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REFRIGERATOR SHELF AND METHOD OF MAKING THE SAME

_ BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to spill-proof shelving for
appliances such as refrigerators, freezers and the like.

More specifically, the present invention is a tempered,

half-width shelf fypically used in a side-by-side

refrigerator/freezer unit, or in an over-under unit where-

the shelves are split.‘ The shelf uses at least one

upturned edge, Creatéd by a roll forming process, and end

caps, located on the other edges of the shelf, to create a’

_reservoir for spilled ligquids on an upper surface of the

shelf.

As is the nature of articles contaiﬁing liguid which
are stored in the refrigerator, many such articles are
spillable and do spill, or leak. Such a spill‘orAleak will
typically soak into other items or contaﬁinate other foods
in the refrigerated compartment. Extensive cleanup efforts
are required since the spill will commonly flow down,
through the compartment, from shelf to shelf. Therefore,
it is desirable to provide containment measures for
limiting the area of such a spill. Such measures will
contain a spill to the shelf and minimize, if not preclude,

the dowﬁward flow of the spill through'the compartment.

2. Discﬁssion of Related Art

In the>prior art, a liquid reservoir was created on a
shelf by encapsulating the entire perimeter of the shelf
with one continuous molding, or individual molding pieces
fitted to each edge. The moldings were typically made of
polypropylene and projected above the surface 'of the shelf

to retain spilled liguids thereon. This technique of
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manufacturing spill-proof shelves was time consuming and
expenéivelqs a result of the need for polypropylene
moldings on each edge!‘ '

’ The -prior art also teaches that refrigerators and the
like are commonly constructed with one or more lights
mounted ﬁo the'back or top surface of the compartment to
provide illumination. Refrigerators are also‘frequéntly.
constructed With movable shelves adapted to change the
distance between adjacent shelves to accommodate different
food heights. However, when a shélf is moved, it may block
the light souxrce causing'shade spots in the.compartment.
‘Further, when food is placed on the shelves, the food may
interfere with the light passing though the shelf, alsd
resulting in shade spots.

Alternatively{ it is known to provide one or more
lights on the shelf itself to provide illumination to the
shelf and to the compartment. The lights are connected to
a source of electricity tYpically 1oca£ed on the rear wall
of the compartment. This arrangement has the disadvantage
of requiring the usér to reposition the wiring once a shelf
was moved: Repositioning bf the wiring could result in an
electrical shock  -from an uninsulated electrical conductor4
Lor wire. ‘

The present invention provides an effective, low cost,
spill-proof shelf for refrigerators and the like. The
invention reduces the need for polypropylene by using a
roll form process to uptﬁrn at least one of the shelf edges
to partially form a liquid reservoir for spilled liquids.
Polypropylene end caps are located on the remaining edges
to enclose the shelf and complete the reservoir.

Tn an alternative embodiment, the shelf is provided
with lighting to illuminate the shélf, the contents located
thereon and the compartment. The lighting is connected to

a stepped-down voltage source, such as a transformer, to
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reduce the -voltage below the UL threshold for'éppliances
and‘reduce,,Qr‘eliminate,.the'risk of electrical shock.
The risk of electrical shock is élso reduced, or
eliminated, by locating the lighting and its wiring within
‘the énd’caps. ' '
BRIEF DESCRIPTION OF THE DRAWINGS

'The above, as well as other advantages of the present
invention, will become readily apparent to those skilled in
the art ffom the following detailed description when
considered in the 1ight of the accompanying drawings in
which: . _

Eig. 1 is a front view of a refrigerator and its
interior compartment having\a qhannel supported shelf'
located therein; ".

Fig. 2 1s an isometric view of a channel -supported
shelf; ‘

Fig. 3. is a sectional view along line 3-3 of Fig. 2;

Fig. 4 is an isometric view of a cantilever-supported
shelf;

Fig. 5 is a sectional view alonglline 5-5 of Fig. 4;

Fig. 6 is a front view of a refrigerator and its
interior compartment having a cantilever sﬁpported shelf
located therein; ' '

Fig. 7 is an isometric view of a channel supported
shelf having lighting within end caps;

Fig. 8 is a sectional view along line 8-8 of Fig. 7;

Fig. 9 is a .sectional view along line 9-9 «of Fig. 7;

Fig. 10 is an isometric view of a cantilever supported
shelf having lighting within end caps; .

Fig. 11 is a sectional view alonguline 11-11 of Fig.
10;

Fig. 12 is a sectional view along line 12-12 of Fig.
10;
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shelf, male and
paiern a track

Fig. 14 is
with lighting;

Fig. 15 is
view of.a shelf

Fig. 16 is
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a sectional view of a cantilever supported
female electrical connections and a slot
of the compartment rear wall;

an electrical schematic top view of a shelf

an alternative electrical schematic top
with lighting;

a schematic side view depicting an oven, a

preform heat section,.a roll form section, an air quench

Fig. 17.1is
16;
Fig: 18 is
16; 4
~Fig. 19 is
16;
Fig. 20 is
Fig. 21 is
a plate;

Fig. 22 is
embodiment of a
Figl 23 is
view along line
Fig. 24 is
view along line
Fig. 25 is
View along line
Fig; 26 1is
embodiment of a
Fig. 27 is
embodiment of a
" Fig. 28 is

view along line

section, and a cooling section; -

a sectional view along line 17-17.o0f Fig.
a sectional view along line 18-18 of Fig.
a ‘sectional view along line 19-19 .of Fig.

side view of a plate;

o

a side view of an alternative embodiment of

an isometric view of an alternative
shelf having a coating applied thereon;
an -alternative embodiment of a sectional
17-17 of Fig. 16;

an alternative émbodiment of a sectional
18-18 of Fig. 16;

an alternative embodiment of a sectional
19-19 of Fig. 16; )

an isometric view of an alternative
channel supported shelf;

an lsometric view of an alternative
cantilever suppofped shelf;

an alternative embodiment of a sectional
17-17 of Fig. 16;
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Fig. 29 isfan alternative embodiment of a sectional
view along line 18-18 of Fig.-16; A

Fig. 30 is an alternative embodiment of a sectional

. view along line 19-19 of Fig. 16;

~ Fig. 31 is an alternative embodiment of a sectional
view along line 17-17 of Fig. 16; ' '
Fig. 32 1is an alternative'embodiment of,a sectional
view along iine‘18—l8 of Fig. 16;
Fig. 33 is an alternative embodiment of a sectional
view along line 19-19 of Fig. 16; and |
| Fig. 34 1is a front view of a refrigerator and its
interior compartment having a cantilever supported shelf
located therein. i -
DETAILED DEéCRIPTION OF THE PREFERRED EMBODIMENT
Fid.{l'depicts a preferred embodiment of the invention
which includes at least one shelf 30 located within an
interior compartment 32 of an appliance; such as a
refrigerator 34. In a more preferred embodiment, the shelf
30 is a half-width shelf 30 located within the interior
compartment 32 of a side—by—side refrigerator/freezerﬂunit
34. In an alternative embodiment, the shelf 30 is a half-
width shelf 30 located within the interior compartment 32
“of an over-under refrigerator/freezer unit 35 as depicted
in Fig. 34. The interior cpmpartment 32 has a rear wall
36, a left wall 38, a right wall 40, a top 42, a bottom 44,
and a door 46. '
' Referring to Fig. 2, the shelf 30 is preferably a flat
plate 48 having & substantially planar upper surface 50 and
construcfed of a light tfansmitting material, preferably
optically clear, tempered glass, to enhance light
distribution through the refrigerator compartment 32. The
glass is preferably a soda—lime—silicate glass with typical

weight percentages of:
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) ' Sio, . 65-80%
' Na30 10-20%
ca0 5-15%
BaO 0.5-5.0%
MgO 0-10%
Al;0; - . 0-5%
B,03 . 0-5%
K,0 0-5%
Ba+Ca+M§ SlQ%

‘Other minor ingredients, including melting and

refining éids, such as SO;, may also appear in the glass

composition.

) The plate 48 has a lower sﬁrface 52 and a perimeter 54
including a front edge 56, a left edge 58, a right edge 60,
and a rear edge 62. The upper surface 50 of the plate 48
‘may be contoured to facilitate a variefy of specific
purposes, but generally it provides a planar surface 50 to
support items placed thereon for storage in the
refrigerator 34,

In a preferred embodiment, at least one portion
integrally formed from the plate 48 adjaéent an edge is
upwardly turned, thereby creating a barrier for spilled

liguids. In a more preferred embodiment, two portions of

_ the plate 48 adjacent two different edges are upwardly

turned to create two barriers for spilled liquids. 1In a

most preferred embodiment, a first portion 64 of the plate

.48 adjacent the front ‘edge 56 is.upwardly turned, thereby

‘creating a front flange 68, and a second portion 66 of the
plate 48 adjacent the rear edge 62 is upwardly turned,
thereby creating a rear flange 70. Thé.front flange 68 has
an upper 72 and lower surface 74. Similarly, the rear

flange 70.has én upper 76 and a lower 78 surface.
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‘Preferably; the flanges 68, 70 are épproximately .157
to .315 inches wide, but in a moré preferred‘embcdimenp,the
flanges 68, 70 are a distance D approximately .236 inches
wide, as depicted in Figs. 20 and 21. The flanges 68, 70
are upwardly turned approximately 30-90 degrees from the -
horizontal. 1In a more preferred embodiment, the flanges
68, 70 are upwafdly turned at an angle A of approximately
45 degrees, as depicted in Figs. 20 and 21. Aithough
specific dimensions for the width and upward angle of the
flanges 68, 70 haﬁe been brovided above, the flanges 68, 70
may be any‘width or angle capable of retaining spilled
liquid on the shelf. - |

The upwardly turned front 68 and rear 70 flanges
beéome a barrier 80 for a spilled liqﬁid reservoir 82 on
the upper .surface 50 of the shelf 30. The resefvoir 82 is
completed by locating additional barriers 84 on the left 58
and right 60 edges of the plate 48., Preferably, the

' addiﬁional barriers 84 on the left 58 and right 60 edges

include left 86 and right 88 end caps. .

As depicted in Figs. 2-5, the end caps 86, 88 are
preferably formed in a rectangular shape having a-top 90, a
left 92, a right 94, a bottom 96, a front 98 and a rear 100
surface, however, other shapes are well within the scope
and spirit of this invention. Regardless of their

geometric design, the end caps 86, 88 are designed to

" extend at least above the top surface 90 of the plate 48

and, in a preferred embodiment, extend upwardly to meet
with the upturned edges 56, 62 to form the reservoir 82.
As best shown in Fig. 3, a seal 102 is preferably
located between‘the plate 48 and the end caps 86, 88 to
ensure that a spilled liguid does not seep between the
plate 48 and the end caps 86, 88. 1In one preferred
embodiment, the seal 102 is a siloxane-type polymer.

Silanes having reactive alkyl groups, such as, for example,
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iﬂvinyl, amino, epoxide, mercaptan, -and hydroxyl chemically

couple the‘end’caps 86]~88 to the plate 48 thereby creating
a fluid tight seal.loz, Such siloxane-type polymers are
well-known to those skilled in the art.

In an. alternative embodiment, the seal 102 is an
adhesive located between the end caps 86; 88 and the plate
48. In a breferred alternative embodiment, the adhesive is
a Room-Temperature-Vulcanizing (RTV) silicon. The silicon
adhesive forms a fluid-tight bond between the end caps 86,
88 and the plate 48 thereby preventing fluid from seebing
between the plate‘484and the end caps 86, 88. Such
adhesives are well-known to those skilled in the art.

In one embodiment of the shelf 30, hereinafter
geherally referred to as 104.and depicted in Fig. 1, che
end caps 86, 88 slidably engage with one of a plurality of
chapnels 106 integrally formed with the side walls 38, 40
of the compartment 32. The channels 106 are located along
a plurality of spaced-apart vertical intervals 108 to-
accommodate a variety of shelf 30 positions. The shelves
30 may be readily removed from their channels 106 for the
purpoées of replacement, re-positioning, or cleaning.

Although the channels 106 are depicted for engagement
with a substantially rectangular end cap 86, 88, it should
be understood that a variety of end cap 86, 88 designs, and
their corresponding channeél designs 106, are within the
scope and spirit of the present invention. Indeed, any end
cap 86, 88 and channel 106 design capable of supporting the
weight of the shelf 30 and the itéms placed thereon is '
within the scope of the invention.

Each channel 106 has a terminal point (not depicted)
with which the back surface 100 of each end cap 86, 88
comes into abutting contact The terminal point is
preferably located such that it maintains the shelf 30 away

from the rear wall 36 to facilitate the circulation of air
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between’shelves‘30 thereby maintaininé a homogeneous
temperature dist:ibutionlwithin the compartment 32.
However, the terminal point is also located deep enough in
the compartment 32 to maintain the shelf 30 from the
compartment door -46. Preferably, the shelves 30 are
rmaintaiaed approximatelytl inch from the rear wall 36 and
the compartment door 46. |

An alternative embodiment of the shelf 30, depicted in
Fig. 4 and hereinafter generally referred to as 110,
includes attaching each end cap 86, 88 to a corresponding
right 112 and left 114 gantilever beam. Figs. 4 and b5
depict preferred embodiments of the cantilevered shelf 110,
although any projecting beam or member which is supported
at one end and is capable of supporting the weight of the
shelf 30 and the items placed thereon is within the scope
of the present inventioﬁ. The beams 112, 114 may be
constructed of a variety of. materials, including, but not
limited to, stainless steel, fiberglass or plastic.

The cantilever beamsg 112, 114 each have a front edge
116, a rear edge 118,‘a top edge 120, a bottom edge 122,
and a left 124 and a right 126 surface. In a preferred
embodiment, the top edge 120 is ‘securely located on the

. bottom surface 96 of an end cap 86, 88 by molding, gluing,

friction fitting, encapsulating or any other suitable
attachmeﬁt means.

The rear edge 118 has located thereon a means 128 for
releasable engagement with the rear wall 36 of the
compartment 32. The means for engagement 128 includes, but
is not limited to, hooks; screws, friction fittings and
other mechanical fasteners. The means for engagement 128

readily allows the shelf 30 to be engaged and diSengaged‘

- from the rear wall 36 for the purpose of replacement,

‘repositioning or cleaning. In a preferred embodiment, the

means  for engagement 128 includes at least two hooks 130
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integfally formed with the rear édge 118 of 'each beém 112,
114. o 4

Fig. 6 depicts a preferred embodiment of the invention
wherein a pair of tracks 132 is attached to the rear wall
36 of the compartment 32. The tracks 132 preferably extend
from the bottom 44 of the compartment 32 to the top 42 of
the compartment 32. Each track 134 has locatéd thereon a
plurality‘of slot pairs 136 located substantially along its
entire length. Preferably; the hooks 130 located on the

" cantilever beams 112, 114 engage with a slot pair 136

ﬁhereby becoming removably attached to\eacﬁ track 134. The
hook 130 and track 134 combination is designed to maintain
the rear edge 62 of the shelf 30 at least one inch from.the
rear wall 36 to facilitate air circulation between the
shelves 30. n

Fig. 34-depicts an alternative embodiment of the
invention wherein individual tracks 134 are attached to the
rear wall 36 of the compartment 32. The tracks are
substantially similar in form and function to the pair of
tfacks 132 depictéd in Fig. 6. The tracks 134 support one
or more half;width shelves 30 in the over-under

refrigerator/freezer embodiment 35.

Figs. 7 and 8 depict two additional embodlments of the
shelf 30 wherein lights 138 are integrated into the channel
supported end caps 104 and the cantilever supported -end
caps 104, 110, respectively, to provide illumination to the
shelf 30 and the refrigerator compartment 32.

In preferred embodiments for both of the above-
described end caps 104, 110, there are a plurality of
lights 138 located within each end cap 104, 110
substantially along thelr entire length. In a more
preferred embodiment, approx1mately 18 evenly spaced lights
138 are located within each end cap 104, 110. The lights
138 preferably are 300 milliamp, 3.6 watt lights 138,
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thereby providing'approximately 65 watts of light per end
cap 104, 110. However, the number and output of the liéhts
138 may vary without departing from the scope of the
present invention. }

A step-down transformer 208, preferably located ih the
mechanical equipmenf area (not shown) of the refrigerator
34/ is electrically connected to the household or
commercial electrical outlet (not shown) and the lights
138. The transformer steps-down provides a 12 volt
electrical current to the.lights 138 well below the
Underwriters Laboratory ® (hereinafter UL) established

limits. Reducing the electrical power below the UL

threshold for appliances reduces, or eliminates, the risk

of electrical shock.

The lifétime of the lights 138 is designed to be -
approximately 1000 hours. Since the lights 138 will burn
only a few minutes each day when the door 46 is open, the
life of the lights 138 will likely exceed the life of the
appliance 34 itself: Even if a few lights 138 burn out

“before the appliance 34 meets its useful life, a plurality

of lights 138 will remain lit and hence will adequately
i1luminate the shelf 30 and the appliance compartment 32.

) " In the embodiments depicted in Figs. 7-8 and 11,
electrical power is supplied to the lights 138 by
connecting a pair of male electrical connector posts)l40,
preferably lgcated on the rear edge 138 of each end cap 36,
38, within female electrical connectors 142 located in the
tracks 132. In a preferred embodiment, ﬁhe connector posts
140 are spring loaded to locate themselves with the female
electrical connectors 142 upon engagement of the shelf 30

on the track 134. As depicted in Fig. 12, wires 144

'»located within the end'caps 86, 88 electrically connect the

male connector posts 140 to each light 138. Preferably,

the lights 138 are wired in parallel.
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-In an alternative embodiment,. electrical‘power is
supplied tovthe lights 138 by causing one side‘of the track
134 to become positively charged and the other side of the
track 134 to become negatively charged. A wire 146,
printed on the rear edge 62 of the plate 48, connects the
p031t1vely and negatively charged sides of the pair of
tracks 132 when the shelf 30 is located in the compartment
32, as depicted in Fig. 15. The printed wire 146 is also
electricallyvconnected to the wires 144 located in the end
caps 86, 88 thereby providing electricity to the,lights
138, as depicted in Fig. 13. | ' )

Tn both of the above embodiments, the pair of tracks
132 . is electrically connected to a switch (not shown) .
located between the compartment 32 and the door 46. As is
known by those skilled in the art, the switch is energized
when the door 46 is opened, thereby supplying electrical
power to the tracks 132. The switch is de-energized when
the door 46 is closed. ‘ A

As seen in Figs. 14 and 15, the lights 138 are
preferably located on a pre-wired string 148. The string
148 of 1ighte 138‘is located within a recess 150 within the
end caps 86, 88, depicted in Figs. 9 and 12. The string
148 of lights 138 is connected to the male connector post
140, or alternatively, to the printed wire 146, to suppiy
power. Enclosing caps 152 attach to the end caps 86, 88 to
form the front 98 and rear 100 end cap surfaces and to
close off the recess 150. '

Figs. 7 and 10 depict the location of the lights 138
for the channel end cap 104 and the cantrlevered end cap
110 in greater detail. The-lights 138 are located
substantially within the same horizontal plane as the glass .
plate 48."A preferred embodrment is depicted in Fig. 9,
wherein one of the plurality'of lights 138 is shown in an

abutting relationship with one of the edges 58 or 60 of the
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plate 48 of a channel supported shelf 104. -Similarly, in
Fig. 12, one of the plurality of 11ghts 138 is shown in an
abutting relatlonshlp with one of the edges 58 or 60 of the
plate 48 of a'cantllever supported shelf 104. The lights
138 are located in an abﬁtting relationship,with an edge 58
or 60 to concentrate substantially all of the light from
‘the light 138 into the plate 48. Additionally, the edges
58 or 60 of the plate 48 are highly pollshed to aid in the

transmittal of light from the light 138 into the plate 48

and hence, the compartment 32.

The’proeess for forming the spill-proof shelf 30 is
described hereinafter. The shelf 30 is preferably created
from a pre-cut flat glass plate 48 approximately 16-18
inches wide and 16-18 inches long, however, the plate 48
ean be any size within the strength and deflection limits
of a two side supported shelf 30. In one embodiment, the
front 68 and rear 70 flanges are formed in a process which
begins with milling two kurfs 154, or grooves, in the lower
surface 52 .of the plate 48 as best seen in Figs. 17 and 18.
Each quf 154 acts like a joint, or guide, along:which the
flanges 68, 70 are uniformly deflected. As best seen in
Fig. 20, the useiof a kurf 154 to produce an upwardly
turned flange 68, 70 results in a well-defined, edge—like
transition 156 between the substantially flat plate and the’
flange itself.

The kurfs 154 are preferably located approximately

.157 to .315 inches inward from the front 56 and rear 62

, edges. In the most preferred embodiment, the kurfs 154 are

located approximately .236 inches inward from the front 56
and rear 62 edges. .

The kprfs are created by placing a grinding wheel (not
shown) in contact with the lower surface 52 of the plate
48. TIn a preferred embodiment, the kurfs 154 are

approximately 38% to 50% the thickness of the plate 52.
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The grinding wheel may‘be any device known in the. art
of glass cutting which is capable of locating straight-

kurfs 154 in the plate 48. Preferably, the grinding wheel

- has a metal blade with a diamond slurry located thereon for

cutting the kurf 154 both accurately and efficiently.
The grinding wheel is moved in a direction substantially'
parallel to the front 56 and rear 62]edges and
approximately .157‘;0 .315 inches, but preferably .236
inches, from each edge 56, 62 respectively.

After the kurfs 154 are fofmed,.the‘plate 48 is
preferably loaded into an oven 158 as depicted in Fig. 16.
The oven 158 may be such as a continuous roller hearth

oven made. by TGL Tempering Systems of Pennsauken, New
Jersey, although similar ovens known in the art are well

within the scope of the present invention. The plate 48 is

. loaded into the oven 158 so that the kurf 154 is facing

upward to assist with the formation of the upturned edges
56, 62,las will be described in more detail below.

In a preferred.embodiment, the plate 48 is heated to a.
temperature of approximately 1022 degrees F to 1067 degrees
F. In a more preferred embodiment, the plate 48 is heated -
to a temperature of 1044 degrees F. Heating the plate 48
is required to avoid thermally shocking the piate 48 when
additional heat is—added to specific areas of the plate 48
as will be described in detail below. ‘

" As depicted in Fig. 16, a preform heat'sectipn 160 is
located substantially adjacent the oven 158. The section
160 has located therein at least two heating .elements 162
preferably located in a spaced-apart relationship as shown
in Fig. 17. Preferably, the preform heat section 160 has
two rows of heating elements 162 wherein each row has 4 to
5 elements per row. The heating elements 162 are
substantially directed-at each of the kurfs 154 in the
plate 52. The heating elements 162 heat the plate 48 and
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softeﬁ the plate 48 along the kurfs 154 sufficiently to

" enable eubsequent manipuiation of the‘plate‘48 to create
. the flanges 68, 70. |

The heating elements 162 burn a combination of
acetelyne, natural gas, propane or diesel fuel in the
presence of adde& okygen. The added oxygen elevates the
combustion temperature at the heating elements 162. The

heating elements 162 soften the glass along the kurfs 154

- by elevatlng the temperature along the kurfs 154 to a

‘temperature known in the art of glass forming. Preferably,
the heating elements elevate the temperature along the
kurfs 154 to between 1832 to 2192 degrees F, but in a more
preferred embodiment, to a temperature of approximately
2012 degrees F.

The plate 48 is transported through the preform heat
section 160 on rollers 164. The rollers 164 support the
plate 48 from below, substantially along the entire length
of the section. The rollers 164 are constructed of ceramic
or fused silica materials, however, other similar
temperature resistant materials may be used without
departing from the scope or spirit of the invention.

In a preferred embodiment, after the plate 48 exits
'the pre-form heat section 16, the plate 48 immediately -
passes between a first eet 166 of a plurality ofvupﬁer 166
and lower 170 forming rollers, as depicted in Figs. 16 and
19. ,

The first set 166 of upper 168 and,lewer 170 forming
rollers are preferably constriucted of a high-temperature
steel, ceramic, or fused silica material, although other
materials known for their higﬁ—temperature resistance are
well within the scope of the present invention. In a more
preferred embodiment, the upper 168 and lower 170 rollers
are constructed of high-temperature steel and encircled

with temperature resistant wraps 172. In a most preferred
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" embodiment, the wraps 172 are KEVLAR® ropes 174 located

along the entire length of a substantlally cyllndrlcal
‘constant diameter interior portlon 176 'of the rollers 168,
170. Preferably, the ropes 174 are approximately .125 to
.5 inches in diameter. In a most preferred embodiment, - the
ropes 174 are approximately .25 inches in diameter. The
ropes 174 maintain the hot gléss plate 48 from the rollers
168, 170. o

A first-178 and second 180 frusto-conical section
bounds the interior portion 176 of the upper roller 168.
Preferably, the first 178 and second 180 sections each have
a frusto-conical surface 182, 184 respectively, which
linearly increases the diameter of the‘cylindricél section
176. The frusto-conical surfaces 182, 184 of the first and
second sections 178, 180 rotate with the driven upper
roller 168 and receive the glass plate 48. The surfaces
182, 184 simultaneously urge the front 68 and rear 70
flanges downwardly. The surfaces 182, 184 act to urge the
flanges 68, 70 downwardly at a deflection angle 186
preferably between 30 and 90 degrees, however, in a most
préferred embodiment, the anglé 186 is approximately 45
degrees. The deflection angle 186 is depicted in Fig. 19.

As depicted in Figs. 17-19, the plate 48 is oriented
with the kurfs facing up so that gravity, in combination
with the forming rollers 168, 170, can urge the softened
flanges 68, 70 in a downward brientation. The force of
gravity'also assists in maintaining the flanges 68, 70 in a
downward orientation as the piate 48 begins to contract as
it cools.

As best seen in Fig; 16, the first lower forming
roller 170 is located substantially below the first upper
forming roller 168. The lower forming roller 170 is

constructed of materials substantially identical to the

- upper forming roller 168 and provided with KEVLAR® ropes
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174 substantially’identical in form and function to those
dlsclosed above, as deplcted in Fig. 19.
As best seen. in Flg. 19, third 188 and fourth 190

* frusto-conical sections bound a cylindrical, interior

portion 176 of the lower forming roller 170. Preferably,
the third 188 and fourth 190 sections each have a frusto—
conical surface 192, 194 respectively, which llnearly

decreases the diameter of the interior portion 176 to two

reduced diameter portions 196, 198. The reduced diameter

portions 196, 198 accept the flanges 68, 70 of the plate 48

being urged downwardly by the first 178 and second 180

,frusto conical sections of the upper forming roller 168.

The surfaces 192, 194 have- a taper angle 200
complimentary to the deflection angle 186 of the upper
forming roller 168, as depicted in Fig. 19. Preferably,
the taper angle 200 substantially matches the deflection
angle 186 so that the surfaces 192, 194 of the third 188
and fourth 190 sections are substantially parallel to the
surfaces 182, 184 of the first 178 and second 180 sections.

© The frusto conlcal surfaces 192, 194 of the third 188 and

fourth 190 sections act as a. barrier to prevent or
minimize, deflection of the flanges 68, 70 downwardly
beyond the desired angle.

After the plate 48 leaves the f1rst set 166 of upper
168 and lower 170 forming rollers, the flanges 68, 70 may
deflect slightly from the desired deflection angle 186 as
the plate 48 begins to cool. To prevent, or reduce, the
deflection of the flanges 68, 70, the plate 48 is contacted
by a first set of guide rollers 202 located behind the
first set of forming rollers 166 as depicted in Figs. 16
and 18. The first set of guide rollers 201 has at least
one upper roller 204 and at least one lower roller 206..

Preferably, neither the upper 204 nor the lower 206 guide
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rollers are driven, but instead are designed to rotate upon
contact with the plate 48 passing underneath.

In one preferred embodiment, there are at least two
upper guide rollers 204 which are constructedvoﬁ a ceramic
or fused silica mateiial however, any material known in.
the art capable of w1thstand1ng the hlgh temperature

env1ronment is w1th1n ‘the scope and spirit of the

“invention. The upper guide rollers 204 are positioned to

come into contact with the lower surfaces 74, 78 of the
front 68 and rear 70 flanges to maintain the flanges 68, 70
in the same downward orlentatlon as initially set by the
forming rollers 168, 170. Therefore, - in a preferred
embddiment, the upper guidéArollers 204 are positioned to
deflect the flanges 68, 70 downwardly at .a deflection angle
205 between 30 and 90 degrees from the horizontal. In a
most preferred'embodiment, the upper guide rollers 204 are
positioned ﬁo‘deflect the flanges 68, 70 downwardly at a .
deflection angle 205 of 45 degrees, as depicted in Fig. 18.

The lower guide roller 206 is substantially identical
in‘form and function to the lower forming roller. 170
discussed above. The lower guide roller 206 is located
substantially below the first upper guide roller 204 as
shown in Figs. 16 and 18. The lower guide roller 206 has
first 208 and second 210 frusto-conical surfaces which
bound a constant diameter, cylindricai, interior portion
212. The constant diameter interior portion 212 is wrapped:
with a KEVLAR® rope 214 as disclosed above to maintain the
hot glass'plate 48 from the interior portion 212 andAto
support the plate 48 over the roller 206. The first 208
and second 210 frusto-conical sections each have frusto-
conical surfaces 214, 216 regpecﬁively, which linearly
decrease the diameter of the interior portion 212 to two
reduced diameter portioms 220, 222, as depicted in Fig. 18.
The surfaces 216, 218 have a taper angle 224 which
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substantially matches the deflection angle 205 of the upper
guide rollers 204. The frusto-conical suffages‘216, 218
prohibit, or prevent, the flanges 68, 70 from deflecting
downwardly beyond the desired angle. The reduced diameter
portions 220, 222 accept the flanges 68, 70 of‘the plate 48
being urged downwardly by the upper guide rollers 204.

In a preferred embodiment, after exiting from the
first set of guide rollers 202, the plate 48 enters a
second set 226 of upper 228 and lower 230 forming rollers
as depicted in Fig. 16. The second set of forming rollers
226 is constfﬁcted and opefated in a manner substantially
identical to the first set - of forming rollers 166.

However, by passing the plate 48 through the second forming
rollers 226, a more precise definition of the downwardly
deflected flanges 68, 70 is achieved.

After exiting the second set of forming rollers 226,
the plate 48 is contacted by a second set of guide rollers
232 substantially identical in form and function to the
first set of guide rollers 202. Although a first 166 and
second set 226 of forming rollers and a first 202 and
second set 232 of guide rollers has been disclosed as a
preferred embodiment, those skilled in the art will know
that the number and order of the forming rollers and guide
rollers may differ, yet will remain within the scope of the
present invention.

After exiting the second roll forming section 226; the
plate 48 enters into a quenchﬂsection 234 as depicted in
Fig. 16. The guench section 234 provides rapid cooling to
the plate 48 thereby generating compressive stresses in the
glass to provide,teﬁpering. Preferably, the guench station
234 has a‘plurality of upper 236 and lower 238 blast heads -
for directing préssurized alr over at least one major
surface of the plate 48. Directing air over the plate 48

reduces the plate 48 temperature to approximately 300
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degrees F. The guench section 234 also preferably includes
a plurélity of rollers 240 to transport the plate 48.
through the guench section 234 and into a fimal cooling
section 242.

In the COdlinQ section 242 depicted in Fig. 16, the
plate 48 is cooled from abproximately 300 degrees F to
ambient temperature. The:plate 48 may be cooled by a
forced air system (not shown) blasting air across at least
one major surface of the plate 48. The forced air system
may bé'such as blast heads, jets, and/or fans although
other known cooling methods are within the scope and spirit
of this invention. ‘

Once the plate 48 is cooled to approximately ambient
temperature, the plate 48 is turned over so that the
flanges 68, 70 form an upstanding barrier 80 to spilled
liquids. 1In one embodiment, the side edges 58, 60 are then
bright polished and, i1f so desired, so are Ehe front 56 and
rear 62 upturned edges. The edges 56, 58, 60, 62 may‘be
polished using belt- sanders or the like. Polishing the
edges 56, 58, 60, 62 requires a steady stream of water and -
a polishing compound such as cerium oxide or pumice,
although other compounds known in the art are within the
scope of this invention. The purpose of the water is to
keep the plate 48 frém overheating and cracking, while the
compound helps to abrade the plate 48 and more quickly
achieve a polished surface. By using a series of finer and
finer abrasive surfaces to wear away the plate 48, it is
possible‘to achieve a high degree of polish. -

In anvalternative embodiment, depicted in Figs. 23-25,
one or more upwardly turned flanges 68, 70 are formed
without milling kurfs in the plate 48. 1In this embodiment,
the plate‘48 may be loaded into the oven 158 with either
the upper 50 or lower 52 surface facing upward. The plate

48 is heated in a manner substantially identical. as
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disclosed above aﬁd then transported-toAthe‘preform heat
section 160, as depicted in Fig. 16.

In a preferred embodiment, shown in Fig. 23, the
heating elements 162 are directed at portions 244 adjacent
both the front 56 and rear 62 edges of the plate 48 if both~
front 68 and rear 70 flanges are desired. If only one
flange is desired, the heating elements 162 are difected
only at a portion adjacent one edge. Preferably, the plate
48 is oriented so the heating elements 162 are directed at
portions 244 on the plate 48 located approximately .157 to
©.315 inches inward from both the front 56 and rear 62
edges. In a more preferred embodiment, the plate 48 is
oriented so the heating elements 162 are directed at |
portions 244 on the plate 48 located approximately .236
inches inward from both the front 56 and rear 62 edges.

The heating elements 162 heat. the portions 244 until the
softening temperature of the plate 48 is reached. The
plate 48 then passes to the first set of forming rollers
166, as shown in Fig; 16. .

-The front 68 ana rear 70 flanges are formed by the
‘forming rollers 166 wherein the frusto-conical surfaces
182, 184 of the uppef roller 168 contact the portions 244
of the plate 48, as depicted in Fig. 25. The surfaces 182,
184 simultaneously urge the front 68 and rear 70 flanges
downwardly. The .surfaces 182, 184, in combination with
gravity, act to urge the flanges 68, 70 downwardly at a
deflection angle 205 preferably between - 30 and 90 degrees,
however, in the ﬁreferred embodiment, the éngle 205 is
approximately 45 degrees.

The’plate 48 passes through the guide rollers 202, . the
second set of forming rollers 226, and the quench 234 and
-cooling 242 sections substantially as disclbsed above, and -
as depicted in Fig. 16. Forming the shelf 48 without a

kurf in the plate 48 results in a curved radius 246



10

15

20

25

30

WO 03/019094 PCT/US02/26624

22
transition being formed between the flanges 68, 70 and the

substantially flat platé 48, as depicted in Fig. 21.

According to the method of manufacture described

-above, a durable and impact resistant shelf 30 is produced

capable of meeting the demands typically encountered during
regular service. However, if a shelf 30 of exceptional
impact resistance is required,la coating 248 may be located
on the shelf 30. 1In a preferred embodiment, the coating

248 is located on the front 68 and rear 70 flanges, as

"depicted in Fig. 22. More specifically, the coating 248 is

located on the front flange upper and lower surfaces 72, 74,
and the rear flange upper and lower surfaces 76, 78. .The
coating 248 is preferably a clear polyester strip 250
having an adhesivé located thereon to allow it to be
attached to the'flanges 68, 70! "pPreferably, the strip 250
is approximately .157 to .315 inches thick. Although a
polyester material is disclosed, other materials capable df
adding impact resistance to the flanges 68, 70 known by
those skilled in the art are well within the scope of this
invention. '

The end caps 86, 58 are located on the left 58 and
right 60 edges according to several different emﬁodiments.

Tn one embodiment, the end caps 86, 88 are pre-molded to
the desired dimensions and then attached to the edges 58,
60. This embodiment is depicted in Fig. 2 wherein the end
caps 86, 88 may be individuaily molded to accept the -
corresponding left 58 or right 60 edges of the plate 48,
including the upturned front 56 and rear 62 edges.

In another embodiment, the end caps' 86, 88 may be
extruded diréctly onto the side edges 58, 60. Duriﬁg the
extrusion process, the plate 48 ié positioned within an
empty mold {(not shown). Moldable material (not shown),
from which the end caps 86, 88 will be formed, is injected

into a cavity adjacent the side edges 58, 60 of the plate
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48, thereby encapsulating the plate 48. Once hardened, the
moldable material becomes a/homogeneous'mass of resilient
material extending from, and includingc the front, upturned
edge 56 of the plate 48 to the rear, upturned edge 62 of.
the plate 48. ‘

In the embodiment whereln the pre-molded or extruded
end caps 86, 88 are to be located on a channel supported
shelf 104, as shown in Figs. 1 and 2, the end caps 86, 88
are molded or extruded to receive the plate 48 and to the
dimensions Qflthe channel 106. AlternatiVely, in the
embodiment wherein the pre-molded or extruded end ceps 86,
88 are to be used in combination w1th a cantilevered beam
112, 114, the end caps 86, 88 are molded or extruded to
receive the plate 48 and the cantilevered beam 112, 114, as
shown in Figs. 4 and 6.

In an alternative embodiment, only one edge is
upturned to form either a front 66 or rear 70 flange.
Either the front 56 or rear 62 edge may be upturned. For
illustrative purposes, the rear edge 62 of a channel
supported shelf 104 and the rear edge 62 of a cantilever
supported shelf 110 are depicted.in Figs. 26 and 27
respectively.t The edge 56 or 62 is formed either with .a
kurf 154 or without a kurf 154. 1In the embodiment wherein
a kurf 154 is located in the plate 48, the kurf 154 is
located proximate either the front 56 or rear 62 edge of
the plate 48 substantialiy as discussed above, as
illustrated in Fig4 28. Whether having kurfs or not, the
plate 48 is heated in the oven 158 and transported to the
preform heat section 160. One or more heatlng elements 162
are directed substantially at the kurf 154 or the portions
244 adjacent the edge 56 or 62, as shown in Figs. 16, 28
and 31, as the case may be. ‘

As depicted in Flg 16, the plate 48 exits the preform
heat sectlon 160 and is contacted by the upper 168 and
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lower 170 rollers. In this embodiment of the invention,
the upper 168 and lower 170 rollers prefeiably each only
have a single frusto-conical section 178."The single
frusto-conical surface 182 of the upper roller 168 urgés a
flange 68 or 70 downwardly adjacent the complimentary
frusto-conical surface 192 of the lower rolier 170. A
" plate 48 with a single flange 68 or 70, the flange 68 or 70
“being formed with a kurf 154, is depicted in contact With
thé upper 168 and lower 170 rollers in Fig. 30. A plate 48
with a single'flange 68 or 70, the flange 68 or 70 being
forhed without a kurf, is depicted iﬁ cohtact with the
upper 168 and lower 170 rollers in Fig. 33.
After the plate 48 exits the first set 166 of upper

168 and lower 170 forming rollers, the plate 48 is
,contacted'by the first set of guide rollers 202. The guide
rollérs 202 have substantially the same form and function
as deécribed above, however, only one upper guide roller
204 contacts the single flange 68 or 70. A plate with a
single flange 68 or 70, thelflange 68 or 70 being formed
with a kurf 154, is depicted in contact with guide rollers
204 and 206 in Fig. 29. A plate with a single flange 68 or
70, the flange being formed without a kurf, is depicted in

. contact with guide rollers 204 and 206 in Fig. 32.

The plate 40 is processed through the second set of
forming rollers 226 and guide rollers 232 as previously
discussed yet modified to accommodate the single upturned
flange 68 or 70 discussed above and depicted in Fig. 16.
Similarly, the plate 48 is processed through the quénch 234
and cooling 242 sections and one or more edges 56, 58, 60,
62 of the plate 48 may be polished, depending upon the
embodimént. One or more end caps 86, 88 are located on the
edges 58, 60 adjacent the upturned flange 68 or 70 to form

the reservoir 82 as discussed above.
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'In the embodiment'wherein ligﬁts 138 are locaﬁed
within the end capé 86, 88, a pre-wired string of lights
148 is located within the recess 150 of each end cap 86, 88
either manually or robotically. In the embodiment Wherein
the shelf 30 is a cantilever supported shelf 110, the shelf
110 is installed onto the tracks 132 and each male
electrical connector post 140 is located within a female
electrical connector 142 to supply power to the shelf 30.
In the eﬁbodiment wherein the shelf 30 is a channel
supported shelf 104, the shelf 104 is slid into the
:channéls.106va£d'each male electrical connector post 140 is
1ocated.within a female eiectrical connector 142 to supply

power to the shelf 30:
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What is claimed'is:

1. A shelf for containing iiquids spilled thereon,
comprising:

a shelf having a substantially planar surface; and

a barrier for containing spilled liguids to said
shelf, said bafrier including at least one upwardly turned
bortion integfally formed from said planar surface and end
caps located adjacent said upwardly turned portion to

complete said barrier.

2. An interior compartment of an applignce having at
least one shelf for containing liquidS‘spilled thereon,
comprising:

an interior compartment of an appliance having at
least one shelf located therein, said éhelf having a
substantially planar surface; and

a barrier -for containing spilled liguids to said
shelf, said barrier including at least one upwardly turned
portion formed from said upper surface and end caps located
adjacent said upwardly turned ?ortion to complete said

barrier.

3. An interior compartment as defined in claim 2, wherein
said interior compartment has a rear wall, a left wall, a

right wall, a top, a bottom and a door.

4. A shelf as defined in claimll, wherein said shelf is a
half-width shelf for a side-by-side refrigerator and

freezer unit.

5. A shelf as defined in claim 1, wherein said shelf is a
half-width shelf for’ah over-under reffigerator'and freezer

unit.
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6. A shelf as defined in claim 1, wherein said
subétantially planar sﬁrfaca is an optically clear,
tempered glass plate having an upper surface, a lower
surface, and a perimeter edge having a front edge, a left

edge, a right edge and a rear edge.

S 7. A shelf as defined in claim 5,. wherein said glass

plate is a soda-lime-silicate glass plate.

8. A shelf as defined in claim 1, wherein at least one
portion of said plate adjaceht one edge is upwardly turned

to create a barrier for spilled liguids.

9. A shelf as defined in claim 1, wherein two portions of
the plate adjacént two different edges are upwardly turned

to create two barriers for spilled liguids.

10. A shelf as defined in claim-9, wherein a portion of
said plate adjacent sald front edge is upwardly turned, and
a portlon of said plate adjacent said rear edge is upwardly

turned.

11. A shelf as defined in'claim 10, -wherein said upwardly

. turned portion adjacent said front edge is a front flange,

and said upwardly turned portion adjacent said rear edge is

a rear flange.

12. A shelf as defined in claim 11, wherein said front

flange has an upper and lower surface.

13. A shelf as‘defined in claim 11, wherein said rear

flange has an upper and a lower surface.
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14. 2 shelf as defined in claim 6, wherein said end caps
are located on said left and said right edges of said

plate. - -

15. A shelf as defined in claim 11, wherein said flanges

are approximately .157 to .315 inches wide.

16. A shelf as defined in claim 15, wherein said flanges

are approximately .236 inches wide.

17. A shelf aé defined in claim 11, wherein said flanges
are upwardly turned approximately 30 to 90 degrees from the

horizontal.

18. A shelf as defined in claim 17, wherein said flanges

are upwardly turned approximately 45 degrees from the

‘horizontal.

19. A shelf as defined in claim 11, wherein a coating is
located on said flanges to impart impact resistance to said

flanges.

20. A shelf as defined in claim 19, wherein said coating

is approximately .118 to-.197 inches thick.

21. A shelf as defined in claim 19, wherein said coating

is a polyester material.

22. A shelf as defined in claim 1, wherein said end caps
have a top, a left, a right, a botﬁom, a front and a reax

surface.
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23. A shelf as defined in claim 11, wherein said end caps
meet with said upwardly turned front and rear flanges to

form a reservoir for spilled liguids.

24. A shelf as defined in claim 14, wherein a seal is
located between said plate and said right and left end caps
to form a fluid tight barrier between said plate and said

end caps.

25. A shelf as defined in claim 24, whereih gsaid seal is a -

)siloxane—type polymer.

26. A shelf as defined in claim 24, wherein said seal is a

room temperature vulcanizing silicon adhesive.

27. An interior compartment as defined in claim 3, wherein
saidicompaftment has a plurality of channels integrally

formed with said left and right walls of said compartment.

28. An interior compartment as defined in claim 27,
wherein said channels are located along a plurality of

spaced-apart vertical intervals in said compartment to

accommodate a variety of shelf positions.

29. 2An interior compartment as defined in claim 28,

. wherein said channels are substantially rectangular.

30. An interior compartment as defined in claim 3, wherein

 said shelf is located away from said rear wall and said

door to facilitate air circulation within said compartment.

31. An interior compartment as defined in claim 28,

wherein said end caps slidably engage with said channels.



10

15

20

25

30

WO 03/019094 PCT/US02/26624

30
32. A shelf as deflned in clalm 1, further comprising a

cantilever beam 1ocated on sald bottom surface of sald end

cap.

33. A shelf .as defined in claim 32, wherein said
cantilever beam has a front edge, a rear edge, a top edge,

a bottom edgé, and a left and a right surface.

34. A shelf as‘defined‘in claim 33, wherein said top edge

is securely located to said bottom surface of said end cap.

35. ‘A shelf as defined in claim 3, further comprising
tracks located on said rear wall of said compartment and
extending from sald bottom to sald top of said compartment
36. A shelf as defined in claim 35, wherein said tracks

have located thereon a plurality of pairs of slots.

37; A shelf as defined in claim 36, wherein said shelf has

means for releasably engaging'with saild tracks.

38. A shelf as defined in claim 37, wherein said means
includes at least two hooks integrally formed with said

beam which releasably engage with said slot pairs.

.39. A shelf as defined in claim 38, wherein said hooks

maintain said shelf away from said rear wall and said door

to facilitate air circulation.

40. A shelf as defined in claim 1, further comprising a
plurality of lights located within said-end caps to

illuminate said shelf.
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41. A shelf as defined in claim 40, wherein said lights
and the wiring for said lights are located within said end

caps to reduce the possibility of electrical shock.

42. A shelf as defined in claim. 40, further comprising at

least one male electrical connector post located on said

- end cap and electrically connected to said lights.

43. A shelf as defined in claim 1, wherein at least one

said male electrical connector post is spring loaded.

44. A shelf as defined in:claimw35, further comprising at

'least one female electrical connector located in said

tracks.

45. A shelf as defined in claim 44, further comprising one
éide of said track is positively charged and one side of
sald track is negatively charged, and at least one wire,
printea on said shelf, electrically connects said tracks to

provide power to said shelf.

46. A shelf as defined in claim 40, wherein at least one

light is located substantially adjacent said plate.

47. A shelf as defined in claim 46, wherein at least one

‘said light is located in an abutting relationship with an -

edge of said plate.

48. A shelf as defined in claim 46, wherein a plurality of
lights are located in an abutting relationship with an edge

of said plate.
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49. A shelf as defined in claim 6, wherein said left and
right edges of said plate are polished to aid in light

transmittance.

50. A method for forming a shelf for containing spilled
ligquids thereon, comprising:

deflecting at least one portion of a glass plate with
at least one forming roller to create at least one portion
of a'barrier for spilled liquids located albng at least one
side of said plate; and

1ocating end caps on the remaining sides of said plate

to complete said barrier. .

51. A method as defined in claim 50, wherein said barrier
is at least one flange created by deflecting a portion of

sald plate adjacent an edge of said plate.

52. A method as defined in claim 51, wherein said barrier
is_two flanges created by deflecting portions adjacent two

opposed edges of said plate.

53. A method as defined in claim 51, wherein said at least

one flange is deflected along a guide in said plate.

54. A method as defined in claim 53, wherein said at least
one flange is deflected along a kurf thereby providing an
edge-like transition between said plate and said at least

one flange.

55. A method as defined in claim 52, wherein said at least

one flange is deflected without a guide in said pldte.
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56. A method as defined in claim 55 whereln deflecting
said at least one flange w1thout a guide prov1des a

transition with a radius between said plate and said at

least one flange.

57. A method as defined in claim 52, wherein a front

flange is created in said piate by deflecting a portion
adjacent a front edge of said plate and a rear flange is
created in said plate by deflecting-a portion adjacent a

rear edge of said plate.

58. A method as defined in claim 50, further comprising
heating said plate in an oven between approximately 1022

degrees F to approximately 1202 degrees F.

‘59., A method as defined in claim 58, wherein said plate is

heated to approximately-1112 degrees F.

60. A method as deflned in clalm 50, further comprising
locating said plate into a pre-form heat section to heat
said at least one flange for deflection of ‘said at least

one flange by said at least one forming roller.

61. A method as defined in claim 57, further comprising
locating said plate in a pre-form heat section to heat said
front and said rear flanges for deflection of said front

and rear flanges by said at least one forming roller.

62. A method as defined in claim 60, wherein said at least
one flange is heated and softened by at least one heating
element directed substantially at said at least one flange

in said pre-form heat section.
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63. A method.as defined in claim 61, wherein said front
and said rear flanges are heated and softened by at least

two heating elements directed substantially at said front

-and said rear flanges, respectively, in said pre-form heat

section.

64. A method as defined in claim 50, further comprising
forming said at least one flange with at least a first set

of upper and lower forming rollers.

65. A method as defined in claim 64, wherein said upper
and lower forming rollers are constructed of temperature

resistant materials.

66.. A method as defined in claim 65, wherein said upper
and lower forming rollers are constructed of high-

temperature steel.

67. A method as defined in claim 66, wherein said upper
and lower forming rollers are encircled with temperature

resistant ropes.

68. A method as defined in claim 67, wherein said - 4
temperature resistant ropes maintain said plate from said

upper and lower forming rollers.

69. A method as defined in claim 67, wherein said
temperature resistant ropes are located substantially along

a cylindrical, constant diameter interior portion of said

-upper and lower rollers.

70.- A method as defined in claim 67, wherein said ropes

are approximately .125 to .5 inches in diameter.
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71. A méthdd as défined in claim 70, wherein said ropes

are .25Ainches in diameter.
72. A method as defined in claim 64, wherein said upper
forming roller is bounded by a first frusto-conical

section.

73. A method as defined in claim 72, wherein said upper

forming roller is bounded by said first and a second

frusto-conical section.

74. A method as defined in claim 73, wherein said first
and second frusto-conical sections linearly -increase said

diameter of said upper forming roller.

75. A method as defined in claim 74, wherein said first
and second frusto-conical sections urge said front and rear

flanges downwardly.

76. A method as defined in claim 75,~Wherein said first
and second frusto-conical sections urge said front and rear
flanges downwardly at a deflection angle between
approximately 30 and 90 degreés.

77. A method as defined in claim 76, wherein said first
and second frusto-conical sections urge said front and rear
fianges‘downwardly at a deflection angle apprbximately 45

degrees.

78. A method as defined in claim 60, wherein said flanges

are urged downwardly by gravity.
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79. A method as defined ih claim 64, wherein said lower

forming roller is bounded by a third frusto-conical

section.

80. A methbd as defined in claim 64, wherein said lower
forming roller is bounded by said third frusto-conical

section and a fourth frusto-conical section.

81. A method as defined in claim 79, wherein said third
and fourth frusto-conical sections have taper angles
complimentary to said deflection‘angle of said first and

second frusto-conical sections.

82. A method as defined in claim 51, further comprisingl‘
maintaining said at least one flange in a downward
orientation»by contécting a lower surface of said at least
one flange with at least one upper guide roiler.
83. A method as defined in claim 82, ﬁherein at least one
upper guide roller deflects said at ieaét one flange
downwardly at a deflection angle between approximately 30

to 90 degrees.:

4842 A method as defined in claim 83, wherein at least one
upper guide roller deflects said at least one flange

downwardly at a deflection angle approximately 45 degrees.

85. A method as defined in claim 82, further comprising at
least oﬁe lower guide roller located substantially below
said at least one upper guide roller, said at least one
lower guide roller having a constant diameter interior

portion bounded by a first frusto-conical section.



10

15

20

25

30

WO 03/019094 PCT/US02/26624

37
.86. A method as defined in claim ‘85, wherein said interior
portion is bounded by said first frusto-conical section and

a second frusto-conical section.

87. A method as defined in claim 86, wherein said first
and second frusto conical sections linearly decrease said
constant dlameter section of said interior portlon of said

roller.

88. A method as defined in claim 86, wherein said first
and sécond frusto-conical sections have frusto-conical
surfaces which accept‘said at least one flange of said
plate being urged downwardly by said at least one upper
guide roller. ‘

89. A method as defined in claim 88, wherein said frusto-
conical surfaces have a taper angle complimentary to said

deflection angle of said at least one .upper guide roller

90. A method as defined in claim 89, wherein said frusto-
conical surfaces minimize deflection of said at least one

flange portion beyond said deflectioﬂ angle.

91. A method as defined in claim 50, further comprising

tempering said shelf in an air quench section.

92. A method as defined in claim 50, further comprising
cooling said plate to ambient temperature by directing air

over at least one surface of said plate.

93. A method as defined in claim 50, further comprising
polishing said at least one side of said plate to

facilitate light transmittance into said plate.



10

15

20°

25

30

WO 03/019094 PCT/US02/26624

38

94. A method as defined in claim 50, wherein pre-molded .
end caps are located adjacent said at least one deflected

portion to complete said barrier.

95. A method as defined in claim 50, wherein end caps are
extruded onto said shelf adjacent said at least one

deflected portion to complete said barrier.

96. A method as defined in claim 50, wherein said at least

.one light is located in said end caps.

97. A method as defined in claim 96, wherein said at least

one light is robotically located within said end caps.

98. A method as defined in claim 96, wherein at least one

light is manually located in said end caps.

99. A method as defined in claim 96, wherein electricity
to said at least one light is reduced to reduce the risk of

electrical shock.

100. A method as defined in claim 99, wherein said

electricity is reduced by a transformer.
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