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@ Device for lifting objects by making use of a sub-atmospheric pressure.

@ The invention relates to a device for lifting ob-
jects (15) by making use of a sub-atmospheric pres-
sure, whereby the device is provided with a chamber
(42) in which a sub-atmospheric pressure can be
generated. A valve (45) located in said chamber has
a valve stem (44) extending to a point beyond the
chamber (42), through a passage (43) provided in
the bottom wall (40) of the chamber. The lower end
of the valve stem (44) is located near an opening
(11) surrounded by resilient material (10), which is
located at the bottom side of the device. The valve
{45) and the valve stem (44) can be put from a first
position, in which the passage (43) in the bottom
wall (40) of the chamber (42) is closed by the valve,
into a second position, in which the valve is located
spaced from the bottom wall, and in which the
chamber (42) is in open communication with the
opening (11) surrounded by the resilient material
(10). The valve (45) is secured to the lower end of a
bellows-shaped means (46) disposed in the chamber
(42), said bellows-shaped means being retained be-
tween the valve (45) and a fastening means (47, 48)
located spaced from the bottom wall (40) of the
chamber (42). The interior of the bellows-shaped
means (46) is in open communication, via a passage
(49) provided in the valve (45) and in the valve stem

(44), with the opening (11) surrounded by the resil-
ient material (10).
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DEVICE FOR LIFTING OBJECTS BY MAKING USE OF A SUB-ATMOSPHERIC PRESSURE.

The invention relates to a device for lifting
objects by making use of a sub-atmospheric pres-
sure, said device being provided with a chamber in
which a sub-atmospheric pressure can be gen-
erated.

Such a device is known from US Patent Speci-
fication No. 4,787,662. With this known device the
chamber in which a sub-atmospheric pressure can
be generated is in open communication, via throttle
passages, with openings located at the bottom side
of the device which are surrounded by resilient
material. When the device is to be used it is placed
on the objects fo be moved, and a sub-atmospheric
pressure will be generated in those openings that
are covered by the objects as a result of which the
object will stick to the device. At the location of the
openings which are not covered by an object there
will be an air flow. In particular when irregularly
shaped objects are picked up and/or when several
small objects are picked up by one and the same
device it may happen that a comparatively large
number of openings is not covered by {an) object-
(s), so that during operation there will be a com-
paratively large air flow through the openings that
are not covered, which makes it necessary for the
means for generating the sub-atmospheric pres-
sure to have ample capacity.

In order to meet this drawback use is made
according to the invention of a device for lifting
objects by making use of a sub-atmospheric pres-
sure, whereby the device is provided with a cham-
ber in which a sub-atmospheric pressure can be
generated, as well as with a valve located in said
chamber and a valve stem fixed to the valve, said
valve stem extending to a point beyond the cham-
ber, through a passage extending in the bottom
wall of the chamber, and with a bellows-shaped
means connected to the valve and the valve stem,
whereby the lower end of the valve stem is located
near an opening surrounded by resilient material,
which is located at the bottom side of the device,
all this in such a manner that the valve and the
valve stem can be put from a first position, in
which the passage in the bottom wall of the cham-
ber is closed by the valve, into a second position,
in which the valve is located spaced from the
bottom wall, and in which the chamber is in open
communication with the opening surrounded by the
resilient material.

Such a device is known from US-A-4,561.687.
In this known device the valve stem projecting
beyond the bottom wall of the chamber is sur-
rounded by the bellows-shaped means, which at its
lower end is connected, via a connecting piece, {0
the lower end of the valve stems and which at its
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upper end is secured fo the bottom wall of the
chamber. Near its lower end the bellows is thereby
in open communication with the opening surround-
ed by the resilient material. The bellows-shaped
means functions mainly to effect a flexible connec-
tion between the connecting piece provided at the
lower end of the valve stem and the remaining part
of the device. The valve located inside the cham-
ber is at all times during operation subjected to the
sub-atmospheric pressure prevailing in the cham-
ber, which may involve the risk that a good seal of
the passage cannot be ensured in the position in
which the valve must close the passage.

According to the invention the valve is secured
to the lower end of the bellows-shaped means
disposed in the chamber, said bellows-shaped
means being retained between the valve and a
fastening means located spaced from the bottom
wall of the chamber, whilst the interior of the
bellows-shaped means is in open communication,
via a passage provided in the valve and in the
valve stem, with the opening surrounded by the
resilient material.

When using the construction according to the
invention a pressure equal to the sub-atmospheric
pressure will prevail in the interior of the bellows-
shaped means, said pressure being exerted on the
upper side of the valve, so that said valve will be
positively forced into the position in which the
passage in the botiom wall is closed. When the
valve is forced into its open position, in order to
generate a vacuum in the opening surrounded by
resilient material, however, a sub-atmospheric pres-
sure will also be generated in the interior of the
bellows, so that the closing force exerted in the
closed position is released.

A further advantage of the construction accord-
ing to the invention is that as a result of its arrange-
ment in the cabinet the bellows-shaped means is
well-protected, as a result of which damage to the
bellows-shaped means can be avoided to a great
extent.

With the embodiment according to US-A-

- 4,561,687 it is furthermore necessary fo dispose

the coupling means secured to the lower ends of
the valve stems and supporied by the bellows-
shaped means separated from each other, in order
to be able to ensure that the device operates in the
intended manner, which leads to a vulnerable and
complicated construction. According to the inven-
tion it is on the other hand possible to design the
device such that a plurality of valves, with the
associated bellow-shaped means, are arranged in a
common chamber, and that a resilient material
bounding a number of openings is provided at the



3 EP 0 425 010 A1 4

lower side of the bottom wall bounding the cham-
ber.

In this way a particularly solid and simply pro-
duced device can be obtained.

According to a further aspect of the invention
use is made of a device for lifting objects by
making use of a sub-atmospheric pressure, where-
by the device is provided with a chamber in which
a sub-atmospheric pressure can be generated, said
chamber being in open communication, via a pas-
sage, with a room in which a ball is present, said
room being in communication with an opening sur-
rounded by resilient material located at the bottom
side of the device, all this in such a manner that
when air tends to flow to the chamber via said
opening and said room, as a result of a sub-
atmospheric pressure being generated, said ball is
moved upwards towards the passage in order to
close said passage.

Such a device is known from FR-A-2,265,659
(Figure 5). With this known device the ball is ac-
commodated in a cage with perforated walls, which
is located spaced from the opening surrounded by
resilient material. The use of such a cage with
perforated walls leads to a complicated construc-
tion, whilst there is also the risk of the perforations
having a comparatively small passage becoming
clogged. '

According to the invention the room accom-
modating the ball is formed by a bore having a
diameter which is larger than the diameter of the
ball, a further passage connecting to the bottom
side of said room, said further passage forming the
connection between the bere accomodating the ball
and the opening surrounded by the resilient materi-
als whilst the ends of the bore form conical seats
for the ball.

By using the invention a particularly simple
construction can be obtained, wherein the risk of
the flow path for the air becoming fouled is prac-
ticaily neglectable.

The invention will be further explained with
reference to a few embodiments of the construction
according to the invention illustrated in the accom-
panying Figures.

Reference is hereby made to a device, which
is in particular intended for picking up bricks or the
like. It will be apparent, however, that the construc-
tion according to the invention may also be used
for moving other objects.

Figure 1 diagrammatically shows an installation
for removing, layer by layer, layers of bricks
from brick piles present on a kiln car, by making
use of a device according to the invention.
Figure 2 diagrammatically shows a bottom view
of a device according to the invention.

Figure 3 is a larger-scale view of a part of
Figure 2.
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Figure 4 is a larger-scale sectional view of a part
of the device illustrated in Figures 2 and 3, near
an opening.

Figure 5 is a sectional view corresponding with
Figure 4, with an object placed under the open-
ing.

Figure 6 is a sectional view of the valve, along
the line VI - Vi in Figure 4.

Figure 7 is a sectional view corresponding with
Figure 4 of a second embodiment of the device
according to the invention.

Figure 8 is a sectional view corresponding with
Figure 7, with an object placed under the open-
ing.

Figure 1 shows an installation for removing.
layer by layer, layers of bricks which are piled on
top of each other in brick piles 1 which are present
on a kiln car 2.

After baking the bricks usually show variations
as to colour and shape, dependent on the fact
whether the bricks form part of a pile placed near
the side of the kiln car, and/or whether the bricks
are located near the fop or the bottom of the pile.
In many cases it is desirable, therefore, to be able
to mix the stones in a simple manner. For this
purpose it is required to take down, layer by layers
the piles built up of layers of bricks resting on top
of each other, whereby it is furthermore required to
be able to remove a layer from the one pile and a
layer from another pile at random.

In order to realise this use is made according
to the invention of an installation illustrated in Fig-
ure 1, which comprises a portal 3, under which a
kiln car 2 is to be arranged in the illustrated man-
ner. Across the upper side of the portal a traversing
trolley 3’ can be driven to and fro in the direction
according to the arrow A. Said traversing trolley
supports a device 4 for lifting the bricks. The
device 4 can thereby be moved up and down by
means of a setting cylinder 5. The device 4 to be
described in more detail hereinafter picks up the
objects, bricks in this case, by using a sub-at-
mospheric pressure. An air pump or fan 6 is moun-
ted on the traversing trolley 3 in order to generaie
the sub-atmospheric pressure in the device 4. By
means of the device 4 an upper layer of bricks can
be respectively picked up from one of the piles 1,
and such a layer can then be placed on a belt
conveyor 7 in order to be discharged for further
processing.

A first embodiment of the device 4 will now be
described in more detail with reference to Figures
2-6.

As is apparent from the Figures 2 - 4 the
device comprises a rectangular frame 8, in which a
flat supporting plate 40 is fixed. To the lower side
of the supporting plate there is secured a plate 10
made of a resilient material, e.g. rubber or the like.
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A large number of openings 11, circular in the
illustrated embodiment, is provided in the plate 10,
in such a manner that the ceniral axes of said
openings extend perpendicularly to the plate 40.
The openings 40 are in communication with a
chamber 42 via bores 43 provided in the plate 40,
said chamber 42 being bounded by the supporting
plate 40 and a cover plate 41 provided, spaced by
some distance, above the supporting plate, said
cover plate 41 likewise being fixed in the frame 8.

The centre-to-centre distance between the
openings 11 may suitably be 10 mm, whilst the
diameter of the openings is 7 mm. During opera-
tion a sub-atmospheric pressure may be generated
in the chamber 42 by means of the fan or the air
pump. Valve stems 44 extend through the holes
43. The upper ends of the valve stems 44 are fixed
fo valves 45 formed by substantially cylindrical
bodies. Each valve 45 is secured to the lower end
of a bellows 46 located in the chamber 42. The
bellows 46 is with its upper end fixed to a disc 47,
which is secured fo the plate 41 by means of a bolt
connection 47.

In the valve stem 44 there is provided a slotted
hole 49 (Figure 5), which is in communication, by
means of a bore 50 extending through the valve,
with the otherwise closed internal room bounded
by the bellows 46.

When the device is to be operated a sub-
atmospheric pressure will be generated in the
chamber 42. In the interior of the bellows 46 there
will be an atmospheric pressure thereby, since the
interior of the bellows 46 is in open communication
with the atmosphere via the slotted hole 49 and the
bore 50. As a result the sealing washers 51 pro-
vided on the upper ends of the valve stems 44
remain present on the upper side of the plate 40 in
order to seal the holes 43.

When the device is placed on one or more
objects 15 to be picked up, the valves stems 49
located above the object(s) and the valves 45 with
the sealing rings 51 coupled thereto will be forced
upwards because the resilient material is pressed
down under the influence of the weight of the
device, so that the openings 11 located opposite
the objects to be picked up will be put into open
communication, via the holes 43, with the chamber
42 in which a sub-atmospheric pressure has been
generated, and a sub-atmospheric pressure will
again be generated in said openings. At the same
time a sub-atmospheric pressure is generated in
the interior of the bellows connected to the lifted
valves 45, since said bellows will also be placed in
open communication, via the openings 11 closed
by the objects at their bottom sides, the slotted
holes 49 and the holes 50, with the chamber 42 in
which a sub-atmospheric pressure has been gen-
erated. By using this construction the downward
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force on the forced-up valve 45 will be neglectable.

In those places where no objeci(s) is (are)
located opposite the valve stems 44 the valves 45
remain closed.

When the sub-atmospheric pressure falls out
the objects 15 will be released and the resilience of
the bellows will force the valves 45 into the closed
position illustrated in Figure 4.

With the embodiment illustrated in Figures 7
and 8 the plate 10, consisting of resilient material
and having openings 11, is secured to the lower
side of a plate 52, in which there is provided a bore
53 which is in open communication with the open-
ing 11. At its end remote from the opening 11 said
bore 53 opens, via a conical transition part 54, into
a bore 55 having a larger diameter than the bore
53. The upper end of said bore 55 joins up with a
bore 56 having an equal diameter, said bore 56
being provided in a plate 57 secured to the upper
side of the plate 52. The bore 56 blends, via a
conical fransition part 58, into a bore 59, whose
diameter is at least substantially equal to the diam-
eter of the bore 53.

In the space formed by the coaxial bores 55
and 56 there is present a ball 60 made of rubber,
plastic material or the like material, the diameter of
said ball being smaller than the diameter of the
holes 56 and 55 and larger than the diameter of the
holes 53 and 59. The conical transition parts 54
and 58 form valve seats for said ball 60.

The bore 59 opens into a chamber 61 which,
besides by the plate 57, is bounded by a plate 62
provided at some distance above the plate 57. In
the chamber 61 it is again possible {0 generate a
sub-atmospheric pressure by means not shown.

When using this device the device is first
placed on one or more objects 15 to be picked up,
as illustrated in Figure 18. Then a sub-atmospheric
pressure will be generated in the chamber 61. Near
those openings 11 that are not covered by an
object to be picked up, air will be sucked in via the
opening 11 and the bores 53, 55, 56 and 59, as a
result of which there will be an upward air flow,
when seen in Figures 7 and 8, in the bores 55 and
56. Said air flow will carry along the ball 60 in
upward direction, so that said ball 60 will bed down
on the valve seat 58 and close the hole 59, so that
it is prevented that air is further sucked in via
openings 11 not covered by objects.

Near the covered openings there will be sub-
stantially no air flow through the passages 55 and
56, and the ball 60 will rather float, as it were, in
the bores 55 and 56, and a sub-atmospheric pres-
sure will be maintained in the openings 11 located
opposite the objects 15 to be picked up in order to
make it possible for the objects in question to be
lifted again.
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Claims

1. Device for lifting objects (15) by making use of a
sub-atmospheric pressure, whereby the device is
provided with a chamber (42) in which a sub-
atmospheric pressure can be generated, as well as
with a valve (45) located in said chamber and a
valve stem (44) fixed to the valve (45), said valve
stem (44) extending to a point beyond the chamber
(42), through a passage (43) provided in the bottom
wall (40) of the chamber (42), and with a bellows-
shaped means (46) connected to the valve (45) and
the valve stem (44), whereby the lower end of the
valve stem (44) is located near an opening (11)
surrounded by resilient material {10), which is lo-
cated at the bottom side of the device, all this in
such a manner that the valve (45) and the valve
stem (44) can be put from a first position, in which
the passage (43) in the bottom wall of the chamber
(42) is closed by the valve, into a second position,
in which the valve is located spaced from the
bottom wall, and in which the chamber (42) is in
open communication with the opening (11) sur-
rounded by the resilient material (10), characterized
in that the valve (45) is secured to the lower end of
the bellows-shaped means (46) disposed in the
chamber (42), said bellows-shaped means being
retained between the valve (45) and a fastening
means (47, 48) located spaced from the bottom
wall (40) of the chamber (42), whilst the interior of
the bellows-shaped means (48) is in open commu-
nication, via a passage (49) provided in the valve
(45) and in the valve stem (44), with the opening
(11) surrounded by the resilient 256 material (10).

2. Device according to claim 1, characterized in
that a plurality of valves (45), with the associated
bellow-shaped means (46), are arranged in a com-
mon chamber, and that a resilient material (10)
bounding a number of openings (11) is provided at
the lower side of the bottom wall (40) bounding the
chamber.

3. Device according to claim 1, characterized in
that one passage (49) is open at the side of the
valve stem (44) along at least substantially the
entire length of the valve stem.

4. Device for lifling objects by making use of a
sub-atmospheric pressured whereby the device is
provided with a chamber (61) in which a sub-
atmospheric pressure can be generated, said
chamber being in open communication, via a pas-
sage (59), with a room (56) in which a ball (60) is
present, said room being in communication with an
_opening (11) surrounded by resilient material (10)
located at the bottom side of the device, all this in
such a manner that when air tends to flow to the
chamber (61) via said opening (11) and said room
(56), as a result of a sub-atmospheric pressure
being generated in said chamber (61), said ball
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(60) is moved upwards towards the passage (59) in
order to close said passage, characterized in that
the room (56) accommodating the ball (60) is
formed by a bore having a diameter which is larger
than the diameter of the ball (60), a further passage
(53) connecting to the bottom side of said room,
said further passage forming the connection be-
tween the bore (56) accomodating the ball and the
opening (11) surrounded by the resilient material
(10}, whilst the ends of the bore form conical seats
for the ball.

5. Device according to claim 4, characterized in
that said bore is built up of two parts, which are
formed in two plates (52, 57) lying on top of each
other.
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