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[57] ABSTRACT

A method and apparatus of producing continuous,
cross-perforated, snap-out business forms and the like
consisting of a plurality of properly aligned, superim-
posed sheets in which the interval between cross-
perforation lines may be varied with a minimum of
“down-time” to provide business forms of diverse
sizes while maintaining a uniform fold interval for
stacking the continuous sheets one on top of the other
into a pack.

6 Claims, 11 Drawing Figures
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1
CROSS-PERFORATING OF CONTINUOUSLY
MOVING, SUPERIMPOSED LEAVES

CROSS-REFERENCES

This is a continuation-in-part of our copending appli-
cation Ser. No. 210,124, filed Dec. 20, 1971, and enti-
tled “Glue Fastening Of Superimposed Leaves”, said
copending application itself being a continuation of
prior copending application by the same title, Ser. No.
882,256, filed Dec. 4, 1969, now abandoned.

In the manufacture of continuous business forms and
the like it is extremely important that they be capable
of use in automatic, computerized printers and other
machines without creating any difficulty such as jam-
ming, damage to the forms, malfunction of the ma-
chines or other problems. This necessitates high perfec-
tion in the production of the multilayered units whether
in the nature of sheets or leaves used as business forms,
stationery or otherwise.

By far the most difficult problem is in the line gluing
of the sheets together. First of all, there must not be any
undue bulkiness at the zone of the glue line. Secondly,
the increase in thickness necessitated by the presence
of the glue must be uniform and minimal. Thirdly, the
glue line must be continuous in absence of spaces
therealong where complete interconnection of the
sheets cannot be effected. Fourthly, the interconnec-
tion must not give way and permit separation of the
sheets at any point along the gluc line either during pro-
duction, or during storage and shipment, or during use
in printing machines or other equipment.

Convenionally, both the so-called hot and cold glues
have been used for this purpose, including both animal
and dextrin solutions. And various heating methods
have been tried, including infrared thermal radiation to
evaporate the liquid content of the glue and to, there-
fore, effect drying. But, except in cases of rather expen-
sive, slow procedures, no prior method has been en-
tirely successful regardless of the type of glue or heat-
ing methods employed.

Particularly aggravating has been the problem known
as “tenting” and the problem of build-up bulk caused
by the line of glue. The continuous, multicopy sheets to
which the present invention relates are folded trans-
versely at equally spaced intervals to presnet a finished
pack which cannot only be conveniently stored and
shipped but which will automatically unfold as the
same is fed to computerized printers, typewriters and
other machines. Defective gluing results in separation
of the sheets at each line of fold, forming a small triang-
ular bulge known as a “tent””. Such condition cannot be
tolerated primarily because of malfunction in the afore-
mentioned machines with which the forms and the like
are ultimately used.

Still another problem in the assembly and fastening
of a number of continuous leaves of paper for use as
above explained relates to maintaining the sheets in
proper alignment. Consequently, each layer must be
rather perfectly aligned, edgeto-edge, with proximal
sheets thereabove and therebelow so that all material
printed or typed on the original will be reproduced on
the copies, by the effect of interleaved carbon, me-
chanical or chemical self-contained reproducing paper,
in substantially the same location marginally as well as
top to bottom. Conventional methods of assembly and
interconnection of such continuous, superimposed
leaves or sheets of paper through use of glue have not
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always solved this problem to the complete satisfaction
of all users.

An additional problem in the production of a number
of continuous leaves of paper which are cross-
perforated at preselected intervals to faclitate trans-
verse folding to produce a pack, is not directly related
to the gluing, fastening and alignment problems above
set forth but is instead, related to the difficulties pro-
duced as a result of diverse customer demands. In this
regard, depending upon the ultimate use to which the
prepared sheets will be placed, the distance between
adjacent transverse perforations in the sheets may vary
substantially. For example, if the continuous sheets are
to be used in connection with computerized printers
and the like, the distance between perforation. lines
may be on the order of 11 inches with the intercon-
nected sections remaining connected until the print-out
is completed, whereupon the final section of the print-
out is snapped free of the next adjacent, unprinted sec-
tion along a perforated fold line.

On the other hand, where the continuous sheets are
to be used in various types of business forms which may
often be 3 % or 5 % inches in length, there is a need to
produce the perforation lines at much smaller intervals
to allow the individual forms to be separated from one
another. In both instances, even though the articles
themselves may be 3 %, 5 %4, or 11 inches in length, it
is beneficial from a storing and handling standpoint to
fold the sheets at common intervals such as 11 inches
so that, in the case of the shorter forms, tow or more
of the forms may appear in each layer of the pack of
sheets produced when the sheets are folded in opposite
directions at 11 inch intervals. For purposes of clarity
throughout the description hereinbelow set forth, in
order to distinguish between the lines along which the
sections are folded from the perforation lines interme-
diate the fold lines, the perforations which dcfine the
folding points will be referred to as “perforation fold
lines”, while those perforations intermediate the fold
lines will be referred to as “perforation tear lines”, al-
though it is to be understood that the sheets may, in
fact, be torn along any of such perforation lines and, in
most cases, the fold lines will have perforations identi-
cal in character to one another.

Moreover, the user often needs sheets which are
folded at other than 11 inch intervals such as, for exam-
ple, 7,8 %, 12 or 14 inch intervals to satisfy his particu-
lar requirements. Each of these latter intervals may be
further subdivided to produce a multitude of sizes
which the individual articles or sections may assume.

Because of the many diverse lengths of articles which
may be required from time to time, a certain amount
of “down-time” is necessarily involved in order to mod-
ify the working components of the production appara-
tus to produce a product having the perforation charac-
teristics desired by one user in lieu of those characteris-
tics desired by another user. Ideally, such down-time
should be maintained at a minimum since the amount
of time that the production apparatus stands idle di-
rectly affects the total amount of job time for a particu-
lar order as well as the overall operating efficiency of
the apparatus.

Accordingly, one important object of the present in-
vention is to provide a highly flexible system of cross-
perforating continuous, superimposed leaves or sheets
in order to accommodate widely diversified user de-
mands in terms of article size and fold lengths, all with-
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out sacrificing high quality and precision associated
with the products fabricated in accordance with the
gluing process incident to the production of the prod-
uct.

Another important object of the present invention is
to provide a flexible perforating system as above set
forth wherein the perforation lines which serve as fold
lines for the continuous sheets are alternately produced
from opposite directions so that the sheets themselves
may be readily folded in opposite directions at the fold
lines to produce a pack formed without **back folding”
on any of the fold lines. Back folds are caused when al-
ternate fold lines are produced from the same direction
and the individual sections of sheets are folded back
over one another to produce the pack so that every
other fold line ““goes against the grain” of the perfora-
tions defining such lines. .

A further important object of the instant invention is
to provide a cross-perforating system of high flexibility
wherein onc perforating head may be used continu-
ously for a normal production run having a predeter-
mined fold line interval for the sheets processed by the
perforating head, while another perforating head used
for producing intermediate tear line cross-perforations
hetween the fold line perforations may be maintained
in a standby or idle condition during the normal pro-
duction run until a modified run requiring a selected
number of such tear lines between the fold lines is re-
quired.

Yet another important object of our invention is to
provide a cross-perforating system as aforesaid wherein
the individual perforating heads of the system may be
readily removed and replaced with new heads which
are capable of producing fold lines and tear lines inter-
mediate the fold lines at spaced intervals which differ
substantially from those possible with the replaced per-
forating heads.

Other objects and aims wll be made clear or become
apparent as the following specification progresses, ref-
erence being had to the accompanying drawing,
wherein:

FIG. 1 is a schematic, side elevational view of equip-
ment capable of use in carrying out the mcthod of glue
fastening of superimposcd leaves hereinbelow set forth;

FIG. 2 is a schematic top plan view of the equipment
illustrated in FIG. 1;

FIG. 3 is a perspective view of a pack of continuous
business forms or the like, partially unfolded and with
one corner pulled back for illustrating certain details of
construction;

FIG. 4 is a fragmentary, top plan view of the forms
shown in FIG. 3, the aforementioned corner being bro-
ken away for clearness;

FIG. 5 is a transverse cross-sectional view through
the forms illustrated in FIG. 3;

FIG. 6 is a fragmentary, longitudinal cross-sectional
view through the forms showing one type of cross per-
forator;

FIG. 7 is a cross-sectional view through one of the
nozzles employed in the equipment shown by FIGS. 1
and 2 for depositing a line of glue onta the sheets as
they are advanced through the collator; ,

FIG. 8 is a schematic, side elevational view similar to
FIG. 1 of apparatus capable of use in carrying out the
method of cross-perforation of superimposed leaves in
accordance with the concepts of our present invention;
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FIG. 9 is a schematic, top plan view of the apparatus
illustrated in FIG. 8;

FIG. 10 is an enlarged, fragmentary, schematic side
elevational view of the perforating apparatus illustrat-
ing the two perforating heads thereof; and

FIG. 11 is a perspective view similar to FIG. 3 of a
pack of continuous business forms or the like illustrat-
ing the provision of intermediate perforation tear lines
between pairs of the perforation fold lines.

DESCRIPTION OF FIGS. 1-7

For convenience, the method hereinafter described
in connection with FIGS. 1-7 will be illustrated in con-
junction with the production of a pack 10 of continu-
ous business forms 12 having equally spaced transverse
lines of perforation 14, and especially adapted for use
in computerized or data-processing printers and other
comparable equipment. It is to be understood, how-
ever, that such terminology does not preclude advanta-
geous use of our method in connection with the glue
fastening of superimposed leaves or sheets of paper
having various other uses, including, therefore, statio-
nery and other products.

The form chosen for illustration of our production
method, broadly designed by the numeral 12 as afore-
said, includes a top sheet or leaf of paper 16, a sheet of
carbon paper 18 attached to the sheet 16 therebelow,
a second sheet of paper 20 beneath the carbon 18, a
second sheet of carbon paper 22 beneath the sheet 20
and attached thereto, and a third or bottom sheet of
paper 24 beneath the carbon 22. It is to be understood,
however, that in accordance with the method about to
be described, the form 12 may consist of any number
of additional sheets as at 16, 20 and 24 with a corre-
sponding number of carbons as at 18 and 22. More-
over, it is not necessary that the pack 10 include the
carbons 18 and 22, or any carbons, as in the case of
self-contained reproducing paper.

Moreover, the product shown in FIGS. 3,4 and §
may have rows of holes or openings 26 and 28 adjacent
the longitudinal edges of the sheets 16, 20 and 24, but
since the carbons 18 and 22 do not extend the full
width of the sheets 16, 20, and 24, the holes 26 and 28
do not pass through the carbon paper.

Furthermore, the product chosen for illustration is
provided with a longitudinal line of perforations 30
which pass through all of the sheets 16, 18, 22 and 24,
presenting a marginal stub 32 which may be snapped
away after processing through the printer, thereby sep-
arating all of the sheets 16, 18, 20, 22 and 24, and per-
mitting desired distribution of the individual sheets 16,
20 and 24 when the same are torn apart along the lines
of perforation 14.

To this end, therefore, the carbons 18 and 22 are at-
tached to their corresponding sheets 16 and 20 respec-
tively by longitudinal lines of glue 34 within the stub
portion 32, ie., outwardly of but adjacent the line of
perforation 30. On the other hand, the sheet 16 is fas-
teried to the sheets 20, and the sheet 20 is fastened to
the sheet 24 by glue lines 36 extending continuously
throughout the length of the stub 32 adjacent the outer-
most longitudinal edge thereof with holes or openings
28 located between the glue lines 34 and 36.

In FIGS. 1 and 2 of the drawing, a collator broadly
designated by the numeral 38 supports supply drums
40, 42, 44, 46 and 48 for the continuous sheets or
leaves 16, 18, 20, 22 and 24 which are advanced hori-
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zontally (from right to left viewing FIGS. 1 and 2),to
place such sheets in superimposed relationship, by ro-
tatable drive rollers 50 which may or may not have ra-
dial pins at their peripheries for receiving the holes 26
and 28 of the sheets 16, 20 and 24.

Collator 38 is equipped with a number of special noz-
zles 52 for depositing a line of glue on the sheets during
their advancement. Such nozzles 52 are preferably
formed from a nonoxidizing, malleable or nonmallea-
ble material capable of receiving copies of required di-
mensions, as illustrated in FIG. 7 in the drawing. It is
extremely important that the nozzle 52 direct a very
fine stream of glue to the sheets, and we have been par-
ticularly successful in carrying out our method by the
selection of an orifice 54 for the nozzle 52 that has a
size in the order of from 0.005 to .0937 inches.

Moreover, in order to cause the glue to rise and string
out before reaching the sheets, thus forming narrower
glue lines 36 of minimum thickness than is made possi-
ble by a standard nozzle, we have cut the head 56 of the
nozzle 52 at an angle of approximately 5° the sheets
traveling with respect to the head 56 in the direction of
arrow 58 in FIG. 7.

We have found that the so-called hot glues univer-
sally used in many applications within this field are not
entirely satisfactory for many reasons, including the
fact that such glues must be reduced both in tempera-
ture and in moisture content before they effectively
bond the sheets together and there is no satisfactory
drying and cooling means for such glues which will per-
mit high speed production at relatively low manufac-
turing costs. Moreover, the hot glues form a jell on re-
duction of temperature, causing them to grab onto the
fibers of the paper too quickly, thereby aggravating the
problem of maintaining the sheets in proper alignment,
i.e., with their holes 26 and 28 in full and direct regis-
ter. .
We have also determined that the conventional ani-
mal and dextrin glues are not entirely satisfactory be-
cause of the fact that solids are in suspension within the
liquid content thereof such that glues of that type are
too slow to set up and dry and not conductive to obtain-
ing the rather large number of desired results made
possible through use of our present method.

Therefore, the glue to be dispensed from the nozzles
52 is desirably a cold glue that is easy to handle, requir-
ing no heat to maintain it in a fluid condition and re-
quiring no equipment for reduction of the temperature
thereof, it being contemplated that the glue emanating
from the nozzles 52 be at room temperature. In this
connection we prefer to use an emulsion having a poly-
vinyl base with a water content of approximately 40
percent including the usual plastercizers, and having
the polyviny! acetate solids emulsified therein, as dis-
tinguished from dextrin and animal solutions, wherein
the solid particles are in ordinary suspension.

Depending upon the base resin, such glues tend to set
rather quickly, particularly upon application of pres-
sure, and thereupon are capable of rapid evaporation
of their moisture content. Thercfore, as soon as the
sheets 20 and 24 come into engagement with the glue
lines 36 thereabove, such glue tends to immmediately
grab onto the fibers of the papers and hold them against
slippage relatively, but, by the same token the selected
glue is characterized by the fact that sufficient relative
slippage between the sheets 16, 20 and 24 is permitted
to maintain the holes 26 and 28 aligned and in register
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while the remaining steps of the process are carried
out.

We also prefer to use pulsed microwave energy to
generate internal heating of the glue in a concentrated
area which may be confined to approximately one-
cighth inch wide or less, thereby causing rapid drying
and bonding in the stub construction 32 of continuous
as well as snap-apart business forms and stationery.
Such microwave internal heating in a concentrated
area, as distinguished from induced heating over the
entire form area, can be produced through use of a
magnetron 60 in which the flow of electrons is con-
trolled by an externally applied magnetic field to gener-
ate power at microwave frequencies, such very short
electromagnetic waves normally being between ap-
proximately 100 centimeters and one centimeter in
wave length. Such microwaves, in the vicinity of about
2,400 megacycles, are capable of developing tremen-
dous heat and energy, combined in a relatively small
space conducted to the exact zone where heat is
needed without introduction of undesired heat into
those areas of the sheets where the paper and the car-
bon might be adversely affected, which has been a det-
riment to optimum results in all previous systems and
methods. Accordingly, the wave guide section 62 of the
magnetron generator 60 need not excced more than
approximately 4 feet in length thereby reducing the
drying time to a minimum and permitting high speed
production. Such internal heating of the glue to evapo-
rate its moisture content prevents damage to the car-
bon papers 18 and 22 because their oil based carrying
agent will not dry out, nor will there be any spoilage of
the paper sheets 16, 20, or 24 by burning or scorching.

It has been found advisable also to use pinned drums,
rollers or the like 64 at the drying section to move the
superimposed sheets simultaneously along the section
62 and maintain them in proper alignment until such
time as the glue is completely dry and full and effective
bonding of the sheets together has been effected. As
above mentioned, the glue which we have selected per-
mits sufficient slippage of the sheets relatively to cause
such proper alignment during first contact of the paper
parts. Yet, because of the fast setting characteristics of
the glue after water has been removed by microwave
created heat, the complete, firm and final fastening of
the sheets one to another is made possible during the
very short period during which the glue lines 36 are
subjected to the generator 60.

From the dryer 60 the sheets are advanced through
a perforating head 64 to produce the transverse lines of
perforation 14. It is of course possible to interpose the
head 64 ahead of the dryer 60, but the step of perforat-
ing tends to shift the sheets out of alignment and we
have, therefore, found it to be preferable to have com-
plete and firm bonding of the sheets prior to subjecting

~ them to the perforator 64.

60

65

In FIG. 6 of the drawings there is illustrated upper
and lower perforating drums 66 and 68 provided with
diametrically opposed perforating blades 70 and 72 re-
spectively and timed in their rotation such as to alter-
nately perforate the sheets along the lines 14 from the
top and from the bottom. Such alternating function of
the drums 66 and 68 of the head 64 is advantageous
from the standpoint of proper folding in folder section
74 along the lines 14 to produce the pack 10 as shown
in FIG. 3. Alternatively, the drum 68 could be in the
form of an anvil with all of the blades on the drum 66




3,866,497

7

such that formation of the lines 14 would be from the
top only, but such arrangement causes a back fold on
every other cross perforation which limits the number
of superimposed sheets to no more than eight and, in
turn, is less desirable than drums of the kind illustrated
at 66 and 68 in FIG. 6 of the drawing.

It is now apparent that with the sheets 16, 20 and 24
fully and properly bonded together along the glue lines
36, there will be no separation or tenting at the lines of
fold along the perforation lines 14, eliminating, there-
fore, the problems of jamming and other malfunctions
which are quite common in the use of a product of this
nature in printing machines and other equipment.

In order to accomplish the desired results as herein-
above initially outlined, it is also extremely important
that the glue lines 36 be very narrow and of minimal
thickness for many reasons. By providing for only suffi-
cient surface impregnation of the paper fibers such as
to effect good bonding, the stub area 32 will not be-

come unduly rigid and inflexible along the glue lines 2

36, not only making it possible to form the sheets into
a compact stack 10, but reducing problems incident to
the feeding of the forms through computerized printers
and the like. Such minimum bulkiness at the glue lines
36 is made possible by applying the glue continuously
and uniformly and by selection of a glue nozzle, as well
as a drying process, which will eliminate zones of sepa-
ration along the glue lines 36 and eliminate formation
of dried glue crystals, lumps and the like which are in-
capable of holding the sheets properly bonded to-
gether.

It is to be understood also that the glue line 36 may
be produced along more than one longitudinal edge of
the forms 12; in certain instances it is desirable or nec-
essary to duplicate the glue applying and drying steps
along that edge of the forms 12 having the openings or
holes 26 therein. The gluing method is also fully adapt-
able for use in making various types of snap-out forms,
as above indicated. Moreover, it is not necessary to uti-
lize the stub feature 32 with the line of perforations 30
in the manner and for the purpose above described.

Concentrated heating along the glue lines 36 is im-
portant because it avoids damage to the carbons 18 and
22. In some instances, processed carbons are used hav-
ing the same width as the sheets 16, 20 and 24 with the
holes 26 and 28 also passing through the carbon sheets.
However, the marginal edges are kraft paper, not car-
bonized; hence, even in such instances the adjacent
carbon areas will not be damaged.

The gluing process also affords a complete and
proper method of fastening the entire set of forms to-
gether by the application of the glue lines to the face
and back of paper sheet 20, whereby the glue lines are
applied so as to fasten the paper to the carbon below,
and this carbon in turn is fastened to the sheet below
it, thus accomplishing the manufacture of extremely
flexible forms which will allow the complete set to pass
easily around the platen of a typewriter or a computer
printr which utilizes a small round platen and, there-
fore, is more prone to jam when a bulky form is passed
over and around the small platen. This is to be done by
the usc of processed carbon paper with the holes 26
and 28 also passing through the carbon shects, thus al-
jowing the pins on the drums to function in their capac-
ity of moving the sheets forward while the gluing and
drying functions are being performed. Under special
conditions were a wider stub is permissible, this form

25

30

35

40

45

50

55

60

65

8

of construction can be effected without the use of the
holes 26 and 28 in the carbon, by moving the carbon
away from the edge and applying the glue and micro-
wave heat to the form on the inside arcas of the pin
feed device.

Important also is the fact that the gluing process may
be accomplished without the necessity of using slow
speed zigzag type folders with tucker blades, thereby
enabling the use of high speed folding equipment such
as, but not limited to, spiral and/or air jet or vacuum
type folders operating at their fullest rated speed and
capacity.

While it is preferred that the adhesive appear in the
form of a continuous, elongated, narrow, thin line, it is
also possible to accomplish spot gluing or interrupted
lines. In certain instances it may be desirable, for exam-
ple, to omit the glue at the lines of fold.

DESCRIPTION OF FIGS. 8-11

The apparatus 76 illustrated in FIGS. 8-11 is de-
signed to perform the same assembling, gluing, and
folding operations as the equipment of FIGS. 1-7, with,
the additional capability of cross-perforating the sheets
being processed at variable locations along the sheets.
As before, the finished product is a continuous, multi-
leaved web having, for example, individual sections 78
which may be alternately folded in opposite directions
along perforation fold lines 80 to produce a finished
pack 82. In contrast to the web produced by the equip-
ment of FIGS. 1-7, however, the web produced by ap-
paratus 76 has any selected number of perforation tear
lines 84 located between an adjacent pair of fold lines
80 to subdivide each section 78 into two or more end-
to-end articles 86 which retain the lines 80 as the fold
lines for producing the pack 82.

Apparatus 76 includes a collating and gluing portion
88 for bringing the various sheets or leaves of the web
into superimposed, aligned relationship with one an-
other in the manner of the collating mechanism of
FIGS. 1 and 2 and for applying a precisely controlled
line of adhesive to the sheets to bond them in the man-
ner hereinbefore described. The microwave dryer 90
downstream from the collating and gluing portion 88
receives the web with the adhesive applied to the sheets
thereof and completes the special drying and curing of
the adhesive as set forth above for ultimate delivery of
the web to the folder unit 92 at the left end of the appa-
ratus 76 viewing FIGS. 8 and 9.

Interposed between the microwave dryer 90 and the
folder unit 92 is a special perforating component 94
having supporting framework structure broadly de-
noted by the numeral 96 which carries a pair of individ-
ual perforating heads 98 and 100 which are spaced
apart along the path of travel of the web of sheets. The
head 98 is removably mounted upon frame 96 by
mounting bolts 102 and has a pair of opposed, rotary
drums 104 and 106, each capable of carrying one or
more elongated, peripherally disposed perforating
blades 108. As shown in FIG. 10, the perforating blades
108 of drums 104 and 106 are angularly offset with re-
spect to one another in diametrically opposed relation-
ship so that the blades 108 engage the web moving be-
tween drums 104 and 106 at spaced intervals and from
opposite directions to produce the fold lines 80 as ear-
lier described with regard to FIGS. 1-7.

The perforating head 100 is also removably mounted
on frame 96 by a plurality of bolts 110 and includes a
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rotary drum 112 similar to drums 104 and 106. Drum
112 carries a predetermined number of perforating
blades 114 which cooperate with a rotary anvil 116
below drum 112 to produce perforation tear lines 84.

For reasons which will hereinafter appear, whether
or not perforating head 100 is located upstream or
downstream from head 98 is not critical to the present
invention, although for illustration purposes head 100
has been shown in an upstream relationship to head 98.
Moreover, in upstream relationship to both heads 98
and 100 is a third perforating head 118 interposed be-
tween the microwave dryer 90 and the collating and
gluing portion 88. Perforating head 118 has at least one
drum assembly and opposing anvil (not shown) as in
the case of head 100, but alternatively, may be pro-
vided with a pair of drum assemblies as in the case of
head 98.

In accordance with the principles of our present in-
vention the heads 100 and 118 may be disabled by dis-
connecting their drive connections so that the head 98
may function alone. It is to be understood that the
drums 104 and 106 of head 98 may carry any number
of perforating blades 108 and may be of any selected
diameter in order to produce perforation fold lines 80
at selected intervals along the web of sheets. By way of
example, it may be desired to fold the web at 11 inch
intervals, whereupon the head 98 may have drums 104
and 106 which are 22 inches in circumference with the
blades 108 diametrically opposed to one another so as
to produce fold lines 80 at 11 inch intervals. If it is de-
sired to produce a web having fold lines 80 at, for ex-
ample, 7, 8%, 10% or 12 inch intervals, then it is but
necessary to release the bolts 102 and replace the head
98 with one having the appropriately sized drums.

It is contemplated that once a head 98 has been se-
lected which has the appropriately sized drums 104 and
106, many job orders requiring perforations only along
the points of fold without intermediate cross-
perforations, may be handled on a day-to-day basis.
However, should an order be received which calls for
specially sized business forms, for example, which are
smaller in size than the fold intervals, the head 100 may
be placed in operation to provide the necessary tear
lines 84 while retaining the required fold intervals de-
fined by fold lines 80. ‘

For example, if the fold line interval is 11 inches with
the drums 104 and 106 being 22 inches in circumfer-
ence, a single tear line 84 may be produced at 5 %
inches between each pair of fold lines 80 by using a
head 100 having a drum 112 which is 22 inches in cir-
cumference and has perforating blades 114 diametri-
cally opposed to one another and each offset 90° rela-
tive to the blades 108 of head 98. Should the required
size of each article 86 be less than 5 % inches while
maintaining an 11 inch fold interval, the drum 112 of
head 100 may be provided with such additional blades
114, angularly offset in the appropriate manner, as may
be required to produce the desired number of tear lines
84 between each pair of fold lines 80.

By virtue of the variable number of blades 114 which
may be carried by drum 112 and the removable mount-
ing feature for each of the heads 98 and 100, a multi-
tude of spacing combinations may be obtained for the
fold lines 80 and the tear lines 84 so that virtually all
size requirements may be accommodated. Moreover,
and perhaps more importantly, is the fact that such size
accommodations may be made with a minimum of
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down-time, particularly in those situations in which
only an additional number of tear lines 84 are required
on an existing fold interval. In these situations, it is but
necessary to place the head 100, which has prior to this
time been idle, in operation along with the heretofore
operating head 100. Furthermore, even in those situa-
tions which require a substitution of new heads for the
heads 90 and 100, the removal and replacement pro-
cess may be quickly and easily effected by virtue of the
releasable mounting bolts 102 and 110 for the heads.

The present invention allows the economical inter-
ruption of a production run to insert a priority cus-
tomer order requiring, for example, a different size
head, i.e., change from a 22 inch head to a 17 inch head
without disturbing the 22 inch head setup, and then al-
lows return to the 22 inch head after the priority order
is complete without any further time loss. To our
knowledge this is the first time a machine has been de-
signed to accomplish this. There have been other at-
tempts to solve this rapid changeover problem, using
rotating multi-head systems, or variable gear ratio sys-
tems, none of which has been entirely successful be-
cause of the extreme difficulty of obtaining close
enough tolerance, and the problem that after some
months of use the wear on the components produces a
degree of variation that cannot be tolerated. This new
invention accomplishes the desired rapid change-over,
maintains the desired accuracy, eliminates the problem
of variation because of wear, and requires no more
maintenance than the older systems that do not provide
the required versatility.

It is to be further pointed out that the folding of the
web along lines 80 in opposite directions may be facili-
tated by producing the tear lines 84 from one direction
only instead of producing them from opposite direc-
tions as is the case with every other fold line 80. Thus,
only one drum 112 is provided with perforating blades
114 while the anvil 116 is devoid of such blades and
serves only to cooperate with blades 114 in producing
the tear lines 84. Apparently, the practice of producing
the tear lines 84 from only one direction means that in
many instances, the web would have to fold back
against the grain of the tear line 84 in order to fold into
the pack 82 and such against the grain folding offers
more resistance than the reverse folding at line 80.

In certain situations where the heads 98 and 100 are
not appropriate for use because of the special fold in-
tervals required, the head 118 may be removed from its
disabled condition and placed in use in lieu of heads 98
and 100, thus affording an additional cross-perforating
station for added flexibility in production.

Having thus described the invention, what is claimed
as new and desired to be Letters by letters Patent is:

1. In a method of preparing a cross-perforated, multi-
leaved web foldable in opposite directions at prese-
lected perforation fold line intervals for formation of a
layered pack having, in each layer, a plurality of end-
to-end articles separated by perforation tear lines, the
steps of:

advancing a plurality of leaves in superimposed,

aligned relationship with one another along a com-
mon path of travel;

presenting the advancing web of leaves to a first per-

forating station;

producing spaced-apart, perforation fold lines in the

advancing leaves at said first station by alternately
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penetrating the leaves from opposite directions at
preselected intervals; v

presenting the advancing web. of leaves to.a second
perforating station independent of said first station;
and

producing spaced-apart, perforation tear lines in the

advancing web of leaves at said second station and
at preselected intervals selected to locate at least
one perforation tear line between each pair of per-
foration fold lines.

2. In a method as claimed in claim 1, wherein the step
of producing tear lines is carried out upstream from the
step of producing fold lines.

3. In a method as claimed in claim 1, wherein said
step of producing tear lines includes penetrating the
leaves from one direction only for all of said tear lines.

4. In a method as claimed in claim 1, wherein is in-
cluded the step of varying the spacing between said tear
lines produced at said second station while maintaining
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the spacing between fold lines produced at said first
station constant.

5. In a method as claimed in claim 1, wherein said
tear lines are produced at said second station by a ro-
tating member having at least one elongated set of pe-
ripherally disposed, leaf-penetrating means, and
wherein is included the step of varying the number of
said tear lines between each pair of fold lines by chang-
ing the number of sets of said penetrating means on
said member. ‘

6. In a method as claimed in claim 1, wherein said
stations are provided with cylindrical, rotating mem-
bers having peripherally disposed, elongated sets of
leaf-penetrating means, and wherein is included the
step of changing the spacing between the fold lines and
between the tear lines by substituting members of one

diameter for those of another diameter.
* * * ) *



