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I, John Gordon Hinde, of Spruson & Ferguson, St Martins Tower, 31 Market 

Street, Sydney, New South Wales 2000, Australia, being the patent attorney for 

the Applicant(s)/Nominated Person(s) in respect of an application entitled:

A Folding Device for the Zigzag Folding of a Sheet
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state the following:- |

The Applicant(s)/Nominated Person(s) has/have entitlement from the actual 

inventor(s) as follows:-

The Applicant(s)/Nominated Person(s), by virtue of a Contract of |

Employment between the actual inventor(s) as employee(s) and the

Applicant(s)/Nominated Person(s) as employer(s), is a person entitled to

have the patent assigned to it if a patent were granted on an
application made by the actual inventor(s). f

The Applicant(s)/Nominated Person(s) is/are the applicant(s) of the basic r
application(s) listed on the Patent Request. The basic application(s) listed j

on the Patent Request is/are the first application(s) made in a Convention :

Country in respect of the invention.
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(57) Claim

1. A folding device for the zigzag folding of a sheet, comprising folding rollers (13, 
14; 16, 17) which form two parallel folding nips (12, 15) and are each drivable alternately 
in opposite directions of rotation, said folding nips (12, 15) being situated at some 
distance from one another in a folding path (18), and a feed means (4, 5) forfeeding a 
sheet forfolding in the folding path (18) between the folding nips (12, 15) and. deflecting 
means (7 10) for alternately deflecting a supplied sheet part to the folding nips (12, 15), 
the speed of conveyance of the folding rollers (13, 14; 16, 17) being greater than or equal 
to the speed of conveyance of the feed means (4, 5), characterised in that control means 
(24) are provided which, shortly after a sheet has been fol Jed in afolding nip (15, 12; 
change the folding rollers (13, 14; 16, 17) over from a first speed of conveyance grea r . 
than the speed of conveyance of the feed means (4, 5), to a second speed of conveyance 
equal to the speed of conveyance of the feed means (4, 5) and maintain said second 
speed of conveyance until the next change of the direction of drive of the folding rollers 
(13, 14; 16, 17).
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A folding device for the zigzag folding of a sheet

5 The invention relates to a folding device for the zigzag folding of a sheet, comprising
folding rollers which form two parallel folding nips and are each drivable alternately in 
opposite directions of rotation, said folding nips being situated at some distance from 
one another in a folding path, and a feed means for feeding a sheet to be folded in the 
folding path between the folding nips and deflecting means for alternately deflecting a

10 supplied sheet part to the folding nips, the speed of conveyance of the folding rollers 
being greater than or equal to the speed of conveyance of the feed means.
A folding device of this kind is known from European patent EP-B 0 156 326. In the 
folding device described therein, the speed of conveyance of the folding rollers during 
folding is always greater than the speed of conveyance of the feed means. Only when

15 the leading edge of a sheet for folding arrives in a folding nip for the first time is the 
speed of conveyance of the folding rollers reduced for a short time to the speed of 
conveyance of the feed means.
The faster-conveying folding rollers serve to tauten a sheet which has to be folded in the 
bends that the sheet must traverse between the feed means and the folding nips to

20 ensure that the sheet is folded exactly at predetermined places.
One disadvantage of this known folding device is that slip can easily occur between 
superposed parts of the sheet fed through a folding nip, because the coefficient of 
friction between sheet surfaces is generally lower than that between a nip-forming 
surface and a sheet surface. One consequence of such slip is that sheet parts

25 interconnected by a fold shift relatively to one another and, on the subsequent return, 
pass through the folding nip in the shifted state with the formation of an unwanted 
second fold in addition to a previous formed fold.

The object of the invention is to provide a folding device without this disadvantage. 
To this end, in a folding device of the type referred to in the preamble, according to the

30 invention, control means are provided which, shortly after a sheet has been folded in a 
folding nip, change the folding rollers over from a first speed of conveyance greater than 
the speed of conveyance of the feed means, to a second speed of conveyance equal to 
the speed of conveyance of the feed means and maintain said second speed of 
conveyance until the next change of the direction of drive of the folding rollers.

35 Consequently, no incorrect folds are formed in the sense of double folds on a fold line 
due. to the absence of tensile forces on the sheet after folding, while after a fold has been 
made the sheet is pulled taut to avoid creasing in the sheet and since the sheet is taut in 
the bend on bending of the sheet prior to the formation of a following fold on the bend
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line, the sheet is prevented from bending the wrong way on the bend line.
According to another aspect of the invention, the control means set the folding rollers at 
the start of the folding cycle to a third speed of conveyance greater than the first speed 
of conveyance, change over this set speed of conveyance, shortly after the leading edge 
has for the first time been taken through a folding nip, to a fourth speed of conveyance 
less than the third but greater than the second speed of conveyance and maintain this 
fourth speed of conveyance until the next change of the direction of drive of the folding 
rollers.
Consequently, prior to making the first fold the sheet for folding also bears in contact 
taut'y in the bend without strong tensile forces being exerted for long periods on the 
sheet and possibly interfering with the folding process.
In one advantageous embodiment of a folding device according to the invention, the 
folding nips are formed by rollers coupled directly to a drive. By driving the nipforming 
folding rollers directly, both folding rollers apply the same conveying force to the folded 
sheet between them at the first speed of conveyance of the folding rollers in order thus 
also to minimise the risk of slip on superposed sheet parts at the first speed of 
conveyance as well.
Other features and advantages of the invention will be explained in the following 
description with reference to a number of drawings wherein:
Fig. 1 is a crosssection of a folding device according to the invention shown in a 

starting position for performing a folding cycle,
Fig. 2 shows the folding device of Fig. 1 in a position in which a first fold is made, 
Fig. 3 shows the folding device of Fig. 1 in a position in which a second fold is made, 
Fig. 4 is a graph showing the speed of conveyance of the folding rollers during a 

folding cycle,
Fig. 5 is a detail of the drive for the folding rollers,
Fig. 6 is a graph showing the relationship between length of a sheet and 

position-deviation of the first fold which has to be corrected, and
Fig. 7 is a graph showing the relationship between set folding length and 

position-deviation of the first fold which has to be corrected.
Figs. 1 to 3 show a folding device for the transverse zigzag folding of a sheet already 

zigzag folded in the longitudinal direction, the device embodying the principles of the 
invention.
A sheet folded in the longitudinal direction is fed via a feed path 3 formed by guide 
plates 1 and 2, to two feed roller pairs 4 and 5 rotating at constant speed. For slipfree 
transport the bottom feed rollers 4 and 5 are provided with a tungsten carbide coating 
and the top feed rollers cooperating therewith are provided with a rubber coating. 
The feed rollers press flat on the fold lines the fed sheet already zigzag folded in the
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longitudinal direction, so that on further transport through bends in the folding device it 
is ensured that there is a minimum difference in the radii of the bends traversed by 
superposed sheet parts.
The feed rollers feed the sheet on between guide plates 1 and 2 to a funnelshaped

5 folding flap 7 which comprises two guide plates 8 and 9 whose sides are fixed to pivot 
ends 10 rotatable in frame plates (not shown) of the folding device about an axis of 
rotation situated in the plane of the feed path 3. In this way the guide plates 8 and 9 of 
the folding flap 7 can occupy two end positions shown respectively in Figs. 1 and 2.
In the one end position shown in Fig. 1, the guide plates are directed towards the nip 12

10 between the folding rollers 13 and 14, while in the other end position shown in Fig. 2 
they are directed towards the nip 15 between folding rollers 16 and 17. The folding nips 
12 and 15 are situated in a folding path 18 extending in a direction perpendicular to the 
feed path 3. A guard plate IS is disposed between the folding rollers 14 and 17 and 
bounds the folding path 18 at the side remote from the feed path 3 between the pairs of

15 folding rollers 13, 14 and 16, 17.
At the start of a folding cycle, the folding flap 7 is in a position in which the guide plates 8 
and 9 are directed towards the folding rollers 13 and 14 as shown in Fig. 1. The folding 
rollers then rotate in a direction shown by arrows in Fig. 1. In this situation the leading 
edge of the sheet is fed into the nip 12, the folding rollers 13, 14 gripping this edge and

20 feeding it into the folding path 18 formed by guide plates 21 and 22. To make a fold in 
the sheet, a control device 24 reverses the direction of rotation of the folding rollers 13, 
14 and 16, 17 after expiry of a predetermined period in which the feed rollers 4, 5 feed 
the sheet, and the pivot ends 10 of the folding flap are so pivoted that the guide plates 8 
and 9 occupy their other end position and are directed towards the folding nip 15

25 between the folding rollers 16 and 17. In this situation shown in Fig. 2, a loop rapidly 
increasing in size forms in the sheet due to the continuous supply of sheet material by 
the feed rollers 4 and 5 and by the return of the leading part of the sheet by the folding 
rollers 13, 14 to the space enclosed by the folding rollers 13, 14 and 16, 17. When this 
loop reaches a specific size, it reaches the r.ip 15 between the folding rollers 16, 17 and is

30 gripped by the latter and as a result of the pressure exerted in these conditions by the 
folding rollers the sheet is folded and fed between guide plates 23 until the control 
device 24 again reverses the direction of rotation of the folding rollers after expiry of a 
predetermined period in which the folding rollers 13, 14 and 16, 17 rotate in the direction 
indicated by arrows in Fig. 2, and the guide plates 8 and 9 of the folding flap 7 are moved

35 to their other end position. In this situation shown in Fig. 3, a loop is again formed in the 
sheet material and reaches the space between the folding rollers 13,14 and the sheet is 
thus again folded. The zigzag foided sheet is then fed out of the folding device by the 
folding rolleis.
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After this description of the general action of the folding device shown in Figs. 1 to 
3, the formation of the ioop in the sheet and the further movement cycle during folding 
will be explained in greater detail with reference to Fig. 4, which shows the curve of the 
speed of conveyance of the folding rollers 13, 14 and 16, 17 according to the invention 
during the folding process, against the distance over which the feed rollers 4 and 5 
rotating at constant speed convey a sheet for folding. A sheet for folding is fed by the 
feed rollers 4 and 5 at a constant speed of 20 m per min.
At the start of a folding cycle the folding rollers are brought to a speed of 24 m per min. 
The change of speed of the folding rollers, with a constant acceleration/deceieration, is 
so selected that for a change of speed from zero to 20 m per min the conveying distance 
of the rollers is 0.0125 m.
The sheet for folding is first fed by the feed rollers 4 and 5 to the nip 12 between folding 
rollers 13, 14, the sheet being pressed by the feed rollers 4, 5 into the largest possible 
bend indicated by a in Fig. 1, in which bend the outside of the sheet is pressed against 
guide plate 8.
After the sheet has been gripped by the folding rollers 13, 14 rotating at a speed of 24 m 
per min (= 120% of the speed of conveyance of the feed rollers), the front part of the 
sheet is conveyed by the folding rollers 13, Mata speed of 24 m permin while the rear 
part is conveyed by the feed rollers 4, 5 at a speed of 20 m per min. In these conditions, 
the sheet is rapidly drawn taut against the guide plate 9 and folding roller 13 in the bend, 
as denoted by b in Fig. 1.
After the tautening operation, in which the sheet is fed past the folding nip 12 to an 
extent such that it must be conveyed another 140 mm before the speed of conveyance is 
reversed to make a first fold, the speed of conveyance of the folding rollers is reduced to 
22 m per min, at which speed the sheet is fed on in the taut state and without any 
appreciable s';p until the time at which, to produce the first fold, the control device 24 
reverses the direction of rotation of the folding rollers and the folding flap 7 starts its 
movement into the other end position. At the start of this movement, the guide plate 9 
and folding roller 13 press against the sheet. This prevents the sheet from bending in 
the direction of guide plate 9 as a result of the bending forces exerted on the sheet by 
the feed rollers 4, 5 and folding rollers 13, 14. The folding flap 7 also engages lightly by 
its guide plate 9 in the loop forming and thus determines the straightness of the fold 
thereafter gradually formed in the loop. The increasing loop in the sheet reaches the 
folding nip 15 after the supply of 70 mm of sheet material by the feed rollers 4, 5, given a 
distance of 90 mm between the folding nips 12 and 15. On the supply of the first 25 mm 
the folding rollers 13, 14 decelerate over a distance of 12.5 mm with the formation of a 
loop of 12.5 mm, and on the supply of the next 25 mm the folding rollers 13,14 
accelerate over a distance of 12.5 mm with enlargement of the loop to 50 mm while on
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the supply of the last 20mm the folding rollers move at a constant speed, the loop being 
enlarged to 90 mm. In the position shown by c in Fig. 2, the sheet is gripped by the 
folding rollers 16, 17 now rotating at 22 m per min (= 110% of the speed of conveyance 
of the feed rollers). As a result of this higher speed of conveyance than the feed speed,

5 the sheet folded in the folding nip 15 is pulled taut against the guide plate 8 while the 
fold passes the folding nip 15, so that shortly after the first fold the sheet reaches the 
position shown by d, in which the sheet bears with the minimum possible bend against 
the guide plate 8. After being pulled taut, which is completed after expiry of a period in 
which the folding rollers 16, 17 have taken the fold 60 mm past the folding nip 15, the

1 o speed of co nveyance of the
folding rollers is brought to and kept at the same speed of conveyance as the feed rollers 
4, 5 for the rest of the period during which the folded sheet moves in the direction of 
conveyance shown in Fig. 2. This prevents the conveying force exerted on the folded 
sheet by the folding roller 17 from exerting a tensile fcice on the folded sheet, which

15 mighi· shift the loose part of the sheet released from the folding rollers 13, 14, relative to 
the other part of the sheet still retained by feed rollers 4, 5, on which folding roller 16 
exerts a conveying force.
Since the sheet is pulled taut by the folding rollers 16, 17 directly after folding, this 
prevents any, creasing of the sheet, such as would cause flattened creases in the folding 

20 nip.
To apply a second fold in the folding nip 12 the same speed profile is traversed as for 
applying the first fold, as shown in Fig. 3, in which the sheet comes from position e to 
position f. Thus when the second fold is made the same quality is achieved as in making 
the first fold.

25 Fig. 4 is a graph shov>ing the speed of conveyance of the folding rollers, references 
25 and 26 indicating the folding locations. The speed of conveyance of the folding 
rollers is reduced to the feed speed on a supply of 60 mm sheet length after the folding. 
The entry speed of the leading part of a sheet for folding into the folding rollers 13, 14 is 
approximately 10% greater than the entry speed of a fold into the folding rollers 16, 17,

30 as shown in Fig. 4, i.e. 24 m/min as against 22 m/min. This compensates for the larger 
loop which the loose leading part of the sheet forms before the folding rollers 13, 14 in 
comparison with a loop which is formed in the sheet prior to the making of a fold. The 
transit speed of the 'eading part of the sheet through the folding rollers 13, 14 can also 
remain at a higher value than the feed speed, in order to hold said part taut, since the

35 sheet has not yet been transversely folded and hence no slip can occur between 
transversely folded parts.

In the folding roller drive, a guide roller is fixed at the end of each folding roller as 
shown in Fig. 5. An endless driving belt, 31 and 32 respectively, is trained
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meanderfashion around the guide rollers 27, 28 respectively of folding rollers 13 and 14, 
and around the guide rollers 29 and 30 respectively of folding rollers 16 and 17. The 
belts are also trained around a drive roller 33 and 34 respectively and a guide roller 35 
and 36 respectively, as shown in Fig. 5.

5 When the drive roller 33 is driven in the direction indicated, the folding rollers 13 and 14 
rotate in opposite directions of rotation to give slipfree transport to the folding nip 12.
The same applies to the drive roller 34 and folding rollers 16, 17 for slipfree conveyance 
in the folding nip ‘'"he drive belts 31 and 32 respectively are to some extent elastic in 
order that the folo,..g rollers may be moved away from one another at the folding nip to

10 allow the passage of a folded sheet while maintaining the drive of the folding rollers 
which form a folding nip. This prevents a folding roller from being braked when passing 
through the folding nip a folded sheet (such as may occur with a nondriven folding roller 
which presses against a driven folding roller), such braking possibly causing stagnation 
of and slip between superposed sheet parts. If the sheet for folding is thick and hence

15 stiff in the direction of conveyance, the loop formed has a large radius when it meets the 
folding rollers and presses the latter apart before a fold can be formed in the folding nip. 
Driving both folding rollers ensures in that case that the loop can nevertheless be pulled 
into the folding nip. A non-driven folding roller would in that case brake and hence hold 
the loop back on the non-driven side.

20 To guarantee slip-free transport in the folding nip 12 and the folding nip 15 
respectively, the folding nip pressure has to be sufficiently high. To further prevent that 
the sheet tears when a speed difference is present between the folding rollers 13, 14 and 
16, 17, respectively and the feed rollers 4, 5 and a sheet pulled taut there between, the 
nip pressure between the feed roller is so much lower than the folding nip pressure that

25 the sheet can slip with respect to feed rollers 4, 5 driven with constant speed.
With slip in the feeding nip during transport of the leading sheet edge from the feeding 
nip to the folding nip and forming of a transverse foid after expiration of a predetermined 
fixed period in which the feed rollers 4, 5 driven at constant speed feed the sheel· the 
first transverse fold comes about at a deviant place. The greater this slip is, the later the 

30 leading sheet edge arrives at the folding nip, as a result which the first transverse fold 
will be folded closer to leading sheet edge, thus coming about a shorter folding length.
A sheet already zigzag folded in longitudinal direction and fed in the feed path 3 that 
seen in the feeding direction, is long and then usually also forms a thicker zigzag folded 
package, experiences more resistance in the feed path 3 than a shorter sheet and thus 

35 shows more slip. The relationship between length of sheet L and the deviation d caused 
through that is linear, as shown in Fig. 6 by line 38.
A simple correction mechanism for this deviation exists therein to fix the point of time of 
folding, which point of time is derived from the duration of driving of the feed rollers, for
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a defined long sheet in the midst of a length-zone 39 (for example a sheet of a length of 
841 mm) in such a way that the deviation becomes 0 and to adjust the point of time of 
folding for the adjacent length-zones 40 and 41 beneath zone 39 in such a way that in ft· 
midst of the zones 40 and 41 the deviation becomes 0, as shown in Fig. 6 with 
interrupted in line-segments 42 and 43.
By distinguishing of length-zones 39-41 in a much greater number of line-segments 
comes about more line-segments than the two line-segments 42 and 43, thus these 
line-segments all nearly coincide with the X-axis.

Besides above-mentioned relationship between the length of sheet L and the 
deviation d of a set distance between sheet edge and fold (the folding length V) is, also 
caused by slip, the realised folding length also dependent of the area in which the set 
folding length lies.
When the folding length is set at a greater size, the initial period of the greatest speed 
difference between folding rollers (24 m/min) and feed rollers (20 m/min) is longer, as a 
result of which more slip occurs, in such a way that the folding rollers pull a sheet 
through the slower moving feed nips, thus forming the first fold too late. In this way, a 
longer folding length V comes about then is set. Also the relationship between set 
folding length and deviation d caused through that is linear, as shown in Fig. 7 by line 44. 
A correction mechanism for this exists therein to fix the point of time of folding, which 
point of time is derived form the duration of driving of the feed rollers, for a sheet of 
determined length (for example 841 mm) and a determined folding length (for example 
297 mm) in such a way that deviation d becomes and for other folding lengths to adjust 
the point of time of folding in such a way that for other set folding lengths the point of 
time of folding is put forward or backward so that the deviation at each set folding length 
becomes 0 and line 44 thar. is rotated as it were and coincides with the X-axis of Fig. 7. 
The invention can also be applied to a folding device of the type described in EPB 0 156 
326, in which the deflecting means are not constructed as a folding flap (7) at the 
transition between the feed path (3) and the folding path (18), but instead as an endless 
belt drivable in opposite directions, which replaces the folding rollers (14 and 17) and the 
baffle plate 19.
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■claims γ^θ C|ajms defining the invention are as follows:

1. A folding device for the zigzag folding of a sheet, comprising folding rollers (13, 
14; 16, 17) which form two parallel folding nips (12, 15) and are each drivable alternately

5 in opposite directions of rotation, said folding nips (12, 15) being situated at some 
distance from one another in a folding path (18), and a feed means (4, 5) for feeding a 
sheet for folding in the folding path (18) between the folding nips (12, 15) and deflecting 
means (7 10) for alternately deflecting a supplied sheet part to the folding nips (12, 15), 
the speed of conveyance of the folding rollers (13, 14; 16, 17) being greater than or equal 

10 to the speed of conveyance of the feed means (4, 5), characterised in that control means 
(24) are provided which, shortly after a sheet has been folded in afolding nip (15, 12), 
change the folding rollers (13, 14; 16, 17) over from a first speed of conveyance greater 
than the speed of conveyance of the feed means (4, 5), to a second speed of conveyance 
equal to the speed of conveyance of the feed means (4, 5) and maintain said second

15 speed of conveyance until the next change of the direction of drive of the folding rollers 
(13, 14; 16, 17).

2. A folding device according to claim 1, characterised in that the control means (24) 
set the folding rollers (13, 14; 16, 17) at the start of the folding cycle to a third speed of 
conveyance greater than the first speed of conveyance, change over this set speed of

20 conveyance, shortly after the leading edge has for the first time been taken through a 
folding nip (12), to a fourth speed of conveyance less than thethird but greater than the 
second speed of conveyance and maintain this fourth speed of conveyance until the 
next change of the direction of drive of the folding rollers (13, 14; 16, 17).

3. A folding device according to claim 2, characterised in that the fourth speed of . 
25 conveyance is equal to the first speed of conveyance.

4. A folding device according to any one of the preceding claims, characterised in 
that folding nips (12, 15) are formed by rollers (13, 14; 16, 17) directly coupled to a drive.

5. Afolding device according to claim 4, characterised in that the drive of the rollers 
(13, 14; 16, 17) forming a folding nip comprises an endless elastic drive belt (31; 32) so

30 trained around guide rollers (33; 34) coupled to the folding rollers (13, 14; 16, 17) that 
said folding rollers are drivable at the same circumferential speed in opposite directions 
of rotation.

6. Afolding device according to claim 2 or 3, chi acterised in that the control means 
(24) comprise adjusting means to automatically ?·Sh'.st the set process time between the

35 start of a folding cycle and a change of the direction of drive of the folding rollers (13,14;
16, 17) in dependency on the length (L) of a supplied sheet.

7. Afolding device according to claim 6, characterised in that the adjusting means 
also adjust the said set process time in dependency of the set folding length (V), being

I

.1



9313

the distance between the leading sheet edge and a fold to be applied.

DATED this FIFTH day of JULY 1994 
Oce-Nederland B.V.

Patent Attorneys for the Applicant 
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A Folding Device for the Zigzag Folding of a Sheet

ABSTRACT

A folding device for the zigzag folding of a sheet, comprising two pairs of folding 
rollers (13,. 14; 16, 17) which forr- folding nips (12, 15) and which are drivable alternately 

5 in opposite directions of rotation, and feed rollers (4, 5) which alternately feed a sheet for 
folding to the folding nips (12, 15).
The speed of conveyance of the folding rollers (13, 14; 16, 17) is initially 120% of the 
speed of conveyance of the feed rollers and after passage of the leading sheet edge 
through the first folding nip (12) it is 110% of said speed of conveyance. After each 

10 reversal of the direction of rotation of the folding rollers (13, 14; 16, 17) the speed of 
conveyance of the folding rollers is initially 110% of the speed of conveyance of the feed 
rollers (4, 5) and shortly after passage of a fold made in the associated folding nip (15, 
12) it is 100% thereof.
For realising a desired folding length the set process time between the start of a folding 

15 cycle and the change of the direction of drive of the folding rollers (13, 14; 16, 17) is
automatically adjusted in dependency of this folding length (V) and the total sheet length 

(L).
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Fig. 2





ί

Fo
ld

in
g r

ol
le

r c
on

ve
yi

ng
 

sp
ee

d i
n m

/m
in

£
£
c

Fig. 4



Fig. 5




