midblock has a wide range of Mw, the average being a high 
Mw, is melt blended with white paraffinic mineral oil with no 
or low naphthenic content, such as CARNATIONR) oil. The 
durometer can be adjusted to the specific configuration and 
application (for example, to provide the correct buckling 
pressure threshold for a given design) by adjusting the ratio of 
SEEPS to oil. The higher the ratio, the higher the durometer. 
A more complete description can be found in U.S. Patent 
Publication No. 2006/0194925, now U.S. Pat. No. 7,964,664, 
issued Jun. 21, 2011, which is incorporated by reference. 
While non-limiting as an example, many cushions do well 
with this preferred gel in a ratio of between 100 and 700 parts 
by weight of mineral oil to 100 parts of KRATONR E1830. 
Cushions such as mattresses and seat cushions can be advan 
tageously made with this preferred gel in a ratio of between 
150 and 450 parts by weight of mineral oil to 100 parts of 
KRATONOR E1830. 

Another preferred gel is made by taking the two preferred 
gels above and replacing part of the mineral oil with resin 
such as REGALREZR) of various varieties that are solid at the 
use temperature of the cushion, or replacing all of the mineral 
oil with resin that is liquid at the use temperature of the 
cushion such as REGALREZ(R) 1018. The ultra-viscous resin 
causes the resultant gel to have a slow rebound, which is 
preferable for some cushioning applications. 

For example, if 1600 parts of REGALREZR) 1018 is used 
as the plasticizer with 100 parts of SEPTONR 4055, a soft, 
slow-rebound gel results at room temperature. REGAL 
REZ(R) 1018 is a highly viscous fluid at room temperature. 
Alternatively, in that example formula the REGALREZ(R) 
1018 can be replaced with a mixture of mineral oil and any of 
the Regalrez products that are solid (usually sold in chip 
form) at room temperature. Such a slow-rebound gel will 
have less temperature-related changes of durometer and 
rebound rate within the human comfort Zone oftemperatures 
than will a gel based on REGALREZR 1018 as the sole 
plasticizer, which has a viscosity that is very changeable with 
temperature in the human comfort range. 
One problem with the use of such slow-rebound resin 

plasticized gels is that most formulations will result in a very 
tacky or even an adhesively sticky gel. So, when the members 
buckle and touch one another, they may stick together and not 
release when the cushioned object is removed. This can be 
corrected by coating the Surface of the sticky gel with a 
material that sticks to the Sticky gel, but is not itself Sticky. 
Advantageous materials, given as examples and not by way of 
limitation, are microspheres and Rayon (i.e., Velvet-type) 
flocking fibers. For example, microspheres stick very well to 
the tacky gel and do not come off, and thus the Surface of the 
gel is rendered tack-free because the outer Surface now con 
sists of an outer Surface of millions of non-tacky micro 
spheres. As another example, tiny Rayon (i.e., Velvet-type) 
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4 
flocking fibers stick very well to the tacky geland do not come 
off, and thus the surface of the gel is rendered tack-free 
because the outer Surface now consists of an outer Surface of 
thousands of non-tacky short fibers. A third example is to put 
a thin skin of polyurethane elastomer onto the tacky gel. 
either by use of a thermoplastic polyurethane film, or by 
coating the tacky gel in an aqueous dispersion of polyure 
thane and allowing it to dry. 

Gel springs made with slow rebound elastomers will have 
a different feel than gel springs made with the other preferred 
gels. Such slow-rebound gel springs will be very compatible, 
for example, with memory foams in a mattress or seat cush 
ion, because the memory foam is also slow-rebound in nature. 
Configurations of Gel Springs 

Gel springs may be comprised of a plurality of individual 
gel members that when compressed in the intended cushion 
ing direction will buckle, and/or when sheared in a direction 
transverse to the intended principal cushioning direction will 
allow transverse movement of the top vs. the bottom of the 
member. The gel members are connected to each other at two 
or more points, in many embodiments at two points that are 
the top and the bottom of the gel member. The members can 
be of any shape, and do not need to be of uniform cross 
section (for example, the shapes may transition from a square 
cross section to an oval cross-section). They can be hollow or 
solid and the members may be made 100% from the gel or a 
combination of the gel and other materials. They can be bare 
gel members or can be coated or covered. The connecting 
material can be sheet form (e.g., fabric, gel film, plastic film), 
or laminate sheet form (e.g., fabric bonded to foam) or indi 
vidual connectors or some other form. The connecting mate 
rial can be fused into the gel (e.g., fabric hot-pressed onto the 
top of the member so that the gel melts and interlocks with the 
fabric), adhesively bonded to the gel, mechanically inter 
locked with the gel, attached to the gel by gripping, or can be 
additional gel that is integral with the members at the two or 
more connecting points (i.e., a gel 'skin'). When not under 
load from a cushioned object, the gel members should be 
dimensionally stable enough to stay oriented toward the 
intended cushioning direction or the connecting material 
should cause them to stay oriented, and the connecting mate 
rial should be sufficient to keep the members in the proper 
spacing from one another (including touching one another, if 
desired). 
The buckling causes the load vs. deflection curve to deviate 

from the elastic line as shown by the non-limiting examples of 
FIGS. 8A, 8B, 8C, and 8D. Pressure is thus lessened under the 
buckling member and the load from the cushioning object that 
is thus not carried by the buckling member is redistributed to 
Surrounding non-buckling members, thus tending toward 
equalization of pressure over the cushioned object. Overall 
pressure is also reduced because buckling allows the cushion 
to conform to the shape of the cushioned object, thus increas 
ing the Surface area of the cushioned object that is under a 
load. Since pressure is load divided by Surface area, increas 
ing the Surface area lowers the overall average pressure. 
The easy-stretch nature of the preferred gels allows the 

members to have the top of the member move laterally rela 
tive to the bottom of the member. Provided the connecting 
material at point one is not restricted from moving relative to 
the connecting material at point two, shear stresses are 
relieved by the easy movement of the top vs. the bottom of the 
gel member. This is an improvement over the shared column 
wall buckling configurations of the teachings of inventions in 
U.S. Pat. Nos. 5,749,111 and 6,026,527. While shared col 
umn wall buckling configurations are somewhat effective in 
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shear relief, the shearing movements do build stress because 
the tops and/or bottoms of the columns cannot move indepen 
dently from each other. 

It takes energy to buckle and pop back up, and this energy 
helps absorb shocks and attenuate vibrations. It also takes 
energy to deform the gel in ways other than buckling, and the 
very nature of gels will help the cushions of embodiments of 
the present invention absorb shocks and attenuate vibrations. 
Thus, the gel springs embodiments of the present invention 
are excellent for one, two, or even all three of the desirable 
cushioning attributes of (1) pressure equalization and/or 
redistribution, (2) shear relief, and (3) shock absorption/vi 
bration attenuation. In addition, the gel springs cushions can 
provide (4) Support and (5) alignment. For example, in a 
mattress, the gel members under the most protruding body 
parts (e.g., hips and shoulders) can buckle, while the gel 
members under the least protruding body parts hold firm 
without buckling (e.g., the pressure buckling threshold has 
not been reached). The torso is supported, while the back 
stays aligned (all while eliminating pressure hot spots). If the 
hips and shoulders were not allowed to sinkin, and the torso 
was not supported, the torso/spine would have to bend to fully 
reach the mattress. Thus, unlike mattresses such as firm inner 
Spring mattresses, a mattress comprising gel springs can have 
no excessive pressure points and can keep the spine aligned 
during sleep. The result can be less tossing and turning, and 
less likelihood of back or neck pain. 

Gel springs can be lighter weight (and thus lower cost) than 
the shared columns disclosed in U.S. Pat. Nos. 5,749,111 and 
6,026,527 because the members are not all joined. There are 
practical limits to the manufacturable wall thickness of gels in 
a given height and durometer and configuration. Being able to 
space the gel members apart without a heavy gel connection 
that runs the whole length of the member can resultina lighter 
overall structure with the same overall cushioning stiffness. 

Gel Springs can also be lighter weight (and thus lower cost) 
in many embodiments than the invention described in U.S. 
Pat. No. 6,865,759, which has gel buckling members that are 
attached to a common base. In particular, the gel buckling 
members of 759 patent are not lightweight when a tall cush 
ion is desired for a cushioned object that has protruding parts. 
Tall cushions are desirable so that the protruding parts can 
fully sink in before bottoming out, such that the non-protrud 
ing parts can put pressure on the members before the protrud 
ing parts bottom out, thus equalizing pressure. While the 
members of the disclosure of the 759 patent are tall enough 
to accommodate many Such cushioned objects, they are not 
stable enough to buckle along the length of the member and 
just “lay over not providing any Support or buckling-cush 
ioning. The connecting of the members at two spaced apart 
points along the member increases the stability and requires 
the members to properly buckle along the length and not just 
fold over at the bottom. In the 759 patent, the instability can 
be overcome in a small measure by making the members 
more massive, but this adds significantly to weight and cost 
and is notable to prevent the laying over in all design situa 
tions. 
An example of gel springs is shown in FIG.1. A plurality of 

hollow members 100 with a uniform cylindrical cross section 
are arranged at uniform spacing. Each member 101 has a top 
102, a bottom 103, a side wall 104, and an intended cushion 
ing direction 105. Not all members have a uniform axis such 
as is represented by the dashed line of the intended cushioning 
direction 105, but all cushions should be designed with the 
direction that the cushioned object will approach in mind. 
Some cushions need to have objects cushioned from any of 
several directions (for example, a number of differing degrees 
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6 
away from the principal cushioning direction, Such as 10 
degrees away, 20 degrees away, and 30 degrees away), and the 
shape of the member 101 should be designed to be stable 
enough to accommodate all Such expected directions, if pos 
sible. However, in many cushions it is generally known that 
the intended cushioning direction will be the principle prin 
cipal cushioning direction, or nearly so. For example, a per 
son sitting on a flat horizontal seat cushion, or laying on a flat 
horizontal mattress, or standing on a relatively flat horizontal 
shoe interior, will have gravity driving the cushioned object (a 
person) orthogonally to the flat overall cushion surface. If for 
example the gel springs of FIG. 1 is to be part of a seat cushion 
(which will be assumed hereafter only for purposes of easy 
discussion), the axis of the members 101 should be orthogo 
nal to the seat cushion Surface to ensure that buckling occurs. 
The design of the cushion to be able to buckle only under 

the higher pressure points (usually the most protruding areas) 
and be supported by the other areas without buckling is an 
interplay of all the variables: The spacing of the cylinders, the 
stiffness of the gel, the diameter of the cylinders, the height of 
the cylinders, the wall thickness of the cylinders, the durom 
eter of the gel from which the cylinders are made, the 
expected weight of the person to sit on the cushion, the 
expected Surface area of the person to contact the cushion, the 
degree to which the connecting material effects the behavior 
of the cylinders, etc. Generally test data and experience will 
dictate the dimensional variables, and then the formula of the 
gel is varied experimentally to optimize the buckling and 
Support features. 
The connecting material 106 that connects the first of two 

points along the length of the cylindrical members (the top in 
this case) can be many different materials. For example, it can 
be a gel skin (FIG. 1B) that is integrally formed with the 
cylinders, either during manufacture of the cylinders, or later 
by melt fusing additional gel. As another example, it can be a 
stretchable or non-stretchable fabric that is heat-pressed into 
the top of the cylinders, causing the gel at the top of the 
cylinders to melt into the fibers of the fabric and fuse into the 
fabric. FIG. 1A shows the gel melted through a fabric and 
visible from a top of the fabric. If the fabric at the top or 
bottom is exceptionally easy to stretch, which is highly desir 
able in many cases including mattresses, then it can be further 
laminated (by gluing, for example) to a more stable material 
Such as foam (e.g., conventional polyurethane foam, memory 
polyurethane foam, latex foam, polyethylene foam) or Such 
as a mattress innerspring unit. As another example, the gel of 
the top of the cylinders can be heat fused or bonded directly to 
foam. The connecting material does not need to be a solid 
sheet as shown. It can be, for example, connecting gel beams, 
or a perforated sheet of gel, or connecting rigid or semi-rigid 
material beams. The connecting material must fulfill its func 
tion of keeping the cylinders properly spaced apart and/or 
oriented to the principal cushioning direction, particularly 
when “at rest” (the cushioned object is not in contact with the 
cushion). In the case of fabric, this is especially preferred 
because the preferred gels are difficult to bond by adhesives to 
foam, and it is difficult to fuse the gel into thick foams. Fabric 
is easily heat-fused into the gel, and fabric is also easily 
adhesively bondable to foam, so it is an excellent interface 
layer. When used as an interface layer, the material to which 
it is interfaced is considered part of the connection system 
during design, since the stiffness of all of the materials con 
nected to the gel directly or indirectly affects the gel cylinders 
during cushioning. Fabrics useful include stretchable fabrics 
(such as LYCRAR/spandex-type fabrics, cotton tricot, nylon 
tricot and circular-knitted fabrics including thick circular 
knits such as are used for mattress tickings), and non-stretch 
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able fabrics (such as non-woven nylon or polypropylene, or 
woven cotton, nylon, or polypropylene). The fabrics should 
have Sufficient airspace or at least Surface roughness to allow 
the gel to melt and flow into the fabrics (preferred) or into the 
crevices on the outside of the textured fabric, unless the 
fabrics are joined to the members by some other method than 
heat fusing. 

The connecting material 107 is in the FIG. 1A embodiment 
at the bottom of the cylindrical members. It can be any of the 
materials described above for the connecting material 106. 
The connecting material 107 does not need to be at the top and 
bottom of the member. For example, the members can be melt 
formed through a porous fabric that is 20% down from the 
tops of the cylinders, or 50% down from the tops of the 
cylinders, or 70% down from the tops of the cylinders. Beams 
can be bonded to the sides at any point along the length, or can 
be caused to grip onto the gel at any point along the length. 
The cylinders are shown as uniform height, but can be of 
varying heights. This is especially desirable in cushions 
where a contour is effective, Such as in wheelchair cushions. 
The connecting material 107 is all shown at a common place 
on each cylinder, but this can also be varied to be at differing 
percent heights from column to column. 

FIG.2 shows an embodiment with hollow tubes of a square 
cross-section. FIG. 2A shows a fabric connecting material top 
and bottom, with the gel showing through the fabric after 
heat-fusing. FIG. 2B shows an integral gel skin at the top of 
the members, and a fused fabric at the bottom of the members. 

FIG. 3 shows an embodiment with solid members of an 
I-beam cross-section. FIG. 3A shows a fabric connecting 
material top and bottom, with the gel showing through the 
fabric after heat-fusing. FIG. 3B shows an integral gel skin at 
the top of the members, and a fused fabric at the bottom. 

FIG. 4 shows an embodiment similar to FIG. 3, but with 
taller members. If the members had no connecting material as 
shown in FIG. 4A or 4B, they may be unstable and lay over at 
the bases of the members instead of buckling along the 
lengths of the members. FIG. 4A shows a fabric connecting 
material top and bottom, with the gel showing through the 
fabric after heat-fusing. FIG. 4B shows an integral gel skin at 
the top of the members, and a fused fabric at the bottom. 

FIG. 5 shows an embodiment similar to FIG. 3, but with 
shorter members. Shortening the gel members but keeping all 
other design features the same would result in a higher buck 
ling pressure threshold, useful for heavier people or objects or 
for people or objects that have a smaller surface area to be 
cushioned (such as the foot of a standing person compared to 
the body of a supine person). FIG. 5A shows a fabric con 
necting material top and bottom, with the gel showing 
through the fabric after heat-fusing. FIG. 5B shows an inte 
gral gel skin at the top of the members, and a fused fabric at 
the bottom. 

FIG. 6 shows long sine wave-shaped members. The sine 
wave gives each member some stability of its own. FIG. 6A 
shows a fabric connecting material top and bottom, with the 
gel showing through the fabric after heat-fusing. FIG. 6B 
shows an integral gel skin at the top of the members, and a 
fused fabric at the bottom. FIG. 6C shows a plan view of the 
gel members of FIG. 6 with connecting material omitted for 
clarity. 

FIG. 7 shows an example configuration useful for a mat 
tress 700. Gel springs 701 are made with 100 parts KRA 
TONR E1830 to 300 parts CARNATIONR) oil white mineral 
oil. They are spaced 3 cm apart on an equilateral triangle 
pattern and fused to connector fabrics 702 and 703, a stretch 
knit mattress ticking fabric by Culp. Fabric 702 is bonded 
with water based adhesive such as SIMALFAR) to latex foam 
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8 
rubber 704, such as latex foam rubber by Latex International. 
Fabric 703 is bonded with water based adhesive to polyure 
thane foam block 705, by Foamex (alternatively to inner 
spring unit 705. Such as innerspring units by Leggett & Platt). 
The entire assembly is covered with a mattress cover (not 
shown). 
The cross-sectional shape of the gel members at any plane 

cut orthogonal to the intended principal cushioning direction 
may be of a limitless variety of hollow shapes, for example, 
the cross-sectional shapes may be circular, square, rectangu 
lar, triangular, star-shaped, hexagonal, octagonal, pentago 
nal, oval, or irregular. The cross-sectional shape of the gel 
members may also be a non-hollow shape of a limitless vari 
ety of shapes, for example I-beam, H-beam, E-beam, Solid 
circle, Solid rectangle, Solid square, Solid triangle, Solid hexa 
gon, Solid octagon, Solid Star, Solid pentagon, Solid oval, or a 
Solid irregular shape. The members can be of uniform cross 
section throughout the length or the cross section can vary. 
For example, the members can be of varying average diameter 
along the length, or of varying wall thickness if hollow, or 
transitioning from a square shape to a circle shape, or even 
have varying material formulation along the length. In the 
same cushion, the several members can be the same as one 
another or different from one another. The spacing between 
them can be uniform or can vary. The height of each can vary. 
The sides of the members can be vertical or can be of another 
angle, and the angle can change at different places along the 
column length. All of these effects can create a cushion that is 
uniform or that is zoned, and that has a tailorable force vs. 
deflection curve to optimize the cushioning properties to the 
intended application. 
Possible Gel Spring Products 
By way of example only and without limitation, gel springs 

can be used in the following products: sleeping pads, mat 
tresses, (medical and consumer), toppers (mattress overlays), 
pillows (bed, Sofa, positioners, for various body parts), shoes 
and boots (footwear), insoles, outsoles and midsoles, sock 
liners (ankle cushions, cuff cushions), futons, Zabutons, fur 
niture (i.e., sofas, loveseats, recliners, ottomans, upholstered 
chairs, office chairs, medical chairs), theater seating, side 
chairs, patio and lawn furniture, Stadium seats, wheelchair 
cushions (seat, back, arm, knee and head Supports), orthope 
dic braces, crib mattresses, crib pads, other padding, diaper 
changing Surfaces, pet beds, exercise benches, vehicle seats 
and arm rests, gymnastic pads, yoga pads, aerobic pads, 
sports padding, helmets, hunting pads, baby carriers, infant 
and child car seats, office furniture, bathtub pads, spa pads, 
massage tables, exam tables, carpet pads, strap cushions 
(such as, for backpacks, fanny packs, golf bags, purses, bras, 
luggage, briefcases, computer cases, after market/generic), 
saddle straps, straps of various kinds (such as for horses, 
climbing, parachutes, safety/industrial), automotive and 
motorcycle/ATV (seating, trim, headliners, panels), boats 
(seating, trim, headliners, panels), aircraft (seating, trim, 
headliners, panels), tool handles, appliance handles, packag 
ing, tops of saddle seat cushions, saddle blankets, hoofpads, 
cushions (neck, seat, knee, between the knee, knee pads, 
back, lumbar), tumbling/vault pads, other athletic pads (yoga, 
martial arts, trampoline border pads), protective equipment 
(sparring, shin, shoulder, wrist, ankle, knee, elbow, hip, neck, 
kidney, helmets, gloves), medical positioners (Surgical posi 
tioners, medical positioning cushions, orthotics, braces, 
slings), pads for casts for broken bones and other immobili 
Zation purposes, floor cushion for standing, bicycle gear (seat 
cushions, handle bars, gloves, saddles, shorts), martial arts 
mannequins, computer accessories (mouse pads, keyboard/ 
wrist pads), protective bags and cases for computers, cam 
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eras, and other equipment, livestock pads (barns and trailers), 
pet beds, shock absorption, vibration attenuation, gurneys, 
stretchers, hammocks, toys, baby products (highchairs, cribs, 
carriers, car seats, teething items, strollers, bassinets), tree 
collars, any automotive, boating or recreational vehicle cush 
ions or padding, shipping containers for fragile products, all 
bedding, furniture and footwear products, infant goods that 
contact the infant, any medical products that contact the 
human body, and sporting goods of all types, and any other 
products requiring cushioning characteristics including, 
without limitation, pressure relief, shock absorption or vibra 
tion attenuation. 
Gel Spring Manufacturing Methods 
The process for making gel springs can be any process that 

results in any of the specified configuration varieties made 
with any of the specified material options. The following are 
thus only examples: 
Injection Molding 

Because the preferred gels are thermoplastic in nature, they 
lend themselves well to injection molding. A mold is made by 
means known in the art with cavities that are filled by a 
standard injection molding process. The material is cooled, 
the mold is opened, and the part is ejected from or pulled out 
of the mold. Often with the preferred gels, they are so low in 
durometer and have such excellent conforming properties 
that the gel forms to the ejector pins as the pins are thrust into 
the mold cavity, so that the part does not eject. Thus, many 
times injection molds are not designed with ejector pins, but 
are designed to have the operator manually pull out the gel 
product. One advantage to injection molding with the pre 
ferred gels is that when pulled, the Poisson’s effect dramati 
cally reduces the cross-sectional thickness, and so the gel 
comes out without the need for a draft angle on the cavity 
Surfaces, and can even come out if the cavity has undercuts. 
Compression Molding 
Many of the gel spring material alternatives can be com 

pression molded. For example, an extruded sheet of gel can be 
placed over an open-faced mold that contains cavities in 
which the gel members are to be formed. ATEFLONR sheet 
is placed over a sheet of gel and a hot press applies compres 
sive pressure to the sheet in the direction of the cavities. The 
gel melts and flows under this pressure into the cavities, the 
heat press is removed and the mold and gel are cooled. Then 
the TEFLONR sheet is peeled off and the gel part is pulled by 
an operator or by a machine, from the mold. 
Rotational Molding 
The gel springs of the invention can beformed by rotational 

molding by methods well understood in the rotational mold 
ing. A mold is prepared that has, for example, pillars that form 
hollows in the hollow members. The mold is filled with gel 
particles (for example, made with an extruder and a pelletiz 
ing die). The mold is closed, heated, and rotated by a machine. 
The gel pellets melt, flow and coat the pillars and outer bound 
ary walls of the closed mold. The mold and gel are cooled, the 
mold is opened, and the gel part is pulled from the mold. One 
advantage to rotational molding is that where an integral gel 
skin is desired on both the top and bottom of the members, it 
can be formed at the same time as the members because the 
molten gel coats the inside of the mold as well as the pillars 
within the mold. 
Extrusion 
One of the advantages of gel springs over the structures 

disclosed in U.S. Pat. Nos. 5,749,111 and 6,026,527 herein 
after referred to the 111 patent and the 527 patent, is that for 
very large parts, for example, mattresses for medical use or 
household use, the tooling and equipment can be much 
Smaller, less complicated, and less expensive. For example, 
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10 
each member can be separately extruded by well-known 
extrusion processes (molten material is forced by a rotating 
screw through a die with the desired cross-sectional shape, 
cut of at intervals, and cooled). Then the members can be 
arranged in the desired pattern of the gel springs cushion, and 
the connecting material applied top and bottom. For example, 
a fabric can be heat fused into the tops of all gel members 
simultaneously with one stroke of an inexpensive heated 
platen, then the assembly turned over and another fabric heat 
fused into the bottoms of all gel members simultaneously by 
the same platen. The extrusion die to make the members is 
very Small, since it is designed to make only one member. In 
comparison, the 111 patent and the 527 patent disclose large 
open-faced molds, an extrusion die that runs the entire width 
of the mattress part, and large extraction rollers to pull out the 
gel (and still requires the heated platen to fuse in fabric). The 
difference in cost between the more expensive systems of the 
111 patent and the 527 patent and the extrusion system 
hereinabove described to make gel springs can be as much as 
ten-fold or more, yet they result in the same size mattress part. 
Screed Molding 

However, for operations where cost is not as important as 
other considerations (such as having an integral skin or where 
Volume of production is such that the equipment and tooling 
cost is amortized over a large number of parts and thus 
becomes inconsequential), embodiments of the present 
invention may provide an open-faced pressure-screeding sys 
tem to make large (or Small) gel springs cushions, including 
by way of one example the following steps: 

(a) Obtaining a screed mold, the screed mold having a rigid 
body, the screed mold being an open face mold, the Screed 
mold having multiple recesses in the rigid body in which gel 
may be formed into members of a desired shape, the screed 
mold optionally having a raised lip at both the right side and 
left side of the mold, which allows for a sheet of gel to form 
at the top of the screed mold that will be integral with the gel 
columns, or optionally having no raised lip so that the gel is 
screeded by the screed head flush with the molds top surface 
or later scraped to that point; 

(b) Obtaining access to an injection head, the injection 
head having a plurality of distribution channels therein 
through which molten gel may flow, the plurality of distribu 
tion channels optionally being subdivided into sub-distribu 
tion channels, the distribution channels or sub-distribution 
channels terminating in exit ports through which molten gel 
may exit the injection head and enter the screed mold, the 
injection head including at least one external or internal heat 
ing means for heating the injection head; 

(c) Positioning the injection head adjacent the screed mold 
in a location so that molten gel may flow from the injection 
head distribution channels out of the exit ports and into the 
screed mold member-forming recesses and (if a gel skin is 
desired) into a skin-forming recess; 

(d) Accessing a pumping source, utilizing the pumping 
Source to pressurize molten gel and force it into the injection 
head, through the plurality of distribution channels of the 
injection head, out of the exit ports of the injection head, into 
the screed mold, in most cases while the screed mold is 
moving relative to the injection head, so that the injection 
head screeds off the top of the molten gel as uniformly as 
practical and fills the screed mold in a progressive manner; 

(e) Cooling the gel so that it is no longer molten; 
(f) Recovering molded gel material from the screed mold in 

a desired geometric shape of a gel spring cushioning element. 
FIG.9 depicts an open-face mold for use in one example of 

a screed molding process. Molten gel can be placed into the 
open-face mold and permitted to harden, with gel springs then 
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being taken out of the mold. Individual strings of gel springs 
in a tubular form may be removed from the mold and held 
together by a connecting membrane. This allows the whole 
string of gel spring tubes to be pulled out of the mold as a set 
without having to get agrip on each tube. This permits imple- 5 
mentation of a continuous molding process where the mold 
edges come together to make the joint continuous. Referring 
to the drawing of FIG.9, the gel springs can be as tall as the 
cavities are deep. Further information concerning screed 
molding is found in United States Patent Publication No. 10 
2005/0173836, now U.S. Pat. No. 7,666,341, issued Feb. 23, 
2010, which is hereby incorporated herein by reference in its 
entirety. However, the configuration of the mold may be such 
that gel springs are produced as described herein. 
An integral skin on a gel spring product is preferred 15 

because it allows a lifting out from the mold all of the mem 
bers at once, since they are all connected. Additionally, the 
integral skin keeps the members properly positioned relative 
to one another. However, if no integral skin is desired as a 
connecting material (for example, for weight/cost savings or 20 
breathability), the screed mold side lips are omitted and the 
screed mold is automatically or manually scraped off right at 
the top of each column during molding. Then, to avoid the 
necessity of removing each member individually, optionally, 
a fabric could be pressed into the molten gel or with heat 25 
sufficient to re-melt the tops of the members if no longer 
molten, then the members cooled and the assembly of the 
fabric with fused-in gel members pulled out of the mold. 

Often, but not necessarily, a fabric is fused into the tops 
and/or bottoms of the columns, which facilitates gluing the 30 
assembly to other elements of the cushion, such as foam, 
springs, or the mattress cover. If an integral gel skin is formed 
as one of the connecting materials, a fabric can be fused onto 
the other end of the members. A preferred process for fusing 
fabric into the ends of members of a gel spring unit is to place 35 
the members in their desired spacing and orientation and then 
place the fabric over the top, preferably smoothing out any 
wrinkles. A heated platen of a press, preferably at a tempera 
ture that will melt the gel but not burn or degrade it, may bear 
on the fabric. Preferably, the press will have a mechanical stop 40 
at a distance below the top of the fabric that has been deter 
mined to be optimal, usually at least half the thickness of the 
fabric below the top of the fabric. After a sufficient period of 
time that allows the gel to melt and flow into the external 
and/or internal interstices of the fabric, the platen is raised, the 45 
gel is allowed to cool to the point of solidification, and the 
assembly is removed from the press. The same can be done to 
the other side of the assembly, whether or not a gel skin exists 
on that other side. If a gel skins exists on both sides, a fabric 
can optionally be fused into both sides to enable gluing of the 50 
assembly to foam, or springs or other materials. An alterna 
tive is to orient separate individual gel springs between two 
pieces of fabric and pull the assembly through a pair of 
platens, which simultaneously fuses the top and bottom fab 
rics. This can be a continuous process in which the fabric 55 
comes in from rolls and the gel spring members are placed 
onto it in continuous succession. 
A partial skin can be integrally formed that connects all gel 

spring members but still allows breathability. This is done by 
configuring the open-faced mold with areas, which when 60 
screeded and/or scraped, leave holes through the skin without 
removing the entire skin. 

With any of these processes, the resulting assembly of a 
plurality of gel springs can be utilized as a cushion, or as a 
cushioning element within a cushion. The fused-fabric alter- 65 
natives described herein are especially adapted to be bonded 
to other cushioning elements to make a composite cushion. 

12 
For example, they can be easily glued to foam, or they can be 
glued to an insulator fabric that is bonded or fastened to an 
innerspring mattress unit. They can be glued to an EVA mid 
sole in footwear. Or, they can be bonded directly to a cover. 
Covers can also be applied without bonding, including with 
out limitation, by slip-over, by Zipper closure, by hook-and 
loop closure, or without a closure. 

Example 1 

An Example embodiment of a mattress is as follows: the 
base of the mattress is four inches of 36-ILD, 1.8-pound 
density conventional polyurethane foam. Above that is 
bonded a layer of square cross-section individual gel springs 
(without integral gel skin) with fabric fused at the tops and 
bottoms. The square cross section is uniform and is two 
inches on each side. The wall thickness is one eighth of an 
inch. The distance between columns is three quarters of an 
inch. The height of each square hollow column is three and a 
half inches. The gel was made with Formula (b) above in a 
ratio of 300 parts CARNATIONR) oil to 100 parts KRA 
TONRE1830, with 0.1% each of antioxidants Irgannox 1010 
and Irgaphos 168 and 0.1% Horizon Blue aluminum lake 
pigment from the Day-Glo Corporation. The hollow colum 
nar members were made in an extrusion die and cut to the 
3.5-inch length, then placed in a jig and cotton tricot one-way 
stretch fabric (two ounces per yard) was heat fused to the tops. 
The assembly was turned over and the same type of fabric was 
heat-fused to the bottoms. The bottom fabric was then glued 
with SIMALFAR water-based adhesive (environmentally 
friendly as compared to solvent-based adhesives) to the 
4-inch foam base. To the fabric at the top of the gel springs 
assembly is glued 1.5 inches of 5-lb/in-density memory-type 
polyurethane foam (SENSUSR) brand, made by Foamex). To 
the other side of the memory foam is glued 1.5 inches of 
18-ILD Talalay latex foam made by Latex International. The 
entire assembly is then covered in a circular-knitted fire retar 
dant sock and thena mattress cover is applied by conventional 
CaS. 

Example 2 

An Example embodiment of a wheelchair cushion, con 
Sumer seat cushion or truck driver seat cushion is as follows: 
A rotational mold is made, with overall interior cavity size of 
16 inchesx 16 inchesx3.5 inches. Posts are placed in the mold 
that extends from the top 16 inchesx 16 inches side to the 
bottom 16 inchesx16 inches side, at 1.5-inch intervals. The 
posts are 0.6 inch in diameter and of circular cross section. 
Under the area where the person's ischial tuberosities will be 
placed, the spacing is increased to 2-inch intervals. Each post 
is in two parts. The top half of each post is affixed to the top 
of the mold, the bottom half of each post is affixed to the 
bottom of the mold, so that when the mold is closed the two 
halves make one post. A gel is made of 250 parts 
DUOPRIMER 90 mineral oil and 100 parts by weight SEP 
TONR 4055, with 0.1% each of antioxidants Irgannox 1010 
and Irgaphos 168 and 0.2% Rocket Red aluminum lake pig 
ment from the Day-Glo Corporation. The gel is melt blended 
in an extruder and pelletized. The pellets are put into the 
rotational mold Sufficient to provide a skin around the periph 
ery of the cavity and on the posts of about 0.1-inch thick. The 
mold is closed, heated, and rotated to allow the molten gel to 
coat all Surfaces. The mold is cooled by spraying water on the 
exterior while continuing to rotate the mold. The mold is 
opened and the post-halves slip out of the gel on their respec 
tive sides, and the part is removed. Air holes are cut into the 
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skin so that when the cushion is compressed, air is not 
trapped. The cushion may be used as is or a cover may be 
applied. 

Example 3 

An Example embodiment of a “sock insert” or “insole' gel 
springs cushion for use in a shoe is as follows: An injection 
mold is made, wherein a cavity is configured to mold a plu 
rality of hollow gel circular columns integrally connected by 
abottom skin. The bottom skin is 0.1-inch thick. The columns 
are hollow and have a constant inner diameter ID of 0.15 inch. 
The wall thickness varies from 0.05 inch at the top to 0.15 
inch at the bottom where they join the bottom skin. The gel 
utilized in Example 3 is the same as described in Example 1. 
The gel springs cushion is molded by standard injection 
molding methods, with the following uniqueness: The side of 
the mold with the pins that form the cavities in the gel col 
umns has a one-way stretch low-friction fabric placed against 
it before molding. The fabric is hole-punched with holes that 
fit over the pins. The mold is closed and the material is shot 
and cooled. When removed from the mold, the fabric con 
necting material is already fused into the tops of the conical 
cylinders. The fabric, which is only gel infused over a small 
percentage of its surface, provides a more effective "slip 
Surface' for the Socks of a user than does a full-gel Surface, in 
addition to functioning as a connecting layer as described 
herein. Alternatively, another layer of fabric can be bonded 
onto the gel springs cushion (or heat-fused so that the gel does 
not penetrate the full thickness of the fabric) and so that gel 
friction does not interfere with “sock sliding.” Alternatively, 
the fabric can be a laminate such that the gel can penetrate 
only the bottom layer of the laminate and the top layer is 
slippery. 

While embodiments of the present invention have been 
described and illustrated in conjunction with a number of 
specific embodiments, those skilled in the art will appreciate 
that variations and modifications may be made without 
departing from the principles of embodiments of the inven 
tion as herein illustrated, described, and claimed. Embodi 
ments of the present invention may be embodied in other 
specific forms without departing from its spirit or essential 
characteristics. The described embodiments are to be consid 
ered in all respects as only illustrative, and not restrictive. All 
changes that come within the meaning and range of equiva 
lency of the claims are to be embraced within their scope. 

What is claimed is: 
1. A gel springs cushion comprising: 
a plurality of individual gel spring members, each gel 

spring member having a top Surface, a bottom Surface, 
and a side wall, each gel spring member being bucklable 
in a loading direction generally parallel to the side wall, 
wherein the top surface may move laterally relative to 
the bottom surface; 

a layer of non-stretchable material bonded directly to the 
bottom surface of each individual gel spring member; 
and 

a layer of stretchable material bonded directly to the top 
Surface of each individual gel spring member, 

wherein the side wall of each gel spring member is unsup 
ported between the layer of non-stretchable material and 
the layer of stretchable material. 

2. The gel springs cushion of claim 1, wherein the layer of 
stretchable material comprises a first fabric. 

3. The gel springs cushion of claim 2, wherein the layer of 
non-stretchable material comprises a second fabric. 
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4. The gel springs cushion of claim 3, wherein at least a 

portion of material of the plurality of individual gel spring 
members is disposed within at least one of the first fabric and 
the second fabric. 

5. The gel springs cushion of claim3, further comprising a 
foam material bonded to the first fabric or the second fabric. 

6. The gel springs cushion of claim3, further comprising an 
innerspring assembly secured to the first fabric or the second 
fabric. 

7. The gel springs cushion of claim 3, wherein each gel 
spring member of the plurality is heat-fused to the first fabric 
and the second fabric. 

8. The gel springs cushion of claim 1, wherein at least one 
of the non-stretchable material and stretchable material com 
prises a sheet of gel. 

9. The gel springs cushion of claim 1, wherein a first cross 
section of at least one gel spring member of the plurality is 
different from a second cross section of the at least one gel 
spring member of the plurality, the first and second cross 
sections taken transverse to the sidewall. 

10. The gel springs cushion of claim 1, wherein at least one 
gel spring member of the plurality is hollow. 

11. The gel springs cushion of claim 1, wherein at least one 
gel spring member of the plurality is solid. 

12. The gel springs cushion of claim 1, wherein at least one 
gel spring member of the plurality comprises a slow rebound 
gel that includes a material selected from the group consisting 
of resin and rosin. 

13. The gel springs cushion of claim 1, wherein buckling of 
at least one gel spring member of the plurality causes a devia 
tion from the elastic line in a plot of load as a function of 
deflection for the at least one buckled gel spring member. 

14. The gel springs cushion of claim 1, wherein at least one 
gel spring member of the plurality is at least partially con 
structed from an elastomeric gel. 

15. The gel springs cushion of claim 1, wherein the side 
walls of each gel spring member are generally parallel; 

the top surfaces of each gel spring member are within a 
common top plane; and 

the bottom Surfaces of each gel spring member are within 
a common bottom plane. 

16. The gel springs cushion of claim 1, wherein at least one 
gel spring member of the plurality is hollow and at least one 
gel spring member of the plurality is solid. 

17. The gel springs cushion of claim 1, wherein at least one 
gel spring member of the plurality of individual gel spring 
members is connected to an adjacent gel spring member of the 
plurality of individual gel spring members at a first end and at 
a second, opposing end of the at least one gel spring member. 

18. A gel springs cushion comprising: 
a non-stretchable first fabric; 
a stretchable second fabric; and 
a plurality of individual gel spring members bonded 

directly to the first fabric and the second fabric, each 
individual gel spring member comprising an elastomeric 
gel, wherein: 

at least one of the plurality of individual gel spring mem 
bers is bucklable in a direction generally perpendicular 
to a plane of the first fabric or a plane of the second 
fabric; and 

a top surface of at least one of the plurality of individual gel 
spring members may move laterally relative to a bottom 
surface of the at least one of the plurality of individual 
gel spring members. 

19. The gel springs cushion of claim 18, wherein at least 
one of the plurality of individual gel spring members is heat 
fused directly to the first fabric and the second fabric. 
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20. The gel springs cushion of claim 18, wherein a first 
cross section of at least one gel spring member of the plurality 
is different from a second cross section of the at least one gel 
spring member of the plurality, the first and second cross 
sections taken parallel to the plane of the first fabric or the 
plane of the second fabric. 

21. The gel springs cushion of claim 18, wherein at least 
one gel spring member of the plurality defines at least one 
hollow. 

22. The gel springs cushion of claim 18, wherein at least 
one gel spring member of the plurality is solid. 

23. The gel springs cushion of claim 18, wherein at least 
one gel spring member of the plurality comprises a slow 
rebound gel that includes a material selected from the group 
consisting of resin and rosin. 

24. The gel springs cushion of claim 18, wherein buckling 
of an individual gel spring member of the plurality causes a 
deviation from the elastic line in a plot of load as a function of 
deflection for the buckled gel spring member. 

25. The gel springs cushion of claim 18, wherein at least 
two gel springs members of the plurality are hollow and in 
contact with each other along their peripheries. 

26. The gel springs cushion of claim 18, wherein the non 
stretchable first fabric is affixed to a non-gel springs cushion 
ing element, the non-gel springs cushioning element having a 
structure selected from the group consisting of foam and an 
innerspring assembly. 

27. The gel springs cushion of claim 18, wherein at least 
one gel spring member of the plurality defines at least one 
hollow and at least one gel spring member of the plurality is 
solid. 
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