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Description

This invention relates to a saddle stitcher apparatus
for forming completely finished reproduction sets of a
series of reproductions produced on sheets respectively
by a reproduction apparatus, said saddle stitcher includ-
ing a support frame, said frame including means for mat-
ing with means for detachably accepting the said saddle
stitcher with a housing of a modular finisher apparatus,
means associated with said support frame for defining
a sheet feed path communicating with reproduction
sheet receiving means, means mounted on said frame
for registering reproduction sheets, means associated
with said frame for stapling registered reproduction
sheets at substantially the mid-line thereof to form a re-
production set, and folding a stapled reproduction set
substantially along the mid-line thereof, and an output
hopper for collecting folded stapled reproduction sets.

Today's ever increasing document information flow,
in the form of paper documents, necessitates the ability
to reproduce multi-page documents in a timely and ef-
ficient manner. As a result, reproduction apparatus,
such as electrostatographic copier/duplicators or elec-
tronic printers, have been significantly improved as to
their sophistication of operation, ease of use, and
speed. In order to take full advantage of high speed re-
production apparatus, handling of the original informa-
tion to be reproduced and of the completed reproduc-
tions into completely finished sets so as to match overall
reproduction output productivity with reproduction appa-
ratus speed has assumed increased importance.

Recent significant advances in the state of the art
of reproduction apparatus deal with the handling of orig-
inal information for information input to such apparatus.
One such novel original information handling device, re-
ferred to as a recirculating document feeder, is shown
for example in US-A-4,169,674. With the recirculating
document feeder of the shown type, document sheets
from a collated document sheet stack are circulated se-
riatim from the stack of document sheets to an exposure
station of a reproduction apparatus for copying and then
returned to such stack, in order, a number of times equal
to the desired number of reproductions to be made of
such stack. As a result, the collected reproductions are
in precollated sets which eliminates the need for further
complex and expensive collation equipment. Of course,
reproduction apparatus which handle original informa-
tion electronically may also produce the desirable pre-
collated reproduction sets.

The production of precollated reproduction sets has
an additional advantage in that the sets are immediately
available for further handling to provide desired com-
pletely finished reproduction sheet sets. This of course
improves the overall productivity of the reproduction
system. A typical example of such further reproduction
sheet set handling is stapling of the sheets in a set to-
gether to form the completely finished reproduction set.
Finisher apparatus to carry out reproduction set stapling
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is shown in USA-4,134,672.

Although finishers of the above type have been very
successful, they are limited in that they typically can ef-
fect only some types of finishing. Completed reproduc-
tion sets may require additional or other finishing oper-
ations, such as for example folding oversized sheets,
saddle stitching the reproduction set to form a booklet,
or insertion of supplemental sheets (e.g., covers). Sep-
arate auxiliary devices to accomplish these various
ends are available in the industry today, although for the
most part these devices are of the off-line type. That is
to say, such auxiliary devices are not integrally associ-
ated with the reproduction apparatus (and basic finisher
apparatus) and require either manual or mechanical in-
tervention to bring reproduction sets to such devices in
a form in which such auxiliary devices can perform the
desired operation thereon. This adds expense to the
overall reproduction process, and complexity to the total
reproduction apparatus system, without adding to the
efficiency or increasing the productivity of operation
thereof.

Moreover, in the case of auxiliary saddle stitchers,
typical saddle stitchers employ a knife blade to urge a
stack of sheets to be folded through a pair of folding roll-
ers. The force on the folding rollers and their initial spac-
ing requires particular complex adjustment to assure a
neat, complete fold for various sheet stack thicknesses
without damaging the stack. Such adjustment has in
practice been difficult to accurately control.

An exemplary saddle stitcher device is disclosed in
DE-C-68459, this saddle stitcher including means for re-
ceiving, collecting, stapling and folding sheets.

The DD-A-57 590 discloses a device for producing
booklets which is a combination of wellknown single de-
vices forming an assembly line.

A modular device of a sheet post-processing appa-
ratus is shown in US-PS 4,917,364.

SUMMARY OF THE INVENTION

This invention is directed to an improved saddle
stitcher apparatus for forming completely finished repro-
duction sets of a series of reproductions produced on
sheets respectively by a reproduction apparatus.

The improved saddle stiicher is defined by the fea-
tures of claim 1, wherein said stapling and folding means
includes an elongated knife blade, a plurality of pairs of
nip rollers, said knife blade being mounted for recipro-
cation in a direction transverse to the sheet feed path of
said sheet feed path defining means, said knife blade
lying in a plane passing through the mid-line of a stapled
reproduction set and the nips of said pairs of nip rollers
to urge a stapled reproduction set sequentially through
said pairs of nip rollers and then into said output hopper,
a subframe, and means for urging said subframe toward
said frame, and wherein one roller of each of said plu-
rality of pairs of nip rollers is supported in said frame and
the other roller of each of said plurality of pairs of nip
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rollers is supported in said subframe, a pivot pin for piv-
otably connecting said subframe to said frame, said piv-
ot pin is located downstream, in the direction of travel of
a reproduction set being folded, from said plurality of
pairs of nip rollers, and said urging means located up-
stream, in the direction of travel of a reproduction set
being folded, from said plurality of pairs of nip rollers,
whereby a progressively increasing mechanical advan-
tage is exhibited at each of said nip roller pairs.

The invention, and its objects and advantages, will
become more apparent in the detailed description of the
preferred embodiment presented below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the preferred embod-
iment of the invention presented below, reference is
made to the accompanying drawings, in which:

Fig. 1 is a front elevational view, in
cross-section, of the modular fin-
isher according to this invention,
with portions shown schematical-
ly, removed, or broken away to fa-
cilitate viewing;

Fig. 2 is a view in perspective of the sup-
port tray of the stapling module of
the modular finisher;

Figs. 3a and 3b are plan and front elevational
views respectively of a sheet fold-
ed by the Z-folder of the modular
finisher;

Figs. 4a and 4b are front and side elevational
views respectively of an alternate
embodiment of the folding nip roll-
er pairs and knife blade of the fold-
ing mechanism for the saddle
stitcher of the modular finisher ap-
paratus according to this inven-
tion.

Fig. 5 is a top plan view of the folding
mechanism of the saddle stitcher
of the modular finisher according
to this invention, with portions re-
moved or broken away to facilitate
viewing;

are rear elevational views of the
folding mechanism of the saddle
stitcher, in cross-section and with
portions removed or broken away,
respectively taken along the lines
designated 6a-6a, 6b-6b, and 6¢-
6¢ of Fig. 5, and

Figs. 6a to 6¢
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is a side elevational view of the
compression assembly of the sad-
dle stitcher folding mechanism.

Fig. 7

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENT

Referring now to the accompanying drawings, Fig.
1 shows the improved modular finisher apparatus ac-
cording to the saddle stitcher of this invention, designat-
ed generally by the numeral 10. The finisher apparatus
10 may be associated with an electrostatographic copier
or copier/duplicator, a thermal or electronic printer, or a
photographic printer. The reproduction apparatus of the
illustrated embodiment, shown only in part in Fig. 1, is
designated generally by the numeral 12. The purpose
of the modular finisher 10 is to efficiently finish repro-
duction sets from any conventional well known repro-
duction apparatus to form completely finished reproduc-
tion sets of a desired configuration at a speed which
makes maximum use of the speed of the reproduction
apparatus. As used herein, the term "reproduction
sheets" refers to sheets bearing information reproduced
in any well known manner by the reproduction appara-
tus or other sheets inserted into a reproduction set, such
as for example blank sheets, cover sheets or tab stock;
and the term "reproduction sets" refers to a plurality of
reproduction sheets which when viewed together make
up a copy corresponding to a multi-page original infor-
mation bearing document.

The timing and control of the various operative com-
ponents of the modular finisher apparatus 10 with re-
spect to each other and to the reproduction apparatus
are controlled by a logic and control unit C including a
microprocessor for example. The microprocessor re-
ceives input and timing signals from sensors (not
shown) located at points in the paths of sheets through
the finisher and associated with the components of the
finisher. Based on such signals and a program for the
microprocessor, the unit C produces signals to control
the operation of the various components of the finisher.
The production of a program for commercially available
microprocessors suitable for use with this invention is a
conventional skill well understood in the art. The partic-
ular details of any such program would, of course, de-
pendonthe architecture of the selected microprocessor.

Typical high productivity reproduction apparatus re-
produce information on individual sheets in a precollat-
ed manner so that the sheets upon exiting the apparatus
(atchute 14 in the illustrated embodiment) may be read-
ily grouped into reproduction sets. To provide precollat-
ed reproduction sets of information contained in a doc-
ument sheet stack, the reproduction apparatus may in-
clude a recirculating document feeder of the type de-
scribed in the aforementioned US-A-4,169,674, operat-
ing to recirculate document sheets from a document
sheet stack seriatim from the stack of document sheets
to an exposure station of a reproduction apparatus for
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copying and then returned to such stack, in order, a
number of times equal to the desired number of repro-
ductions to be made of such stack. Alternatively, such
as with reproduction apparatus including a mechanism
for capturing or creating information electronically, infor-
mation can be electronically acquired and saved in a
memory storage device to thereafter be recalled at a de-
sired time to form the desired number of multiple pre-
collated reproductions sets.

As noted above, the production of precollated re-
production sets enables the ready production of com-
pletely finished reproduction sets to markedly improve
the overall productivity of the reproduction system. The
finisher 10, constructed to provide a device in modular
form which can accomplish the production of completely
finished reproduction sets in a selectable variety of
forms, includes an uppertransport module 20, a stapling
module 30, and an output hopper 50. Additionally, the
finisher has provisions for optional auxiliary devices se-
lected from the group including a Z-folder 70, a saddle
stitcher 90, and an insert tray 150. By its unique con-
struction, the modular finisher 10 can readily accommo-
date any combination of the optional auxiliary devices.

The upper transport module 20 of the finisher 10 is
incorporated in a self-contained housing 22 having a
first transport path P1. The transport path P1 is defined,
for example, by wire-form or sheet metal guides and
driven nip rollers located at appropriately spaced inter-
vals with respect to the guides. The upper transport
module 20 is positioned such that the entrance E to the
path P, is adjacent to the chute 14 of the reproduction
apparatus 12. In this manner, the information-bearing
reproduction sheets of a reproduction set exiting the ap-
paratus 12 are received seriatim in the path P; and di-
rected under normal operating circumstances to a sheet
delivery station 24.

The sheet delivery station 24 (which may be for ex-
ample of the type shown and described in US-A-
4,930,765, issued June 5, 1990, in the name of Russel
et al) directs the received sheets of a reproduction set
to the stapling module 30.

Under certain circumstances, it may be desired to
review a full reproduction set prior to accomplishing fin-
ishing operations thereon. Accordingly, the upper trans-
port module 20 also includes a bypass transport path
P A similarly defined by wire-form or sheet metal guides
and spaced driven nip rollers. In path P, ,, sheets are
directed to a proof set hopper 26 readily accessible to
an operator for retrieval and review. If, after review, the
proof set is found to be in the desired condition ready
for finishing, a diverter 28 is returned to its normal posi-
tion so that sheets constituting the second reproduction
set (and all subsequently produced reproduction sets)
are directed to the sheet delivery station.

The stapling module includes a tray 34 positioned
to accept the sheets making up a full reproduction set
from the sheet delivery station 24 of the upper transport
module 20. The sheets of the reproduction set, delivered
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seriatim through the station 24, are respectively corner
registered on the tray 34 against a registration gate 36a
selectively located to intercept the reproduction set trav-
el path and an edge guide 36b at right angles to the gate.
Such corner registration may be effected for example
by a rotating flexible disk jogger 38, which can urge the
individual sheets of the reproduction set in a direction
perpendicular to sheet travel against the gate and edge
guide. As illustrated in Fig. 2, a sheet S is moved in mu-
tually perpendicular directions respectively by the jog-
ger 38, rotating in the direction of its associated arrow,
and under the influence of gravity, in the general direc-
tion of sheet travel. The sheet S thus moves from its
solid line position through its broken line position into
the corner formed by gate 36a and edge guide 36b.

Once all of the sheets making up the full reproduc-
tion set are properly corner registered, a stapling as-
sembly 40 controlled by unit C is activated to place sta-
ples at a desired location (or plurality of locations) along
the lead edge of the reproduction set registered against
the gate 36a. An exemplary stapling assembly is shown
and described in US-A-4,903,952, issued Feb. 27,
1990, in the name of Russel et al. After the reproduction
set has been stapled by the stapling assembly 40, the
registration gate 36a is moved to a remote location (out
of the travel path for the stapled reproduction set) and
an ejector roller 48 urges the stapled set from the tray
34 toward the output hopper 50.

The output hopper 50 is attached to the housing 32
adjacent to an external wall thereof. An entrance slot 52
in the external housing wall provides for communication
between the output hopper 50 and the stapling module
30. As such, stapled reproduction sets (or alternatively
sets which pass directly through the stapling module
without being stapled) are directed to the output hopper
and stacked for ready operator retrieval. A pair of foam
rollers 54 urge the reproduction sets toward a tray 56
angled from the horizontal in an "up hill" direction rela-
tive to the path of the incoming reproduction sets. The
rollers 54 are of a relatively large diameter foam con-
struction to enable the rollers to handle a wide variety
of thicknesses of reproduction sets. A pair of dangler
arms 58a, 58b, formed of relatively light weight flexible
material intercept the travel path of the incoming repro-
duction sets to urge the sets onto the tray 56.

Due to the angle of the tray 56 with respect to the
horizontal, the incoming reproduction sets are urged by
gravitational forces to a location where their initial trail-
ing longitudinal edge becomes the leading edge and en-
gages a guide plate 60. In this manner the stack of re-
production sets on the tray 56 are relatively aligned
against the guide plate.

A plurality of fingers 62 (one shown in Fig. 1) are
movable under the control of unit C to a remote position
(broken line) relative to the incoming reproduction sets
as a set is being registered against the guide plate 60,
and to a position (solid line) overlying the set stack once
a set has been registered. The fingers 62 are spring
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urged for example to apply a downward force on the
stack of reproduction sets on the tray 56 to hold the set
stack against the guide plate 60 thereby substantially
preventing dishevelment of the stack.

The elevation of the tray 56 is controlled by an ele-
vator mechanism 64 of any suitable type, such as for
example a spring-urged support, a rotating screw thread
or a chain drive. The tray 56 is lowered by the elevator
mechanism 64 as reproduction sets are delivered and
stacked on the tray. Further, a motor M connected to the
output hopper 50 selectively reciprocates the hopper in
a direction cross-track relative to the path of incoming
reproduction sets delivered to the tray 56. The timing of
reciprocation of the output hopper is selected such that
sequentially received reproduction sets are offset for
ease of separation and removal from the tray by an op-
erator.

Turning now to the optional auxiliary devices, the
the module defining the Z-folder 70 will first be de-
scribed. The Z-folder 70 is for the express purpose of
folding large individual sheets into a reduced overall size
where the folded sheets can be included for example in
a booklet or stack with other smaller sized sheets. As
an illustrative example, a 279 mm x 432 mm (11"x17")
sheet is folded so that its overall dimensions are 279
mm x 216 mm (11"x8 1/2") (see Figs. 3a, 3b) for inclu-
sion in a reproduction set with basic overall dimensions
of 279 mm x 216 mm (11"x8 1/2"). The Z-folder 70 in-
cludes a driven cluster of rotating rollers 72 and sheet
guide chutes 74 and 76 which cooperatively act on a
sheet to achieve the desired folded configuration for the
sheet. The cluster of rollers 72 and guide chutes 74 and
76 is mounted on a frame 82 readily receivable in the
housing 22 of the upper transport module 20 on coop-
erating slide guides 84 for example. In this manner, if it
is desired to include a Z-folder in the finisher 10, a Z-
folder module is merely slid into place in the finisher.

When it is desired to effect folding of a sheet, such
sheet is transported along the path P and then direct-
ed by a diverter 78 into the path P,g. The diverter 78 is
controlled for example by a solenoid actuator for move-
ment to a position (solid line position of Fig. 1) for direct-
ing sheets along the path P44 to the Z-folder 70 or to a
position (broken line position of Fig. 1) for directing
sheets to the proof set hopper 26.

In the folding operation ion the Z-folder 70, a sheet
Z in the path P is urged into the nip between rotating
roller 72a, driven by a motor to become a driving roller,
and idler roller 72b of the roller cluster 72. The roller pair
72a, 72b urge the sheet into the upper chute 74 until the
lead edge of the sheet engages an adjustable stop 74a.

The sheet Z, with the first fold F; now being the lead-
ing edge, continues to be driven into the chute 76 until
such new lead edge engages the stop 76a. Similarly to
the action described above relative to accomplishing the
firstfold F4, the stop 76a prevents the sheet from moving
further into the chute 76. The urging of the sheet Z by
the rollers 72a and 72c¢ thus causes the sheet to buckle
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and be fed into the second fold nip between the rollers
72a and 72d. The second fold F, is then formed by the
rollers 72a and 72d, and the folded sheet is thereafter
urged by such rollers in a direction out of the Z-folder
opposite to its incoming direction.

The module defining the saddle stitcher 90 of the
modular finisher 10 according to this invention is for the
purpose of providing the finisher with the capability of
making center stapled and folded booklets. The saddle
stitcher 90 has five major components: a transport path
P3, a stapling mechanism 92, a folding mechanism
94,an edge registration assembly 96, and a booklet-re-
ceiving output hopper 98. As with the optional Z-folder
module 70, the major components of the saddle stitcher
are readily receivable in the finisher 10. Particularly, the
major components are, for example, slidably receivable
on cooperating slide guides 100 in the housing 32. In
this manner, if it is desired to include a saddle stitcher
module 90 in the finisher 10, the components of the sad-
dle stitcher module are merely received in place in the
finisher.

The transport path P4 for the saddle stitcher 90 is
located such that it communicates with the path P, of
the upper transport module 20 downstream, in the di-
rection of sheet travel, from the diverter 28. A diverter
102, associated with the path P, is movable for exam-
ple by a solenoid actuator to a position (solid line posi-
tion of Fig. 1) remote from the path P4, or to a position
(broken line position of Fig. 1) intercepting the path P,
to direct sheets into the path P4. Sheets received seria-
tim in the path P are aligned in the cross-track direction
by a jogger mechanism 104 (similar for example to the
jogger 38 associated with the stapling module 30).

The lead edges of the respective cross-track
aligned sheets comprising a reproduction set are regis-
tered against a first gate 106 of the registration assem-
bly 96 located to intercept the path P,. In order to ac-
commodate for formation of neat booklets from repro-
duction sets of various overall dimensions, the gate 106
must be adjustable along the path P4 to properly locate
the center staples for the booklets. Accordingly, the gate
106 is mounted on a support 106a adjustable along a
slide bar 106b in the direction of sheet travel (i.e., the
direction of arrow 106¢ in Fig. 1). Adjustment of the sup-
port 106a positions the first gate 106, when in its path
intercepting position, to locate the lead edges of the de-
livered sheets at a preselected distance from the sta-
pling line defined by the stapling mechanism 92. Such
preselected distance is desirably substantially equal to
one-half the dimension of the sheets in the sheet travel
direction.

Once the requisite number of sheets for completing
afull reproduction set have been delivered to the saddle
stitcher module 90, the stapling mechanism 92 thereof
is actuated by the control unit C to staple the reproduc-
tion set along the stapling line, substantially correspond-
ing to the center line of the sheets in the sheet travel
direction. After stapling has been accomplished, the
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gate 106 is pulled out of the path P5 by a solenoid ac-
tuator 106s enabling the stapled reproduction set to con-
tinue its travel in the path P under the influence of grav-
ity for example. The stapled reproduction set continues
its travel until the lead edge thereof is registered against
a second gate 108 locatedto intercept the path P5 down-
stream of the gate 106.

The gate 108 is adjustable in the direction of sheet
travel to locate the lead edges of the delivered stapled
reproduction set sheets at a preselected distance from
the folding line defined by the folding mechanism 94.
Such preselected distance is desirably substantially
equal to one-half the dimension of the sheets in the
sheet travel direction. Another way of looking at the ad-
justable placement of the gate 108 is that the gate 108
should be located a distance from the gate 106 substan-
tially equal to the distance between the stapling line de-
fined by the stapling mechanism 92 and the folding line
defined by the folding mechanism 94. In this manner,
when the stapled reproduction set is delivered to the
gate 108, the established folding line will correspond to
the stapling line such that folding accomplished by the
mechanism 94 occurs on the center line of the sheets
in the sheet travel direction resulting in formation of a
neat booklet from the reproduction set.

As is apparent, the distance between the staple line
as defined by the stapling mechanism 92 and the folding
line as defined by the folding mechanism 94 is fixed. Ac-
cordingly, any adjustment of the first gate 106 necessi-
tates a similar (substantially equal) adjustment of the
second gate 108. Therefore, for the simplicity of con-
struction and convenience of operation, the adjustability
of the second gate 108 may be accomplished by con-
necting the second gate to the support 106a for the first
gate for movement therewith to provide simultaneous
corresponding adjustment of the gates.

The folding mechanism 94 includes a knife blade
110 selectively actuatable into cooperative relation with
a double set of folding nip rollers 112. As more particu-
larly shown in Figs. 5 and 6a-6c, the knife blade 110 is
supported by a bar 114 which is, in turn, mounted for
reciprocation in linear slides 116 provided respectively
in spaced frame plates 118. The slides 116, made from
a friction reducing material, are aligned with the folding
nip roller pairs 112 to accurately guide the knife blade
110 between the rollers on reciprocation of the blade.
The individual rollers 112a-112d, which comprise the
folding nip roller pairs 112, are designed to maintain sig-
nificant structural rigidity under load to minimize deflec-
tion. For example, the rollers may respectively be con-
structed as a solid aluminum core coated with rubber
with steel shafts knurled and pressed into the bored
ends thereof. The lower rollers 112b, 112d of the roller
pairs are rotatably supported in the frame plates 118,
while the upper rollers 112a, 112c are rotatably support-
ed in spaced subframe plates 118a. The subframe
plates 118a are connected to the frame plates 118 re-
spectively by pivot pins 118b located downstream (in the
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direction of sheet travel) from the folding nip roller pairs.
Accordingly, sheets being folded are urged by the knife
blade 110 through one roller nip (i.e., between the rollers
112a and 112b) and then through the other roller nip (i.
e., between the rollers 112c and 112d).

In order to accomplish neat folding of the sheets of
the reproduction set, it is necessary to provide a desired
predetermined engagement force between the rollers of
the folding roller nip pairs 112 as the sheets of the re-
production set are urged therebetween. Accordingly, a
compression assembly 120 is provided. The compres-
sion assembly 120 (best shown in Figs. 5, 6¢, and 7)
includes an upper anchor bar 120a interconnected be-
tween the frame plates 118 and a lower anchor bar 120b
interconnected between the subframe plates 118a. A
pair of compression springs 122 are retained between
the upper anchor bar 120a and the lower anchor bar
120b by long bolts 124. The long bolts are guided in
bearings in the upper anchor bar and are threaded to
the lower anchor bar to maintain a predetermined
preload force between the bars and thus between the
associated structure including, ultimately, the nip roller
pairs 112. The attachment of the upper and lower anchor
bars to the frame plates and subframe plates respec-
tively are by way of pivot pins 126. The pivot pins 126
enable the anchor bars 120a, 120b to pivot relative to
the frame plates 118 and the subframe plates 118b in
order to prevent binding of the long bolts 124 as the
springs 122 compress during the folding operation.

The provision of folding nip roller pairs 112 offers
several significant advantages in the operation of the
folding mechanism 94. Due to the location of the com-
pression springs 122 of the compression assembly 120
relative to the nip roller pairs 112 and the pivotal rela-
tionship between the upper rollers and lower rollers of
the nip roller pairs, a different mechanical advantage is
exhibited at each of the nip roller pairs. Specifically, the
mechanical advantage at the second nip roller pair (roll-
ers 112b and 112d) closest to the pivot axis of the sub-
frame plates 118a is significantly greater than the me-
chanical advantage at the first nip roller pair (rollers 112a
and 112c), for example on the order of twice as large.
Therefore, the fold formed in the reproduction set is ac-
complished in two steps of increasing clamping force.
Thus the force at the first nip roller pair may be set to be
substantially less than has heretofore been necessary
to accomplish the desired booklet folding. With this ar-
rangement, it is not a concern that the fold at the first
nip roller pair be complete, and accordingly the force at
such first nip pair can be set to assure the starting of an
accurate and neat fold without forcing the reproduction
set to be folded into the nip under such pressure as
might damage the set. Moreover, as the reproduction
set being folded passes through the first nip roller pair,
the subframe plates 118a are wedged slightly open rel-
ative to the frame plates 118. Therefore, the greater
force-applying second nip roller pair is already some-
what spread apart to readily receive the reproduction set
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being folded to complete the folding operation. With this
arrangement then, the first nip roller pair is thus wedged
open with a relatively light (non-damaging to the repro-
duction set) force irrespective of the thickness of the re-
production set being folded, and the second nip roller
pair is accordingly partially opened by the set passing
through the first nip roller pair. As a result, the folding
mechanism 94 is effectively operational to automatically
fold reproduction sets of various thicknesses without the
need for a nip gap adjustment mechanism as would be
required to accommodate various reproduction set
thicknesses when only one nip roller pair is utilized to
accomplish the folding operation.

In order to effect selective reciprocation of the knife
blade 110, under the control of unit C, the folding mech-
anism 94 of the saddle stitcher 90 includes a motor 130
having an output shaft 130a (see Fig. 6¢). The output
shaft 130a is drivingly connected to a main pulley 132a
of a belt-and-pulley drive arrangement 132 (see Fig. 6b).
A plurality of elements of the drive arrangement 132 are
coupled respectively to the rollers 112a-112d of the fold-
ing roller nip pairs 112 to continuously rotate the rollers.
Further, elements of the drive arrangement 132 are cou-
pledtodrive gears 134, fixedly mounted on a cross shaft
134a, through a clutch mechanism 136 to rotate the
cross shaft (and thus the drive gears) on actuation of
the clutch mechanism. The drive gears 134 mesh with
cranks 138 (see Fig. 6a) which have links 140 pivotably
connected at their respective ends to the cranks and the
knife blade support bar 114.

A switch (not shown) of any well known type detects
the angular position of the cranks 138 and provides a
signal for the control unit C to effect actuation of the
clutch mechanism 136. Such clutch mechanism actua-
tion occurs for one revolution of the cranks 138 so that
for each reproduction set to be folded, the knife blade
110 is reciprocated through one complete stroke. A
complete stroke of the knife blade 110 contemplates
travel of the blade a distance sufficient to urge the re-
production set being folded completely through the fold-
ing mechanism 94 and out of the nip roller pairs 112
where the formed booklet falls under the influence of
gravity into the output hopper 98. The hopper 98 is
mounted in the housing 32 of the modular finisher 10 on
slides 98a so as to enable the hopper to move to a con-
venient location, for example external to the housing, to
facilitate operator retrieval of the folded booklets collect-
ed in the hopper.

In one preferred embodiment of the saddle stitcher
90 according to this invention, the links 140 are of some-
what different lengths. Accordingly, the angle of the knife
blade 110 relative to the folding nip roller pairs 112
changes during the reciprocation of the knife blade. As
a result, the reproduction set being folded is sent into
the nips of the roller pairs at a skewed angle (rather than
squarely with respect to the nips) so that the edge being
folded does not contact the nip rollers all at once. Rather,
the fold is effected sequentially in the direction of the
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fold during a segment of the travel distance of the repro-
duction set through the nip. This results in a tighter fold
than can be accomplished when the fold is produced all
at once (for a given nip pressure), and reduces the noise
and power to complete the fold.

In another preferred embodiment of the saddle
stitcher accordingto this invention, the rollers of the fold-
ing nip roller pairs have a plurality of under-cut portions
for accepting a complementary shaped knife blade. As
shown in Figs. 4a and 4b, an exemplary roller pair des-
ignated by the numeral 112" has undercut portions 142.
Such under-cut portions readily receive complementary
portions 144 of the knife blade 110" in a substantially
non-contacting manner. With such arrangement, the the
angle of the knife blade to the nip roller pairs can be kept
square, thus assuring a square fold in forming the re-
production set into a folded booklet, and the force on the
roller pairs to effect folding is substantially independent
of the insertion of the knife blade therebetween.

Turning now to the module defining the insert tray
150 (shown in Fig. 1), the insert tray is for the purpose
of providing the modular finisher 10 according to this in-
vention with the ability to selectively add additional
sheets to a reproduction set. For example the additional
sheets may be preprinted cover sheets of the same or
different stock characteristics to the sheets of the repro-
duction set, or may be sheets utilized within a reproduc-
tion setto separate distinct portions of the set. The insert
tray 150 includes a sheet receiving hopper 152 remov-
ably locatable in the top cover 154 for the finisher 10.
The hopper 152 has appropriate guides (not shown) for
aligning a stack of sheets therein relative to a sheet feed
device 156. The sheet feed device 156, of any well
known type such as a scuff feeder or a vacuum feeder
for example, is activated by the control unit C when it is
desired to selectively feed a single sheet from the hop-
per 152 to have such sheet inserted into a reproduction
set being received by the finisher 10. The sheet is fed
into a transport path P, communicating with the trans-
port path P, of the upper transport module 20 between
the entrance E and the diverter 28. Accordingly, the ad-
ditional sheet is selectively inserted into the path P, at
a desired time during the finishing of a reproduction set
to be treated the same as any other sheet in the set dur-
ing the finishing operation.

Claims

1. Saddle stitcher apparatus (90) for forming com-
pletely finished reproduction sets of a series of re-
productions produced on sheets respectively by a
reproduction apparatus (12), said saddle stitcher
(90) including a support frame (118), said frame in-
cluding means (100) for mating with means for de-
tachably accepting the said saddle stitcher with a
housing (32) of a modular finisher apparatus (10),
means associated with said support frame (118) for
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defining a sheet feed path (P3) communicating with
reproduction sheet receiving means (E), means
(96) mounted on said frame (118) for registering re-
production sheets, means (92, 94) associated with
said frame for stapling registered reproduction
sheets at substantially the mid-line thereof to form
a reproduction set, and folding a stapled reproduc-
tion set substantially along the mid-line thereof, and
an output hopper (98) for collecting folded stapled
reproduction sets, wherein said stapling and folding
means (92, 94) includes an elongated knife blade
(110), a plurality of pairs of nip rollers (112), said
knife blade (110) being mounted for reciprocation in
a direction transverse to the sheet feed path (P3) of
said sheet feed path defining means, said knife
blade lying in a plane passing through the mid-line
of a stapled reproduction set and the nips of said
pairs of nip rollers (112) to urge a stapled reproduc-
tion set sequentially through said pairs of nip rollers
(112) and then into said output hopper (98), a sub-
frame (118a), and means (120) for urging said sub-
frame (118a) toward said frame (118); and wherein
one roller (112b, 112d) of each of said plurality of
pairs of nip rollers (112) is supported in said frame
(118), and the other roller (112a, 112c) of each of
said plurality of pairs of nip rollers is supported in
said subframe (118a), a pivot pin (118b) for pivota-
bly connecting said subframe (118a) to said frame
(118), said pivot pin is located downstream, in the
direction of travel of a reproduction set being folded,
from said plurality of pairs of nip rollers (112), and
said urging means (120) is located upstream, in the
direction of travel of a reproduction set being folded,
from said plurality of pairs of nip rollers, whereby a
progressively increasing mechanical advantage is
exhibited at each of said nip roller pairs (112a, 112b;
112¢, 112d).

The saddle stitcher apparatus of Claim 1 charac-
terized by said registration means (96) including a
first gate (106), and means (106s) for selectively
moving said first gate to a position intercepting the
sheet feed path of said sheet feed path defining
means to register reproduction sheets in prepara-
tion for stapling, and to a position remote from such
path after stapling reproduction sheets into a repro-
duction set, said registration means (96) further in-
cluding means (106a) for adjustably supporting said
first gate (106) on said frame (118) for movement in
the direction (106¢) of the sheet feed path of said
sheet feed path defining means, whereby the loca-
tion at which said first gate (106) of said registration
means intercepts such sheet feed path can be ad-
justed in accordance with the dimension of repro-
duction sheets along such sheet feed path so that
such reproduction sheets are registered at said first
gate with the mid-line of such sheets aligned with
said stapling means.
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3.

The saddle stitcher apparatus of Claim 2 charac-
terized in that said registration means (96) further
includes a second gate (108) positioned to intercept
the path of said sheet feed path defining means
downstream of said first gate (106), in the direction
of travel of the reproduction sheets, at a location
whereby, when said first gate (106) is moved to its
remote position, the lead edge of a stapled repro-
duction set is moved to engage and be registered
by said second gate (108) at a position where the
mid-line of said stapled reproduction set is aligned
with said folding means (94).

The saddle stitcher apparatus of Claim 3 charac-
terized in that said second gate (108) is intercon-
nected with said first gate (106) so as to move there-
with as said first gate is adjusted to similarly adjust
said second gate.

The saddle stitcher apparatus of Claim 1 charac-
terized in that said folding means (94) includes
means (130) for reciprocating said knife blade (110)
in said plane at an angle to the nip line of said pairs
of nip rollers (112) to pass through said nips thereof
progressively, whereby the fold in a reproduction set
is effected sequentially in the direction of the fold
during a segment of the travel distance of such re-
production set through said nips.

The saddle stitcher apparatus of Claim 5 charac-
terized in that said reciprocating means (130) in-
cludes a rotatable drive shaft (130a), at least one
crank (138) rotatably driven by said drive shaft, at
least one link (140) connected to said at least one
crank (138) at one end and connected at its oppo-
site end to said knife blade (110).

The saddle stitcher apparatus of Claim 6 charac-
terized in that said reciprocating means (130) in-
cludes a motor having a rotating output shaft, cluich
means (136) for selectively coupling said motor out-
put shaft to said drive shaft, and control means for
actuating said clutch means to couple said output
shaft to said drive shaft for a time sufficient to rotate
said crank (138) through one revolution to effect
one reciprocation cycle for said knife blade (110).

The saddle stitcher apparatus of Claim 7 charac-
terized in that said reciprocating means includes a
pair of cranks (138) and a pair of links (140) asso-
ciated respectively therewith, said links being con-
nected to opposite ends of said elongated knife
blade (110), with one link being longer than the oth-
er link.
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Patentanspriiche

1.

Heftvorrichtung (90) zum Herstellen fertiger Kopi-
ensatze aus einer Reihe von auf Blattern in einer
Reproduktionseinrichtung (12) hergestellten Kopi-
en, wobei die Heftvorrichtung (90) einen Tragrah-
men (118) mit Mitteln (100) zum Eingreifen in Mittel
zur lésbaren Aufnahme der Heftvorrichtung in ei-
nem Gehause (32) einer modularen Endbearbei-
tungsvorrichtung (10) aufweist, ferner dem Trag-
rahmen (118) zugeordnete Mittel zum Festlegen ei-
ner Blattzufuhrbahn (P3), die mit einer Kopienemp-
fangseinrichtung (E) in Verbindung steht, eine am
Rahmen (118) befestigte Einrichtung (96) zum Aus-
richten der Kopien, dem Rahmen (118) zugeordne-
te Mittel (92, 94) zum Heften der ausgerichteten Ko-
pien im wesentlichen an ihrer Mittellinie, um einen
Kopiensatz zu erzeugen, und zum Falten eines ge-
hefteten Kopiensatzes im wesentlichen entlang sei-
ner Mittellinie, und einen Ausgabebehalter (98) zum
Sammeln der gefalteten und gehefteten Kopiensat-
ze, dadurch gekennzeichnet, daf3 die Heft- und
Faltmittel (92, 94) eine langliche Messerklinge (110)
und eine Vielzahl von Walzenpaaren (112) aufwei-
sen, wobeidie Messerklinge (110) fir eine Hin- und
Herbewegung in einer Richtung quer zur Blattzu-
fuhrbahn (P3) der Blattzufuhrbahn-Festlegungsmit-
telangeordnetist und in einer Ebene liegt, die durch
die Mittellinie eines gehefteten Kopiensatzes und
die Walzenspalte der Walzenpaare (112) verlauft,
um einen gehefteten Kopiensatz nacheinander
durch die Walzenpaare (112) und anschlieBend in
den Ausgabebehdlter (98) zu schieben, ferner ei-
nen Hilfsrahmen (118a) und ein Mittel (120) zum
Andricken des Hilfsrahmens (118a) an den Rah-
men (118), wobei eine Walze (112b, 112d) von je-
dem der Vielzahl der Walzenpaare (112) im Rah-
men (118) und die jeweils andere Walze (112a,
112¢) im Hilfsrahmen (118a) gehalten ist, einen
Drehzapfen (118b) zum schwenkbaren Verbinden
des Hilfsrahmens (118a) mit dem Rahmen (118),
wobei der Drehzapfen nach der Vielzahl der Wal-
zenpaare (112) und das Andrickmittel (120) vor der
Vielzahl der Walzenpaare, jeweils in der Bewe-
gungsrichtung eines zu faltenden Kopiensatzes ge-
sehen, angeordnet sind, wodurch sich bei jedem
der Walzenpaare (112a, 112b; 112¢, 112d) eine all-
mahlich ansteigende mechanische Andruckkraft er-
gibt.

Heftvorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daf3 die Ausrichteinrichtung (96) ein er-
stes Tor (106) und ein Mittel (106s) zum wahlweisen
Bewegen des ersten Tores in eine Stellung, in der
es in der Blattzufuhrbahn der Blattzufuhrbahn-Fest-
legungsmittel einen Anschlag bildet, um die Kopien
zur Vorbereitung des Heftvorgangs auszurichten,
und in eine von der Blattzufuhrbahn enffernte
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Stellung , nachdem die Kopien zu einem Kopien-
satz geheftet wurden, wobei die Ausrichteinrich-
tung (96) zusatzlich ein Mittel (106a) zum verstell-
baren Haltern des ersten Tores (106) am Rahmen
(118) fur eine Bewegung in der Richtung (106c) der
Blattzufuhrbahn der Blattzufuhrbahn-Festlegungs-
mittel aufweist, wobei die Stelle, an der das erste
Tor (106) der Ausrichteinrichtung in der Blattzufuhr-
bahn einen Anschlag bildet, entsprechend den Ab-
messungen der Kopien an der Blattzufuhrbahn ein-
stellbar ist, so daB die Kopien am ersten Tor so aus-
gerichtet werden, daf ihre Mittellinie mit dem Heft-
mittel fluchtet.

Heftvorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dafB die Ausrichteinrichtung (96) ein zwei-
tes Tor (108) aufweist, das so angeordnet ist, dai3
es in der Bahn der Blattzufuhrbahn-Festlegungs-
mittel, in Bewegungsrichtung der Kopien gesehen,
nach dem ersten Tor (106) einen Anschlag bildet,
an einer Stelle, an der bei der Bewegung des ersten
Tors (106) in seine enffernte Stellung die Vorder-
kante eines gehefteten Kopiensatzes in Eingriff mit
dem zweiten Tor (108) gelangt und von diesem aus-
gerichtet wird, in einer Stellung, in der die Mittellinie
des gehefteten Kopiensatzes mit dem Faltmittel
(94) ausgerichtet ist.

Heftvorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dafl das zweite Tor (108) mit dem ersten
Tor (106) verbunden ist und mitbewegt wird, wenn
das erste Tor verstellt wird, um das zweite Tor ent-
sprechend zu verstellen.

Heftvorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dafB das Faltmittel (94) ein Mittel (130) zur
Hin- und Herbewegung der Messerklinge (110) in
der Ebene unter einem Winkel zur Spaltlinie der
Walzenpaare (112) aufweist, damit die Klinge all-
mahlich durch die Spalte dringt, wodurch die Fal-
tung in einem Kopiensatz sequentiell in Richtung
des Falzes wahrend eines Abschnitts des Bewe-
gungsweges des Kopiensaizes durch die Walzen-
spalte erfolgt.

Heftvorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, daf3 das Mittel (130) furr die Hin- und Her-
bewegung eine drehbare Antriebswelle (130a),
mindestens eine von der Antriebswelle gedrehte
Kurbel (138) und mindestens eine Kurbelstange
(140) aufweist, welche an einem Ende mit der min-
destens einen Kurbel (138) und am anderen Ende
mit der Messerklinge (110) verbunden ist.

Heftvorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, daB das Mittel fiir die Hin- und Herbewe-
gung einen Motor aufweist mit einer rotierenden
Motorwelle, einer Kupplung (136) zum wahlweisen
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Verbinden der Motorwelle mit der Antriebswelle,
und einem Steuermittel zum Betatigen der Kupp-
lung far die Verbindung der Motorwelle mit der An-
triebswelle so lange, bis die Kurbel (138) eine Um-
drehung gemacht und somit fir die Messerklinge
(110) eine Hin- und Herbewegung bewirkt hat.

Heftvorrichtung nach Anspruch 7, dadurch gekenn-
zeichnet, daB3 das Mittel fiir die Hin- und Herbewe-
gung zwei Kurbeln (138) und zwei entsprechend zu-
geordnete Kurbelstangen (140) aufweist, wobei die
Kurbelstangen mit den gegentiberliegenden Enden
der langlichen Messerklinge (110) verbunden sind
und eine Kurbelstange l&nger als die andere ist.

Revendications

Dispositif de brocheuse (90) destiné a former des
ensembles de reproduction entiérement finis com-
posés d'une série de reproductions produites res-
pectivement sur des feuilles par un dispositif de re-
production (12), ladite brocheuse (90) comprenant
un bati de support (118), ledit bati comprenant un
moyen (100) destiné & s'accoupler & un moyen per-
mettant d'associer de fagcon amovible ladite bro-
cheuse & un coffret (32) d'un dispositif de finition
modulaire (10), un moyen associé audit bati de sup-
port (118) afin de définir un trajet d'avance de
feuilles (P5) communiguant avec un moyen de ré-
ception de feuilles de reproduction (E), un moyen
(96) monté sur ledit bati (118) afin d'aligner des
feuilles de reproduction, un moyen (92, 94) associé
audit bati afin d'agrafer des feuilles de reproduction
alignées sensiblement au niveau de la ligne média-
ne de celles-ci afin de former un ensemble de re-
production, et destiné & replier un ensemble de re-
production agrafé pratiquement suivant la ligne mé-
diane de celui-ci, ainsi qu'un bac de sortie (98) des-
tiné arecueillir les ensembles de reproduction agra-
fés repliés, dans lequel ledit moyen d'agrafage et
de pliage (92, 94) comprend une lame de couteau
allongée (110), une pluralité de paires de rouleaux
de pincement (112), ladite lame de couteau (110)
étant montée en vue d'un mouvement alternatif sui-
vant une direction transversale au trajet d'avance
de feuilles (P5) dudit moyen définissant un trajet
d'avance de feuilles, ladite lame de couteau s'éten-
dant dans un plan passant par la ligne médiane d'un
ensemble de reproduction agrafé et les pincements
desdites paires de rouleaux de pincement (112) afin
de pousser un ensemble de reproduction agrafé en
séquence a travers lesdites paires de rouleaux de
pincement (112) puis jusque dans ledit bac de sortie
(98), un bati secondaire (118a) et un moyen (120)
destinés a pousser ledit bati secondaire (118a) en
direction dudit bati (118) et dans lequel un premier
rouleau (112b, 112d) de chaque paire de ladite plu-
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ralité de paires de rouleaux de pincement (112) est
supporté dans ledit bati (118), et l'autre rouleau
(112a, 112¢) de chaque paire de ladite pluralité de
paires de rouleaux de pincement est supporté dans
ledit bati secondaire (118a), un axe de pivot (118b)
destiné a relier de fagon pivotante ledit bati secon-
daire (118a) audit bati (118), ledit axe de pivot est
situé en aval, dans la direction de déplacement d'un
ensemble de reproduction qui est replié, par rapport
a ladite pluralité de paires de rouleaux de pince-
ment (112), et ledit moyen de poussée (120) est si-
tué en amont, dans la direction de déplacement
d'un ensemble de reproduction qui est replié a partir
de ladite pluralité de paires de rouleaux de pince-
ment, grace a quoi une amplification croissante pro-
gressivement de la force mécanique s'exerce au ni-
veau de chacune desdites paires de rouleaux de
pincement (112a, 112b; 112¢, 112d).

Dispositif de brocheuse selon la revendication 1,
caractérisé par ledit moyen d'alignement (96) com-
prenant une premiére porte (106), et un moyen
(106s) destiné a déplacer sélectivement ladite pre-
miére porte jusqu'a une position interceptant le tra-
jet d'avance de feuilles dudit moyen définissant un
trajet d'avance de feuilles afin d'aligner des feuilles
de reproduction en préparation d'un agrafage, et
jusqu'a une position éloignée d'un tel trajet aprés
l'agrafage des feuilles de reproduction en un en-
semble de reproduction, ledit moyen d'alignement
(96) comprenant en outre un moyen (106a) destiné
a supporter ladite premiére porte (106) de fagon ré-
glable sur ledit bati (118) en vue d'un déplacement
dans la direction (106¢) du trajet d'avance de
feuilles dudit moyen définissant un trajet d'avance
de feuilles, gréce a quoi I'emplacement auquel la-
dite premiére porte (106) dudit moyen d'alignement
intercepte un tel trajet d'avance de feuilles peut étre
réglé en correspondance avec la dimension des
feuilles de reproduction le long d'un tel trajet d'avan-
ce de feuilles de fagon que de telles feuilles de re-
production soient alignées au niveau de ladite pre-
miére porte, la ligne médiane de telles feuilles étant
alignée avec ledit moyen d'agrafage.

Dispositif de brocheuse selon la revendication 2,
caractérisé en ce que ledit moyen d'alignement (96)
comprend en outre une seconde porte (108) posi-
tionnée de fagon a intercepter le trajet dudit moyen
définissant un trajet d'avance de feuilles en aval de
ladite premiére porte (106), dans la direction de dé-
placement des feuilles de reproduction, & un em-
placement grdce auquel, lorsque ladite premiére
porte (106) est déplacée jusqu'a sa position éloi-
gnée, le bord avant d'un ensemble de reproduction
agrafé est déplacé pour venir en contact avec ladite
seconde porte (108) et étre aligné par celle-ci a un
emplacement auquel la ligne médiane dudit ensem-
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ble de reproduction agrafé est aligné avec ledit
moyen de pliage (94).

Dispositif de brocheuse selon la revendication 3,
caractérisé en ce que ladite seconde porte (108) est
reliée a ladite premiére porte (106) de fagon a se
déplacer avec celle-ci lorsque ladite premiére porte
est réglée, afin de régler de fagcon similaire ladite
seconde porte.

Dispositif de brocheuse selon la revendication 1,
caractérisé en ce que ledit moyen de pliage (94)
comprend un moyen (130) destiné a faire aller et
venir ladite lame de couteau (110) dans ledit plan
suivant un angle par rapport a la ligne de pincement
desdites paires de rouleaux de pincement (112) afin
qu'elle passe progressivement au travers desdits
pincements de ceux-ci, grice a quoi le pliage d'un
ensemble de reproduction est effectué de fagcon sé-
quentielle dans la direction du pliage pendant un
segment de la distance de déplacement d'un tel en-
semble de reproduction au travers desdit pince-
ments.

Dispositif de brocheuse selon la revendication 5,
caractérisé en ce que ledit moyen de mouvement
alternatif (130) comprend un arbre d'entrainement
rotatif (130a), au moins une manivelle (138) entrai-
née en rotation par ledit arbre d'entrainement, au
moins une bielle (140) reliée a ladite au moins une
manivelle (138) a une premiére extrémité et reliée
au niveau de son exirémité opposée a ladite lame
de couteau (110).

Dispositif de brocheuse selon la revendication 6,
caractérisé en ce que ledit moyen de va-et-vient
(130) comprend un moteur comportant un arbre de
sortie tournant, un moyen d'embrayage (136) des-
tiné & coupler sélectivement ledit arbre de sortie du
moteur audit arbre d'entrainement, et un moyen de
commande destiné a actionner ledit moyen d'em-
brayage afin de coupler ledit arbre de sortie audit
arbre d'entrainement pendant une durée suffisante
pour faire tourner ladite manivelle (138) sur un tour
complet afin d'effectuer un cycle de va-et-vient de
ladite lame de couteau (110).

Dispositif de brocheuse selon la revendication 7,
caractérisé en ce que ledit moyen de va-et-vient
comprend une paire de manivelles (138) et une pai-
re de bielles (140) associées respectivement a cel-
les-ci, lesdites bielles étant reliées a des extrémités
opposées de ladite lame de couteau allongée (110),
une bielle étant plus longue que l'autre bielle.
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