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) Sheet transporting apparatus.

@ Sheet transporting apparatus including a pair of
rollers (13, 14) forming a sheet transporting nip (12),
and adapted, when in an initial position (Fig. 1a), to
engage the leading edge (17) of a sheet (11) deliv-
ered thereto, and means arranged to produce an
orbital motion of the rollers one about the other so
as to progressively change the direction of motion of
the sheet while the sheet is advancing through the
nip (Figs. 1b - 1d).
In one preferred form of the apparatus, the nip
between the rollers, -in its initial position, is oriented
so as to receive a sheet delivered thereto in a
generally horizontal direction (Fig. 1a), and at the
position in said orbital motion furthest from the initial
we= POsition (Fig. 1c) is oriented so that it is advancing
& the sheet generally vertically downwards. In this

form; the apparatus is suitably used in conjunction
:.with a generally vertical sheet receiving tray to pro-
¢\Jvide a sheet inverting stacker.

In another preferred form, the sheet transporting

00 apparatus is used in conjunction with a generally
N horizontal sheet receiving tray to provide a sheet
stacking apparatus capable of reliably stacking
sheets over a wide range of sheet lengths without
any adjustments being needed to the locations of

I'I'Ithe rollers or the tray.
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Sheet Transporting Apparatus

This invention relates to a sheet transporting
apparaius particularly, although not exclusively,
useful for delivering the copy sheets in a copying
machine. The apparatus is of the kind which in-
cludes a pair of rollers forming a sheet feeding nip.
and may advantageously be used in conjunction
with a sheet receiving means for receiving succes-
sive sheets fed from the nip.

Such a sheet transporting apparaius is com-
monly used in xerographic copiers, in conjunction
with stack receiving means comprising a tray which
receives copy sheets fed out in a generally hori-
zontal direction, the iray often being inclined either

upwardly or downwardly in the direction of sheet -

feed. The angle of inclination is usually less than
45°, Typically, the copy sheets are fed out of the
processor of a copier in a face-up orientation, and
will frequently leave the processor with their im-
aged faces in the order 1-n, assuming an input
sequence of documents being copied which are
copied in that order. A simple catch tray arranged
to receive each copy in turn, face-up, wilt thus put
sheet 1 into the tray first, followed by the succes-
sion of sheets on top of each other as far as sheet
n, thereby forming a stack with sheet 1 on the
bottom and sheet n on the top. The stack removed
from the tray is accordingly in reverse order, i.e. n-
1, compared with the input sequence (1-n). As will
be seen, one way of obtaining an output stack with
1-n sheet order is to invert each sheet so that it is
placed face-down in a catch fray. The complete
stack in the output tray will then be a face-down
stack, which, when inverted as a whole, to make it
a face-up stack, will be a 1-n stack like the input
stack.

Because of the inconvenience of an output
stack in n-1 order, various ways have been tried to
solve the problem of providing an output stack in 1-
n order, involving either sheet inversion, as men-
tioned above, or a stacking method which involves
feeding the sheets successively into the bottom of
a stack. '

One example of a sheet inverter for copy
sheets discharged from a copier is described US
patent 4 300 757, in which sheets emerging hori-
zontally from between fixed-axis feed rollers at the
discharge port of a copying machine are deflected
downwardly by a fixed deflector. The downwardly
deflected leading edge of a sheet falls on to a
catch tray, and the trailing edge continues in the
sheet feed direction so as to invert the sheets onto
the catch tray.

Another example of a sheet inverter in a copier
is described in UK Patent 1 475 094. Here a pair of
feed rollers are mounted in a frame, to enable
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rotation of the entire roller pair about an axis
through the nip. A sheet enters the nip, the rollers
stop feeding, the frame is rotated through 180°,
and the rollers (now rotating in the opposite sense)
feed the inverted sheet out in the original feed
direction.

These known sheet inversion techniques are
gither unreliable, or involve rather complex mecha-
nisms. Furthermore, they are not suitable for use in
copiers which handle a range of copy sheet sizes.

Another problem encountered with a sheet
transporting apparatus which is arranged to collect
sheets in a tray is the difficulty of feeding sheets of
different lengihs into the tray. If the sheet transport-
ing arrangement which feeds sheets into the tray is
sufficiently far from the end stop of the fray to
accommodate the longest sheets to be fed, then
shorter sheets to be fed may.fall short and may not
reach the end stop, or may collide with the trailing
edges of previously stacked sheets, even if, as is
commonly the case, the caich fray slopes
‘downhill' from the sheet entry point. Conversely, if
the sheet transporting arrangement is closer to the
end stop, so that shorter sheets are stacked cor-
rectly, then it will not be possible to stack sheets
longer than a certain length. In order to accom-
modate the range of sheet sizes in common use, it
is possible to use two or more sheet transporting

" arrangementis with a deflector plate between them.

All sheets are fed by a first set of feed rollers, and
shorter sheets are also fed by a second sef. Long-
er sheets are defiected by the deflector plate after
the sheet has passed through the first set of rollers,
thersby by-passing the second set. The problem
with this arrangement is that although it works well
for sheets of two lengths related to the positions of
the two sets of rollers, it is not so reliable for
intermediate lengths. Typically, therefore, additional
sets of feed rollers and deflectors are used to
accommodate multiple sheet sizes. This makes the
mechanism more complex and expensive and less
reliable. Another way of accommodating the normal
range of sheet sizes is to use 'uphill’ stacking, i.e.
to feed the sheets upwards onto a sloping tray.
Uphill stacking is not suitable, however, when the
leading edges of the stacked copies must be regis-
tered, for example for subsequent duplex imaging
or stapling. In practice, both of these approaches
require additional components and additional space
compared with using a conventional sheet trans-
porting arrangement to feed sheets into a generally
horizontal tray. ’

The present invention is intended to provide a
relatively simple, yet reliable, way of forming a 1-n
output stack from a 1-n input sequence as well as
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to enable a range of sheet sizes to be stacked
reliably into a conventional tray.

According to the present invention, there is
provided a sheet transporting apparatus including a
pair of rollers forming a sheet transporting nip, and
adapted, when in an initial position, to engage the
leading edge of a sheet delivered thereto, and
means arranged to produce an oribital motion of
the rollers one about the other so as to progres-
sively change the direction of motion of the sheet
while the sheet is advancing through the nip.

In one preferred apparatus in accordance with
the invention, the nip between the rollers, in its
initial position, is oriented so as to receive a sheet
delivered thereto in a generally horizontal direction,
and at the position in said orbital motion furthest
from the initial position is oriented so that it is
advancing the sheet generally vertically down-
wards. In this form, the apparatus is suitably used
in conjunction with a generally vertical sheet re-
ceiving tray to provide a sheet inverting stacker. In
a variation of this form of apparatus, the sheet
receiving tray is inclined closer to a horizontal
orientation (preferably uphill) and the nip makes an
orbital motion to a position somewhere between
90° and 180° from its initial position, thereby in-
verting the shests into a generally horizontal stack.

In another preferred apparatus in accordance
with the invention, the sheet transporting apparatus
is used in conjunction with a generaily horizontal
sheet receiving tray to provide a sheet stacking
apparatus capable of reliably stacking sheets over
a wide range of sheet lengths without any adjust-
ments being needed to the locations of the rollers
or the tray.

The apparatus of the invention is a simple,
reliable, and compact apparatus, and has very
good tolerance to a wide range of paper weights
and sizes.

A sheet transporting apparatus in accordance
with the invention will now be described, by way of
example, with reference to the accompanying
drawings, in which:-

Figures 1a to 1d are diagrammatic cross
sectional views illustrating the operation of an in-
verting sheet stacking apparatus incorporating the
invention;

Figure 2 is a perspective view of an inverting
sheet stacking apparatus incorporating the inven-
tion;

Figure 3 is a diagrammatic cross sectional
side view of the apparatus of Figure 2;

Figure 4 is a diagrammatic plan view of the
apparatus of Figure 2;

Figure 5 is a partial perspective view of an
orbiting roller arrangement suitable for use in the
apparatus of the invention, and
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Figure 6 is a diagrammatic representation of
part of a xerographic copying machine which has a
duplex copying facility utilising a duplex buffer tray
incorporating the invention.

Referring to Figures 1a to 1d, a copying ma-
chine 10 such as a xerographic copying machine,
delivers copy sheets 11 through the sheet feeding
nip 12 of a pair of feed rollers 13, 14 into a
compiler tray 15. The lower roiler 13 is a driven
roller, and the upper roller 14 is an idler. The copy
sheets 11 are delivered, face-up, in succession
towards the nip 12 in a generally horizontal orienta-
tion. A sensor 16 (Figure 1a), such as a micro
switch or an electro-optic sensor, detects the lead-
ing edge 17 of the sheet 11 and activates a cam-
operated orbiting rofier mechanism or other suit-
able drive mechanism such as the belt drive to be
described below. This mechanism causes the up-
per roller 14 to move angularly around the lower
roller 13 in the clockwise direction, in orbital fash-
ion. This orbital motion takes place during sheet
feeding by the rollers, the nip 12 producing gen-
erally horizontal feeding of the sheet 11 as its
leading edge passes between the rollers, as shown
in Figure 1b. The shroud 18 of the upper roller 14
moves with the roller throughout.

The feed rollers contine to feed the sheet 11 as
the upper roller 14 continues its orbitali motion until
the nip 12 is substantially vertical, as shown in
Figure 1c, at which point the sheet 11 is being fed
substantially directly downwards. The upper roller
14 dwells in this position (due to the configuration
of the cam mechanism) until the leading edge 17
of the sheet 11 contacts the base 19 of fray 15
(Figure 1d). At this point, the orbital motion of the
upper roller 14 (and shroud 18) is reversed, so that
its axis starts to move anti-clockwise around the
lower roller, although the lower roller 13 continues
to be driven in the sheet feed direction thereby
forming a buckle in the sheet 11 as seen in Figure
1d. The trailing edge 20 of sheet 11 is fed through
the nip 12 as the roller 14 returns towards its
starting position, thereby directing the trailing edge
of the sheet generally horizontaily towards the up-
per part of the tray, effectively "peeling” the sheet
11 into the tray 15.

The fact that the leading edge of the sheet is
positively fed into the tray 15, and not dropped,
and that the trailing edge if fed with the peeling
motion that tends to "lay" the sheet into the tray,
produces excellent registration of stacked sheets in
the tray. It also enables a wide range of sheet sizes
and paper weights to be handled without risk of
collisions or paper jams.

In order to assist the stack in the tray +5 in
maintaining its vertical orientation, a stack corruga-
tion tongue 21 is pivotally mounted adjacent the
base 19 of the tray 15, and is moved into and out
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of pressing engagement with the sheets in tray 15
by a driving arrangement linked with the mecha-
nism causing the orbital motion of the upper roller
14. When the upper roller 14 is in its initial position
(Figure 1a) the stack corrugation tongue 21
presses the sheets in tray 15 towards the rear of
the tray, the tray and the tongue being so shaped
as to form a vertically-extending corrugation in the
sheets. This provides beam strength to the stack,
which enables the stack to stand on its edge. As
the oribiting motion of the upper roller 14 commen-
ces (Figure 1b) the stack corrugation tongue 21
moves away from the fray, and achieves maximum
displacement from the tray when the nip 12 is
substantially vertical (Figure 1c). This enables the
fed sheet 11 to be placed unhindered into the tray.
As the upper roller 14 returns towards its initial
position (Figure 1d) the stack corrugation tongue
21 is moved back into contact with the stack so as
to corrugate the most recently fed sheet 11.

Also driven from the mechanism which causes
the orbital motion of the upper roller is a side
tamping arm 22 (Figures 3, 4) which is activated
after a sheet has been discharged from the nip 12
but before the stack corrugation tongue 21 contacts
the set. This action accurately aligns the vertical
edges of the stack of sheets in the tray 15.

Referring now to Figures 2, 3 and 4, the sheet
stacking apparatus of the invention is incorporated

in a finisher station 30 for a xerographic copier 10. .

In this circumstances, the compiler tray 15 of Fig-
ure 1 is represented by two fold-down partial trays
constituted by set support arms 15a, 15b. The
corrugations produces by stack corrugation tongue
21 are formed by pressing the tongue into the
space between the two set support arms 15a, 15b.
Once a compiled set has been completed, set
support arms 15a, 15b are folded down, causing
the set to drop into a larger capacity catch tray 31.
An offsetting function can be introduced by causing
the tamping arm to move alternate compiled sets
of copies by a greater distance than the other sets.

Referring to Figure 4, an incoming sheet ar-
rives with its registration edge at position 1, and is
moved by the tamping arm 22 to position 2. Com-
piled sets are then passed, prior to discharge, to
offset positions 3 and 4 alternately.

As part of the finisher function, a sfapler 32
may be provided adjacent the lower corner of the
compiler tray into which the copy sheets are regis-
tered. Thus when stapled set of copies are re-
quired, as each sst is compiled the stapler is
activated, and the tamper arm is then moved so as
to push the stapled set out of the stapler throat to
one of the two offset positions 3 or 4. The stapler is
arranged, as seen in Figure 3, so that its anvil 33 is
on the machine side of the compiler tray, with the
moving parts and the driving mechanis 34 located
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within a housing 35 (Figure 2).

An example of a driving arrangement for the
orbiting rollers is illustrated in Figure 5. Driven
rollers 13 and idler rollers 14 are carried respec-
tively on drive shaft 40 and idler shaft 41. Shaft 40
is journaled for rotation in end members 42 and 43
of support frame 44, and is driven by drive pinion
45 which in turn is driven by, for example, drive
belt 46. Thus, on operation of drive belt 46. the
drive rollers 13 rotate, causing rotation of the idler
rollers 14 by frictional engagement, the idler rollers
14 either being journaled for rotation on idler shaft
41, or being fixed to shaft 41 which is then jour-
naled for rotation in end members 42 and 43 of
frame 44. In order to produce orbital motion of the
idler rollers 14 about the axis of driven rollers 13,
the frame 44 is caused to make angular move-
ments about the axis of drive shaft 40. Angular
movement of the frame 44 is achieved by means
of a drive pinion 47 secured to end member 42,
the drive shaft 40 being journaled for rotation rela-
tive to the drive pinion 47. A drive belt 48 engages
pinion 47, and is operated to cause angular motion
of the pinion 47, and hence the frame 44.

Referring now to Figure 6, a xerographic copy-
ing machine which has a duplex copying facility
uses a buffer tray that incorporates a sheet trans-
porting apparatus according to the invention. Figure
6 shows (diagrammatically) only those components
which are involved in the movement of copy paper
sheets through the apparatus. A copy sheet is fed,
by a feed roller 50, from a stack 51 of shests
supported on an elevating stack carrier 52. The
sheet, as indicated by arrow A, is guided to a pair
of primary transport rollers 53, and then, as in-
dicated by arrow B is guided to a second pair of
transport rollers 54. The transport rollers 54 convey
the sheet (arrow C) to a xerographic transfer station
55 where a developed electrostatic latent image is
transferred from a photoreceptor belt 56 on to the
upper surface of the copy sheet. The sheet carry-
ing the transferred image, as indicated by arrow D,
then passes through a fuser 57 comprising a heat-
ad roller and a backup roller. The fuser 57 fixes the
developed image on to the upper surface of the
copy sheet, which is then guided to output rollers
58, as indicated by arrow E.

If the image is to be formed on only one side
of the copy sheet (i.e. a simplex copy), the sheet is
transported completely through the output rollers
58, as shown by arrow F, and into a suitable output
tray (not shown). If, however, images are to be
formed on both sides of the sheet (i.e. a duplex
copy), then the sheet is recirculated so that it can
receive an image on its other side, as will now be
described.

For duplex copying, instead of the sheet pass-
ing completely through output rollers 88, it is stop-
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ped just before its trailing edge arrives at the nip
between the output rollers. The output rollers are
then reversed, so that the sheet passes back be-
tween them, as indicated by arrow G. The geome-
iry of the output rollers and the surrounding sheet
guiding surfaces is such that on reversal of the
output rollers, the sheet is fed back into a lower
guide throat 59, as indicated by arrow H, rather
than towards the fuser 57. The sheset then passes
(arrow ) info the nip of a pair of transport rollers 60
which constitute a sheet transporting apparatus in
accordance with the invention.

When a single duplex copy is to be produced
from an original, the axes of transport rollers 60
remain stationary, and by means of a gate 61 the
sheet is guided (arrow J) along sheet guide 62
towards primary transport rollers 53 (arrow K). As
the sheet approaches rollers 53, its imaged face is
uppermost, so that on its second pass through the
xerographic system (arrows B, C, D and E) its
imaged face is lowermost, so that it can receive an
image on its blank face. The sheet, carrying im-
ages on both faces after the second pass, is con-
veyed completely out of the machine by output
rollers 58 (arrow F) and deposited in the output
tray.

In the case where multiple copies are to re-
ceive duplex images, in a mode where all the first
sides of a set of copy sheets are imaged first,
followed by all the second sides, the sheets are
held following the imaging of the first sides in a
duplex buffer tray 63. To achieve this, the gate 61
is raised, as shown in broken outline, so that the
sheets are fed into the buffer tray (arrows L) for
sheets less than a predetermined length, the axes
of the rollers 80 remain stationary throughout the
feeding of sheets into the buffer tray 63. A stack of
sheets is formed in the buffer tray 63, and an
elevating base 64, which brings the top sheet in the
stack into engagement with buffer tray feed roller
64. Sheets fed by feed roller 64 are guided (arrow
Q) up to primary feed rollers 53 to make a second
pass in the fashion just described for the single
copy duplex mode.

Finally, for sheets longer than the predeter-
mined length, instead of the axes of the fransport
rollers 60 being held stationary throughout the
feeding of a shest, the rolies are first held station-
ary, and then caused to make an orbiting motion,
as previously described herein, with the axis of the
idler roller (the upper roller as seen in Figure B)
making a clockwise orbital motion around the drive
roller (the lower roller), so that the sheet is laid
down onto the tray somewhat as indicated by ar-
rows M, N and P, with arrow P representating the
path followed by the longest sheets. In this way,
sheets of a wide range of lengths can be deposited
in the buffer tray, and the sheets can be longer
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than the distance between the end of the buffer
tray nearest feed roller 64 and the nip between the
rollers 60. Thus, as a long sheet is fed between
rollers 60, its leading edge is first fed into contact
with the end of buffer tray 63 just below feed roller
64. At around this time, the orbiting motion of
rollers 60 is commenced, so that the trailing edge
of the sheet is guided first generally downwards
towards the tray 63, and eventually in a direction
away from the far end of the tray 63, as indicated
by arrows P when the orbiting roller is in the
broken line position shown. The effect is a
"peeling” motion of the sheet onto the tray. Sheets
considerably ionger than the tray can be deposited
onto the tray, without the need for an unduly long
paper path, and without the need for additional
deflectors or feed rollers. After deposition of a
sheet, the orbiting motion of the roilers 60 is re-
versed to réturn the nip to its original position prior
to the arrival of the leading edge of the next sheet
o be stacked.

Claims

1. Sheet transporting apparatus including
a pair of rollers forming a sheet transporting
nip, and adapted, when in an initial position, to
engage the leading edge of a sheet delivered
thereto, and
means arranged to produce an orbital motion
of the rollers one about the other so as to progres-
sively change the direction of motion of the sheet
while the sheet is advancing through the nip.

2. The apparatus of claim 1 wherein the rollers
are arranged to produce said orbital motion about
the axis of one of the rollers.

3. The apparatus of claim 1 or claim 2 wherein
the roilers are adapted for additionally transporting
sheets in a mode in which the axes of the two
rollers are stationary.

4. The apparatus of claim 3 wherein the rollers
are arranged for transporting a sheet initially in said
mode in which the axes of the rollers are stationary
and then in the mode in which the rollers perform
said orbital motion.

5. Sheet stacking apparatus including the sheet
transporting apparatus of any one of claims 1 to 4
and a sheet receiving tray adapted to receive
shests transported by the rollers.

6. The apparatus of claim 5, as dependent on
claim 3, wherein the sheet transporting apparatus is
arranged to operate only in the stationary axis
mode for sheets of less than a predetermined
length, but to operate in the stationary axis mode
and then the orbiting mode for sheets at least
equal to the predetermined length.
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7. The apparatus of any one of claims 1 to 6
wherein the rollers are arranged to deposit sheets
in a shest receiving tray, and wherein the distance
between the nip and the far end of the tray, mea-
sured in the initial direction of sheet motion into the
nip, is less than the length of the longest sheets
which can be accommodated by the tray, whereby
the trailing edges of said longest sheets, after they
have been deposited in the tray, extend beyond
the nip in a direction opposite to said initial direc-
tion of shest motion.

8. The apparatus of any one of claims 1 to 4
wherein the rollers are arranged such that the di-
rection of the orbifal motion in said orbiting mode
is reversed during the transporting of a sheet.

9. The apparatus of any one of claims 1 to 4
and 8 wherein the initial position of said rollers and
the position of said rollers at the end of said orbital
motion or motions are such as to invert a sheet
transported thereby.

10. The apparatus of claim 9 wherein the nip,
in its initial position, is oriented so as to receive a
sheet delivered thereto in a generally horizontal
direction, and at the position in said orbital motion
furthest from the initial position is oriented so that it
is advancing the sheet generally vertically down-
wards.
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