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[57] ABSTRACT

A sheet material is sucked at one end and at an inter-
mediate portion between the central portion and the
other end thereof, wherein said one end of the sheet
material is lifted initially while the sheet material is
pressed downwardly at a portion between the sucked

" portions to cause the sheet material to have a bend be-

tween the sucked portions.
3 Claims, 8 Drawing Figures
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APPARATUS FOR SUCKING UP AND LIFTING THE
UPPERMOST SHEET MATERIAL FROM A STACK
OF SUCH SHEET MATERIALS

The present invention relates to method and appara-
tus for sucking up and lifting the uppermost one of
stacked sheet materials and transferring the lifted sheet
material to another predetermined place.

In the field of transferring thin sheet materials, such
as thin plastic sheets, one after another from a stack of
the sheet materials to another predetermined place,
there has been known a method in which the upper-
most one of stacked sheet materials is subjected to suc-
tion force so that the uppermost sheet material is
peeled off the other sheet materials and then trans-
ferred. Usually, this method is carried out by simulta-
neously lowering a plurality of suction means at the
bottom ends of hollow rods into contact with the up-
permost one of stacked sheet materials. Because of the
pressure applied to the stacked sheet materials such as
by the weight of the suction means, the sheet materials
tend to be adhered to each other.

If the uppermost one of such adhered stacked sheet
materials is subjected to suction force a plurality of suc-
tion means and if the latter and simultaneously lifted
up, there takes place a tendency in which the second
sheet or the second and third sheet materials are lifted
together with the uppermost sheet material due to vac-
uum pressure. The nearer to the central area of the
sheet material are the points on the sheet material at
which the suction means contact the same, the greater
the tendency.

Several methods and apparatuses have heretofore
been proposed in order to eliminate the above diffi-
culty, but all have many shortcomings and fail to pro-
vide satisfactory, quick and reliable peeling and trans-
ferring operations which have been demanded long
time.

It is an object of the present invention to provide a
method of quickly and reliably peeling and transferring
sheet materials one after another from the top of a
stack of such sheet materials and an apparatus for per-
forming the method.

It is another object of the present invention. to pro-
vide a method of quickly and reliably peeling and trans-
ferring uppermost sheet material from a stack of such
sheet materials without causing a second sheet material
of the stack to be scratched and an apparatus for per-
forming the method.

It is further object of the present invention to provide
an apparatus for peeling and transferring sheet materi-
als from a stack of such sheet materials which has a
simplified construction and is inexpensive.

According to one aspect of the present invention,
there is provided a method of sucking up and lifting the
uppermost sheet material from a stack of such sheet
materials and transferring the lifted sheet material to
another predetermined place, wherein the top surface
of the uppermost sheet material is subjected to suction
force at one end thereof and at an intermediate portion
between the central portion and the other end of said
sheet material; thereafter said one end of said sheet ma-
terial is lifted while said sheet material is pressed down-
wardly at a portion between the sucked portions of the
sheet material to cause the sheet material to have a
bend between the sucked portions so that the sheet ma-
terial is peeled off lower sheet materials; then the
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sucked portion of the uppermost sheet material be-
tween the other end and the central portion is lifted to
separate the uppermost sheet material from the lower
ones; and finally the separated sheet material is moved
upwardly.

According to another aspect of the present invention,
there is provided an apparatus for sucking up the up-
permost one of a plurality of stacked sheet materials
comprising at least first and second suction means each
provided at the lower end thereof with a suction mem-
ber, said first suction means being disposed above one
end of the stacked sheet materials while said second
suction means is disposed above the intermediate por-
tion between the other end of the stacked sheet materi-
als and the central portion of the stack, at least one
pressure means for applying pressure upon said sheet
material, said pressure means being disposed between
said two suction means, and means for driving said suc-
tion means operative to first move said first suction
means upwardly to partially lift up said pressure means
by the sucked sheet material and then upwardly move
said second suction means. ,

The above and other objects, features and advan-
tages of the present invention will be made apparent by
the following description with reference to the accom-
panying drawings, in which:

FIGS. 1 to 3 diagrammatically illustrate heretofore
known methods of sucking up and peeling sheet materi-
als one after another from a stack of the sheet materi-
als;

FIGS. 4 to 6 diagrammatically illustrate the method
of sucking up and peeling sheet materials one after an-
other from a stack of the sheet materials according to
the present invention; and

FIGS. 7 and 8 are schematic views of an embodiment
of the apparatus for sucking up and peeling sheet mate-
rials one after another from a stack of the sheet materi-
als according to the present invention.

Before the present invention is described with refer-
ence to FIGS. 4 to 8 of the drawings, the prior art will
be discussed with reference to FIGS. 1 to 3.

With a heretofore known method of sucking up and
peeling sheet material one after another from a stack
1 of the sheet materials shown in FIG. 1, suction means
11 and 11¢ are operated to suck the uppermost one la
of the stack of sheet materials at substantially the cen-
tral portions of the left and right sections sectionalized
by a center line 4. Simultaneously, the suction means
11 and 11q are lifted together with the sucked sheet
material 1a by means of a support structure 10, At this
time, the central portion of the sucked sheet material
goes up first so that a partially vacuumed space 5 is
formed under the central area of the uppermost sheet
material 1a. Hanged ends 2 and 3 at the opposite sides
of the sucked sheet material 1a substantially block the
natural supply of air into the space §. This tends to dis-
advantageously cause a second sheet material 1 to be
lifted up together with the uppermost one 1a.

In an attempt to eliminate the disadvantage, retaining
rods 6 are used, as shown in FIG. 2, to hold down the
stack 1 at its end portions until the uppermost sheet
material, which is sucked by the suction means 11 and
11a at the portions inwardly of the retaining rods 6, is
completely separated off the second sheet material 1b.
In this case, the uppermost sheet material when lifted
up has sliding movement with respect to the second
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sheet material 1b so that both sheet materials may be
scratched.

If the suction means 11 and 11a are operated to suck
the opposite ends of the uppermost sheet material la
and, at the same time, moved upwardly, as shown in
FIG. 3, the ends of the sheet material 1a are first lifted
up to cause a relatively good natural air supply in-
wardly of the opposite ends of the sheet as indicated by
arrows, with a result that the tendency that the second
sheet material 1b is also lifted upwardly is reduced.
However, if the sucking means are moved upwardly at
a higher speed, the natural air supply is insufficient to
prevent the second sheet material 15 from being lifted
together with the uppermost sheet material. Thus, it is
difficult to carry out the operation at a rate greater than
a certain rate. In order to eliminate the diffuculty,
therefore, a procedure is employed that the air supply
is relied upon not only natural air supply but also jets
of compressed air or the like so as to ensure that the up-
permost sheet material 1a only is lifted up. This proce-
dure, however, needs an additional installation for the
air jet. Moreovér, there may be a case where the upper-
most 1a and the second sheet materials 1b are adhered
together by virtue of electrostatic force etc. In such a
case, air jet is insufficient to assure complete separation
of the uppermost sheet material 1la from the. second
one 1b. :

The method of sucking up and peeling sheet materi-
als one after another from a stack of the sheet material
according to the present invention will be described
with reference to FIGS. 4 to 6. A suction means 11 is
disposed above one end 2 of a stack 1 of sheet materi-
als. Another suction means 11a is dispased above the
intermediate portion between the other end 3 of the
stack 1 and center line 4 thereof. A pressure means 18
is provided at intermediate portion between the suction
means 11 and 11a. The pressure means 18 and the suc-
tion means 11 and 11a are operable by an upper sup-
port structure so as to be moved up and down in a pre-
determined timed relationship.

In the first position shown in FIG. 4, the suction
means 11 and 11a are operated to suck the uppermost
sheet material 1a while the pressure means 18 is forced
down against the stack 1 with a constant pressure.

In the second position shown in FIG. 5, the right hand
suction means 11a positioned between the end 3 of the
stack 1 and the center line 4 thereof is maintained in
its lower position, whereas the suction means 11 adja-
cent the other end 2 of the stack 1 is moved upwardly
with the pressure means 18 being forced down against
the uppermost sheet material 1a with substantially the
same pressure force as in the position of FIG. 4. Air is
naturally supplied inwardly as shown by an arrow.
There takes place little case where the second sheet
material 1b is lifted up together with the uppermost
sheet material 1a. Of course, if the sucking up and lift-
ing operation is continuously carried out at a high
speed, there occurs a case wherein the natural air sup-
ply is insufficient to insure that the second sheet mate-
rial 15 is prevented from being lifted up together with
the uppermost sheet material. However, since the pres-
sure means 18 holds down the second sheet material 15
to cause the same to have a resistance against deforma-
tion, it is almost assured that, the second sheet material
1b is separated from the uppermost sheet material. In
addition, even if the uppermost and the second sheet
materials 1a and 1b are adhered to each other by elec-
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trostatic force etc., it is almost assured that the second
sheet material 1b is separated from the uppermost one
1a by the resistance against deformation.

The left hand suction means 11 is further moved up-
wardly with the right hand suction means 11a being
maintained in its lower position to hold down the up-
permost sheet material 1a. The pressure means 18 is
moved upwardly due to the moving up of the left hand
suction means 11, as shown in FIG. 6, to such a level
as to cause the uppermost sheet material to be arcu-
ately bent upwardly at its left end portion. Thus, even
if the second sheet material 1b tends to be lifted up to-
gether with the uppermost sheet material 1a, the in-
crease in the resistance of the second sheet material 15
against deformation and the lapse of time in the process
from the position shown in FIG. § to that shown in FIG.
6 ensure sufficient natural air supply to cause the end
of the second sheet material to be completely separated
from the end 2 of the uppermost sheet material. In ad-
dition, even if the uppermost and the second sheet ma-
terials 1a and 1b are maintained in not completely sep-
arated position as shown in FIG. 5 by electrostatic
force etc., the increase in the resistance against defor-
mation ensures complete separation of the second
sheet material from the uppermost one in the position
shown in FIG. 6.

Then, the right hand suction means 11a is moved up
to support the sheet material 1a by both suction means
11 and 11a. The upper support structure 10 is laterally
moved to a predetermined place in which the suction
force is removed from the suction means 11 and 11a to
allow the sheet material 1a to drop.

As described above, the uppermost sheet material 1a
is lifted in such a manner that one end thereof is turned
up to improve natural air supply. This is combined with
the utilization of the resistance of the second sheet ma-
terial 1b against deformation to ensure complete sepa-
ration of the uppermost sheet material 1a from the sec-
ond one 1b so that the second sheet material 1b is pre-
vented from otherwise being scratched and that the up-
permost sheet material 1a only is positively lifted up.

A description will be made with respect to the appa-
ratus for performing the above-described method by
referring to FIGS. 7 and 8. The apparatus includes a
support structure 10 which is movable upwardly and
downwardly to peeling off and lifting up a sheet mate-
rial from a stack of sheet materials 1 and which is also
movable to convey or transfer the lifted sheet material.
The support structure 10 is provided with at least a pair
of suction means 11 and 11a and a pressure means 18,
The first suction means 11 shown at the left hand por-
tion in FIGS. 7 and 8 is supported from the support
structure 10 above the left end portion 2 of the stack
of the sheet materials 1 while the second suction means
11a shown at the right hand portion in FIGS. 7 and 8
is supported from the support structure 10 above the
intermediate area of the stack between the right end 3
and the central area 4 of the stack. The pressure means
18 is mounted on the support structure between both
suction means 11 and 11a. The suction means 11 and
11a comprise hollow support tubes 12, 124 and suction
members 13, 132 mounted on the bottom ends thereof,
respectively. The hollow support tubes 12 and 12a
vertically slidably extend through vertically elongated
guide tubes 14 and 14aq, respectively, and are guided by
guide members 15 and 15q disposed within the guide
tubes. The hollow support tube 12 of the first suction
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means 11 is somewhat shorter than the hollow support
tube 12a of the second suction means 11a, as seen in
FIG. 7. The hollow support tubes 12 and 12a have stop
plates 16 and 16a secured to the upper end portions of
the support tubes, respectively. Preferably, tension
springs 17 and 174 are provided to extend between the
stop plates 16, 16a and the support structure 10, re-
spectively.

The pressure means 18 provided between the first
and second suction means 11 and 11a comprises a tu-
bular member 19 fixedly secured to the support struc-
ture 10, a spring 20 mounted in the tubular member
under compression and a pressure member 21 biased
downwardly by the compression spring 20. The pres-
sure member 21 has a downwardly directed shoulder
22 adapted to be engaged by an inner shoulder 23 on
the lower end of the tubular member for limiting the
downward movement of the pressure member 21.

The stop plates 16 and 16a are fixedly secured to the
upper end portions of the hollow support tubes 12 and
12a at such levels that, when the first and second suc-
tion members 13 and 13q and the pressure member 21
are in their lifted positions shown in FIG. 8, the first
suction member 13 is at a higher level than the other
and the line joining the bottom ends of the members
13, 21 and 13a is generally arcuate.

FIG. 8 illustrates the upper support structure in its
lifted position wherein a sheet material 1a is shown as
being sucked up. The support structure, after having
transferred the sheet material 1a to another predeter-
mined place, will be moved downwardly to suck up the
next sheet material from the stack. The position of the
upper support structure before the downward move-
ment is the same as the position in FIG. 8 in which
there is not the sheet material 1a. This position is fol-
lowed by successive steps of operation which will be
described hereunder.

The suction members 13 and 13a are moved down-
wardly by their hollow support tubes 12 and 12a. The
lowermost levels of the suction members 13 and 13a
are determined by the engagement of the stop plates 16
and 16a secured to the hollow support tubes 12 and
124 with the top ends of the guide tubes 14 and 14aq,
respectively. The pressure member 21 is always biased
downwardly by the spring 20. The level of the bottom
end of the pressure member 21 is determined by the co-
operation of the shoulder 22 on the pressure member
21 with the shoulder on the tubular member 19 for
guiding the pressure member. In the illustrated embodi-
ment of the invention, the arrangement is such that the
suction member 13 of the first suction means 11 is dis-
posed at the highest level and this level is followed by
the bottom end of the pressure member 21 and the suc-
tion member 13a of the second suction means 11g in
the mentioned order and the suction member 13, the
bottom end of the pressure member 21 and the suction
member 13a are positioned on an arcuate line, as de-
scribed hereinabove. .

From the position described, the upper support struc-
ture 10 is moved downwardly so as to suck the stacked
sheet materials. The lowermost second suction member
13a is first brought into contact with the uppermost
sheet material 1a of the stack and is stopped while the
upper support structure still continues its downward
movement. This is allowed by the relative sliding move-
ment of the hollow support tube 12a with respect to the
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guide tube 144, with a result that the stop plate 164 is
spaced from the top of the guide tube 14a.

The continued downward movement of the upper
structure 10 then causes the bottom end of the pressure
member 21 to contact the top of the stack of sheet ma-
terial. The support structure further continues its
downward movement to bring the first suction member
13 into contact with the top of the stack. The support
structure is further moved downwardly an appropriate
distance and, thereafter, is stopped. The pressure mem-
ber 21 is already stopped as described above, but, this
does not interfere with the downward movement of the
upper support structure 10 as the pressure member 21
has a relative sliding movement with respect to the
guide tube 19 in such a manner that the spring 20 is
pressed between the pressure member 21 and the guide
tube 19. Similarly, the stoppage of the first suction
member 13 by contact with top of the stack of sheet
materials does not interfere the downward movement
of the support structure 10 because the hollow support
tube 12 has a relative sliding movement with respect to
the guide tube 14.

FIG. 7 illustrates a position in which, after the first
suction member 13 has been brought into contact with
the sheet material 1a, the support structure 10 has been
moved downwardly an appropriate distance and then
stopped. In this position, the suction means 13 and 134
will be actuated by any conventional means such as
vaccum pump or the like so as to suck the sheet mate-
rial 1a. Then, the upper support structure 10 will be
moved upwardly to cause the top of the guide tube 14
to abut against the stop plate 16 with a result that the
suction member 13 is moved upwardly lifting up the
left end portion of the sheet material 1a in the manner
and with the advantage previously described with refer-
ence to the illustration in FIG. 5.

The support structure 10 is further moved upwardly
to cause the shoulder 23 on the guide tube 19 of the
pressure member 21 to be cooperated with the shoul-
der 22 thereon so that the pressure member 21 is
moved upwardly together with the support structure 10
in the manner and with the advantage previously dis-
cussed in connection: with the illustration in FIG. 6.

The upper support structure 10 continues its upward
movement to move the suction member 11a upwardly
for lifting up the right end of the sheet material 1a, with
a result that the sheet material 1a is completely peeled
off the second sheet material 1b and is lifted up by the
suction members 13 and 13a. The upper support struc-
ture 10 is further moved upwardly until it is stopped at
a predetermined level, as shown in FIG. 8.

Thereafter, the upper support structure 10 will be
moved laterally or horizontally to transfer the lifted
sheet material 1a toward another predetermined place.
When the support structure 10 reaches the other pre-
determined place, the suction members 13 and 134 will
be deenergized to release the sheet material 1a so that
the same is released from the suction members 13 and
13a so as to be placed on the pre-determined place.

Then, a description will be made with respect to the
functional advantage of the springs 17 and 17a. Since
the suction members 13 and 13a are mounted for up-
ward and downward movement by means of the hollow

. support tubes 12 and 124, respectively, the springs 17

and 17a are not required by the suction members for
their operation for the intended purpose. However, the
suction means 11 and 11a would be required to be
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moved downwardly solely by their gravity if the springs
* 17 and 17a were not provided. In addition, the suction
members 13 and 13a may fail to have intimate contact
" with the top surface of the uppermost sheet material of
the stack if the stack has a somewhat corrugated or
curved top surface. The springs 17 and 17a assures that
the suction members 13 and 13a are positively moved
down and urged into intimate contact with the top sur-
face of the uppermost sheet material la of the stack so
that the suction members 13 and 134, when energized,
are operative to suck up the sheet material la.. '

The advantage of the spring 20 for the pressure
means 18 will be discussed hereunder. After the sheet
material 1a has been sucked by the suction members 13
and 13a, the support structure 10 is moved upwardly to
first of all lift up the suction member 13 for turning up
the left end of the sheet material 1a, as previously de-
scribed with reference to FIG. 5. At this time, it is re-
quired that the pressure member 21 holds down the
sheet material 1a in order to assure complete separa-
tion thereof from the second sheet material 1b until the
pressure member is lifted by the upper support struc-
ture. In a case where the uppermost sheet material la
has a great resistance against deformation, there will be
a possibility that the pressure member is lifted by the
uppermost sheet material due to its resistance against
deformation with a resultant decrease in the efficiency
of the peeling-off operation. The spring 20 within the
guide tube 19 positively enables the pressure member
21 to overcome such resistance against deformation for
completely eliminate the discussed possibility so as to
increase the efficiency of the peeling-off operation.

Although the present invention has been described
with reference to the illustrated embodiment, it is to be
understood that the invention is not limited to the illus-
trated embodiment and the apparatus of the invention
may have any other form that is operative to turn up
one end of the uppermost sheet material of a stack of
sheet material from the second sheet material of the
stack. For example, the upward and downward move-
ment of the suction members can be obtained from piv-
otal motion of pivotally mounted levers. This is also
true with the case of the pressure member.

In addition, the described embodiment has its suction
members 13 and 134 and the bottom end of the pres-
sure member 21 mounted on the support structure so
that they are positioned on an arcuate line in order to
turn up one ends of successive stacked sheet materials.
This arrangement is merely employed as a means to uti-
lize the upward movement of single upper support
structure 10 and is not required if the three members
13, 13q and 21 are actuated by separate upwardly and
downwardly driving sources. Namely, if the procedure
is carried out in such a manner that the suction member
13 is first moved upwardly by its own drive source, then
the pressure member 21 is moved upwardly by its own
drive source and thereafter the suction member 13a is
moved upwardly by its own drive source, the procedure
results in the same operation and function as those ob-
tainable from the described embodiment.

Preferably, more than three suction members may be
used in order to assure that a sucked sheet material is
levelled. In such a case, the suction members are posi-
tioned such that they are divided into a first group in-
cluding the first suction member 13 and a second group
including the second member 13a. It is most preferred
that the first group includes more than one suction

20

25

30

35

40

45

50

55

60

65

8

members disposed along one end 2 of the stack of the
sheet material 1 so as to turn up successive sheet mate-
rials at this end. The limitation to the second group of
suction members is not so severe as the limitation to the
first group but it is preferred that the second group in-
cludes more than one suction members disposed in an
appropriate area between the center line 4 of the stack
of sheet materials 1 and the end 3 of the stack.

The invention. is not limited to the use of a single
pressure means and a plurality of such pressure means
may be used.

Moreover, the stacked sheet materials have been de-
scribed and illustrated as being turned up at their left
ends. The arrangement of the described and illustrated
components of the apparatus, however, may be so
modified that the sheet materials are turned up at their
right-ends. .

Since the apparatus of the present invention is based
on the described principle, the apparatus does not re-
quire any cooperable installation and is operative to
peel off and lift up only an uppermost sheet material in
such a manner that the apparatus does not cause any
defect such as scratch in the sheet materials. The appa-
ratus is also capable of transferring the lifted sheet ma-
terial to another predetermined place. Thus, the appa-
ratus is suited for use with an automatic sheet feeding
apparatus,

What is claimed is: .

1. An apparatus for sucking up the uppermost one of
a plurality of stacked sheet materials comprising at
least first and second suction means each provided at
the lower end thereof with a suction member, said first
suction means being disposed above one end of the
stacked sheet materials while said second suction
means is disposed above the intermediate portion be-
tween the other end of the stacked sheet materials and
the central portion of the stack, at least one pressure
means for applying pressure upon said sheet material,
said pressure means being disposed between said two
suction means, and means for driving said suction
means operative to first move said first suction means
upwardly to partially lift up said pressure means by the
sucked sheet material and then upwardly move said
second suction means, wherein each of said suction
means comprises a shaft provided at its bottom end
with said suction member, said shaft being slidably ex-
tended through guide means secured to an upwardly
and downwardly movable support structure and having
a stop member secured to the upper end portion
thereof, the shaft of said first suction means having a
length smaller than that of the shaft of said second suc-
tion means.

2. An apparatus as defined in claim 1, wherein said
pressure means is positioned between said first and sec-
ond suction means and is supported from said support
structure, said pressure means having a projection al-
ways biased downwardly by a spring, said projection
having its bottom end positioned at a level lower than
the suction. member of said first suction means and
higher than the suction member of said second suction
means when said support structure is in its lifted posi-
tion. '

3. An apparatus as defined in claim 1, wherein a ten-
sion spring extends between each stop member and

said support structure.
* * * * *



