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(54) Vacuum insulated structure tubular cabinet construction

(57) A refrigerator includes a vacuum insulated cab-
inet structure having side walls that are formed from a
tube that has been folded/deformed into a structure hav-
ing an "O" shape with vertically enlarged front and rear
openings. The interior of the tube may be filled with silica

powder or other filler, and a vacuum is formed within the
tube. An insulated rear panel may be utilized to close off
the rear opening of the vacuum insulated cabinet struc-
ture.
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Description

[0001] Various types of insulated cabinet structures
have been developed for refrigerators, freezers and the
like. Known refrigerator cabinet structures may include
inner and outer walls with urethane foam or other insu-
lating material disposed between the inner and outer
walls.
[0002] One aspect of the present invention is a method
of fabricating a vacuum insulated refrigerator housing.
The method includes forming an elongated tube having
opposite open ends defining a link therebetween. The
tube may be formed from a metal material, or the tube
may comprise multiple layers of polymer material, where-
in one of the layers is substantially impermeable to gas-
ses such as nitrogen, oxygen and water vapor. The elon-
gated tube has a substantially uniform cross-sectional
shape along the length of the tube, and the tube defines
generally planar first and second oppositely facing pri-
mary outer surfaces. The tube further includes first and
second end surfaces extending between the first and
second primary outer surfaces. The method further in-
cludes forming the tube along at least four fold lines to
form at least four corners, whereby portions of the first
primary surface adjacent each corner are substantially
orthogonal relative to one another. The method further
includes sealing the opposite ends of the elongated tube
to form an air-tight insulating space within the tube. The
opposite ends of the tubes are connected to one another
to form a refrigerator housing structure that is generally
"O" shaped with horizontally spaced apart, generally ver-
tical side walls and vertically spaced apart generally hor-
izontal upper and lower side walls forming four corners.
The refrigerator housing structure defines an internal
space having enlarged front and rear openings. The
method further includes forming a vacuum in the insulat-
ing space within the tube, and attaching an insulated rear
panel to the refrigerator housing structure to at least par-
tially close off the enlarged rear opening.
[0003] Another aspect of the present invention is a
method of forming a vacuum insulated refrigerator hous-
ing structure. The method includes forming an elongated
tube having opposite ends. The opposite ends are sealed
to form an air-tight insulating space within the tube. The
method further includes forming a vacuum in the air-tight
insulating space, and positioning the opposite ends of
the tube adjacent to one another by deforming the tube.
The opposite ends are connected together to form a re-
frigerator housing structure that is generally "O" shaped
with spaced apart upright side walls, and spaced apart
upper and lower side walls extending between the upright
side walls. The refrigerator housing structure defines an
internal space and enlarged front and rear openings.
[0004] Another aspect of the present invention is a vac-
uum insulated refrigerator housing structure including a
pair of horizontally spaced apart upright side walls defin-
ing upper and lower end portions. The vacuum insulated
refrigerator housing structure also includes an upper side

wall having opposite ends connected to the upper end
portions of the upright side walls, and a lower side wall
having opposite ends connected to the lower end por-
tions of the upright side walls. The upright side walls and
the upper and lower side walls comprise a one-piece in-
tegral tubular structure forming air-tight insulating space
within the upright side walls and the upper and lower side
walls. The air-tight insulating space is evacuated and
thus forms a vacuum insulated structure.
[0005] These and other features, advantages, and ob-
jects of the present invention will be further understood
and appreciated by those skilled in the art by reference
to the following specification, claims, and appended
drawings.
[0006] The present invention will be further described
by way of example with reference to the accompanying
drawings in which:-

Fig. 1 is an isometric view of a refrigerator having a
vacuum insulated tubular cabinet according to one
aspect of the present invention;
Fig. 2 is an exploded isometric view of the refrigerator
of Fig. 1;
Fig. 3 is a cross-sectional view of the refrigerator
housing of Fig. 2 taken along the line III-III;
Fig. 4 is a partially schematic isometric view of an
extrusion apparatus and process;
Fig. 5 is an isometric view of a tube prior to bending;
Fig. 6 is a partially fragmentary isometric view of a
portion of the tube of Fig. 5;
Fig. 7 is a partially fragmentary isometric view of a
portion of the tube of Fig. 5;
Fig. 8 is a partially schematic view showing the tube
of Fig. 5 during the bending process;
Fig. 9 is a partially schematic view showing the tube
of Fig. 5 during a second step of the bending process;
and
Fig. 10 is a partially fragmentary enlarged view of a
portion of the tubular cabinet structure of Fig. 9.

[0007] For purposes of description herein, the terms
"upper," "lower," "right," "left," "rear," "front," "vertical,"
"horizontal," and derivatives thereof shall relate to the
invention as oriented in Fig. 1. However, it is to be un-
derstood that the invention may assume various alterna-
tive orientations and step sequences, except where ex-
pressly specified to the contrary. It is also to be under-
stood that the specific devices and processes illustrated
in the attached drawings, and described in the following
specification, are simply exemplary embodiments of the
inventive concepts defined in the appended claims.
Hence, specific dimensions and other physical charac-
teristics relating to the embodiments disclosed herein are
not to be considered as limiting, unless the claims ex-
pressly state otherwise.
[0008] With reference to Fig. 1, a refrigerator 1 includes
an insulated cabinet structure 2 including generally up-
right side walls 4A and 4B, a horizontally extending upper
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side wall 6, and a generally horizontal lower side wall 8.
Doors 10A and 10B are moveably connected to the in-
sulated cabinet structure 2 to provide access to an insu-
lated interior space 14 (see also Fig. 2) of the refrigerator
1. The refrigerator 1 is generally configured to be sup-
ported free-standing on a floor surface 12.
[0009] With further reference to Fig. 2, the insulated
cabinet structure 2 includes a tubular primary structure
16 forming upright side walls 4A and 4B, upper side wall
6, and lower side wall 8. The tubular primary structure
16 is generally O-shaped, with a rectangular outer pe-
rimeter 18, and a rectangular inner perimeter 20. The
inner perimeter 20 defines an enlarged rectangular front
opening 22 and a rectangular rear opening 24. When
assembled, the rear opening 24 is closed off by a rear
wall assembly 26. The rear wall assembly 26 includes
an upright panel 28, and a mullion cooling system 30.
The rear wall assembly 26 may optionally include an in-
sulated vertical panel or divider 32 that divides the insu-
lated interior space 14 into a first space 14A and a second
space 14B. The first space 14A may comprise a freezer
space, and the space 14B may comprise a fresh food
compartment. The mullion cooling system 30 may in-
clude an interior volume (not specifically shown in Fig.
2) that is configured to receive mechanical equipment for
operating the various functions of the refrigerator 1. For
example, a cooling module set can be disposed within
the interior volume of the mullion 30. Examples of various
cooling modules are disclosed in U.S. Patent Application
No. 13/108,226 entitled "COOLING SYSTEM INTEGRA-
TION ENABLED PLATFORM ARCHITECTURE" filed on
May 15, 2011; U.S. Patent Application No. 13/108,293
entitled "FLEXIBLE COOLING SYSTEM INTEGRATION
FOR MULTIPLE PLATFORMS" filed on May 16, 2011;
and U.S. Patent Application No. 13/108,183 entitled
"UNIVERSAL AND FLEXIBLE COOLING MODULE SET
(CMS) CONFIGURATION AND ARCHITECTURE" filed
on May 16, 2011. Each of these applications is hereby
incorporated herein by reference in their entirety.
[0010] The tubular primary structure 16 is made from
an elongated tube 44 (Fig. 5) that includes generally pla-
nar side walls 34 and 36 (Fig. 3), and edge or end walls
30 and 40 extending transversely between the inner and
outer walls 36. As discussed in more detail below, the
tubular primary structure 16 (Fig. 2) is made from a single
elongated tube 44 that is deformed to form upper corners
46A and 46B, and lower corners 48A and 48B. Ends 50A
and 50B of the tube are interconnected along an air-tight
seam 52 that is preferably located in lower side wall 8.
The tubular primary structure 16 includes a continuous,
sealed insulating space 42 that is preferably filled with a
porous filler material 54. The filler material 54 may com-
prise a silica powder such as fumed silica or other suitable
material, and a vacuum may be formed in space 42 uti-
lizing one or more inlet valves 56, and one or more outlet
valves 58. Filler material 54 prevents collapse of tube 44
due to the vacuum formed in space 42 and provides su-
perior insulation performance under vacuum.

[0011] With further reference to Fig. 4, tube 44 is ini-
tially formed utilizing an extrusion process. An extruding
apparatus 60 extrudes the tube 44 in the direction of the
arrow "A". The extruding apparatus 60 may comprise a
suitable known device. The tube 44 may be formed from
a metal material such as low carbon steel, stainless steel,
aluminum, or other suitable metal. Alternately, tube 44
may comprise a thermoplastic polymer material such as
high impact polystyrene that is co-extruded with a layer
of impermeable polymer material such as ethylene vinyl
alcohol (EVOH). The EVOH layer is substantially imper-
meable to oxygen, nitrogen and water vapor to thereby
enable formation and maintenance of a vacuum in inter-
nal space 42 when the tube 44 is formed into the tubular
primary structure 16 (see also Fig. 2).
[0012] After a sufficient length of tubing 44 is extruded
(Fig. 4), a cutting device or apparatus 62 having a cutter
64 is utilized to cut the elongated tube 44 along a plane
66 to thereby form a tube 44 (Fig. 5) having opposite
ends 50A and 50B defining a length "L". As discussed in
more detail below, the tube 44 is bent along the fold lines
68A-68D to form corners 46A, 46B, 48A and 48B of the
tubular primary structure 16 (Fig. 2). With further refer-
ence to Fig. 6, prior to formation of the corners 46A, 46B,
48A and 48B, the side walls 38 and 40 are first deformed
inwardly at each fold line 68A-68D to form indentations
70 and 72. If tube 44 comprises a metal material, the
indentations 70 and 72 may be formed utilizing dies or
other known metal forming tools (not shown). If the tube
44 comprises a polymer material, the indentations 70 and
72 may be formed by first heating the elongated tube 44
to soften the polymer material, and a forming tool (not
shown) may be utilized to push in the side walls 38 and
40 to form the indentations 70 and 72.
[0013] With further reference to Fig. 7, elongated
grooves or indentations 74 and 76 (76 not anticipated
but could be employed) may also be formed in one or
both of side walls 34 and 36 at each fold line 68A-68D.
The grooves 74 and 76 may be formed in addition to the
indentations 70 and 72, or the grooves 74 and 76 may
be formed in a tube 44 that does not include indentations
70 and 72. The grooves 74 and 76 include angled side
walls 78A and 78B that intersect at a line or crease 80.
The grooves 74 and/or 76 may be formed by heating the
tube 44 if the tube 44 is formed of a polymer material,
followed by pressing a forming tool (not shown) into the
side wall 34 and/or 36 of tube 44. If tube 44 is made of
a metal material, a conventional forming die or the like
(not shown) may be utilized to form the grooves 74 and
76.
[0014] After formation of indentations 70 and/or 72 and
grooves 74 and/or 76, the tube 44 is bent utilizing forming
tools 82A-82D to form corners 46A, 46B, 48A and 48B
as shown in Figs. 8-9. The ends 50A and 50B are then
joined together at seam 52. Seam 52 may comprise a
welded joint or other suitable air-tight joint that is capable
of maintaining a vacuum in the interior space 42 of the
tubular primary structure 16. Prior to bending the tube as
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shown in Figs. 8-9, the tube 44 may be filled with pow-
dered silica such as fumed silica or other filler material.
In general, the filler material 54 is inserted and compacted
into the interior space 42 of tube 44 through one or both
open ends 50A or 50B. Alternatively, as discussed below,
the filler material 54 may be inserted into the interior
space 42 utilizing valves/openings 56 and 58 (Fig. 2) after
the tube 44 is deformed (Figs. 8-9), and ends 50A and
50B are interconnected at seam 52.
[0015] With reference to Fig. 8, forming tools 82A and
82B are positioned along fold lines 68A and 68D, and a
force is applied to the tube 44 adjacent to the end portions
50A and 50B to thereby fold the tube 44 as shown by the
arrows "F1" and "F2". Folding of the tube 44 forms end
portions 84A and 84B, and corners 46A and 46B, respec-
tively. Sand or other temporary filler material may be po-
sitioned inside tube 44 at fold lines 68A and 68D to assist
in the bending process.
[0016] With further reference to Fig. 9, forming tools
82C and 82D are then positioned adjacent the forming
lines or location 68B and 68C (Fig. 5), and a force is
applied to a tube 44 to thereby deform the tube as shown
by the arrows "F3" and "F4". The ends 50A and 50B of
tube 44 are then welded or otherwise secured together
to form an air-tight seam 52.
[0017] As discussed above, the tubular primary struc-
ture 16 includes enlarged front and rear openings 22 and
24. The openings 22 and 24 generally define a rectan-
gular perimeter 20, and the tubular primary structure 16
has a generally rectangular perimeter 18 in an elevational
view (e.g. Fig. 9). The tubular primary structure 16 in-
cludes a generally rectangular "picture frame" front sur-
face 86A and a rectangular rear surface 86B that is a
mirror image of surface 86A. Referring again to Fig. 2,
when assembled, the upright rear panel 28 is disposed
adjacent or against rear surface 86A, and doors 10A and
10B are disposed against or adjacent surface 86A when
the doors 10A and 10B are in the closed position.
[0018] With further reference to Fig. 10, after the tube
44 is deformed or folded to form corners 46A, 46B, 48A
and 48B, the side walls of tube 44 generally deform as
shown in Fig. 10 to form a crease 80 in inner wall 34 such
that the surfaces 78A and 78B are directly adjacent one
another, or in contact one another. In this way, the side
walls 38 and 40 remain relatively flat in the region of the
corners 46A, 46B, 38A and 38B. It will be understood
that additional forming steps may be conducted in the
vicinity of the corners to ensure that the outer surfaces
of walls 38 and 40 are substantially planar.
[0019] Referring again to Figs. 2 and 3, valves/open-
ings 56 and 58 can be utilized to remove air from cavity
42 to form a vacuum. As discussed above, the filler ma-
terial 54 may be inserted and compacted into the space
42 of tube 44 prior to formation of seam 52. Alternately,
the tube 44 may be formed as shown in Figs. 4-9, and
the filler material 54 may then be inserted into space 42
utilizing valves/openings 56 and 58. If the filler material
54 is inserted into the space 42 prior to formation of seam

52, the primary structure 16 can be positioned in a vac-
uum chamber (not shown) after formation of seam 52,
and one or both of the valves 56 and/or 58 can be opened
to thereby form a vacuum in the inner space 42. The
valves 56 and 58 can then be closed, and the tubular
primary structure 16 can then be removed from the vac-
uum chamber. If the filler material 54 is inserted into the
tube 44 prior to formation of seam 52, the filler material
54 is preferably compacted prior to the bending process
shown in Figs. 8 and 9. The filler material 54 may be
inserted and compacted by closing off an end 50A (Fig.
5) of tube 44 utilizing a permeable barrier or filter (not
shown) that permits airflow, but prevents flow of the filler
material 54. The filler material 54 can then be blown into
the open end 50B. Air can be circulated along the length
of the tube 44 to thereby compact and distribute the filler
material 54 throughout the interior space 42.
[0020] The filler material 54 may also be added after
the tube 44 is bent into an O-shape (e.g. Figs. 8 and 9)
and after the seam 52 is formed. In this case, the valves
or openings 56 and 58 can be utilized to fill the space 42
with the filler material 54. For example, a permeable bar-
rier or filter may be positioned over opening 58, and filler
material 54 may be blown into the space 42 utilizing valve
or opening 56. As the filler material 54 is blown into the
interior space 42, the airflow through the space 42 com-
pacts the filler material. The tubular structure 16 may
then be placed in a vacuum chamber, and the valves or
openings 56 and/or 58 may be utilized to form a vacuum
in the space 42 as discussed above. In general, the filler
material 54 may comprise silica powder such as fumed
silica or other porous material. The filler material 54 coun-
teracts the inward forces acting on tube 44 due to the
vacuum in space 42 and thereby prevents collapse or
deformation of the side walls 34, 36, 38 and 40 of tubular
structure 16.

Claims

1. A method of forming a vacuum insulated refrigerator
housing structure, the method comprising:

forming an elongated tube having opposite
ends;
sealing the opposite ends to form an airtight in-
sulating space within the tube;
forming a vacuum in the airtight insulating
space;
positioning the opposite ends of the tube adja-
cent one another by deforming the tube;
connecting the opposite ends together to form
a refrigerator housing structure having spaced
apart generally upright side walls and spaced
apart upper and lower side walls extending be-
tween the generally upright side walls, wherein
the refrigerator housing structure defines an in-
ternal space and enlarged front and rear open-
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ings.

2. A method according to claim 1 wherein the open
ends of the elongated tube having opposite open
ends define a length therebetween, the elongated
tube having a substantially uniform cross sectional
shape along the length of the tube, wherein the elon-
gated tube defines generally planar first and second
oppositely-facing primary outer surfaces and first
and second end surfaces extending between the first
and second primary outer surfaces; the method fur-
ther comprising:

deforming the tube along at least four fold lines
to form at least four corners whereby portions
of the first primary surface adjacent each corner
are substantially orthogonal relative to one an-
other;
the generally upright side walls being horizon-
tally spaced apart generally vertical side walls
and the upper and lower side walls being verti-
cally spaced apart generally vertical upper and
lower side walls, the front and rear openings be-
ing vertically enlarged; and
attaching an insulated rear panel to the refriger-
ator housing structure to at least partially close
off the enlarged rear opening.

3. The method of claim 2, including:

attaching at least one movable door to the re-
frigerator housing structure, whereby the mov-
able door can be shifted between a closed po-
sition that restricts access to the internal space,
and an open position permitting access to at
least a portion of the internal space.

4. The method of claim 1,2 or 3 wherein:

the tube is formed utilizing an extrusion process.

5. The method according to any one of the preceding
claims, wherein:

the tube comprises at least one of: a metal ma-
terial; an impermeable polymer material; first
and second layers of an impermeable polymer
material that are formed by extruding; first and/or
second layers of substantially impermeable pol-
ymer material formed by extruding; the first and
second layers of substantially impermeable ex-
truded polymer material that define substantially
uniform first and second thicknesses, respec-
tively, wherein the first thickness is much less
than the second thickness.

6. The method according to any one of the preceding
claims, wherein:

the opposite ends of the tube are welded togeth-
er to form a seam.

7. The method according to any one of the preceding
claims, including:

filling the insulating space with a porous filler
material.

8. The method of claim 7, including:

compacting the porous filler material prior to
forming a vacuum in the insulating space.

9. The method of claim 8, wherein:

the porous filler material comprises fumed silica
powder.

10. The method according to any one of the preceding
claims, wherein:

the tube is placed in a vacuum chamber prior to
sealing the opposite ends of the tube.

11. The method according to any one of the preceding
claims, including:

forming an indentation in at least one of the pri-
mary outer surfaces or the end surfaces at each
of the fold lines prior to forming the four corners.

12. The method of claim 1, wherein:

forming the tube includes simultaneously ex-
truding first and second polymer materials to
form first and second layers.

13. The method of claim 12, wherein:

the first polymer material comprises EVOH.

14. The method of claim 1, 12 or 13, including at least
one of:

(a) filling the tube with a porous filler material
prior to forming a vacuum in the air-tight insulat-
ing space; (b) positioning the tube in a vacuum
chamber prior to sealing off the opposite ends.

15. A vacuum insulated refrigerator housing structure
comprising:

a pair of horizontally spaced apart upright side
walls defining upper and lower end portions;
an upper side wall having opposite ends con-
nected to the upper end portions of the upright
side walls;
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a lower side wall having opposite ends connect-
ed to the lower end portions of the upright side
walls;
wherein the upright side walls and the upper and
lower side walls comprise a one piece integral
metal tubular structure forming an airtight insu-
lating space within the upright side walls and the
upper and lower wide walls, and wherein the air-
tight insulating space upon evacuation forms a
vacuum.
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