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3,879,149
SHELT FEEDING
George W. Childs, Dallas, Tex., assignor, by miesne as-
signments, to Sperry Rand Corporation, New Yeork,
N.Y., a corporation of Delaware
Filed May 19, 1961, Ser. No. 131,258
15 Clagms. (CL 271—327)

This invention relates to material handling and more
particularly to an apparatus for picking up sheets of thin
material such as paper one at a time from 2 stack and
feeding the sheets to a remote location.

In the design of apparatus for performing the function
of picking up and feeding thin sheets one a time to a re-
mote location there have arisen several problems, par-
ticularly when it is desired to feed the sheets at a high
rate. One problem is a tendency of the apparatus to pick
up and feed more than one sheet at a time from the stack.
This particular maifunctioning is referred to as “feeding
doubles.” Another problem is the synchronization of the
feeding operation so that it is carried out without any dam-
age to the thin sheets,

In a copending application Serial No. 53,742 invented
by George W. Childs, filed September 2, 1960, there is
disclosed a sheet feeding apparatus which is directed at
overcoming these two problems. The present invention
is an improvement upon the apparatus in the aforesaid ap-
plication to make the apparatus even more reliable and ef-
fective in the prevention of feeding doubles.

In the apparatus of the aforesaid copending application
the sheets to be fed one at a time are held in a stack be-
tween two guides. A vacuum pickup arm cyclically picks
up one sheet from the stack and delivers the sheet to a
remote position where it is accepted between a pair of
moving belts. The apparatus is reasonably effective in
the prevention of feeding doubles because it directs a
stream of air against the side of the stack to riffle and
separate the sheets in the stack and because there is pro-
vided a sheet separating vacuum duct having an opening
positioned adjacent the stack very close to the path that
the vacuum arm carries the sheets in moving away from
the stack. Air is sucked in through the vacuum duct
opening and this action causes. all the sheets but one car-
ried by the vacuum pickup arm to be removed and left
in a position to be picked up on the next cycle of the
arm. ‘The vacuum duct cooperates with the means di-
recting the stream against the stack in that it tends to hold
the edges of the sheets of the stack together while the
stream of air separates the sheets in the area adjacent the
pickup position of the vacuum arm.

iIn the apparatus of the aforesaid cepending application
there has arisen a problem. When the extra sheets car-
ried by the arms 25 are removed from the arm by the
action of the sheet separating vacuum duct, it is possible
that the sheets removed will close off the opening of the
vacuum duct and thus make it ineffective to perform its
function. In the improved apparatus of the present in-
vention this problem is overcome in that it is made im-
possible for the sheets removed from the vacuum pickup
arm to close off the vacuum duct. Also in the improved
apparatus it is less likely that two sheets will be picked up
by the vacuum arm in the first place.

In the improved apparatus of the invention the vacuum
duct itself forms one of the guides between which the
stack of sheets is held. The contour of the face of the
vacuum duct opening has been modified to be outwardly
curved on the side adjacent to the stack of sheets, Be-
cause of this structure the edges of the sheets in the stack
are drawn together and into contact with the face of the
duct opening. Because of the sucking action through the
vacuum duct opening and the curved face of the duct
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openintg, each sheet in the top of the stack projects out
from the stack over the vacuum duct opening slightly
more than the adjacent sheet beneath it. Thus the sheets
in the stack are slightly fanned in the region near the top
of the stack with a small margin of each sheet near the top
of the stack exposed to the sucking action of the vacuum
duct opening. Because the sheets are slightly fanned in
this manner with their edges drawn together into contact
with the face of the vacuum duct opening, the vacuum
pickup arm is less likely to pick up more than one sheet,
particularly since the sheets are separated in the area ad-
jacent the pickup position of the vacunm pickup arm by
the action of the stream of air directed against the side
of the stack. The vacuum duct opening extends all the
way across the top of the duct. Ribs are provided across
the top of the duct projecting away from the edge of the
side wall of the duct defining the side of the opening re-
mote from the stack. These ribs prevent sheets from
being sucked down into the vacuum duct and also prevent
the sheets from closing off the duct opening because they
project away from the edge of the duct side wall. Thus
the apparatus of the present invention provides more
reliable operation in the prevention of feeding doubles
by the sheet feeding apparatus.

Accordingly, it is one object of the present invention to
provide an improved sheet feeding apparatus.

It is a further object of the present invention to provide
more effective prevention of the feeding of doubles in
sheet feeding apparatus.

It is a still further object of the presenit invention to
provide an improved apparatus for feeding thin sheets
from. a stack one at a time at a high rate of speed.

Further objects and advantages of the present inven-
tion will become readily apparent as the following de-
tailed description of a preferred embodiment of the in-
vention uafolds and when taken in conjunction with the
drawings, wherein:

FIG. 1 illustrates a top view of the improved appara-
tus of the present invention;

FIG. 2 is a cross-sectional view of the apparatus taken
along the lines 2—2 in FIG. 1;

FIG. 3 illustrates the details of the shest separating
vacuum duct positioned adjacent the stack of thin sheets
and how it operates to effectively prevent the feeding of
doubles; and

FIG. 4 shows the sheet separating vacuum duct in
detail.

In the apparatus of the invention as shown in FIGS.
1 and 2, a stack of thin sheets 11 is held between a guide
13 and one wall 72 of a sheet separating vacuum duct
15. A bar 19 fixed to the guide 13 extends out over one
face of the stack 11 and an arm 21 mounted on the end
of the bar 19 extends further out across the stack 11.
This face shall be referred to as the top of the stack be-
cause the sheets are picked up from the stack at this face.
Correspondingly the opposite face of the stack shall be
refeired to as the bottom -of the stack and the faces of
the stack defined by the sheet edges shail be defined as
the sides of the stack. The stack 11 is held between the
guide-13 and the vacwum duct 15 by means of a spring
17 mounted on the guide 13. The spring 17 bears against
the bottom of the stack 21 and urges the top of the stack
11 against the bar 19 and the arm 21. The arm 21 is
mounted: on the bar 19 by means of a pivot 23, which
does not permit the arm 21 to rotate freely, but holds it
firmly in position. Adjustment of the position of the arm
21 about the pivot 23 determines the precise position of
the part of the top sheet of the stack 11 under the arm
21, A vacuum pickup arm 25 lifts the top. sheet from
the stack 11 and feeds it between two belts 27 and 29
which are driven and guided by a system of pulleys 31
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through 45. The system of beits 27 and 22 and pulleys
31 through 43 is substantially identical to the system of
belts and pulleys in the aforesaid copending application.
The belt 29 after passing over pulley 45 passes over the
pulley 31, where it comes together with the belt 27. The
belt 27 after passing over the pulley 32 comes together
with the belt 29 and also passes over the pulley 31. The
two belts 27 and 29 lying together then pass OVer the
pulley 33 and then over a series of pulleys 34 through 39
which maintain the belts 27 and 29 together. The belts

= and 29 then pass through the pair of pulleys 49 and 41,
The belt 29 contipues around the pulley 41 and back to
the puiley 45 and the belt 27 passes in the opposite direc-
tion around the pulley 4§ and then is guided back to the
pulley 32 by means of pulleys 42, 43 and 44.

The arm 25 feeds the sheets from the stack 11 one at
a time to the point where the belts 27 and 29 come to-
gether, whereupon the sheets are gripped by the beits 27
and 29 and are transported by the belts 27 and 29 up be-
tween the pulleys 48 and 41 where the sheets are fed out
of the mechanism. The peripheral speed of the pulley 34
and hence the speed of the belts 27 and 29 is controlled
to be faster than the speed of the laterally moving arm
2% as it brings a sheet up to the point where the belts
27 and 29 come together. This feature causes the belts to
pull the sheets positively from the arm 25 without any
bending or crumpling of the sheets by the mechanism.
After aelivering a sheet from the stack 11 to the point
where the belis 27 and 29 come together, the arm 25 re-
turns to the stack 11 where it picks up another sheet.

The arm 23 moves in a straight line motion from adja-
cent the top of the stack to the point where the belts 27
and 29 come together while it is carrying a sheet and
then retarns from this point to the pickup position adja-
cent the top of the stack in a path which curves away from

_the stack so that the arm will not tend to make a pickup

" pefore it is again in the pickup position. The arm 25

_comes to a substantially complete stop each time it comes
to the pickup position adjacent the top of the stack 11.
The arm 25 is driven in this.motion by means of a link-

_ age mechanism 47 which connects to the arm 25 by means
of a pin 45. This linkage mechanism is fully disciosed
in the aforesaid copending application and will not be
described in detail here.

An opening 69 is provided in the sheet separating vac-
uam duct 15. This opening is positioned alongside of
the top of the stack i1 and faces the path taken by the
pickup arm ea route 10 the belts 27 and 28 from the
pickup position. The air is evacuated from the interior
of the duct 15 by means of a vacuum pump withdrawing
air from the duct 15 through 2 tube 51. As a result air
is sucked in through the opening 69 in the vacuum duct
15. The sheets that are carried by the vacuum pickup
arm 25, due to the motion of this arm in delivering the
sheets to the belis 27 and 23, pass close to the opening
65. The air being sucked in through the opening 69 will

" cause all the sheets but one carried by the arm 25 to be
removed from the arm 25, Thus if it should happen that
the arm 28 picks up more than one sheet, the exftra
sheets will be caunsed to be removed by the vacuum duct
15. These exira sheets will be left in a position to be
picked up on the next suceeeding cycle of the arm 25.
The arm 25 is identical to the ome described in the
aforesaid copending application and accordingly it will
only be briefly described here. As best seen in FIG. 2,
the arm 23 is formed with two feet 53 and 85. An open-
ing facing the top of the stack i1 is provided in each of
the feet 53 and 55. The arm 25 is hollow and telescopes
in and out of a tubuiar extension 59 on 2 hollow cylin-
der 61, which is pivotable about its axis. By means of
this pivotal motion and the telescoping action of the arm
23 in the tubular extension 5%, the arm 25 is made free
to move in its cyclical path as it is driven by the mech-
apism 47. A vacuum is created within the cylinder 61
by means of a vacuum pump connected to the cylinder
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61 through 2 tube 63, about which the cylinder 61 pivots.
The hollow interior of the arm 25 communicates with
the interior of the cylinder 61 so that air is sucked in
through the openings in the fest 53 and 85, Because of
the sucking action generated at these openings the arm
25 will pick up the top sheet from the stack 11 each time
it comes into its pickup position adjacent the top of the
stack. The two feet of the pickup arm straddle the arm
21 when the pickup arm is in ifs pickup position and
when the pickup arm delivers a sheet between the belts
27 and 29 and starts on its return path to the pickup posi-
tion adjacent the top of the stack 11, the two feet will
straddie the belt 29 and the pulley 3%, as illustrated in
phantom in FIG. 1. The communication between the
interior of the arm 23 and the interior of the cylinder 61
is antomatically closed off when the arm 25 gets to the
point where it delivers a sheet between the belts 27 and
29, as is fully disclosed in the aforesaid copending ap-
plication.

Air under pressure is supplied to a separator nozzle 65
which is positioned to direct a stream of air against the
side of the stack 11 in the area adjacent the pickup posi-
tion of the arm 25. This stream of air riffles or separates
the sheets in this area and reduces the tendency of the
arm 25 to pick up more than one sheet.

Although the sheets in the stack 11 are separated in the
area adjacent the pickup position of the pickup arm 25,
the edges of the sheets adjacent the sheet separating vac-
wum duet 15 are held together by the sucking action of
the opening 63. This action of the opening 62 is best il-
lustrated in FIG. 3. As shown in FIG. 3, the sheets in
the stack 11 are separated in the area by the reference
rumber 67, which is adiacent the pickup position of the
arm 25, by the action of the stream of air directed by the
nozzle 65 against the side of the stack 11, At the same
fime the sucking action through the opening $9 holds the
edges of the sheets in the stack 11 together. Although
this action occurs to some exfent in the apparatus of the
aforesaid copending application, it is much more effec-
tively carried cut by the apparatus of the present invention
because of the structure and location of the sheet separat-
ing vacuum duct opening in reference fo the stack 11.

"As shown in FIG. 3, the wall 72 of the duct 15, which
is adjacent the stack 11, is in direct contact with the edge
of the stack of sheets 11 and forms one of the guides be-
tween which the stack of sheets is held. The wall 73 of
the duct 15, which is remote from the stack 11, extends
farther than the wall 72. The two edges of these walls
define the sides of the duct opening 62. The ribs 71 and
therefore the face of the opening 69 are outwardly curved
near the stack 11, The curved portion of the face of the
cpening 69 is positioned adjacent the top of the stack 11
beiween the top and bottom of the stack 31. The edges
of the sheets of the stack 11 are held in direct contact with
the curved portion of the face of the opening 69, or in
other words in direct contact with the curved portion of
the tibs 73. Thus the sucking action through the open-
ing 69 is applied directly to the edges of the top sheets
in the stack 11 because the edges of the sheets in the stack
51 are held directly against the face of the opening 69.
Because the face of the opening €9 is curved, each sheet
mear the top of the stack 11 projects out from the stack
11 over the opening 69 slightly more than the adjacent
sheet below it, as is illustrated in FIG. 3. Thus the
sheets near the top of the stack are slightly fanned with
s small margin of each sheet near the top of the stack ex-
posed to the sucking action of the opening 69. Because
the sheets are slightly fanned in this manner with their
edges drawn together in contact with the opening 69, the
vacuum arm 25 is less likely to pick up more than one
sheet. The action of the duct 15 coacts with the action
of the separator nozzle 65 in that it maintains the edges
of the sheets 11 together although the sheets are sepa-
rated in the area 67. This combined effect provides a
much more reliable operation in preventing the arm 25
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from picking up more than one sheet from the stack 11
on each cycle.

The fanning of the top sheets in the stack 11 could also
be achieved if the opening 69 had a straight face. To
achieve the fanning effect it is only necessary that the
portion of the face of the opening which is in direct contact
with the edge of the stack 11 form an acute angle with
a plane parallel to the sheets in the stack 11.

As illustrated in FIGS. 3 and 4, the ribs 71 project
away from the edge of the wall 73 as an extension of the
wall 73. Because part of the ribs 71 are in the plane
of the wall 73 projecting away from the edge of the
wall 73, the opening % can never be completely closed
off by a sheet from the stack 11 even if the sheet should
extend all the way across the opening 69 as it quite pos-
sibly might do. For example, if the arm 25 should pos-
sibly pick up more than one sheet, all of the sheeis but
one will be caused to be removed by the sucking action
of the opening 69 as the arm 25 passes by the opening
65 en route fo the point where the belis 27 and 29 come
together. The sheet or sheets removed by this action
could very well lie all the way across the opening 69.
However, the opening 69 will not be closed: off because
the structure of the ribs 71 projects. Because the open-
ing 69 can not be closed off by cverlying sheets from the
stack 11, the sucking action through the opening 69 will
never even be temporarily interrupted,

The position of the arm 21 is adjusted about the pivot
23 so that the cpenings in the feet 53 and 55 of the arm
25 will be less than one-eighth of an inch away from
the top of the stack 1% when the arm 25 is in its pickup
position. If the arm 21 is rotated counter-clockwise about
the pivot 23 to depress the top of the stack 11 so that the
top of the stack is more than one-quarter of an ineh away
from the fect 53 and 55 when the arm 25 is in the pickup
positien, a pickup will not occur. Thus the operation. of
the mechanism can be controlled simply by adjusting the
position of the arm 21. A small rotation of the arm 21
in a clockwise direction will start the feeding of sheets
from the stack 11 ard a small rotation of the arm 21
in a counter-clockwise direction until the arm 21 is
brought into contact with the duct 15 will stop the feed-
ing operation. The arm 21 may be controlled by a sole-
noid for remote .or automatic control ‘of the starting and
stopping of the feeding operation.

The -above. deseribed apparatus is a preferred specific
embodiment of the invention, and many modifications
may be made- thereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A material handling apparatus comprising means
to hold a stack of thin sheets, a vacuum operated: pickup
means, means to drive said vacnum operated pickup means
to cyclically move said vacuum operated pickup means
from a position over said stack to a position remote from
said stack in & predstermined path going away from said
stack along a line initially parallel to the top of said stack,
said vacuum operated pickup means coming to a sub-
stantial stop over said stack once each cycle and causing
the top sheet to be picked up from said stack by said
vacutm operated pickup means and carried to said remote
position, means to remove. from said vacuum operated
pickup means the sheet carried by the last said means
at said remote position, means defining a duct. having an
opeuing fixedly positicned adjacent said stack and close
but spaced from said path, at least a portion of ‘the face
of the cpening being curved and said curved portion
being in direct contact with a side of said stack, means
to suck air in through said duct to cause all the sheets
but the one carried by said vacuum operated pickup means
to be dropped from the last said mezans in a position sub-
stantially on the top of said stack to be picked up by said
arm on the succeeding cycles of said arm.

2. A maierial handling apparatus as recited in ¢laim
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1 further comprising means to direct a stream of air
against a side of said stack,

3. A material handling apparatus comprising means to
hold a stack of thin sheets, a pickup arm having a first
duct defined in the end thereof, means to suck air in
through said duct, means to drive said arm to cyclically
move said duct from a position over said stack to a. po-
sition remote from said stack in a predetermined path
going away from said stack along a line initially parallel
to the top of said stack, said duct coming to a substantial
stop. over said stack once each cycle, the sucking action
of said duct causing the top sheet to be picked up from
said stack by said arm and carried to said remote position,
means to remove from said arm the sheet carried by said
arm at said remote position, means defining a second
duct fixedly positioned adjacent said stack and close to
but spaced from said path, said duct defining an opening
adjacent said stack, curved rib-like members extending
across said opening at least a portion of said members
being in direct contact with a side of said stack, and means
to suck air in through said second duct to cause all .the
sheets but one carried by said arm to be dropped from
said arm substantially on top of said stack in a position
to. be picked up by said arm on the succeeding cycles
of said arm.

4. A material handling apparatus comprising means to
hold a stack of thin sheets, pickup arm having a first
duct defined in the end thereof, means to suck air in
through said first duct, means to drive said pickup arm to
cyclically move said first duct from a position over said
stack to a position remote from said stack through a pre-
determined path going away from said stack above a Tine
initially parallel to the top of said stack and causing said
first duct to come to a sithstantial stop over said stack
once each cycle, the sucking action through said first
duct causing the top sheet from said stack to be picked
up by said arm and carried by said arm to said remote
position, means to remove from said arm the sheet car-
ried by said arm at said re ote position, means defining
a second duct fixedly positioned adjacent said stack and
adjacent said predetermined path, said duct having an
opening and rib-like members extending across. said open-
ing, at least a part of said 1ib-like members projecting
away from the edge of onme wall of said ‘duct defining a
side of said opening in the plane of said wall, and means
to suck air in through said second duct, said second duct
causing all the sheets but one carried by said pickup
arm to drop off said pickup arm into a position substan-
tially on top of said stack to be picked up by said pickup
arm on the succeeding cycles thereof, '

5. A material handling apparatus comprising mesans
to hold a stack of thin sheets, a pickup arm having a first
duct defined in the end thereof, means to suck air in
through said first duct, means to drive said arm to cycli-
cally move said first duct from a position over said stack
to a remote position through a path which goes in a
straight line from said position over said stack to said re-
mote position and which curves away from. the top of
said stack on the return. from said remote position to a
substantial stop position over said stack once each cycle,
the sucking action through said first duct causing the top
sheet from said stack to be picked up by said arm and
carried to said remote position, and means io remove
the sheet carried by said arm from said ‘arm at said re-
mote position, .means defining a second- duct having an
opening adjacent said stack, means to suck air in through
said. opening, and ribs extending across. said opening,
part of said ribs projecting away from the edge of the
wall of said duct defining the side -of said opening remote
from said stack in the plane of -said wall.

6. A material handling apparatus comprising means
to hold a stack of thin sheets, a pickup arm having a
first duct defined in the end thereof, means to such air
in through said first duct, means to drive said arm to
cyclically move to said duct from a position over said
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stack to a remote position in a motion that brings said
duct to a substantially complete stop over said stack
and in a path which goes in a straight line from a position
over said stack to said remote position and which curves
away from the top of said stack in return from said re-
mote position to said position over said stack, the suck-
ing action through said duct causing the top sheet from
said stack to be picked up by said arm and carried to
said remote position, and means fo Temove from said
arm the sheet carried by said arm at said remote posi-
tion, and means defining a second duct adjacent said
stack, and close but spaced from said path, ribs extending
across said opening, part of said ribs projecting away
from the edge of the wall of said duct defining a side of
said opening in the plane of said wall, said ribs being
positioned in direct contact with the side of said stack,
and means to suck air through said second duct to cause
all sheets but the one carried by said arm to be dropped
from said arm substantially on top of said stack in a posi-
tion to be picked up on the next succeeding cycles of
said arm.

7. A material handling apparatus comprising means
to hold -a stack of thin sheets, vacuum operated means
to pick up one sheet at a time, means {0 drive said vacuum
operated pick up means to carry such sheet to a remote
position in a predetermined path going away from said
stack along a line initially parallel to the top of said
stack and cause said vacuum operated pickup means to
come to a substantial stop over said stack omce each
cycle, means defining a duct fixedly positioned along-
side of said stack and close to but spaced from said pre-
determined path, said duct having an opening adjacent
said stack, means to suck air in through said opening, a
portion of the face of said opening making an acute angle
with a plane parallel to the sheets in said stack, said por-
tion of said face being in direct contact with the side of
said stack, and means to suck air in through said duct
to cause all of the sheets but one carried by said pickup
means to be dropped from said pickup means in a posi-
tion substantially on top of said stack to be picked up
on the succeeding cycles of said pickup means.

8. A material handling apparatus as recited in claim

* § further comprising means to.direct a stream of air
against a side of said stack.

9. A material handling apparatus as recited in claim 4
wherein said vacuum operated means comprises a pickup
arm having two feet on the end thereof separated by a
slot with ducts defined in said feet, means to suck air

" in through said ducts, a pulley at a remots position, a
pair of belts coming together over said pulley, means to
drive said pickup arm to cyclically move said feet from
a position over said stack to the point where said belts
together with said feet straddling said pulley.

10. A material handling apparatus comprising a means

" to hold a stack of thin sheets, a vacuum operated pickup
means adapted to pick up one sheet at a tims from said
stack and carry such sheet to a remote position, duct
means defining an opening adjacent said stack, the face
of said opening having a curved portion, said curved por-
tion of the face of said opening being in direct contact
with the side of said stack, means to drive said vacuum
operated pickup means from a position above said stack
in a predetermined path going away from the stack along
a line initially parallel to the top of said stack, means
" for removing the sheet carried to the remote position, a
portion of said opening being positioned close but spaced
from said path, means to suck air in through the duct
means to cause all the sheets but the ons carried by
said vacunm operated pickup means to be dropped from
the last said means in a position substantially on top of
said stack to'be picked up by the vacuum operated pick-
up means on succeeding cycles.

11. A material handling apparatus comprising a duct

baving an opening defined therein, a portion of the face

of said opening being curved, means {o hold a stack of
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thin sheets with the edges of the main body of said sheets
against the side wall of said duct and the edges of the
sheets in the top of said stack against the curved portion
of the face of said opening, and means to pick up one
sheet at a time from the top of said stack and carry
such sheet to a remote position, means to drive said means
to pick up from a position above said stack in a prede-
termined path going away from the stack along a line
initially parallel to the top of said stack, means for
removing the sheet carried to the remote position, a
portion of said opening being positioned close but spaced
from said path, means to suck air in through the duct to
cause all the sheet but the one carried by said means
to pick up to be dropped from the last said means in a
position substantially on top of a position substantially
on top of said stack to be picked up by the means to pick
up on succeeding cycles.

12. A material handling apparatus comprising a duct
having an opening defined therein, a portion of the face
of said opening being curved, means o hold a stack of
thin sheets with the edges of the sheets in the top of
said stack against the curved portion of the face of said
opeiting, means to suck air in through said opening,
and a vacuum pickup arm adapted to pick up one sheet
at a time from the top of said stack and carry such sheet
to a remote position, means to drive said vacuum oper-
ated pickup arm from a position above said stack in a
predetermined path going away from the stack along a
line initially parallel to the top of said stack, means for
removing the sheet carried to the remote position, a por-
tion of said opening being positioned close but spaced
from said path, means to suck air in through the duct
to cause all the sheets but the one carried by said vac-
uum operated pickup means to be dropped from the last
said means in a position substantially on top of said
stack to be picked up by the vacuum pickup arm on suc-
ceeding cycles.

13. A material handling apparatus comprising a means
to hold a stack of thin sheets, a vacuum operated pickup
means adapted to pick up one sheet at a time from said
stack and carry such sheet to a remote position, duct
means defining an opening adjacent said stack, the face
of said opening having a curved portion, said -curved
portion of the face of said opening being in direct con-
fact with the side of said stack, means to drive said
vacuum operated pickup means from a position above
said stack in a predetermined nontortuous path going
away from the stack, means for removing the sheet car-
ried to the remote position, a portion of said opening
being positioned close but spaced from said path, means
to suck air in through the duct means to cause all the
sheets but the one carried by sald vacuum operated
pickup means to be dropped from the last said means
in said stack to be picked up by the vacuum operated
pickup means on succeeding cycles.

14. A material handling apparatus comprising a duct
having an opening defined therein, a portion of the face
of said opening being curved, means to hold a stack of
thin sheets with the edges of the main bedy of said sheets
against the side wall of said duct and the edges of the
sheets in the top of said stack against the curved por-
tion of the face of said opening, and means to pick up
one sheet at a time from the top of said stack and carry
such sheet to a remote position, means to drive said
means to pick up from a position above said stack in
a predetermined nontortuous path going away from the
stack, means for removing the sheet carried to the remote
position, a portion of said opening being positioned close
but spaced from said path, means to suck air in through
the duct to cause all the sheets but the one carried by
said means to pick up to be dropped from the last said
means in a position substantially on top of said stack
to be picked up by the means to pick up on succeeding
cycles.

15. A material handling apparatus comprising a duct
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having an opening defined therein, a portion of the face
of said opening being curved, means to hold a stack of
thin sheets with the edges of the sheet in the top of said
stack against the curved portion of the face of said open-
ing, means to suck air in through said opening, and a
vacuum pickup arm adapted to pick up one sheet at a
time from the top of said stack and carry such sheet
to a remote position, means to drive said vacuum oper-
ated pickup arm from a position above said stack in a
predetermined nontortuous path going away from the
stack, means for removing the sheet carried to the remote
position, a portion of said opening being positioned close
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but spaced from said path, means to suck air in through
the duct to cause all the sheets but the one carried by
said vacuum operated pickup means to be dropped from
the last said means in a position substantially on top of
said stack to be picked up by the vacuum pickup arm on
succeeding cycles.
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