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PROCESS AND APPARATUS FOR MANUFACTURING OF INSULATING
PANELS WITH ROOF TILE ASPECT

The invention relates to insulating panels for rqofs of buildings and in
particular panels which reproduce the effect of house roofs.

These panels have a composite structure, also called "sandwich", wherein
a core of insulating material is arranged between two faces, the first of which is
the upper face with respect to the mounting condition of the roof panels, and is
visible from the exterior, while the other face, the lower one, is visible from
underneath the roof.

The material of the insulating core is usually a polymer foam such as
expanded polyurethane or the like, but may also comprise rock wool or the like,
while the outer faces of the panels are in most cases painted, galvanized or
otherwise treated sheets of metal such as steel, copper or aluminium.

In present case the upper face of the panels is profiled and pressed so as to
reproduce the aesthetic effect of bent tiles, plain tiles, under tiles or other similar
tile components which form the roofs of houses, while the bottom face is mainly
smooth or has a slight stiffening ribs.

In the remainder of this description reference will be made mainly, where

- not otherwise specified, to panels reproducing the bent tiles of roofs since said

tiles have a simple shape and are widespread; however, this must not be
understood as limiting and what will be stated must be regarded applicable also to
panels having the appearance of roofs formed by plain tiles or by the other types
of tile components mentioned above.

In order to obtain the desired aspect, the upper face of the panels is
profiled with longitudinal undulations and press-forged with ribs transverse
thereto which provide the "bent tile effect”, with the typical overlapped
arrangement of the tiles in roofing. These transverse ribs are the source of some
difficulties during the manufacturing process of the panels in the known plants.

For example, in the latter the step involving expansion of the polymer
resin is carried out in special continuous presses where a pair of continuous

conveyors, arranged respectively above and below the semi-finished product
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formed by the metal strips with the polymer resin arranged there between,
constrain the increase in volume and the forces resulting from expansion thereof;
for an overview of this technique, reference should be made to European Patent
Application No. 110,265 in the name of the same Applicants of the present
application.

The continuous conveyors are of the type comprising parallel chains
which support between them, cross-members carrying shaped elements matching
with the tiles press-forged in the panels.

However, when it is required to change the length of the tiles formed by
pressing, it is necessary to vary the pitch between the transverse ribs; it therefore
follows that the shaped elements of the associated continuous conveyor must also
be replaced.

This requires a change of tooling with stoppage.of the machine thereby
resulting in a disadvantageous situation, in particular taking account that variation
of the distance between the transverse ribs requires only a change in the frequency
of the press which forges the metal sheet.

Another important drawback arising from the presence of the transverse
ribs consists in the fact they prevent the continuous production of the panels,
contrarily to what occurs normally for the panels which are only fretted or
undulated.

Indeed, after the transverse ribs have been pressed in the sheet metal, the
latter cannot be turther bent along the edges by using profiling rollers as in the
case of fretted or undulated sheets; as a matter of consequence the semi-finished
product ‘obtaihéd after expansion of the pblyurethane foam in the continuous press
must have a definitive configuration, feady for final cutting of the panels.

This results, however, in the fact that known presses which also use
continuous lateral conveyors for constréining the expansion of the polyurethane
foam along the edges of the strips, cannot be used for the edge of that strip having
fhe tile effect, projecting sidewise in order to allow overlapping with an adjacent
panel in the assembléd condition.

The problems outlined above result in a need for a new process of
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manufacturing insulating panels, having a pressed sheet-metal face with

- transverse ribs which provide the overlapping arrangement of bent tiles, plain tiles

or similar tile components used in the roofings of buildings.

The object of the present invention is that of providing this new process.

Such an object is achieved by a process which is characterized in that in
the continuous press, the transverse ribs of the strip which provide the overlapping
effect of the tiles are respectively in contact with surfaces having a uniform cross-
section and the same profile of at least a main portion of the said ribs.

In this way when the distance between the ribs is changed, there is no
interference of the strip with the continuous press since it is always in coﬁt_act with
surtaces having the same protile as the ribs.

In éccbrdance with a preferred embodiment of the invention,
manufacturing of the panels is carried out continuously in a process which
includes a step of pressing the transverse ribs that provide the effect of the tiles,
and subsequent bending of the pressed strip in order to form a catenary which
compensates ’for length variations of the strip due to pressing thereof.,

These and further characterising _features of the process are set forth in the
claims éppended to the present description; the invention also comprises an
appatatus for carrying out this process, whose features are also stated in the
claims. |

All of these features will emerge more clearly from the déscription
provided herein below, relating to an indicative and non-limiting embodiment of
the invention shown in the accompanying drawings wherein:

- Fig. 1 depicts an insulating pa_ﬁel having the aspect of a bent-tile roofing
in accordance with the invention;

- Fig. 2 shows a side view of an apparatus for carrying out the process of
continuous manufacturing of panels according to the invention;

- Fig. 3 shows a longitudinal section through a continuous press in the
apparatus of Fig. 2;

- Figs. 4 and 5 are respective cross-sections along the lines IV-IV and V-V

in Fig. 3;
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- Fig. 6 shows an enlarged detail of Fig. 2;

- Fig. 7 is a diagram illustrating the operation of the detail in Fig. 6.

With reference to the first of these figures, a panel denoted overall by 1 is
shown therein, which comprises an upper face 2 made of sheet metal profiled and
pressed so as to have the appearance of a bent-tile roofing.

This metal sheet may be made of steel, copper or ‘other metal, likewise the
opposite sheet forming the lower face 3 of the panel, which is essentially flat and
stiffened by light ribbing.

An insulating core 5 consisting of expanded polyurethane is present
between the two faces 2 and 3 of the panel; furthermore, the upper face 2 has a
projecting edge 8 intended to oi}erlap with an adjacent panel in the assembled
state, to form the roof of a house.

This panel is manufactured in a continuous manner using the plant shown
in Fig. 2, starting from two strips of sheet metal 12 and 13 which are unwound
from respective reels 14 and 15; n a pfeferred embodiment of the invention, the
strip 12 from which the upper face 2 of the panels is obtained, advances at a lower
level than the strip 13 from which the lower face 3 is obtained.

Both strips are profiled in respective roll forming <'1evices 16 and 17 of the
type known per se; in the first of these devices there are formed the longitudinal
undulations 20 which define the proﬁlés of the bent tiles in panel 1, while the
second device forms the ribs 21 which stiffen the lower face 3.

Downstream of the roll forming device 16 there is a press 25 which forges
the transverse ribs 26 in the strip 12 as shown schematically in Fig. 7, that provide
the overlapping effect of the tiles in panéI 1.

This press is known per se and downstream thereof the strip 12 profiled
and pressed according to the aspect of the upper face of panel 1, is suspended
between two rollers 28 and 29 so as to form a catenary 30; the latter gives nise to a
surplus of strip material 12 after the press 25, which has the function of
compensating the length variations of the strip caused by formation of the
transverse ribs 26. Thereafter, the two strips 12 and 13 pass into a heating oven 32

in order to favour the subsequent expansion of the polymer resin S that forms the

PCT/1T2003/000309
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insulating core of the panels, applied with a device 33 known per se downstream
the oven 32.

The expansion of the resin occurs in a continuous press 40 according to the
following explanation.

The press 40 includes two continuous chain conveyors 42 and 43, namely
a bottom conveyor and an upper conveyor, which comprise respective cross-
members 44 and 45; the cross-members 44 of the bottom conveyor 42 are
provided with cradles 48 having a uniform cross-section like that of the profile of
the ribs 26 formed in the strip 12.

~ In this manner the strip 12 rests on the cradles 48 only in the region of the

- aforementioned ribs, as can be seen in Fig. 3 which shows a longitudinal cross-

section along the central plane of one of the undulations 20, advancing from left
to right.

As stated farther above, the panels 1 considered herein have a projecting
edge 8 on the upper face 2; during manufacturing, this 'edge hinders the lateral
containment of the expanded resin (or foam) carried out by using known systems.
For better understand this point, reference should be made to Figures 4 and 5
wherein containment of the expanded resin 5 on the opposite side to that where
the projecting edge 8 of the strip 12 is located, is obtained in a known manner by
using a continuous conveyor 50.

As can be seen, such a conveyor would not have enough space on the
opposite side where the projecting edge 8 is situated, because of its curvature
according to the profile of the bent tiles: in order to overcome this drawback,
plates 46 extending towards the strip 12 and laterally constraining the expanded
resin 5, are fixed to the ends of the cross-members 45 of the upper conveyor 43.

In this connection it must be noted that differently from the manufacturing
process of normal fretted panels, in the present case it is not possible to leave the
projecting edge 8 flat, for providing the necessary space to arrange a continuous
conveyor like that located on the opposite side, and then profiling said flat edge
downstream the continuous press 40, since the transverse ribs 26 prevent bending

and profiling of the strip 12 in the longitudinal direction.
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In order to improve the constraint of the expanded resin 5, it 1s preferable

to use also a strip-like seal 47 arranged between the resin and the plates 46, which

later will also have the function of acting as a lateral sealing element in the
finished panels.

The latter are obtained after cutting with a shear (not shown in the

“drawings because known per se), of the continuous semi-finished product which

emerges from the continuous press 40; it is however evident that between the
press and the cutting, the semi-finished product could also be subject to other
treatments, for example painting or some further surface finishing.

From what has been explainéd 'hitherto it is possible to understand how the
process for the continuous manufacturing of panels carri'ed out by the foregoing
apparatus, achieves the object set forth initially for the invention.

Indeed, by supporting the strip 12 in the region of its transverse ribs 26
with the cradles 48 having a uniform cross-section according to that of the said
ribs, is effective independently of the distance between the latter.

In other words it is clear that even when the distance between the ribs 26
changes, the strip 12 is supported always in the same manner since the cross-
section of the cradles 48 remains the same and the ribs can therefore rest always
regularly on different points thereof; in this connection it is obvious that it will be
sufficient to have cradles with length different from the distance between the ribs
26, so as to prevent the latter from falling in the spaces between one cradle and
the next.

It should be also added that these spaces will have sufficiently small
dimensions such that even when a rib 26 will fall there, it would have no
consequence since the preceding and the following ribs rest correctly on the
respective cradles.

All of this would not be possible if the cradles had a configuration as that

of the tiles, namely with a non-uniform cross section corresponding to the

sawtooth profile of the tiles shown in the drawings.
Indeed it can be understood that in this case the length of the cradles must

be identical to the distance between the transverse ribs 26 defining the length of
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the tiles, thereby requiring to perform a tool changing every time an insulating
panel with tiles of different length is to be manufactured.

Furthermore, supporting of the transverse ribs 26 by using cradles 48 with
the constant profile, allows containment of the sheet-metal strip 12 preventing the
latter from being deformed when the polymer resin of the panel expands.

In other words, the present invention teaches that it is not necessary to
support the strip 12 over the whole of its surface during’the so-called "foaming"
(i.e. resin expansion) step, but it is sufficient to support it in the region of its
transverse ribs 26 by means of elements (cradles 48) of matching shape.

However, there are also other important advantageous results achieved by
the manufacturing process of the panels in accordance with the invention.

These include the fact that the support of the strip 12 with the
aforementioned cradles, may be easily applied in pre-existing plants; indeed
continuous presses comprising chain conveyors and cross-members considered
herein are already known in the art, but none of them foresees the use of cradles
or other similar shapes for the purposes illustrated above.

The manufacture of these cradles, preferably made of plastics, rubber or
other materials not too hard because otherwise they could damage the metal of the

strip, does not involve particular difficulties and the cradles may also be easily

- fixed (using screws, brackets, etc.) to the cross-members of an already existing

conveyor.

Similar considerations apply also to the side plates 46 which ensure

coritainment of the expanding foam on the side where the projecting edge 8 of the
strip 12 is located. ' '
- Thééé plates constitute a simple and effective solution for replacement of
the confinﬁous lateral conveyor which cannot be used in that position, for the
reasons'alr‘eady explained above and to which reference should be made for the
saké of brevity.

It is also worth mentioning the importance of the catenary 30 for ensuring
the conﬁﬁuity of the production process according to the invention.

As can be seen in Figure 7, the forming of the transverse ribs 26 implies

PCT/1T2003/000309
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that a step-like fold is imparted to the metal sheet such that, in the plane of
longitudinal feeding of the strip 12, the latter undergoes a periodic shortening due
to said folding operation which occurs at each stroke of the press 25.

Since in the diagram of Fig. 2 the strip 12 is machined by the roll forming
device 16 before entering into the press 25, it cannot have any slippage in the
longitudinal direction because the forming rolls which grip the strip, do not permit
it. A similar condition would occur in the continuous press 40 if the catenary 30
were not present, since the chain conveyors 42, 43 keep the continuous semi-
finished product arranged between them, blocked.

The catenary 30, on the other hand, allows the presence of a surplus of
pressed strip material 12 downstream of the press 25, which compensétes for the
periodic shortening due to the formation of the ribs 26.

In this connection it must be also pointed out that the catenary 30 is
preferably arranged downstream of the press 25, since flexing of the strip in the
manner shown is favoured by the transverse ribs formed therein; indeed, upstream
the press said strip is profiled only longitudinally with the undulations 20 Wthh
prevent catenary bendmg thereot. ' ‘ ‘

However, in principle, such an a_Iternative is not to be ruled out in the case
of thin sheets, small undulations and periodic shortening of the strip.by é small
amount (1.€. low transverse ribs). ' '

Obviously other variations ot the mvention with respect to the embodiment
described are possible.

Firstly it must be noted that the invention is applicable also to the
manufacture of panels which have an appearance different from that of bent tiles,
such as for example that of plain tiles, under tiles or the like; it is ‘merely a
question of profiling the metal - sheet longitudinally and pressing it with
undulations and transverse ribs differént erom those shown in the drawings.

Supporting of the forged strip in fhe continuous press will nevertheless be
performed using the same processes already explained, with the cradles which
will have a uniform cross-section according to the profile of the transverse ribs

formed in the sheet metal.
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More generally it may be stated that the principles arising from the

invention are applicable to all those cases where there is a sheet metal strip with

* transverse ribs formed therein; however, it should be emphasised that this strip

must not be necessarily the strip which advances in the lower position inside the
continuous press.

In other words, the strip pressed with the transverse ribs could equally well
be in the upper position and in contact with the cradles 48 provided on the
conveyor 43.

It must also be pointed out that alternative solutions for the cradles 48 may
be envisaged on the basis ot the teaching provided by the present invention. |

For example it can be easily understood that the cradles could be
incorporated in the transverse members; in other words; instead of forming the
cradles 48 as separate parts fixed onto the cross-members 44, they could be
formed directly in the latter which, for this purpose, should be made preferably of
plastic or the like. Obviously, in this case the thickness of the cross-members
shall have suitable dimensions. S

" As an alternative to this solution, the cradles 48 could be incorporated in a
shaped strip, i.e. it is possible to provide a belt conveyor whose cross section
reproduces that of the cradles 48 shown in Fig. 4, supported along its path by
fixed members like in the known art. '

- As regards forming of the transverse ribs, alternatives to that described
above may also be designed. For ‘éﬁca'm'plle the surplus of pressed strip material 12
downstream of the press 25 may be obtained by flexing it upwards (and not
downwards as in the case of the catenary 30).

' These and further embodiments nevertheless fall within the scope of the

claims which follow.

PCT/IT2003/000309
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10

CLAIMS

1. Process of manufacturing insulating panels, in which a strip (12)
with longitudinal undulations (20) and transverse ribs (26) reproducing bent tiles,
plain tiles or similar tile components of a roofing is associated with an insulating
material (5) causing it to be fed in a continuous press (40), characterized in that in
said press the transverse ribs (26) of the strip (12) are respectively in contact with
surfaces, having a uniform cross section and a profile according to that of at least
a main portion of said ribs.

2. Process according to Claim 1, wherein the strip (12) rests on said
surfaces (48) arranged underneath it.

3. Process according to Claims 1 and 2, wherein said surfaces in
contact with the transverse ribs (26) of the strip (12) comprise cradles (48)
arranged on cross-members (44) moved by a first continuous conveyor (42) with
chains or the like.

4. Process according to the preceding claims, wherein the cradleé (48)
are separate elements fixed onto the cross-members (44). |

5. Process according to Claim 4, wherein the cradles (48) are made of
plastic material or in any case non-metallic material.

6. Process according to the preceding claims, wherein the strip (12)
comprises an edge (8) projecting 1aterially from the insulating material (5) and
wherein the continuous press (40) cdniprises a second’ conveyor (43) situated
opposite to the first conveyor, for rnoving cross-members (45) provided with a
plate (46) extending towards the projecting edge (8) of the strip (12).

7. Process according to the preceding claims, wherein the strip (12)
advances continuously between a press (25) forming the transverse ribs (26) and
the continuous press (40), and wherein along the strip feeding path between the

former press and the latter press, it forms a catenary (30).

8. Process according to the preceding claims, wherein the strip (12) is
metallic.
9. Process according to the preceding claims, wherein a second strip

(13) is fed in the continuous press (40) in a condition opposed to the pressed strip
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(12) withA the transverse ribs (26), and wherein the insulating material (5)
comprises expanded polymer resin arranged between said strips.

10. ~ Apparatus for carrying out the process according to the preceding
claims, characterized in that it comprises a continuous press (40) wherein a first
continuous conveyor (42) moves cross-members (44) on which there are provided
cradles (48) having a cross-section substantially uniform, in the longitudinal
direction of the strip (12) pressed with transverse ribs (26).

11.  Apparatus according to Claim 10, wherein the cradles (48) are
made of plastic material or in any case non-metallic material.

1.2. | Apparatus according to Claim 11, comprising a second continuous

conveyor (43) opposite to the first conveyor, moving cross-members (45) having

~ at one end plates (46) extending towards the first conveyor (42).

13. Apparatus according to the preceding claims, comprising a press
(25) for forming transverse ribs (26) in the strip (12), arranged upstream of the
continuous press (40), and wherein means (28, 29) are present between said
presses (25, 40) in order to keep the pressed strip (12) suspended.

14.  Apparatus according to Claim 13, wherein the means for keeping
the strip suspended comprise rollers (28, 29) spaced from each other in a

sufficient manner that the strip may form a catenary (30).

PCT/IT2003/000309
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