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The present invention relates to a novel meth-
od and apparatus for perforating sheet material
and more particularly to pattern perforating
such material.

The invention may be utilized in perforating
a large variety of sheet materials and other arti-
¢cles including, for example, such dissimilar items
as paper, veneer, felt and leather. The type of
perforations contemplated are so small as to be
nearly, if not completely, invisible to the naked
eye, the perforations having a diameter of the
order of 0.020 to 0.0005 inch. Sheet materials
having such extremely fine perforations have
been found to have large and varied flelds of use.
For instance, in packaging cement, flour and
other such finely divided materials in valve type
paper bags it is of great importance that the bag
be able to “breathe.” In other words, its wall
structure should have sufficient porosity to permit
the egress of air displaced by the contents of the
bag as it is filled, and yet the wall structure must
not permit the finely powdered contents to filter
through. Lack of porosity causes flour or simi-
lar material to “fluff” along the side of the bag
during filling and is a serious matter in valved
bags. For a porous bag for such materials several
factors must be carefully controlled, viz: the
size of holes or perforations, the uniformity of
their distribution over the sheet and the density
of their distribution. Not only must these factors
be controlled but in many instances should be
varied to accommodate different materials.

One primary object of the invention is to pro-
vide a novel method and apparatus for pattern
perforating sheet material. By “pattern” perfor-
ating is meant the aperturing or puncturing of
the sheet in such manner that a preselected rela-
tive spacing and alinement of the perforations
per unit area on the sheet are attained. This
does not mean that the layout of holes in each
unit area is an exact duplicate of that in every
other area but is to be distinguished from a mere
random perforating of a sheet in which the per-
forations fall at irregular points and the average
density or number of perforations per unit area
is permitted to vary.

A more specific object of the invention is to
provide a novel method and apparatus for pat-
tern perforating a sheet through the use of pe-
riodic electric arc discharges between a pair of
electrodes at opposite faces of the sheet, in which
the sheet and the electrodes are moved continu-
ously relative to each other, and the perfora-
tion spacing controlled by varying the relative
speed of movement between the sheet and elec~
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trodes, or the periodicity of the discharges, or
both.

Another object is to provide a sheet perforat-
ing machine utilizing electrical arc discharges for
forming the perforations, which machine is of
such character that it can be readily controlled
by cutting in or out various sections to accom-
modate traveling sheets or webs of different
widths. : .

Another object is to provide a machine for per-
forating a traveling sheet or web by electrical
arc discharges, in which the discharges are ef-
fected between successive points along crisscross-
ing lines over the face of the web and in which
a novel arrangement is provided for varying the
number of such lines from which the discharges
take place so as to vary correspondingly the
density of the perforation pattern.

Still another object is to provide an arc dis-
charge type perforating machine for a traveling
web or sheet embodying a novel arrangement for
preventing burning of the sheet in the event
of undue diminution in the speed of, or stopping
of, the web advance.

A further object of the invention is to provide
a machine for perforating a web by electrical
arc discharges which embodies a novel arrange-
ment for variably controlling the size of the per-
forations formed in the sheet.

The invention also resides in the provision in
the machine of various other novel features in-
cluding its sectionalized control, operation-con-
dition indicating mechanism, and electrode
structure.

Further objects and advantages of the inven-
tion will become apparent as the following de-
scription proceeds, taken in connection with the
accompanying drawings in which:

Figure 1 is a side elevation of a sheet mate-
rial perforating machine embodying the inven-~
tion and adapted to carry out the novel method
herein disclosed.

Fig. 2 is a plan view of the machine.

Tig. 3 is ap end elevation of the machine, taken
from the right hand end as viewed in Fig. 1.

Fig. 4 is a transverse sectional view taken sub-
stantially along the line 4—4 in Fig, 1.

Fig. 5 is an enlarged, fragmentary transverse
sectional view taken substantially along the line
§—5 in Fig. 2.

PFig. 6 is an enlarged detail view of one of
the electrode rolls.

Figs. 7 and 8 are respectively longitudinal and
transverse sectional views of the roll shown in
Fig. 6.
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Fig, 9 is & detail perspective view of a portion
of one of the electrodes for the roll.

Fig. 10 is a detail perspective view of an insu-
lating segment for the roll. :

Pigs, 11, 12 and 13 are diagrammatic views
showing, respectively, various distributions of
the zigzag electrodes over a unit area of sheet
material,

" Fig. 14 iz a generally diagrammatic plan view
of the machine showing the circuit connections
for the top set of electrode rolls.

PFigs, 15 and 16 are diagrammatic views illus-
trating the use of the sectionalized circuit con-
nections for the electrode rolls.

Pigs. 17 and 18 are respectively side elevation
and plan views of a speed responsive switch
mechanism used in the control circuit for the
machine.

Pig. 19 1s a wiring diagram for the machine.

PFig. 20 is & wiring diagram of a modified form
of electrode supply eircuit.

While the invention is susceptible of various
modifications and alternative constructions, I
have shown in the drawings and will herein de-
scribe in detail the preferred embodiment, but
it 13 {0 be understood that T do not thereby in-
tend to Hmit the invention to the specific form
disclosed, but intend to cover all modifications
and alternative constructions falling within the
'spirit and scope of the invention as expressed in
the appended claims,

In the instant exemplification of the inven-
tion, the preferred procedure used includes, in
brief, the following: A continuous relative move-
ment is effected between a sheet of materisl,
which is to be perforated, and a pair of elec-
trodes between which it is led. Electrical arc
discharges are periodically passed between the
electrodes and through the sheet to perforate
the latter. By controlling the periodicity of the
discharges, as well ag the speed ‘and path of
the relative movement noted, the relative loca-
tlon and spacing of the perforations are con-
trolled. To obtain g distributed or over-all pat-
tern of perforations on the sheet, the discharges
are, in the present Instance, made at spaced
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12 and 13, paralieling the center roll and ar-
ranged on diametrically opposite sides of ft.
Hence, if a sufficlent difference Potential
is established between the two side rolls {2 and
lla.narcdlschargewﬂltlkepheemthenu
g1 and g2 (see Fig. 5), the center roll consti-
tuting a common or cross-over electrode for
each of the series arcs, By leading the web 10
up through the gap gi over the top of the center
roll 11 and down through the 8ap g1, it is punc-
tured at spaced points by the two simultaneous
serles arcs in the air gaps g1 and ga.

The other two sets of electrode rolls are sub-
stantially identical with the top set 1, 12, 13,
described above and each of them is also ar-
ranged to form two air gaps for series arcs,
Thus, the intermediate set of rolls comprises a
center roll {1* and side rolls 12» and I3* while
the lower set includes a center rolls b and side
rolls 12° and 13> (Figs, 3 and 4), The entering
web [0 is led upward from the bottom of the
machine (Mg, 1) successively between the op-
{1, i2* and 14,
12 (Fig. 3), then over the top of the upper cen-
ter roll {1 and finally down through the suc-
cessive pairs of opposed rolls i1, 13 and (s, 13
and {i®, (3>, In thig way the web passes suc-
cessively through six air gaps between opposed
pairs of rolls, and through each of which gaps
arc €8 may be passed to puncture the
advancing web. Suitable guide rolls (not shown)
located beneath the electrode rolls exert a down-
ward tension on the portions of the web (0. ex-
tending down from each side of the top center
Toll 11 so that the web frictionally engages this
roll ently, the web s advanced by ro-
tation of this roll 11 and in substantial synchro-

- nism with it,
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points along intersecting zigzag lines overlap-

pbing each other in staggered and offset rela-
tion. By varying the number of such overlap-
ping zigzags along which the discharges take
Dlace the density of the pattern is correspond-
ingly changed. Though the relative motion of
the sheet and electrodes, etc.,, set forth above
can be effected by hand, the great number of
perforations required makes the use of an auto-
matic machine highly desirable in carrying out
the disclosed method. A more complete under-
standing of the method itself will be had from
the succeeding description of the machine and
its operation, the machine disclosed being espe-
cially adapted to carry out the method contem-
plated.

In the instant machine (Figs. 1 and 2) a web
or sheet (0, of material to be perforated is, in
general, led between a serfes of opposed rolls
which are, in the illustrated machine, driven in
synchronism with the speed of web advance. On
the peripheries of these rolls are suitable. elec-
trodes, hereinafter described, and electrical arc
discharges or sparks jumping between the elec-
trodes on opposed pairs of the rolls puncture
the advancing web. In the illustrative construc-
tion these electrode rolls are arranged in three
superimposed sets of three. The top set (Pig. 2)
comprises a center roll (| and two side rolls
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- which is being perforated.

The nine electrode rolls identified above are
rotatably journaled in a sultable framework of
generally rectangular form. It comprises (Fg. 1)
& palr of transverse bed channels 14 joined by
lower longitudinal members (4%, - Parallelling
the members (4* gre upper longitudinal frame
members (8* joined to each other and to the
members {4s by, respectively, top and side
X-frames I8, At each end of the framework
described are fixed upper and lower horizontal
Plates 1T and 3. Between these opposed pairs
of plates are, in each case, three upright brackets
{8, 19 and 20 (Fig. 3) In which are respectively
journaled the vertically alined groupe of rolls
H, tis, {{> and 12, 28, {2° ang 13, 3, (30,
Each of these brackets I8, 19 and 20 comprises
& vertical plate with g corresponding web {8,
9% and 204 on its inner face apertured to receive
the bearings for the rolls,

To adjust the lateral ‘spacing of the rolls in
each set, and thus correspondingly vary the air
g8pS between them, horizontal adjustment screws
21 and 22 (Fig. 3) are arranged in registering
holes in the webs 18%, 19* and 20%, The central
web 18* i3 gripped between pairs of clamping nuts
23 on the screws 21 and 22 while the webs {8s
and 28* are, respectively, gripped between peirs
of nuts 24 and 28. By threading the nuts 24 and
25 along the screws 21 and 22, the outer brackets
19 and 20 are moved toward and away from the
center bracket 18 and the air gap spacing between
the laterally alined rolls thus adjusted. This
spacing is ordinarily of the order of magnitude
of about three times the thickness of the sheet
In general, the spac-
ing is such that the sheet or web 10 does not
completely fill the gap hetween the opposed rolls
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(Fig. 5) but instead 1s such that & small air gap
appears between the outer face of the web and
opposed peripheries of the side rolls 12 and 13,
ete. .
To guide the brackets {8, 19 and 20 during the

adjustment operation described; and to hold them .

firmly in adjusted position, cap screws 28 are
- utilized .(Fig. 3). A pair of these cap screws
passes through corresponding slots in a “oot on
each end of each of the brackets and is threaded
in corresponding holes in one of the plates {5 or
1. By loosening these cap screws the brackets
are freed for transverse adjustment and after the
desired adjustment has been effected the cap
screws are retightened to hold the roll-support-
ing brackets fixedly in position.

The vertical spacing of the rolls is not particu-
larly critical and no provision is made for its
adjustment. It is great enough to permit the
ingertion of an operator’s hand, in threading a
new web or sheet into the machine, and to prevent
arcing between vertically alined rolls. It is, how-
ever, small enough to insure compactness: for
the machine. . :

In order to. rotate all of the nine electrode
rolls in unison a common or interconnected drive
system is used for them. In the present instance
power is applied through the projecting end of the
center roll f1* (Figs. 1 and 2). On the opposite
end of this roll is a sprocket 21 (Fig. 3). over
which is led an endless roller chain 28, which also
passes over sprockets 28, 30, 31 and 382, fixed
respectively on the rolls {2, 13, 12> and 13%. To
drive the remaining rolls 11, 128, i{3* and (J LA
additional endless roller chains 33, 34, 35 and 36
are utilized (Fig. 4). The chain 83 is led over
sprockets 37 and 88 fixed on the rolls 12 and
i2s, Similarly, the chain 38 is led over sprockets
38 and 40 fixed on the rolls {8 and 3% while
the chains 34 and 88 mesh respectively with a pair
of sprockets 41 on the roll {{® and with sprockets
42 and 43 on the rolls {1 and (f*. The arrows
in Figs. 4 and 5 indicate the direction of roll
rotation. In the event that the machine is
being used, for example, to perforate paper, the
primary drive roll 11* may be driven from the
same unified drive systéem which also operates
a slitter located ahead of the perforator and a
reroll mechanism following it. The high speed
with which the web 10 may pass through the
present perforator at, for example, several feet
pper second, makes it possible to use the perforator
In any ordinary line-up of paper making or han-
dling machines without the necessity of slow-
ing down the line because of the presence of the
perforator. : .

Turning now to the details of the electrode
structures of the various rolls, the center, or what
might be termed the cross-over rolls, (i, {i®* and
fi® are provided with electrodes in the form of
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simple annular metal bands 44, 44s, 44> to 44h, .

These electrode bands may be made of copper or
other suitably electrically conductive material.
Each of them completely encircles the roll on
which it is mounted and is fixed on the periphery
of a sheath or cylinder 45 of insulating material.
This sheath 48 is, in turn, telescoped on and fixed
to a hollow steel shaft 48, Each of the center
rolls 11, 11* and {(® is identical in construction
except that the sets of electrode bands on them
are offset longitudinally with respect to each
other, for a purpose which will hereinafter ap-
bear. The amount of this longitudinal offset is
the same as that shown for the zigzag electrodes
on the side rolls and which is indicated in Fig. 1.

65

70
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By spacing the electrode bands 44, 84* to 442
(Fig. 2) laterally from each other along the sup-
porting insulator sheath 485 they are effectually
insulated from each other. In this way they
form a series of separate and electrically insu-
lated electrodes so that are discharges can be
passed to them from similarly spaced electrodes
on the side rolls, thereby making possible a cor-
responding number of arc discharges through the

- web 10 at laterally spaced points in the latter.

On the outer or side rolls 12, i2s, (2b, {3, 13,
and 13® a plurality (nine in the present instance)
of electrodes are provided at spaced points along
each of the rolls and in position to cooperate with
the band electrodes on the center rolis 1 f, Hi* and
15, In the case of the roll 12 the separate elec~
trodes on it have been identified as 47, 47+ to 4Th,
those on the roll 12 as 48, 48 to 481, those on
the roll 12> as 49, 49= to 49h, those on roll {3 as
50, 50= to 507, those on roll 13+ as 5, §[* to Sin,
those on roll 18> as 52, 52 to 52t (Figs. 1, 2 and
15). Each of the electrodes is identical and, ac-
cordingly, a description of electrode 47 on roll §2
will serve for all. This electrode (Fig. 6) is of
zigzag or wavy form and comprises a bar 53 (see
also Fig. 9) of nichrome steel, or other electrically
conducting material, bent ir. zigzag form as
shown and with its ends jointed together to form
a complete annulus encircling the roll. .

The electrode bar 58 has feet 54 bent laterally
from its lower edge and projecting alternately in
opposed directions (Fig, 9) which rest on a sheath
or cylinder 58 of insulating material (Figs. 7 and
8). Segments 58 of insulating material (Fig. 10)
are inserted between the bends in the electrode
bar 53 (Fig. 6) and overlie the feet 54, these seg-
ments being screwed to the sheath 55 so as to
hold the bar 53 in place. The insulating sheath
55 is telescoped on an inner insulating sheath 571
which is longitudinally slotted (Fig. 8) to receive,
and insulate from each other, interconnecting
conductors between various ones of the zigzag
electrodes. ‘This inner sheath 57 is in turn tele-
scoped over and fixed to a hollow steel shaft 58,
Suitable annular insulating spacers 58 (Pigs. 6
and 7) encircle the sheath 55 between the an-
nular rows of segments §8. ]

It will be observed that as the rolls 11 and 12
(Figs. 2 and 5) rotate with respect to each other
in the directions indicated by the arrows in Fig.
5, the point of least distance, in the air gap o1
between the band electrode 44 on the roll {{ and
the zigzag electrode 47, moves progressively along
the latter electrode. When a potential is created
between the electrodes 44 and 47 so that an arc
discharge passes between them it will, in general,
Jump between the most closely adjacent points
on them. Consequently, a periodically applied
voltage between the electrodes 44 and 471 will
cause a series of discharges between them at suc-
cessively spaced points along the zigzag electrode
41. The spacing along the electrode of successive
ones of these discharges will depend upon the
relation between the periodicity of the discharges
and the speed of rotation of the zigzag electrode.
As is hereinafter explained in greater detail, ad-
vantage is taken of this characteristic to control
the spacing of the arc-formed perforations in the
traveling web 10.

To obtain a generally uniform or controlled
patterned distribution of the perforations over
the web 10 a particular geometric relation of the
various zigzag electrodes, under which each por-
tion of the web passes, is desirably used. For
this purpose each of the zigzag electrodes on the
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side rolls 12, 12* and 2> (see Fig. 1) is longi-
tudinally offset with respect to the corresponding
electrode on the next adjacent roll in this series.
Incidentally, this offset has not been indicated
in diagrammatic Figs. 15 and 16 in order to sim-
plify the same. The amount of offset is, in the
present instance, one-half the width of each
electrode. Furthermore, each of the zigzag elec-

- trodes on the side rolls {2, 12* and 12® is angularly
offset with respect to the corresponding electrode
on the next adjacent side roll. On the other side
of the machine, the zigzag electrodes on the rolls
13, 13* and 13> are offset with respect to each

- other by the same amount as those in the rolls
12, {2*» and 12°. Thus the electrodes on the roll
i3 are directly across from those on the roll 12,
those on roll 13* directly across from those on
12* etc. Also, the electrodes on the rolls 13, {3+
and 13P are staggered angularly about their re-
spective rolls, but in this case they are staggered
not only with respect to each other but with
respect to the electrodes on the rolls 2, {2* and
2b,

The details of the above geometric relation of
the several zigzag electrodes will be clear upon
reference to the disgrammatic illustration in
Fig, 11. This figure shows a portion of the web
10 with criss-cross lines superimposed on it cor-
responding to the relative positions of the por-
tions of certain of the electrodes on the rolls 13,

- 13* and 13 which the web passes successively in
the order named as it moves down through the
machine. The particular portion of the web
chosen for illustration passes by portions of the
electrodes 50+, 5{* and 52* on the rolls {3, 13* and
13, respectively. The developed outline of the
electrode 5i* has been shown in full lines, that of
the electrode 850* in dash lines, and that of the
electrode 52* in dot-dash lines, in order to dis-
tinguish them. The staggered and offset relation
of these three electrodes, which is typical for all
of those on the rolls 13, 13* and 3%, will be appar-
ent from this development of them in Fig. 11.
This same portion of the web {8 also passes up
through the three gaps on the other side of the
machine, or, in other words, past the rolls 12°,
{2*» and 12 in that order and, hence, successively
under the electrodes 49%, 48* and 47*. 'These have
been indicated in Pig. 12 by, respectively dotted
lines, dash double-dot lines and light full lines.
Thus, Fig. 12 shows the full pattern of distribution
for the various zigzag electrodes as they succes-
sively overlie & single unitary portion of the web.
The arc discharges, heretofore referred to, take
place at successively spaced points along each of
the intersecting lines so that the entire surface
of the web is finally covered with closely spaced,
though fairly accurately distributed, perforations.
By cutting into or out of circuit certain of the
zigzag electrodes which pass over a particular
portion of the web, the number of perforations
can be varied, although the uniformity of the
pattern of the perforations is maintained. For
example, in Fig. 13, the lines for the electrodes
47s and 50* have been shown simply in light lines
(compared to the contrasting heavier lines for
those same electrodes shown in Fig. 12) so as to
indicate that these electrodes are deenergized.
In such case the perforation-forming arc dis-
charges will take place at spaced points along
only the heavier lines indicated for the electrodes
52 5is, 49* and 48*, Accordingly, homogeneity
or uniformity of perforation distribution is main-
tained, although the density of perforation per
unit area of the web is substantially diminished.
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Varlous other ones of the electrodes may be cut
into or out of circuit, by a switch mechanism sub-
sequently described, to effect other variations in
the pattern of distribution.

Similarly, but cutting into ‘or out of circuit
various ones of the zigzag electrodes along each of
the rolls, the machine can be conditioned to
accommodate, with maximum efficiency, sheets or
webs of different widths. Thus, upon reference
to Fig. 15 it will be observed that in the right hand
vertical bank of rolls 12, i2* and (2 only the
electrodes 4711, 418 4Tk and 487, 48s, 48: and 49!,
49%, 481 are energized (as indicated by the heavier
lines in which these electrodes are drawn). 8im-
ilarly, in the left hand bank of rolls 13, {3* and
13° only the corresponding three end electrodes,
shown In heavy lines, are energized. The ma-
chine is in such case conditioned to receive a web
having a lateral width equal to not more than the
length of roll covered by three electrodes on each
side roll. Por wider sheets successive groups of
the electrodes along each roll may be energized.

Even when the machine is set up for a narrow
web the density of perforation distribution can -
still be controlled as described. Thus, upon ref-
erence to Fig. 16, for example, it will be seen that
only the end group of electrodes is energized so
as to accommodate a narrow web (as described
above in connection with Fig. 15) but among
even these end electrodes those on the rolls 12+
and [3* are, in this instance (Fig. 16), deener-
gized so as to cut down the number of perfora-
tions per unit area as previously described.

In order to make it possible to cut into or out
of circuit different electrodes for the various pur-
poses set forth above, a sectionalized type of cir-

‘cuit is used for applying potential to the elec-

trodes. Upon reference to the illustrative con-
struction in Pig. 14 it will be seen that the elec-
trodes on the roll 12 are wired in three successive
groups, each group containing three adjacent
electrodes. In each of these groups two of the
electrodes are interconnected. Thus, in the right
hand group, comprising electrodes 411, 47 and
41h, the electrodes 41! and 47¢ are interconnected
by a conductor 60. Similarly, in the middle
group the pair of electrodes 47¢ anl 474 are inter-
connected by conductor 81, and in the left end
group the electrodes 47 and #41* are intercon-
nected by a conductor 62,

On the opposite side of the machine, that is, on
roll (3, the electrodes are wired in similar circuit
groups or sections and in each of these groups of
three, two of the electrodes are interconnected.
Specifically, the electrodes 50¢ and 58" are inter-
connected by a conductor 63, the electrodes 504
and §0¢ by a conductor 84, and the electrodes 50*
and 80 by a conductor 65. On this roll I3 the
electrodes are connected by a common supply lead
86 to a slip ring 87. On the other roll 12 how-
ever, three separate slip rings 68, 69 and 10 are
connected to corresponding ones of the electrodes
in the three sections or groups by conductors T4,
72 and 13.

With the circuit connections described above,
when potential is applied between the slip rings
68 and 67 current will flow through a circuit

68—TI—ATh g 44n g 50—
$3—50c—g;—Ads—g:4Te§0—
AT—gr— 44— 508881

Upon tracing this circuit in Fig. 14 it will be
seen that it includes a total of six air gaps in
each of which an arc discharge must take place
to complete the circuit. Specifically, the circuit.
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passes through gap ¢: three times and through
gap g1 three times. Consequently the web 18
is punctured at six different points by a single
energization of the circuit. -

In order to energize the next or middle group

of electrodes on the rolls 12, 13 (PFig. 14) & po-
tential difference is established between the slip
rings §8 and 61. In such case a circuit is com-
pleted through

09—T12—4Te—gr—4do—g;— 50—
G480y —A8—g2—4T4 61—
41%—g2—Adc—pg1—B50—86-—61

In the same way, when & potential difference
is established between the sli
a circult is completed throug]

10—T13—4T—go—44b—g;— 50>
68—808—g1—A 4 —ga—AT—62—
41—gr—A4—g:—50—86—81

Identical sectionalized eriergizing circuits are

provided for the rolls 12+, {3* and 12®, 13" in the -

middle and lower sets, respectively, as indicated
in Fgs. 15 and 16. As terminals for these cir-
cultg on the rolls 12* and 12%, respectively, are
provided sets of three slip rings each, viz: 14,
15, 76 and 17, 18 and 79. On each of the rolls
13* and (3% is provided a single slip ring 80 and
80*, respectively.

As a means of applying potential to the var-
ious sections of the electrode circuits set forth
above, a high frequency generator 81 is utilized
(PMg. 19). This generator is, in general, of con-
ventional form and comprises an armature 82
and a separately excited fleld 83, which is con-
nected to suitable direct current supply lines Li
and La. The generator armature 82 is driven by
a variable speed motor 84 having an armature
88 connected to alternating current supply lines
Is and Lg, as well as a separately excited fleld
88, connected to a suitable source of current
through a speed adjusting rheostat 87.

To the output leads 88, 88 of the high fre-
quency generator 81 are connected, in parallel
relation to each other, a plurality of step-up
transformers, one for each of the electrode sec-
tions heretofore described or, in other words,
nine in number for the present machine. Each
of these transformers has one of its output ter-
minals connected to a corresponding one of the
slip rings on one of the rolls 12, 12& or {2> and
its other terminal connected to a corresponding
return slip ring on one of the opposite rolls 13,
13* or 3b,
tical, and are each connected in parallel to each
other in the same manner to the output leads
of the generator, only one has been shown,
namely, the transformer 90 (Fig. 19) for the
slip rings 68 and 67 (see Fig. 14). This trans-
former is of the high-reactance current-limiting
type and includes a primary winding 91 induc-
tively coupled with a sectionalized secondary
winding including sections 92 and 83. One ter-
minal of each of these secondary windings is
grounded and the others are connected, respec-
tively, through conductors 94 and 95, with brushes
¢T* and 68* for the slip rings 61 and 68 (see
also Pigs. 5 and 14). It will be observed upon ref-
erence o Fig. 5 that the brushes are of conven-
tional form, being resiliently mounted in insu-
lating panels 96 and 87 secured to opposite sides
of the machine framework. As indicated in PFigs.
1 and 2 the corresponding brushes for all of the
slip rings are mounted on these same panels.

The generator 81 (Fig. 19) may, for example,

rings 70 and 81
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Since these transformers are iden- -
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have a rated output of 25600 cycles at 110 volts.
The frequency of its output potential is of course
& function of the generator speed and can be
controlled by changing the speed of the variable
speed driving motor 84, through the medium of
the speed controlling rheostat 81. In such case
the transformer 80 may be wound to step up
the voltage to 10,000 volts or whatever is re-

.quired to produce an arc discharge of desired in-

tensity through the six series gaps in the elec-
trode section which the transformer supplies.
When operating at 2500 cycles, two discharges
take place for each cycle, that is, one on the posi-
tive peak and one on the negative peak, Hence
there are 5000 discharges per second but since
there are six gaps in each electrode section
there will be 30,000 separate arcs in each section
per second or 30,000 perforations formed per
second in the portion of the web passing through
the section. There are, however, nine electrode
sections in the machine shown, so that when all
are operating, there will be 270,000 perforations
formed per second or 16,200,000 per minute. De-
spite this tremendous speed with which the per-
forations are formed, their distribution pattern
over the web is accurately controlled by the elec-
trode arrangement heretofore described.

To initiate operation of the machine, after
the generator 81 has been started, the operator
closes the manual on-off switch 108 (Fig. 19)
which, together with a safety switch 101 herein-
after described, connects the actuaing winding
of a relay winding 102 to suitable supply lines
Ls and Ls.. Thereupon this relay closes its nor-
mally open contacts 103, which are interposed
in the conductor 89 leading to the transformer
primary winding 9f. Also interposed in this
conductor 89 is an individual manually operated
on-off switch 104, one of which is provided for
each of the transformers. By closing and open-
ing selected ones of these individual on-off
switches, the associated transformers can be cut
into or out of circuit to condition the desired
number of electrode sections for operation.
Each of the transformers is protected by a pair
of fuses 105 in its input leads. When the relay
102 drops out, due to the opening of the manual
on-off switch 100, or of the safety switch {0f,
all of the transformers are simultaneously dis-
connected from the generator 81.

The physical character of the hole or punc-
ture formed in the sheet by an arc discharge
depends to some extent upon the power of the
discharge or in other words upon the product of
the in-phase current and voltage. As the power
is increased from a point just sufficient to effect
puncturing a sheet, the size of the puncture or
perforation increases in more or less direct pro-
portion, In the event that paper is being perfo-
rated, it has been found by microscopic examina-
tion of the sheets that the marginal edges of the
perforations are made up of fused material.
When perforations, with fused edges, are formed
in even cheap rosin content wrapping paper it
has been found that the strength of the paper
has not been materially decreased bt in many
instances actually increased.. This increase may
be due to various causes, probably including the
fusion of the edges of the perforations. As the
Power of the arc discharge is still further in-
creased, from a point at which a fused edge
DPerforation is- formed, someé charring at the

‘edges of -the still. Ia.rger perforations appears.

8uch charring is,:in many instances, undesir-.
able for various reasons in that it interferes with

N
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subsequent printing on the sheet surface and
m::fq if carried far enough, structurally weaken
it. It will thus be clear that accurate control
of power of the discharges is very desirable.
Even aside from the difference in character of
the perforations formed there are other reasons
Tor controlling their size. For example the par-
ticular use to which the sheet material is to be
put will frequently govern the maximum or
minimum size of perforation which is desired
or even permissible,

The illustrative machine comprises two dis-
tinct means for controlling the size of the perfo-
rations formed in the web 10. First, means is
provided for controlling the output voltage of
the generator 81, and by means of which, the
power is correspondingly controlled. Second,
means is provided for controlling the phase rela-
tion of the voltage and current.supplied by the
gneerator 81 and correspondingly the product
of the in-phase voltage and current, or in other
words, the power.

To, control the output voltage of the generator
81, a rheostat 108 is connected in series with its
separately excited field 83. By changing the
setting of this rheostat the output voltage of
the generator is changed, the mode of operation
of such a generator in this respect being well
known. For cohvenience in operation a volt
meter 107 is connected across the output leads
88, 88 of the generator so that the operator is
continuously apprised of the voltage applied to the
network. An auxiliary manually operated on-off
switch 108 is preferably interposed in a circuit
for the generator field 83 so that it can be used
at will to open-circuit this field and drop to zero
the output voltage of the generator.

The means for varying the phase relation of
the generator output voltage and current has
been shown (Pig. 19) as comprising a variable
condenser {89 connected in shunt with the
transformer primary winding #{. The induc-
tive reactance of the transformer and the ca-
pacitive reactance of the condenser g0 to make
Up a tuned circuit, and by adjusting the capacity
of the condenser the phase relation of the volt-
age and current can be changed at will. A simi-
lar variable condenser (not shown) is associated
with each of the transformers for the various

electrode sections. This affords great flexibility

of operation for the machine since the gize of
the holes produced by each of the sections can be
varied independently by adjusting the condenser
for such section. On the other hand if it is
desired to make a simultaneous change in the
size of the holes produced by all of the sections
this can be effected by changing the generator
output voltage through the medium of the ad-
justable rheostat 106,

To afford the operator a visual indication of

‘the condition of operation for the varlous sec-
tions of electrodes, a gaseous discharge tube such

as a neon lamp 119 (Fig. 18) i connected in series
with each of the transformer secondaries. One
such lamp is provided for each of the nine trans-
formers. The high order of magnitude of the
output voltage from the transformers is sum-
cient to render these tubes conductive but the
voltage drop through them is very small and their
current consumption is also small so that they do
not materially diminish the efliciency of the sys-
tem. When full load current is flowing through
one of these tubes it glows, and since the tube
is in series with the load on the transformer, its
glow indicates that the assoclated circuit is func-
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tioning properly. Moreover, when the power is
varied the intensity and color of the light emitted ,
by the pllot lamp changes accordingly. When the
individua]l on-off switch 104 for any particular
tube’s section is opened the associated pilot tube
is darkened, indicating that its section is out of
service. The group of nine pilot tubes 110 may
be conveniently mounted on a single panel (not
shown) at any convenient point of control and the
individual on-off switch 104 is desirably mounted
on the same panel adjacent the corresponding
pilot tubes. .
In many instances it is desirable to provide
separate driving means for rotating the electrode
rolls and for driving the high frequency gener-
ator. In such case the driving means are de-
sirably interlocked so that no poternitial will pe
applied to the electrodes unless the rolls are ro-

‘tating at a speed exceeding a predetermined

minimum. By providing such an interlock danger
of badly charring or even burning the web 19 by
repeated discharges through the same portions of
the web is obviated. To effect this interlocking
the safety switch 181 (Fig. 19) is arranged to be
actuated in response to the speed of rotation of
the rolls. As was heretofore noted, when this
switch (81 is open, the relay 102 is dropped out
and all supply of potential to the electrodes is
thereby cut off. o

In the illustrative comstruction (FMg. 1) the
switch 18(, which is a normally open so-called
micro-switch, is mounted on the left end frame
of the machine, This switch is provided with an
upstanding actuating plunger 11§ (Fig. 17) which
must be pushed down to close the switch. Pivoted
on the end frame of the machine with one arm
overlying the plunger (10is a bell crank {i1. This
bell crank has a bifureated lower end embracing
the roll 12 (see also PFig. 18). Keyed for axial
movement on the roll is a collar 112 which is ar-
ranged to abut against the enlarged lower ends
of the bell crank {{f. An annular weight or ring
{13 is pivoted by trunnions {14 on the shaft 12
at a point axially displaced from the collar 112.
This ring 113 is tiltable in a direction transverse
to the shaft axis and is connected to the collar
{12 through links {15 and (1§ arranged on dia-
metrically opposite sides of the roll 12. The op-
posite ends of these links are pivotally connected
respectively to the collar 112 and to the ring
{13, In the case of the collar {12 they are con-
nected to it at diametrically opposite points, but
in the case of the ring 13 they are pivoted to
it at points ecceritric to its trunnions ({4, Ten-
slon springs 117, anchored at their opposite ends
to the shaft 12 and to plvot pins (18 which con-
nect the links to the ring, normally tilt the ring
{43 to the position shown in fyll lines in Pig. 17.
The links {18, 116 are thus thrust endwise to the
left and move the collar 112 to the full line po-
sition shown where it abuts against the bell erank
111 and swings it in a clockwise direction to re-
lease the switch plunger 110, A tension spring
119, anchored at one end of the machine frame
and at its other end to a screw 120 adjustably
serves to vary
the cocking tension of the switch mechanism.

When the roll 12 is rotating, centrifugal force
tends to swing the ring 118 into a plane transverse
to the axis of shaft rotation (position indicated
in dot-dash lines in Fig. 17). Such movement is
yieldably opposed by the tension springs (17

"~ When the speed of rotation for the roll {2 final.

[t

Iy reaches a predetermined value the spring
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tension is overcome and the ring {18 is shifted
to the dot-dash position in Fig. 17 whereupon the
collar 104 is drawn to the right, thereby disen-
gaging the bell crank lever {11 so that the latter
is pulled down by.the spring (19 and the switch
10t closed. Closure of this switch 10f (see Fig.
19) conditions the relay 102 for energization upon
the subsequent closure by the main on-oft switch
100.

To vary the speed-responsive setting of the
switch-actuating mechanism the effective length
of the links (15, 116 may be altered. For this
purpose each of the links is made up of two over-

lapping portions one of which is longitudinally

slotted as indicated at 12f. Screws (22 threaded
in the other member and projecting through the
slot releasably clamp the link portions together.
Adjustment of the tension in the spring 119 also
serves to effect smaller or finer adjustments in
the speed setting of the mechanism.

In Fig. 20 is shown a modifled transformer
circuit for one set of electrodes and which may

10

4

electrodes of the selected electrode sections. The
rotation of the generally spiraled electrodes on
the side rolls moves them so that the point there-
on in closest proximity to the center roll electrode
bands (and hence the point from which a spark
will jump to the center roll band since the spark
travels through a path of least distance) moves
progressively along the spira] or zigzag electrodes.
Thus as successive cycles of voltage are ap-
plied the sparks occur at successively spaced
points along the =zigzag electrodes.. To vary
the spacing between these successive  points,

" the relation between frequency of the volt-

18

20

be substituted for that of Fig. 19 to obtain even -

greater latitude in intensity of arcing between
the electrodes and, hence, in perforation size. In
general, transformers 80* are arranged to sup-
plement the transformers 90 previously described.
Each of the transformers 96* is identical with
the transformers 80 and includes a primary wind-
ing 9{® and secondaries 92* and 83*. The pri-
mary winding 818 may, at will, be connected in
parallel with the primary of the transformer 90,
through an on-off switch 104%, so as to be sup-
plied from the same generator 81. Similarly, the
secondaries are connected across the electrodes
by a switch 104>, When open these switches pre-
vent feed-back to the circuit of the transformer
90. By cutting the supplemental transformer 80s
into circuit the power applied to the associated
electrodes is practically doubled. Nevertheless,
the condensers (09 and generator output voltage
control can be used as before to vary the perfora-
tion size even with the supplemental transform-
ers in circuit although the range through which
the variations take place is correspondingly en-
larged.
Brief résumé of operation

Assuming that the leading portion of the web
10 has been threaded between the rolls as here-
tofore described, the operator preliminarily con-
ditions the machine for operation by opening or
closing various ones of the individual on-off
switches 104, the ones closed depending upon the

width of the sheet to be perforated and the den-

sity of distribution desired for the perforation
pattern. If a very dense pattern of perforations
on a sheet of maximum width is desired, all of
the switches {04 are closed so that all of the
sections of electrodes will be operative. Addi-

tionally the generator driving motor 84 is started .

and the output voltage for the generator checked
on the meter (07, any desired varlations in such
voltage being effected by adjusting the rheostat
106. -

With the machine preliminarily conditioned as
described, the main on-off switch 100 may be
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closed and the center roll {12 coupled to its driv-

ing mechanism so that the rolls are set in rota-
tion. As soon as the rolls come up to speed the
safety switch 10f closes thereby pulling in the
main relay 102 and connecting the selected trans-
formers 80 to the output leads of the high fre-
quency generator 8i.

Each half cycle of voltage from the generator
8i causes six series arc discharges between the

70
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“age and speed of web advance can be changed.

This can be done either by changing the fre-
quency, through variation in speed of the gen-
erator driving motor 84, or by changing the speed
of web advance by change in speed of roll rota-
tion, or both.

To vary the size of the punctures in the web
10 formed by the discharges in any selected sec-
tion of electrodes, the corresponding variable con-
denser 109 is adjusted. By changing its setting
the phase relation of the voltage and current is
altered, as heretofore explained, so that the
power expended in the discharges is correspond-
ingly changed.

In the event that the operator wishes to change
simultaneously the size of the perforations
formed by all of the electrode sections he changes
the output voltage of the high frequency gen-
erator 8f. To do this he varies the excitation
of its field 83 by means of the rheostat 108.

If the modified circuit of Fig. 20 is used the
range of perforation size may be further in-
creased by closing switches 104* and 104 to cut
in the supplemental transformer 90* for a se-
lected section of the machine. Thereafter the
controls 109 and 108 are used as described above
to vary the output of the now parallel connected
transformers 80 and 80%. )

In the event that the roll driving mechanism
should become stalled or the rolls stopped for
any other reason the web 10 is completely pro-
tected against burning. Any such stoppage of
the rolls automatically opens the safety switch
{01 and thereby prevents further application of
voltage to the electrodes.

From the foregoing it will be apparent that
a remarkably versatile machine has been pro-
vided, Adjustment of the clearance between the
rolls makes it possible to accommodate a wide
variety of thicknesses of sheet material. This
also aids to some extent in conditioning the ma-
chine for different kinds of material while the
complete nature of the control over arc power
makes it possible to obtain a desired size of per-
foration despite differences in the dielectric quali-
ties of the particular materials. Coupled with
this is the ability to obtain a uniform pattern
of distribution for the perforations and one
which is of selectively variable density. In view
of this completeness and flexibility of control
an extremely wide variety of materials can be
handled effectually and at extremely high speeds.

We claim as our invention:

1. The method of pattern perforating a sheet
of material which comprises passing electrical
arc discharges through the sheet at spaced points
along predetermined intersecting lines, and vary-
ing the number of such lines criss-crossing each
other in unit areas of the sheet to vary corre-
_ spondingly the density of the pattern of perfo-
“rations. ‘

2, The method of pattern perforating a sheet

oy



of material which comprises passing electrical
arc discharges through the sheet at successive
spaced points along a plurality of zigzag lines
with such lines successively overlapping the same
portions of the sheet and arranged with certain
of such lines offset with respect to each other
laterally of the sheet and also with certain of said
lines staggered with respect to each other longi-
tudinally of the sheet.

3. The method of perforating a sheet which
comprises locating the sheet between a plurality
of pairs of electrodes, applying potential between
said pairs of electrodes from a common source
of potential to establish periodical arc discharges
between such electrodes and thereby puncture
the sheet, varying the output potential of said
source to change correspondingly and simultane-
ously the size of the punctures produced by all of
such discharges, and varying the phase relation
between the potential and current supplied to
selected ones of the pairs of electrodes to change
independently the size of the punctures produced
by the discharges between the selected pair or
pairs of electrodes.

4. In a sheet perforating machine, the com-
bination of power actuated means for advancing
& web, a set of electrodes comprising a plurality
of zigzag electrodes and cooperating electrodes
spaced from the former and arranged with each
zigzag electrode on the opposite side of the path
of web advance from its cooperating electrode,
means for causing electrical arc discharges to pass
between the zigzag electrodes and corresponding
ones of the spaced electrodes at spaced points
along selected ones of the zigzag electrodes, and
said zigzag electrodes being offset with respect
to each other in a direction transverse to the
path of web travel.

5. A machine of the type set forth comprising,
in combination, first and second rows of elec-
trodes arranged in parallel spaced relation; a
third row of cross-over electrodes between said
first and second rows disposed in closely spaced
relation to the latter to receive in the resulting
gaps between the first and third rows as well as
the second and third rows portions of sheet ma-
terial to be perforated; means electrically inter-
connecting predetermined ones of the electrodes
in the second row which are so positioned with
respect to those in the first row as to form a
series circuit including in the order named an
electrode in the first row, a cross-over electrode,
two series connected electrodes in the third Tow,
a second cross-over electrode and a second elec-
trode in the first row; and means for applying a
beriodically varying electrical potential to the
terminals of said series circuit to set up arc dis-

. charges in said gaps and through the portions
of sheet material between successive electrodes
in said series cireuit.

6. A sheet perforating machine comprising, in
combination, a center roll and a pair of parallel
side rolls disposed on generally diametrically op-
posite sides of said center roll, said rolls being
spaced apart to receive a traveling web passing
through the gaps thus formed between the center
roll and respective ones of the side rolls, said
center roll having an electrode thereon in the
form of an annular conductor encircling the
same, each of said side rolls having an electrode
thereon comprising a zigzag annular conductor
encircling the respective roll and opposed to the
electrode on the center roll, and means for pe-
riodically applying a potential between the side
roll electrodes to cause an electric impulse to

N

10

15

40

45

55

85

70

(]

9,385,946

pass from one side roll electrode through the cen-
ter roll electrode to the other side roill electrode,
the resulting arc discharges in the gaps separat-
ing the side rolls and the center roll serving to -
puncture the web at such points.

7. A sheet perforating machine comprising, in
combination, a rotatably mounted roll having a
plurality of electrodes thereon in insulated rela-
tion to éach other at points spaced longitudinally
of the roll, each of said electrodes comprising
8 zigzag annular conductor encircling the roll, a
cooperating electrode structure spaced from said

‘zigzag electrodes on the roll to receive a web

therebetween which is to be perforated, and
means for applying an electrical potentisl be-
tween the roll supported electrodes and said coop-
erating electrode structure, said last named means
including a slip ring connection for the roll sup-
ported electrodes.

8. A sheet perforating machine comprising, in
combination, a pair of parallel side rolls disposed )
on opposite sides of a centrally located cross-over
electrode, said rolls being spaced from the center
electrode to recelve a traveling web passing
through the gaps thus formed between the. center
electrode and respective ones of the side rolls,
each of said side rolls having an electrode thereon
comprising a zigzag annular conductor encircling
the respective roll and opposed to the center
electrode, means for periodically applying a po-
tential between the side .roll electrodes to cause
an electric impulse to pass from one side roll
electrode through the center cross-over electrode
to the other side roll electrode, the resulting arc
discharges in the gape separating the side rolls
and the center electrode serving to puncture the
web at such points, power actuated means for
rotating said side rolls in unison and.the zigzag
side roll electrodes being offset from each other
inananzularsensesbwtthesxuofthelrre-
spective rolls. .

9. In a sheet perforating machine, the combi-
nation of a plurality of pairs of spaced electrodes
adapted to receive a traveling web between the
successive pairs, at least one electrode in each
pair comprising a zigzag annulus of conducting
material, power actuated means for rotating the
zigzag annular electrodes in unison to bring suc-
cessive points along the same into proximity
with the other electrode in each pair, means for
applying potential periodically between the elec-
trodes in each pair to cause arc discharges to
pass between the points of closest proximity in
each pair and through the web, and said zigzag
annular electrodes being offset from each other
in an angular sense about their respective axes
of rotation.

10. In a sheet perforating machine, the com-
bination of a plurality of pairs of spaced elec-
trodes adapted to receive a traveling web be-
tween the successive pairs, at least one electrode
in each pair comprising a zigzag annulus of con-
ducting material, power actuated means for ro-
tating the Zigzag annular electrodes in unison to
bring successive points along the same into prox-
imity with the other electrode in each pair,
means for applying potential periodically be-
tween the elecirodes in each pair to cause arc
discharges to pass between the points of closest
proximity in each pair and through the web,
and said zigzag electrodes being offset with re-
spect to each other not only laterally of the path
of web travel but also in an angular sense about
their respective axes of rotation.

11, A sheet perforating machine comprising,
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in combination, a plurality of sets of revoluble
rolls, each of said sets including a center roll
and a pair of parallel side rolls disposed on gen-
erally diametrically opposite sides of the respec-
tive center rolls, the rolls in each set being
spaced apart to receive a traveling web passing
through the gaps between the center roll in each
set and the respective side rolls in the set, each
of said center rolls having an electrode thereon
in the form of an annular conductor encircling
the same, each of said side rolls having an elec-
trode thereon comprising a zigzag annular con-
ductor encircling the respective roll and opposed

10

to the electrode on the associated center roll,

means for periodically applying a potential be-
tween the side roll electrodes in each set to cause
an electric impulse to pass from one side roll
electrode in each set through the center roll elec-
trode for such set to the other side roll elec-
trode of the set, the resulting arc discharges in
the gaps separating the side rolls and respective
center rolls serving to puncture the web at such
points, and said side roll electrodes in each set
being offset in a direction longitudinal of the
rolls with respect to the side roll electrodes in
the other sets. .

12. A sheet perforating machine comprising,
in combination, a plurality of sets of revoluble
rolls, each of said sets including a center roll
and a pair of parallel side rolls disposed on gen-
erally diametrically opposite sides of the re-
spective center rolls, the corresponding rolls in
the various sets being arranged in alinement
and the rolls in each set being spaced apart to
receive a traveling web passing through the gaps
thus formed between the center rolls and the
associated side rolls, each of said rolls having
an electrode thereon, means for applying an
electrical potential to the side rolls in each set
to cause an electric impulse to pass from one side
roll in each set through the associated center
roll electrode to the other side roll electrode in
the set, and adjusting means for simultaneously
shifting all of the side rolls located on one side
of their respective center rolls and in aline-
ment with each other toward or away from the
center rolls to adjust the lengths of the gaps
therebetween.

13. In a machine of the type set forth, the
combination of three rolls having peripherally
located electrodes thereon, means revolubly sup-
porting said rolls in parallel spaced relation to
form air gaps between said electrodes through
which a web to be perforated may be led, means
for applying an electric potential between the
electrodes on two of the rolls to cause series
arcs in the gaps between such electrodes and
that on the other roll, and means for adjusting

" the spacing of said rolls to vary the lengths of
the air gaps through which the series arcs pass.

14. In a machine of the type set forth, the
combination of a revolubly mounted insulating
member having a cylindrical exterior surface, an
annular electrically conductive metal bar of zig-
zag form encircling said member and having
laterally projecting integral feet resting on the
exterior of said member, and means including
segments of insulating material overlying said
feet for fixing the conductor to said member to
form an electrode encircling the same.

15. A machine for perforating a moving web
comprising, in combination, a plurality of paral-
lel revoluble rolls arranged to have a moving
web threaded between them, a plurality of elec-
trodes distributed along at least one of said rolls
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at points spaced longitudinally of the latter, a
cooperating electrode structure on another of
the rolls lying on the opposite side of the path
of web travel from sald one roll, a power source
for supplying a periodically fluctuating poten-
tial, and means operable at will to connect se-
lected ones of sald electrodes on said one roll in
circuit with said power source to energize a plu-
rality of sald electrodes extending a distance
along said one roll commensurate with the width
of the web.

16. In a sheet material perforating machine,
the combination of a plurality of sets of elec-
trodes arranged to receive a sheet between them,
means for applying potential periodically to a
pair of electrodes in each set to pass an arc
discharge between the same and through the
sheet to perforate the latter, means for varying
individually the power expended in the arcs in
selected ones of said sets of electrodes, and
means for varying simultaneously the power ex-
pended in the arcs in all of said sets of electrodes.

17, In a sheet material perforating machine,
the combination of a plurality of sets of elec-
trodes arranged to receive a sheet between them,
means for applying potential periodically to a
pair of electrodes in each set to pass an arc dis-
charge between the same and through the sheet
to perforate the latter, means for varying in-

"dividually the power expended in the arcs in

selected ones of said sets of electrodes to estab-
lish a selected differential relation for expendi-
ture of power in the various sets of electrodes,
and means operable independently of the set-
ting of sald first named control means and with-
out disturbing the differential relation set up
between the various sets of electrodes by said
first named control means for varying simul-
taneously the power expended in the arcs in all
of sald sets of electrodes.

18. In a sheet material perforating machine,
the combination of a plurality of sets of elec-
trodes arranged to receive a sheet between them,
means for applying potential periodically to a
pair of electrodes in each set to pass an arc dis-
charge between the same and through the sheet
to perforate the latter, means for varying in-
dividually the power expended in the arcs in
Selected ones of said sets of electrodes, and
means for varying the potential supplied to said
sets of electrodes to vary simultaneously the

- size of the punctures produced in the sheet by
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all of said ares.

19. In a sheet material perforating machine,
the combination of a plurality of sets of elec-
trodes arranged to receive a sheet between them,
means for applying an alternating current po-
tential to a pair of electrodes in each set to pass
arc discharges between the same and through
the sheet to perforate the latter, means for se-
lectively varying the phase relation between the
voltage and current supplied to selected ones
of said sets of electrodes, and means for varying
simultaneously the potential supplied by said
bower source {0 all of said sets of electrodes.

20. In a sheet madterial perforating machine,
the combination of a pair of electrodes adapted
to receive between them a sheet to be perforated,
means for supplying high frequency alternating
current, means for connecting the supply means
to said electrodes to cause arc discharges to pass
between the electrodes and puncture the sheet,
said connecting means including two step up
transformers having input and output circuits
connected in parallel relation to each other re-




10
spectively to sald supply means and to said elec-
trodes, and switching means for alternatively
cutting in or out of circuit one of said trans-
- formers to vary the power output to the elec-
trodes.

21. In a machine for perforating a traveling
web, the combination of a plurality of revoluble
rolls arranged for the web to be led between
them and about at least one of the rolls in fric-
tional contact with the latter to advance the
web upon rotation of said one roll, power actu-
ated means for rotating said rolls in unison, at
least some of said rolls having electrodes on the
peripheries thereof, means for applying poten-
tial to the electrodes to pass arc discharges
therebetween and through the web, and means
including a safety interlock switch actuated in
response to the speed of rotation of said rolls
for preventing the application of potential to

2,385,946

10

15

sald eloctrodes by the last mentioned means
except when the rolls are rotating at a speed
in excess of a predetermined minimum,

22. Method of perforating sheet material
which consists in imparting movement to the
sheet In the direction of one of its ares dimen-
sions while causing s multiplicity of electric
arcs to simultaneously pierce a series of perfo-
ntlomint.helheetemdmclnallnetcm-
the sheet transversely to the direction of move-
ment of the same whereby perforations are
formed over an area of the sheet two dimen-
sionally and controlling the spacing of the perfo-
rations in the direction of the movement of the
sheet by varying the frequency of the discharges
relatively to the speed at which the sheet is

moved .
IRVEN H. WILSEY.
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