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DESCRIPTION
Field of the invention

[0001] This invention relates to a method and an apparatus for deep-drawing a tray from sheet 
material. Such trays are useful as disposable tableware or as a part of a heat-sealed product 
package especially for food.

Description of related art

[0002] Packaging trays are extensively used for packages of fresh or readymade foods. Trays 
are made of fibrous materials such as polymer-coated paperboard or cardboard, or metal such 
as aluminum, and closed with a heat-sealed polymer film or a lid of polymer-coated board. 
Polymer coating is provided for turning the material liquid- and gas-tight as well as for heat­
sealability. 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 rather stiff packaging tray.

[0003] For manufacturing a tray by deep-drawing, a blank of sheet material is positioned 
between a male and a female moulding tool, and the moulding tools are then moved in relation 
to each other, to form the tray, which has a bottom and upwardly expanding side walls 
surrounding the bottom.

[0004] Major problems in turning blanks into trays are tearing of the sheet material during 
deep-drawing as well as management of wrinkling of the board as the tray is being formed. 
Wrinkling is a handicap of materials, particularly paper, board and metals, which have limited 
plasticity and adaptability to shaping in the process. 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.

[0005] There is prior art aiming at avoiding the wrinkles altogether. Another approach is to 
allow wrinkling, but control it by means of premade score lines, which determine the location of 
the bends forced upon the material as it is drawn to the shape of a tray. However, in the 
present deep-drawing processes wrinkling of the material tends to be irregular, producing trays 
which have an aesthetically unsatisfactory appearance.

[0006] 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 container has produced 
corrugations (wrinkles) extending from the corner sidewalls to the rim flange of the tray. A film 
cover been heat-sealed to the rim flange to provide a leakproof package.

[0007] US 4,026,458 shows a rectangular container deep-drawn from a polymer-coated 



DK/EP 3209482 T3

paperboard blank, wrinkled to have pleated folds in the corner sidewalls and rim flange of the 
container. The moulding tools for deep-drawing include 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 container.

[0008] EP 1 115 572 B1 is dealing with the potential leaking problem of sealed packages 
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 reference suggests use of a coating layer of 
a minimum thickness able to smooth any unevennesses in the corners and thereby avoid leaks 
through the wrinkles.

[0009] Fl application 20125304 teaches solving the wrinkle problem by multiplication of side 
wall step forming at a single or a plurality of working steps, thus moulding the side walls of the 
tray to have a concentrically stepped profile around the tray bottom. The aim is to avoid 
wrinkling of the material altogether.

[0010] US 4,246,223 teaches control of wrinkling by providing the board material with premade 
score lines, which retract and close up as a blank of the material is turned to a tray. According 
to this reference score lines may be done by cutting or laser means.

[0011] Afurther problem of prior art moulding tools is that as the size of the tray is varied, each 
size requires tools of its own, without adaptability to e.g. different depths of the tray. The same 
applies to the thickness of the sheet material being used; changing the material thickness 
forces a change of the working tools also.

[0012] In the prior art WO 2010/018306 describes a moulding tool system, in which the depth 
of a board based container may be changed by detachably attaching to the mould cavity of the 
female moulding tool an insert, which forms a new bottom for the cavity and thus reduces the 
cavity depth and the depth of the container being formed accordingly. Further moulding tools 
are known from EP 0 082 209, JP 2004 154959 and EP 2 764 991.

Objects and summary of the invention

[0013] The present invention is aimed at improving management of wrinkling of the sheet 
material by way of a novel method and apparatus for forming a tray by deep-drawing. The 
method according to the invention comprises

1. (i) providing the sheet material with score lines transversally to the circumference of the 
tray being formed,

2. (ii) bringing the scored sheet material between a female moulding tool, which comprises 
a cavity for forming the tray bottom outwardly, and a male moulding tool, which 
comprises a plunger for forming the tray bottom inwardly,

3. (iii) clamping the sheet material along said circumference of the tray by means of the 
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female and male moulding tools, to hold the material during the deep-drawing step, and 
characterized by the step of

4. (iv) moving the plunger with respect to the cavity for forming the bottom of the tray and 
thereby finishing the tray, while between the cavity bottom and the clamp interface the 
male moulding tool is kept laterally distanced from the sheet material, to let the score 
lines determine wrinkling of the sheet material forming the side wall of the tray in an 
open space provided by the laterally distanced male moulding tool, said space being 
located inside of the tray side wall being formed.

[0014] The apparatus according to the invention, for deep-drawing a tray from sheet material, 
comprises

1. (i) means for providing the sheet material with score lines,
2. (ii) a female moulding tool, which comprises a cavity for forming the tray bottom 

outwardly,
3. (Hi) a male moulding tool, which comprises a plunger for forming the tray bottom 

inwardly, the plunger being movable with respect to the cavity for forming the tray, and
4. (iv) clamps with an interface for holding the sheet material and forming a tray rim flange,

characterized in that within a vertical span between the cavity bottom and the clamp interface 
the male and female moulding tools are laterally distanced from each other to provide an open 
space to let the score lines determine wrinkling of the sheet material forming the side wall of 
the finished tray.

[0015] According to the invention control of wrinkling in the tray side walls is improved by 
distancing between the cavity bottom and the clamp interface at least one of the male and 
female moulding tools laterally from the sheet material, so as to allow free forming of the side 
wall of the tray. For instance, the male moulding tool may comprise spacer plates positioned 
behind the plunger and laterally distanced from the sheet material and thus leave free open 
space inside of the tray side wall being formed. Preferably both the male and the female 
moulding tools are laterally distanced from the sheet material so as to leave free open space to 
both sides of the tray side wall being formed.

[0016] The advantage of the above embodiments is that the surfaces of the moulding tools are 
not snugly fitted to the thin sheet material as usual, hampering constriction of the sheet 
material and emergence of the wrinkling, and even forcibly stretching the material with a risk of 
tearing, but the open space allows the sheet material to adapt to moulding without being 
forced. As regards the wrinkles the open space allows them to form freely, without 
compression producing an irregular and unaesthetic appearance as is the case with tightly 
fitted moulding tools according to the prior art.

[0017] Use of spacer plates to distance the male moulding tool from the sheet material also 
allows adjustment of the position of the plunger in respect of the female moulding tool. By 
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making even the cavity of the female moulding tool adjustable, the depth of the tray that is 
being formed may be varied.

[0018] According to an embodiment of the invention the female moulding tool has a cavity 
bottom plate, which can be raised by means of spacer plates installed below said bottom plate. 
The depth of the tray may thus be increased by adding spacer plates to the male moulding tool 
and by removing spacer plates from the female moulding tool, i.e. from below the bottom plate, 
accordingly. Naturally, the opposite shall be done when the depth of the tray is decreased.

[0019] According to another embodiment of the invention in the female moulding tool at least 
one screw is provided to adjust the distance to the clamp interface. Such a screw thus replaces 
the above-mentioned spacer plates below the bottom plate. The screw may connect the cavity 
bottom to a clamp on the underside of the tray rim flange. In this way the apparatus may be 
easily and precisely adapted to small differences in the thickness of the sheet material without 
a need of adding or removing any parts from the construction.

[0020] The score lines are preferably produced by pressing the sheet material. Pressing does 
not weaken the material or break a polymer coating needed to provide a liquid and gas barrier. 
If such properties are not a priority, however, the score lines may also be produced by 
mechanical or laser cutting.

[0021] Useful materials for the tray include fibrous materials such as paper, paperboard and 
cardboard, preferably provided with an extruded coating of a heat-sealable polymer. Multilayer 
coatings of different polymers may be provided for optimizing heat-sealing and liquid and gas 
barrier properties. Suitable coating polymers include polyethylene (PE) and polypropylene (PP) 
for heat-sealability, and polyethylene terephthalate (PET), ethylene vinyl alcohol copolymer 
(EVOH) and polyamide (PA) for a barrier. PET is even the polymer of choice for ovenability of a 
food package. Further suitable materials for the tray include metals such as aluminum, metal- 
foiled paper or board, and metal/polymer composites. Metal is useful for providing an effective 
barrier and for ovenability also. A composite of metal (aluminum) and PET layers adds heat­
sealability while preserving ovenability due to the high melting temperature of PET.

[0022] The thickness of the sheet material used in the invention may be varied without needing 
to change or modify the moulding tools. For fiber-based materials the weight of the material 

may be in the range of 50 to 1000 g/m2, preferably 100 to 600 g/m2, and more preferably 170 

to 450 g/m2.

[0023] The invention is applicable to the production of deep-drawn trays for various purposes. 
The uses include disposable tablewear, and in particular trays of various depth for food 
packages, which are closed with a heat-sealed lid. The lid may be of polymer film, polymer- 
coated paper or board, or metal/polymer composite. The sealing polymer may be selected for 
easy peelability of the lid as the package is opened.

Brief description of the drawings
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[0024] The invention is illustrated by way of examples depicted in the drawings, in which

Fig. 1
shows an apparatus according to the invention in an exploded view,

Fig. 2
shows a blank of sheet material drawn to a tray in the apparatus of fig. 1,

Fig. 3
shows a deep-drawn tray and parts of the apparatus according to another embodiment 
of the invention,

Fig. 4
shows a deep-drawn tray and parts of the apparatus according to a third embodiment of 
the invention,

Figs. 5
and 6 show blanks of sheet material provided with pressed score lines, and

Fig. 7
shows a rectangular tray formed by deep-drawing from the blank of Fig. 5.

Detailed description

[0025] The apparatus shown in the figures forms a packaging tray 1 from a blank of sheet 
material 2 by a deep-drawing operation. The sheet material may be uncoated board or paper, 
polymer coated board or paper, metal-foiled board or paper, possibly with an additional coat of 
polymer, metal, or a composite of metal and polymer.

[0026] Blanks of sheet material 2 are shown in Figs. 5 and 6. The blank 2 of Fig. 5 is a flat 
rectangular piece of material, suitable for forming the rectangular tray 1 according to Fig. 7. 
The blank 2 of Fig. 6 is a flat oval piece of material, suitable for forming an oval tray. The 
blanks are provided with pressed score lines running transversally to the circumference of the 
blank. The rectangular blank of Fig. 5 has score lines in the corners only, whereas the oval 
blank of Fig. 6 has score lines spread over its entire periphery. The pressing operation needed 
to produce the score lines is known from prior art, and is not described in detail herein.

[0027] An alternative way of producing score lines to the blanks of sheet material is 
mechanical or laser cutting, which is controlled so as to carve the material locally without 
puncturing it.

[0028] The apparatus as seen in figs. 1 and 2 comprises as its main parts a female moulding 
tool 3 for shaping the tray from its outside, a male moulding tool 4 for shaping the tray from its 
inside, and clamping means 5 for holding the blank of sheet material during the deep-drawing
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operation and forming a rim flange to the tray.

[0029] The female moulding tool 3 comprises a frame 6 with a cavity 7, which generally 
corresponds to the shape of the tray 1 being formed. In the embodiment shown in figs. 1 and 2 
there is a separate bottom plate 8 installed in the cavity 7, which may be raised by means of 
spacer plates 9 for reducing the depth of the tray being formed. The spacer plates 9 may be 
removed, however, so that the bottom plate 8 will be level with the bottom of the cavity 7, so 
that the shape and the depth of the tray 1 are determined by the frame 6 alone.

[0030] Below the frame 6 of the female moulding tool 3 there is provided a heating unit 10.

[0031] The male moulding tool 4 comprises a plunger plate 11 for forming the bottom of the 
tray 1 from its inside, a body part 12, which is movable with respect to the female moulding tool 
3, which is preferably held stationary during the deep-drawing operation. A number of spacer 
plates 13 has been positioned between the plunger plate 11 and the body part 12 in order to 
distance the former from the latter. By vertical movement of the male moulding tool 4 the 
plunger plate 11 presses the blank 2 of sheet material into the cavity 7 of the female moulding 
tool 3, to adapt the material to the shape determined by the bottom plate 8 and the side walls 
of the cavity.

[0032] A specific feature of the spacer plates 13 of the male moulding tool 4 is that they are 
narrower that the horizontal cross-section of the tray 3, so that a free space 14 surrounding the 
pack of plates 13 is left between the plates and the tray side walls being formed. In this way 
free forming of the tray side walls is allowed, with controlled wrinkling at the corners of the tray 
and avoidance of tearing of the sheet material.

[0033] The clamping means 5 comprise frames 15, which surround the body part 12 of the 
male moulding tool 4 and are vertically movable independently of the latter. In the embodiment 
of figs. 1 and 2 the frames 15 form an upper clamping tool, whereas the frame 6 of the female 
moulding tool 3 serves as a lower clamping tool. The clamping tools 15, 6 have a mutual 
interface, which holds the rim of the blank 2 in place during the clamping operation and thus 
forms a flat rim flange to the tray 1 being formed.

[0034] The apparatus of figs. 1 and 2 is worked by first adjusting the location of the bottom 
plate 8 of the female moulding tool 3 to correspond to the desired depth of the tray 1 by 
installing a corresponding number of spacer plates 9 therebelow. Then a pre-scored blank 2 of 
sheet material is brought between the female and male moulding tools 3, 4, which together 
with the clamping means 5 stand distanced from each other. The clamping frames 15 are then 
brought against the frame 6 of the female moulding tool 3 so as to clamp the rim of the blank 2 
into place for the deep-drawing operation. Finally the body part 12 of the male moulding tool 4, 
together with the plunger plate 11 and spacer plates 13, is moved downwards with the plunger 
plate entering the cavity 7 and pressing the blank 2 against the bottom plate 8 of the female 
moulding tool 3. The bottom of the tray 3 will conform to the form of the plunger plate 11, while 
the sides of the tray have room to form freely and achieve evenly formed wrinkling without
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unseemly compressions and fractures.

[0035] The embodiment of fig. 3 is a simplification of that of fig. 2 in that there are no separate 
bottom plate and spacer plates in the female moulding tool 3, but the cavity 7 in the latter alone 
determines the overall shape and depth of the tray 1 that is being formed. The plunger plate 11 
and spacer plates 13 of the male moulding tool 4 are similar to those in figs. 1 and 2. The 
same applies to the clamping means 15 as well.

[0036] The embodiment of fig. 4 comprises a male moulding tool 4 and upper clamping means 
similar to those in the previous embodiments of figs. 2 and 3. The female moulding tool 3 is 
different, however. There is a bottom frame part 16, which has a cavity 7 shaped to correspond 
to the bottom of the tray 1 being formed. A lower clamping frame 17 is connected to the bottom 
frame part 16 through threaded screws 18, which are used to precisely adjust the distance 
between the parts 16, 17 and thereby the depth of the finished tray 1. A further significant 
feature is that there is ample free space on both sides of the tray side walls, thus enhancing 
the room for free forming of the side walls.
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Patentkrav

1. Fremgangsmåde til at dybtrække en bakke (1) fra arkmateriale (2) valgt fra en 

gruppe bestående af papir, pap, karton, polymer-coatet papir eller karton, 

metalfoliebelagt papir eller karton, metal og en komposit af metal og polymer, 

idet fremgangsmåden omfatter trinnene:

(i) at forsyne arkmaterialet med kærvlinjer tværgående af omkredsen af 

bakken, der dannes,

(ii) at indsætte det kærvede arkmateriale mellem et hun-støbeværktøj (3), 

som omfatter et hulrum (7) til at danne bakkebunden udadtil og et han- 

støbeværktøj (4), som omfatter en trykstang (11) til at danne 

bakkebunden indadtil,

(iii) at fastklemme arkmaterialet langs nævnte omkreds af bakken ved 

hjælp af hun- og han-støbeværktøjerne (3, 4), til at holde materialet (2) 

under dybtrækningstrinnet, og hvor fremgangsmåden er kendetegnet ved 

trinnet

(iv) at bevæge trykstangen (11) i forhold til hulrummet (7) til at danne 

bunden af bakken og derved færdiggøre bakken, mens, mellem bunden af 

hulrummet og klemmefladen, han- støbe værktø jet holdes lateralt med 

afstand fra arkmaterialet, for at lade kærvlinjerne bestemme foldedannelse 

af arkmaterialet, der danner sidevæggen af den færdige bakke i et åbent 

rum tilvejebragt af det lateralt med afstand anbragte han-støbeværktøj, 

idet nævnte rum er placeret inden i bakkesidevæggen, der dannes.

2. Fremgangsmåde ifølge krav 1, kendetegnet ved at både han- og hun- 

støbeværktøjet (3, 4) er med afstand fra arkmaterialet (2) for at efterlade ledigt 

åbent rum til begge sider af bakkesidevæggen, der dannes.

3. Fremgangsmåden ifølge et hvilket som helst af de foregående krav, 

kendetegnet ved at afstanden mellem bunden af hulrummet og klemmefladen 

tilpasses til at svare til en valgt dybde af bakken (1).

4. Fremgangsmåde ifølge krav 3, kendetegnet ved at den vertikale position af 

bunden af hulrummet tilpasses ved hjælp af mindst en skrue (18), der forbinder 

bunden af hulrummet til en klemme (17) på undersiden af bakkekantflangen.
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5. Fremgangsmåde ifølge krav 3 eller 4, kendetegnet ved at han- 

støbeværktøjet (4) har en trykstangsplade (11) til at danne bakkebunden indadtil, 

og at afstandsplader (13) indsættes til at tilpasse den vertikale position af 

trykstangspladen.

6. Fremgangsmåde ifølge krav 5, kendetegnet ved at nævnte afstandsplader

(13) er lateralt med afstand fra arkmaterialet (2) for at efterlade ledigt rum inden 

i bakkesidevæggen, der dannes.

7. Fremgangsmåde ifølge krav 5 eller 6, kendetegnet ved at hun- 

støbeværktøjet (3) har en hulrumsbundplade (8), hvis vertikale position tilpasses 

ved hjælp af afstandsplader (9).

8. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, 

kendetegnet ved at kærvlinjerne skabes ved at presse arkmaterialet.

9. Apparat til at dybtrække en bakke (1) fra arkmateriale (2) ved at anvende 

fremgangsmåden ifølge et hvilket som helst af de foregående krav, idet nævnte 

apparat omfatter

(i) middel til at forsyne arkmaterialet (2) med kærvlinjer,

(ii) et hun-støbeværktøj (3), som omfatter et hulrum (7) til at danne 

bakkebunden udadtil,

(iii) et han-støbeværktøj (4), som omfatter en trykstang (11) til at danne 

bakkebunden indadtil, idet trykstangen er bevægelig i forhold til hulrummet 

for at danne bakken, og

(iv) klemmer (6, 15) med en flade til at holde arkmaterialet (2) og at 

danne en bakkekantflange, mens

(v) hun-støbeværktøjet (3) har en hulrumsbundplade (8) og afstandsplader

(9) er tilvejebragt til at tilpasse den vertikale position af nævnte 

bundplade,

kendetegnet ved at, inden for en vertikal spændevidde mellem bunden af 

hulrummet og klemmefladen er han- og hun-støbeværktøjerne (3, 4) lateralt med 

afstand fra hinanden for at tilvejebringe et åbent rum til at lade kærvlinjerne 

bestemme foldedannelse af arkmaterialet, der danner sidevæggen af den færdige
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bakke (1).

10. Apparat til at dybtrække en bakke (1) fra arkmateriale (2) ved at anvende 

fremgangsmåden ifølge et hvilket som helst af de foregående krav 1 til 8, idet 

nævnte apparat omfatter

(i) middel til at forsyne arkmaterialet (2) med kærvlinjer,

(ii) et hun-støbeværktøj (3), som omfatter et hulrum (7) til at danne 

bakkebunden udadtil,

(iii) et han-støbeværktøj (4), som omfatter en trykstang (11) til at danne 

bakkebunden indadtil, idet trykstangen er bevægelig i forhold til hulrummet 

til at danne bakken, og

(iv) klemmer (6, 15) med en flade til at holde arkmaterialet (2) og at 

danne en bakkekantflange, kendetegnet ved at, inden for en vertikal 

spændevidde mellem bunden af hulrummet og klemmefladen er han- og 

hun-støbeværktøjerne (3, 4) lateralt med afstand fra hinanden for at 

tilvejebringe et åbent rum til at lade kærvlinjerne bestemme foldedannelse 

af arkmaterialet, der danner sidevæggen af den færdige bakke (1), og ved 

at han-støbeværktøjet (4) har en trykstangsplade (11) til at danne 

bakkebunden indadtil, og afstandsplader (13) er blevet tilvejebragt til at 

tilpasse den vertikale position aftrykstangspladen.

11. Apparat ifølge krav 10, kendetegnet ved at afstandspladerne (13) er lateralt 

med afstand fra arkmaterialet (2) for at efterlade ledigt rum (14) inden i 

bakkesidevæggen, der dannes.
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Fig. 3

Fig. 4
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Fig. 5

Fig. 6


