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Abstract

The front feeder for a high speed machine for handling
nixed mail, including a nudger drive assembly for advancing
the mail pieces while maintaining registration and for
fluffing a stack of mail contributing to preshingling of the
mail as it is advanced downstream, angled decks and a back

prop for a guideless hopper region, a tamper subsystem for

maintaining registration otf flapped envelopes, and structure
configured to gulde one envelope flaps along a slot for

downstream sealing purposes.
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FRONT END FEEDER FOR MAIL HANDLING MACHINE

FIELD OF THE INVENTION

This invention relates to a front end feeder for a mail
handling machine, and in particular for a machine for high speed
processing of mixed mail.
BACKGROUND OF THE INVENTION

State of the art mailing machines can perform such
automatic functions as handling mail of different sizes and
thicknesses, envelope sealing, mail weighing, mail stamping, and
mail sorting. The typical processing sequence starts at the
front end of the machine where the mail is stacked. The stacked
mail is then registered against a reference wall of the machine
and the next step in the process is to feed thé mail to a
singulator to remove individual mail pieces from the bottom of
the stack and thereafter process those individual mail pieces in
serial fashion through the various modules of the machine.

Special problems arise when the mail to be handled is mixed
mail, meaning envelopes containing inserts that have their flaps
sealed, or closed but unsealed, or open. The problems intensify
when an added requirement is the ability to process envelopes of
varying sizes, for example from No. 6 to No. 15, and of varying
thickness, say from thin air mail with a single insert up to
three-quarters of an inch. Further problems arise when an
additional added requirement is high-speed processing, up to four
per second. To our knowledge, there exists no mail handling
machine capable of high speed processing of mixed mail of varying

size and thickness.
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' DESCRIPTION OF INVENTION
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An object of an aspect of the

P

for high-speed processing of mixed

p—
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invention 1is a front end feeder

maill.

Another object of an aspect of the invention is a front end

5 feeder capable of delivering mail pieces to a singulator at the

rate of up to four per second.

Still another object of an aspect of the invention is a front

pr—

end feeder capable of properly feeding mixed mail to a downstream

singulator.

F

10 A further object of an aspect

g—

feeder capable of properly feeding

ﬁ

of the 1nvention is a front end

I}

envelopes having a wide range of

sizes and thicknesses to downstream modules for further processing.

These and other objects and advantages as will be apparent

hereinafter are achieved with a front end feeder comprising a

g

15 hopper region for receiving a stack of horizontally oriented mail

and 1ncluding a bottom or deck surface and an upstanding serving as

a regilstration surface against which the flap edge of the envelopes

1s to be made to bear.

In accordance with one broad aspect of the invention, the

20 hopper region 1is provided with means to deliver the mail pieces

pre-shingled to the downstream module. A feature of this aspect o:

P

ﬁ

1)

the invention 1s the provision of means for fluffing the mail to

enable the mail to slide more easily over one another.

In accordance with another broad aspect of the invention, means are

25 provided for continually urging the mail pieces while in the hopper

reglon downstream as well as toward the registration wall. A

P F

gr—

ﬁ

feature of this aspect of an object of the invention is compound

slanting of the mail deck in the hopper region.

r‘

In accordance with a further broad aspect of an object of the

30 1nvention, the registration wall is movable, and means are

- Z
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provided for the registration wall to tamp with varying force the

=

adjacent edges of flapped mail pileces.

" el

Yet another aspect of the i1nvention 1is:

Feeder apparatus for

comprlsing:

(a) a hopper region

flapped and unflapped envelopes

for receiving a stack envelopes, said

hopper region comprising a deck and a side wall mounted for

movement transverse to the deck longitudinal direction,

(b) transport means 1n the hopper region for moving the

envelopes forward in the deck longitudinal direction, and

(c) end means for moving the side wall transverse to the deck

coupled to the transport means.

Feeder apparatus

comprising:

(a) a hopper region

for flapped and unflapped envelopes

—

for receiving a stack of envelopes, said

hopper region comprising a deck and a side wall mounted for

movement transverse to the deck longitudinal direction,

(D) transport means in the hopper region for moving the

envelopes forward in the deck longitudinal direction, and

(c) means for moving the side wall with respect to the deck

from a first closed position up against the deck to a second

position spaced from and forming with the deck edge a slot to

recelive the envelope

flaps o:

p—

grren  w—
p—

apped envelopes stacked on the

deck, sald side wall moving means having means for vibrating the

side wall.

FFeeder apparatus

comprilsing:

T AL kO ENTC  AN TR rrtcreas | e

tor flapped and unflapped envelopes
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(a) a hopper region for receiving a stack envelopes, said

hopper region comprising a deck and a side wall mounted for

movement transverse to the deck longitudinal direction, and

(b) means for moving the side wall with respect to the deck

from a first closed position up against the deck to a second

position spaced from and forming with the deck edge a slot to

recelve the envelope flaps of flapped envelopes stacked on the

deck, said side wall moving means having means for applying

periodically a light and a heavy force urging the side wall toward

the deck edge.

Feeder apparatus for a stack of mixed mail comprising:

*

(a) a hopper region for receiving the stack of mail, said

hopper region comprising a deck, a rear wall, and a side wall,

(b) transport means located in the hopper region for moving

mall toward the sice wall and in a downstream direction away from

the rear wall,

(c) saild transport means and hopper region cooperating to

cause sald mail as 1t 1s moved in the downstream direction to

assume a shingled configuration with lower mail pieces in the stack

being advanced downstream ahead of upper mail pieces in the stack,

and

(d) means connected to said transport means for causing said

side wall to apply alternating heavy and light forces against the

mail pleces 1n synchronism with the movement of the mail pieces in

the downstream direction.

+J

SUMMARY OF THE DRAWINGS

These and other features and advantages will become clearer

p—

from the detailed description given below of one embodiment of a
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front end feeder of the invention, taken in conjunction with the

accompanying drawings wherein:

y— —

- part of a mail handling

Fi1g. 1 1s a schematic side view o:

machine employing one form of front end feeder in accordance with

the 1nvention;

ﬁ

Fig. 2 1s a more detailed side view of the front end feeder

1llustrated in Fig. 1;

F

FFigs. 3 and 4 are perspective views of part of the feeder of

1)

'ﬁ

Fig. 1 1llustrating action of the tamper subsystem;

Fig. 5 1s a schematic side view of the tamper and nudger

g

subsystems used 1n the feeder of Fig. 1;

Fig. © 1s a perspective view of the feeder of Fig. 3

1llustrating operation with multiple flapped envelopes;

Figs. 7-9 are top schematic view illustrating the envelope

* r—

driving and nudginc actions of the feeder of Fig. 1;

Figs. 10-12 i1illustrate the shingling action of the front end

feeder of the invention:;

Fig. 13 1s a rear perspective of the tamper subassembly used

in the feeder of Fig. 1;
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Figs. 14 and 15 are exploded and perspective views,
respectively, of a composite roller for use in the feeder of the
invention;

Figs. 16-18 are side views illustrating the shingling
action of the feeder of the invention;

Figs. 19 and 20 are top views, in different positions, of
-the composite rollers for use in the feeder of the invention:

Figs. 21-24 are schematic side views illustrating the
fluffing action of the composite rollers:;

Fig. 25 is a top view of the front end feeder of the
invention with part of the deck removed showing the synchronized
driving of the nudger and tamper subsystems;

Figs. 26 and 27 are perspective and top views,
respectively, of the guiding structure for the envelope flaps
just downstream of the tamper subsystem.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 illustrates schematically the front end of a mailing
machine 5 comprising a hopper 10 holding a stack 11 of registered
mail in a horizontal position on a deck 12. A forward-drive
mechanism 6 mounted below the deck 12 moves the stack downstream
(to the right in Fig. 1) toward the singulator module, designated
15. Following singulation, the unsealed mail has the profile of
its flap generated, and information based on the profile is fed
via a computer to a moistener which wets the flap glue line which
is then sealed. This occurs at the stations indicated generally
at 16 in Fig. 1.

One of the features of the feeder of the invention is the

guideless’hopper. Unlike other mailing machines, there are no
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rear props or side guldes 1n front that the operator must adjust to

hold the stack in place. By eliminating the need for such guides,

pr—

the feeder of the i1nvention can truly be a mixed mail feeder, 1.e.

p— yr—

capable of handling mail of varying thickness and varying size,

both flapped and untlapped.

F—

Fig. 2 1s a more detailed side view of the hopper region 10.

Tt includes a deck 12 which 1s supported 1n a fixed position from

below. An extension plece 20 1s fi1xed at 1ts left side and
terminates 1n a tilted back wall 21. On the rear 1s mounted a
registration side wall 22, comprising a lower vertical part 23 and
an angled backward upper vertical part 24. The drive means are not

shown in this view. The dashed vertical line 25 roughly demarcates

the hopper region 10 from the downstream singulator 15 (not shown

in this view). The deck 27 at the singulator 1is horizontal, 1i.e.

level when viewed Zrom the front (though 1t can be slanted downward

toward the rear wall), but the deck 12 in the hopper region 1is

angled upward by an angle of about 4° -6", preferably 5. In Fig.

2, the dashed line 91 1s an extension of the deck surface 12, and
the angle designated by 90, between line 91 and the horizontal line
27, 1s about 5. The guide 28 1is located approximately at the
transition between decks 12 and 27.

r—

In accordance with this feature of the invention, gravity 1s

used to keep a stack of up to 9 1nches high upright 1n the hopper

without guides. By tilting the entire mail deck up to the

singulator five degrees up toward the downstream direction of the

’h

machine, the stack of envelopes will tend to lean against the back

#

wall 21. To shift the center of gravity of the stack even
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further back, the back wall in the hopper area is oriented about
1000-1100, preferably 105 degrees, from the surface 12 of the
deck, the angle being designated by reference numeral 7. That
means that the stack is actually leaning by about 20 degrees from
upright. This is more than enough to compensate for the tilt of
high stacks from the cumulative effect of all the extra
thicknesses of the flaps and thus eliminates the need for a front
guide for the stack. The need for a side guide (opposite to the
wall 22) is eliminated by a similar use of gravity and by a
nudger drive mechanism explained below. By slanting the deck
sideways, about 60, the mail stack is leaned toward the
registration wall 22. The lean of the stack toward the back is
also enhanced by stripping mail out from under the stack. As the
bottom inch of the stack moves into the singulation nip the stack
is no longer evenly supported, and it tends to fall upstrean or
off the left encl of the hopper deck 12. This is illustrated in
Figs. 10-12, which is further explained below.

For the machine illustrated in Fig. 2, the top of the rear
wall 21 to the cdeck is only about 4 inches. To accommodate 9
inches of stack height, a rear wall extension (not shown) is
provided that pulls up to support a nine inch stack height.

Another feature of the invention is the means by which the
mixed mail is properly oriented within the machine. Mail
orientation is accomplished using both novel tamping and nudging
registration subsystems. The purpose is to get each mail piece
in the proper orientation so that as it passes through the rest

of the machine it is not skewed and the indicia is printed
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entirely on the upper right hahd corner of the mail piece as is
conventional. The object of the tamping subsystem is to register
all mail pieces in the stack along the same line whether they are
flapped or unflapped. Flapped mail-pieces end up with the inside
of the flap pushed up against the inside edge of the deck and
unflapped mail-pieces are pushed against a restraint positioned
against the inner edge of the deck. The restraint is either the
side wall 22 of the tamper or a flap of a subsequent mail piece
being held against the inner edge of the deck by the tamper.

To understand this better, reference is had to Figs. 3 and
4 of the drawings, which is a perspective view of the feeder of
the invention, but with the rear wall 21 omitted for clarity. 1In
these figures, the space for the singulator 15 is shown at the
right, with its deck 27. Numeral 32 references the forward belt
drive in the singulator. Numeral 28 references a barrier plate
whose function 1s to limit the height of the overlapped or
shingled mail entering the singulator module. The angle between
the decks 12 and 27 is not shown for clarity. The singulator
includes a side registration wall 29 forming with the back edge
of the deck 27 a slot 30 for passage downstream of the flap of a
flapped envelope. An object of the feeder in the hopper region
is to introduce shingled mail into the singulator.

The mail to be processed is placed on the deck 12 of the
feeder. 1If it is open flapped mail, the side wall 23, 24 is
moved apart from the rear edge 31 of the deck to form an open
slot 35, which is aligned with the slot 30 in the singulator. As

shown in Fig. 3, the envelopes are placed face down with their
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overlapped flaps extending downward in the slot 35. If the mail

is unflapped, that is, with closed flap, sealed or unsealed, the

mail is stacked flap down with the flap fold edge 36 adjacent the
side wall 23, 24. 1In this case, the latter has been moved inward
to close the slot 35.

The tamper mechanism is incorporated behind the wall 23, 24
and functions when there are envelope flaps in the slot 35. As
will be explained below, the wall 23, 24 is movable and can be
caused to exert a varying force on the flaps in the slot 35. The
force is maintained high in between feed cycles to define and
maintain registration along the letter deck edge 31, and the
applied force is relieved to allow free movement of mail when
downstream movement is required. This is achieved by causing the
tamper or registration wall to push on whatever flaps are between
it and the inside edge 31 of the deck 12.

Fig. 13 is a schematic view of the tamper mechanism, seen
from the back of the side wall 23, 24. The deck 12, as
mentioned, is fixed. The side wall 23, 24 is movable relative to
the deck 12, being mounted on linear slides 38. Inside the wall
is mounted a dashpot 40 connected to a pushrod 43 mounted in a
linear bearing 39 (Fig. 5) supported at 42, the pushrod 43 acting
as a cam follower which engages a face cam 45. The dashpot 40
contains a light spring to merge the pushrod 43 against the cam
face 45. The latter in turn is mounted on a shaft 46 driven or
rotated by a motor 47 mounted beneath the deck 12. As later
described, the shaft 46 is part of the forward drive mechanism in

the hopper region. A tension spring 49 anchored to the base at



its right end and to the movable wall 23 at its left end
functions to provide a maximum biasing force tending to pull the
wall 23 against the deck edge 31.

To feed open flap envelopes the user moves the hopper wall
back to create a gap 35 (Fig. 6) for flaps, then loads the hopper
region 10. The hopper wall 23, 24 then moves the stack toward
the machine front so that the inside of the flap on the bottom
most envelope is registered against the rear edge 31 of the
letter deck 12 ready to be processed. However, due to the high
force required to register the flapped stack, the flaps tend to
become pinched between the rear edge 31 of the letter deck and
the hopper wall 23. To alleviate this situation, the hopper wall
is synchronously coupled to the motor driven face cam 45 through
the air dashpot 40. The dashpot 40 is adjusted so that the force
the wall 23 transmits to the mail stack varies from approximately
a small value of about 3 ounces to a larger value of about 24
ounces. During the downstream feed cycle (explained below) the
force drops to allow free movement of the envelopes in the
hopper. Between feed cycles the force rises to approximately 24
ounces to tamp and register the bottommost envelope preparing it
for processing. An advantage of the dashpot-cam configuration is
that a force rather than a displacement is applied to the wall 23
regardless of the wall’s linear position. The dashpot is
adjusted so the balance of forces on the wall is such that it
appears motionless at all times.

The fﬁce cam provides, essentially, two extreme positions

at opposite sides along its circumference and a gradual taper



between the two extreme positions. In'one, the minor lobe
position, the pushrod 43 tends to be moved furthest to the right
in Fig. 5, providing the heavy tamping force, and in the opposite
extreme position, the major lobe, the pushrod 43 is moved
furthest to the left in Fig. 5 providing the light force relief
position. The rotation of the cam 45 is synchronized with the
rotation of the nudger so that when the nudger is moving the
envelopes dbwnstream, the light force is applied, whereas when
the nudger is fluffing the mail stack, explained below, the heavy
force is applied.

Suitable sensors can be provided, 1f desired, to activate
mechanisms to disengage the tamper from the cam 45 when no open
flap is detected, in which case the spring 49 will move the
tamper housing to close the gap 35. Alternatively, when a flap
is detected, then the tamper is activated to function as
described above. However, an advantage of the prepared system as
described above is that no additional sensors are required, and,
even though no flaps are present and the wall is pulsating, it
does not interfere with the machines normal operation and is not
objectionable. |

The side wall 23, 24 moves sufficiently to form a slot 35
to accommodate the thickness of many flaps (up to 0.75 inch)
between the wall 23, 24 and the registration edge 31 of the deck.
As further illustrated in Fig. 6, the upper side wall part 24 is
angled backwards about 15-19 degrees, preferably about 17
degrees, with respect to the lower portion 23. This is to
accommodate the thicknesses of many flaps and to keep the right,

non-flapped, edges of the envelopes in substantial alignment.
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The mechanism for moving the mail downstream in accordance
with another feature of the invention comprises a nudging
subsystem. This drive moves mail in the mail hopper in two
directions; downstream in the direction of mail flow through the
machine, and toward the registration wall. In addition, as
explained below, the stack is also moved upwardly in a fluffing
acﬁion. Being able to feed the bottom item in a vertical stack
allows a mailing machine or like paper handling device to be easy
to load and to occupy a minimum of table space. This fluffing
feature permits bottom feeding, which also has the advantage it
is also less sensitive to stack height within a reasonable range.

Another feature of this aspect of the invention is the
shingling of a vertical stack of mail in preparation for
singulation. Shingling helps reduce the drag forces on the
lowermost item in the stack while it is being singulated.

The forward drive of the invention, in a preferred
embodiment, uses a plurality of composite rollers 50 of the
construction shown in Fig. 14. Each roller 50 consists of a wide
core or center element 51 having a circumference 52 which is
concentric with its trilobular hole 53. On this circumferential
surface is elastically mounted a frictional tire 54. Located
eccentric to the trilobular hole are two cantilever shaft
portions 55, one shown in Fig. 14 extending to the left, and the
other extending o the right and not visible in Fig. 14. Thin
rollers 56 and 57 with low friction surfaces are mounted on these
shaft portion 55 and are retained by means of, for example, snap

latches 58 and 59. One thin roller is positioned on each side of

-]l
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the wide center portion. As will be noted, the shaft portions 55
are eccentric with respect to the hole 53, and are positioned
such that the thin outer roller portions are offset by about
180oc. See also Fig. 19. The result is that each of the outer
roller portions 56, 57 extend beyond the circumference 52 of the
center roller portion 51 over a small arc of about 450. The
reason for allowing the thin roller to extend beyond the outside
diameter of the center roller portion is explained below.

In the preferred embodiment shown in Fig. 15, pairs of
these composite assemblies 50 are mounted on trilobe shafts 60 so
as to establish an in-phase relationship between the roller pair
such that the distance between the thin rollers 56, 57 appearing
at, for instance, the 6 o’clock position, as shown in Fig. 15,
remains constant as the trilobe shaft 60 is rotated. The trilobe
shafting also allows the rollers to be rotatingly driven in this
established orientation. Fig. 15 also shows the thin rollers 56,
57 extending beyond the circumference 52 of the core element 51
only over a short arc equal to about 90 degrees each. For the
remainder of the 1800 of the circumference, the core roller 51
extends beyond the thin rollers 56, 57.

Figs. 16-18 show a side view of three of the assemblies of
Fig. 15 located with respect to the horizontal deck 12 of a
feeding device and supporting a stack of mail 11 on the
frictional tire surface 54 of each roller assembly 50. In the
position shown in Fig. 16, the rotational drive supplied to the
shafts 60 will move the stack in the direction shown by the

arrow. The distance permitted between the shaft assemblies is

-]12-

ST A LI i et AR I SIS Mt T M, LA Al ki I B AL S 8 LT —F1 v ook 4 b L e A e ad e e e s e s RELH . T TS ST AR AL L Mkl Sk (i Sy W TS YO SRRV FCMAIATH MBI AL bk s ke s st .



related to the amount that the frictional tire is exposed above
the horizontal cdeck. The distance between the shafts must be
such that any envelope spanning the roller assemblies must be
raised high enough by the frictional tire so that its sagging
portion does not drape significantly on the deck. As one
example, not to be deemed limiting, a 3.5 inch shaft center to
center distance and a 0.2 inch tire to deck exposure can be used.

Fig. 17 shows a similar view except the shafts have rotated
clockwise (CW) about 450, and the stack is now supported on the
thin, eccentrically mounted rollers 56, 57. In this position,
the lowest envelope in the stack is mainly subjected to the
frictional force of the stack on top of it. The rollers 56, 57
below offer little frictional drag. In order that there be
little or no contact of the envelope with the frictional tire 54
in this roller assembly position, the eccentrically mounted
rollers 56, 57 must extend above the tire surface. In the
preferred embodiment, they extend approximately 0.10 inches above
the tire 54.

In rotating the roller assemblies in a clockwise direction
from their position in Fig. 16 to that of Fig. 17, the stack will
experience an acceleration in the vertical direction in being
displaced from the tire radius to the eccentric roller radius.

As thé roller assembly continues on in a clockwise direction,
shown in Fig. 18, the eccentric rollers arrive at a position
wvhere the stack 11 once again is beginning to rest on the tire
54. During this raising and lowering of the stack as the

composite assemblies are rotated, a mild to vigorous tossing or
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fluffing of the stack 11 is effected depending on the rotational

pr—

speed and the roller assembly geometry. This fluffing of the stack

11 contributes to enabling it to be advanced in a shingled fashion

to a singulating device as shown in Fig. 18.

The forward drive system in the preferred embodiment COmprises

three axial assemblies of two, two and three composite rollers 50,

respectively, as shown in Figs 7-9. The shafts 60 of all three

assemblies are essentially parallel, but are angled toward the

reglstration wall 23, the angle indicated by 61 being about 10° to

16”, preferably about 13°. The shafts 60 are ganged together and

driven by a common motor drive via a pulley 63, mounted under the

deck 12, at the same rpm. See also Fig. 5. The same motor also

pelt drives the shaft 46 which rotates the cam 45. As shown 1in

Fig. 5, the thin rollers in one position extend above the deck

activating the stack above.

o~

Fig. 19 and 20 are top views of the composite rollers, taken

after 90° rotation, showing more clearly how in one position, one

thin outer roller £6 will protrude to one side while the other thin

outer roller 57 will protrude to the other side, and after 180° of

rotation later, the other thin roller 57 wil] protrude, whereas at

the 90 and 270° positions (Fig. 20), the centre roller 51

o
—

protrudes. The effect on a letter 11 of the stack is shown in

r—

Figs. 21 - 24, showing 270° of rotation of the rollers. As

ﬁ

mentioned above, the rim of the core element 51 is of rubber with a

ﬁ F
— s

high coefficient of friction and is relatively wide, whereas the

H

thin rollers 56, 57 on opposite sides may be constructed of plastic

with a low coefficient of friction. Thus,

m G O T AR A= fhymte s fie s Lt w .....--Aqﬂw”m-”mg-—.mu-n.u.. BN Sm e e e cavadany S e i ROt ks T AT TR g AT e Woae st . + =d sesmsmmion . .4l “‘W‘_u_‘-




when the core element protrudes (Figs. 21 and 23), the envélopes
are driven 1in the direction of rotation of rollers, downstream or
forward, as well as toward the side wall 23 due to the angled
position of the rollers (Figs. 7-9), as shown by the arrow 64 in
Fig. 7. In the rotated positions of Figs. 22 and 24, where the
thin outer rollers predominate, the actions is mostly vertical to
fluff‘up the stack to reduce frictional forces between the
envelopes. This combined forward and fluffing action causes the
stack to begin shingling as illustrated in Fig. 18. In addition,
the backward tilt of the deck illustrated in Figs. 10-12 also
causes the stack to tilt backward as shown, which is important in
reducing the weight of the stack on the lowefmost envelopes and
makes it easier for the singulator 15 to separate individual mail
pleces.

Fig. 10 shows a stack 11 of mail being deposited at the
rear in the hopper section against wall 21 before activation of
the drive. Fig. 11 shows how activation of the drive typically
causes a section 11’ of the stack to be separated and driven
forward. While the initial forward motion would tend to carry
the whole stack forward, the fluffing rollers and the inclined
deck tend to cause the upper part of the stack to tilt and fall
backward against the rear wall 21, while a handful of envelopes
11’ are driven forward. The continued driving and fluffing
action causes the initial handful 11’ to become shingled 11’’ and
thus pass in that condition under the barrier 28 and are driven
forward into the singulator 15 by the belt drive 32. The

continued forward drive then causes a second section 11’’’ to
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become separatec from the stack 11 and undergo the same shingling
action as the first section 11/, and this continues until the
hopper becomes depleted of envelopes.

To optimize the above-described action, we have found it
desirable to adjust the relative phase of the fluffing rollers in
the three axis drive. By "phase" is meant the orientation of the
outer fluffing roller 56, 57 on one roller to that on another
roller. "In phase" means that, viewed from the front, they are
aligned. In particular, it is preferred that the rollers 50
(Fig. 9) on each shaft 60 are all in phase with one another; and
the rollers 50 in all three of the assemblies are also in phase
with one another.

Another feature that contributes to the pre-shingling
action desired is a selection of frictional coefficients for the
main center or drive roller 51 for the three roller assemblies.
In particular, we prefer that a material be chosen for the drive
tire 54 for the three-roller assembly in the extreme upstream
position which has the highest coefficient, for the middle two-
roller assembly the lowest coefficient, and for the extreme
downstréam assembly a higher coefficient. This is because the
principal advancing forces will be provided by the end roller
assemblies. The higher coefficient is especially important for
the upstream assembly because of the greater stack weight.
Various types of rubber tires with different frictional
coefficients are well-known and are available for this purpose.

Figs. 7-9 also show the profile of the cam face 45 relative

to the follower 43. 1In the position shown in Fig. 7, the
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follower 43 is on the minor lobe of the cam face and the heavy
force is being applied by spring 49 for tamping the flapped
envelopes shown at 80. 1In the view of Fig. 8, 1800 of rotation
later, the major lobe of the cam face 45 has applied a reverse
force to the wall 23 so that a light force now exists, which
allows an envelope 80 to be advanced. Fig. 9 shows 1800 of
rotation later a return to the condition of Fig. 7.

Fig. 25 illustrates a preferred embodiment for driving the
cam 45 and roller asgemblies. A motor 47 belt-drives 81 shaft 46
to which the cam 45 is attached. The shaft 46 in turn belt-
drives 82 the adjacent roller shaft 60, which in turn belt-drives
83, 84 the end roller shafts 60. All the shafts of the drive are
supported for rotation by end mounts 85, 86.

It is preferred that the rollers 50 be driven such that the
surface speed of the frictional tire 54 is in the range of about
24-32 inches per second (ips). We have found that, for the
preferred machine described above intended to handle mixed mail
at the rate of up toiabout four per second, if the surface speed
1s substantially greater than 32 ips, then excessive vibration of
the stack occurs that actually reduces the throughput. On the
other hand, when the surface speed falls below about 24 ips, then
the mail pieces are not fluffing properly and producing the
desired shingiinq profile. 1In the range indicated, we prefer the
valve of 28 ips as dptimum.

As mentioned above, the envelopes are driven forward as
well as toward the registration side wall 23, 24. This action is

assisted by a tilting of the deck 12 about 4°-8°, preferably 5°,

-]17-
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downward toward the side wall, indicated by 66 in Fig. 6 with the
dash-dot line 66’ being horizontal. Fig. 6 also shows, somewhat
schematically, a stack of envelopes 11 whose flaps 67 extend into
the slot 35 adjacent the deck edge 31. It is important that the
stack 11 as it shingles continues to maintain the envelope flaps
67 in the slot. A further feature of the invention is structure
downstream of the tamper wall 23, 24 but before the singulator 15
which is configured to guide the envelope flaps as they shingle
down into the slot 35 and into the slot 30 in the singulator
module. This structure consists of a vertical wall portion 70
located adjacent the tamper wall 24 and comprising a first
surface 71 which slopes downstream, downward and toward the
machine front, which intersects a second surface 72 which slopes
downward and downstream, merging finally with a nearby vertical
major surface 73. Preferably, the surface 72 forms an angle of
about 30 degrees-40 degrees, with 35 degrees being preferred,
with a vertical plane. This angle substantially matches the
angle formed by the leading edges of the ideal shingled stack of
mail. It also matches the angle at which the bent lower part 28’
of the guide 28 extends. The surface 71 is adjusted to guide the
flapped mail stack downstream toward the singulation area without
causing any restriction or binding. A preferred angle for that
surface is about 107 degrees with respect to the deck, and can
vary about 5 degrees either way. See also Figs. 26 and 27. As

shown in Fig. 27, the major surface 73 is angled backwards by a
small angle of about 1 degrees to 4 degrees, preferably about 2

degrees. In the figure, line 74 parallels the registration edge

-18~
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31, and the angle indicated by numeral 75 represents about 2°. The

surtace 71, 1s angled indicated by reference numeral /o6, preferably

pbetween about 35-39 degrees, preferably about 37 degrees, backward

with respect to the surface 73. These angular ranges have proven
desirable 1n this particular machine embodiment dealing with No. 5
to No. 15 envelopes with thicknesses up to three-quarters inches.

F

The operation of the system is based on on-demand feeding,

wlith upstream actions and movements conditioned on the downstream

envelope having conpleted its processing. Assuming this has been

done, the nudger tamper subsystem, i.e. the forward drive, 1is
activated whenever there is mail in the hopper covering a hopper

sensor (not shown). This is a reflective optical sensor which

looks through the hopper deck. Preferably three reflective sensors

are provided of which the covering of any one will activate the

subsystem. Two are located in the open area of the hopper and the

other 1is located in the nip area of the singulation module. This

ensures that the mechine will continue to function while there 1is

any malil plece waiting to be processed.

Each of the features shown and described herein, including the

flap edge tamper subsystem, the angled nudger drive subsystem which

drives the envelopes downstream as well as toward the side wall,

the fluffing action of the drive wheels which together with the

angled deck and back support provide the desired shingling action,

are pbelieved to be novel 1in themselves in the preferred environment

ﬁ

of a high speed, mixed mail handling machine, and are
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also considered significant parts and contributors to the high
performance of the overall front end feeder combination. Thus,
under certain conditions, some features of the present invention
may be omitted, or used alone, or used with some but not all of
the disclosed features. And the present invention is intended to
include individual features of the overall system disclosed
herein, as well as combinations of some of the disclosed features
without other disclosed features, as well as the overall
combination.

The principles of operation described above for these novel
subsystems, while considered especially applicable in the
environment of a mixed mail handling machine, are also considered
applicable to the feeding of other articles from stacks, such as
sheets of paper.

Moreover, many of the details given above for the preferred
embodiment intended to handle a specific range of envelope sizes
and thicknesses are not critical and can obviously be replaced by
equivalent means. For instance, the shaft belt drives can be
substituted by gearing, and the face cam by any other structure
vhich intermittently forces back the push rod. Alternatively,
since these state~-of-the-art mail handling machines are
frequently controlled by a computer, such as a microcontroller,
it is also possible to substitute a solenocid which is pulsed in
synchronism with the nudger-fluffer subsfétems such that the
tamper force is ﬁeduced during the envelope driving phase and
increased during the stack fluffing phase, or a cam and spring

system. Still further, other constructions of the fluffing
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rollers can be substituted, so long as each roller includes a
protruding high friction drive part over part of the
circumference and a protruding low friction fluffing part over
another part of the circumference. Also the phase relationships
of the fluffing and drive parts may be different than as
described for different kinds of articles.

While the invention has been described and illustrated in
conneetion with preferred embodiments, many variations and
modifications as will be evident to those skilled in this art may
be made therein without departing from the spirit of the
invention, and the invention as set forth in the appended claims
is thus not to be limited to the precise detéils of construction
set forth above as such variations and modifications are intended

to be included within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. FFeeder apparatus for flapped and unflapped envelopes
comprising:
(a) a hopper region for receilving a stack of

5 envelopes, sald hopper region comprising a deck and a

side wall mounted for movement transverse to the deck
longitudinal direction,

(b) transport means 1n the hopper region for moving

the envelopes forward i1n the deck longitudinal direction,

10 and

(c) end means for moving the side wall transverse

to the deck coupled to the transport means.

2. F'eeder apparatus as set forth 1in claim 1, wherein

15 the side wall is movable from a first closed position up

against the deck to a second open position spaced from

and forming with the deck edge a slot to receive the

envelope flaps of flapped envelopes stacked on the deck.

20 3. Feeder apparatus as set forth i1n claim 1, wherein
the side wall conprises a lower vertical portion and an

upper portion that i1s slanted backward.

4 . Feeder apparatus as set forth i1n claim 1, wherein
25 the transport means comprises a rotatable shaft having a

cam portion connected thereto, and the side wall moving

means comprilses a reciprocable shaft having a cam

follower connected thereto and 1n engagement with the cam
portion.

30
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. Feeder apparatus for flapped and unflapped envelopes
comprising:
(a) a hopper reglon for recelving a stack of

envelopes, said hopper region comprising a deck and a
side wall mounted for movement transverse to the deck

longitudinal direction,

(b) transport means 1n the hopper region for moving

the envelopes forward 1n the deck longitudinal direction,

and

(c) means Zor moving the side wall with respect to

the deck from a Zirst closed position up against the deck

to a second open position spaced from and forming with

the deck edge a slot to receive the envelope flaps of

flapped envelopes stacked on the deck, said side wall

moving means having means for vibrating the side wall.

o . Feeder apparatus for flapped and unflapped envelopes
comprising:
(a) a hopper region for receiving a stack of

envelopes, said hopper region comprising a deck and a

side wall mounted for movement transverse to the deck

longitudinal direction, and

(b) means for moving the side wall with respect to

the deck from a first closed position up against the deck

to a second open position spaced from and forming with

the deck edge a slot to receive the envelope flaps of

flapped envelopes stacked on the deck, said side wall

moving means having means for applying periodically a

light and a heavy force urging the side wall toward the

deck edge.
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the si1de wall moving means

ﬁ

delaying the application of

3 . Feeder apparatus as set

200450 4

7. Feeder apparatus as set forth in claim 6,

further comprises means

the forces.

forth 1in claim o,

the delaying means 1s a dashpot.

9. Feeder apparatus as set

forth

wherein

for

whereiln

1n claim 3 wherein the

upper slde wall portion 1s tilted backwards at an angle

pbetween about 15 to 19 degrees.

10.

comblnation with, downstream of

singulator having a deck and side wall forming

P—
—

flap of a

1n the hopper region,

F'eeder apparatus as set

forth in

1n claim 2 ,

the hopper region,

a
for the

flapped envelope a slot aligned with the slot

and means located downstream of the

movable wall and adjacent the hopper region slot and

configured to gu:de flaps of envelopes that have assumed

a shingled configuration

the singulator s_ot.

11.

the gulide means comprilises a

level angled

surface above the deck level also angled

Feeder apparatus as set

forward and toward the deck edge,

forth 1n claim 10,

forward,

from the hopper region slot into

wherein
first surface at the deck
a second

and a

third major surface merging at its intersection with the

backward from the deck edge

W e el e Rk A el s g Sl s AL B
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12. Feeder apparatus as set forth in claim 1, further

comprlising means for biasing the side wall toward the

deck edge.
13. Feeder apparatus for a stack of mixed mail
comprlising:

(a) a hopper region for receiving the stack of

mall, sailid hopper region comprising a deck, a rear wall,

and a side wall,

(b) transport means located in the hopper region

for moving mail —oward the side wall and in a downstream

direction away from the rear wall,

(c) said transport means and hopper region
cooperating to cause said mail as it is moved in the
downstream direction to assume a shingled configuration
with lower maill pieces 1n the stack being advanced

F

downstream ahead of upper mail pieces in the stack, and

ﬁ

(d) means connected to said transport means for

causing said side wall to apply alternating heavy and

light forces against the mail pieces in synchronism with

the movement of the mail pieces 1n the downstream

direction.

14. Feeder apparatus as set forth in claim 9, wherein

gr—

sald transport means comprises a plurality of eccentric

rollers whose axes of rotation form an acute angle with

the side wall.
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