WO 03/ 041886 PCT/ SE02/01689 1 A nethod of bending netal roofing sheets and
a bendi ng apparatus. Technichal area This invention relates to a bending
appar at uswbas/omssal sheets with upstandi ng edges and to @CmsSElpOlced

bendi ng netal sheets that have upstanding flat edges ending w th beads.
Background techni que A met hod of cl adding a roof with netal sheet is the

st andi ng, sea i nywhi ch .eel ts ve ., u standl n

| ongi tu {p},ﬁg Bﬁzﬂr}j'ﬁ@ ﬂe@ﬁbn&s a#ﬁ Qﬁﬁ?%@#%
rolled tlght The seans are so high that there coul d never be so nuch water
on the roof that the water could reach the upper ends of the seans. The
seans could for exanple be 8 cmhigh and, usually, full length sheets are
used at, there are no transverse joints. This nethod is not used for
cupol a‘ﬁ‘%ﬁ\"%h%‘?é'f* Rer or not they have constant or varied bending radius
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sheets may steel, alumnium zink, or copper. (bject I n entlon I t
s an dgjaemetmn erheridmgame‘talrshe@tq)ﬂwha%e apbfandlngg‘laimeatammg)wﬂhbeads
sheets with upstandi ng edges and in particul ar such an apparatus that
permts for a variable bending radius, and to provide a nethod for bendi ng

a met EBacS{yrehan‘tébhh elpstanding flat edges ending with beads and in
particul ar a met hod bending a sheet with a radius that varies along the
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rol 1l NGedifeets have upstanding longitudinal edges that end with snap-on beads. The beads

may then be rolled tight. The seams are so high that there could never be so much water
on the roof that the water could reach the upper ends of the seams. The seams could for
example be 8 cm high and, usually, full length sheets are used so that there are no
transverse joints. This method is not used for cupola roofs whether or not they have
constant or varied bending radius since the roofing sheets must then be bent before they
are mounted.

The sheets may be of steel, aluminium, zink, or copper.

Object of invention

It s an object of the invention to provide a bending apparatus for metal sheets with
upstanding edges and in particular such an apparatus that permits for a variable bending
radius, and to provide a method for bending a metal sheet that has upstanding flat edges
ending with beads and in particular a method of bending a sheet with a radius that varies
along the length of the sheet. This is accomplished principally in that, without rolling the
beads, one rolls the flat edges gradually thinner towards the beads, and in particular in
that one varies the thinning.

The invention is defined by the claims.

Brief description of the drawings
» Figure 1 shows, in a cross-sectional view, the rolling unit of a bending apparatus.



beads, one rolls the flat edges gradually thinner towards the beads, and in
particular in that one varies the thinning. The invention is defined by

t he cl ai nwo 03B#ised description of the drawings Figure 1 POOSEN2/0108A
cross-sectional view, the rolling unit of a bending apparatus. WO 03/ 041886
PCT/ SE02/ 01689 2 Figure 2 shows, on2a |larger scale and in cross section,
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of an illustrated and preferred enbodinment In figure 1, the rolling Unit in

a bendi ng 4pparatus is shown during the rolling of a netal roofing sheet
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two adj aCﬁg‘ﬁresheets can be snapped together and if necessary al so then be

rolled sealed. The flat parts of the edges 11,13 are cl anped between two
rolls 15,16 and 17,18 respectively i two rolling devices 19, 20. The

rolli i.J: .cO ' ] ' LRsthe formof guide rails
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roofing sheet 10 with upstanding edges 11,13 that end in beads12,14 as can best be

seen in figure 2. One of the beads is larger than the other so that the beads of two

adjacent sheets can be snapped together and if necessary also then be rolled sealed.

The flat parts of the edges 11,13 are clamped between two rolls 15,16 and 17,18

respectively i two rolling devices 19,20.

The rolling unit comprises a frame 30 with guides in the form of guide rails 31,32 and
33,34 respectively for the two rolling devices 19,20. Since the two rolling devices, each
one for rolling an upstanding edge 11,13, are similar, only the rolling device 20 is
described in detail. It has a frame 35 that is slidably carried and guided by the guide rails
33,34. The frame 35 can be moved along the guide rails by means of a ball screw 36. The
frame 35 carries slidably on a guide 37 a bearing housing 38 in which an inner bearing
part 39 is turnable. An axle 40 for the roll 17 is journaled in this bearing part 39. The
bearing part 39 is turnable in the bearing housing 38 by means of a ball screw 41 and the
bearing housing 38 is movable along the guide 37 by means of a ball screw 42. The roll
18, the counter roll, is journaled in a housing 43, the position of which is adjustable by

means of a ball screw 45.

Besides the illustrated rolling unit, the bending apparatus comprises an input unit with
powered feeding-in rollers and an output unit also having powered rollers. These two units

are conventional and are therefore not illustrated.

By angular adjustment of the rolls 15,16 by means of the ball screw 41, one may roll the
edges 11 and 13 gradually thinner towards their beads 12 and 14, which makes the outer

parts of the edges longer and bends the sheet. Surprisingly, the sheet will bend although



described in detail. It has a frame 35 that is slidably carried and gui ded
by the guide rails 33,34. The frane 35 can be noved along the guide rails
by means wD oa/obsBé screw 36. The frane 35 carries slidablPgTsRoz0gss de 37 a
bearing housing 38 in which an inner bearing part 39 is turnable. An axle
40 for the roll 17 is journaled in thi3s bearing part 39. The bearing part
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the pgeyitt 98 vafiodd\éhsstthRkRESsHEsNg housing of the rolling device 19. VWen
one wants a sheet with a varying radius of bending along its |ength, one

can carry out these adjustnents during the rolling. The ball screws can be
contr %Iylaecﬁiustf%gq}?é Pcina86h ro?ltﬁee%llg}(s 15,17 so that they roll the edges 11 and 13

thinner towards the edge base, one can also make the sheet bend somewhat upwards,
but in order to get a bigger bending upwards, one must roll also the flat middle portion of
the sheet. Such a rolling unit can be added to the machine for that purpose.

The rolling devices 19,20 can be moved along the guides 31-34 during the rolling so that
one may roll roofing sheets of the kind shown in figures 3-6 having varying width. Such
sheets are adapted for example for cupola roofs. Sheets having bow-formed sides with a
constant radius are adapted for cupola roofs having constant radius of their bows
whereas sheets having bow-formed sides with a varying radius are adapted for cupola
roofs having varying radius of their bows. It is possible to bend sheets with a bending
radius that varies along their length. Sometimes it will also be necessary to bend sheets
of the kind shown in figure 3 which have their one side convex and their other side

concave.

During the bending of a sheet, one controls the ball screws 36 so that the bending
apparatus is continuously adapted to the change of the width of the sheet. The ball
screws 41 and 42 are simultaneously controlled so that the bending is adapted to the
change of width in accordance with algorithms defined for the form of sheet, that is, in

accordance with a predefined schedule.



a conputer. The programm ng can be carried out based on experience and fine
adj ustnment can be carried out in a test rolling. In this way one may nake
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screw, one can adjust the device to various sheet thicknesses. By
adjusting the inclination of the rollgrs 15,17 so that they roll the edges
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radi us of their bows whereas sheets having bowfornmed sides with a varying
radi us are adapted for cupola roofs having varying radius of their bows.
It is possible to bend sheets with a bending radius that varies al ong
their length. Sonmetinmes it will also be necessary to bend sheets of the
kind shown in figure 3 which have their one side convex and their other
side concave. During the bending of a sheet, one controls the ball screws
36 so that the bending apparatus is continuously adapted to the change of
the width of the sheet. The ball screws 41 and 42 are sinmultaneously
controlled so that the bending is adapted to the change of width in
accordance with algorithnms defined for the formof sheet, that is, in
accordance with a predefined schedul e.



WD 03/ 041886 PCT/ SE02/ 01689 4 Instead of conmpul sory controlling the
rolling devices 19,20 along the guides 31-34, one can have the rolling
devi ces fweaBgp4msewabl e al ong the guides so that they are guirded/engss t he
upstandi ng edges of the sheet. A bal anced pneunatic device may be provided
to initially set the positions of thg rolling devices on the guides and
then have the sheet edges guiding their positions on the guides. WO

03/ 041886 PCT/ SE02/01689 5 Cains 1. A nethod of bending netal roofing
sheet@jafrh@) that have upstanding flat edges (11,13) ending with beads
(12,13) characterised in that, without rolling the beads (12,13) one rolls
the flat edges (11,13) gradually thinner towards the beads. 2. A nethod
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sheet. 4. @1[%Q'Q}Qdéﬁﬁpt"hﬂ{d%gté\ﬁ%ﬂsarh@b%ad@ar acterised in that, during the
rolling, one’varies he angl e between the axes of the rolls follow ng a
predet er m ned schedul e.
2. A method according to claim 1, characterised in that one rolls the flat edges

(11,13) thinner without thinning the beads.

3. A method according to claim 1 or 2, characterised in that one rolls each edge
(11,13) between two rolls (15,16 and 17,18 resp.) and during the rolling varies the
angle between the two axes of the rollers so as to vary the bending radius of the

sheet.

4. A method according to claim 3, characterised in that, during the rolling, one varies

the angle between the axes of the rolls following a predetermined schedule.

5. A bending apparatus for bending metal sheets with upstanding edges,
characterised by, for each edge, a rolling device (19,20) with a pair of rolls (15,16
and 17,18 respectively) for rolling the edge between them, a device (42) for
adjusting the rolling force, and a device (40,41) for adjusting the angle between the

axes of the rolls.

6. A bending apparatus according to claim 5, characterised in that the rolling
devices (19,20) are movably carried by a frame (30) so as to be movable towards
and away from each other along guides (31-34) for adjustment to the width of the

sheet.

7. A bending apparatus according to claim 5, characterised in that the rolling
devices (19,20) are guided sideways by the upstanding edges of the sheet for
adaptation to the width of the sheet.



5. A bendi ng apparatus for bending netal sheets w th upstandi ng edges,
characterised by, for each edge, a rolling device (19,20) with a pair of
rolls (15yv0®3/0&x386 17, 18 respectively) for rolling the edgeChsEorenst hem a
device (42) for adjusting the rolling force, and a device (40,41) for
adjusting the angle between the axesgof the rolls. 6. A bending apparatus
according to claim5, characterised in that the rolling devices (19, 20)
are nmovably carried by a frame (30) so as to be novable towards and away
from eagh R4k sphraiisdRToldiAg 3 hnj Sheadtiihes EIBRNS 5t0 dHaravtstisedin thae
sheet. 7. A bendi'ng apparatus accor di ng to claim5, characterised in that
the rol i rifje deidesdor adjastrogntnfangle ged reliing pegssurs COMPriap PalBerews edges of
t he sheet r,madapt af i e wdth of the sheet. W) 03/041886
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5-7, characterised in that the devices for adjustnent of angle and rolling
pressure conprise ball screws  (41,42) controlled b tors. 9, A bendi.ng
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characterised in that the rolling devices (19,20) are freely novable

>! demy%OSR baesnd%n% égga{rgmstahceco%}ﬁgtto a%?%%se'of the claims 5-9, characterised in that

the rolling devices (19,20) are freely movable sideways so as to follow the sheet

edges.



