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This invention relates to improvements in
method and apparatus for controlling the po-
rosity obtained by electrically perforating sheet
material and relates more particularly to a
method and apparatus for maintaining the po-
rosity obtained by electrically perforating sheet
_materlal at a predetermined value.

Certain features of the present application are.

shown and described in my copending applica-
tion Serial No. 128,392 filed November 19, 1949

entitled “Method and Apparatus for Controlling

The Porosity of Electrically Perforated Opaque
Sheet Material,” and reference may be made
thereto for a detalled description of such fea-
tures |

-An obJect of the present invention is to pro-
vide a method and apparatus whereby the total
area of electrical perforations that are required
to produce a desired porosity in an electrically
perforated sheet of material, either opaaque or
transparent, will be automatically maintained
regardless of the speed at which the sheet ma-
terial is traveling during its perforation or other
{actors that might affect the electrical perfora-
tion of the sheet material. Other objects and

advantages of the present invention will be ap-

parent and will be best understood from the fol-
lowing description and the accompanying draw-
- Ings in which:

Mig. 1 is a schematic drawing 111ustrat1ng an
apparatus embodying and capable of carrying
out my invention;: |

Fig. 2 'is a schematic drawing illustrating a
modified apparatus embodying and capable of
carrying out my invention:

- Hig. 3 is a schematic drawing illustrating an-
other meoedification of the apparatus embodying
:a..ﬂd capable of carrying out my invention:

- Fig. 4 is a perspective view illustrating a por-
tmn of the apparatus embodymg my mventlon

and |

Figs. b and 6 are side and end elevatmns in
section, respectively, of the portlon of tbe ap-
paratus illustrated in Fig. 4. | .

. Referring now to. the drawings in detaﬂ there
is'a web of sheet material 10 that is moved in
the usual manner between one or more sets of
oprosed electrodes fl and 12. The sheet ma-
terial 10 may consist of one or more layers or

plies: and it may be an opaque material such

as an ordinary kraft paper that is commonly
used for:'bags ‘or it may be a translucent or
transparent materlal such as regenerated cellu-
lose o

The felectrode:: ll and 12 may be of any suit-
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able type and the electrodes in each series of
clectrodes may be connected in a suitable manner
such as that illustrated and described in United
States Letters Patent No. 2,372,508 issued March
27, 1846 10 John W. Meaker. |

Aftel passing between the electrodss ({ and
12 and being electrically perforated, the sheet

material {6 passes over a vacuum chamber (3

what extends at least part way across the width

of the sheet material. The vacuum chamber {3
ccrumunicates through a pipe {4 with a vacuum
(not shown) and also communicates
through a pips 1% with a flexible metal bellows
or dilaphragm 16. If the sheet material {0 con-
sists of more than one layer, the plies thereof
may bhe held against movement relative to each
other in order to keep the sheets in register and
the perforations in the various plies in align-
meny by rzeving the sheet material around a
set of rolls {7 and 18 engaging with the sheet
in advance of the electrodes and around a set

~of rolls 12 and 20 engaging with the sheet after
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it has passed over the vacuum chamber {3,
As shhown best in Figs. 4-6, the vacuum cham-
er 13 is hollow as indicated at 21 with an open-
ing along 1iis upper face. A series of rods or
wires 22 extend across the opening in the upper
face of the vacuum chamber {3 and support the
sheet material {3 as it passes over the vacuum
chamber., The vacuum pump to which the vac-
uum chamber is connected by the pipe (4 is of
a type that will maintain a constant degree of
vacuum in the recess 21 of the vacuum chamber
{3 under a given set of conditions. The bellows
1§ is arranged so that when the total area of
perforations in the sheet material produces the
desired degree of porosity in the sheet material,
the vacuum that is maintained in the vacuum
chambper {3 and is transmitted through the pipe
{5 to the diaphragm (8 holds the diaphragm

- {8 at a neutral or static position. However, the

vacuum that is maintained in the vacuum cham-

bar 13 will increase if total area of perforations

in the sheet material decreases and will decrease

'if the total arsa of perforations in the sheet ma-

terial increases. The changes in the vacuum
in the vacuum chamber §3 are transmitted
through the pipe §5 to the hellows 18 and will
cause the bellows to move. If the vacuum de-
creases due fo an increase in the total area .of
the pérforations per unit of area in the sheet
paterial, the flexible bellows {6 will expand and
conversely if the vacuum increases, the ﬂemble,
bellews will contract. |

- The bellows 16 carries a movable contact 23
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and the expansion of the bellows moves the con-
tact 22 into engagement with a fixed contact 24.
The closing of the contacts 23 and 24 completes
a circult through a control box 25 connecting a
reversible electric motor 2% 1o a source of elec-
trical energy R. The eleciric motor 25 when
thus connected drives the contact arm of a vari-
able resistance 27 through a reduction worm and
gear drive 28 in g direction to decrease the re-
sistance 217.

"The resistance 2i connects the grid of a pentode
type amplifying tube 23 to ones side of a source
of direct current S. When the resistance is de-
creased, the bias of the grid in the tube 29 rela-
five to the cathode therein is increased and the
output of the amplifying tube is correspondingly
reduced. The outputb of the amplifying tube 29
is connected to condensers 38 and 3! either of
which may be connected across a thyratron tube
902 by a switch 3da. When the output of the tube
29 is reduced, the rate at which the condenser
30 (or 31) is charged is reduced and the thyratron
tube 32 is rendered conductive at less frequent
intervals. The thyratron tube 32 is connected
In a circuit connecting the primary of a trans-
former 33 to the source of direct current S and
delivers pulsations of the direct current to the
primary of the transformer 33. The volitage of
the pulsating direct current is increased by the

secondary of the transformer to a voltage that

is capable of creating a discharge between the
electrodes {1 and {2 and through the sheet mate-
rial moving between the electrodes. The fre-
quency or the number of such discharges bhe-

tween the electrodes 1 and 12 will vary with the -

frequency of the pulses of current delivered to
the electrodes through the thyratron tube 32.
Thus, if the frequency of the pulses of current
delivered by the thyratron tube 32 is reduced, the
total area of the periorations in the sheet mate-
rial and the porosity of the sheet material will
be likewise reduced. |

- The opposite effect takes place when the
vacuum in the vacuum chamber 13 increases in-
dicating that the porosity of the sheet material
1s below a desired value. In such event, the
vacuum acting on the belows (6 causes the
bellows to contract and the contraction of the
bellows moves the contact 23 into engagement

with a second fixed contact 34. When the con~ =

tacts 23 and 34 are closed, the motor 26 is driven
in the reverse direction and increases the re-
sistance 271 which reduces the bias applied to
the grid in the amplifying tube 29 increasing the
output current flowing from the tube 29. This
increases the rate at which the condenser 30
(or 31) is charged and renders the thyratron
tube 32 conductive at more frequent intervals.
The end result of this is to increase the frequency
at which the electrical discharges take place be-
tween the electrodes and the total area of the
perforations produced in the sheet material 9.

In the modification illustrated in Fis. 2, a
variable resistance 27a is connected in cirecuit
with a motor 35 driving a commutator element
36 to a source of electrical energy M. The com-
mutator element 35 is in a circuit that connects
the primaries of a series of transformers 33a¢ to
& source of direct current 8’. The rotation of the
commutator element 3% opens and closes the cir-
cult to the primaries of the transformers and
thereby induces an increased voltage in the sec-
ondaries of the transformers and the speed at
which the commutator rotates controls the fre-
quency at which the electrical discharges between
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the electrodes and through the sheef material
takes place. Thus, when the porosity of the sheet
material falls below the desired value, the con-
tacts 23 and 24 are closed and the reversible
motor 26 is driven in a direction to reduce the
resistance 2Tg and increase the speed of the
motor 3%, Conversely, if the porosity of the sheet
material exceeds the desired value, the contacts
23 and 24 are closed and the reversible motor
26 is driven in a direction to increase the re-
sistance 2Ta and reduce the speed of the motor
35.

In the modification illustrated in Fig. 3, a
variable resistance 21b is in a circuit connecting
a series of lamps 3Ta and 31d to a source of
electrical energy L. The light from each of the
lamps 37T is directed respectively on to photo-
electric cells 38a to 38d. Each of the photo-
electric cells 38 is connected to the control grid
of an amplifying tube 29 in an electronic control
circuit similar to that shown in Fig. 1 and de-
scribed in conjunction therewith. However, in
this instance a variable resistance 27¢ that is
manually adjustable is connected to the control
grid of the tube 29 rather than the resistance
21 with the motor drive.

In all of the embodiments of the invention here-
in described and illustrated the total area of
the electrical perforations is maintained within
predetermined limits so that the porosity of the
perforated sheet material will also be maintained
within predetermined limits. It will be under-
stood that pressure from a constant source of
pressure other than a negative pressure (vacuum)
may be connected to the pressure chamber {3
and applied to the perforated sheet of material.

- However, In the case of applying a vacuum to
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the moving web of perforated sheet material
and the increasing or decreasing of the frequency
of the electrical discharges taking place between
the electrodes will be inverse with respect to the
increases and decreases in the vacuum in the
chamber [3 resulting from changes in the total
area of the perforations in the sheet material.

Also, in the case of multiple-ply sheet material,
it may be found desirable to separate one ply of
the perforated sheet material from the other

- plies prior to applying a vacuum from the vac-

uum chamber 3 to the perforated material in
order to prevent a shifting of the plies blocking
the perforations. This can be done in the man-
ner illustrated and described in my copending
application previously referred to herein.

It will be understood that other forms of pres-
sure actuated switches may be used in place of
the bellows 16 and the movable contact 23 car-
ried thereby and other changes and modifica-~
tions can he made in the embodiments of the in-
vention described and illustrated herein without
departing from the scope of the claims appended
hereto.

I claim:

1. The method of maintaining the porosity
produced in sheet material by electrical perfora-
tions within predetermined limits which com-
prises electrically perforating the sheet material

by passing a moving web of sheet material be-
tween a set of opposed electrodes and causing
electrical discharges to pass between the elec-
trodes and through the moving sheet material,

then applying pressure from a constant source
of pressure to the moving web of perforated sheet
material and varying the frequency of the elec-
trical discharges passing between the opposed
electrodes and through the sheet material in
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response to changes in the pressure resulting
from changes ‘in the ‘total ‘area -of -the ‘perfora-
‘tions in -the sheet ‘material.

2. The method of maintaining the-porosity pro-
duced " in sheet material ‘by -electrical perfora-
tions within predetermined limits as -defined in
claim 1 wherein ‘a negative pressure is -applied
to the perforated sheet material and the fre-
guency ‘of the electrical ‘discharges is varied in-
versely with respect to changes in the negative
pressure resulting from -changes in the total
-grea -of the perforations :in the sheet material.

3. The method of maintaining the porosity
produced in multiple-ply sheet material by elec-
trical periorations within predetermined limits
which - comprises electrically perforating the
sheet material by passing a moving web :of the
- sheet material between a set of opposed elec-
trodes and causing -electrical discharges to pass
between the-opposed -electrodes -and through the
moving web of .sheet material,
pressure from a constant source of pressure to
the moving web of perforated sheet material,
maintaining the plies of the sheet material in
‘register during the perforation of the sheet ma-
terial and while the pressure is applied thereto,
ahd then varying the frequency of the electrical
discharges passing between the opposed elec-
trodes and through the moving web of sheet ma-
terial in response to changes in the pressure re-
sulting from changes in the total area of the

- perforations in the sheet material.

4, The method of maintaining the porosity
produced in sheet material by electrical per-
forations within predetermined limits which in-
cludes moving a web of the sheet material be-

tween a set of opposed electrodes, passing elec-
tric discharges between the opposed electrodes

and through the moving web of sheel material,
then passing a portion of the moving web of

then applying
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perforated sheet material over an opening in a

chamber that is connected to a source of con-
stant pressure to said chamber, and then vary-
Ing the total area of perforations being produced
in the sheet material by the electrical discharges
by varying the frequency at which the electrical
discharges take place between the opposed elec~
trodes and through the sheet material in re-
sponse to changes in the pressure in said cham-
ber.

5. The method of maintaining the porosity
produced in sheet material by electrical perfora-
tions within predetermined limits as defined in

claim 4 wherein the pressure applied to the mov-

ing web of perforated sheet material is a nega-
five pressure and the frequency of the electrical
discharges is varied inversely with respect to
~changes in said negative pressure.

6. In an apparatus for maintaining the po-

rosity produced in sheet material by electrical

~discharges within predetermined limits, the com-
bination of a set of opposed electrodes between
which a moving web of the sheet material is
adapted to pass, means for delivering an elec-

tric current to said electrodes at a voltage capa~-

ble of causing a discharge between the electrodes
and through the moving web of sheet material,
a pressure chamber contacting with a portion of
one surface of the moving web of perforated
sheet material at a point following the passage
of the sheet through the electrodes, said cham-
ber having an opening across which the moving
web of perforated sheet material passes and be-
ing connected to a source of constant pressure,
and means for varying the frequency of the dis-

60

o
K

charges between the opposed electrodes, said

‘means ‘being connected to the pressure chamber

and acting in response ‘to changes of the pressure
therein.

7. In an apparatus for maintaining the po-
rosity produced in sheet material by electrical

discharges within predetermined limits, the com-
binatien - as-defined in-c¢laim 6 ‘wherein ‘the means

for varying the frequency-of ‘the discharges be-

tween the -opposed electrodes-includes a pressure

actuated switch, said switch being connected
tc and movable in response o changes in the
pressure in the pressure chamber, and circuits
controlled by said switch for varying the fre-

quency of the discharges in response to changes

in the pressure in the pressure chamber.

8. In an apparatus for maintaining the BVO-
rosity produced in-a multiple-ply ‘shest materlal- |
by electrical discharges within predetermined
limits, the combination of a set of opposed elec-
trodes, said electrodes being grranged to receive a
moving web of the sheet material there between,
means for delivering an electrical current to
sald electrodes at a voltage capable of causing
o discharge between the electrodes and through
the moving web of sheet material, a pressure
chambper contacting with a portion of one sur-
face of the moving web of perforated sheet ma-
terial following its passage between the elec-
trodss, said chamber having an opening across
which the moving web of perforated sheet ma-
terial passes and being connected to a source
of constant pressure, means engaging with the
moving web of sheet material for maintaining
the plies thereof in register during the movement
of the sheet material between the electrodes and
across the pressure chamber, a pressure actuated
switch connected to said pressure chamber and
circuits controlled by said pressure actuated
switch for varying the frequency of the dis--
charges between the electrodes in response 1o
changes of pressure in the pressure chamber.
- 9. In an apparatus for maintaining the po-
rosity produced in sheet material by electrical
discharges within predetermined limits, the com-
bination of a set of opposed electrodes between
which a moving web of the sheet material is
adapted to pass, means for delivering an elec~
tric current to said electrodes at a voltage
capable of creating a discharge between the elec-
trodes and through the moving web of sheet
material, g vacuum chamber located at a point
following said electrodes, said chamber being

- connected to a source of constant vacuum and
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having an opening therein abutting against a
portion of one surface of the moving web of
perforated sheet material, a pressure actuated
switch connected to said chamber, and circuits
controlled by said switch for varying the fre-
quency of the electrical discharges between the

- opposed electrodes in response to changes of the

vacuum in said chamber.

10. In an apparatus for maintaining the po-
0sity produced in sheet material by electrical
discharges within predetermined limits, the com-
bination as defined in claim 9 wherein the means
for delivering an eleetfric current to the elec-

trodes includes a variable resistance and the

70
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circuits controlied by the pressure actuated
switch include a reversible electric motor, said

motor having drwlng connectlons to sald vari-
able resistance.

11. An appar -atus for maintaining the poros-
ity produced in sheet material by electric dis-
charges within predetermined limits wherein a
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moving web of sheet material is passed between
a set of opposed electrodes and electric dis-
charges are passed between the opposing elec-
trodes and through the moving web of sheet
material which includes a pressure chamber en-
gaging with one side of the moving web of sheet
material at a point following the electrodes, said
chamber being connected to a source of constant
pressure and having an opening therein across

which the perforated sheet material passes, a 10

pressure actuated switch connected to said cham-
ber, and circuits controlled by said switch for
varying the total area of the electrical perfora-
tions being produced in the moving web of sheet
material by varying the frequency of the elec-
trica] discharges passing between the electrodes
and through the sheet material.

12. An apparatus for maintaining the poros-
ity produced in sheet material by electrical dis-

charges within predetermined limits as defined 99 2,385,246

8

in claim 11 wherein the frequency at which elec-
trical discharges pass between the opposed elec-
trodes is controlled by a variable resistance and
the circuits controlled by the pressure actuated
switch include a reversible electric motor, said
motor having driving connections to said variable
resistance. |
EDWARD W. MENKE.
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