D 8 SEP 20% METHOD AND APPARATUS FOR LONG TUDI NALLY CURVI NG LONG TUDI NAL
SHEETS HAVI NG TWDO OPPCSI TE FLANGES The invention relates to a nethod for

| ongitudinally curving a |longitudinal nmetal sheet having a su@ztgég

flat portion with two opposite flanges along its sides. The in 0
relates to an apparatus for longitudinally curving a |ongitudinal netal
sheet having a substantially flat portion with two opposite flanges al ong
its sides. Nowadays nany buil dings, and especially the roofs hereof, are
constructed from netal panels. The sides of the netal panels are bent
upwar ds as opposite flanges, to form standing seams which are slidably
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t he sheets, as the flanges could crack or fold, depending on the curving
direction (convex or concave). In EP-A-0296317 a nethod and an appar at us
for bending a longitudinal nmetal article having a web and side flanges are
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met al sheet in both a convex and a concave form is still another

obj ect i vE'R! RARE'S: AR AEB AT the Retalpanelssaretbest H%waféa aa@apcaqstsaﬂaag% to f@ime h
can be usemdmg seBmsSitich 1aeliatly Schel RoretfiniRg 8fded-

Modern buildings are often formed with curved roofs or walls, and therefore the
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longitudinal metal sheets with flanges must be curved. However, because of the flanges it is
difficult to curve the sheets, as the flanges could crack or fold, depending on the curving
direction (convex or concave).

In EP-A-0296317 a method and an apparatus for bending a longitudinal metal article
having a web and side flanges are disclosed. To be able to bend the article, both the web
and at least one of the flanges are pressurized using pressure rolls, resulting in an article
that is bent sideways.

It is an objective of the invention to provide a method and apparatus with which
longitudinal metal sheets having a substantially flat portion with two opposite flanges can be
curved in a simple and fast manner. ]

It is another objective of the invention to provide such a method and apparatus with
which it is possible to curve such a metal sheet in both a convex and a concave form.

It is still another objective of the invention to provide such a method and apparatus
which can be used on the site where a building is erected.

it is yet another objective to provide such a method and apparatus which is easy to
use and cheap.

According to a first aspect of the invention, one or more of these objectives is
reached with a method for longitudinally curving a longitudinal metal sheet having a
substantially flat portion with two opposite flanges along its sides, in which both flanges are
pressurised at spots that are symmetrically situated. opposite to each other, the pressure
being successively exerted from the beginning to the end of the sheet to be curved, and in



It is yet another objective to provide such a nethod and apparatus which is
easy to wuse and cheap. According to a first aspect of the invention, one
or nore of these objectives is reached with a nmethod for Iongb%ygkﬁaﬁhy
curving a longitudinal netal sheet having a substantially fla [

with two opposite flanges along its sides, in which both flanges are
pressurised at spots that are symretricalad y situated opposite to each

ot her, the pressure being successively exerted fromthe beginning to the
end of the sheet to be curved, and in 0 8 SEP 2004 l1la which the sheet is
successively forced to longitudinally bend in a section where the
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The flanges at the fluidized spots can than easily be | engthened or
shortened, and by doing so over the full length of the sheet to be

| ongi tudinally curved the sheet is curved in a convex or concave form
According to a second aspect of the invention, one or nore of the above
objectives is reached with an apparatus for longitudinally curving a

| ongi tudi nal netal sheet having a substantially flat portion with two
opposite flanges along its sides, the apparatus conprising pressure neans
for pressurising the flanges of the sheet at spots that are symmetrically
situated opposite to each other, bending neans at both sides of the
pressure neans in the direction of novenent of the |ongitudinal sheet, and
transport neans for noving the sheet



relative to the apparatus and not conprising neans for exerting a pressure
force on the substantially flat portion of the |ongitudinal sheet so as to
bend the | ongitudinal sheet. Wth this apparatus, pressure neap éEHB
provided to pressurise the flanges at oqpposite spots, so the t amﬁl
becone more or less fluidized at those $pots, and the bending neans will
bend the netal sheet in convex or concave direction while the transport
means nove the sheet relative to the apparatus. Thus, the netal sheet wll
be longitudinally curved in a sinple and fast manner. Due to the
fluidisation of the netal, the netal sheet can be given a convex or
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substantially flat portion of the longitudinat sheet so as to bend the longitudinal sheet.

With this apparatus, pressure means are provided to pressurise the flanges at
opposite spots, so the metal will become more or less fluidized at those spots, and the
bending means will bend the metal sheet in convex or concave direction while the transport
means move the sheet relative to the apparatus. Thus, the metal sheet will be longitudinally
curved in a simple and fast manner. Due to the fluidisation of the metal, the metal sheet can
be given a convex or concave form, as required.

Preferably, the pressure means comprise pressure rolls that are provided at both
sides of each flange. By using pressure rolls, pressure can be exerted on the flanges in a
simple way, and the pressure rolls can simply roli over the flanges of the sheet as the sheet
is moved relative to the apparatus. The pressure rolls press on a small spot, so the
pressure is high and the can be easily controlled.

So as to form a standing seam on a roof from two sheets with adjacent flanges, the
flanges often end in outward-bent rims that fit over the retaining clips. For longitudinally
curving such sheets, the pressure means comprise a pressure roll at the outside of each
flange, a pressure roll at the inside of each flange, and a pressure roll at the outside of each
rim. In this way, a flange is pressurised between both the outside pressure roll and the
inside pressure roll, and the outside pressure roll and the rim pressure roll.

According to a preferred embodiment, the apparatus comprises a top plate for the
pressure rolls for one flange, a bottom plate for the pressure rolls for the other flange, and
connecting bars between the top and bottom plate. In this way, a compact



Preferably, the connecting bars are adjustable, so it is possible to

|l ongitudinally curve flanged sheets with different widths. According to a
preferred enbodi nent, the transport neans conpri se novenent rohi Ehﬂﬁ fit
over both |ongitudinal sides of the sheet, at both sides of th %r‘»‘@ LU
means. The flanges and adjacent strips3of the central portion of the netal
sheet are thus clanped between the novenent rolls, and rotation of the
novenent rolls will transport the nmetal sheet through the apparatus.
Preferably, the novenent rolls at one side of the pressure neans are

adj ustable sideways to the transport direction of a sheet relative to the
apparatus, in which these novenent rolls can function as bendi ng neans
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movement rolls the radius of the curve of the metal sheet can be set as required for each
specific building.

Preferably, the movement rolls have been rotatably connected to the top and bottom
plate. When the distance between the top and bottom plate is adjusted, the movement rolls
remain in the right place to clamp the flanges of the metal sheet.

According to a preferred embodiment, the apparatus comprises control means for
controlling the pressure of the pressure means, the transport velocity of the transport
means, and the degree of bending by the bending means. Using the control means, the
required pressure for a certain metal sheet, the curvature and the velocity can be easily
given, and all these functions can be kept in hand. Also, the control means can change the
radius of the curvature during the operation, if this is necessary for the building for which
the sheet is needed.

The invention will be elucidated referring to an exemplary embodiment, in view of the
accompanying drawing.

Fig. 1 show the apparatus according to the invention schematically in front view.

Fig. 2 shows the apparatus according to fig. 1 in vertical cross section along line A-A.

Fig. 3 shows the apparatus according to fig. 1 in horizontal cross section along line
B -B.



Fig. 2 shows the apparatus according to fig. 1 in vertical cross section
along line A-A. Fig. 3 shows the apparatus according to fig. 1 in

hori zontal cross section along line B-B. 0 8 SEP >;f 4 Fig. 4&2@@%p 0%
metal sheet with flanges and rinms in cross-section. Fig. 1 sho

apparatus 1 according to the invention ign front view, and Fig. 2 and Fig.
3 show apparatus 1 in vertical and horizontal cross section, respectively.
In Fig. 1 and 3 a longitudinal nmetal sheet 100 is shown in ghost |ines,
and Fig. 4 shows this sheet 100 in cross section, the sheet having a
substantially flat portion 101, two flanges 102 and a rim 103 at the end
of each flange 102. The apparatus 1 has a top plate 2, a bottomplate 3 and
adj ustabl e c and the bottomplate two

t b oth the to
noverment rol | §S'§£ %'ré %h%\\;!étﬂglﬁ{lgqsoqqunrg in gassatestionyt at abl y at t ached,

which rolls cmg.opemcmetherapparam 15ac<ﬁ}rdlﬁglioﬁ1% iheerfibA ifrént SACSHE 2Pl Fﬁ’g m{dal
sheet 10 n between the [s of movenment rolls 6; 5a, 6a

b en them
pressur eq:ll%e‘% Vﬁ%’v agparalys 11d" é’FE'Calrﬂ’@s@r’i 'Ftﬁ Crasg peqliPaGePsalivelY-rIn rﬁ‘%ﬂ andret al
sheet 10@ a iwhgltadibe sietalehaei mdd%s @ho@n mAghdwh%’s ?ﬁcﬂ eRS :cdrs??]ﬁl@]!l'l!s t&me%wno?)rri S
the flan e 102 and a e ortion o e a ortion
101 of t é°%?%?¥m°%ﬂe%ﬁn1ﬁ%8“av(’ﬁ@r S‘ﬂ@%ﬁ'ﬁ@y E"Pt Q1. two, fangasa]0 3 fiMs ot
shown i n 108ia the?end dff@cmﬂmgtmcm rolls 8 are rot at abI y attached to the top

d bott lat e, respecgtively. ressure rolls and 10 are supported
33 bear i ﬁ;” Sis & %B 5 %P\/a'%tﬂe?wﬁ Omp'?@3%%§¢Jﬂ$tebl9cs=oaﬁ%®§gtbﬁ@

rolls 9 amd'ol'ﬁotr&maltmhnd ine bfottGmQﬁeMrrfoMémeﬁffroﬂéE gERiral twb heslenht @ils S
RPN U N R R M L R
t he rol | anetal SHeet {Qpbgtivaéethiznand the rolls on the bottom

In between the pairs of movement rolls 5, 6; 5a, 6a pressure rolls 8, 9 and 10 are
present for each flange with rim of a metal sheet 100, as is best seen in Fig. 2. An outer
pressure roll 8 supports the flange 102 with rim 103 and an adjacent portion of the flat
portion 101 of the metal sheet 100. (For reasons of clarity, the metal sheet is not shown in
Fig. 2.) The pressure rolls 8 are rotatably attached to the top and bottom plate, respectively.
The pressure rolls 9 and 10 are supported by bearing shafts (not shown), with which it is
possible to press the rolls 9 and 10 against the flanges and rims of the metal sheet which is
supported by the rolls 8.

The bars 4 are adjustable in height, so the top plate 2 is moveable in direction E so
as to change the distance between the rolls on the top plate 2 and the rolls on the bottom
plate 3. In this way it is simple to adjust the apparatus to a metal sheet with a different
width.

The movement rolls 5a, 6a are adjustable in direction F, as shown in Fig. 3. In this
way the movement rolls 5a, 6a can be placed out of line with the movement rolls 5,6 and
the pressure rolls 8,10.

All pressure rolls 8, 9, 10 and movement rolls 5, 6; 5a, 6a are replaceable, for
instance to curve a metal sheet with higher flanges 102.

The curving of a metal sheet 100 with the use of the apparatus or curving machine 1
will be elucidated hereinafter.

A straight longitudinal metal sheet 100 with flanges 102 and rims 103 is introduced
into the bending machine 1 in direction D. The front end of the metal sheet is clamped
between two pair movement rolls 5, 6, which rolls transport the



plate 3. In this way it is sinple to adjust the apparatus to a netal sheet
with a different wdth. The novenent rolls 5a, 6a are adjustable in
direction F, as shown in Fig. 3. In this way the novenment rollgs$ $gp %@ can
be placed out of line with the novenent _.rolls 5,6 and the pressure rolls
8,10. Al pressure rolls 8 9, 10 and nbvenent rolls 5, 6; 5a, 6a are

repl aceable, for instance to curve a netal sheet with higher flanges 102.
The curving of a netal sheet 100 with the use of the apparatus or curving
machine 1 wll be elucidated hereinafter. A straight |ongitudinal netal
sheet 100 with flanges 102 and rinms 103 is introduced into the bending
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machine, during which treatment it is possible to adjust the movement rolls 5; 6a so as to
get a different radius of the curvature, when required.

It will be understood that the curving machine can be controlled in different ways. It is,
for instance, possible to use hydraulic control for the rotation of the movement rolls and the
pressure rolls and the adjustment of the movement rolls and the height of the adjustment
bars. Alternatively it will be possible to control the curving machine electrically, or by a
combination of hydraulic and electrical control.

It will be understood that the invention is not limited to the construction as described
above and shown in the figures. For instance, it is possible to leave out the pressure rolls
10 when there are no rims 103 on the flanges 102. Also, instead of movement rolls it would
be possible to use other transport means, such as linearly moving clamps that clamp on the
flanges.

Moreover, it will be understood that the movement rolls 5, 6, 5a, 6a can be supported
in different ways. Each movement roll can have its own supporting shaft ending in the top
plate 2 or bottom plate 3. However, this has the disadvantage that each roll has to be
driven, and that the top rolls 5, 5a must be synchronised with the bottom rolls 6, 6a.
Therefore it is preferred that there are connecting shafts which connect each top roll with
the accompanying bottom roll, in which way only the bottom rolls (or only the top rolls) have
to be driven. These connecting shafts have to be adjustable to follow the adjusting of the
adjustable connecting bars 4, and the connecfing shafts have to be dismountable to change
the movement rolls when a metal sheet with flanges with a different height or form must be
curved.



get a different radius of the curvature, when required. It wll be
understood that the curving nachine can be controlled in different ways. It
is, for instance, possible to use hydraulic control for the r- ta& quf
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novenent rolls and the height of the adjtustnment bars. Alternatively it
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conbi nati on of hydraulic and electrical control. It will be understood that
the invention is not limted to the construction as described above and
shown in the figures. For instance, it is possible to | eave out the
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and the qmngg;,d,@gta?,@pgdghegﬂﬁqwggurge di smount abl e to change the novenent
rolls when a netal sheet with flanges with a different height or form nust
be curved. 0 8 SEP 2004 Though the curving has been descri bed above for a
fl anged netal sheet having a constant cross-section, it will be understood
that the curving nachine can also be used for a flanged netal sheet with a
changi ng cross-section, that is a changing di stance between



the flanges over the length of the netal sheet, such as a tapered netal
sheet. In this case, only one of the flanges is fed through the curving
machi ne and cl anped between the novenent rolls and the pressggeSifol®s, and
the other flange is not clanped and pressurised. After the first flange
has been curved in this way, the other fiange is fed through the novenent
and pressure rolls and curved. Thus, the curving nachine can be used to
curve for instance a tapered sheet in two runs. 08SEP2004 CLAIMS 1. Met hod
for longitudinally curving a |ongitudinal netal sheet having a
substantially flat portion (100) with two opposite flanges (102) along its
sides, imnpmAE both flanges are pressurised at spots that are

symetri calfly situated opposite to each other, the pressure being
successively exerted fromthe beginning to the end of the sheet to be
curved, and i | ; | | | |
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exerting a prlesgtydinat eheeb on the substantially flat portion of the

| ongi tudi nal sheet so as to bend the |ongitudinal sheet. 3. Apparatus

according to claim2, in which the pressure neans conprise pressure rolls
2. Apparatus for longitudinally curving a longitudinal metal sheet having a substantially

flat portion (100) with two opposite flanges (102) along its sides, the apparatus
comprising pressure means for pressurising the flanges of the sheet at spots that are
symmetrically situated opposite to each other, bending means at both sides of the
pressure means in the direction of movement of the longitudinal sheet, transport
means for moving the sheet relative to the apparatus and not comprising means for
exerting a pressure force on the substantially flat portion of the longitudinal sheet so
as to bend the longitudinal sheet.

3. Apparatus according to claim 2, in which the pressure means comprise pressure rolls
(8,9) that are provided at both sides of each flange.

4.  Apparatus according to claim 2 or 3, for a sheet (100) with flanges (102) ending in
outward-bent rims (103), in which the pressure means comprise a pressure roll (8) at
the outside of each flange (102), a pressure roll (9) at the inside of each flange (102),
and a pressure roll (10) at the outside of each rim.

5. Apparatus according to any one of claims 2 -4, the apparatus comprising a top sheet
(2) for the pressure rolls for one flange, a bottom (3) plate for the pressure rolls for

the other flange, and connecting bars (4) between the top and bottom plate.

6. Apparatus according to claim 5, in which the connecting bars (4) are adjustable.



(8,9) that are provided at both sides of each flange. 4. Apparatus
according to claim2 or 3, for a sheet (100) with flanges (102) ending in
outward-bent rinms (103), in which the pressure neans conprise .a pressure
roll (8) at the outside of each flange (102), a pressure roIIU( ﬁf%ﬁﬂ%he

i nside of each flange (102), and a presgsure roll (10) at the outside of
each rim 5. Apparatus according to any one of clains 2 -4, the apparatus
conprising a top sheet (2) for the pressure rolls for one flange, a bottom
(3) plate for the pressure rolls for the other flange, and connecting bars
(4) between the top and bottom plate. 6. Apparatus according to claim5, in
whi ch the connecting bars (4) are adjustable. 0 8 SEP 224 8 7. Apparatus
according to any one of claims 2 - 6, in which the transport neans

conpri se hovehpparatus htwrdibg tbany dhe da)aimé at- 6f intwristetheh@nbpdromegansidi nal

sides of the I f e essyre neans. 8. Apparatus
according to %ﬁ?ﬁ%‘?‘&%’ﬁ%ﬁm&' @ﬁé ﬁ‘oﬁ?éﬂbaﬁﬁ{qvgf B%tﬁ(‘%}ﬁi@a?' %qesdﬁgwesi de of
t he pressure sheghst botb sidy of trelgressirelewags to the transport direction of a
sheet relative to the apparatus, in which these novenent rolls can
function as bending neans during use. 9. Apparatus according to claim?7 or
8 i n conrfkct i Appanatuhacdoading © daint?, in whishitedhmobhementoviaeat 6a)alt bee §ide oba, 6,
6a) are rotatahl h op,.and bottaom plate. 10. r at us
according to @%yye(?%{emgﬁ &%q%gqr%r%dﬁz's{-%b%,Sq?%eayggopg'ﬁgﬁaﬂgp%ﬁb%ﬁg? ﬂéggg‘?ﬁ?r ol
means for correlative tathe ehparptussimuwidctothesdmoperasstucits capdosctiohze bending por t

vel ocity of %anstélﬁiﬂarﬂ%t nmeans, and the degree of bending of the bending
nmeans.

9. Apparatus according to claim 7 or 8 in connection with claim 5 or 6, in which the
movement rolls (5, 5a, 6, 6a) are rotatably connected to the top and bottom plate.

10.  Apparatus according to any one of claims 2 - 9, the apparatus comprising control
means for controlling the pressure of the pressure means, the transport velocity of
the transport means, and the degree of bending of the bending means.



