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Description

The present invention relates to a sheet sorting apparatus (hereinafter called sorter) according to the preamble of
claim 1, used for sorting and collation of sheet-shaped members such as copy sheets, transfer sheets or recording
sheets (hereinafter called "sheets”) discharged from an image forming apparatus such as a copying machine, a printing
press or other recording equipment, and to an image forming apparatus equipped with such sheet sorter.

A generic sheet sorting apparatus is shown in the document US 4,854,571, which discloses a sheet sorting appa-
ratus connected to an image forming apparatus comprising plural bins each having a trunnion at both ends thereof,
which are moved by a guide member, sheet discharge means for discharging sheets into said bins and spiral cam means
for moving said trunnion of said bins in such a manner as to cause each of said bins at a position facing said sheet
discharge menas while a space between said bins is widened at a position facing said sheet discharge means.

The operation of the sheet sorter apparatus is performed in an intermittent manner. When the absence of a sheet
between a pair of conveyor rollers is detected, the rotation of the conveyors roller is stopped and at the same time the
motor for driving the spiral cams is started to forward for one revolution. Thus, the bins of the sheet sorting apparatus
are stopped each time when a sheet is discharged from the conveyor rollers into the bins and they will be moved up or
down when there is no sheet to be discharged between the conveyor rollers.

In general, such a sorter is equipped with 10 to 20, or more stepped sheet stackers (hereinafter called "bins") in a
mutually spaced arrangement, and the sheets consecutively discharged from the image forming apparatus at a prede-
termined interval are transported in succession to respective bins by transporting means utilizing a conveyor belt and/or
plural rollers.

Such a sorter can be classified into movable bin sorters in which a group of bins for sheet collation moves with
respect to a fixed transport path, and fixed bin sorters in which the bins are fixed while a discharge unit moves in suc-
cession corresponding to said bins or sheets are fed into the bins from a main path by means of flappers (deflecting
means).

In conventional movable bin sorters there are already proposed methods for moving the bins so as to widen the
entrance of a bin when said bin moves to a sheet receiving position, as disclosed, for example, in the Japanese Laid-
open Patents Nos. 56-78770, 56-78769, 57-4855, 57-4856, and 57-141357.

In such apparatus, paired follower means hereinafter called "trunnions”, mounted on the entrance end of each bin,
are made to engage with a widening mechanism utilizing a rotary geneva or a lead cam, thereby widening the spaces
of the bins in succession at the sheet introducing position, and this operation is gradually displaced over the widening
mechanism, thereby achieving the ascent or descent of the entire bin group.

An example of the principal part of such sheet sorter is illustrated in Figs. 1A and 1B. Bin rollers 151a, 151b, 151¢
provided on both sides of each of plural bins Ba, Bb, Bc are vertically movably guided by a pair of guide rails 152
positioned at left and right, and further engage, at the end portions of said bin rollers, with cam grooves of a pair of lead
cams 153a, 153b provided at left and right, thereby being elevated or lowered by the rotation of said lead cams 1533,
153b in a direction A, D or in the opposite direction. When the bin rollers 151a, 151b are in the illustrated position on
the lead cams 153a, 153b, the space between the bins Ba and Bb and that between the bins Bb and Bc are locally
widened, thereby facilitating the reception of sheet from discharge rollers 155 of the main body. The bins Ba, Bb, ... after
the sheet reception are closely stacked in succession above or below.

Such apparatus achieves high efficiency by supporting the entire weight of the bin unit (bin group) by the upper
faces of the lead cams 153a, 153b and elevating or lowering each bin roller by a turn of the lead cams 153a, 153b. Thus
such apparatus is featured by a simple mechanical structure and can achieve necessary functions.

Another advantage of the movable bin sorter lies in a fact that the sheet transportation can be achieved very reliably
with a simple structure, since the transport path to the discharge rollers 155 for discharging the sheet from the main
body of the image forming apparatus into the sorter is constant regardless of the number of bits.

On the other hand, Figs. 2A and 2B illustrate examples of the fixed bin sorter. Referring to Fig. 2A, above plural bins
B fixed in the sorter, there is provided a transport path 157 having plural pairs of guide rollers 156. Paired discharge
rollers 159 are vertically movably provided along the entrances of the bins B, and support a guide belt 162 in cooperation
with upper and lower guide rollers 160, 161. Also a sheet path 165 for guiding downwards the sheet discharged from
the transport path 157 is formed by said guide belt 162 and by an elastic member 163 of which an end is fixed on the
discharge rollers 159a, 159b and the upper end portion has the tendency to wind spirally.

The above-explained apparatus is to introduce the sheet discharged from the transport path 157 into respective
bins by positioning the paired discharged rollers 159a, 159b respectively corresponding said bins, and said discharge
rollers 159a, 159b are used as an indexer for each bin.

In the structure shown in Fig. 2B, in a transport path provided facing to all the bins of the sorter, there are provided
deflector means 166, such as flappers, respectively corresponding to said bins. Thus the sheet discharged from the
transport path 157 can be introduced into each bin, by activating the deflector means 166 corresponding to said bin.

However the conventional movable bin sorter and the conventional fixed bin sorter have mutually contradicting draw-
backs as will be explained in the following.
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At first, the fixed bin sorter is generally more advantageous than the movable bin sorter in terms of noises, since
the former need not move the considerably heavy bin unit. On the other hand, in the fixed bin sorter with the discharge
unit used as the indexer, the length of sheet path to the indexer including the discharge rollers 159a, 159b varies according
to the bin into which the sheet is to be introduced. For this reason there is required means for absorbing the difference
in path length for example between the 1st and 20th bins (for example a belt and a tensioner for supporting said belt,
for absorbing the difference in length), thereby inevitably elevating the cost of the apparatus. Also the reliability of the
sheet path itself is deteriorated with the complication of the structure of the apparatus.

Also the fixed bin sorter with flappers 166 respectively corresponding to the bins is advantageous in terms of noise
reduction, but the cost is inevitably elevated since the number of flappers 166 and driving components such as solenoids
increases with the increase in the number of bins.

In summary, the fixed bin sorter is high in cost, and is inferior in the reliability of sheet path to the movable bin sorter.

Then the movable bin sorter is generally superior to the fixed bin sorter in the reliability of sheet transportation, since
the distance from the main body of the image forming apparatus to the sheet discharge position of the sorter is constant.

However it is inferior to the fixed bin sorter in noise generation, since the entire bin unit is so moved that respective
bins face the sheet discharge position in succession, and the impact noises by the inertia at the vertical movement of
the bin unit is unavoidable. With the ever increasing speed of the copying machines, there is required a correspondingly
high-speed sorter in order to maintain the productivity of the entire copying system. For this purpose it is required to
reduce the shifting time of the bins B, thereby completing the shift of the bins B within the interval of sheets discharged
in succession from the copying machine.

Consequently it becomes necessary for example to increase the rotating speed of the above-mentioned lead cam
153a, so that the movable bin sorter is inferior to the fixed bin sorter in terms of noises, due to the increased impact
noises resulting from the faster vertical movement of the bins. In summary, in comparison with the fixed bin sorter, the
movable bin sorter can simplify the structure and provides higher reliability of the sheet path, but inferior in the faster
operation and the noise reduction.

Thus, among the conventional sorters, it is generally accepted that the movable bin sorters are suitable for achieving
high reliability with a simple structure of low cost, while the fixed bin sorters are suitable for achieving high-speed oper-
ation and noise reduction.

The object of the present invention is to provide a sheet sorting apparatus which maintains its inherent features of
simplicity in structure and high reliability, and is capable of achieving high-speed operation and noise reduction.

This object is achieved by means of the features defined in claim 1. Preferable embodiments of the invention are
defined in the subclaims.

The sorter of the present invention is featured by controlling the moving speed of means for moving the bin trays
according to the feeding information, such as interval of sheet discharges, thereby discharging sheets into bin trays
while continuously operating said moving means.

According to the above-mentioned feature of the present invention, the continuous operation of the moving means
reduces the impact noises associated with intermittent operation and also reduces the loss in driving action.

More specifically, in an embodiment of the present invention, the cam of spiral cam means engaging with the trunnion
of a bin facing the sheet discharge means is provided with a substantially horizontal portion of a predetermined amount,
and the sheet discharge operation is synchronized with the passing of said trunnion through said substantially horizontal
portion of the spiral cam means.

In the course of descent or ascent of plural bins by a turnnion at a time through the rotation of the spiral cam means,
a bin for receiving the sheet is positioned corresponding to the sheet discharge means, and is widely separated from
other bins. The sheet transported from the image forming apparatus into the sheet sorter is introduced into said bin from
the sheet discharge means, during rotation of said spiral cam means. In this manner sheet discharges into predetermined
bins are enabled without repeating the stoppage and start of ascent or descent of plural bins, whereby high-speed sheet
discharge into the bin and noise reduction of bin movement can be achieved.

Also because of the presence of said horizontal portion in the spiral cam means at the sheet discharge position,
the trunnion of the bin does not move vertically in the course of rotation of the spiral cam means, so that a sufficient
sheet discharge time can be secured for each bin. It is therefore rendered possible to rotate the spiral cam means at a
high speed, and to satisfactorily sort the sheets discharged from a high-speed image forming apparatus.

Figs. 1A and 1B are lateral views showing the relation between a lead cam and bins in a conventional movable bin
sorter;

Figs. 2A and 2B are lateral views showing a principal part of conventional fixed bin sorters;

Fig. 3 is a cam line chart of a conventional lead cam;

Fig. 4 is a longitudinal cross-sectional view of a sheet sorter constituting a first embodiment of the present invention;
Fig. 5 is a view seen in a direction A shown in Fig. 4;

Fig. 6 is a perspective view of said sorter;

Fig. 7 is a view seen in a direction C shown in Fig. 6;
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Fig. 8 is a perspective view of a bin unit;

Fig. 9 is a partial cross-sectional plan view of a lead cam and a trunnion;

Fig. 10 is a lateral cross-sectional view of the apparatus shown in Fig. 4, seen from the opposite side;

Fig. 11 is a lateral view of a flag portion of the lead cam;

Fig. 12 is a plan view of the same;

Figs. 13A to 13D are lateral views showing the relation between the lead cam and the bins;

Fig. 14 is a plan view of a driving system for the lead cams;

Fig. 15 is a cam line chart of the lead cam;

Figs. 16A and 16B are lateral views of a geneva employed in a second embodiment of the present invention;

Fig. 17 is a lateral cross-sectional view of a sheet sorter constituting a third embodiment of the present invention;
Figs. 18A and 18B are cam line charts;

Fig. 19 is an elevation view of spiral cams and bins in a fourth embodiment of the present invention;

Fig. 20 is a cam line chart therefor;

Fig. 21 is a block diagram of an example of control device to be employed in the sheet sorter of the present invention;
Figs. 22 to 30A, 30B are flow charts showing the control sequence of the embodiments of the present invention;
Fig. 31 is a block diagram of a copying machine;

Fig. 32 is a cross-sectional view of a facsimile apparatus;

Fig. 33 is a block diagram of a control unit employed in the apparatus shown in Fig. 32;

Fig. 34 is a cross-sectional view of a printer; and

Fig. 35 is a block diagram of a control unit employed in the apparatus shown in Fig. 34.

In the following there will be explained a first embodiment of the present invention, with reference to the attached
drawings.

Referring to Figs. 4 and 6, a movable bin sheet sorter 1 is provided with a main body 7 principally composed of a
pair of side plates 3, a base member 5 and a cover 6. The sorter 1 is provided with a bin unit 2, incorporating a bin group
B of plural bins B1 ~ Bn, and is vertically movable along a pair of guide rails (guide members) 9 mounted on said side
plates 3.

Said sorter main body 7 is connected, at the upstream side (right-hand side in Fig. 4), to an image forming apparatus
(not shown), and is provided with an entrance 10 and entrance rollers 11 for introducing the sheet P discharged from
the image forming apparatus. From said paired rollers 11 toward said bin unit 2 there is extended a first sheet transport
path 12 and upper discharge rollers 13, from which branched is a downward second sheet transport path 15 with lower
discharge rollers 16 opposed to the bin unit 2. At the branching portion of said sheet transport paths 12, 15 there is
provided a deflector 17, which is selectively displaced either to introduce the sheet P, to be discharged from the upper
discharge rollers 13 to the bins B, into the first transport path 12 or to introduce the sheet P, to be discharged from the
lower discharge rollers 16 to the bins B, into the second transport path 15.

In the vicinity of the sheet discharging portion of the second transport path 15 there is provided a sheet sensor 19
for detecting the sheet P. In the present embodiment said sheet sensor 19 is composed of a reed switch incorporating
a photointerruptor, but a transmissive sensor may also be used for the same purpose. The sheet P discharged from the
image forming apparatus (not shown) is detected by a discharge sensor provided in said apparatus. In the present
embodiment, there can be measured the passing time of the sheet P and the interval of succeeding sheets P, and a
calculating circuit incorporated in said apparatus sends a discharge signal and an interval signal to a microcomputer in
said bin unit 2.

As shown in Figs. 6 to 8, the bin unit 2 has a pair of bin support plates 20 in front and back, constituting a frame
structure. At the front ends of said bin support plates 20 there are mounted bin sliders 21, and a bin cover 22 is fixed to
said bin support plates 20 and bin sliders 21. A bin alignment reference member 23 extends from said bin cover 22 to
a bin support plate 20. Also in a cutout hole 25 formed in each of all the bins B there penetrates an alignment rod 26,
which is supported, at the upper and lower ends, by a pair of support members 27 in turn supported by a shaft 29 and
which can be rotated about said shaft 29. The sheets P housed in the bins B are pushed by the rotation of said alignment
rod 26 to the alignment reference member 23 and thus aligned.

Each bin B in the bin unit 2 is slidably supported, at both sides of the free end, by one of comb-tooth grooves (not
shown) formed on the bin sliders 21. Also on both sides of the other end of each bin there are fixed pins 30 as shown
in Fig. 9. Said pins 30 respectively pass through slits 31 formed on the bin support plates 20 at left and right, and
trunnions 33 are rotatably mounted on the outside, with o-rings 32 as cushion members.

Said trunnions 33 of the bins B are fitted in said guide rail 9 in stacked manner, whereby the lowermost trunnion 33
is in contact with a lower guide roller 35 rotatably supported by the bin support plate 20, while the uppermost trunnion
is in contact with an upper guide roller 36 rotatably supported by said bin support plate 20, so that the bins B are supported
with an interval equal to the external diameter of said trunnion 33.
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As shown in Fig. 4, the bin unit 2 can vertically move along the guide rails 9, with said upper guide rollers 36 and
lower guide rollers 35 fitted in the guide rails 9. Between members 37 fixed to the bin unit 2 and the side plates 3 there
are provided tension springs 39 for pulling the bin unit 2 upwards.

In a position corresponding to the lower discharge rollers 16 supported by the side plates 3, there are provided cam
shaft holders 40 as shown in Figs. 6 and 10, and lead cam shafts 42 rotatably supported by bearings 41 extend between
said cam shaft holders 40 and the aforementioned base member 5. At the upper ends of said lead cam shafts 42
positioned at left and right, there are provided lead cams (spiral cam means) 43a, 43b having spiral cam faces.

As shown in Figs. 10 and 14, a reversible motor 45 is mounted on a side plate 3, and the output shaft 45a of said
motor is provided with a pulley 46a integral with a bevel gear 46b. Said pulley 46a is linked, by a belt 47, to a pulley 49
of the lead cam shaft 42 of the lead cam 43b. Also said bevel gear 46b meshes with a bevel gear 51 mounted on an
end of a shaft 50, and a bevel gear 52 mounted on the other end thereof meshes with a bevel gear (not shown) integral
with a pulley 53, linked by a belt 55 with a pulley 53 fixed to the lead cam shaft 42 of the other lead cam 43a, as shown
in Fig. 14. In the above-explained drive system, the forward or reverse rotation of the motor 45 causes rotation of the
lead cams 43a, 43b in a direction indicated by arrows or in the opposite direction in Fig. 14.

On the other end (lower end in Fig. 10) of the motor 45, there is mounted a clock disk 56, which enables to read the
revolution of the motor 45 or the lead cams 43a, 43b, in cooperation with an interruptor 59 supported by a sensor holder
57 on a side plate 3, thereby said revolution can be arbitrarily controlled by a lead cam control circuit of the sorter 1.

As shown in Fig. 10, on the cam shaft 42 below the lead cam 43b there are mounted flags 61, 62 for detecting the
position of the lead cams 43a, 43b. As shown in magnified views in Figs. 11 and 12, a holder 66 fixed on the side plate
3 supports interruptors 63, 65 for reading said flags 61, 62.

Said interruptors 63, 65 have a same flag angle but are different in phase by a predetermined amount. The on-off
operations of two interruptors 63, 65 with different phases allow to identify whether the bins B are in the home position
in the ascending direction or that in the descending direction, as will be explained later.

Each of the lead cams 43a, 43b has a parallel portion over about 180° as will be explained later, and the phase
difference between the flags 61, 62 is determined in relation to said parallel portion. More specifically said phase different
is selected as about 30°, and the positions of the lead cams 43a, 43b are identified by the on-off operations of said
interruptors 63, 65 resulting from the angular difference of said flags 61, 62.

In the following there will be explained the movement of the bin B, determined by the form of the lead cams 43a,
43b and the trunnion (bin roller) 33 engaging therewith.

Fig. 13A shows the relation among the left lead cam 43a, trunnions 33 and bins B, while Fig. 13B shows a similar
relation of the right lead cam 43b, and Fig. 14 is a plan view of the driving system for the lead cams 43a, 43b.

As shown in these drawings, the lead cams 43a, 43b of the present embodiment have mutually opposite directions
of spiral so as to be rotated in mutually opposite directions, thereby constituting a mirror image relationship. Also in the
present embodiment the spaces of the bins B are widened in two widening positions X, X', in order to accept a stapling
mechanism 67 that can be introduced into and retracted from the bin B. For the sorting purpose only, said spaces may
be widened only in one position X at which the sheet P is introduced.

When the lead cams 43a, 43b are rotated by the motor 45 in the direction of arrow or in the opposite direction, the
trunnions 33 are pressed in the grooves of the lead cams 43a, 43b and ascent or descend, being guided by the guide
rails 9. A bent portions formed in a part of the guide rail 9 shown in Fig. 13A or 13B, is to displace the bin B in the sheet
moving direction in cooperation with the sheet stapling mechanism 67 provided in the sorter 1 of the present embodiment,
and is not to limit the structure of the present invention.

Fig. 15 is a cam line chart of the lead cam 43a of the present embodiment, while Fig. 3 is a cam line chart of a
conventional lead cam, wherein hatched portions indicate cam grooves. Said cam line charts corresponds to the cams
at the left side seen in the moving direction of the sheet P, and those of the other lead cam 43b are of mirror symmetry.
Each of said cam line charts covers a range of 0° to 360°, and contains two cam lines.

The trunnions present in the grooves of the lead cam 43a are indicated by 33a, 33b, 33¢. As shown in Fig. 15, the
lead cam 43a of the present embodiment has a substantially parallel portion H which covers a range of about 180° in
the present embodiment. In the above-explained cam line chart, the bins B move upwards when the lead cam 43a moves
to right (with relative movement of the trunnions 33 to left), namely when the lead cam 43a shown in Fig. 14 rotates in
the direction of arrow, and the bins B move downwards when the lead cam 43a moves to left (with relative movement
of the trunnions 33 to right). Said parallel portion H corresponds to the sheet discharge position of the lead cam 433,
while inclined portions K correspond to shifting positions.

At the discharge of the sheet P from the lower discharge rollers 16 shown in Fig. 4, the lead cam 43a is so set that
the sheet P meets the parallel portion H of the lead cam 43a. Consequently the home position is defined as 33x when
the trunnions 33 ascend, or as 33y when the trunnions 33 descend. The phase difference between said home positions
33x and 33y is selected as 180° in the present embodiment, as shown in Fig. 15. The positions 33x, 33y of the lead
cam 43a respectively correspond to flag areas @ and @ shown in Fig. 12.

In the present embodiment, the revolution R4 (rpm) of the lead cam 43a can be represented by:
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_ 606
17 2nt,

(1)

wherein 2 & indicates a turn of the lead cam 43a or 43b, 6 (rad) indicates the angular range of the parallel portion H,
and t4 is the time period required by the sheet P to pass through the lower discharge rollers 16.

Consequently the revolution of the lead cam 43, or the process speed, increases as the discharging time period of
the sheet P decreases.

Then it is necessary to consider the time interval t, of the sheets P discharged in succession from the image forming
apparatus. In order that the lead cam 43 can make a full turn in a period corresponding to the sum of the sheet discharge
time and the sheet interval, the revolution R, (rpm) of the lead cam 43 in the remaining portion (2r - 6) (corresponding
to the inclined portion of the cam) has to be:

_ 60(2n-6)

R 2nt,

2.

Therefore, if the angular range 6 of the parallel portion H of the lead cam 43 is so selected as to satisfy R, =R,
the rotating speed of the lead cam 43 becomes theoretically same at the sheet discharge and at the interval of sheets,
thereby enabling to introduce the sheets P into the bins B during continuous rotation of the lead cam 43. In this state a
series of sheets P discharged from the image forming apparatus can be sorted during constant-speed rotation of the
lead cam 43.

When the image forming apparatus is of a high speed, it may not be possible to maintain the constant-speed rotation
of the cam 43 since the interval t; becomes very small. Even in such case, the lead cam 43 can still be in continuous
rotation by two-speed control with R4 and R,. Consequently the apparatus of the present embodiment can reduce the
noise level, as it is free from the impact noises in the conventional movable-bin sorter, generated by the inertia of the
bin unit, associated with the start and stop of the lead cams in such sorter.

The present embodiment is further characterized by the high productivity, suitable for use in combination with a
high-speed copying machine. More specifically, the angular range of the parallel portion H of the lead cams 43 may be
suitable changed, for example to a value larger than 180°, so that the rotating angle of the lead cams 43 in the interval
between sheets can be reduced. Thus the sorter can follow the operation of a copying machine of higher speed even
with a considerably lower rotating speed of the lead cams 43.

Moreover, loss in electric power consumption of the copying machine can be reduced since the bin unit 2 with a
large mass need no longer on-off (start-stop) controlled.

In the following there will be explained a series of operations of introducing the sheet P from the image forming
apparatus into the sorter 1, discharging said sheet P into a bin B and shifting said bin B.

At first, the sheet P discharged from the unrepresented image forming apparatus to which the sorter 1 (Fig. 4) is
connected, is introduced through the entrance 10, guided through the entrance rollers 11 and the deflector 17, and
discharged to the bin B. Said sheet P is discharged to the bins B through the upper discharge rollers 13 or the lower
discharge rollers 16 respectively in case of unsorting mode or sorting mode.

The passing time of the sheet P and the interval between the sheets P are measured by sheet discharge signals
from said image forming apparatus, and the measured information is transmitted by serial communication to a micro-
computer (control unit 110 in Fig. 31) in the bin unit 2.

In case the detection time of a sheet P exceeds a predetermined value or a next sheet P cannot be detected with
a predetermined time due to a failure in the sheet transportation, a jam signal as in the ordinary sensor is transmitted
to the controller of the image forming apparatus, thereby stopping the function of the entire system.

In response to the measured information, the microcomputer 110 of the sorter 1 recognizes the discharge time (time
of sheet discharge into the sorter 1) of the sheet and the interval of sheets, and accordingly controls the rotating speed
and position of the lead cams 43 (cf. Fig. 31). The position control of said lead cams 43 is achieved by synchronizing
the discharge of the sheet P into the bin B with the start of the parallel portion H of the lead cams 43.

As explained in the foregoing, the clock disk 56 (Fig. 10) provided on the output shaft 45a of the motor 45 for driving
the lead cams 43 allows to recognize the speed of the lead cams 43 in cooperation with the interruptor 59, and the flags
61, 62 (Figs. 11 and 12) provided on the lead cam shaft 42 allows to recognize the end positions of the parallel portion
H of the lead cams 43.

For example, in the sorting operation with the ascending motion of the bin unit 2, the revolution of the lead cams 43
is so selected that the sheet discharge is started when the trunnions 33 of a bin B reach the home position 33x shown
in Fig. 15 and the sheet discharge is completed during the movement of the trunnions 33 from the home position 33x
to the position 33y.

Then the bin unit 2 is shifted during the movement from 33y to 33z. Since the interval of the sheets is already
recognized from the aforementioned information, the rotation is so conducted that the trunnions 33 move from 33y to
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33z in said interval. In this state the next bin B reaches the position 33x and receives the next sheet P. The above-
explained procedure is repeated for every sheet.

In the sorting operation with the descending motion of the bin unit 2, the sheet discharge is started when the trunnions
33 of the bin for receiving the sheet P reach the position 33y, and is completed while the trunnions 33 move to the position
33x. The trunnions 33 move from 33x to 33w in the interval between the discharged sheets P, and the next bin B reaches
the sheet receiving position 33y. The above-explained procedure is repeated for every sheet.

In the course of sheet discharge, the eventual variation in the process speed or in the sheet interval of the image
forming apparatus is from time to time transmitted to the microcomputer of the bin unit 2, and the speed of the lead cams
is constantly feedback controlled by the latest information.

Owing to the above-explained structure, the sorter 1 can not only cope with the difference in the sheet discharge
time resulting from the difference in sheet size, but also achieve optimum lead cam control in various image forming
apparatus with different process speeds and different sheet intervals. Consequently said sorter 1 can be stably connected
to various copying machines. The above-mentioned sheet interval may be calculated in the image forming apparatus,
or in the sorter.

In the following there will be explained a second embodiment of the present invention. The paired lead cams, posi-
tioned in a part of the bins in the first embodiment for achieving vertical movements of the bin unit 2 and the bins B
thereof, may be replaced for example by a geneva conventionally employing as the vertical movement mechanism of
the bins B. Fig. 16B shows a conventional geneva 72 which has a pair of notches 72a and is rendered rotatable in forward
or reverse rotation, about a shaft 71.

Said geneva 72 can be replaced by a geneva 73 shown in Fig. 16A, with an increase number of notches 73a,
whereby the revolution of the geneva 73 itself can be reduced to achieve noise reduction. Such geneva 73 has a larger
diameter with the increase in the number of notches 73a.

In a third embodiment, a similar effect can be obtained by moving the lower discharge rollers in synchronization with
the bins, instead of stopping the bins during the rotation of the lead cams, in order to maintain the bins and the lower
discharge rollers in a relative stationary state during the sheet discharge. Fig. 17 shows such sorter. In this sorter, in
order to precisely synchronize the discharge rollers with the bins, the vertical movement of the discharge rollers 86a is
caused by the driving system of the lead cams 75 as will be explained later.

Referring to Fig. 17, at the lower end of the lead cam shaft 76 for the lead cam 75, there is fixed a lead cam pulley
77, which is linked, by a timing belt 79, with a transmission member 80 consisting of a pulley and an integral bevel gear.
A bevel gear 81 meshing therewith is rotatably supported by a shaft 82. Other parts of the sorter are constructed same
as in the foregoing embodiments.

In the present embodiment, the shaft 82 supports an eccentric cam 83 in a position different from that of the bevel
gear 81. A vertically rotatable arm 85 is articulated, at the lower end portions thereof, with a shaft 85a, and rotates
vertically, following the rotation of the eccentric cam 83, by the engagement of a rotatable pin 85b, provided in the middle
of said arm 85, with the periphery of said eccentric cam 83.

The free end of said arm 85 is linked, by a shaft 85c¢, with the lower end of a link member 87, of which upper end
is connected to a discharge roller unit 86 having paired discharge rollers 86a. Said link member 87 is rendered vertically
movable, as indicated by an arrow X, by the rotation of the eccentric cam 83, thereby causing vertical movement of the
discharge roller unit 86.

A transport roller 90 is rotatably supported by a shaft 89a, which is in turn supported by a rotating guide 89 having
a guide plate 91. An end of said rotating guide 89 is articulated, by a shaft 89b, to said discharge roller unit 86. Thus, in
synchronization with the vertical movement of the link member 87 and the discharge roller unit 86, the guide plate 91
of the rotating guide 89 vibrates as indicated by an arrow Y.

The sheet discharged by discharge rollers 92 of the image forming apparatus is introduced into the sorter 1 from
an entrance 93, and is transported into a transport path 97 by a guide roller 96 and a guide plate 95. The sheet guided
by said transport path 97 and the guide plate 91 is discharged into one of the bins B by the paired discharge rollers 86a.

In the above-explained sorter, rotation of the lead cam 75 causes rotation of the eccentric cam 83, thereby causing
vibration of the arm 85 and vertical movement of the link member 87. Thus the discharge roller unit 86 and the discharge
rollers 86a thereof move vertically in synchronization with the widening operation of the bins B.

Figs. 18A and 18B are cam line charts respectively of the lead cam 75 and the eccentric cam 83. In the illustrated
example, the bin B and the discharge roller unit 86 are synchronized within a range of 0° - 180°, in which the sheet is
discharged into the bin B. Fig. 17 shows an angular position of 180°. In a range from 180° to 360°, the bin B continues
ascent while the discharge roller unit 86 starts to descend toward the initial position at 0° for intfroducing the sheet into
the next bin B, and is synchronized with the next bin B at the position 360°.

On the other hand, in case of descent of the bins B, a position of 180° is taken as the home position of the discharge
roller unit 86 and the bins B. In this case the discharge is executed while the bin B and the discharge roller unit 86 are
synchronized inarange from 180°t0 0°, and said unit 86 is matched with the next upper bin B in arange from 360° to 180°.

The above-explained structure allows to discharge the sheet in the course of rotation of the lead cams 75 by vertically
moving the discharge roller unit 86 in synchronization with the bin B moving along the inclined portion of the lead cams
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75, instead of forming the parallel (horizontal) portion in said lead cams 75. Therefore the sheet sorting is rendered
possible without repeating stoppage and start of the lead cams 75, as in the foregoing embodiments.

The structure shown in Fig. 17, when connected to an apparatus with a short sheet interval such as a high-speed
copying machine, can also achieve sheet sorting with a revolution of the lead cams 75 considerably lower than that of
the conventional sorter, thereby enabling a higher process speed in the copying machine and noise reductionin the sorter.

In the foregoing description relating to Figs. 18A and 18B, it is assumed that the lead cam 75 and the discharge
roller unit 86 are synchronized over an angular range of 180°, but it is to be understood that this value is variable, similarly
as the angular range of the parallel portion of the lead cams in the foregoing embodiments. In fact said value can be
suitably selected according to the speed and interval of the sheets and does not limit the structure of the present invention.

In the following there will be explained a fourth embodiment of the present invention with reference to Fig. 19.

The paired lead cams 43 (75), provided in a part of the bins in the 1st and 3rd embodiments for effecting the vertical
movement of the bin unit 2 and the bins B, are replaced by spiral cams 101, 102 of screw shape as shown in Fig. 19.

Each of said spiral cams 101, 102 has a sheet discharge position 103 where the screw pitch is widened and a
parallel portion 105 positioned immediately below said discharge position 103. The winding directions of said cams 101,
102 are mutually opposite, constituting a mirror image relationship. Said spiral cams 101, 102 engage with the trunnions
33 of the bins B, which are thus moved upwards or downwards by the rotation of said cams in either direction.

The above-mentioned parallel portion 105 is selected as a predetermined angular range, enabling sheet discharge
in the course of rotation of the spiral cams 101, 102 at a constant revolution. The sheet sorting operation as in the 1st
and 3rd embodiments can be achieved by giving a certain angle to the cam groove other than said parallel portion 105.
Fig. 20 is a cam line chart of the spiral cam 102, wherein 105 indicates the parallel portion, corresponding to the sheet
discharge position 103 to the bin B.

The sorter 1 shown in Fig. 4 has a controller 110 provided, as shown in Fig. 21, with a central processing unit (CPU)
111, a read-only memory (ROM) 112, a random access memory (RAM) 113, an input port 114, an output port 116, etc.

The ROM 112 stores a control program, and the RAM 113 stores input data and work data. The input port 114 is
connected to various sensors such as a non-sort path sensor S1 and various switches, while the output port 116 is
connected to various loads such as a transport motor 17 for driving the entrance rollers 11 and the lower discharge
rollers 16, and the CPU 111 controls various parts according to the control program stored in the ROM 112. The CPU
111 is also provided with a serial interface and effects serial communication with the CPU for example of the main body
of the copying machine, thereby controlling the various parts according to the signals from said main body.

In the following there will be explained the function of the present embodiment, with reference to flow charts shown
in Figs. 22 to 28.

At first referring to Fig. 22, when the copying operation is started by the depression of a copy start key of the main
body of the copying machine, a sorter start signal is sent by a serial signal from the main body of the copying machine.
Upon reception of said signal by the sorter 1 (step 101), a step 102 determines the operation mode of a job until the
sorter start signal is terminated, and mode data are stored in the RAM 113. Then the alignment rod 26 is returned to
the home position for detecting the position thereof (step 103).

Then various units are operated according to the mode determined in the step 102. More specifically, a step 104
discriminates whether the non-sorting mode has been selected, and, if selected, a step 105 discriminates whether
stapling has been instructed, and the sequence proceeds to the staple non-sort mode (step 107) if the stapling is
instructed, or to the non-sort mode (step 108) if the stapling is not instructed. On the other hand, if the step 104 discrim-
inates that the non-sort mode has not been selected, a step 106 discriminates whether the sorting mode has been
selected. The sequence proceeds to a step 109 if the sorting mode is selected, or to a step 110 for group mode if the
sorting mode is not selected. After the completion of operation in one of the above-mentioned modes, the sequence
proceeds to a step 111 for discriminating whether the sorter start signal is still present, namely whether a job has been
completed. If the sorter start signal is present, indicating that a job has not been completed, the sequence returns to
the step 104. On the other hand, if the sorter start signal is absent, the completion of a job is identified and the sequence
returns to the initial step 101.

In the following there will be explained the function in the staple non-sort mode with reference to Fig. 23.

In said mode the bin unit 9 is at the home position, and a step 201 moves the bin unit 9 to the home position. The
stapling mechanism 67 is unable to staple the sheets placed on the bin cover 22, but is designed to staple the sheets
P stored in the bin B. It is therefore necessary to introduce the sheets P into the bins B in case the stapling mode is
selected, even if the sorting operation is not conducted. For this reason the flapper solenoid 122 is turned off, thereby
selecting the lower discharge rollers 16 (step 202). Thereafter the reception of a size determination signal is awaited
(step 203), and, upon reception thereof, the size data sent from the main body of the copying machine are stored in the
RAM 113 (step 204). If the sheet discharged from the main body is the 1st sheet (step 205), the alignment rod 26, which
should have been placed at the home position, is moved to an alignment position 26a (step 206). If the step 205 identifies
that the sheet is not the first one, or after the movement of the alignment rod 26 to the alignment position 26a in the step
206, the sequence proceeds to a step 207 for awaiting a sheet discharge signal from the main body. Upon reception
thereof, the alignment rod 26 is moved from the alignment position 26a to a standby position 43b (step 208). Then the
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sheet is introduced into the bin B (step 209), and the alignment rod 26 is moved to the alignment position 26a for aligning
the sheet (step 210). Then a step 211 discriminates the presence of a staple signal, and, if present, a stapling operation
is conducted (step 211), or, if absent, the sequence returns to the main routine.

In the following there will be explained the function in the non-sort mode, with reference to Fig. 24.

In the non-sort mode, the sheets are discharged onto the bin cover 22. Therefore the bin unit 2 is moved to the
lowermost home position (step 310), and the flapper solenoid 122 is energized to discharge the sheets from the upper
discharge rollers 15 (step 311). Then, upon reception of a size determination signal (step 312), the sheet size is deter-
mined. Then a step 314 awaits a sheet discharge signal from the main body, and, upon reception thereof, a step 315
executes sheet discharge on the bin cover 22 and the sequence returns to the main routine.

In the following there will be explained the function in the sorting mode, with reference to Fig. 25.

At first there is discriminated whether a bin initial signal for returning the bin unit 2 to the home position is received
from the main body (step 401), and, if received, the bin unit 2 is moved to the home position (step 402). Then the flapper
solenoid 122 is turned off for selecting the lower discharge rollers 16 (step 403). Then, upon reception of the size deter-
mination signal (step 404), the size is determined (step 405). Then there is discriminated whether said size determination
is for the 1st sheet (step 406), and, if for the 1st sheet, the alignment rod 26 is moved to the alignment position 26a (step
407). Subsequently, upon reception of the sheet discharge signal from the main body (step 408), the alignment rod 26
is moved to the standby position 26b (step 410). Then the sheet is discharged into the bin B (step 411), and the alignment
rod 26 is moved to the alignment position (step 413). A subsequent step 414 discriminates whether the stapling signal
is present, then the stapling operation is conducted only when said signal is present (step 415), and the sequence returns
to the main routine.

The movement of the bins B in the sorting operation will be explained later.

In the following there will be explained the function in the group mode, with reference to Fig. 26.

At first there is discriminated whether the bin initial signal from the main body of the copying machine is present
(step 501), and, if present, the bin unit 2 is moved to the home position (step 502). Then, upon reception of the size
determination signal (step 503), a step 504 determines the sheet size, and a step 505 discriminates whether said size
determination is for the 1st sheet. If for the 1st sheet, the alignment rod 26 is moved to the alignment position 26a (step
506), and, upon reception of the sheet discharge signal (step 507), the alignment rod 26 is moved to the standby position
26b (step 508). After the sheet transportation into the bin B (step 509), a step 510 discriminates whether a bin shift
signal from the main body is present (step 509), and, if present, the bins B are shifted by a bin (step 511). Then the
alignment rod 26 is moved to the alignment position 26a for aligning the sheets (step 512) and the sequence returns to
the main routine.

In the following there will be explained the transporting operation, with reference to Fig. 27.

When the sorter 1 receives a sheet from the main body, if the transporting speed of said sheet in said sorter is lower
than that in the main body, the sheet generates a loop between the main body and the sorter, thereby resulting in sheet
jamming. On the other hand, if the sheet transporting speed in the sorter is higher than that in the main body, the sheet
is pulled by two units, and there is generated danger of noises or sheet breakage. Consequently the sheet transporting
speed of the sorter 1 is synchronized with the process speed of the main body (step 601).

Then there is discriminated whether the flapper solenoid is energized, namely whether the upper discharge rollers
15 or the lower discharge rollers 16 are selected (step 602). The sequence then proceeds to a step 603 for detection
with the non-sort path sensor S1 if the flapper solenoid 122 is energized to select the non-sort discharge position 15,
or to a step 604 for detection with the sort path sensor S2 if the flapper solenoid 122 is turned off to select the sorting
discharge position 16. The step 603 or 604 waits until the non-sort path sensor or the sort path sensor is turned on, and
the sequence proceeds then to a step 605 for setting a counter for measuring the position for controlling the discharge
timing of the transport motor 117. Then a step 606 discriminates whether the counter, set in the step 605, has completed
the counting operation, and the sequence proceeds to a step 609 or 607 respectively if the counting is completed or
not. The step 607 discriminates the presence of the sheet discharge signal from the main body, and, if absent, the sheet
is identified to have been completely discharged from the main body of the copying machine and the transport speed
is increased to the maximum value (step 608). After the step 608 identifies the point of controlling the discharge timing,
a step 609 controls the transport motor 117 to the sheet discharge speed of the main body. Thereafter a counter is set
for measuring the position of completion of discharge (step 610), and the sequence is terminated when the counting
operation is completed (step 611).

In the following there will be explained the stapling operation, with reference to Fig. 28.

Atfirst a step 701 activates a stapler moving motor 119 for moving the stapler 67, until a stapler work position sensor
87 and a stapler positioning sensor S6 are both activated, namely until the stapler 67 moves to a work position 67a.

Then a stapler motor 71 is activated to effect a stapling operation. After the start of said stapler motor 71, there is
confirmed the turning-off of a stapler cam sensor S10, and a stapling operation is completed by turning off the stapler
motor 71 after the turning-on of said sensor S10, namely after a full turn (step 702). Subsequently the stapler moving
motor 119 is activated until the stapler work position sensor S7 is turned off and the stapler positioning sensor S6 is
turned on namely until the stapler 67 is retracted to a position 67b (step 703). Then there is discriminated whether the



10

15

20

25

30

35

40

45

50

55

EP 0 423 758 B1

stapling operation is conducted on all the bins B (step 705), and, if not, the bins are shifted by a bin, and the sequence
proceeds to the step 701 for a next stapling operation. If the stapling operation has been conducted on all the bins, the
stapling sequence is terminated.

In the following there will be explained the shifting operation in the sorting mode, which is most characteristic of the
present invention, with reference to Fig. 29.

In the shifting operation in the sorting mode, the sheet discharge signal from the image forming apparatus is mon-
itored for synchronization with the sheet P (step 801). Upon reception of said sheet discharge signal, the moment of
entry of the leading end of the sheet P into the bin B is synchronized with the end of the parallel portion of the lead cams
43. More specifically, a counter for synchronization is set (step 803), and, upon completion of the counting operation
(step 805), the sequence proceeds to a step 807.

The step 807 discriminates whether the sheet is the last sheet of a series of originals, and, if it is the last sheet, the
rotation of the lead cams 43 is terminated (step 809).

If not the last sheet, the sequence proceeds to a step 811 to vary the speed of the lead cams 43. The speed in this
state can be obtained by dividing the length of the parallel portion thereof by the time, obtained by dividing the length
of sheet by the transport speed. Said sheet length is supplied from the main body by serial communication shown in
Fig. 21.

Then a step 813 awaits the turning-on, of the sort path sensor S2, and a step 815 awaits the turning-off thereof, in
order to detect the rear end of the sheet P. Then there is set a counter for counting the period from the detection of the
rear end of the sheet P to the completion of sheet storage into the bin B (step 817), and, upon completion of the counting
operation (step 819), the sequence proceeds to a step 821.

The step 821 varies the speed to the shifting speed in the interval of sheets, and said shifting speed is determined
by dividing the amount of movement in the non-parallel portion by the interval which is supplied by serial communication
from the main body. After the determination of the shifting speed, the sequence returns to the step 801 for processing
the next sheet P.

In the following there will be explained the speed control of the shift motor 45, with reference to Fig. 30.

The control of the shift motor 45 is achieved by the timer interruption function and the clock interruption function of
the CPU 111.

The timer interruption function is to generate interruption at an arbitrary interval by a hardware counter in the CPU
111, while the clock interruption function is to generate interruption at the edge of an external pulse. In this embodiment,
the clock interruption is achieved by a clock pulse from a clock sensor S13 of the encoder of the shift motor 45.

This control is achieved by setting the interval of the timer interruption at an ideal time for clock interruption when
the shift motor 45 is at the target speed, and controlling the count of an up-down counter, for measuring the difference
between said ideal time and the number of clocks for interruption, to zero, thereby obtaining the ideal speed.

Flow charts of the above-explained control are shown in Figs. 30A and 30B.

Fig. 30A shows the procedure of clock interruption by increasing the count of the shift control up-down counter,
provided in the RAM 113.

Fig. 30B shows the procedure of timer interruption. At first a step 951 effects a decrement of the shift control counter.
Then the on-off state of the shift motor 45 is determined by discriminating whether the count of the shift control counter
is larger than zero (step 953), and, if larger than zero, turning off the shift motor 45 as the speed thereof is too large
(step 955). On the other hand, if the step 953 identifies that the count of the shift control counter is zero or smaller, a
step 957 discriminates whether said count is smaller than zero.

If said count is not smaller than zero, said count is zero, indicating the target speed, and the timer interruption
procedure is terminated. If said count is smaller than zero, indicating a speed slower than the target, the shift motor 45
is turned on (step 959) and the timer interruption procedure is terminated. The speed control of the shift motor 45,
controlling the vertical movement of the bin unit 2 and the widening operation of the bins B is achieved in this manner.

In the above-explained embodiment, the spiral cams need not necessarily be provided with parallel portions, but
may be rotated at arelatively low speed in continuous manner, in synchronization with the sheet discharge. Consequently
the conventional spiral cams shown in Fig. 3 may also be employed in the present invention.

In the following there will be explained application of the present invention to a facsimile apparatus or a printer.

Fig. 32 is a schematic view of another embodiment in which the image forming apparatus is composed of a facsimile
apparatus, wherein shown are a main body 200 of the facsimile apparatus; an original reading unit 201; a collator 202
provided in the recording unit of the main body 200; a sheet discharge unit 203 of the main body 200; a received document
204; bin trays 205 - 208; and a driving unit 209 of the collator.

In response to a control signal from the main body 200 of the facsimile apparatus, the driving unit 209 of the collator
moves the bin trays 205 ~ 208 vertically to align one of said bin trays with the sheet discharge unit 203, and the received
document 204 is placed on thus aligned bin tray. The uppermost bin tray 205 can stack a larger number of documents
than in other bin trays 206 - 208, because of the available upper space.

Fig. 33 shows the structure of control system in the facsimile apparatus shown in Fig. 32.
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In Fig. 33, a CPU 221 for controlling the various units of the facsimile apparatus is composed for example of a
microprocessor. The control system of the facsimile apparatus is composed of star-shaped connection of the components
222 ~ 212 to said CPU 221.

Said components consist of an operation unit 222 for input of instructions for facsimile operations and for information
display; a reading unit 223 for reading the image of an original; a recording unit 224 for image output; a connector 225
such as modem or DSU between the facsimile apparatus and a communication network; a communication line 226; a
ROM 227 storing, for example, the control program of the CPU 221; a RAM 228 for temporary storage of various data
and image information; a rigid disk drive 229 functioning as a non-volatile memory for storing image information or the
like; a handset 210; a collator control unit 211; and a collator 202 (209).

In the above-explained facsimile apparatus, the collator 202 (209) is controlled in the same manner as in the copying
machine explained above. For example, in case of receiving the sheets of a communication in a bin tray and receiving
those of another communication in another bin tray, the bin trays are shifted by continuous rotation of a motor.

Figs. 34 and 35 show a laser beam printer as another embodiment of the image forming apparatus.

Fig. 35 is a block diagram of the present embodiment, composed of a controller 301 connected to plural host com-
puters; a printer 302 connected to said controller 301; and a sorter 303 connected to said printer 302. The printer 302
and the sorter 303 are respectively provided with independently operating CPU's 304, 305 each having a ROM and a
RAM, and these units mutually exchange information and data by parallel or serial communication. In response to a
print instruction from one of the host computers, the controller 301 generates an ID number for each host computer and
each instruction (job) and sends it to the printer 302, which transmits said ID number to the sorter 303. In response to
said ID number, the sorter 303 designates a bin of the sorter, and sends the bin number, corresponding to said ID
number, to the controller 301 through the printer 302.

The sorter 303 is provided, in addition to the CPU 305, with empty bin sensors PS1 ~ PSn for detecting the presence
of sheets in each bin 303a. Also there are provided a motor for driving the bin moving means for discharging sheet into
each bin, a driver therefor, a motor for driving discharge rollers 303c, etc., and a driver therefor.

Also in this embodiment shown in Figs. 34 and 35, the sorter 303 is controlled according to the sheet transport
speed of the printer 302, as in the foregoing embodiments.

The embodiment shown in Fig. 34 is provided with a laser beam printer, but there may be employed the recording
unit of another type. For example, an ink jet printer is characterized by low noise level, and can be advantageously
employed in combination with the low-noise sorter of the present invention.

The ink jet recording utilizes a liquid discharge opening for discharging recording liquid ink as a flying droplet; a
liquid path communicating with said discharge opening; and discharge energy generating means provided in a part of
said liquid path and serving to provide the discharge energy for causing the liquid ink in said path to fly. Said energy
generating means is driven according to image signal, thereby discharging the ink droplets and recording an image.

For said discharge energy generating means, there may be employed pressure energy generating means, for exam-
ple an electromechanical converter such as a piezoelectric device; electromagnetic energy generating means such as
a laser which heats the liquid ink with an electromagnetic emission thereby discharging the ink by said heating; or thermal
energy generating means for heating the liquid ink with an electrothermal converter thereby discharging the ink. Among
these methods, so-called bubble jet recording method, in which the ink discharge is caused by thermal energy generating
means such as an electrothermal converter, can be advantageously employed since recording with a high resolving
power can be achieved with a high-density arrangement of discharge openings and since the recording head can be
realized in a compact form.

The present invention provides a sheet sorting apparatus comprising plural bins trays; bin tray moving means for
moving said bin trays stepwise to cause each of the bin trays to face a sheet receiving position; and control means for
controlling the operating speed of said bin tray moving means according to sheet transporting information of an image
forming apparatus to be connected to said sorting apparatus, in such a manner that said bin tray moving means can be
operated in continuous manner even during the discharge of a sheet into a bin tray.

Claims

1. A sheet sorting apparatus, comprising:

plural bins (B) having follower means (33); sheet discharge means (16) for discharging sheets into said bins
(B);

spiral cam means rotating for moving said follower means (33) in such a manner that each of said bins (B)
faces said sheet discharge means (16), said spiral cam means having a substantially horizontal portion (H, 105) of
a predetermined length in a cam thereof;
characterized by,

control means (45, 111) for controlling the operating speed of said spiral cam means according to a passing
time of the sheet determined by a sheet size as well as a sheet conveying speed and the interval of succeeding
sheets, in such a manner that the discharge operation of the sheet is synchronized with a passing of said follower
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means through said substantially horizontal portion of said cam which is operated in a continuous manner even
during the discharge of the sheet into said bins (B), said control means further being able to change the operating
speeds S1' and S2' of said spiral cam means corresponding to the passing time of the sheet and the interval of
succeeding sheets, wherein

S1'= length of the horizontal portion
~ sheet length / convey speed

and

S0 = length of the non-horizontal portion
B time period between sheets

2. A sheet sorting apparatus according to claim 1, wherein said spiral cam means rotates to m ove said bins (B)
vertically while widening the space therebetween.

3. Asheet sorting apparatus according to claim 1, wherein said control means (45, 111) comprises calculating means
for calculating the operating speed of said spiral cam means based on the sheet transporting information supplied
from an image forming apparatus.

4. A sheet sorting apparatus according to claim 1, further comprising detection means for detecting the rotary position
of said spiral cam means, wherein the rotation of the spiral cam means can be made different between a sheet
discharge position in which said follower means is in the substantially horizontal portion of the spiral cam means
and a shift position in which said follower means is in an inclined portion of said spiral cam means.

5. A sheet sorting apparatus according to claim 5, further comprising a control circuit which, in response to a sheet
discharge signal from said image forming apparatus, is capable of synchronizing the timing of the start of the dis-
charge of said sheet with the timing of the start of said substantially horizontal portion in the rotation of said spiral
cam means.

Patentanspriiche

1. Blattsortiervorrichtung mit

einer Vielzahl von Fachern (B) mit einer Zubringereinrichtung (33),

einer Blattaustrageinrichtung (16) zum Austragen von Blattern in die Facher (B),

einer sich drehenden Spiralkurvenkérpereinrichtung zum Bewegen der Zubringereinrichtung (33) in einer
solchen Weise, daB jedes der Facher (B) in GegenUberlage zu der Blattaustrageinrichtung (16) gelangt, wobei die
Spiralkurvenkérpereinrichtung einen im wesentlichen waagerechten Abschnitt (H, 105) mit einer vorbestimmten
Lange in einem Spiralkurvenkorper aufweist,
dadurch gekennzeichnet, daB

die Steuereinrichtung (45, 111) zum Steuern der Betriebsdrehzahl der Spiralkurvenkérpereinrichtung geman
einer Durchlaufzeit des Blatts, bestimmt durch eine BlattgréBe, als auch durch eine Blatttransportgeschwindigkeit
und den Zeitabstand aufeinanderfolgender Blatter, in einer solchen Weise, daB der Blattaustragvorgang mit einem
Durchgang der Zubringereinrichtung durch den im wesentlichen waagerechten Abschnitt des Kurvenkérpers syn-
chronisiert ist, welcher in einer kontinuierlichen Weise betrieben wird, selbst wahrend des Austragens der Blatter
in die Facher (B), wobei die Steuereinrichtung ferner in der Lage ist, die Betriebsdrehzahlen S1' und S2' der Spi-
ralkurvenkérpereinrichtung entsprechend der Durchgangszeit des Blatts und des Zeitabstands aufeinanderfoigen-
der Blatter zu &ndern, wobei

Lange des waagerechten Abschnitts

St = Blattlange / Transportgeschwindigkeit
und
S0 = Lé‘mge_des nicht wgagerechten Abschnitts
Zeitabstand zwischen den Bléttern
ist.

2. Blattsortiervorrichtung gemaB Anspruch 1, wobei sich die Spiralkurvenkérpereinrichtung dreht, um die Facher (B)
senkrecht zu bewegen, wobei deren Abstand vergréBert wird.
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3. Blattsortiervorrichtung gemaB Anspruch 1, wobei die Steuereinrichtung (45, 111) eine Recheneinrichtung zum

Berechnen der Betriebsdrehzahl der Spiralkurvenkérpereinrichtung auf der Grundlage der von einer Bilderzeu-
gungsvorrichtung zugeleiteten Blatitransportinformation aufweist.

Blattsortiervorrichtung geméaf Anspruch 1, welche ferner eine Erfassungseinrichtung zum Erfassen der Drehposi-
tion der Spiralkurvenkérpereinrichtung aufweist, wobei die Drehposition der Spiralkurvenkérpereinrichtung zwi-
schen einer Blattaustragposition, in welcher die Zubringereinrichtung im wesentlichen im waagerechten Abschnitt
der Spiralkurvenkérpereinrichtung ist, und einer Verschiebeposition, in welcher die Zubringereinrichtung in einem
geneigten Abschnitt der Spiralkurvenkérpereinrichtung ist, unterschiedlich eingenommen werden kann.

Blattsortiervorrichtung geméan Anspruch 5 mit einer Steuereinrichtung, welche als Reaktion auf ein Blattaustragsi-
gnal von einer Bilderzeugungsvorrichtung in der Lage ist, den Zeitpunkt des Beginns des Austragens des Blatts mit
dem Zeitpunkt des Beginns des im wesentlichen waagerechten Abschnitts beim Drehen der Spiralkurvenkérper-
einrichtung zu synchronisieren.

Revendications

Appareil a trier des feuilles, comportant :

plusieurs cases (B) ayant des moyens suiveurs (33) ;

des moyens (16) de déchargement de feuilles destinés a décharger des feuilles dans lesdites cases (B) ;

des moyens a cames en hélice, qui tournent pour déplacer lesdits moyens suiveurs (33) de maniére que
chacune desdites cases (B) soit face auxdits moyens (16) de déchargement de feuilles, lesdits moyens a cames
en hélice ayant une partie sensiblement horizontale (H, 105) d'une longueur prédéterminée dans une came de ces
moyens ;

caractérisé par

des moyens de commande (45, 111) destinés & commander la vitesse de fonctionnement desdits moyens
a cames en hélice en fonction d'un temps de passage de la feuille, déterminé par le format de la feuille ainsi que
par la vitesse de transport de la feuille et l'intervalle entre des feuilles successives, de maniére que I'opération de
déchargement de la feuille soit synchronisée avec le passage desdits moyens suiveurs sur ladite partie sensiblement
horizontale de ladite came qui est actionnée d'une maniére continue méme pendant le déchargement de la feuille
dans lesdites cases (B), lesdits moyens de commande étant en outre capables de modifier les vitesses de fonc-
tionnement S1' et S2' desdits moyens a cames en hélice en fonction du temps de passage de la feuille et de I'inter-
valle entre les feuilles successives, ou

v longueur de la partie horizontale
"~ longueur de la feuille/vitesse de transport

et

. _ longueur de la partie non horizontale
82'= — -
période de temps entre feuilles

Appareil atrier des feuilles selon la revendication 1, dans lequel lesdits moyens & cames en hélice tournent de fagon
a déplacer lesdites cases (B) verticalement tout en élargissant I'espace entre elles.

Appareil a trier des feuilles selon la revendication 1, dans lequel lesdits moyens de commande (45, 111) compren-
nent des moyens de calcul destinés a calculer la vitesse de fonctionnement desdits moyens a cames en hélice sur
la base d'une information de transport de feuilles fournie par un appareil de formation d'images.

Appareil a trier des feuilles selon la revendication 1, comportant en outre des moyens de détection destinés a
détecter la position en rotation desdits moyens & cames en hélice, la rotation des moyens a cames en hélice pouvant
étre amenée a étre différente entre une position de déchargement de feuilles dans laquelle lesdits moyens suiveurs
sont dans la partie sensiblement horizontale des moyens a came en hélice et une position de translation dans
laquelle lesdits moyens suiveurs sont dans une partie inclinée desdits moyens & cames en hélice.

Appareil & trier des feuilles selon la revendication 4, comportant en outre un circuit de commande qui, en réponse
aunsignal de déchargement de feuilles provenant dudit appareil de formation d'images, est capable de synchroniser
le temps du début du déchargement de ladite feuille avec le temps du début de ladite partie sensiblement horizontale
dans la rotation desdits moyens & cames en hélice.
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