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METHOD AND APPARATUS FOR VACUUM FOAMING REFRIGERATOR

CABINETS

BACKGROUND OF THE INVENTION

This invention refers to the foaming of cabinets and/or doors for refrigera-
tors, freezers and the like; in particular it is addressed to a method and to an ap-
paratus for vacuum foaming, whereby it is possible to considerably accelerate
the rising and the expansion step of the foam, ensuring a complete filling of the
hollow walls of the cabinet and/or door within a comparatively short time.

STATE OF THE ART

The foaming of refrigerator cabinets is normally carried out by enclosing
the cabinet in a jig suitable for counteracting the strong internal thrusts gener-
ated by the expansion of a polyurethane foam.

Usually, a foaming jig comprises a bottom platen for supporting a cabinet
to be foamed, four side platens movably supported towards and away from cor-
responding side walls of the cabinet, and a plug member shaped to penetrate
into a compartment or compartments of the cabinet to withstand the internal
thrusts of the polyurethane foam during expansion.

Conventional foaming jigs for refrigerator cabinets are described, for ex-
ample, in IT-A-1 168 059, US-A-4,370,795, US-A-4,411,413 and
US-A-4,664,614. In all the cases, the foaming of the refrigerator cabinet takes
place at atmospheric pressure, maintaining the jig with the cabinet in a work area
open towards the external environment.

The expansion of the polyurethane foam is prevalently linked to the reac-

tivity of the chemical components; consequently, the time required for rising of
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the foam or for filling the hollow walls of a cabinet is a conditioning factor in de-
termining the length of the working cycle of a foaming installation.

In order to reduce the cycle time and improve the productivity of these in-
stallations‘, in recent years attempts have been made to find chemical solutions
to this problem; in fact, new chemical systems and consequent so-called “fast”
polyurethane mixtures, having extremely short reaction times, have been devel-
oped and tested.

Although the use of highly reactive or fast polyurethane mixtures makes it
possible to reduce the cycle times in the foaming of refrigerator cabinets, or in
the production of moulded articles, in practice this solution has proved to have
several drawbacks; in general, it is not very suitable for foaming refrigerator
cabinets, or for foaming moulds of large dimensions, or having particularly com-
plex designs.

In fact, due to the excessive reactivity and polymerisation speed of the
polyurethane mixture, the latter tends to rapidly increase its viscosity, and then to
solidify before the foam has completely filled the walls of the cabinet or the cavity
of the mould, resulting in the production of faulty cabinets or moulded articles.

For this and other reasons, the chemical solution has been considered to
be greatly restrictive in the foaming of refrigerator cabinets, using conventional
methods and equipment.

The use of reduced pressure or vacuum has also been proposed in order
to remove gases from inside of a mould, thereby improving the foaming process;
the simple use of vacuum or reduced pressure, in apparatuses for moulding

plastic articles, is described for example in US-A-3,970,732, DE-A-43 27 832
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and EP-A-954 025.

While the simple reduction of atmospheric pressure, or the simple suction
of the air, on the one hand serves to remove the gases that develop inside a
mould, also facilitating a certain distribution degree of the foam, when accom-
plished in this way it is not suitable for foaming refrigerator cabinets and freezers
for domestic use or having complex designs, by means of highly reactive poly-
urethane mixtures. In fact, creating a relatively reduced vacuum, inside the two
half shells which form the side walls of a refrigerator cabinet, would tend to de-
form them, causing them to bent inwards; the use of spacers or thrust members
inside the walls of a cabinet, in addition to not completely solving the problem,
would further complicate the manufacturing process.

There is consequently a dual need to reduce the cycle time in installations
for foaming refrigerator cabinets, and at the same time find new technically fea- .
sible solutions, which allow the use of fast polyurethane formulations, character-
ised by a high reactivity.
OBJECTS OF THE INVENTION

The main object of this invention is to provide a method for vacuum foam-
ing refrigerator cabinets, doors and the like, capable of improving the manufac-
turing process, and at the same time allowing the foaming and complete filling of
the hollow walls of a cabinet, in a comparatively short period of time, while main-
taining of balanced pfessure conditions inside and outside the cabinet during the
foaming step.

A further object of the invention is to provide a method and an apparatus

for foaming refrigerator cabinets, which is particularly suitable for the use of
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polyurefhane mixtures having high reactivity characteristics.

A still further scope is to provide a foaming method, as mentioned previ-
ously, capable of being used with the usual foaming jigs, without having to make
substantial modifications to the jigs themselves or to the entire system.

BRIEF DESCRIPTION OF THE INVENTION

The above can be achieved by means of a method for foaming refrigera-
tor cabinets according to claim 1, and by means of an apparatus according to
claim 7.

In general, according to the invention, the aforementioned objects are
achieved by a method for vacuum foaming refrigerator cabinets in a foaming jig
by feeding a chemically reactive mixture into hollow walls of a cabinet, to form a
polyurethane foam, characterised by the steps of:

providing a vacuum chamber;

enclosing a foaming jig and a cabinet into said vacuum chamber;

connecting the vacuum chamber to a vacuum source; and

maintaining vacuum controlled conditions into the vacuum chamber and
into the cabinet for a time enabling the foaming polyurethane to rise and fill the
hollow walls of the cabinet during the foaming step.

The best possible foaming conditions and vacuum degree or depression
must be found by suitable preliminary tests, in relation to the polyurethane for-
mulation and the type of refrigerator cabinet to be foamed; for example, it may
be found appropriate to work with a vacuum degree ranging from 600 to 900 mil-
libars, when using fast polyurethane formulations, having a 20+25% shorter po-

lymerisation time compared to the formulations currently in use, at a parity of
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other process parameters, such as for example the final density of the foam, the
thermal conductivity, type and quantity of expanding agent and/or of reaction wa-
ter.

In general, for the purposes of this specification, in relation to the contem-
plated application, the term fast reactive polyurethane mixture is understood to
mean a mixture having a gel time equivalent to or less than 40-45 seconds, and
a polymerisation time less than 300 seconds, for foam thicknesses equivalent to
or more than 80 mm.

The use of vacuum, in the foaming of refrigerator cabinets and the like,
not only allows the use of fast reactive polyurethane mixtures, as mentioned pre-
viously, but also helps to considerably reduce the length of the working cycle,'
and improves the distribution of the foam during expansion, particularly in cabi-
nets and for moulds of complex design.

BRIEF DESCRIPTION OF THE DRAWINGS

These and further features of the method and apparatus according to the
invention, will be more clearly evident from the following description, with refer-
ence to the drawings, in which:

Fig. 1 shows a side view of a foaming apparatus according to the inven-
tion;

Fig. 2 shows an enlarged cross-sectional view along the line 2-2 of fig. 1,
with the movable bottom platen of the foaming jig in a lowered position, and with
the vacuum chamber open;

Fig. 3 shows a cross-sectional view similar to that of the previous figure,

with the movable bottom platen in a raised position, and the vacuum chamber in
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a closed condition;
Fig. 4 shows an enlarged detail of a hollow wall of a refrigerator cabinet;
Fig. 5 shows a flow diagram of the foaming method according to the in-
vention.

DETAILED DESCRIPTION

Fig. 1 shows a foaming apparatus for refrigerator cabinets under vacuum
conditions, according to a possible embodiment of the invention.

As shown, in its more general form, the apparatus comprises a preheating
station 11 for preheating the refrigerator cabinets 13, axially aligned to a foaming
station 10, followed by a receiving station 12 from where the foamed cabinets
are transferred towards a final foam curing area.

The refrigerator cabinets 13 can be moved from the preheating station 11
to the foaming station 10, and from the latter to the receiving station 12 in any
suitable way. For example, it is possible to contemplate the use of one or more
trolleys 14 provided with gripping members 15, for example sets of suction cups
capable of grasping the cabinet 13 on two sides, as shown; the trolleys 14 are
appropriately controlled to run along guide rails 16 which extend longitudinally
between the work stations 11, 10 and 12.

The preheating station 11 and receiving station 12 can be wholly conven-
tional; for example, the preheating station 11 can be provided with roller tables
17 for supporting the individual cabinets 13 to be heated by means of one or
more heating units 18.

In turn, the foamed cabinet receiving station 12 can comprise one or more

roller tables 19 onto which the foamed cabinets are deposited which from time to
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time are transferred towards a foam curing area, not shown.

A refrigerator cabinet, as schematically shown in the detail of fig. 4, sub-
stantially comprises an external shell 20 and an internal shell 21, having folded
edges 20’ and 21’; a hollow space 22 is formed in the walls between the two
shells into which a chemically reactive mixture must be injected, for example a
polyol and isocyanate mixture, to form a polyurethane foam 23 capable of com-
pletely filling the hollow space 22 of the cabinet walls.

Since the two shells 20 and 21 are moulded by thermoforming from plas-
tic sheet materials, or from thin metal sheets, if they were to be subjected to
vacuum they would tend to bend and buckle inwards.

According to this invention, the vacuum foaming of a refrigerator cabinet
can be carried out by generating and maintaining under pressure or partial vac-
uum conditions, between the inside and outside of the hollow walls of the cabi-
net, during the injection of the polyurethane mixture and the foaming step, until
filling the entire walls.

This can be achieved by enclosing the foaming jig with the cabinet 13,
into a vacuum chamber 25 (fig. 3); the vacuum chamber 25 is appropriately
structured to be opened and tightly closed, in such a way as to allow the intro-
duction and removal of the refrigerator cabinets 13, and the creation of a certain
vacuum degree.

The vacuum chamber 25 can be made in any way whatsoever; in the em-
bodiment shown in figures 1, 2 and 3, the vacuum chamber comprises an upper
bell 26 having top and side walls, and a bottom cap 27; the bell 26 is stationary,

whilst the cap is vertically movable between a lowered or open position and a
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risen or closed position of the vacuum chamber or vice versa.

More precisely, in the example shown, the foaming station 10 comprises a
frame 30 at which a plate 31 is secured for supporting a plug member forming
part of a foaming jig which, depending upon the type of refrigerator, can be com-
posed Yof a single plug member or, as in the case shown, of two side arranged
plug members 32A and 32B which conform to the internal surfaces of corre-
sponding compartments 13A, 13B of the refrigerator cabinet 13.

A plurality of vertical stands 33 are pending from the frame 30 to support,
by connecting links 34, the side platens 35 of the foaming jig which, together
with the plug members 32A and 32B, react to the thrusts of the expanding foam
on the internal surfaces of the walls of the refrigerator. The foaming jig, in the
example shown, comprises a bottom platen 36 for supporting the cabinet 13.

The bottom platen 36 is supported by a table 37 vertically movable be-
tween a completely lowered position, shown in figures 1 and 2, and a completely
raised position, shown in fig. 3, passing through an intermediate operative posi-
tion in which allows the depositing and removal of a refrigerator cabinet 13 by
means of transfer trolleys 14A and 14B.

The raising and lowering movement of the table 37 can be achieved in
any way whatsoever; for example, by hydraulic cylinders or, as shown, by a rack
and pinion device 38, 38’ shown schematically in fig. 3, operated by an electric
motor 39.

Reference 40 in the various figures has been used to indicate a high
pressure mixing head for reactive chemical components which must be mixed

and injected into the cavities of the walls of the refrigerator cabinet, to form a
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polyurethane foam; lastly, reference 43 has been used to indicate studs de-
signed to maintain the bottom platen 36 coupled to the side platens 35 of the jig,
during the injection of the mixture and expansion of the polyurethane foam, as
shown in fig. 3.

As previously mentioned, and as will be illustrated in greater detail with
reference to the flow diagram of fig. 5, the injection and foaming steps of the
polyurethane mixture take place under partial vacuum, by generating and main-
taining a balanced vacuum degree, for example between 600 and 900 millibars
in the hollow space of the walls between the external shell 20 and the internal
shell 21 of the refrigerator cabinet, and a closed environment containing the
foaming jig and the cabinet.

In this connection, the foaming jig with the refrigerator cabinet 13 is en-
closed in a vacuum chamber 25 comprising a downwardly open upper bell 26,
appropriately secured to the frame 30 of the apparatus, and a bottom cap 27,
secured to the movable table 37.

The side walls of the bell 26 and the cap 27 have peripheral edges appro-
priately shaped and/or provided with sealing means, to ensure the necessary
vacuum seal in the raised condition of the bottom cap 27 in which it closes the
vacuum chamber 25; lastly, reference 41 in the various figures has been used to
indicate a pump or vacuum source, connected to the bell 26 by a control valve
42: control means are operatively connected to the valve device and vacuum
source, to sense and provide vacuum balanced condition into the vacuum
chamber, inside and outside the cabinet in the foaming jig.

in the specific case, the vacuum chamber 25 has been shown as compris-
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ing an upper bell and a lower cap movable between a lowered position for open-
ing the chamber 25, and a raised tightly closed position. It is obvious however
that within the scope of the invention, the vacuum chamber for containing the
foaming jig with the refrigerator cabinet, may also be differently shaped or per-
formed compared to the one shown, provided it is suitable for achieving the de-
sired scope.

The method for vacuum foaming refrigerator cabinets and the working of
the apparatus will be illustrated in greater detail hereunder with reference to the
preceding figures and the flow diagram of fig. 5.

The refrigerator cabinets 13 to be foamed are initially introduced into the
preheating oven 11, where they remain for the length of time necessary to bring
the cabinet up to a given temperature (step S1) necessary for the subsequent'
foaming of the polyurethane mixture.

Assuming that a preceding cabinet already foamed has been removed
from the foaming station 10, under these conditions the movable table 37 with
the bottom platen 36 of the foaming jig, is in the fully lowered condition shown by
the continuous lines in figures 1 and 2.

When the refrigerator cabinet 13 has been heated to the desired tempera-
ture, the trolley 14A transfers the cabinet 13 to the foaming station 10 (step S2)
bringing it to rest above the platen 36, in a condition aligned with the plug mem-
bers 32A, 32B of the foaming jig; at this point the table 37 is raised to the inter-
mediate position, illustrated by the broken line in fig. 2, while the trolley 14A is
resting the cabinet 13 on the platen 36.

After the trolley 14A has moved back again into the oven 11, an electronic
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control unit which controls the working of the entire apparatus, actuates the rais-
ing of the table 37 with the platen 36 and the cabinet 13, in the upper position of
fig. 3.

Under these conditions, the plug members 32A, 32B are inside the cabi-
net 13, while the four side platens 35 of the foaming jig, in a per se known way,
are moved against the external surfaces of the side walls of the cabinet 13.

Simultaneously, the bottom platen 36 of the foaming jig is coupied to the
side platens 35 of the jig by the studs 43; the vacuum chamber 25 in turn is her-
metically closed (step S3) in that the peripheral edges of the cap 27 have come
into contact with the peripheral edges of the overlying bell 26.

At this point the chamber 25 can be connected to the vacuum pump 41
before the polyurethane mixture is fed into the hollow space 22 of the walls of
the refrigerator cabinet 13 (step S'5) or, alternatively, the vacuum in the chamber
25 can be generated at the same time as the feeding of the polyurethane mix-
ture, or immediately after (step S5). The choice of the moment the vacuum is
created will depend upon specific processing requirements and may be deter-
mined each time by appropriate tests.

Upon completion of the feeding step for the polyurethane mixture, and af-
ter having reached the desired vacuum degree, the vacuum is maintained for a
pre-established time (step S6) sufficient to allow the complete expansion of the
foam and filling of the hollow walls of the cabinet 13.

After the foam has completed its expansion step and, if necessary, after it
has attained a certain degree of hardness sufficient to withstand the atmospheric

pressure, to avoid deformation, the vacuum chamber is opened (step S7) by
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lowering the movable table 37 with the platen 36 and the foamed refrigerator,
and brought to rest again in the intermediate position of fig. 1.

At this point the trolley 14B enters the foaming station 10, grips the
foamed cabinet 13 holding it raised, while the movable table 37 with the platen
36 is lowered completely, thereby enabling the cabinet to be moved and rested
on the table 19 of the receiving station 12 (step S8) and then be conveyed to-
wards an area for completion of the curing step of the foam.

In the meantime, another cabinet 13 to be foamed has been introduced
and preheated in the oven 11, and is therefore ready to be moved to the foaming
station 10, as described previously.

From what has been described and shown in the accompanying drawings,
it will be evident that the invention is addressed to a method and an apparatus
for vacuum foaming of refrigerator cabinets and the like, whereby it is possible to
accelerate and control the expansion of the foam, by using highly reactive poly-
urethane formulations, ensuring at the same time a complete filling or packing of
the walls of the refrigerator, within a comparatively shorter period of time com-
pared to the conventional technologies.

The use of vacuum in the foaming of refrigerator cabinets, according to
the previously mentioned procedures, makes it possible to use more highly reac-
tive polyurethane mixtures, reducing the length of the work cycle, and to find an
accurate equilibrium between the packing speed and satisfactory distribution of
the foam, which proves difficult to achieve with the conventional technologies.

It is understood that what has been described and shown in the accom-

panying drawings has been given purely by way of example in order to illustrate
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the general features of the method and the foaming apparatus according to the
invention, and of a preferential embodiment.

Therefore, other modifications or variations may be made both to the
method and to the apparatus itself without thereby departing from the scope of

the accompanying claims.



10

15

20

WO 2006/013004 PCT/EP2005/007904

14

CLAIMS

1. A method for vacuum foaming refrigerator cabinets (13) in a foaming jig
(35) by feeding a chemically reactive mixture into hollow walls of a cabinet (13),
to form a polyurethane foam, characterised by the steps of:

providing a vacuum chamber (25);

enclosing a foaming jig (35) and a cabinet (13) into said vacuum chamber
(25);

connecting the vacuum chamber (25) to a vacuum source (41); and

maintaining vacuum controlled conditions into the vacuum chamber (25)
and into the cabinet (13) for a time enabling the foaming polyurethane to rise
and fill the hollow walls of the cabinet (13) during the foaming step.

2. The method for vacuum foaming refrigerator cabinets according to
claim 1, characterised by generating a vacuum degree into the vacuum chamber
(25) and into the foaming jig (35), before the feeding of the reactive mixture into
the cabinet walls (13).

3. The method for vacuum foaming refrigerator cabinets according to
claim 1, characterised by generating a vacuum degree into the vacuum chamber
(25) and into the foaming jig (35) during the feeding of the reactive mixture into
the cabinet walls (13).

4. The method for vacuum foaming refrigerator cabinets according to
claim 1, characterised by generating a vacuum degree into the vacuum chamber
(25) and into the foaming jig (35) immediately after the feeding of the reactive
mixture into the cabinet walls (13).

5. The method for vacuum foaming refrigerator cabinets according to
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claim 1, characterised by generating a vacuum degree ranging from 600 to 900
millibars.

6. The method for vacuum foaming refrigerator cabinets (13) according to
claim 1, characterised by feeding a polyurethane mixture having a gel time
equivalent to or less than 40 seconds.

7. An apparatus for vacuum foaming refrigerator cabinets, comprising a
foaming jig (35) for containing a refrigerator cabinet (13) to be foamed, and
means (40) for feeding a chemically reactive polyurethane mixture into hollow
walls of the cabinet (13), characterised by comprising a vacuum chamber (235)
enclosing the foaming jig (35); valve means (42) for connecting said vacuum
chamber (25) to a source of vacuum (41) and control means for providing vac-
uum balanced conditions into the vacuum chamber (25), inside and outside the
cabinet (13) in the foaming jig (35), during foaming of the cabinet walls (13).

8. The apparatus for vacuum foaming refrigerator cabinets according to
claim 7, characterised in that the vacuum chamber (25) comprises an upper bell- |
shaped member (26) and a bottom cap-shaped member (27), one of said bell-
shaped and cap-shaped members (26; 27) being fastened to a supporting
frame, the other one of said bell-shaped and cap-shaped members (26; 27) be-
ing movably supported between a risen position and a lowered position to close
respectively open the vacuum chamber (25), and control means (37, 38, 39) to
move said other one of the bell-shaped and cap-shaped members (26; 27) to al-
low the introduction and removal of the refrigerator cabinet (13).

9. The apparatus for vacuum foaming refrigerator cabinets (13) according

to claim 8, characterised by comprising a preheating station (11) for the cabinets
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(13), a foaming station (10) comprising the vacuum chamber (25), a receiving
station (12) for the foamed cabinets, and means (14A; 14B) for moving the pre-
heated cabinets (13) from the preheating station (11) to the foaming station (10)
into the vacuum chamber (25), and respectively the foamed cabinets (13) from
the foaming station (10) to the receiving station (12).

10. The apparatus for vacuum foaming refrigerator cabinets according to
claim 9, characterised in that the means for moving the refrigerator cabinets (13)
comprise a first and a second trolley (14A; 14B), each trolley being provided with
gripping members (15) for the cabinets (13), said trolleys (14A; 14B) being mov-
able along guide rails (16) which extend between the preheating station (11) and
the receiving station (12), through the intermediate foaming station (10).

11. The apparatus for vacuum foaming refrigerator cabinets according to
claim 8, characterised by comprising lifting méans (38, 38’) for moving a support
table (37) for the cap-shaped member (27) of the vacuum chamber (25), and a
bottom platen (36) of the jig (35), between a completely lowered position in
which opens the vacuum chamber (25), a completely raised position in which
closes the vacuum chamber (25), and an intermediate operative position for

deposition and removal of the refrigerator cabinets (13) inside the vacuum

chamber (25).
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