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) Sheet-stapling device.

@ A stapling device (1) comprises a clincher unit
(3) with bending elements (30 and 31) by which the
ends of a staple (34) driven through a sheet stack
(35) are folded and bent onto the sheet stack (35).
The bending elements (30, 31) are actuated by a
pushrod (26, 27) whose end side facing the bending
elements (30, 31) is provided with rotary rollers (28,
29) which roll on the bending elements (30, 31)
during each working stroke in order to clinch the
ends of the staples. During the return stroke of
pushrod (26, 27) the reduced frictional load causes
slippage to occur between the rollers (28, 29) and
the bending elements (30, 31) so that continuously
alternating contact points are brought into engage-
ment. This results in a uniformly distributed, and
consequently reduced, load on the rollers (28, 29) by
which the service life of the clincher unit (3) is
prolonged.

29a

25
29 o

%
30b 28a
S5a 28
\ 0,)(\8
2

31b
3

30a ;
% / / 7

33 30c 30d 3d 3t 3 32 ,
F1g.2

Rank Xerox (UK) Business Services
(3.10/3.09/3.3.4)



1 EP 0 610 799 A1 2

The invention relates to a stapling device for
the stapling of sheets arranged in stacks, said
device comprising a driver unit for driving a staple
into a sheet stack from one side and a clincher unit
for folding the ends of the staples on the other side
of the sheet stack, which clincher unit includes two
similarly designed, pivotally mounted and oppo-
sitely movable bending elements which are ar-
ranged symmetrically with respect to the position
of said staple as well as in the longitudinal direction
of said staple and whose surfaces facing away
from the ends of the staples are engaged by a
common actuator which is movable rectilinearly as
well as vertically to the plane of the sheet stack,
the bending elements being pivotally mounted in
the area of their first ends situated outside the
staple position and the actuator engaging the sec-
ond free ends of the bending elements which face
each other and are arranged above the staple.

DE-OS 40 20 355 discloses a stapling device
of this type which comprises a clincher unit with
bending elements for folding and clinching the
ends of a staple driven through a sheet stack. The
bending elements of this known stapling device are
actuated by a pushrod whose straight end face
running parallel to the plane of the sheet stack
engages the bending elements such that they slide
along the end face of said pushrod.

It is the object of the invention to provide a
stapling device of the generic type such that the
frictional conditions between the pushrod and the
bending elements are improved and a long service
life of the clincher unit is attained.

According to the invention this object is at-
tained in that each of the surfaces of the bending
elements facing away from the ends of the staples
is engaged by a roller and in that the rollers are
mounted for rotation on the common actuator
which is designed as a rectilinearly movable push-
rod.

According to an advantageous modification of
the invention the rollers have flanges on either side
and are each provided with a journal and mounted
for rotation on a two-part pushrod consisting of two
identically designed components which can
brought into positive engagement.

According to a useful modification the rollers
are engaged by a backstop such that they are only
rotatable during the working stroke of the pushrod.

Further features and advantages can be in-
ferred from the description of an embodiment of
the invention illustrated in the drawing and from the
subclaims. The drawing shows schematically in:

Fig. 1 a partially sectional lateral view of the
device with the clincher unit in its ini-
tial position,

Fig. 2 an enlarged view of the clincher unit

according to Fig.1,
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Fig. 3 an enlarged exploded view of compo-
nents of the clincher unit according to
Fig. 2,

a roller of the clincher unit according
to Figs. 1 10 3,

a lateral view of a further embodiment
of a pair of rollers according to Fig. 1
including a backstop, and

a plan view of the backstop according
to Fig. 5.

The stapling device 1 according to the inven-
tion is arranged on a known type of finisher unit not
illustrated in which individually fed sheets, in par-
ticular copy sheets supplied by a copier, are col-
lected in a stack in a collecting station 36 and
combined in sets by means of staples.

The stapling device is a comprehensive as-
sembly unit of a design as described for example
in DE-OS 40 20 355.

To facilitate understanding of the invention only
those parts are shown and described in detail
which are of essential importance to the invention
while the remaining structure of the stapling device
1 is schematically illustrated.

Stapling device 1 substantially consists of a
driver unit 2 and a clincher unit 3. Clincher unit 3 is
actuated by a slider 4 and a leaf spring 37 attached
o said slider. The driver unit 2, the clincher unit 3
and the slider 4 are actuated by control cams 11
and 12 and 13 respectively (which for better under-
standing are shown in Fig. 1 in a position in which
they have been rotated by 90 __ relative to their
plane of operation). The control cams are con-
nected to a shaft 10 mounted for rotation in bear-
ings 22, 23 and driven by a motor in the direction
of the arrow "A".

The sheets 35 to be stapled are fed into a
collecting station 36 where they are aligned with
abutments not illustrated and collected in a stack in
a manner known per se. At this point the driver unit
2 and the clincher unit 3 are sufficiently retracted
o allow free passage of the incoming sheets.

Below collecting station 36 a driver member 7
of driver unit 2 is shiftably mounted in guide means
17, 19 and supported at its lower end 7b by a
pressure spring 9 arranged in a sleeve 8 which is
shiftably guided in guide means 18, 38 and held in
engagement with the third control cam 13. The
upper end 7a of driver member 7 serves to drive
the staples 34 into the collected sheet stack 35.

The staples 34 to be driven in are formed in a
manner known per se and not illustrated from a
belt of wire sections supplied from a magazine not
illustrated.

Above collecting station 36 and opposite driver
member 7, the clincher unit 3 is arranged which is
designed as an assembly group positioned on a
holder 24. Holder 24 is attached to an upper arm

Fig. 4

Fig. 5

Fig. 6
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5a of a first slider 5 which is shiftably mounted in
guide means 15, 16. A lower arm 5a of slider 5 is
urged into contact with the second control cam 12
by a pressure spring 14.

Fixed to holder 24 (see Fig. 2) is a guide
sleeve 25 in which a two-part pushrod 26, 27
consisting of metal is shiftably mounted. Holder 24
and guide sleeve 25 are made of plastic. As shown
in particular in Fig. 3, pushrod 26, 27 is a die-cast
element composed of two identical portions which
are positively connected by projections 26d and
27d respectively engaging oppositely arranged re-
cesses 26e and 27e respectively.

The pushrod portions 26 and 27 respectively
have stepppd undercut mounting webs 26a and
27a respectively including mounting bores 26b and
27b respectively for mounting two identically de-
signed rollers 28 and 29. As can be inferred in
particular from Fig. 4, the mounting webs 26a and
27a surround the rollers 28 and 29 in a forklike
manner. The rollers 28 and 29 are provided with
integrally formed journals 28a and 29a as well as
with flanges 28b on either of their sides. The
flanges 28b assist in the low-friction mounting of
the rollers 28 and 29. The rollers 28 and 29 are
made of hardened steel and are graphite-coated.
The ratio of the diameters of the rollers 28, 29 fo
those of the journals 28a, 29a is 4:1.

Pushrod 26, 27 with its rollers 28, 29 is guided
for movement vertically to the plane of the sheet
stack and arranged symmetrically with respect fo
staple 34.

The projections 26d, 27d and the recesses
26e, 27¢ of the pushrod portions 26 and 27 are
designed such that the pushrod portions 26, 27 can
be riveted to form a unit after the rollers 28, 29
have been inserted, with the rollers 28, 29 being
capable of free rotation after such riveting.

Two identically designed blade-shaped bend-
ing elements 30 and 31 of hardened steel are also
arranged on holder 24 and mounted for rotation
about journals 32, 33. The bending elements 30, 31
arranged in the longitudinal direction of staple 34
are mounted at one of their ends outside staple 34
(journal 32 and 33 respectively) and with their other
ends extend within the inner space of staple 34.
Each of the bending elements 30 and 31 respec-
tively is associated with one end of a staple 34
driven through the sheet stack 35. The bending
elements 30 and 31 are arranged symmetrically
with respect to the position of the staple, movable
towards and away from each other and positioned
parallel and directly adjacent to each other. At their
surfaces remote from staple 34, the bending ele-
ments 30 and 31 each have a convex curvature
30b and 31b respectively of an involute shape
which is each contacted by a roller 28 and 29
respectively. At their surfaces facing staple 34, the
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bending elements 30, 31 are each provided with a
first surface section located adjacent to the journals
32 and 33 respectively and showing a concave
curvature 30c, 31c. This section is followed by a
section 30d, 31d each having a convex curvature
and associated with the inner space of staple 34.

Return springs (not illustrated) with a relatively
low tension engage bores 30a and 31a respectively
of the bending elements 30 and 31 respectively for
urging the bending elements 30 and 31 respec-
tively with their convex curvatures 30b and 31b
respectively into contact with the rollers 28 and 29
respectively and for biasing at the same time the
pushrod 26, 27 towards an initial position opposite
to the direction of the arrow "B".

The driver unit 2 is actuated by a second slider
4 which is slidably mounted in guide means 20 and
21 arranged on arms 5c¢, 5d of the first slider 5. A
central arm 4e of the second slider 4 is influenced
by a tension spring 6 which is attached to arm 5¢
of the first slider 5 such that arm 4e is spring-
biased into contact with a projection 5e of the first
slider 5.

The second slider 4 has an upper and a lower
arm 4a and 4d respectively. Mounted to a holder
4c of the upper arm 4a is a leaf spring 37 which
extends with its free end over pushrod 26, 27 of
the clincher unit 3. Leaf spring 37 is biased into
contact with end 4b of the upper arm 4. The lower
arm 4d of the second slider 4 engages the first
control cam 11.

The device functions as follows:

Fig. 1 shows the device in an initial position in
which holder 24 of clincher unit 3 is spaced from
collecting station 36 such that incoming sheets can
pass freely up to the aligning abutments not illus-
frated.

As soon as the number of sheets to be stapled
has been collected in a sheet stack 35, shaft 10 is
made to rotate by the drive not illustrated so that
the control cams 11, 12 and 13 are rotated in the
direction of the arrow "A". During such movement
the second control cam 12 causes the lower arm
5b of the first slider 5 to move downwards and the
holder 24 of clincher unit 3 to move closer to sheet
stack 35 without the stack being directly contacted.
The control cams 12 and 13 are provided with
concentric circular sections (not illustrated) which
are brought into engagement if the control con-
dition reached is to be continued. Due to the con-
centric section of the second control cam 12 the
first slider 5 controlled by it remains in its lower-
most position while the third control cam 13 shifts
sleeve 8 and, via pressure spring 9, driver element
7 upwards in the direction of the arrow "C". Pres-
sure spring 9 is biased strongly enough to resist
compression during such movement.
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During movement of driver element 7 in the
direction of the arrow "C" a wire section of the
stapling-wire belt is bent to form a staple 34 which
is severed from the belt and driven into the sheet
stack 35 from below. During this operation the
sheet stack 35 is moved into contact with the lower
side of holder 24. At the end of the driving opera-
tion the ends of staple 34, which extend upwardly
from sheet stack 35, make contact with the convex
curvatures 30c, 31¢ of the bending elements 30, 31
whereby the ends of the staple 34 are slightly bent
inwardly towards each other. At the end of the
driving operation a sheet stack thickness compen-
sation is effected in that pressure spring 9 is com-
pressed. The concentric circular sections of control
cams 12 and 13, which are now effective, cause
both the driver member 7 and the first slider 5 to
remain in their positions while at the same time the
first control cam 11 starts moving the second slider
4,

Via lower arm 4d, the first control cam 11
moves the second slider 4 downwards in opposi-
tion to the direction of the arrow "C" so that leaf
spring 37 arranged at the upper arm 4a contacts
pushrod 26, 27 and moves said rod downwards in
the direction of the arrow "B" in opposition to the
weak spring bias influencing the bending elements
30 and 31. This causes arm 4e of the second slider
4 to move away from projection 5e of the first
slider 5 while tension spring 6 is tensioned.

During movement of the pushrod in the direc-
tion of the arrow "B" the rollers 28 and 29 pivot the
bending elements 30 and 31 onto the upper sur-
face of sheet stack 35. During this pivotal move-
ment the concave curvatures 30c, 31c of the bend-
ing elements 30 and 31 bend the ends of staple 34
further inwardly before the ends are pressed
against sheet stack 35 in a flat position by the
convex surface sections 30d and 31d.

During movement of pushrod 26, 27 in the
direction of the arrow "B" the rollers 28 and 29
respectively roll over the convex curvatures 30b
and 31b respectively of the bending elements 30
and 31 respectively, rotating in opposite directions
as indicated by the arrows in Fig. 2. As a result of
the frictional rolling movement between the rollers
28 and 29 and the bending elements 30 and 31,
continuously alternating contact points are brought
into engagement during pivotal movement of the
bending elements 30, 31. This prevents the drive of
the bending elements 30, 31 from being inhibited
by sliding friction.

Leaf spring 37 is biased to such an extent that
it continues to rest against the end 4b of slider arm
4a during the clinching of staple 34. Only when the
ends of staple 34 rest on sheet stack 35 is leaf
spring 37 lifted from the end 4b of slider arm 4a
and thus allows the various movements to be com-
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pensated.

After the stapling operation has thus been ter-
minated the control cams 11, 12 and 13 are further
rotated in the same direction. The concentric sec-
tion of the third control cam 13 moves out of
contact with sleeve 8 so that pressure spring 9 is
relieved and driver member 7 moves back in op-
position to the direction of the arrow "C".

When driver member 7 is returned the control
cams 11 and 12 also change their positions, which
causes the first slider 5 to move, under the action
of pressure spring 14, to its upper position in which
holder 24 of clincher unit 3 once again assumes its
raised initial position. Rotation of the first control
cam 11 moreover causes the pre-tensioned tension
spring 6 to pull the second slider 4 upwards in the
direction of the arrow "C" until its arm 4e rests
against projection 5e and slider 4 once again as-
sumes its initial position in which it is shown in Fig.
1.

During the return movement of the second
slider 4 pushrod 26 and 27 and the bending ele-
ments 30, 31 are also returned to their initial posi-
tions according to Fig. 1 under the influence of the
biasing springs. Since the return springs are rela-
tively weakly biased the pressure produced be-
tween the bending elements 30, 31 and the rollers
28, 29 during the return of pushrod 26, 27 is
relatively low so that a certain amount of slippage
occurs between them. This advantageously brings
different circumferential portions of the rollers 28,
29 into engagement with the bending elements 30,
31 so that the rollers 28, 29 are subjected to a
uniform, and therefore small, load both by their
rolling movement and by the relative rotation
whereby the service lives of the rollers 28, 29 and
the bending elements 30, 31 are prolonged consid-
erably.

When the initial position according to Fig. 1 is
reached the drive of stapling device 1 is turned off.

Since the pressure load exerted in clincher unit
3 on the bending elements 30, 31 changes be-
tween the working stroke and the return stroke of
pushrod 26, 27, the load on the rollers 28, 29
moving the bending elements 30, 31 is uniformly
distributed over the circumference thereof and al-
together reduced.

In contrast to this automatically effective con-
finuous rotation of the rollers 28, 29, such rotary
movement can also be directionally constrained if
the prevailing pressure conditions call for such a
type of control. For this purpose the rollers 28, 29
need just be associated with a backstop so that
they are rotated as described during each working
stroke while being prevented from rotation during
the return stroke of pushrod 26, 27. This, too,
ensures a uniform load distribution over the circum-
ference of the rollers 28, 29.
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An embodiment of such a backstop is de-
scribed in the following with reference to Figs. 5
and 6. A backstop 39 of the type illustrated in Figs.
5 and 6 is arranged between the rollers 28, 29 and
one of the mounting webs 26a or 27a of pushrod
26, 27. Backstop 39 is plugged onto the two jour-
nals 28a and 29a and includes two resilient locking
arms 39a and 39b cooperating with recesses 28c
and 29c¢ respectively of the rollers 28 and 29
respectively. For this purpose each of the rollers 28
and 29 has one of its flanks provided with a plural-
ity of recesses 28c and 29c respectively concen-
trically spaced at equal distances about the jour-
nals 28a, 29a. The resilient locking arms 39a and
39b respectively are symmetrically arranged with
respect to a center of backstop 39, which is located
centrally between the journals 28a and 29a. The
locking arms 39a, 39b of equal lengths which are
arranged in parallel with a line connecting the axes
of rotation of the journals 28a, 29a are each bent
towards the flanks of the rollers and slightly biased
such that they can be brought into engagement
with the recesses 28c and 29c respectively. The
ends of the locking arms 39a and 39b engaging the
recesses 28c and 29c respectively are suitably
shaped (rounded) and provided with surfaces (lev-
el) ensuring low-friction operation. During the work-
ing stroke of pushrod 26, 27 in the direction of the
arrow "B" backstop 39, 39a, 39b according to Figs.
5 and 6 allows the rollers 28, 29 to be rotated in
the directions indicated by the arrows, and thus in
the manner as described with reference to Figs. 1
to 4. However, the rollers 28, 29 are prevented
from rotating, or restrained in their movement, in
the opposite directions in that the locking arms 39a
and 39b engage the nearest recess 28c and 29c
respectively.

In contrast to the embodiments illustrated in
the drawings the rollers 28, 29 may also be moun-
ted side by side for idle movement about a shaft
(not illustrated) if the bending elements 30, 31 are
long enough to pass below the common axis of
rotation. The contact flanks of such adjacently ar-
ranged rollers are preferably separated from each
other by an idly rotating washer in order fo facilitate
rotating of the rollers in opposite directions.

Claims

1. Stapling device for stapling sheets arranged in
stacks, said device comprising a driver unit for
driving a staple into the sheet stack from one
side and a clincher unit for clinching the ends
of the staple on the other side of the sheet
stack, which clincher unit includes two similarly
designed, pivotally mounted and oppositely
movable binding elements which are arranged
symmetrically with respect to the position of
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said staple as well as in the longitudinal direc-
tion of said staple and whose surfaces facing
away from the staple ends are engaged by a
common actuator which is movable rectilin-
early as well as vertically to the plane of the
sheet stack, the bending elements being pivot-
ally mounted in the area of their first ends
situated outside the staple position and the
actuator engaging the second free ends of the
bending elements which face each other and
are arranged above the staple, characterized
in that each of the surfaces (30b, 31b) of the
bending elements (30, 31), which faces away
from the staple ends, is engaged by a roller
(28, 29) and in that the rollers (28, 29) are
mounted for rotation on the common actuator
which is designed as a rectilinearly movable
pushrod (26, 27).

Stapling device according to claim 1, char-
acterized in that the rollers (28, 29) are ar-
ranged one behind the other in the longitudinal
direction of the staple (34).

Stapling device according to claim 1, char-
acterized in that the rollers (28, 29) are ar-
ranged side by side for free rotation about a
common journal.

Stapling device according to claim 1, char-
acterized in that the rollers (28, 29) have
flanges (28b, 29b) provided on either side as
well as journals (28a, 29a).

Stapling device according to one of claims 1 to
4, characterized in that the rollers (28, 29) are
arranged at a fork-shaped end (26a, 27a) of
pushrod (26, 27).

Stapling device according to one of claims 1 to
5, characterized in that the push rod (26, 27)
consists of two identically designed compo-
nents which can be positively connected in the
axial direction of the axis of rotation of the
rollers (28, 29).

Stapling device according to claim 6, char-
acterized in that the pushrod components (26,
27) have integral projections (26d, 27d) which
positively engage oppositely arranged reces-
ses (26e, 27e) and in that the projections (26d,
27d) and the recesses (26e, 27¢) are designed
such that the assembled pushrod components
(26, 27) can be riveted together.

Stapling device according to one of the claims
1 to 7, characterized in that a backstop (39)
engages the rollers (28, 29) such that the roll-
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ers (28, 29) can be rotated in one direction
only.

Stapling device according to claim 8, char-
acterized in that the backstop (39) is designed
as a ratchet and pawl mechanism which is
operative in the axial direction.

Stapling device according to claims 1, 2 and 4
to 9, characterized in that
- the backstop (39) is mounted on the jour-
nals (28a, 29a) of the rollers (28, 29) and
arranged between the rollers (28, 29) and
the fork-shaped end (26a, 27a) of push-
rod (26, 27),
- the backstop (39) comprises two sym-
metrically arranged resilient locking arms
(39a, 39b) biased towards the rollers (28,
29), and
- each roller (28, 29) is provided with re-
cesses (28c, 29c) adapted for engage-
ment with one each of the locking arms
(39a and 39b respectively).
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