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Description

[0001] The present invention concerns a magnetic
gripper for grabbing and releasing magnetic materials.
[0002] In particular, the invention concerns such a
magnetic gripper comprising a frame which is equipped
with gripping means with which the magnetic gripper can
be gripped by a lifting device such as for example a lifting
crane, a fork lift, a portal bridge or the like.

[0003] The magnetic gripper is hereby initially de-
signed forlifting objects made wholly or partly of magnetic
materials, such as for example steel or other ferromag-
netic materials or alloys thereof, whereby such objects
can take many forms, for example the form of plates,
tubes, profiles, structural beams or the like.

[0004] However, itis not excluded to use the magnetic
gripper for grabbing and releasing other things, such as
bulk materials or ores with magnetic qualities or metal
waste or scrap or the like.

[0005] Different types of magnetic grippers for lifting
such magnetic materials are already known, but they all
have certain disadvantages.

[0006] There are for example the well-known magnetic
grippers of the type provided with a permanent magnet.
[0007] An advantage of this known type of magnetic
gripper is that no external energy needs to be supplied
for generating a magnetic field.

[0008] This known type of magnetic gripper has many
disadvantages, however, associated with its rather prim-
itive structure, whereby for example the changeover be-
tween a gripping condition and a condition for releasing
the object again must always be performed manually by
an operator.

[0009] The magnetic field of the permanent magnet is
hereby directed by manual rotation so as to either grab
or release the material concerned.

[0010] The magnetic gripping force generated by the
permanentmagnet ofthis known type of magnetic gripper
is always the same, such that the magnitude of this mag-
netic gripping force cannot be set.

[0011] Such an adjustment of the magnitude of the
magnetic gripping force is usually useful, however, to en-
sure for example that the magnetic gripper takes only a
single plate at a time from a stack of superposed steel
plates and not several plates at once.

[0012] Other more sophisticated known magnetic grip-
pers are of a type whereby the magnetic field is electri-
cally generated by means of one or several electromag-
nets.

[0013] These known magnetic grippers with an elec-
tromagnet are advantageous in that the generated mag-
netic gripping force can be set by making a corresponding
electric current flow through the electromagnet or elec-
tromagnets.

[0014] However, a major disadvantage of this known
type of magnetic grippers is that while grabbing an ele-
ment to be picked up with such a magnetic gripper, en-
ergy in the form of an electric current must be continu-

10

15

20

25

30

35

40

45

50

55

ously supplied to the electromagnets in order to maintain
the magnetic field generated in these electromagnets.
[0015] This not only involves a potential security risk,
but it is also a costly affair if a long-acting magnetic field
is required.

[0016] Of this known type of magnetic grippers with
electromagnets there are, overall, two possible embod-
iments.

[0017] In afirst embodiment, the electric power is sup-
plied externally from an external power supply, such as
an electric grid or generator or the like, which of course
has the disadvantage that an external power supply
should be at hand, whereby furthermore the connection
to an external power supply often also entails limitations
with regard to the mobility of the magnetic gripper.
[0018] In another embodiment of this known type of
magnetic grippers with electromagnets, the electromag-
net is supplied as of a battery provided on the magnetic
gripper itself, so that it has a certain autonomy.

[0019] Nevertheless, the autonomy of such a magnetic
gripper is extremely limited, given the high demand for
electric power for generating a magnetic field, so that
when grabbing objects with such a known magnetic grip-
per an external power supply will have to be provided
anyhow in order to charge the battery and maintain the
magnetic field.

[0020] Further, the known magnetic grippers of this
type are usually not suitable in terms of shape to take
hold of materials with different shapes, and they are not
able to pick up objects fully automatically, whereby cer-
tain operations, such as for example switching the elec-
tromagnets, still need to be done by an operator, which
may give rise to errors.

[0021] Also, the battery systems required for such a
magnetic gripper are large and expensive and only have
a limited lifespan, after which they need to be replaced.
[0022] Consequently, such battery systems have a
high environmental impact.

[0023] Also, the presentinvention aims to remedy one
or several of the preceding and possibly other disadvan-
tages.

[0024] In particular, the object of the invention is to de-

velop a magnetic gripper with a very high degree of au-
tonomy, similar to the type of magnetic gripper provided
with a permanent magnet, which is also very flexible in
use and allows for a far-reaching automation, whereby
the grabbing and releasing of objects is preferably pos-
sible without the intervention or with minimal intervention
of the operator.

[0025] Another aim of the invention is to provide a so-
lution to the energy supply of the magnetic gripper which
is also much more environmentally friendly than the ex-
isting systems with which magnetic grippers are ener-
gized.

[0026] A further aim of the invention is to produce said
magnetic gripper in such a way that its magnetic field for
taking hold of materials can be adjusted, in particular can
be increased or reduced depending on the situation, and



3 EP 2 796 400 A1 4

that objects in all sorts of shapes can be handled with it
in a simple manner.

[0027] To that end, the present invention concerns a
magnetic gripper for grabbing and releasing objects
made of magnetic materials, comprising a frame provid-
ed with gripping means with which the magnetic gripper
can be grabbed by a lifting device, whereby the magnetic
gripper further contains at least the following elements:

- two or more bistable magnets, which can at least be
switched between an on mode, in which the bistable
magnet concerned can exert a magnetic gripping
force on magnetic material to be grabbed, and an off
mode, in which the bistable magnet concerned can
exert no or practically no magnetic gripping force on
magnetic material to be grabbed;

- a control unit for generating electrical pulses to put
the bistable magnets in the corresponding desired
positions; and,

- an electric battery which serves as an autonomous
source of energy for generating the electrical pulses.

[0028] A first major advantage of such a magnetic grip-
per according to the invention is that use is made of two
or several so-called bistable magnets.

[0029] Such bistable magnets are provided with a set
of permanent magnets, as well as with a coil whose func-
tion may differ depending on the specific embodiment,
but which coil always serves to switch between two
modes, in particular between an on mode whereby a grip-
ping force can be exerted and an off mode whereby this
is not the case.

[0030] In some embodiments, the coil is used to mag-
netize a core.

[0031] Depending on the flow direction of the electric
current with which the coil is energized, the core is mag-
netized in one or the other sense, such that the magnetic
field generated by the permanent magnets is strength-
ened or negated by the magnetic field of the core, in the
on mode and the off mode of the magnetic gripper re-
spectively.

[0032] In other embodiments, the magnetic field which
is generated in the coil is used to move the permanent
magnets in a housing, whereby an air gap is either or not
included in the magnetic circuit, which corresponds re-
spectively with the off or on mode of the bistable magnets.
[0033] Also,the majoradvantage of such bistable mag-
nets is that in order to switch between said on and off
mode, an electric current should be only temporarily ap-
plied in the form of an electrical pulse so as to magnetize
the core in the right direction and in accordance with the
desired strength or to move the permanent magnets,
whereby after the core has been magnetized or the per-
manent magnets have been moved, no electric current
should be applied any longer, since the available mag-
netic field for the gripping force comes from the magnetic
field of the permanent magnets, possibly combined with
the remnant magnetism of the core.
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[0034] Thus, it is clear that only little electric power is
required to switch the magnetic gripper, which amount
of electric power is many times smaller than the energy
required for the known magnetic grippers provided with
electromagnets.

[0035] Consequently, itis possible to equip a magnetic
gripper according to the invention with a battery which
allows to switch between the on mode and off mode many
tens, hundreds or even thousands of times without need-
ing to recharge the battery.

[0036] Also, amagnetic gripper according to the inven-
tion has a very large autonomy.

[0037] Another advantage of a magnetic gripper ac-
cording to the invention is that grasping and lifting an
object with it can be done very safely and efficiently, since
the magnetic field which is used for said lifting is provided
by the permanent magnets, possibly combined with the
remnant magnetism of a core, so that even if the afore-
said battery is completely discharged, there is norisk that
the magnetic field for the gripping force should be inter-
rupted or be lost.

[0038] Yet another advantage of a magnetic gripper
according to the invention is that the bistable magnets
are switched by means of a control unit which generates
the appropriate electrical pulses to this end, such that no
manual intervention of an operator is required and so
that, consequently, such a magnetic gripper according
to the invention offers the advantages of a known mag-
netic gripper equipped with a permanent magnet, but not
its disadvantages.

[0039] In order to better explain the characteristics of
the invention, the following preferred embodiments of a
magnetic gripper for grabbing and releasing magnetic
materials according to the invention are described by way
of an example only, without being limitative in any way,
with reference to the accompanying figures, in which:

figure 1 represents a magnetic gripper according to
the invention, used for lifting a steel plate, seen in
perspective;

figure 2 represents a side elevation according to ar-
row F2 of the magnetic gripper from figure 1, in a
condition in which the magnetic gripper rests with its
weight on the steel plate;

figure 3 shows the part of the magnetic gripper indi-
cated by F3 in figure 2 to a larger scale;

figure 4, analogous to figure 2, represents a side
elevation of the magnetic gripper from figure 1, in a
condition in which the weight of the magnetic gripper
does not rest on the steel plate yet;

figure 5 shows the part of the magnetic gripper indi-
cated by F5 in figure 4 to a larger scale;

figure 6 shows the magnetic gripper from figures 1
and 2, used for lifting a steel profile, whereby pairs
of bistable magnets of the magnetic gripper are
switched in another position;

figures 7 and 8 show front views of the magnetic
gripper from figure 6 according to arrow F7/F8, in a
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condition in which the magnetic gripper either or not
rests with its weight on the steel profile; and,
figures 9 and 10 show lateral views according to ar-
row FO/F10 in the conditions according to figures 7
and 8 respectively.

[0040] The magnetic gripper 1 according to the inven-
tion as represented in the figures is designed for grabbing
and releasing magnetic materials 2.

[0041] Figures 1, 2 and 4 represent a steel plate 3 as
an example of a magnetic material 2 to be taken hold of,
typically with rather large dimensions in two directions
XX and YY’, according to the width B and the length L
of the steel plate 3 respectively, and with a small dimen-
sion in the remaining direction ZZ’ according to the thick-
ness D of the steel plate 3.

[0042] Figures 6 to 10illustrate a situation whereby the
magnetic gripper 1 is used to take hold of a magnetic
material 2 in the shape of a steel profile 4, typically with
arather large dimension in only one direction XX’ accord-
ing to the length L of the steel profile 4 and with rather
small dimensions in the otherdirections YY’ and ZZ’ com-
pared to the latter, according to the height H and the width
B of the steel profile 4.

[0043] Naturally, other objects made of magnetic ma-
terials 2 are not excluded, such as steel profiles, struc-
tural steel bars or steel plates having other shapes, bulk
materials or waste scrap and so on.

[0044] The magnetic gripper 1is provided with a frame
5 forming a skeleton 5 in the given example, whereby
this skeleton 5 in this case contains a central beam 6
consisting of a hollow metal box profile 6 extending in a
direction UU’ here.

[0045] At both free ends 7 and 8 of the central beam
is in each case mounted a suspension 9.

[0046] Theframe5mayforexample be made of carbon
steel, or possibly of aluminium so as to reduce the weight.
[0047] In the given example, the suspensions 9 form
a sort of crosspieces 9 which generally extend in a direc-
tion VV’ on either side of the central beam 6 and which
are provided with a connection 10in the middle with which
they are connected to the central beam 6.

[0048] Every suspension 9 further has a pair of free
ends 11 and 12, onto which is each time mounted a pair
of bistable magnets 13.

[0049] Every suspension 9 is in this case bolted to the
central beam 6 by means of bolts and nuts, such that the
suspensions 9 can be easily repositioned on the central
beam 6, for example so as to be able to adjust the mag-
netic gripper 1 as a function of the shape of the magnetic
material 2 to be grabbed.

[0050] Inthe embodiment as discussed here, the con-
nection 10 between a suspension 9 and the central beam
6 is made rotatable, whereby the suspensions 9 can be
rotated round a shaft WW’ which is perpendicular to the
direction UU’ on the one hand, i.e. the direction in which
the central axis 6 extends, and to the direction VV’ on
the other hand, i.e. the direction in which the suspension
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9 concerned extends.

[0051] According to a preferred embodiment of the in-
vention, a suspension 9 can rotate by means of the ro-
tatable connection 10 thanks to the manual intervention
of an operator.

[0052] The operator may hereby for example unlock a
mechanical lock, after which a rotation of the suspension
9 into the desired position is possible.

[0053] Thereafter, the connection 10 can be re-fixed
by the operator by locking the mechanical lock again.
[0054] Such a mechanical lock may for example con-
sist of a pin which can be moved to and fro, provided on
a first part of the connection 10, and of holes which are
uniformly distributed over the circumference of a second
part of the connection 10 whereby, by introducing the pin
in one of the holes, the connection 10 can be fixed in the
desired position.

[0055] Suchapinis preferably spring-loaded, suchthat
it can be automatically maintained in the hole concerned
as long as it is not unlocked by an operator.

[0056] Thus, the direction VV’ of every suspension 9
in relation to the central axis 6 can be changed by a ro-
tation about the axis WW’, whereby in the case of figure
1, the suspensions 9 which are designed as a kind of
crosspieces 9 effectively stand transversely to the central
axis 6, such that the directions VV’ are perpendicular to
the direction UU’, whereas in the case of figure 6, the
suspensions 9 are provided parallel to the central axis 6,
such that the directions VV’ extend parallel to the direc-
tion UU’.

[0057] As the suspensions 9 can be positioned in re-
lation to the central beam 6, a greater degree of freedom
is obtained for positioning the bistable magnets 13.
[0058] According to the invention however, a simpler
version of a magnetic gripper 1 is not excluded, whereby
the frame 5 merely consists of parts that are fixedly con-
nected to one another and whereby the bistable magnets
13 are solely positioned in relation to a magnetic material
2 by positioning the frame 5 itself.

[0059] The bistable magnets 13 are magnets which,
as the name suggests, have two stable positions, where-
by such a bistable magnet 13 can be switched in partic-
ular between an on and off mode.

[0060] Inon mode, the bistable magnet 13 concerned
can exert a magnetic gripping on a magnetic material 2
to be taken hold of, whereas in off mode, the bistable
magnet 13 concerned can exert no or practically no mag-
netic gripping force on a magnetic material 2 to be taken
hold of.

[0061] As explained in the introduction, both modes
are stable since the magnetic field which is switched on
to grab a magnetic material 2 or which is switched off to
release the magnetic material 2 again is only provided
by permanent magnets, either or not combined with rem-
nant magnetism generated in a core, and thus is not pro-
vided by an electromagnet whose magnetic field can be
interrupted by a power failure.

[0062] Every pair of bistable magnets 13 is in this case
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integrated in a foot 14 provided with an upright piece 15
which extends in a direction TT’ parallel to the direction
WW’ around which its suspension 9 can rotate.

[0063] Atonefarend 16, the upright piece 15 is fixedly
connected to a flat sole 17, designed to make contact
with the magnetic material 2 to be picked up.

[0064] The flat soles 17 are in this case rectangular,
whereby two bistable magnets 13 at atime are integrated
in a sole 17 and whereby the bistable magnets 13 of such
a pair are placed next to one another in the direction VV’
of the suspension 9 onto which they are connected.
[0065] The upright piece 15 is provided in the middle
of the flat sole 17 and is perpendicular to the latter.
[0066] The other far end 18 of the upright piece 15 of
the foot 14 is suspended to the free end 11 or 12 con-
cerned of its suspension 9 by means of a cardan con-
nection 19, such that the direction TT’ of the upright piece
15 is aligned in the direction of gravity as far as the feet
14 are freely suspended to their suspension 9.

[0067] To this end, the cardan connection 19 contains
an intermediate piece 20 which is hinge-mounted to the
far end 18 of the upright piece 15 by means of a hinge
21 on the one hand, which hinge 21 makes it possible
for the foot 14 to rotate about an axis 22 which extends
parallel to the direction VV’ of the suspension 9 con-
cerned.

[0068] On the other hand, the intermediate piece 20 is
hinge-mounted to the free far end 11 or 12 of the sus-
pension 9 concerned by means of a hinge 23, which hinge
23 allows for a rotation about an axis 24 perpendicular
to the other axis 22 and which extends perpendicular to
the direction VV’ of the suspension 9 concerned.
[0069] In the given embodiment, the suspensions 9
and the feet 14 with the pairs of bistable magnets 13 hang
from the central beam 6 or they support the central beam
6 in such a manner that the frame 5 as a whole can be
easily placed on the magnetic material 2 to be taken hold
of, whereby in particular when picking up a steel plate 3,
all the feet 14 are aligned in a plane containing the direc-
tions XX and YY’, and when grabbing a rather one-di-
mensional structure such as a steel profile 4, the feet 14
are aligned according to a line XX'.

[0070] Obviously, totally different forms suitable for
grasping other sorts of materials are not excluded ac-
cording to the invention.

[0071] In the given example, the magnetic gripper 1
also contains only two suspensions 9 with in each case
a pair of bistable magnets 13 on each of the far ends 11
and 12 thereof, whereby the magnets 13 are provided in
pairs and according to a symmetrical pattern to the frame
5, which can be easily expanded according to the inven-
tion to several pairs of bistable magnets 13 or even to
totally different configurations should this be required for
a certain application.

[0072] The magnetic gripper 1 is further provided with
a control unit 25 with which the bistable magnets 13 can
be controlled or switched into the corresponding desired
positions, for example by means of electrical pulses gen-
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erated by the control unit 25.

[0073] An electric battery 26 serves as an autonomous
source of energy for generating the electrical pulses.
[0074] Since the bistable magnets 13 only consume
energy when being switched from one mode to another,
such a battery 26 may last very long without having to
be reloaded, whereby several tens or even thousands of
switch-overs of the bistable magnets 13 are possible.
[0075] According to a possible embodiment of a mag-
netic gripper 1 according to the invention, the control unit
25 is also designed for rotating each and every suspen-
sion 9 in relation to the central beam 6 so as to place the
bistable magnets 13 in a position which is appropriate
for picking up the magnetic material 2 concerned.
[0076] In this way, it is possible to avoid the manual
intervention of an operator for this purpose.

[0077] More generally, a magnetic gripper 1 according
to the invention may contain one or several bistable mag-
nets 13 provided on a moving part of the frame 5 which
may have another shape than the suspensions 9 from
the figures, such as for example on a movable arm or
the like.

[0078] Such a movable part can be moved and posi-
tioned in relation to the remaining part of the frame 5 by
controlling it via the control unit 25.

[0079] Asaresult, asinthe embodiment shown, it may
be possible to better position the bistable magnets 13 as
a function of the shape of the magnetic material 2 to be
picked up, before the magnetic material 2 is being
grabbed, by placing the magnetic gripper 1 on it with a
lifting device.

[0080] Inother embodiments it is also possible to con-
trol the movement of the movable part in such a manner
by means ofthe control unit 25 that one or several bistable
magnets 13 are brought directly in contact with the mag-
netic material 2 to be picked up by said movement.
[0081] Inordertomake it possible to easily lift the mag-
netic gripper 1 with a lifting device, gripping means 27
are provided according to the invention.

[0082] These gripping means 27 in this case contain
a pair of box-shaped beams 28 with open far ends pro-
vided centrally on the frame 5 on the one hand, in par-
ticular on the central beam 6, and which extend at right
angles to said central beam 6.

[0083] Said box-shaped beams 28 are designed to
grasp and liftthe magnetic gripper with a forklift, by sliding
its forks via the open far ends in the box-shaped beams
28.

[0084] On the other hand, the gripping means 27 in
this case also comprise a pair of eyes 29 provided at an
equal distance from the middle of the central beam 6,
which may be used to lift or grasp the magnetic gripper
1 with a pair of hooks of a hoist or crane or the like.
[0085] According to a preferred embodiment, a mag-
netic gripper 1 according to the invention is provided with
detection means 30 making it possible to detect either a
complete grab-ready or incomplete grab-ready running
order.
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[0086] A complete grab-ready running order refers to
a state of the magnetic gripper 1 in which all bistable
magnets 13 of the magnetic gripper 1 are grab-ready,
bistable magnets 13, as they can each reach a grabbing
state for picking up magnetic material 2 and can hereby
each make a contribution to achieving the necessary
magnetic lifting force for lifting the magnetic material 2.
[0087] Of course, a minimum requirement for reaching
acomplete grab-ready running order is that each bistable
magnet 13 can be put into contact with the magnetic ma-
terial 2 to be grabbed.

[0088] Anincomplete grab-ready running order on the
other hand refers to a condition of the magnetic gripper
1 whereby one or several bistable magnets 13 of the
magnetic gripper 1 are bistable magnets 13 that are not
grab-ready, as they cannot reach a grabbing state since
the magnets concerned are not capable to get hold of
the magnetic material 2 concerned, for example as they
cannot make contact with the magnetic material 2 or as
there is no magnetic material 2 available at the contact
point of the piece to be grabbed or the like.

[0089] In the embodiment of a magnetic gripper 1 ac-
cording to the invention as illustrated in the figures, said
detection means 30 are provided as well, which are
shown in greater detail in figures 3 and 5.

[0090] These detection means 30 in this case consist
of detection switches 31 which are switched during the
transition from a nongrab-ready running order, whereby
the magnetic gripper 1 is being lifted at the bistable mag-
net 13 or magnets 13 concerned by a lifting device, to a
grab-ready running order, whereby the magnetic gripper
1 is not being lifted at the bistable magnet by a lifting
device, and vice versa.

[0091] To this end, the suspensions 9 in the given ex-
ample are made in two pieces, like a pair of scissors with
two legs 32 that are hinge-mounted to one another in the
centre of the suspension 9 by means of a hinge 33 whose
axis of rotation 34 extends in the direction UU’ of the
central axis 6.

[0092] Each leg 32 of a suspension 9 hereby has a
long leg part 35 with a long lever arm with respect to the
hinge 33 and which extends up to the corresponding free
far end 11 or 12 with the foot 14 and bistable magnet 13
concerned, as well as a short leg part 36 with a short
lever arm with respect to the hinge 33 and which extends
in the direction of the foot 14 with the bistable magnet 13
of the other leg 32.

[0093] Each suspension 9 is hereby provided with a
pair of detection switches 31 which are in this case pro-
vided between a long leg part 35 and a short leg part 36
of the suspension 9 on either side of the central beam 6.
[0094] To this end, the detection switches 31 have a
housing 37 on the long leg part 35 concerned of one of
the legs 32, whereby a switching section 38, extending
as of said housing 37, is equipped with a pin 39 placed
in a slot 40 which is provided in every short leg part 35
of the other leg 32 to this end.

[0095] Whenthe magneticgripper 1rests withis weight
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on the magnetic material 2 to be picked up, as is the case
in figures 2, 7 and 9, the legs 32 of each suspension 9
will hinge somewhat apart around hinge 33, as a result
of which the pin 39 of a detection switch 31 will position
itself at one far end 41 of the slot 40 concerned, as is
represented in greater detail in figure 3.

[0096] However, when the magnetic gripper 1 is lifted
by a lifting device, and thus the weight of the magnetic
gripper 1 no longer rests on magnetic material to be
picked up, which situation is illustrated in figures 4, 8 and
10, thenthe legs 32 of each suspension 9 will hinge some-
what towards one another around hinge 33, as a result
of which the pin 39 of a detection switch 31 will position
itself on the other far end 42 of the slot 40 concerned,
which is represented in more detail in figure 5.

[0097] Depending on the position of the pin 39 in the
slot 40, the appropriate detection switch 31 will be
switched, as a result of which said switching in this case
corresponds to observing a condition in which the weight
of the magnetic gripper 1 either or not rests on magnetic
material 2 at the bistable magnet 13 concerned.

[0098] A complete grab-ready running order is in this
case a condition whereby one of the detection switches
31 of each bistable magnet 13 is switched into the con-
dition as represented in figure 3, whereby all feet 14 rest
on the magnetic material 2 and carry a part of the weight
of the magnetic gripper 1.

[0099] Such detection means 30 are very useful, as
they allow the magnetic gripper 1 to perform in full-auto-
matic mode, whereby this mode can preferably be set by
an operator via the control unit 25.

[0100] In full-automatic mode, when a complete grab-
ready running order is detected by means of the detection
means 30, the control unit 25 can automatically switch
all bistable magnets 13 into on mode by means of cor-
responding electrical pulses generated by the control unit
25, such thatthey can exert a magnetic force on the mag-
netic material 2.

[0101] To ensure a safe operation, the control unit 25
according to the invention is provided with a security
which, when an incomplete grab-ready running order is
detected by the detection means 30, prevent any mag-
netic material 2 being lifted by switching all bistable mag-
nets 13 into off mode.

[0102] Optionally, there can be ensured that, as an al-
ternative, the control unit 25 is provided with a security
which, when an incomplete grab-ready running order is
detected by the detection means 30, nevertheless allows
for the magnetic material to be lifted by switching all the
grab-ready, bistable magnets 13 into on mode and by
additionally magnetizing them with an electrical pulse so
as to increase the magnetic gripping force of the
switched-on bistable magnets 13 to the extent that the
lack of any gripping force at the nongrab-ready, bistable
magnets 13 is compensated.

[0103] In this manner, different materials having very
different shapes and weights can be taken hold of and
moved in a very efficient and automatic manner.
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[0104] A magnetic gripper 1 according to the invention
is preferably also equipped with signalling means, for ex-
ample in the shape of one or several LEDs or an LCD
screen or the like, so as to be able to signal certain con-
ditions of the magnetic gripper 1 to an operator.

[0105] Typically, such signalling means can for exam-
ple be used to inform an operator that the magnetic grip-
per 1 is in full grab-ready running order.

[0106] According to a preferred embodiment of a mag-
netic gripper 1 according to the invention, the bistable
magnets 13 are additionally provided with an adjustable
electromagnet for generating a demagnetizing field
which is adjustable by the control unit 25, when the bist-
able magnet 13 concerned is switched in on mode, so
as to set the magnitude of the total available magnetic
gripping force in on mode.

[0107] Thanks to an appropriate choice of the magni-
tude of the demagnetizing field, it can for example be
made sure with such an embodiment that the magnetic
gripper 1 picks up only a single steel plate at a time from
a stack of steel plates when the bistable magnets 13 are
switched on to that end.

[0108] The control unit 25 is preferably also adjustable
in a mode of operation by an operator by means of a
remote control, whereby the operator can put the bistable
magnets 13 in a switched-on or switched-off mode by
means of a remote control.

[0109] Such an operation mode can be particularly
useful when for example scrap waste needs to be
dumped with the magnetic gripper 1, whereby it may be
sufficient for an operator to observe from a distance that
the lifted magnetic materials 2 are in a position in which
it is safe to switch the bistable magnets 13 into off mode
in order to dump the waste there.

[0110] According to yet another preferred embodi-
ment, the control unit 25 can also be set in a manual
mode of operation by an operator, whereby the operator
can manually put the bistable magnets 13 jointly or sep-
arately in a switched-on or switched-off mode.

[0111] This mode of operationis meantratherfor emer-
gencies or instances where something has gone wrong.
[0112] Obviously, many other possible embodiments
of a magnetic gripper 1 according to the invention are
not excluded either.

[0113] The magnetic gripper 1 may for example be
adapted to pick up and lift rather light objects or much
heavier objects, for example objects having a weight
which may range for example from 28 kg to 28 Mt.
[0114] To this end, the number of bistable magnets
with which the magnetic gripper 1 is equipped can be
increased or decreased accordingly.

[0115] Also, many different embodiments of a magnet-
icgripper 1 according to the invention are possible, adapt-
ed as a function of the dimensions of the objects to be
picked up, whereby the frame 3 can be enlarged or re-
duced accordingly, carried out with more or less beams,
carried out as a box or plate-shaped element, provided
with fold-out or pull-out sections and so on.
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[0116] The dimensions of the objects made of magnet-
ic material may strongly vary. For example, the magnetic
gripper 1 may be designed for standard steel plates of 1
m by 2 m and 0.5 mm thick, but the magnetic gripper may
just as well be designed for gripping steel plates having
dimensions up to 12 m by 3 m and with strongly varying
thicknesses and so on.

[0117] In other possible embodiments, a magnetic
gripper 1 may be integrated in a system with a robot or
laser cutter.

[0118] The control unit 25 of the magnetic gripper 1
may hereby be part of the robot or the laser cutter, such
that it can monitor and control the magnetic gripper 1,
whereby the magnetic gripper 1, and in particular its bist-
able magnets 13, can be controlled differently, for exam-
ple as a function of the size or shape of the material 2 to
be grabbed, all of this fully automatically, without any
operator intervention.

[0119] The invention is by no means restricted to the
embodiments of a magnetic gripper 1 according to the
invention described by way of example and represented
in the accompanying drawings; on the contrary, such a
magnetic gripper 1 can be made in many different ways
while still remaining within the scope of the invention.

Claims

1. Magneticgripper (1) for grabbing and releasing mag-
netic materials (2), comprising a frame (5) provided
with gripping means (27) with which the magnetic
gripper (1) can be grabbed by a lifting device, char-
acterized in that the magnetic gripper (1) further
contains at least the following elements:

- two or more bistable magnets (13), which can
at least be switched between an on mode, in
which the bistable magnet (13) concerned can
exert amagnetic gripping force on magnetic ma-
terial (2) to be grabbed, and an off mode, in
which the bistable magnet (13) concerned can
exert no or practically no magnetic gripping force
on magnetic material (2) to be grabbed;
-acontrol unit (25) for generating electrical puls-
es to put the bistable magnets (13) in the corre-
sponding desired positions; and,

- an electric battery (26) which serves as an au-
tonomous source of energy for generating the
electrical pulses.

2. Magnetic gripper (1) according to claim 1, charac-
terized in that the magnetic gripper (1) contains sev-
eral bistable magnets (13) provided in pairs and ac-
cording to a symmetrical pattern to the frame (5).

3. Magnetic gripper (1) according to claim 1 or 2, char-
acterized in that the frame (5) comprises a central
beam (6) and in that at least one suspension (9) is
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provided on the central beam extending in a direction
(VV’) on either side thereof, connected with its centre
to the central beam (6) and having a pair of free ends
(11,12) onto which is provided one pair of bistable
magnets (13) at a time.

Magnetic gripper (1) according to one or several of
the preceding claims, characterized in that one or
several bistable magnets (13) are provided on a
moving part of the frame (5), which can be moved
with respect to the remaining part of the frame (5)
via the control unit (25).

Magnetic gripper (1) according to claims 3 and 4,
characterized in that an aforesaid suspension (9)
forms such a moving part of the frame, whereby the
movement consists of a rotation of the suspension
(9) around an axis extending in a direction (WW’)
which is perpendicular to the central beam (6), as
well as to the direction (VV’) in which the suspension
(9) concerned extends.

Magnetic gripper (1) according to one or several of
the preceding claims, characterized in that one or
several bistable magnets (13) are provided with an
adjustable electromagnet for generating a demag-
netizing field which can be adjusted by the control
unit (25), when the bistable magnet (13) is switched
in on mode, so as to set the magnitude of the total
available magnetic gripping force in said on mode.

Magnetic gripper (1) according to one or several of
the preceding claims, characterized in that the
magnetic gripper (1) is provided with detection
means (30) making it possible to detect either a com-
plete grab-ready running order, or an incomplete
grab-ready running order, whereby in the complete
grab-ready running order all bistable magnets (13)
are grab-ready, bistable magnets (13), as they can
getin a grabbing condition in which the bistable mag-
nets (13) concerned are capable of getting hold of
the magnetic material (2) concerned, whereas in the
incomplete grab-ready running order, one or several
ofthe bistable magnets (13) are nongrab-ready, bist-
able magnets (13), as they cannot get in a grabbing
condition since the bistable magnets (13) concerned
are not capable of getting hold of the magnetic ma-
terial (2) concerned.

Magnetic gripper (1) according to claim 7, charac-
terized in that the detection means (30) consist of
detection switches (31) which are switched during
the transition from a nongrab-ready running order,
in which the magnetic gripper (1) is being lifted at
the bistable magnet (13) concerned by a lifting de-
vice, to agrab-ready running order, in which the mag-
netic gripper (1) is not being lifted at the bistable mag-
net (13) concerned by a lifting device, and vice versa.
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9.

10.

1.

12.

13.

14.

15.

Magnetic gripper (1) according to claims 7 or 8, char-
acterized in that the control unit (25) is provided
with a security which, when an incomplete grab-
ready running order is detected by the detection
means (30), prevent any magnetic material (2) being
lifted by switching all bistable magnets (13) into off
mode.

Magnetic gripper (1) according to claims 8 and 9,
characterized in that the control unit (25) can be
set in a full-automatic mode of operation by an op-
erator, whereby in this mode of operation, when a
complete grab-ready running order is detected by
the control unit (25), all bistable magnets (13) are
automatically switched into on mode by means of
corresponding electrical pulses generated by the
control unit (25).

Magnetic gripper (1) according to claims 7 or 8, char-
acterized in that the control unit (25) is provided
with a security which, when an incomplete grab-
ready running order is detected by the detection
means (30), allow any magnetic material (2) to be
lifted by switching all grab-ready, bistable magnets
(13) into on mode and by additionally magnetizing
them with an electrical pulse so as to increase the
magnetic gripping force of the switched-on bistable
magnets (13) to the extent that the lack of any grip-
ping force at the nongrab-ready, bistable magnets
(13) is compensated.

Magnetic gripper (1) according to one or several of
the preceding claims, characterized in that the con-
trol unit (25) can be set in a mode of operation by an
operator by means of a remote control, whereby the
operator can put the bistable magnets (13) in either
on mode or off mode by means of a remote control.

Magnetic gripper (1) according to one or several of
the preceding claims, characterized in that the con-
trol unit (25) can be set in manual mode by an oper-
ator, whereby the operator can manually put the bist-
able magnets (13) jointly and/or separately in either
on mode or off mode.

Magnetic gripper (1) according to one or several of
the preceding claims, characterized in that the bat-
tery (26) allows for more than a thousand switches
of the bistable magnets (13) between an on and off
mode without being reloaded.

Magnetic gripper (1) according to one or several of
the preceding claims, characterized in that the grip-
ping means comprise a pair of box-shaped beams
(28) provided centrally on the frame so as to be able
to grab the magnetic gripper (1) with a forklift.
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