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(54) Title: DEEP-DRAWN PAPER TRAY, A METHOD AND AN APPARATUS FOR MAKING IT, AND A TRAY-FORMED
PRODUCT PACKAGE

(57) Abstract: The invention concerns a deep-drawn paper
tray (4), particularly a shallow tray made of paperboard or
cardboard, a method and an apparatus for manufacturing
such a tray by deep-drawing techniques, and a closed
product package comprising the tray of the invention, par-
ticularly a heat-sealed gas- and liquid-tight food package.
The tray comprises a bottom (4a) and upwardly expanding
side walls around the bottom, the side walls of the tray be-
ing shaped to expand through a plurality of circumferential
steps (4b, 4c, 4d) dimensioned low enough for obtaining
wrinkle-free side walls for the tray. The outermost step is a
flat, wrinkle-free rim flange (4d), which enables liquid and
gas proof heat-sealing of a lid to form the package. The ap-
paratus according to the invention may comprise upper and
lower moulding tools (10, 11) with concentric movable
frames (10b, 10c, 10d) for forming the tray bottom and
side wall steps to paper blanks, and moulding tools (10)
may be mounted onto a rotating turret (9) carrying a paper
blank through working stations arranged along the turret
circumference, to shape the tray bottom and the side wall
steps at the consecutive stations.
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Deep-drawn paper tray, a method and an apparatus for making it, and a
tray-formed product package

Field of the invention

This invention relates to a deep-drawn paper tray, particularly a shallow tray
made of paperboard or cardboard, a method and an apparatus for manufactur-
ing such a tray by deep-drawing techniques, and a closed product package
comprising the tray of the invention, particularly a heat-sealed gas- and liquid-
tight food package.

Description of related art

Packaging trays are used to a large extent for packages of fresh or ready-
made foods. The tray may be made of polymer-coated heat-sealable paper-
board or cardboard and closed with a heat-sealed polymer film or lid of poly-
mer-coated board. The shelf life of fresh foods is only very short, and a leak
proof and air-tight sealing is often required. Some foodstuffs also require a ra-
ther stiff packaging tray.

It is known to turn flat paperboard blanks into containers and trays for use in
packages for food etc. Major problems in such a process is tearing the sub-
strate during drawing and an uneven surface of the upper peripheral rim or
flange of the tray due to wrinkling of the board as the tray is formed. Such
wrinkles occur especially in the corners of trays of a generally rectangular
shape, but also along the side walls and the peripheral flange of circular and
oval trays. The wrinkles are a handicap in liquid- and air-tight sealing of the
product package, prone to cause leaks between the tray flange and the rim of
the lid sealed thereto.

An example of prior art trays and sealed covering lids is found from GB
2 123 786 A. Pressing of polyester coated board material to a tray-formed con-
tainer has produced corrugations (wrinkles) extending from the corner side
walls to the rim flange of the tray. A film cover following such irregularities in
the flange surface has been heat-sealed to the rim flange to provide a leak-
proof package.
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US 4,026,458 shows a rectangular container deep-drawn from a polymer-
coated paperboard blank, wrinkled to have pleated folds in the corner side
walls and rim flange of the container. The moulding tools for deep-drawing in-
clude an upper mandrel and a lower mold, which are movable in relation to
each other for drawing the blank to the mold, to adopt the form of the contain-
er. Closing of the container is not discussed in US 4,026,458, but obviously a
polymer, or polymer-coated lid could be heat-sealed to the rim flange to obtain
a sealed package.

EP 1115 572 B1 is dealing with the potential leaking problem of sealed pack-
ages comprising a paper container with bending lines (wrinkles) in the corners
and a lid heat-sealed to the annular edge (flange) of the container. The refer-
ence suggests use of a coating layer of a minimum thickness able to smooth
any unevennesses in the corners and thereby avoid leaks through the wrin-
kles. Any more detailed teachings of the coating materials and layer thick-
nesses are missing from the reference, however.

JP 2000211043 A represents quite a different approach by describing a press-
molded paper tray, said to have hardly any wrinkles stemming from the mold-
ing operation. The solution is use of a sheet of corrugated cardboard as a
blank for forming the tray. Such technique is to no avail, however, when trays
and sealed packages are made from ordinary paperboards and cardboard as
required for usual food packages.

Objects and summary of the invention

An aim of the invention is to solve the problem of leaking corners and/or rim
flanges of a sealed tray package by way of introducing a novel concept and
technique for forming the deep-drawn paper tray. The different aspects of the
invention, all depending on the common inventive concept, are a method of
forming the tray, an apparatus or tools for forming the tray, the tray resulting
from the process, and a tray-formed package comprising the tray according to
the invention as well as a heat-sealed lid for closing the package.

According to the first aspect of the invention, the problem is solved by a meth-
od of manufacturing a paper tray by deep-drawing, the method comprising the
steps of (a) positioning a blank of paper between an upper and a lower mould-
ing tools, (b) moving the moulding tools in relation to each other, to form a tray
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bottom and at least one step of upwardly expanding side walls surrounding the
bottom, and (c) by multiplication of side wall step forming at a single or a plu-
rality of working steps, moulding the side walls of the tray to have a concentri-
cally stepped profile around the tray bottom.

Essentially, the concept of the invention is to prevent the emergence of wrin-
kles typically extending over the entire height of the tray side walls, as has
happened in the prior art due to the inability of the paper to adapt to the heavy
deformation especially at the corners of the tray without bending to wrinkles.
The solution, in a way, is to cut the upward deformation line that would other-
wise produce the wrinkles into pieces short enough to let the paper adapt to
the bending force without wrinkling. The length of such pieces, or the height of
the steps in the tray side walls, could vary according to the paper material be-
ing used, but for usual paperboards or cardboards would be of the order of
about 6 mm at maximum. The steps that form cuts to said deformation lines
could be of at least about similar width, to level out tensions produced in the
material before the next step repeating the deformation with its renewed ten-
sions.

Further aspects and embodiments of the invention

According to a preferred embodiment of the invention at least one of the upper
and lower moulding tools comprises a plurality of concentric frames, which are
movable in relation to each other. The frames are brought to a stepped config-
uration to form the steps of the tray side walls one by one.

In the prior art the deep-drawing operation turning the flat blank to a finished
tray has been carried out in a single step. The above-mentioned embodiment
of the invention constitutes a major break from this practice by performing the
deep-drawing as a series of consecutive moulding steps.

In case only one of the moulding tools has the structure of concentric movable
frames, the tool on the opposite side of the blank, or the tray being formed,
could be a rigid workpiece having a stepped configuration corresponding to the
side walls of the finished tray. Preferably the rigid workpiece would then be the
upper moulding tool, the blank being pressed against it step by step from the
underside by the lower moulding tool. However, both the upper and the lower
moulding tools may comprise a plurality of concentric frames movable in rela-
tion to each other, and in this case the corresponding moving frames of the
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upper and lower moulding tools would be moved in tandem, to form the
stepped side walls of the tray.

In the stepwise moulding of the tray as discussed above the concentric steps
of the tray side walls are preferably moulded by starting from the innermost
step and then gradually proceeding to the outermost step beside the peripheral
rim of the tray.

However, the invention even includes an embodiment, in which the upper and
lower moulding tools are both rigid stepped workpieces. In this case the tray is
shaped at just a single deep drawing step.

Furthermore, beside individual blanks cut to the size of the tray the blanks may
be provided by a continuous web of paper, which is being fed between the up-
per and lower moulding tools, and cut to individual finished trays after the
moulding operation.

An alternative approach to moulding the tray at a single working station by
means of a single pair of upper and lower moulding tools is use of a first set of
moulding tools travelling along a track, and a second set of moulding tools
mounted at a number of working stations beside said track, the method com-
prising the steps of (a) supplying a blank of paper web material between a
moulding tool of the first set and a moulding tool of the second set at a first
working station, (b) moving said moulding tools at the first working station in re-
lation to each other, to form a tray bottom and at least one step of upwardly
expanding side walls surrounding the bottom, (c) retracting said moulding
tools, (d) forwarding the moulding tool of said first set, together with the blank
being moulded, to a second working station and aligning said tool with a work-
ing tool of said second set, () moving the moulding tools aligned at the se-
cond working station in relation to each other, to form at least one further step
of upwardly expanding side walls of the tray, and retracting said moulding
tools, (f) optionally repeating steps (d) and (e) at one or more further working
stations, to obtain a tray with a plurality of concentric steps (4b, 4c, 4d) in the
tray side walls surrounding the tray bottom, (g) releasing the finished trays at a
tray collecting station, and (h) returning said moulding tool of said first set to
the first working station.

Preferably the first set of moulding tools travelling along the track have the
function of upper moulding tools, shaping the upside of the finished trays, and
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the second set at stationary working stations have the function of the lower
moulding tools, shaping the underside of the finished trays, but having these
roles reversed is fully possible as well.

The first set of moulding tools may be carried by a rotatable turret and the se-
cond set of moulding tools may be mounted at working stations along the pe-
riphery of the turret. The concentrical steps of the tray side walls are then
formed one by one at the consecutive working stations along the periphery of
the turret. However, the track of the first set of moulding tools need not be cir-
cular, but the working stations may be e.g. linearly arranged as well. In a con-
tinuous process there are as many trays proceeding at the different steps of
the moulding process as there are working stations in the sequence. The pa-
per may be supplied as a continuous web and cut to blanks at the first working
station.

A still further modification of the process of the invention is arranging a series
of paired upper and lower moulding tools, which may be stationary, and having
the blanks or a continuous web of paper to travel through said series, each
pair of tools moulding one of the concentric steps of the side walls of the tray
being formed.

The paper useful in the invention is in particular paperboard or cardboard with
a weight of 120 to 500 g/m?, preferably of 170 to 350 g/m?. To obtain a wrinkle-
free tray the concentric steps in the tray side walls shall be dimensioned low
enough to guarantee deformation without wrinkling as taught in the above. For
said particular paperboards and cardboards the height of each step preferably
is about 6 mm at most.

The second aspect of the invention is an apparatus for deep-drawing a paper
tray from a paper blank, designed to fulfill the inventive concept as discussed
above. For the approach of a single pair of upper and lower moulding tools at a
single working station, the apparatus comprises upper and lower moulding
tools, which are movable in relation to each other and adapted to shape the
blank from its opposite sides. Essentially both the upper and the lower mould-
ing tool comprise a central area and a plurality of concentric zones around the
central area in a stepped configuration. The central area is for forming the bot-
tom of the tray, and the stepped zones around it lend a correspondingly
stepped profile to the side walls of the tray being formed.
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In an embodiment of the invention at least one of said upper and lower mould-
ing tools, and preferably both of them, comprise a centerpiece and a plurality
of concentric frames, which are movable in relation to the centerpiece and in
relation to each other, the centerpiece receiving the bottom part of the blank
and the tray being formed, and the frames being brought to a stepped configu-
ration to form the steps of the side walls of the tray one by one.

In respect of moulding tools for paper trays, a prior art apparatus comprising
parallel moulding elements, which are movable in relation to each other, has
been shown in JP 2001096646 A. However, the elements are not concentric
frames, and are arranged to shape the bottom of the tray, not the side walls as
in the present invention. Figure 1 of the reference reveals that the rectangular
tray still has the usual wrinkles in the corners. The wrinkling problem, or its so-
lution as conceived by the present inventors are not discussed or suggested in
JP 2001096646 A.

It is also possible that both the upper and the lower moulding tool are rigid
stepped workpieces shaping the tray at a single deep drawing step. By com-
bining the alternative structures, the apparatus according to the invention
would comprise a rigid stepped workpiece as an upper moulding tool and an
arrangement of a centerpiece and a plurality of surrounding movable frames
as a lower moulding tool.

For the approach of a plurality of consecutive working stations, the apparatus
according to the invention comprises a first set of moulding tools travelling
along a track, and a second set of moulding tools mounted at a number of
working stations beside the track, the tools of said first set carrying paper
blanks being moulded through the working stations and finished trays being re-
leased from the track at a tray collecting station, the respective moulding tools
of the first and the second set at each working station being movable in rela-
tion to each other and adapted to shape the blank from its opposite sides, by
forming a bottom and concentric steps to side walls of the tray one by one at
the consecutive working stations. The apparatus may comprise a rotatable tur-
ret with a first set of moulding tools circumferentially arranged, and a second
set of moulding tools mounted at a number of working stations along the pe-
riphery of the turret. The movement of the tools cooperating at each working
station is preferably radial in relation to the turret axis, the tools opposite to the
turret being retractable so as to free the blank to travel to the next working sta-
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tion. Preferably the moulding tools on the turret perimeter also serve to carry
the blank forward between the working stations.

The third aspect of the invention is a paper tray, which can be manufactured
by use of the method and/or the working tools according to the invention. The
tray comprises a bottom and upwardly expanding side walls around the bot-
tom, and characteristically for the invention, the side walls of the tray are
shaped to expand through a plurality of circumferential steps.

The paper used for the tray is typically polymer-coated paperboard or card-
board, preferably with a weight of 120 to 500 g/m2, more preferably of 170 to
350 g/m?. Generally, the height of each step of the side walls could be about 6
mm at most, preferably in the range of 3 to 6 mm, and more preferably in the
range of 3 to 4 mm.

Regardless of the paper material for the tray, the steps should be dimensioned
low enough for obtaining wrinkle-free side walls for the tray. For obtaining a
liquid- and gas tightly sealed tray package it is particularly important that any
wrinkles in the peripheral flange that forms the outermost step in the tray side
wall are avoided.

The paper tray according to the invention may have a rectangular, circular or
oval shape. In each instance the wrinkle and leaking problems afflicting prior
art trays and packages are avoided.

The fourth aspect of the invention is a product package comprising a paper
tray according to the third aspect as described in the above. Characteristic for
the package is that the tray comprises a bottom, upwardly expanding side
walls around the bottom, and a flat peripheral flange, that the side walls of the
tray are shaped to expand through a plurality of circumferential steps, and that
a lid is liquid- and gas-tightly heat-sealed to the flange of the tray.

The tray as well as the heat-sealed lid may be made of polymer-coated paper-
board or cardboard. Alternatively the lid may be a heat-sealed polymer film
cover. Within the invention, the specific embodiments of the tray as described
above similarly constitute specific embodiments of the product package as
such trays are employed thereto.
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The stepped configuration of the tray side walls set a practical limit to the
steepness of the side walls. For this reason the trays according to the inven-
tion are best suited for relatively flat or shallow tray-packages, which may be
used as consumer packages of ready-made foods, sliced cheese and meat
products, vegetables, chocolates etc., which correspond to the shape or nature
of the packed product, or where a good visibility of the product through a
transparent plastic cover is desirable.

Brief description of the drawings

Figures 1 to 4 are a schematic representation showing the consecutive steps
of a process for deep-drawing a paper tray between upper and lower moulding
tools. More particularly,

Figure 1 shows a paper blank positioned between the moulding tools at the
start of the process,

Figure 2 shows molding of a first step to the side walls of the tray being
formed,

Figure 3 shows molding of a second step to the side walls of the tray being
formed,

Figure 4 shows molding of a third and outermost step to the side walls of the
tray being formed,

Figure 5 shows a finished tray produced according to Figures 1 to 4, seen from
the upside,

Figure 6 shows the tray in cross-section along the line VI-VI in Figure 5,

Figure 7 shows a sealed product package comprising the tray of Figures 5 and
6, partially opened and with the products partially visible,

Figure 8 shows an alternative moulding process for the manufacture of paper
trays according to the invention, and

Figure 9 shows a modification of the process of Fig. 8.
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Description of the embodiments shown in the drawings

In the deep-drawing process according to Figs. 1 to 4 a flat rectangular blank 1
of polymer-coated paperboard is turned to a relatively shallow rectangular tray
4 between a pair of moulding tools 2, 3. Fig. 1 shows the initial position, the
blank 1 positioned between an upper moulding tool 2 and a lower moulding
tool 3. The upper moulding tool 2 has a rectangular centerpiece 2a, which is
surrounded by a series of concentric rectacular frames 2b, 2c, 2d, the center-
piece and the frames being movable in relation to the lower moulding tool 3
and in relation to each other. The centerpiece 2a faces to the bottom 4a of the
tray that is being formed. The frames 2b, 2c and 2d are facing to three concen-
tric steps 4b, 4c and 4d of the side walls of the tray being formed, the inner-
most frame 2b facing to the innermost step 4b, the middle frame 2c facing to
the middle step 4c, and the outermost frame 2d facing to the outermost step
4d. Opposite to the parts of the upper moulding tool 2, on the reverse side of
the tray being formed, the lower moulding tool 3 comprises corresponding
parts 3a—3d, namely a rectangular central area 3a surrounded by a series of
concentric rectangular frames 3b, 3¢ and 3d. The central area 3a is integral
with the innermost frame or zone 3b, recessed in relation thereto, while the
middle and outermost frames 3c, 3d are separate parts movable in relation to
the central part 3a, 3b and each other. Thus, opposite to the centerpiece 2a of
the upper tool there is a central area 3a of the lower tool, opposite to the in-
nermost frame 2b of the upper tool there is an innermost frame or zone 3b of
the lower tool, opposite to the middle frame 2c of the upper tool there is a mid-
dle frame 3c¢ of the lower tool, and opposite to the outermost frame 2d of the
upper tool there is a outermost frame 3d of the lower tool.

In the start position of the deep-drawing process as shown in Fig. 1 the parts
of the upper and the lower moulding tools 2, 3 are positioned level on both
sides of the blank 1. As the first step, the centerpiece 2a of the upper tool is
drawn downward to a snug fit with the recessed central area 3a of the lower
tool, as shown in Fig. 2. The bottom 4a and the innermost step 4b surrounding
the bottom are thereby formed to the blank 1. At the next step the innermost
part 3a, 3b of the lower tool and the centerpiece 2a and the innermost frame
2b surrounding the centerpiece of the upper tool are drawn downward to enter
the position shown in Fig. 3, the middle step 4c of the forthcoming tray are thus
formed to the blank. The last step, as represented by Fig. 4, comprises down-
ward movement of all the tool 2, 3 parts except the respective outermost
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frames 3d and 4d, to form the outermost step 4d to the tray, this outermost
step constituting a flat rim flange 4d to the finished tray 4. The upper and lower
moulding tools 2, 3 are then separated by sufficient reverse movement in rela-
tion to each other, to let the finished tray 4 be removed.

Instead of the integrated centerpiece 3a, 3b of the lower moulding tool, the
zone 3b surrounding the central area 3a could be a separate movable frame
similar to the movable middle and outer frames 3¢ and 3d, or the innermost
frame 2b of the upper moulding tool. In this instance the upper and lower
moulding tools would be identical, and level at the initial position of the pro-
cess. The first downward strike of the centerpiece 2a of the upper tool would
be accompanied by a corresponding downward movement of the centerpiece
3a of the lower tool, reaching a recessed position corresponding to that in Fig.
2.

Instead of the moulding tools 2, 3 consisting of movable parts 2a-2d, 3b-3d,
the upper and lower moulding tools may be designed as single pieces, their
respective overall configurations corresponding to the tool part positions in Fig.
4. Such rigidly constructed tools allow the tray being formed at a single deep-
drawing step.

Furthermore, the individual blanks 1 as shown in Fig. 1, cut to the size of the
tray, may be replaced by use of a continuous web of paper, which is being fed
between the upper and lower moulding tools 2, 3, and cut to individual trays 4
first after the moulding operation.

The finished tray 4 is shown from the upside and in cross-sectional side eleva-
tion in Figs. 5 and 6, respectively. Preferred material for the tray is paperboard
or cardboard of a weight of 170 to 350 g/m?, with a coating of heat-sealable
polymer such as polyolefin or polyester at least on the upside (inside) coming
into contact with a product. Preferably there is a polymer coating on both sides
of the tray.

The height of the steps 4b, 4c, 4d is preferably about 6 mm at most, more
preferably in the range of 2 to 6 mm. Steps as low as these can be formed by
deforming the board at the bends without wrinkling it at the corners of the rec-
tangular tray, as has happened in the prior art paper trays formed at a single
deep-drawing step. Also trays with a rounded overall form, circular or oval, can
be moulded without wrinkling in the stepped side walls and the outermost rim
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flange. A perfectly flat unwrinkled rim flange is thus achieved for rectangular as
well as rounded paper trays, allowing liquid- and gas-tight sealing of a lid to the
flange without the previous leak problems, or excessive use of coating polymer
to avoid any leakages.

According to the invention in general, the number of the steps 4b, 4c ... in the
side walls of the tray is at least two, while there is no upper limit. Three steps
as shown in the figures is suitable for shallow trays, useful for cold-cut food
packages. By increasing the number of steps the depth of the tray is increased
accordingly. The height and width of the steps may vary, and need not be the
same for each step. The outermost step 4d forming the rim flange may be wid-
er than the inner steps, to provide for secure heat-sealing of a covering lid. As
noted, the general form of the tray may be rectangular as in Figs. 5 and 6, with
slightly rounded corners as may be desirable to help avoiding the wrinkles, or it
may be circular or oval. Even unsymmetrical or otherwise irregular forms are
possible, and more than one tray-formed recesses may be worked to a single
item of paper according to the teachings of the invention, by use of the same
or different moulding tools, simultaneously or in sequence.

The tray 4 according to Figs. 5 and 6 is especially suited for use in sealed
product packages 5, such as the one shown in Fig. 7. A lid 6 of transparent
polymer film has been heat-sealed to the polymer-coated rim flange 4d of the
tray, to form a liquid and gas tight package 5. Fig. 7 shows the package partial-
ly opened, by peeling the lid from a lug in the corner, for access to the product,
typically cold cuts such as sliced meat or cheese 7 in this instance.

Due to the steps in the tray side walls being quite low, the overall form of the
trays will be shallow, suitable for packaging ready-made foods such as sliced
cheese, cold-cut meat (sliced ham and other charkurtery), fish, vegetables,
sweets etc. The tray is even useful for consumer packages of products other
than food. Instead of film, polymer coated board similar to that of the tray may
be used for a sealable lid. Covers of polymer film in particular need not be flat
but may be convex or adapt to the shape of the product, thus increasing the
volume of the finished package.

In Fig. 8 there is shown an alternative technique for forming trays 4 according
to the invention, in which a continuous web 8 of paper is cut to blanks, which
are travelling through a sequence of working stations and moulded into trays
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step by step at these stations. According to Fig. 8 the apparatus comprises a
rotatable turret 9 with radially movable moulding tools 10 along its perimeter,
their number depending on the number of working steps in the process. The
construction and working of each moulding tool 10 on the turret 9 correspond
to that described for the upper moulding tool 2 in connection with Figs. 1 to 4.
A number of rigid mould plates 11 mounted on radially retractable shafts 12 at
respective counterpositions are arranged along the periphery of the rotating
turret 9. At the consecutive working stations the concentric steps 4b, 4c, 4d of
the side walls of the tray 4 are formed one by one, from the innermost step to
the outermost step, while the blank carried by the turret 9 is travelling through
these stations.

At the first working station one of the moulding tools 10 of the turret 9 is coop-
erating with a peripherally located mould plate 11 having a recess 11a and a
surrounding frame 11b, designed to form the bottom 4a and the innermost step
4b surrounding the bottom of the tray being formed. The frame 11b is provided
with a cutting edge detaching a blank from the web 8, to be turned into a tray
in the moulding process. The tool 10, with its parts levelled, and the mould
plate 11 are brought into contact with the blank 8 on both sides, and the mov-
ing centerpiece 10a of the tool is drawn to a snug fit with the recess 11a of the
mould plate, to define the tray bottom 4a and form the innermost step 4b of the
tray side wall, while the blank is otherwise held in place by the frames 10b,
10c, 10 d and 11b of the tool 10 and the plate 11. Functionally this first working
step corresponds to the step described and shown in Fig. 2. After the strike of
the tool centerpiece 10a the mould plate 11 is retracted, as shown in Fig. 8, to
let the turret with the aid of suction means (not shown) carry the blank with the
freshly formed tray bottom to the second working station.

In the meantime, at the second working station a second step 4c is formed to
the side wall of a forthcoming tray, generally in the manner described and
shown in connection with Fig. 3. A moulding tool 10, which has already per-
formed the first moulding step at the first position and carried the blank to this
second station, contacts the blank from the tray upside and a rigid mould plate
11" having a recess 11°a with a circumferential step 11°b, is brought into con-
tact with the blank 8 from the underside, and the centerpiece 10a together with
the innermost frame 10b of the moulding tool 10 are drawn to a snug fit with
the mould plate 117, while an outer frame 11 c of the mould plate and the outer
frames 10c, 10d hold the blank in place. The mould plate 11" is then retracted
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as shown in Fig. 8, and the blank carried by the turret 9 will continue to the
third working station.

At the third working station a moulding tool 10 and a retractable mould plate
117" are designed and operated to form a third step 4d to the tray side wall in
an analogous manner. The mould plate 11" having a recess 11" 'a with two
circumferential steps 11°'b, 11" c is brought into contact with the blank under-
side, and the centerpiece 10a together with the innermost and middle frames
10b, 10c of the moulding tool 10 are drawn to a snug fit with the mould plate
117, while an outer frame 11°°d of the mould plate 11" and the outermost
frame 10d of the moulding tool 10 hold the blank in place. The mould plate 11"
is retracted as shown in Fig. 8, and the ready-moulded tray 4 is released from
the turret 9 and stacked at a final tray collecting station. The moulding tool 10
freed from the tray is retracted to the level position and returns to the first work-
ing station for repeating the working cycle.

Fig. 9 shows a modification of the process of Fig. 8, in which, by and large, the
positions of the moulding tool and the mould have been reversed, the turret 9
carrying rigid mould pieces 12 on its perimeter, and radially moving moulding
tools 13 being arranged at consecutive working stations along the periphery of
the rotating turret. Furthermore, instead of cutting the paper web 8 into blanks
at the first working station, the ready-moulded trays 4 are shown as being sep-
arated from the web first at the final collecting station.

The mould pieces 12 of the turret 9 have a protruding stepped configuration
corresponding the recessed upside of the paper trays 4 being produced. The
moulding tools 13 at the working stations each comprises a rigid centerpiece
14 and a surrounding frame 15, which is movable in respect of the center-
piece. The frames 15 are designed to form the concentric steps 4b, 4c, 4d of
the tray side walls one by one at the respective working stations.

At the first working station the overmost central area 12a of the mould piece 12
and the moulding tool 13, with the flat centerpiece 14a and the surrounding
frame 15b levelled, contact the paper web 8 from its opposite sides, and the
frame 15b is then driven against the first step 12b of the mould piece 12 to
form the tray bottom 4a and the innermost step 4b of the tray side wall. The
moulding tool 13 is then retracted to the position shown in Fig. 9, to let the tur-
ret 9 move the web to the second working station.
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In the meantime, at the second working station a moulding tool 13" has a rigid
framed centerpiece 14" having a configuration corresponding to the bottom
and the innermost step of the forthcoming tray and a movable frame 15°c. The
moulding tool 13°, with the frame 14°b of the rigid centerpiece 14" and the
movable frame 15°c levelled, is brought against the respective mould piece 12’
and the web therebetween, and the movable frame 15°c is driven against the
second step 12°c of the mould piece 12° to form the middle step 4c of the tray
side wall. The moulding tool 13" is then retracted as shown in Fig. 9, to let the
turret 9 move the web to the third working station.

At the third working station a mould piece 12" and a retractable moulding tool
13" are designed and operated to form a third step 4d to the tray side wall in
an analogous manner. The moulding tool 13", with an outer frame 14" "c of a
stepped centerpiece 14 and a movable frame 157°d leveled, is brought
against the respective mould piece 12" and the web therebetween, and the
movable frame 15°°d is then driven against the third step 12°°d of the mould
piece 12" to form the outermost step 4d of the tray side wall. The moulding
tool 137" is retracted as shown in Fig. 8, and the web carrying the ready-
moulded tray is separated from the turret 9 and cut to individual finished trays
4 stacked at the final collecting station. The mould piece 12 freed from the web
returns to the first working station for repeating the working cycle.

The processes shown in Figs. 8 and 9 may be modified so that instead of a ro-
tating turret the working stations are otherwise arranged, for instance beside a
linear track, while the first set of moulding tools, after release of the finished
trays, are returned via a parallel track back to the first station. With the working
stations arranged shoulder to shoulder, the web may be cut into trays first after
the moulding steps, according to the principle of Fig. 9, the uncut web helping
to steer the process without marked loss of web material.
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What is claimed is:

1. A method of manufacturing a board tray by deep-drawing, the method
comprising the steps of positioning a blank of paperboard or cardboard with a
weight of 120 to 500 g/m? between upper and lower moulding tools, and
moving the moulding tools in relation to each other, to form a tray bottom and
upwardly expanding side walls surrounding the bottom, wherein by
multiplication of side wall step forming at a single or a plurality of working
steps, the side walls of the tray are moulded to have a concentrically stepped
profile around the tray bottom, and wherein the side wall steps are
dimensioned to have a height of at most 6 mm so as to obtain wrinkle-free side

walls for the tray.

2. The method of claim 1, wherein at least one of the upper and lower moulding
tools comprises a plurality of concentric frames, which are movable in relation to
each other, the frames being brought to a stepped configuration to form the steps of
the tray side walls one by one.

3. The method of claim 2, wherein the concentric frames of one or both of the
moulding tools are moved to form the concentric steps of the tray side walls one by
one, proceeding from the innermost step to the outermost step.

4. The method of any one of claims 1 to 3, wherein the upper and the lower
moulding tools have a concentrically stepped configuration, so that moving
said tools in relation to each other lend a correspondingly stepped profile to the
side walls of the tray.

5. The method of claim 4, wherein both the upper and the lower moulding tools
comprise a plurality of concentric frames movable in relation to each other, to form
the side walls of the tray step by step.

6. “The method of claim 4, wherein the upper and lower mouiding tools are both
rigid stepped workpieces shaping the tray at a single moulding step.

CA 2867627 2020-02-18
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7. The method of any one of claims 1 to 3, using a first set of moulding tools

travelling along a track, and a second set of moulding tools mounted at a number of

working stations beside said track, the method comprising the steps of:

(a)

(b)

()

(d)

(€

®

(9)

(hy

supplying a blank of paperboard or cardboard web material between a
moulding tool of the first set and a moulding tool of the second set at a first
working station,

moving said moulding tools at the first working station in relation to each other,
to form a tray bottom and at least one step of upwardly expanding side walls
surrounding the bottom,

retracting said moulding tools,

forwarding the moulding tool of said first set, together with the blank being
moulded, to a second working station and aligning said tool with a working tool
of said second set,

moving the moulding tools aligned at the second working station in relation to
each other, to form at least one further step of upwardly expanding side walls
of the tray, and retracting said moulding tools,

repeating steps (d) and (e) at one or more further working stations, to obtain a
tray with a plurality of concentric steps in the tray side walls surrounding the
tray bottom,

releasing the finished trays at a tray collecting station, and

returning said moulding tool of said first set to the first working station.

CA 2867627 2020-02-18
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8. The method of claim 7, wherein said first set of moulding tools are carried by a
rotatable turret and said second set of moulding tools are mounted at working
stations along the periphery of the turret.

9. The method of claim 8, wherein the concentrical steps of the tray side walls are
formed one by one at the consecutive working stations along the periphery of the
turret.

10. The method of any one of claims 7 to 9, wherein the paperboard or cardboard
is supplied as a continuous web and cut to blanks at the first working station.

11. The method of any one of claims 1 to 10, wherein the paperboard or cardboard
has a weight of 170 to 350 g/m?.

12. An apparatus for deep-drawing a board tray from a paperboard or cardboard
blank, comprising upper and lower moulding tools, which are movable in relation to
each other and adapted to shape the blank from its opposite sides, both the upper
and the lower moulding tool comprising a central area and a plurality of concentric
zones around the central area in a stepped configuration, to lend a correspondingly
stepped profile to the side walls of the tray being formed, wherein each of the side
wall steps is dimensioned to have height of at most 6 mm so as to obtain wrinkle-
free side walis for the tray.

13. The apparatus of claim 12, wherein both the upper and lower moulding tools
comprise a centerpiece and a plurality of concentric frames, which are movable in
relation to the centerpiece and to each other, to form the stepped side walls of the
tray.

14. An apparatus for deep-drawing board trays from paperboard or cardboard web
material, comprising a first set of moulding tools travelling along a track, and a
second set of moulding tools mounted at a number of working stations beside said
track, the tools of said first set carrying paper blanks being moulded through the
working stations and finished trays being released from the track at a tray collecting

CA 2867627 -2020—02—18
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station, the respective moulding tools of the first and the second set at each working
station being movable in relation to each other and adapted to shape the blank from
its opposite sides, by forming a bottom and concentric steps to side walls of the tray
one by one at the consecutive working stations, each of said steps being

5 dimensioned to have height of at most 6 mm so as to obtain wrinkle-free side walls
for the tray.

15. The apparatus of claim 14, wherein said first set of moulding tools are carried

by a rotatable turret and said second set of moulding tools are mounted at working
10  stations circumferentially along the periphery of the turret.

CA 2867627 2020-02-18
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