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(54) Apparatus for and method of transporting sheet material

(57) The disclosed invention describes new equip-
ment to be used in the handling of thin foil strips. The
new equipment grips the foil (8) via a suction grid (4) and
lifts the protruding end (9) of the foil strip into a substan-
tially horizontal position which is advantageous for
threading into subsequent machinery. Both the suction
and lifting action are affected by the same stream of high
velocity air.

Additionally, a combination handling equipment is
described where suction grid assemblies are alternated
with conventional sucker assemblies across the width of
the head, enabling foil and thin strip of all usual thick-
nesses to be handled effectively.

The new equipment is intended to be utilised in con-
junction with existing translating machinery in order to
feed thin foil automatically from the coil to the bite of a
rolling mill or other processing machinery.
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Description

[0001] The invention relates generally to industrial
processes where thin sheet material needs to be trans-
ported without damage. The invention is especially ap-
plicable in the field of aluminium foil and thin strip rolling
mills and describes a new device capable of picking up
and transporting foil in the range approximately 12 - 50
microns thickness. The device can be combined with ex-
isting systems which pick up foil and strip of greater thick-
ness to produce a new combination device which is able
to pick up and transport foil and strip in the range approx-
imately 12 - 300 microns. The new device is suitable for
use as part of the mill foil feeding system which enables
foil or thin strip to be brought from the coil to the mill roll
bite automatically.
[0002] The ingoing side of an aluminium foil rolling mill
consist of an uncoiling machine, a piece of equipment
known as the "entry bridle", and the mill stand itself which
contains the "work rolls" which reduce the foil in thick-
ness. In order to start rolling, the free end of the foil coil
must be picked up and transported to the mill bite through
the entry bridle equipment, a distance of approximately
3 metres.
[0003] Aluminium foil of the lower thickness range
(down to 12 micron thickness) is extremely fragile and
has almost no inherent stiffness. Picking up such a ma-
terial automatically, and transporting over and through
equipment, without damaging it is therefore challenging.
Traditionally this has been done manually with a typical
procedure being as follows:

• Manually lift the foil end from the coil
• Fold the foil to create an arrowhead and fit over the

end of a wooden pole
• Rotate the coil to allow slack foil
• Push the pole through the bridle until the foil is caught

and pulled by the work roll nip

[0004] A skilled operator can perform such a function,
but the procedure involves the operator standing close
to moving machinery and risks damage to the bridle or
mill stand equipment if the pole is mis-handled. For per-
sonnel and equipment safety it is therefore desirable that
the foil is lifted from the coil and carried to the mill bite
automatically. Additionally, aluminium foil / strip of the
higher thickness range (up to 300 micron thickness) is
quite stiff which means that a different method has been
required to feed up this material. Again a manual proce-
dure has traditionally been followed which this time in-
volves the operator supporting the front end of the strip
underneath with the wooden pole whilst the strip is wound
off the coil. The same safety and damage implications
are present as for foil feeding. Therefore it is even more
desirable to have one system which can automatically
lift and carry foil or strip with a wide range of thicknesses.
[0005] Several systems are in existence which attempt
to carry out the foil feeding function, however, each has

only met with limited success:

Patent GB2185927 describes a method and equip-
ment for feeding foil or strip from a coil to the entry
bridle. However, this method still requires the oper-
ator to separate the foil from the coil and manually
attach it to the carrier mechanism.

Patent application JP56001216 describes a method
and apparatus for feeding foil or strip all the way to
the mill bite. However, the described method re-
quires the operator to perform a separate action to
separate the foil and to attach it to the feeding mech-
anism. In addition, the operator is required to fold
the foil into a special shape around the feeding mech-
anism in order to provide a leading edge to protrude
beyond the feeding mechanism.

Patent US4520645 describes a method and equip-
ment for the automatic threading of a foil mill. A foil
pick up head is described where vacuum suckers
are used to grip the foil and air jets are used to lift
the front end of the foil to facilitate threading into the
mill bite. Two different mechanisms are described
for carrying the foil pick up head from the coil to near
the mill bite.

Patent EP1518615 describes essentially the same
method using vacuum suckers for picking up the foil
from the coil and transporting it towards the mill, ex-
cept in this case the foil is put down before the entry
bridle and further transported using air floatation ta-
bles.

[0006] It has been found in practise that using vacuum
suckers to lift foil and strip has certain limitations. The
method can work well for thicker foil and strip above ap-
proximately 50 microns in thickness. In this case, on con-
tact between the sucker and strip, whilst applying a suc-
tion action through the hole in the centre of the sucker,
the flexible lip of the sucker (typically rubber-like material)
deflects as low pressure is created between sucker and
strip, whilst the stiffer aluminium strip stays rigid. Hence
a good grip is created and the strip is not damaged. How-
ever, when attempting to lift thin foils of approximately
50 microns thickness and below, the foil has much less
stiffness. Therefore when the sucker lip and foil is placed
in contact, whilst applying a suction action through the
hole in the centre of the sucker, the foil deflects instead
of, or as well as the sucker lip. It is difficult to create an
effective seal between 2 flexible objects and so poor grip
will result between sucker and foil. If the suction action
is increased within the central hole of the sucker, the
higher pressure difference created may break a hole
through thin foil or cause it to buckle and be partially
pulled up inside the sucker hole itself.
[0007] Therefore in order to pick up and transport thin
foils it is necessary to devise an alternative head design
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and it is to this end that the new invention is presented
hereto. It is considered that the mechanisms necessary
for transportation of the pick up head from the coil to the
mill bite are well established by prior art and are therefore
not discussed beyond that which is necessary to under-
stand the invention.
[0008] According to the invention, apparatus for trans-
porting sheet material comprises the features set out in
claim 1 attached hereto.
[0009] In one embodiment, the means for providing a
pressure differential comprises a vacuum source and a
nozzle arranged to extract air from a region above the
plate. Preferably, the plate is arranged to form the base
of the enclosure with the nozzle/vacuum source arranged
to evacuate the enclosure.
[0010] In an alternative embodiment, the pressure dif-
ferential is achieved by directing a flow of gas over the
upper surface of the plate. This is conveniently achieved
using a source of pressurised gas and a nozzle arranged
to direct the gas over the upper surface of the plate. Pref-
erably, a flat jet compressed air nozzle is used. Moreover
the effectiveness of the flowing gas is preferably im-
proved by arranging the plate to form the base of a conduit
which bounds the flow of gas.
[0011] Preferably, the effect of the flowing gas is further
enhanced where by incorporating at the holes, a stream-
lined hood having a tapered, closed end arranged to-
wards the flowing gas (at the upstream side of the hole)
and an open end arranged at the downstream side.
[0012] Preferred embodiments of the invention further
comprise means for directing a flow of gas from an edge
of the plate in a direction substantially parallel to, and
above, the plane of the plate. In some embodiments a
continuous flow of gas is directed over the upper surface
of the plate and in a direction substantially parallel to,
and above, the plane of the plate after the gas passes
over said upper surface.
[0013] Preferably, the holes on the grid are staggered.
[0014] In at least one embodiment, the apparatus in-
cludes a number of plates, each having an associated
plurality of holes and associated means for providing a
pressure differential between the upper surface and low-
er surface of the plate. Each plate may be attached to
adjacent plates with the nozzles being in fluid communi-
cation.
[0015] In some embodiments, the apparatus includes
conventional suckers attached to a vacuum source for
lifting sheet material. These may conveniently be ar-
ranged in sections which alternate with the plates of the
invention. In a preferred embodiment, the suckers are
moveable by, for example, a linear actuator so that they
may be raised above or below the level of the plates.
[0016] In a preferred embodiment, the invention is
used for the transport of metal foil.
[0017] According to a second aspect of the invention
there is provided a method for transporting sheet material
as recited in the independent method claim.
[0018] In order to grip foil with a thickness of less than

50 microns without damaging it and therefore to over-
come the main limitation of previous pick up head de-
signs, the new invention has a "suction grid" consisting
of numerous small holes in a stiff plate. This replaces the
conventional rubber suckers as the mechanism by which
the foil is gripped. Although the thin foil is flexible, the
contrasting stiffness of the suction plate allows a good
seal, and hence good grip to form between the foil and
the head. Additionally, the small size of the suction holes
prevents the foil from deflecting into the holes excessively
which in turn prevents damage or holes forming through
the foil.
[0019] The suction pressure through the grid holes is
provided by the passage of a stream of high speed air
over the upper surface of the holes. The high speed air
stream is provided by a flat slot type nozzle connected
to a compressed air supply. The suction pressure occurs
due to the so called "Bernoulli effect" where moving air
on the upper surface of the holes is at lower pressure
than the still air below the grid or foil. Although the effect
can work with simple straight drilled holes, the suction
effect can be enhanced by ensuring that the high speed
air stream passes smoothly over the holes with no ten-
dency to blow through them rather than produce suction.
This can be done by using holes which have streamlined
hoods over their leading edges (see figure 3). A further
benefit to smooth air flow and hence maintained air ve-
locity is also achieved by arranging the holes in a stag-
gered pattern.
[0020] Alternatively, the suction pressure could be pro-
vided by a vacuum pump means, but this would not allow
the following additional advantage over patent
US4520645 to be realised.
[0021] The high velocity air flow used to create the suc-
tion effect loses little of its velocity over the grid. After
leaving the grid the air flow can be directed over the front
of the foil. As described in US4520645, again via the
Bernoulli Effect, this gives a lifting action to the front end
of the foil, allowing easy feeding of the foil into the mill
bite without the pick up head touching the rolls. However,
whereas in US4520645 two separate actions of sucking
and blowing are required to produce the foil gripping and
the lifting of the foil front end, the new invention allows
both actions to be performed by the same air stream with
associated reductions in equipment complexity and cost.
[0022] The invention will now be described, by non-
limiting example, with reference to figures 1, 2 & 3 which
show a preferred embodiment of the invention.
[0023] Figure 1 shows a cross section of the pick up
head gripping a piece of thin foil. Figure 2 shows a plan
view of a pick up head for narrow foils, or one section of
a pick up head for wider foils. The foil is picked up and
held in the position shown on the pick up head by the
following system: A pressurised header 1 supplies com-
pressed air to one or more flat jet nozzles 2. A high ve-
locity jet of air (indicated by the large arrows) passes out
of the nozzle(s) and travels along a tunnel 6, created by
top cover 3, grid 4, and side plates 5. As the jet of air
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passes along the tunnel 6, it lowers the pressure on the
upper side of the holes 7, initially causing air (indicated
by the small arrows) to be drawn in through the holes 7.
[0024] When the suction head is placed in close prox-
imity to a foil strip 8, a suction force is produced between
the foil 8 and the grid 4 due to the pressure differential
between the air in the tunnel 6 and the air below the foil.
Additionally, any foil which is protruding in front of the
head 9 is subject to a lifting force caused by the high
velocity air travelling over its upper surface.
[0025] Thereby the front of a foil strip can be lifted and
held by the pick up head with the foil taking up a shape
similar to that shown in figure 1.

Figure 3 shows a plan view and cross section through
an optimised hole design. The hole 10 has a stream-
lined hood 11 which serves to increase the suction
pressure created through the hole and prevent too
much velocity being lost by the main air stream 12
as it passes over the hole 10.

Figures 4 & 5 show views of a combined pick up
head for picking up and transporting foils or thin strip
in the thickness range of approximately 12 - 300 mi-
crons. The head assembly 13 consists of alternate
sections of two types separated by partitions 14. One
type of section 15 consists of a suction grid assembly
as described above. Each suction grid section is sup-
plied with air from a pressurised header 16 running
the width of the head. The other sections 17 consist
of two conventional sucker arrangements 18. The
suckers 18 are connected to a vacuum pump means
(not illustrated) as is well known in the art. When
operating, the sucker assemblies can be lowered be-
low the level of grids 4 via a linear motion means 19
such as a small pneumatic cylinder. When not oper-
ating, the suckers 18 can be raised above the level
of the grids 4 by the same linear motion means 19.

[0026] The number of each type of section and hence
the width of the head is matched to the width of the foil
and/or strip to be picked up.
[0027] In use, such a head would have 3 usual modes
of operation, depending on the thickness of the foil or
strip to be picked up. For thin foil in the range 12 to ap-
proximately 50 microns, only the suction grids 4 would
be used, the suckers 18 would be retracted and their
vacuum means turned off. For thin strip in the range 100
to 300 microns, the suckers 18 would be extended and
the vacuum pump means turned on. Good grip would
then be achieved between the suckers 18 and the rela-
tively stiff strip. Therefore the air supply to the suction
grids 4 can be turned off in this case. Between 50 and
100 microns thick there is an intermediate case where it
is advantageous to have the suckers 18 extended and
both the suckers 18 and the grids 4 in operation simul-
taneously.
[0028] Figure 6 shows an alternative design of pick up

head where the suction grid and blowing action are sep-
arated. The foil is picked up and held in the position shown
on the pick up head by the following system: A vacuum
pump means (not illustrated) applies reduced pressure
via header or pipe 20 to a sealed box 21. The bottom of
the box consists of a suction grid 22. The vacuum pump
means lowers the pressure on the upper side of the holes
23, initially causing air to be drawn in through the holes
23. A pressurised header 24 supplies compressed air to
one or more flat jet nozzles 25. A high velocity jet of air
(indicated by the large arrow) passes out of the nozzle
(s) 25 and travels over the top of the leading edge of the
foil 27.
[0029] When the suction head is placed in close prox-
imity to a foil strip 26, a suction force is produced between
the foil 26 and the grid 22 due to the pressure differential
between the air in the box 21 and the air below the foil.
Additionally, any foil which is protruding in front of the
head 27 is subject to a lifting force caused by the high
velocity air travelling over its upper surface.
[0030] Thereby the front of a foil strip can be lifted and
held by the pick up head with the foil taking up a shape
similar to that shown in figure 6.

Claims

1. Apparatus for transporting sheet material compris-
ing:

a plate having a plurality of holes arranged to
form a grid;
means for providing a pressure differential be-
tween an upper surface and a lower surface of
the plate and
means for directing a flow of gas from an edge
of the plate in a direction substantially parallel
to, and above , the plane of the plate
motor means for transporting the plate.

2. Apparatus according to claim 1, where the means
for providing a pressure differential comprises a vac-
uum source and a nozzle arranged to extract air from
a region above the plate.

3. Apparatus according to claim 2, where the plate
forms the base of an enclosure, the vacuum source
and nozzle being arranged to evacuate the enclo-
sure.

4. Apparatus according to claim 1, where the means
for providing a pressure differential comprises
means for directing a flow of gas over the upper sur-
face of the plate.

5. Apparatus according to claim 4, wherein the means
for directing a flow of gas comprises a source of pres-
surized gas and a nozzle arranged to direct a flow
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of said gas across the upper surface.

6. Apparatus according to claim 5, where the nozzle
comprises a flat jet compressed air nozzle.

7. Apparatus according to any of claims 4 - 6 wherein
the plate forms the base of a conduit, said conduit
bounding the flow of gas over the plate.

8. Apparatus according to any of claims 4 - 7, wherein
the holes each comprise a streamlined hood located
in the flowing gas and having a closed, tapered up-
stream end and an open downstream end.

9. Apparatus according to any preceding claim, where-
in the means for directing a flow of gas from an edge
of the plate in a direction substantially parallel to, and
above, the plane of the plate and the means for pro-
viding the pressure differential between the upper
surface and a lower surface of the plate comprises
the same flow of gas.

10. Apparatus according to any preceding claim, where-
in the holes are arranged in a staggered pattern.

11. Apparatus according to any preceding claim, com-
prising a plurality of plates, wherein each plate has
an associated plurality of holes arranged to form a
grid and each plate has associated means for pro-
viding a pressure differential between an upper sur-
face and a lower surface of the plate.

12. Apparatus according to claim 11, wherein each plate
is physically attached to adjacent plates and the as-
sociated means for providing a pressure differential
are in fluid communication.

13. Apparatus according to claim 12, further comprising
a plurality of suckers and a vacuum source, the ap-
paratus being operable to pick up sheet material by
contacting the suckers with the sheet material and
application of vacuum to the suckers.

14. Apparatus according to claim 13, comprising a plu-
rality of sections wherein:

a first type of section comprises a plate having
a plurality of holes arranged to form a grid and
means for providing a pressure differential be-
tween an upper surface and a lower surface of
the plate and
a second type of section comprises a plurality
of suckers connected to a vacuum source.

15. Apparatus according to claim 14, further comprising
a plurality of linear actuators operable to adjust the
height of the suckers in relation to the plates.

16. Apparatus according to any preceding claim, for
transporting metal foil.

17. A method of transporting sheet material comprising
the steps of:

locating a plate, having a plurality of holes ar-
ranged to form a grid, such that a lower surface
of the plate is proximal to the sheet material;
directing a flow of gas from an edge of the plate
in a direction substantially parallel to, and above,
the plane of the plate;
inducing a reduced pressure in a region above
the plate, relative to a region below the plate and
transporting the plate.

18. A method according to claim 17, where a reduced
pressure is induced in the region above the plate by
applying a vacuum thereto.

19. A method according to claim 18, comprising the
steps of forming an enclosure having one boundary
defined by the plate and evacuating said enclosure.

20. A method according to claim 17, where a reduced
pressure is induced in the region above the plate by
directing a flow of gas over the upper surface of the
plate.

21. A method according to claim 20, where the flow of
gas is directed from a source of pressurized gas us-
ing a nozzle.

22. A method according to claim 21, where a flat jet com-
pressed air nozzle is used to direct the flow of gas.

23. A method according to any of claims 17 - 22, com-
prising the steps of completing a conduit having one
boundary defined by the plate and directing the flow
of gas through the conduit.

24. A method of using the apparatus of any preceding
claim when dependent on claim 13 comprising the
step of determining a thickness of the sheet material
to be transported and in the event of the determined
sheet thickness being in the range of 12 to 50 mi-
crons operating the apparatus in a first mode, in the
event of the determined sheet thickness being in the
range of 100 to 300 microns operating the apparatus
in a second mode and in the event of determined
thickness being in the range of 50 to 100 microns
operating the apparatus in a third mode wherein, in
the first mode, the suckers do not have a vacuum
applied to them and are retracted away from the
sheet; in the second mode the suckers are extended
to a position proximal the sheet and a vacuum is
applied to them to enable gripping of the sheet with
the sucker sections having no vacuum applied, and,
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in the third mode, the suckers are extended to a po-
sition proximal the sheet and a vacuum is applied
both to the suckers and sucker sections to enable
gripping of the sheet both by the suckers and the
sucker sections.

25. A method as claimed in any preceding claim wherein
the sheet material transported is wider strip material.
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