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(54) METHOD AND AN APPARATUS FOR DIVIDING A GROUP OF METAL BARS INTO A FIRST

AND A SECOND SUBGROUP

(57) For feeding machines forrebars, a group of met-
al bars are collected in a single layer, for example on an
electromagnet, counted by a scanner, and the group is
divided into a first and second subgroup. This is accom-
plished by moving a separation edge (14) to an adjacent
position near a space between the two subgroups and
separating the first subgroup (2a) from a second sub-
group (2b) by providing only the first subgroup of bars

(2a) on the first side of the separation edge (14) and the
second subgroup (2b) only on the second side of the
separation edge (14). For example, the first subgroup
(2a) falls onto a separation arm (13) that is located only
on the first side of the separation edge (14) and the sec-
ond subgroup (2b) passes the second side of the sepa-
ration edge (14) for discharge back into the store (3).
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method and
an apparatus for the automatic dividing a group of metal
bars into a first and a second subgroup, in particular steel
bars in the form of rods for reinforced concrete, in con-
nection with working such metal bars.

BACKGROUND OF THE INVENTION

[0002] When large numbers of reinforcing bars, also
called rebars, for concrete are to be cropped into specific
lengths, optionally bent, and collected in containers for
shipment to the location of use, it is customary to use
automated machines.

[0003] European patent application EP1356875 dis-
closes a machine and method for feeding automatically
metal profiles in bar form. It entails gripping a group of
the metal profiles from a magazine for collecting the pro-
files and transferring the group of metal profiles or their
end to a raised position. The raised metal profiles are
arranged on a movable transfer device provided with a
screw feeder for separating the metal profiles, at which
the initial portion of a preset number of metal profiles to
be fed to the machine at each work cycle is conveyed
transversely and counted. The metal profiles are trans-
ferred, in the counted number, at receiving elements of
the machine, while the excess metal profiles are unload-
ed inside the collection magazine.

[0004] For such processing of rebars, there is a con-
tinuous aim towards simplification and reduction of op-
erations time. Although, EP1356875 provided an im-
provement by automatic counting with an automated
screw feeder, the operation time is relatively long, as it
is explained in EP1934000 from the same applicant. As
further improvement, EP1934000 proposes providing a
tracked tool for collecting the rebars from a magazine
andreleasing afirst, desired number of bars onto shuttles
for further working and subsequently releasing those
bars that exceed the desired number back into the mag-
azine. However, the tracked tool in EP1943000 for the
counting and separation of bars is complex as the teeth
have to be adjusted for various thickness of the bars, and
also, the teeth have to be movable in order for only re-
leasing the desired number of bars onto the shuttles for
further working. All in all, the system of EP1934000, al-
though an improvement to a certain extent relatively to
EP1356875, is relatively complicated and therefore ex-
pensive to produce. Furthermore, the bars are dropped
from the counter onto the shuttles one by one, which
increases the risk for entanglement. This is believed to
be the reason for the system of EP1934000 also imple-
menting a grabber that fixes the bars at the central posi-
tion during outward transport of the shuttles. However,
the grabber is making the system additionally complicat-
ed.
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[0005] Safe counting of bars during working and trans-
fer despite apparent simplicity is a challenging task, as
it has to be reliable and robust.

[0006] Itwould be desirable to provide animprovement
in the art towards further simplification and further re-
duced operation time.

DESCRIPTION / SUMMARY OF THE INVENTION

[0007] It is therefore an objective of the invention to
provide an improvement in the art. It is a further objective
to provide a method and system that is simplified rela-
tively to the prior art and which reduces operation time.
A further objective is cost reduction for production of the
system. An even further objective is to provide a safe
automated counting method for metal bars in connection
with working and transfer, as well as method of automat-
ed separation of a prefixed number of bars from groups
of bars. One or more of these objectives are obtained by
a method and apparatus as described in the following
and in the claims.

[0008] The objective is obtained by an automated
method, as explained in the following, for dividing a group
of metal bars, in particular of the type used for reinforcing
concrete, into a first and a second subgroup, the first
subgroup having a prefixed number of bars.

[0009] Such division is relevant in a number of auto-
mated working processes of metal bars. For example, a
group of bars is collected from a store of such bars, and
only the first subgroup is transferred to a magazine, for
example an entrance magazine of a cropping machine
for cropping the length of the bars of the first subgroup
or in bending machines. The second subgroup is then
potentially transferred as a second portion to the same
magazine, or transferred to a further magazine for differ-
ent working, or merely returned to the store for a potential
different collection process.

[0010] In coarse terms, a group of metal bars are col-
lected in a single layer, for example on an electromagnet,
counted by a scanner, and the group is divided into a first
and second subgroup. This is accomplished by moving
a separation edge to an adjacent position near a space
between the two subgroups and separating the first sub-
group from a second subgroup by providing, for example
simultaneously, only the first subgroup of bars on the first
side of the separation edge and the second subgroup
only on the second side of the separation edge.

[0011] In more detail, the method comprises the fol-
lowing steps. A group of metal bars, typically parallel or
approximately parallel metal bars, is collected in a single
layer, for example planar layer, although a slight curving
layer is also possible to be used. Typically, the single
layer has an angle with a vertical plane of less than 45
degrees. For example the single layer is horizontal or
substantially horizontal.

[0012] A counter is provided with a surface scanner
configured for providing topological data representing
scanned surface profiles of objects, and a computer sys-
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temis functionally connected to the scanner. By the scan-
ner, the surface of the group of metal bars is scanned
while moving the surface scanner along a line, typically
straight line, optionally horizontal line, across the group
of metal bars, for example using an actuator. The scanner
can be provided on either side of the bars, however, in
order to minimize dirt and debris falling onto the scanner,
a position above the bars is preferred. Relative position
coordinates of the scanner are repeatedly determined
during the moving, and the scanning data signals as well
as the relative position coordinates are provided to the
computer system.

[0013] The term computer system includes relative
simple programmable systems, such as PLC (Program-
mable Logic Controller) systems, which are widely used
in machine control.

[0014] Once, the computer system has received the
data, the scanning signals are automatically related to
the relative position coordinates, and a surface profile of
the group of the metal bars is calculated in the computer
system. From the surface profile, the relative positions
of the metal bars and of the spaces between the metal
bars are determined, and the metal bars are counted.
Forexample, the computer system is programmed to find
the highest points of the metal bars in the surface profile
and from these data determine the number of metal bars.
For example, the highest points, as measured from a
plane in which the bars are provided, are used in com-
bination with indications of spaces, which are represent-
ed by lowest points. Optionally, the scanning signals are
filtered by a low pass filter for eliminating high frequency
signal noise oscillations due to roughness on the bars.
[0015] Advantageously, the distance scanner com-
prises a laser triangulation system configured for scan-
ning the distance between the laser triangulation system
and the surface of a scanned point on the group of bars.
Such triangulation distance scanner systems are com-
mercially available, for example as disclosed on the in-
ternet page http://www.mtiinstruments.com/products/la-
sertriangulation.aspx.

[0016] The group of metal bars is then divided into a
first subgroup of the prefixed number of bars and a sec-
ond subgroup of bars. The spaces between the bars are
counted and, as a result of the counting, a particular
space and its position is determined that is located be-
tween the first subgroup and the second subgroup of
bars. For the separation into the subgroups, a separation
edge is moved to the particular space, the separation
edge having a first side and a second opposite side rel-
atively to a vertical plane, and the first subgroup is sep-
arated from the second subgroup by providing the first
subgroup of bars only on the first side of the separation
edge and the second subgroup only on the second side
of the separation edge, for example simultaneously.
Thus, typically, the bars are provided to opposite sides
of a vertical plane. However, the edge itself need not
necessarily be arranged vertically but can have opposite
sides that are inclined relatively to a vertical plane.
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[0017] Insome embodiments, the separating compris-
es moving the separation edge into the particular space.
In case of a horizontal single layer of bars, the separation
edge is driving along a direction which has an upwards
or downwards vertical component, for example along a
vertical or substantially vertical direction, dependent on
whether the separation edge is provided above or below
the bars. Optionally, when the separation edge has been
driven into the particular space or while the separation
edge is driving into the particular space, the separation
edge is used to drive the two subgroups apart. For ex-
ample, the direction of motion of the edge is not entirely
vertical but along a direction that is inclined relatively to
avertical direction, or the edge has sides thatare inclined
relatively to the direction of movement, for example ver-
tical movement. In some embodiments, the separation
edge is formed as a wedge.

[0018] Alternatively, the first subgroup is moved to the
first side of the separation edge and the second subgroup
to the second side of the separation edge, while the sep-
aration edge is stationary. For example, the movement
has a vertical component, optionally is along a vertical
or substantially vertical direction, especially if the single
layer is horizontal or substantially horizontal.

[0019] A combination of driving the separation edge
and moving the bars is also possible. Important is the
relative movement between the bars and the separation
edge for providing the first subgroup of bars only on the
first side of the separation edge and the second subgroup
only on the second side of the separation edge, for ex-
ample simultaneously.

[0020] For example, the bars are brought to a lifted
condition with a free space underneath the bars, and the
separation edge is moved underneath the bars to the
particular space. Subsequently, the bars are dropped
from the lifted position and, during dropping, the first and
the second subgroup are separated by dropping the first
subgroup of bars only pass the first side of the separation
edge and dropping the second subgroup only pass the
second side of the separation edge. For example, the
first subgroup and the second subgroup are dropping
pass the edge simultaneously.

[0021] As an alternative to the simultaneous dropping,
the first or the second or both subgroups are dropped in
portions. This is especially relevant if the bars are heavy,
and the dropping of the entire group of lifted bars would
imply a risk of creating damage due to the accumulated
weight.

[0022] For example, the separation of the metal bars
is achieved by dropping only the first subgroup of bars
onto a separation arm that is located only on the first side
of the separation edge and dropping the second sub-
group pass the second side of the separation edge, for
example simultaneously with the dropping of the first sub-
group or a portion of the first subgroup. In some embod-
iment, the separation edge is attached to or integral with
one end of the separation arm, and the locating of the
separation edge underneath the particular space com-
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prises moving or extending the separation arm until its
end with the separation edge is located under the partic-
ular space.

[0023] Optionally, a free-fall space is provided on the
second side of the separation edge for free fall drop of
the second subgroup of bars, to the store or further mag-
azine, for example from an electromagnet when the elec-
tromagnet is located vertically above the store or the fur-
ther magazine.

[0024] Specific examples of such procedures and re-
lated apparatus are explained in greater detail in the fol-
lowing, where the apparatus comprises a store for storing
metal bars, in particular of the type used for reinforcing
concrete, and the bars are collected from such store and
brought into a single layer and divided into subgroups.
[0025] For example, the apparatus is configured for
transfer of bars from the store to a magazine. The term
magazine is used in a broad sense and can be a maga-
zine for storage prior to the next working step or prior to
transport but can equally well be a magazine which di-
rectly leads to working, for example the entrance maga-
zine of a cropping machine or a bending machine.
[0026] In some embodiments, this apparatus compris-
es a support beam that is arranged on rails for moving
the support beam laterally to a longitudinal direction of
the store, the longitudinal direction coinciding with the
longitudinal direction of the bars in the store. Typically,
there are a number of stores provided side by side, and
the support beam would move on the rails to that partic-
ular store from which bars have to be provided for transfer
to a magazine. The bars may have various diameters
and lengths in the various stores.

[0027] An electromagnet is provided for collecting a
group of metal bars from the store in a lifted position, the
group being attached in a single layer to a lower side of
the electromagnet. The particular store for collection of
bars is optionally a selected one among a plurality of
stores. During attachment, the bars are in a parallel or
approximately parallel configuration. Once, the current
to the electromagnet is switched off, the magnetic force
vanished and the bars from the electromagnet are re-
leased, for example simultaneously, although a portion-
wise release from the magnetis also possible, dependent
on the layout of the magnet, for example in case that the
electromagnet is built of independently powered sec-
tions.

[0028] In some embodiments, a lifting mechanism, for
example a hydraulic or pneumatic piston or a gripper, is
used to lift the bars up to the electromagnet. In other
embodiments, the electromagnet is provided on an ac-
tuator and arranged for moving, typically along a vertical
line, for lifting a group of metal bars free from the store.
In the latter case, the electromagnet is configured for
being lowered into the store and for electromagnetically
attaching the group of bars only in a single layer to a
lower side of the electromagnet. This is achieved by prop-
er adjustment of the magnetic strength and the layout of
the magnet, including the geometry of the magnet. The
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movement into the store is stopped when contact with
the bars is made, for example using a contact sensor.
[0029] The counter is used for counting the number of
metal bars while in the lifted position. Also, the relative
positions of the bars and of the spaces between the bars
are determined. The counter comprises a surface scan-
ner and a computer system as described above, and the
bars and spaces between bars are counted and their
position determined. The particular space is determined,
and the edge is positioned underneath this particular
space. The scanner and computer system are configured
for the method steps as described above.

[0030] The apparatus can be used for transferring an
initial prefixed number of metal bars from the store to the
magazine. However, this number may be smaller or larg-
er than the number of bars picked up with the electro-
magnet in a single pick up action. If the prefixed number
is larger than the number of bars that are picked up by
the magnet, the picked-up number of bars are trans-
ferred, and the procedure has to be repeated, until the
total number of transferred bars matches the prefixed
number. However, if the prefixed number is less than the
number of metal bars on the magnet a division procedure
as described above has to be applied, as only a portion
of the picked-up bar is needed for transfer.

[0031] In more detail, in case that the number of metal
bars on the electromagnet is less than or equal to the
initial prefixed number, the bars are released from the
electromagnet and thereby dropped onto a separation
arm and transferred from there to the magazine. This
procedure is repeated, until the number of bars on the
electromagnet in a subsequent cycle is higher than the
number of bars still needed to be transferred to the mag-
azine. In practice, the initial prefixed number is adjusted
in each cycle to a new adjusted prefixed number by sub-
tracting the already transferred number of bars. The lifting
and counting operation is repeated cyclic as long as the
adjusted prefixed number is larger than zero, which
means that the already transferred number of bars has
not yet reached the prefixed number.

[0032] In case that the number of metal bars on the
electromagnet is higher than the initial or adjusted pre-
fixed number, for example after some cycles, the metal
bars are separated into a first subgroup of a first number
of bars, the first number being equal to the initial or ad-
justed prefixed number, and a second subgroup of re-
maining bars. The first subgroup only is transferred to
the magazine. The second subgroup is discharged, typ-
ically back into the store, or alternatively discharged into
afurther store or magazine. This separation, transferand
discharge procedure is explained in greater detail in the
following.

[0033] The separation procedure of the metal bars into
thefirst subgroup that is to be transferred to the magazine
and the second subgroup that is to be discharged into
the store comprises a determination of the position of
spaces between the metal bars. From this information,
a particular of the spaces is found wherein the first sub-
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group and the second subgroup are on opposite sides
of the particular space. A movable separation edge is
then moved in a direction laterally across the bars until
the separation edge is located underneath the particular
space that divides the bars into the first subgroup and
the second subgroup.

[0034] For example, the apparatus comprises a sup-
port beam as mentioned above, and the separation edge
is moved in a direction laterally to the support beam. In
such case, the separation edge has a first side towards
the support beam and a second opposite side facing
away from the support beam.

[0035] The bars are then released from the electro-
magnet, and the first and the second subgroup are sep-
arated by the separation edge during dropping from the
electromagnet. The first subgroup of bars drops onto a
separation arm that is located only on the first side of the
separation edge, while the second subgroup passes the
second side of the separation edge for discharge into the
store. For example, the second subgroup is dropped si-
multaneously with the drop of the first subgroup or simul-
taneously with portions of the first subgroup.

[0036] For example, the separation edge is attached
to or integral with one end of the separation arm. In this
case, locating of the separation edge underneath the par-
ticular space comprises moving or extending the sepa-
ration arm until its end with the separation edge is located
under the particular space.

[0037] Optionally, once on the separation arm, the
number of bars in the first subgroup of bars is counted
with the counter for verification of the correct number.
[0038] Insome embodiments, shuttles are used for lift-
ing the bars free and disentangle them. In this case, all
of the bars from the separation arm are transferred onto
at least two shuttles, for example by changing a level of
the separation armrelatively to the shuttles in arectilinear
vertical motion of the separation arm or the shuttles or
both. In this way, the shuttles lift the bars from the sep-
aration arm. While the bars are supported by the shuttles,
the shuttles are moved in opposite directions along a
straight path in a longitudinal direction of the bars for
disentangling the bars and for lifting them fully off the
store. Forexample, the bars are supported by the shuttles
while the shuttles move without the bars being fixed at
their central position. As no grabber is provided for fixing
the bars at their central position, the apparatus differs
also in this point from the system in the aforementioned
publication EP19340000.

[0039] A plurality of support arms are provided under-
neath the straight path of the shuttles. As the shuttles
move beyond the ends of the bars, the bars are dropped
onto the support arms. Once, on the support arm, the
bars are moved by the support arms to the magazine,
typically in a direction transverse to the longitudinal di-
rection of the bars, although also other directions are
possible, for example directions along the longitudinal
direction of the bars, for example for direct feeding into
the receiving magazine of a cropping machine. For ex-
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ample, the support arms are attached to a support beam,
as described above, and the support arms are moved by
the movement of the support beam.

[0040] Fromthe supportarms, the bars are discharged
into the magazine, for example by dropping the bars from
the support arms directly into the magazine. In some em-
bodiments, the discharging of the bars from the support
arms into the magazine is accomplished by pushing the
bars pass an end of the support arms in a horizontal
movement of the bars, or alternatively by withdrawing
the support arms underneath the bars, for example in a
horizontal movement, thereby freeing the bars from the
support arm for dropping the bars into the magazine.
[0041] A number of advantageous are achieved with
the method and the apparatus as described. It has a rel-
atively high speed, a high quality of bar counting and
isolation, the count is fast and flexible without require-
ments for adjustment, and the isolation procedure is fast
and flexible for isolating the desired number of bars. Fur-
thermore, the scanner and computer system can be used
for quality control purposes with respect to diameter and
number of isolated bars before they are entered into sec-
ondary processes, for example working, such as crop-
ping.

[0042] For the method above the apparatus as de-
scribed in complex form in the following is useful.
[0043] The apparatus comprises a store of metal bars,
for example of the type used for reinforcing concrete. An
electromagnet is provided and arranged for collecting a
group of metal bars from the store in a lifted position at
a lifting level, the electromagnet being configured for
electromagnetically attaching the group in a single layer
to a lower side of the electromagnet and for releasing the
entire group of bars either simultaneously or in portions,
depending on the layout of the electromagnet. For ex-
ample, the electromagnet is arranged for lifting a group
of metal bars free from the store to an upper lifting level.
A counter as described above is provided for counting
the number of metal bars in the lifted group of metal bars
in the lifted group and for determining the relative position
of the bars and of the spaces between the bars and for
determining the particular space.

[0044] The counter comprises a surface scanner con-
figured for providing topological data representing
scanned surface profiles of objects, and a computer sys-
tem functionally connected to the scanner; the scanner
being configured for scanning the surface of the group
of metal bars by the scanner while moving the surface
scanner along a line across the group of metal bars, de-
termining relative position coordinates of the scanner re-
peatedly during the moving, and providing the scanning
data signals as well as the relative position coordinates
to the computer system. The computer system is pro-
grammed for automatically

- relating the scanning signals to position coordinates
and calculating a surface profile of the group of the
metal bars in the computer system along the line;
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- in the surface profile determining the relative posi-
tions of the metal bars and of the spaces between
the metal bars, and counting the metal bars;

- dividing the group of metal bars into a first subgroup
of the prefixed number of bars and a second sub-
group of remaining bars,

- countingthe spaces between the bars and as aresult
of the counting determining a particular space that
is located between the first subgroup and the second
subgroup of bars and determining the position of the
particular space.

[0045] A movable separation edge is located at a level
underneath the upper lifting level. The separation edge
has a first side and a second opposite side relatively to
a vertical plane. The separation edge is configured for
moving laterally to the bars to a position underneath any
one selected particular of the spaces between the bars,
thereby dividing the bars into a first subgroup on the first
side of the separation edge and a second subgroup on
the second side of the separation edge.

[0046] The apparatus is configured for releasing the
bars from the electromagnet, either simultaneously orin
portions, and thereby dropping the first subgroup of bars
from the electromagnet on the first side of the separation
edge but not the second subgroup of bars, and dropping
the second subgroup of bars from the electromagnet on
the second side of the separation edge.

[0047] Optionally, a free-fall space is provided on the
second side of the separation edge for free fall drop of
the second subgroup of bars from the electromagnet to
the store.

[0048] In some embodiments, the apparatus compris-
es a movable separation arm configured for moving lat-
erally to the group of bars on the electromagnet, wherein
the separation edge is attached to or integral with one
end of the separation arm, the separation arm being con-
figured for receiving the first subgroup of bars that drop
from the electromagnet on the first side of the separation
edge but not the second subgroup of bars.

[0049] For example, the apparatus comprises a sup-
port beam thatis arranged on rails for moving the support
beam laterally to the store. Typically, plural stores are
provided for storing different types of bars, for example
with different diameters. If the electromagnet is provided
with an actuator, itis advantageously attached to the sup-
port beam. Optionally, the movable separation arm is at-
tached to the support beam and configured for moving
laterally to the support beam. At least two shuttles are
arranged movable on the support beam in opposite di-
rections in a straight path along the support beam and
configured for receiving the bars from the separation arm
and for disentangling the bars and lifting the bars fully off
the store during moving. In addition, a plurality of support
arms are attached to the support beam underneath the
straight path and configured for receiving the bars by
dropping the bars from the shuttles when the shuttles are
moved beyond the ends of the bars. The support arms
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are arranged for moving together with the support beam
to a magazine and configured for releasing the bars into
the magazine.

[0050] Optionally, the counter is configured for count-
ing the number of bars in the first subgroup of bars while
the first subgroup of bars is on the separation arm.
[0051] Optionally, the computer system is configured
for filtering the scanning signals by a low pass filter and
for eliminating high frequency signal noise oscillations
due to roughness on the bars.

[0052] As analternative to the optical scanner, atactile
sensor can be used that touches the surface of the bars
or a camera system. Such sensor would also be func-
tionally connected to the computer system.

[0053] The term "substantially horizontal" , "substan-
tially vertical" or "substantially parallel" are used to indi-
cate small variations, for example deviations of less than
10 degrees or less than 5 degrees.

SHORT DESCRIPTION OF THE DRAWINGS

[0054] The invention will be explained in more detail
with reference to the drawing, where

FIG. 1 to 14 illustrate the apparatus in various oper-
ation steps;

FIG. 15 a and b illustrate processing of the signal
from the laser counter;

FIG. 16 a-c illustrates an apparatus with longitudinal
extraction;

FIG. 17 discloses an example of a prior art laser tri-
angulation surface scanner.

DETAILED DESCRIPTION / PREFERRED EMBODI-
MENT

[0055] FIG. 1 illustrates an apparatus 1 for the auto-
matic feeding of metal bars 2 from a store 3 to a further
location, for example a cropping station or a differenttype
of magazine arranged for further handling of the bars 2,
for example a pallet for transport of bars 2 to another
location. In the following, the further location is called
magazine without loss of generalization. As explained in
the following, the apparatus is configured for separating
the bars 2, if entangled, and for counting the bars 2 during
atransfer process between the store 3 and the magazine.
[0056] The store 3 comprises a U-formed channel 4
from which the bars 2 can be removed for the counting
and separation. In the current shown embodiment, the
channel 4 is provided as a plurality of spaced trestle
stands 5 arranged in series. Above the store 3, there is
provided an assembly 6 for collecting the bars 2, sup-
ported by a support beam 7 placed as a bridge parallel
with the channel 4 and at a higher level than the channel
4.

[0057] The term parallel refer to the direction of the
channel 4 as well as the approximate longitudinal direc-
tion of the bars 2, and in this particular case also the
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direction of the support beam 7. The term transverse re-
fers to a horizontal direction perpendicular to the channel
4.

[0058] The support beam 7 is supported at opposite
ends by a couple of columns 8 that are movable on rails
9. This way, the assembly 6 can be moved horizontally,
transversely to the store 3 at a level above the channel
4. Once the bars 2 are collected from the store 3, they
can be moved transversely to a magazine and be un-
loaded there.

[0059] In addition or alternatively, it is also possible
that the apparatus comprises a parallel-transporter such
that the bars can be lifted from the store 3, moved trans-
versely, lifted or lowered, and then moved in a parallel
direction, which is the direction along the longitudinal di-
rection of the bars and in the direction parallel with the
support beam 7.

[0060] The collecting assembly 6 is provided with an
electromagnet 10 for lifting a group of bars 2 from the
channel 4. In order to collect the bars 2 and lift them, the
electromagnet 10 is arranged vertically movable by an
actuator 11, for example a hydraulic, pneumatic, or gear-
driven or belt-driven actuator. The electromagnet 10 is
shown as a single magnet but can be substituted by a
plurality of spaced and cooperating electromagnets. The
magnetic strength and the layout, including the geometry,
are provided so that only one layer of bars 2 can be lifted
by the electromagnet 10.

[0061] For collecting the bars 2 from the channel 4, the
electromagnet 10 is lowered into the channel 4 until con-
tact with the bars 2 is made, after which the electromag-
net 10 is switched on and the bars 2 are by magnetic
force held in a single layer to the surface of the electro-
magnet 10 and in an upwards movement by the electro-
magnet 10 lifted free from the channel 4. Typically, a
contact sensoris used for stopping the downwards move-
ment of the electromagnet 10 into the store 3.

[0062] As illustrated in the exemplified collection situ-
ation of FIG. 2, the electromagnet 10 has collected nine
bars, five bars are for sake of illustration in the following
regarded as the desired first subgroup 2a for separation.
For the consecutive process, these five bars are to be
collected for further processing, whereas the remaining
four bars as a second subgroup 2b should return to the
channel 4.

[0063] In orderto accomplish the correct separation of
the desired bars 2a from the remaining bars 2b, the bars
2 are counted by a counter 12.

[0064] For example, the counter 12 comprises a laser
scanner 20 with a laser beam and laser detector in which
the distance between the detector and the laser-reflect-
ing surface is measured during transvers scanning of the
bars 2. Optionally, the counter 12 comprises alaser beam
scanner 20 working by laser triangulation principles. La-
ser triangulation distance scanner systems are commer-
cially available, for example as illustrated in FIG. 17,
which is a reproduction of a system as disclosed on the
internet page hitp://www.mtiinstruments.com/prod-
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ucts/lasertriangulation.aspx. A laser beam from a laser
diode is projected onto the bars 2 and a portion of the
beam is reflected off the surface of the bars 2 and through
afocusing lens onto an optical position sensitive detector,
for example a CCD (charge coupled device), arranged
at a non-zero reflection angle. The distance between the
laser diode and the surface determines the angle by
which the reflected laser beam is transmitted to the de-
tector. A varying angle during scanning due to varying
distance tothe surfaceis translated into a varying position
on the detector. Accordingly, the position variation on the
detector during scanning reveals the surface topology
when related to the abscissa. The detector has a spatial
and depth resolution matching or better than the desired
resolution.

[0065] Accordingly, the optical scanner 20 of the coun-
ter 12 is arranged transversely movable. For counting,
the scanner 20 is moved, for example in a horizontal
plane, transversely above and across the 2 barsrelatively
to the electromagnet 10, as illustrated by double arrow
29 in FIG. 3, for example by a motorized chain drive or
cam-belt drive, and the distance between the bars 2 and
the surface of the group of bars 2 is scanned during the
transverse movement of the counter 12. This scanning
is evaluated in a correspondingly programmed computer
system to yield topography data of the group of bars 2
on the electromagnet 10. Optionally, the measurement
is performed in both directions in order to minimize risk
for errors.

[0066] For example, while the scanner 20 of the coun-
ter 12 is moved across the bars 2, the actual position of
the scanner 20 above the bars 2 is related to a variable
(x), which used by the computer software as an abscissa
for the topology profile. In a continuous or cyclic manner,
the distance (y) between the laser beam emitter/sensor
and the bars 2 is measured and related to the abscissa
x. An (x,y) diagram reveals the topology of the group of
bars on the electromagnet 10 with a ridge and two valleys
for each bar. The ridges and valleys of the topography
are interpreted by the computer software program as
bars and spaces between bars, respectively. In the com-
puter system recorded topography, the number of ridges
reveals the numbers of bars, and the corresponding ab-
scissa their position, while the abscissa related to the
valleys reveal the spaces that can be used for separation
of a selected number of bars 2a from the total group of
bars on the magnet 10.

[0067] FIG. 15aillustrates apossible example of a data
curve from the scanner and computer system. There are
shown three upwards convex partial curves 25, each one
corresponding to measurement data of one bar 2. The
computer system is programmed to find the highest point
21 on each of the three partial curves 25. This highest
point 21 is not necessarily aligned with the center of the
corresponding bar 2, as the bars typically have ribs
around the bar 2. This highest point is used by the com-
puter system as offset for a trigger curve 22. The trigger
curve 22 toggles between a single upper value and a
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single lower value, which in the shown example are 10
and 0. At the edge 23 of the trigger curve, the start of the
space 24 between bars is defined. Once, the spaces are
defined, they can be counted and used for separation of
the bars 2. FIG. 15b shows the same data, however, with
the addition of a differential curve 26, the differential curve
26 illustrating the rise and fall of the partial curves 25.
The differential curve 26 can be used alternatively or in
addition to the trigger curve for safeguarding proper au-
tomatic identification of the spaces 24 between the bars
2.

[0068] Alternatively, a tactile sensor can be used to
sense the topography of the bars 2 on the electromagnet
by direct contact with the surface of the bars. For exam-
ple, a flexible finger is moved across the bars and verti-
cally adjusted to follow the surface profile of the bars 2,
revealing the topology.

[0069] In order to minimize the risk for faults in count-
ing, the computer software is provide with various control
functions and filters taking into account surface rough-
ness, surface structure and minimum diameters of the
bars. For example, the surface roughness is filtered by
a low pass filter, eliminating high frequency signal oscil-
lations from the scanning due to surface roughness.
[0070] With reference to the principle sketch of FIG. 4,
on the basis of the computer-recorded number of bars 2
and their position on the electromagnet 10, a separation
arm 13 that is equipped at one end with a separation
edge 14 is moved transversely underneath the bars 2,
as indicated by the double arrow, until the separation
edge 14 coincides with the space between two bars 2 of
which one bar has been identified as belonging to the
first subgroup 2a for further handling and the adjacent
bar has been identified as belonging to the second sub-
group 2b that is to be returned to the channel 4.

[0071] By switching off the electromagnet, the bars 2
fall on either side of the separation edge 14, which is
illustrated in FIG. 5. Those bars that have been selected
as the first subgroup 2b that are to be returned to the
channel 4 fall behind the separation edge 14 and drop
into the channel 4. The other five bars 2a that have been
selected in the second subgroup 2b for further handling
drop on the opposite side of the separation edge 4 onto
the separation arm 13, as illustrated in FIG. 6.

[0072] Itis noted that the separation edge 14 need not
be part of the separation arm 13 and could be moved
separately from the separation arm 13.

[0073] As an optional further step, the number of bars
selected as the first subgroup 2a on the separation arm
13 is counted by the optical counter 12 with the scanner
20 in order to verify the counted number and minimize
the risk for errors.

[0074] As illustrated in FIG. 7, the separation arm 13
has beenretracted transversely and a shuttle 17 on either
side of the assembly 6 has been moved upwards to lift
the selected bars 2a from the separation arm 13. Alter-
natively, the separation arm 13 could be lowered for the
transfer of the first subgroup 2a of bars from the separa-
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tion arm 13 to the shuttles 17. The shuttles 17 comprise
a carriages 15 with freely rotating horizontal rollers 16 by
which the selected bars 2b are supported. The shuttles
17 are carried by the supportbeam 7 in translational man-
ner, for example by a chain drive or cam-belt drive, and
configured for moving in opposite directions away from
the center of the support beam 7 and parallel with the
support beam 7, thereby lifting the selected bars 2a en-
tirely free from the channel 4 and also disentangling the
bars 2a. Inthe illustrated embodiment of FIG. 8, a second
17 is moving in an opposing direction. It is possible to
provide more than two shuttles 17 moving along the sup-
port beam 7 during this disentangling and lifting action.
[0075] As illustrated in FIG. 8 and 9, while the shuttles
17 move towards the end of the support beam 7, a plu-
rality of support arms 18 along the support beam 7 are
provided underneath the selected bars 2a, such that the
selected bars 2a are discharged onto these support arms
18, once the shuttles 17 have been moved along the
support beam 7 to an end position, which is beyond the
ends of the selected bars 2b. The latter situation is illus-
trated in FIG. 10.

[0076] Asillustratedin FIG. 11the supportarms 18 are
partly retracted, although this is a requirement but de-
pends on the configuration. As illustrated in FIG. 12 and
13, the support beam 7 is moved transversely for trans-
port of the selected bars 2b from the location above the
store 3 to a further location for further handling of the
bars 2, for example an intermediate magazine 19, as
illustrated in FIG. 14. Once, the bars 2a are located at
the further location, they are discharged from the support
arms 18, for example by being pushed down from the
support arms 18 into the intermediate magazine 19.
[0077] Alternatively, the selected bars 2a are removed
from the supports arms 18 by grippers or are inserted
into a transport unit where the selected bars 2a are
moved parallel to the support beam 7 away from the sup-
port arms 18, for example into a magazine of a cropping
machine for cropping the bars into the desired length.
[0078] An example of an apparatus in which the bars
are removed in a longitudinal direction is illustrated in
FIG. 16a to 16c¢. Also in such a system, a counter 12 as
described above is useful. The bars 2 are supported in
a store 3 with a U-formed channel 4, which is elevated
relatively to the ground. 26. At one end, the bars 2 are
bending down towards the ground. For collection of a
predetermined number of bars, the bent end of the bars
2 is lifted up with a piston lifter 30, for example electrical,
hydraulic or pneumatic lifter 30, towards an electromag-
net 10. A gripper could be used as an alternative to the
piston lifter. This system differs from the system in FIG.
1-14 in that the electromagnet 10 is not lowered into the
store 3, but the bars 2 lifted up to the electromagnet 10.
The electromagnet 10 is mounted rotational in order to
adjust to the angle of the bars 2. Once, the bars 2 in
contact with the electromagnet 10, a single layer of bars
2 remains attached to the electromagnet 10, while the
remaining bars are lowered towards the floor again by
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lowering of the hydraulic lifter 30. While the bars 2 are
onthe electromagnet 10, a similar procedure with a coun-
ter 12 and separation edge 14 as disclosed above and
illustrated in FIG. 4 is used to select only a first subgroup
for further handling. For example, the first subgroup 2a
is drawn into the jaws 27 of a cropping machine 28 along
the longitudinal direction of the channel 4. Accordingly,
this system also differs from the system in FIG. 1-14 in
thatthe transfer procedure is not lateral to the longitudinal
direction of the channel 4 and of the bars 2 but in a lon-
gitudinal direction of the bars 2. Typically, the store 3
comprises a plurality of channels 4 and is laterally mov-
able in order to align the desired channel among the plu-
rality of channels 4 with the piston lifter 26 and the crop-
ping machine 27.

[0079] As itisreadily recognized for the system as de-
scribed herein in relation to the aforementioned
EP1934000, there is no tracked tool (having number 20
in EP1934000) for handling the bars for transfer from the
magnet to the separation arm, and there is no clamp with
jaws for fixing the bars at the central position ((having
numbers 15-17 in EP1934000). The system and method
of operation as explained herein is simpler and it opera-
tion faster, requiring fewer operation steps. In addition,
because bars are not clamped in jaws or have to fit into
a special track, in contrast to EP1934000, it is also more
versatile and procedure-wise more robust when dealing
with a broad range of varying diameters of the bars. Fur-
thermore, due to the simpler setup, the system implies
lower production costs than for the system in
EP1934000.

Reference numbers
[0080]

1 apparatus for the automatic feeding of metal bars 2
metal bars

selected bars

de-selected bars

store of bars

U-formed channel

trestle stand

collection assembly

support beam

columns supporting the support beam 7
rails for the columns 8

electromagnet

actuator for vertical movement of the electromag-
net 10

12 counter

13  separation arm

14  separation edge

15 carriage of shuttle 17

16  horizontal rollers of carriage 15

17  shuttle

18  support arms

19  magazine for selected bars 2b
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20 scanner

21 highest point

22  trigger curve

23  edge at space 24

24  space

25  partial curve

26  differential curve

27  jaws of cropping machine 28
28  cropping machine

29  double arrow illustrating movement of counter 12
30  hydraulic lifter

Claims

1. Method of dividing a group of metal bars into a first
and a second subgroup, the first subgroup having a
prefixed number of bars; the method, comprising

- collecting a group of metal bars (2) in a single
layer, the number of metal bars (2) in the group
being higher than the prefixed number;

- providing a counter (12), the counter (12) com-
prising a surface scanner (20) configured for
providing topological data representing
scanned surface profiles of objects, and a com-
puter system functionally connected to the scan-
ner (12);

- scanning the surface of the group of metal bars
(2) by the scanner (20) while moving the scanner
(20) along a line across the group of metal bars
(2), determining relative position coordinates of
the scanner (20) repeatedly during the moving,
and providing the scanning data signals as well
as the relative position coordinates to the com-
puter system; by the computer system automat-
ically

- relating the scanning signals to position coor-
dinates and calculating a surface profile of the
group of the metal bars (2) in the computer sys-
tem;

- in the surface profile determining the relative
positions of the metal bars and of the spaces
(24) between the metal bars, and counting the
metal bars;

- dividing the group of metal bars (2) into a first
subgroup (2a) of the prefixed number of bars
and a second, subgroup (2b) of remaining bars,
- counting the spaces (24) between the bars (2)
and as a result of the counting determining a
particular space that is located between the first
subgroup (2a) and the second subgroup (2b) of
bars and determining the position of the partic-
ular space;

- locating a separation edge (14) at the particular
space; the separation edge (14) having a first
side and a second opposite side relatively to a
vertical plane;
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- separating the first subgroup (2a) from the sec-
ond subgroup (2b) by providing only the first sub-
group of bars (2a) on the first side of the sepa-
ration edge (14) and the second subgroup (2b)
only on the second side of the separation edge
(14).

2. Method according to claim 1, wherein the separating

comprises

a) moving the separation edge (14) into the par-
ticular space along a vertical or substantially ver-
tical direction

or

b) moving the first subgroup to the first side of
the separation edge and the second subgroup
to the second side of the separation edge along
a vertical or substantially vertical direction;

or a combination of a) and b).

Method according to claim 1 or 2, wherein the sep-
arating comprises providing the first subgroup to the
first side of the separation edge and the second sub-
group to the second side of the separation edge,
simultaneously.

Method according to claim 1, wherein the separating
comprises providing the first or the second subgroup
or both subgroups to the first and second side of the
separation edge in portions.

Method according to any preceding claim, wherein
the method comprises providing the bars (2) in lifted
condition with a free space underneath the bars, lo-
cating the separation edge (14) underneath the par-
ticular space; and dropping the bars (2) from the lifted
position and during dropping, separating the first
subgroup (2a) and the second subgroup (2b) by
dropping the first subgroup of bars (2a) only pass
thefirst side ofthe separation edge (14) and dropping
the second subgroup (2b) only pass the second side
of the separation edge (14).

Method according to claim 5, comprising

- providing a store (3) of metal bars (2);

- by an electromagnet (10) collecting a group of
metal bars (2) from the store (3) in a lifted posi-
tion, the group being attached in a single layer
to a lower side of the electromagnet (10);

- while in a lifted position counting the number
of metal bars (2) on the electromagnet (10) with
the counter (12);

wherein the separation of the metal bars (2) of the
first subgroup (2a) from the second subgroup (2b)
comprises releasing the bars (2) from the electro-
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magnet (12) and separating the first and the second
subgroup during dropping from the electromagnet
by dropping only the first subgroup of bars (2a) onto
a separation arm (13) that is located only on the first
side of the separation edge (14) and dropping the
second subgroup (2b) pass the second side of the
separation edge (14).

Method according to claims 6, wherein the separa-
tion edge (14) is attached to or integral with one end
of the separation arm (13), and wherein the locating
of the separation edge (14) underneath the particular
space comprises moving or extending the separa-
tion arm (13) until its end with the separation edge
(14) is located under the particular space.

Method for according to claim 6 or 7, comprising

- providing an initial prefixed number, which is
the number of the metal bars to be transferred
from the store (3) to a magazine (19) for working
or transport;

- in case that the number of metal bars (2) on
the electromagnet is less than or equal to the
initial prefixed number, releasing the bars (2)
from the electromagnet (12) and thereby drop-
ping the bars (2) onto a separation arm (13), and
transferring the number of metal bars (2) from
the separation arm (14) to the magazine (19),
adjusting the initial prefixed number to a new
adjusted prefixed number by subtracting the al-
ready transferred number of bars; repeating the
lifting and counting operation as long as the ad-
justed prefixed number is larger than zero;

- in case that the number of metal bars (2) on
the electromagnet is higher than the initial or ad-
justed prefixed number, separating the metal
bars (2) into a first subgroup (2a) of a first
number of bars, the first number being equal to
the initial or adjusted prefixed number, and a
second subgroup (2b) of remaining bars, trans-
ferring the first subgroup (2a) to the magazine
(19) and discharging the second subgroup (2b)
back into the store (3).

9. Method according to claim 8, wherein the transfer of

the bars (2, 2b) from the separation arm (13) to the
magazine (19) comprises

- transferring all of the bars (2, 2b) from the sep-
aration arm (13) onto at least two shuttles (17)
and moving the at least two shuttles (17) in op-
posite directions along a straight path in a lon-
gitudinal direction of the bars (2) for disentan-
gling the bars (2) and for lifting them fully off the
store (3);

- providing a plurality of support arms (18) un-
derneath the straight path and dropping the bars
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(2, 2b) from the shuttles (17) onto the support
arms (18) by moving the shuttles (17) beyond
the ends of the bars (2, 2b);

- while the bars (2, 2b) are on the support arm
(18), moving the support arms (18) in a direction
transverse to the longitudinal direction of the
bars (2) to the magazine, and discharging the
bars (2, 2b) from the support arms into the mag-
azine (19);

Method according to claim 9, wherein the discharg-
ing of the bars (2, 2b) from the support arms (18)
into the magazine (19) is accomplished by dropping
the bars (2, 2b) from the support arms (18) directly
into the magazine (19).

Method according to claim 9 or 10, wherein the trans-
ferring of the bars (2, 2b) from the separation arm
(13) onto at least two shuttles (17) is accomplished
by changing a level of the separation arm relatively
to the shuttles (17) in a rectilinear vertical motion of
the separation arm (13) or the shuttles (17) or both.

A method according to any one of the claims 9-11,
wherein the bars during movement of the shuttles
(17) are not fixed at a central position.

A method according to any preceding claim, wherein
the distance scanner comprises a laser triangulation
system configured for scanning the distance be-
tween the laser triangulation system and the surface
of a scanned point on the group of bars.

Apparatus for a method according to any preceding
claim, comprising

- a store (3) of metal bars (2);

- an electromagnet (10) arranged for collecting
a group of metal bars (2) from the store (3) in a
lifted position at a lifting level, the electromagnet
being configured for electromagnetically attach-
ing the group in a single layer to a lower side of
the electromagnet (10) and for releasing the en-
tire group of bars;

- a counter (12) for counting the number of metal
bars (2) in the lifted group of metal bars and for
determining the relative position of the bars and
of the spaces between the bars; the counter
comprising a surface scanner configured for
providing topological data representing
scanned surface profiles of objects, and a com-
puter system functionally connected to the scan-
ner; the scanner being configured for

- scanning the surface of the group of metal
bars by the scanner while moving the sur-
face scanner along a line across the group
of metal bars (2), determining relative posi-
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16.
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tion coordinates of the scanner repeatedly
during the moving, and providing the scan-
ning data signals as well as the relative po-
sition coordinates to the computer system;
by the computer system automatically

- relating the scanning signals to position
coordinates and calculating a surface pro-
file of the group of the metal bars in the com-
puter system along the line;

- in the surface profile determining the rel-
ative positions of the metal bars and of the
spaces between the metal bars, and count-
ing the metal bars;

- dividing the group of metal bars (2) into a
first subgroup (2a) of the prefixed number
of bars and a second subgroup (2b) of re-
maining bars,

- counting the spaces between the bars (2)
and as a result of the counting determining
a particular space that is located between
the first subgroup (2a) and the second sub-
group (2b) of bars and determining the po-
sition of the particular space;

the apparatus comprising a movable separation
edge (14) at a level underneath the upper lifting
level; the separation edge (14) having afirst side
(7) and a second opposite side relatively to a
vertical plane; the separation edge (14) being
configured for moving laterally to the bars (2) to
a position underneath any one selected partic-
ular of the spaces between the bars (2), thereby
dividing the bars into a first subgroup (2a) on the
first side of the separation edge (14) and a sec-
ond subgroup (2b) on the second side of the
separation edge (14);

- the apparatus being configured for releasing
the bars from the electromagnet (10) and there-
by dropping the first subgroup (2a) of bars from
the electromagnet (10) on the first side of the
separation edge (14) but not the second sub-
group of bars (2b), and dropping the second sub-
group of bars (2b) from the electromagnet (10)
on the second side of the separation edge (14).

An apparatus according to claim 14, further compris-
ing a free-fall space on the second side of the sep-
aration edge (14) for free fall drop of the second sub-
group of bars (2b) from the electromagnet (10) to the
store (3).

Apparatus according to claim 14 or 15, further com-
prising a movable separation arm (13) configured for
moving laterally to the group of bars on the electro-
magnet (10), wherein the separation edge (14) is
attached to or integral with one end of the separation
arm (13), the separation arm (13) being configured
for receiving the first subgroup (2a) of bars that drop
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from the electromagnet (10) on the first side of the
separation edge (14) but not the second subgroup
of bars (2b).

17. Apparatus according to claim 16, further comprising %

- a support beam (7) arranged on rails (9) for
moving the support beam (7) laterally to the
store (3), wherein the actuator (11) of the elec-
tromagnet (10) is attached to the support beam 70
();

- a movable separation arm (13) attached to the
support beam (7) and configured for moving lat-
erally to the support beam (7), wherein the sep-
aration edge (14) is attached to or integral with 75
one end of the separation arm (13), the separa-

tion arm (13) being configured for receiving the

first subgroup (2a) of bars that drop from the
electromagnet (10) on the first side of the sep-
aration edge (14) but not the second subgroup 20
of bars (2b);

- at least two shuttles (17) arranged movable on

the support beam (7) in opposite directions in a
straight path along the support beam (7) and
configured for receiving the bars (2a) from the 25
separation arm (13) and for disentangling the
bars (2a) and lifting the bars fully off the store

(3) during moving;

- a plurality of support arms (18) attached to the
support beam (7) underneath the straight path 30
and configured for receiving the bars by drop-
ping the bars (2a) from the shuttles (17) when

the shuttles (17) are moved beyond the ends of

the bars (2a); the support arms (18) being ar-
ranged for moving together with the beam (7) to 35
a magazine (19) and configured for releasing

the bars (2a) into the magazine (19).
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FIG. 17
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