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(57)  An envelope feeder (200) for removing enve-
lopes from an envelope stack. The envelope feeder com-
prises a shuttle plate (150) and a suction cup assembly.
The shuttle plate (150) translates between a position un-
der the envelope stack and another position partially re-
mote from the envelope stack. The shuttle plate (150)
includes an orifice (240) passing through its surface (252)
and an envelope gripping mechanism (180) in connection
with a vacuum valve (256). The suction cup assembly
has a suction cup (230) connected to a hollow rod (233)

Shuttle envelope feeder with suction cup assist

that is in connection with another vacuum valve (238).
An actuator (236) engages the suction cup (230) and
moves the suction cup between an extended position
and a retracted position. The suction cup (230) attaches
to an envelope at the bottom of the envelope stack when
it is in the extended position, and pulls the envelope to-
ward the shuttle plate (150) as it moves to the retracted
position. Then the envelope gripping mechanism (180)
retains the envelope, allowing the shuttle plate to remove
the envelope from the envelope stack.
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Description

[0001] This invention generally relates to machines
that operate at a very high speed to insert sheets of paper
or other items into envelopes. More particularly, it relates
toashuttle envelope feederthat transports the envelopes
to be inserted.

[0002] Machines for automatically inserting items such
as sheets of paper into envelopes are known in the art.
A state-of-the-art mail inserting machine such as the
Flowmaster™ FX14 manufactured by Pitney Bowes of
Stamford, Connecticut, USA can perform 12,000 inser-
tions per hour when properly maintained and adjusted.
[0003] A typical high-speed inserting machine com-
prises severalmodules. Afirstmodule transports an elon-
gate horizontal queue of envelopes to an envelope stack.
An envelope feeder located at the bottom of the envelope
stack delivers the envelopes one by one to an envelope
insertion station. A second module delivers individual
groups of stacked sheets to the envelope insertion sta-
tion. A third module, the envelope insertion station, in-
cludes clamps carried by an elongate sprocket chain that
sequentially receives envelopes from the envelope feed-
er and pulls them past an envelope flap-opening structure
and a sheet inserting structure where the envelopes are
opened and inserted with stacked sheets. The envelopes
are then pulled past an envelope closing structure and
an envelope sealing structure before been ejected to a
collection station.

[0004] Fig. 1 schematically shows an arrangement of
a prior art envelope feeder. The envelope feeder com-
prises a shuttle plate 150 that moves back and forth (di-
rection shown as doted arrow line 152) to transport en-
velopes 140 to be grasped by clamps 190 on an elongate
sprocket chain 160 of the insertion station. The shuttle
plate has a recessed area in which a vacuum gripping
mechanism 180 is arranged. The negative pressure form
the vacuum gripping mechanism 180 pulls the part of the
envelope directly above the recessed area toward the
recessed area so as to temporarily secure the envelope
to the upper surface of the shuttle plate. When the shuttle
moves toward the sprocket chain 160, a stripper bar 170
located above the recessed area separates the secured
bottom envelope from the envelope stack and allows it
to move forward with the shuttle.

[0005] The vacuum envelope feeder of the above ar-
rangement works well when envelopes are substantially
flat. If, however, some of the envelopes are significantly
curled or bent, the shuttle vacuum may not have sufficient
suction to pull down these envelopes, causing a failure
in the shuttle feed.

[0006] Some methods have been proposed in order to
solve the above problem. One is to add pressure to the
top of the envelope stack to help flatten the envelopes.
This method is somewhat ineffective, because an im-
properly applied stack pressure can also cause a failure
in the shuttle feed or multiple envelope feedings.
[0007] Another method uses a thumper to add stack
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pressure when the shuttle vacuum is turned on. When
the shuttle moves forward, the thumper retracts and the
shuttle vacuum holds the curled envelope. The disad-
vantages of this method are that the thumper disturbs
the stack and the flow of envelopes from the envelope
transport module, and it requires constant mechanical
adjustment.

[0008] Whatis needed is a vacuum shuttle feeder that
is capable of feeding curled envelopes without failure.
Preferably, the operation of such feeder will not interfere
with existing configuration of the envelope stack or en-
velope flow. In addition, the feeder should be operative
over a wide range of envelope dimensions.

[0009] The invention provides an envelope feeder in
an envelope insertion machine for removing envelopes
from an envelope stack. The envelope feeder comprises
a shuttle plate and a suction cup assembly.

[0010] The shuttle plate is operable between a first po-
sition under the envelope stack and a second position at
least partially remote from the envelope stack. The shut-
tle plate has an orifice passing through its upper surface,
and an envelope gripping mechanism that is in commu-
nication with a shuttle vacuum valve.

[0011] The suction cup assembly comprises a suction
cup that has an upper rim and a lower neck with an open-
ing formed therein, the opening is connected to a hollow
rod. The rod, in turn, is in communication with a suction
cup vacuum valve. An actuator engages the suction cup
and moves the suction cup between an extended position
that passes through the orifice in the shuttle plate to a
retracted position that the upper rim of the suction cup is
at least flush with the upper surface of the shuttle plate.
[0012] The suction cup vacuum valve is activated at
least when the suction cup is in the extended position so
that the suction cup attaches to an envelope at the bottom
of the envelope stack. The suction cup pulls the envelope
toward the upper surface of the shuttle plate as the ac-
tuator moves from the extended position to the retracted
position.

[0013] The shuttle vacuum valve is activated at least
when the envelope is pulled toward the upper surface of
the shuttle plate. By doing so, the envelope is retained
by the envelope gripping mechanism, allowing the shuttle
plate to remove the envelope from the envelope stack
as the shuttle plate moves to its second position.
[0014] The invention further provides a method for an
above-described envelope feeder in an envelope inser-
tion machine to remove an envelope from an envelope
stack. The method comprising the steps of: placing the
shuttle plate in the first position, moving the suction cup
between the retracted position that is at least flush with
the upper surface of the shuttle plate and the extended
position that is in contact with an envelope at the bottom
of the envelope stack, and controlling the air pressure
within the suction cup so that the suction cup has a lower
air pressure than the ambient air pressure when the suc-
tion cup is in the extended position and while it moves
from the extended position to the retracted position.
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[0015] In accordance with the method, the envelope
at the bottom of the envelope stack is pulled down toward
the upper surface of the shuttle plate so as to facilitate
the acquisition of said envelope by the envelope gripping
mechanism.

[0016] The above and other objects, features and ad-
vantages of the invention will become apparent from a
consideration of the subsequent detailed description pre-
sented in connection with accompanying drawings, in
which:

[0017] Fig. 1 is a schematic illustration of a prior art
shuttle feeder part of an envelope insertion station.
[0018] Fig. 2A is a schematic top view of a shuttle en-
velope feeder with vacuum suction assist, according to
a first embodiment of the invention.

[0019] Fig. 2B is a schematic cross-sectional view of
a shuttle envelope feeder with vacuum suction assist,
taken along line 2B in Fig. 2A, according to the first em-
bodiment of the invention.

[0020] Fig. 3isa block diagram of the shuttle envelope
feeder with vacuum suction cup assist, including valves
and controlling mechanism, according to the first embod-
iment of the invention.

[0021] Fig. 4 is a three-dimensional view of the shuttle
envelope feeder, according to the first embodiment of
the invention.

[0022] Fig. 5 is a three-dimensional view of the shuttle
envelope feeder, according to a second embodiment of
the invention.

[0023] Fig. 6 is a three-dimensional view of the shuttle
envelope feeder, according to a third embodiment of the
invention.

[0024] Fig. 7 is a block diagram of the shuttle envelope
feeder with vacuum suction cup assist, including valves
and controlling mechanism, according to the third em-
bodiment of the invention.

[0025] Referring to Fig. 2A, a shuttle envelope feeder
200, according to the presentinvention comprises a shut-
tle plate 150 operable between a first position under an
envelope stack and a second position that is at least par-
tially remote from the envelope stack. The shuttle plate
150 has a surface 252 dimensioned for receipt of an en-
velope. The surface 252 has a leading edge 254. The
shuttle plate 150 has an orifice 240 passing through the
surface 252. The shuttle plate 150 further has arecessed
area 280 formed in its surface 252 in proximity to the
orifice 240 and extending at one end to the leading edge
254 of the surface 252. The recessed area 280 has at
least one orifice 181 passing therethrough and in com-
munication with a shuttle vacuum valve 256 (seen in Fig.
3) to form a vacuum gripping mechanism 180.

[0026] Referring now to Fig. 2B, the vacuum envelope
feeder further comprises a suction cup 230 having an
upper rim 232 and a lower neck 234. The lower neck 234
has an opening formed therein, which is connected to a
hollow rod 233, the rod, in turn, is in communication with
a suction cup vacuum valve 238 (seen in Fig. 3).
[0027] The suction cup 230 is thus in cooperative en-
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gagement with an actuator or air cylinder 236, which, in
turn, is in communication with an air cylinder valve 262
(seenin Fig. 3). The actuator 236 moves the rod 233 and
thus the suction cup 230 between an extended position
that passes the suction cup through the orifice 240 in the
shuttle plate 150 and a retracted position so that the suc-
tion cup resides inside the orifice and the upper rim 232
of the suction cup 230 is at least flush with the surface
252. The orifice 240 is dimensioned so that the suction
cup 230 and/or the hollow rod 233 is not in contact with
the orifice and not in obstruction with the movement of
the shuttle plate.

[0028] Referringfurtherto Fig. 3, the vacuum envelope
feeder also comprises a controlling mechanism including
a computer 300 (or other programmable logical device)
that coordinates an input/output control module 310 by
monitoring the shuttle position via an up/down counter
320 in communication with an encoder 330 equipped with
a position sensor 331 via a position circuit. The position
circuit may consist of an up/down counter 320 in com-
munication with an encoder 330 equipped with a position
sensor 331 or an input port that allows the computer to
directly read position of the shuttle plate from an absolute
encoder or positional resolver.

[0029] With the shuttle plate 150 at the first position
and the trailing edge of the previous envelope off of the
suction cup 230, the actuator 236 moves the cup 230
toward the extended position and the suction cup vacuum
valve 238 is activated (vacuum ON). Once the suction
cup 230 reaches the extended position, a small time de-
lay is used to insure that the suction cup 230 attaches to
an envelope at the bottom of the envelope stack. The
actuator then pulls the suction cup 230 toward the re-
tracted position.

[0030] Once the suction cup 230 reaches the retracted
position, the shuttle vacuum valve 256 is activated to
allow the envelope gripping mechanism 180 to acquire
the envelope. The suction cup vacuum valve can be de-
activated (turned OFF) immediately after envelope is ac-
quired. The shuttle plate 150 then moves toward the sec-
ond position with the envelope going under a stripper bar
170 so that it is separated from the remaining envelopes
in the envelope stack. After clamps 190 (see Fig. 1) on
the mail insertion station have grasped the envelope, the
shuttle feeder returns to its initial position, ready to ac-
quire the next envelope.

[0031] The computer 300 stores parameters such as
the real-time shuttle position acquired via a position cir-
cuit with an position encoder or resolver 330 having a
position sensor 331, envelope width, the distance D be-
tween the leading edge 254 of the shuttle plate and the
center of the suction cup 230, air valve latencies, air cyl-
inder latencies and system latencies. Based on the pa-
rameters pre-stored in the computer and acquired by the
computer, the computer calculates a time sequence for
actuating the suction cup and activating/deactivating the
suction cup vacuum valve for the input/output control
module 310 to coordinate the operation of the valves.
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The specific computer programming and controlling pro-
cedures of vacuum and air valves according to such spe-
cific parameters is known to people of ordinary skills in
the art.

[0032] In afirst embodiment of the invention as shown
in Fig.4, the shuttle plate 150 comprises an orifice 240
passing through the surface 252. The shuttle plate 150
and the actuator 236 that supports the suction cup 230
are mounted rigidly on a frame 392. The frame moves
from afirst position to a second position by a rolling mech-
anism 394 on a horizontal bar 396. The orifice 240 is
dimensioned larger than the outer dimension of the suc-
tion cup 230 so as to allow the suction cup to reside inside
the orifice when the suction cup is in the retracted posi-
tion.

[0033] In a second embodiment of the invention as
shownin Fig. 5, the shuttle plate 150 comprises an orifice
440 passing through the surface 252. The shuttle plate
150 and the actuator 436 that supports the suction cup
430 are mounted on two separate frames 392 and 498,
respectively. The shuttle plate 150 mounted on the frame
392 moves from a first position to a second position by
a rolling mechanism 394 on a horizontal bar 396. Frame
498 is stationary in relationship to the insertion station.
The orifice 440 is in an elongated shape and is dimen-
sioned larger than the outer dimension of the suction cup
430. The suction cup 430 resides inside the orifice when
it is in the retracted position, and the suction cup is not
in obstruction with the movement of the shuttle plate.
[0034] In a third and preferred embodiment of the in-
vention as shown in Fig. 6, the shuttle plate 150 compris-
es a first orifice 240 and a second orifice 440, both pass-
ing through the surface 252. The shuttle plate 150 and a
first actuator 236 that supports a first suction cup 230 are
mounted rigidly on a frame 392. A second actuator 436
that supports a second suction cup 430 is mounted on a
frame 498. Frame 392 moves from a first position to a
second position by a rolling mechanism 394 on a hori-
zontal bar 396. Frame 498 is stationary in relationship to
the mail insertion station.

[0035] The first orifice 240 is dimensioned larger than
the outer dimension of the first suction cup 230 so as to
allow the first suction cup to reside inside the orifice when
the first suction cup is in the retracted position. The sec-
ond orifice 440 is in elongated shape and is dimensioned
larger than the outer dimension of the second suction
cup 430. The second suction cup 430 resides inside the
second orifice 440 when the second suction cup is in the
retracted position, and the second suction cup is not in
obstruction with the movement of the shuttle plate.
[0036] As shown in Fig. 7, the first suction cup 230 is
connected via a hollow rod to a first suction cup vacuum
valve 238. A first actuator or air cylinder 236 that moves
the first suction cup is in communication with a first air
cylinder valve 262. The second suction cup 430 is con-
nected via a hollow rod to a second suction cup vacuum
valve 438. A second actuator or air cylinder 436 that
moves the second suction cup is in communication with
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a second air cylinder valve 462.

[0037] A computer 300 (or other programmable logical
device) stores parameters such as the real-time shuttle
position acquired via a up/down counter 320 in commu-
nication with a position encoder 330 having a position
sensor 331, envelope width, the distance D between the
leading edge 254 of the shuttle plate 150 to the center
of the first suction cup 230, air valve latencies, air cylinder
latencies and system latencies. Based on the parameters
pre-stored in the computer and acquired by the computer,
the computer calculates a time sequence for actuating
the suction cups and activating/deactivating the suction
cup vacuum valves for the input/output control module
310’ to coordinate the operation of the valves.

[0038] In an alternative embodiment of the invention,
the vacuum suction mechanism may be replaced by oth-
er mechanisms that temporarily acquire an envelope
through a moving part that is in cooperation with the shut-
tle plate. Examples include a receiving member in place
of the suction cup that is charged with static electrons.
The static electrons attract the envelope at the bottom of
the envelope stack when the receivingmemberisin close
proximity of the envelope, thereby temporarily securing
the envelope onto the receiving member.

[0039] In summary, the present invention relates to a
shuttle envelope feeder with a vacuum suction cup assist
mechanism. The present invention has the advantage of
acquiring cupped or bent envelopes in an envelope stack
in a very repeatable fashion. The suction cup controlling
mechanism is separable from the controlling mechanism
of the shuttle plate. One or more suction cups can be
individually enabled or disabled according to the condi-
tions of the envelopes in the envelope stack.

[0040] Although the invention has been described and
illustrated with respect to exemplary embodiments there-
of, the foregoing and various other additions and omis-
sions may be made therein without departing from the
spirit and scope of the present invention.

Claims

1. An envelope feeder in an envelope insertion ma-
chine for removing envelopes from an envelope
stack, comprising:

a shuttle plate operable between a first position
under said envelope stack and a second position
atleast partially remote from the envelope stack,
the shuttle plate having a surface dimensioned
for receipt of an envelope, said surface having
a leading edge, the shuttle plate having a first
orifice passing through said surface, the shuttle
plate further having an envelope gripping mech-
anism extended to the leading edge and in com-
munication with a shuttle vacuum valve;

a first suction cup having an upper rim and a
lower neck with an opening formed therein, said



7 EP 1746 058 A1 8

first opening connecting to a first hollow rod and
said first hollow rod in communication with a first
vacuum valve;

a first actuator in cooperative engagement with
the first suction cup for moving the first suction
cup between an extended position that passes
through the first orifice in the shuttle plate to a
retracted position where the upper rim is at least
flush with the surface;

means for activating the first vacuum valve at
least when the first suction cupis in the extended
position so that the first suction cup attaches to
an envelope at the bottom of the envelope stack
and so that the first suction cup pulls said enve-
lope toward the surface of the shuttle plate as
the first actuator moves from the extended po-
sition to the retracted position; and

means for activating the shuttle vacuum valve
at least when said envelope is pulled toward the
surface of the shuttle plate so that the envelope
is retained by the envelope gripping mechanism;
thereby allowing the shuttle plate to remove said
envelope from the envelope stack as the shuttle
plate moves to its second position.

The envelope feeder according to claim 1, wherein
the first suction cup and the first actuator are trans-
lationally stationary in relationship to the shuttle
plate, and the first orifice is dimensioned so that the
first suction cup resides inside the first orifice when
the suction cup is in the retracted position.

The envelope feeder according to claim 1, wherein
the first suction cup and the first actuator are trans-
lationally stationary in relationship to the envelope
insertion machine, and thefirst orifice is dimensioned
so that the first suction cup resides inside the first
orifice when the suction cup is in the retracted posi-
tion in a manner so that the first suction cup is not in
obstruction with the movement of the shuttle plate.

The envelope feeder according to claim 1, further
comprising:

a second orifice passing through said surface of
said shuttle plate;

a second suction cup having an upper rim and
a lower neck with an opening formed therein,
said opening connecting to a second hollow rod
and said second hollow rod in communication
with a second vacuum valve;

a second actuator in cooperative engagement
with the second suction cup for moving the sec-
ond suction cup between an extended position
that passes through the second orifice in the
shuttle plate to a retracted position where the
upper rim is at least flush with the surface;
means for activating the second vacuum valve
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10.

11.

at least when the second suction cup is in the
extended position so thatthe second suction cup
attaches to an envelope at the bottom of the en-
velope stack and so that the second suction cup
pulls said envelope toward the surface of the
shuttle plate as the second actuator moves from
the extended position to the retracted position.

The envelope feeder according to claim 4, wherein
the first suction cup and the first actuator are trans-
lationally stationary in relationship to the shuttle
plate, and the first orifice is dimensioned so that the
first suction cup resides inside the first orifice when
it is in the retracted position; and

the second suction cup and the second actuator are
translationally stationary in relationship to the enve-
lope insertion machine, and the second orifice is di-
mensioned so that the second suction cup moves
within the second orifice when it is in the retracted
position in a manner so that the second suction cup
is not in obstruction with the movement of the shuttle
plate.

The envelope feeder according to claim 1, wherein
the means for activating the first vacuum valve in-
cludes an input/output control module in communi-
cation with a programmable logical device for con-
trollably activating the first vacuum valve.

The envelope feeder according to claim 6, further
comprising a first air cylinder valve connected to the
first actuator, said first air cylinder valve controllable
by said input/output control module.

The envelope feeder according to claim 1, wherein
the means for activating the shuttle vacuum valve
includes an input/output control module in commu-
nication with a programmable logical device for con-
trollably activating the shuttle vacuum valve.

The envelope feeder according to claim 4, wherein
the means for activating the second vacuum valve
includes an input/output control module in commu-
nication with a programmable logical device for con-
trollably activating the second vacuum valve.

The envelope feeder according to claim 9, further
comprising a second air cylinder valve connected to
the second actuator, said second air cylinder valve
controllable by said input/output control module.

A method for an envelope feeder in an envelope in-
sertion machine to remove an envelope from an en-
velope stack, said envelope feeder having a suction
cup operable between an extended position and a
retracted position, and a shuttle plate operable be-
tween a first position under the envelope stack and
a second position at least partially remote from said
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envelope stack, said shuttle plate having a surface
dimensioned for receipt of an envelope, an orifice
passing through the shuttle plate, and an envelope
gripping mechanism in communication with a shuttle
vacuum valve, said method comprising the steps of:

placing the shuttle plate in the first position,
moving the suction cup positioned within said
orifice between a retracted position that is at
least flush with the surface of the shuttle plate
and an extended position that is in contact with
an envelope at the bottom of the envelope stack,
and

controlling the air pressure within the suction cup
so that the suction cup has a lower air pressure
than the ambient air pressure when the suction
cup is in the extended position and while it
moves from the extended position to the retract-
ed position;

whereby the envelope at the bottom of the en-
velope stack is pulled down toward the surface
of the shuttle plate so as to facilitate the acqui-
sition of said envelope by the envelope gripping
mechanism.

12. A method for an envelope feeder in an envelope in-

sertion machine to remove an envelope from an en-
velope stack, said envelope feeder having afirst suc-
tion cup operable between an extended position and
a retracted position, a second suction cup operable
between an extended position and a retracted posi-
tion, and a shuttle plate operable between a first po-
sition under the envelope stack and a second posi-
tion at least partially remote from said envelope
stack, said shuttle plate having a surface dimen-
sioned for receipt of an envelope, afirstand a second
orifice each passing through the shuttle plate, and
an envelope gripping mechanism in communication
with a shuttle vacuum valve, said method comprising
the steps of:

placing the shuttle plate in the first position,
moving the first suction cup positioned within
said first orifice between a retracted position that
is at least flush with the surface of the shuttle
plate and an extended position that is in contact
with an envelope at the bottom of the envelope
stack, and

controlling the air pressure within the first suction
cup so that the first suction cup has a lower air
pressure than the ambient air pressure when
the first suction cup is in the extended position
and while it moves from the extended position
to the retracted position;

moving the second suction cup positioned within
said second orifice between a retracted position
thatis atleast flush with the surface of the shuttle
plate and an extended position that is in contact
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with an envelope at the bottom of the envelope
stack, and

controlling the air pressure within the second
suction cup so that the second suction cup has
a lower air pressure than the ambient air pres-
sure when the second suction cup is in the ex-
tended position and while it moves from the ex-
tended position to the retracted position;
whereby the envelope at the bottom of the en-
velope stack is pulled down toward the surface
of the shuttle plate so as to facilitate the acqui-
sition of said envelope by the envelop gripping
mechanism.
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