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This invention relates to improvemente in
method and apparatus for controlling the nor-
0sity of electrically perforated sheet material and
reiates more particularly to a method and ap-
paratus for atitomatically controlling the norosity
that is obtained by electrical perforation of a
multiple-ply sheet material having at least one
opaque ply.

An object of the invention iz to provide 2 method
and apparatus that will automatically main-
tain the porosity that is obtained by electrical
perforation of sheet material at a desired value
regardless of the speed at which the sheet ma-
terial is traveling during its perforation or other
factors affecting the electrical perforation of the
sheet material. Reference may also be made to
my copending appilication Serial No. 128,393,
filed November 19, 1949 entitled “Methcd and
Apparatus for Controlling the Porositv of Elec-
trically Perforated Sheet Material,” which deals
with sublect matter related to the present in-
vention.

Other ohjects and advantages of the inven-
tion will be apparent and best understoocd from

the following description and the accompanying &

drawings in which:

Fig. 1 1s a schematic view illustrating appara-
tus embodying and capable of carrying out my
invention; |

Fig. 2 is a schematic view illustrating a modifi-
cation of the apparatus embodying and capable
of carryving out my invention:

- Fig. 3 is a schematic view illustrating a modi-
fication of a portion of the apparatus iliustrated
in Figs. 1 and 2; and

Figs., 4, 5 and 6 are end, side and plan views,
respectively, of another modification of a vor-
tion of the apparatus illustrated in Figs. 1 and 2.

Referring now to the drawings in detail there
1S a moving web of sheet material 10, Ag illus-
trated in Fig. 1, the sheet material 1§ may con-
sist of a plurality of plies of paper with at 1east
one of the plies being opaque. Such multi-ply
paper is commonly used in the manufacture of
bags for the packaging of cement or othsr pul-
verized or granular commodities. In gcrder o
permit the air to escape from such 2 bkaz as it
is being filled with a commodity such as cement,
it has been found advantageous to perforate the
sheet material, preferably by eleciric discharge,
SO as to provide a perforated container such as
described and claimed in United States Letters
Patent No. 2,340,546 issued February 1, 1944, to
John W. bieaker. However, it will be understood
that the present invention applies to single sheet
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as well as the sheet consisting of multiple plies.
Generally speaking, the perforation of the sheet
material {8 may be most economically carried
out immediately prior to the sheet material {0
entering the tubke portion of a bag making ma-
nine or in conjuinction with some other opera-
tion in the manufacture of the sheet material or
bhag where a separate handling of the sheet ma-
terial for the purposes of perforation is not re-
However, when the perforation of the
sheet material is carried cut in conjunction with
other operations such as the tube forming opera-
tion in g bag making machine, the speed at which
the sheet material is moving may vary consid-
erably due to factors other than those involved
in the perforating opreration. For exambple, the
speed at which the sheet material moves through
the bag-ferming machine may vary from 200
feet per minute to 600 feet per minute under
Crainary operating cenditiong for various reasons.
Conczequently, if the perforating apoaratus is de-

- sigried to produce a total area cof verforations

in the sheet material that is required to give the
desired porosity at one speed, the total area of
periorations will then produce a porosity that is
aovove. that desired if the speed at which the
sheet materisl is moving is reduced or a porosity
that is below that desirved if the speed zt which
the sheet material is moving is increased. As a
result, in either case, the desired porosity is not
obtained in the sheet material.

As will be described, the present invention in-
sures that the total area of perforations required
to produce the desired norosity will be gbtained
regardless of the speed at which the sheet ma-
terial travels and alsc, regardless of other factors
such as variations in the dielectric strength,
thnickness or other characteristics of the sheet
material. |

The sheet material may be electrically perfo-
rated in thie usual manner by passing it between
one or more sets ci opprosed electrodes, as indi-
cated at characters A, B, C, and D, between
which electrical discharges take place. REach set
oif the electrodes A, B, C, and D consists of a
series of upper electrodes i and a series of lower
electrodes {2 extending acrcss the width of the
shest materigl. The electrodes 1! and 12 of
each set are connected, respectively, to opposite
sides of the secondaryv of a transformer 13 that
is capable of delivering an electrical current to
the electrodes at a voltage sufficient to cause an
electrical arc discharge to vzKe place between
the electrodes and through the sheet material
passing between them., The electrodes {1 and
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i2 may be of any suifable type and each series
of electrodes may be interconnected in any suit-
able manner. Also, Where more than one set oi
electrodes is used, the electrodes in each set may
be staggered across the widih of the sheet ma-
terial so that as it passes between the various sets
of elecirodes different areas cof the sheet are
covered by the respéctive set of electredes. An
example of g suitable arrangement of electrodes
and the connections therefor is shown and de-
scribed in United States Patent No. 2,372,008
issued March 27, 1845 to Jonin W. Meaker.

After passing between the various sets of elec-
trodes and being perforated thereby, the perfo-
rated sheet material 18 passes between an elec-
trically responsive, light-sensitive element in the
form of a photo-electric cell {4 and a source of
‘light in the form of a lamp 15 that is connected
to a source of electrical energy L. The beam
- of light from the lamp 15 is directed by a suitable
optical system against one side of the moving
sheet material 1§ a

terial by the openings or perforations therein.
This portion of the beam of light will impinge
on the electric cell {4 and the output of the cell
will vary in response to variations in the amount
of light striking it. The output of the photo-

electric cell 14 is connected by leads 16 and T

to the input of an electronic control circuit 18
that controls the freguency at which pulsations
of direct current are delivered to the primary
of the transformer 13 in accordance with varia-
tions in the output of the photo-electric cell 14,
By controliing the frequency of the current flow-
ing in the primary of the transformer 13, the
frequency of the electrical discharges taking
place between the opposed electirodes (1 and (2
and the total area of the periorations in the sheet
material is aiso controlled. Similar control cir-
cuits may be provided for each of the trans-
formers (3,

not be described or illustrated herein.,

- The electronic control circuit (8, illustrated in
Fig. 1, includes an amplifier tube {9 of the pen-
tode type and the output of photo-electric cell
i4 is connected to the control grid thereof. The
output of the amplifier tube (§ is connected to
a condenser 20 or 21 that is connected across the
control elements of a thyratron tube 22. The
condensers 26 and 21 are of different capacities
and are arranged so that either one may be con-
nected across the thyratron tube 22, as desired,
by a switch 23.

If the light passing through the perforations
In the sheet material decreases, indicating that
the porosity of the sheet material is below a
desired value, the output of the photo-electric
cell 14 will decrease. A decrease in the output
of the photo-electric cell {4 changes the bias of

the grid in the amplifying tube (9 so that more

current is permitted to flow from the cathode
to the plate of the tube (9 thus increasing the
output current flowing from the amplifying tube
to the condenser 28 (or 21). When the output
current from the tube 19 is increased, it causes
the condenser 208 (or 21) to charge and discharge
more rapidly so that the thyratron tube 22 is
rendered conductive at more frequent intervals.
During the intervals that the thyratron tube 22
1s conductive, current from a source of direct
current S flows through it to the primary of
the transformer 13. As the frequency of the
Intervals during which the direct current flows

if desired, but since these circuits .-
will correspond to the one illustrated, they need

'through the primaxry of the trénsformer 13 in-

- greases, a corresponding increase in the fre-

ot

quency of the discharges between the electrodes

Il and 12 that are connected to the secondary -
- of the transformer 13 takes place.

The converse of the foregoing 'ta.kes' place if

 the amount of light passing through the perfora-
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15

20

nd a portion of the beam of
light is permitted to pass through the sheet ma-

tions in the sheet material increases indicating
that the sheet material has a greater porosity -
than desired and the frequency of the pulsations
of current flowing through the thyratron tube
22 to the primary of the transformer 13 is de-_'
creased.

The rate at which the chargmg ana dlscharﬂ-
ing of the condenser 20 (or 21) takes place may
also be varied by manually adjusting a variable
resistance 24 that is connected between the grid
of thé amplifying tube 19 and the negative side
of the source of direct current S. In addition,

‘a variable resistance 25 that is connected be-

tween the negative side of the source of direct
current S and a control grid of the thyvratron
tube 22 may also be varied to regulate the voltage
required for the thyratron tube to become con-
dauctive.

When the sheet material 10 cons:tsts of multlple
plies with at least one of the plies being opadque,

- the plies must either be maintained in register
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during and following their perforation so that
the perforations in the plies will be aligned as
the plies pass between the photo-electric cell {4

and the lamp 5, or the opague ply must be

separated from the other plies before it passes
between the photo-electrie cell (4 and thé lamp
i9. As shown in Fig. 1, the plies of the sheet
material [0 may be maintained in régister while
it 1s being perforated and as it passes. between
the photo-electric cell {4 and the lamp 15 by
reeving the sheet material {0 around a pair of
rolls 26 and 27 located in advance of the perfo-
rating electrodes and then around a pair of rolls

- 28 and 29 following its passage between electric .
~cell 14 and the lamp 15.

An arrangement for separating a smgle ply
of opaque material from the other plies of the
sheet material 10 is illustrated in Fig. 3. In this
arrangemernt, the lower plies of the sheet mate-
rial 10 are separated from the top ply immedi-
ately following the perforation of the sheet ma-
terlal by passing these plies around rolls 38 and
31. The top ply, which in this case is the opaque
ply, passes between the photo-eléctric cell 14
and the lamp 5 after which it passes around
rolls 32 and 33 and rejoins the lower plies. |

As illustrated in Figs, 4, 5 arnd 6, the plies of
sheet material {8 may also be held in alishment
by pins 34 that are carried on a roller 35 lo-
cated in advance of the perforating electrodes.
The roller 35 and the pins 34 carried thereon
are positioned so that the pins will penetrate
through the plies of the sheei material 10 and
Into a rubber roll 36. The distance between the
pin-carrying roller 35 and the rubber roller 36
may be adjusted through a handwheel and gear-
ing 37 associated with the pin-carrying roller.
The pins 34 should be spaced about the roller 35
so that one or more of the pins are positioned
at their maximum penetration through the
sheet material while other pins are entering and
still others are leaving the sheet material. The
plies of a multiple ply sheet material may also
be maintained in register by spot pasting the

- plies together when the sheet material is fab-

79

ricated.
Fig, 2 mustrates a modlﬁcatmn of the appa-
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ratus illustrated in Pig. 1. In this arrange-
ment, after the moving web of sheet material 19
has been perforated, it passes between a pair oi
photo~electric cells 38 and 39 and their respec-
tive iight lamps 40 and 41 directed through the
perforations onto the respective photo-electric
cells. The outputs of the photo-electric cells 38
and 35 are connected, respectively, through am-
plifying devices 42 and 43 to coils 44 and 45 of
a doubie-throw relay 46. The photo-eleciric
cell 38 is seb so that when the amount of light
transmitted tiirough the perforations in the sheet
material 10 by the light source 40 decreases (in-
dicating a decrease in the porosity of the sheet
material below a desired value) the coil 44 acts
to close the relay contact 47 with a fiXxed contacs
48. When the light transmitted through the per-
forations in the sheet material 18 by the light
source 4! increases (indicating an increase in
norosity of the sheet material above the desired
value) the current from the photo-electric cell
39 causes the coil 46 to act to close the relay
contact 47 with a second figxed contact 49.

The cliosing of relay contact 471 with the con-
tact 88 when the porosity of the sheet material
decreases completes a circuit through a control
box 50 to a reversible electric motor 51 and
causes the motor 51 to drive a worm 92 in &
direction to decrease a variable resistance 32

that is in a circuit connecting an electric mo- -

tor 54 to a source of electrical energy M. The
electric motor 54 drives a commutator 5. The
commutator 35 is eonnected in a circuit connect-
ing the primaries of the transformers 13 to a
source of direct current S’ so that when the re-
sistance 53 is varied in this manner, the speed o:f
the motor 94 will be changed and the frequency
of the pulsations of current flowing to the pri-
maries of the transformers 13 will also be varied.
If the speed of the mbtor 54 is increased, the
frequency at which electric discharges between
the electrodss il and 12 is increased and the
total area of perforations and the porosity that
is produced by such perforations in sheet ma-
terial 10 is alsg increased.

The speed of the motor 54 will be gradually
increased until the desired degree of porosity
has been obizined and at that time contact be-
tween the relay contact 41 and the fixed con-
tact 48 will be opened. If the porosity of the
sheet material exceeds the desired value, then
the current flowing from the photo-electric cell
39 energizes the coil 4% of the relay 46 and closes
the relay contact 41T with the second fixed con-
tact 48§.
the motor 51 and the worm 52 in the opposite
direction increasing the resistance 53 in the cir-
cult to the motor 34 and reducing the speed of
the motor 54 and the commutator $5. This re-
sults in a decrease in the frequency at which
discharges take place between the electrodes 11
and {2 and a reduction in the total area of the
perforations in the sheet material.

It will be understood that various changes and
modifications may be made in the embodiments
of the invention that are illustrated and de-
scribed herecin without departing from the scope
of the invention as defined by the claims ap-
pended hereto. |

I clalm:

1. The method of maintaining the porosity of
an electricaily perforated sheet material con-
sisting of at least one opaque ply at a fixed value
which comprises electrically perforating the sheet
material by passing a moving web of sheet ma-

This completes a circuit that drives &
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terial between a set of opposed electrodes and

periodically causing elzsctrical discharges to pass

netween the elecirodes ana through the moving
shect material, directing g stationary beam of
light against one surface of the moving web of
the electrically periorated sheet material, meas-
uring the amount of light from said beam passing
tnrough the moving perforations in the sheet
material and varying the frequency of the perioas
auring which eclectrical discharges are caused to
vass between the opposed electrodes in response
to deviations in the measured amount of light
irom the amount of light transmitted through
elcetrically perforated sheel material having a
porosity corresponding 1o the fixed valie.

2. The method of maintaining the porosity of
an elecirically perforated sheet material consist-
ing of at least one opaque nly at a fived value
as set forth in claim 1 wherein the ireguency at
winich the electric discharges take place is varied
electrically in response to deviations in the
measured amount of light.

3. The method of maintaining the porosity of
an electrically perforated sheet material con-
sisting of at least one opaque ply at a fixed value
as defined in claim 1 wherein the frequency of
thie electirica] discharges is increased in response
to a decreasSe in the measured amount of light
from the amount of iight passing through elec-
trically perforated sheet material having a po-
rosity corresponding to the fized value and the
fregquency of the elecirical discharges is decreased
in response o an inecrease in the measured
amount of light from the amount of light passing
through electrically perforaited sheet material
having a porosity corresponding to the fixed
value,

4, The method of maintaining the porosity of
an electrically perforated, multiple-ply sheet
material having at least one opaque ply at a
fixed value which comprises electrically verforat-
ing the sheet material by passing a moving web
of the sheet material between a set of opposed
electrodes and pericdically causing electrical dis-
charges to pass hetween the electrodes and
through the moving sheet material, directing g
veam of light from a stationary source of light
agalnst one surface of the moving sheet material
following its perforation and measuring the
amount of light from said beam passing throtigh
the moving perforations in the sheet material,
malintaining the plies of said moving sheet ma-
terial in register during the movement of the
sheet material between the electrodes and past
the beam of light, and then electrically varying
the frequency of the periods during which elec-
trical discharges are caused to pass between the
electrodes and throuzh fthe sheet material in
response to deviations in the measured amount
of lizht from the amount of light transmittad
through the perforations of a sheet having a
porosity corresponding to the fixed value.

0. The method of maintaining the porosity of
an electrically pericrated, multiple-ply sheet
material having at least one opaque piv at a fixed
value which comprises electrically perforating
the sheet material by passing g moving web of
the sheet material between a set of opposed elec-
trodes and pericdically causing electrical dis-
charges to pass petween the electrodes and
through the moving sheet material, separating
the opague ply from the other plies of the sheet
material as the sheet material continues to move,
then directing a heam of light from g stationary
source of light through the moving perforations
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in the separated opaque ply and meéasuring the
amount of light passing through said perfora-
tions, and then electrically varying the frequency
at which the electrical discharges take place be-
tween the electrodes in response to deviations
in the measured amount of light from the amount
of light transmitted through the perforations in
& sheet of material having a porosity corr espond-
ing to the fixed value.

6. In an apparatus for maintaining the po-

rosity produced by electrical perforations in sheet
material having at least one opague ply at a
fixed value, the combination of a set of opposed
electrodes between which a moving web of the
sheet material is adapted to pass, means for de-
livering a pulsating electrical current to said
electrodes, said current being of a voltage ca-
pable of causing an electric discharge to pass
- between said electrodes and through the moving
sheet material, a source of light having a beam
thereof directed against one surface of the mov-
ing sheet material, said source of light being
located at & position following the passage of
the sheet material between the electrodes, elec-
trically responsive light-measuring means po-
sitioned on the other side of the sheet material
to receive the light from said source passing
through the moving perforations, and electrical
means controlled by said light-measuring means
for controlling the frequency of the pulsations
of current delivered to the electrodes in response
to variations in the measured amount of light
passing through the perforations in the moving

sheet material.
7. In an apparatus for maintaining the poros-

ity produced by electrical periorations in sheet

material having at least one opaque ply at a
- fixed value, the combination as defined in claim
6 which includes means for maintaining the plies
of said sheet material in register during the
movement of tne sheet material between the elec-
trodes and the source of light and the light-
measuring means.

8. In an apparatus for maintaining the poros-
ity produced by elecirical perforations in sheet
material having at least one ply of opadgue mate-
rial at a fixed value, the combination as defined
in claim 6, which includes means for separating

an opaque ply of the sheet material from the

remaining plies following the nassage of the sheet
-material between the electrodes and moving said
ply between the source of lisht and the light-
measuring means.

9. In an apparatus for maintaining the poros-
- 1ty produced in a sheet of opaque material by

electrical perforations at a fixed value wherein

a web of sheet material having at least one
- opaque ply is moved between at least one set of
opposed electrodes and electrical discharges
periodically pass between the opposed electrodes
and through the moving web of sheet material,
the combination which includes means for de-
livering a pulsating electrical current to the op-
posed electrodes, said current being capable of
causing an electrical discharge to pass between
the electrodes and through the sheet material, g
source of light located at a point following said
electrodes, said source of light being positioned
“to direet a beam of licht against one surface
of the moving web of perforated sheet material,
light-measuring means located on the other side
of the sheet material in opposed relation to the
beam from the source of light, and means con-
trolled by said light-measuring means for vary-
ing the frequency of the pulsations of elec-

10

a l

tric current delivered to the electrodes in re-

sponse to deviations of the measured amount of
light from a fixed amount.

10. In an apparatus for maintaining the poros-
1ty produced in a sheet of opaque material by
electrical perforations at a fixed value wherein
a web of sheet material having at least one
opaque ply is moved between at least one set of
opposed electrodes and electrical discharges peri-
odically pass between the opposed electrodes and
through the moving web of sheet material, the

- combination as defined in claim 9 wherein the
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msans for delivering g pulsating electrical cur-
rent to the opposed electrodes includes a cur-
rent conducting tube of the gas discharge type,
and the means controlled by the light-measuring
means for varying the frequency of the pulsa-
tions of the electric current includes an am-
plifier having its output connected to a control
element of the current conducting tube.

11. In an apparatus for maintaining the poros-
ity nroduced in a sheet of opague material Dy
electrical perforations at a fixed value wherein
a web of sheet material having a2t least one
ocpaque ply is moved belween at least one set of
opposed electrodes and electrical discharges peri- -
odically pass between the opposed electrodes and
through the moving web of sheet material, the
combination as defined in claim 9 wherein the
means for delivering a pulsating electrical cur-
rent includes an electric motor and a commuta,-
tor driven by said motor and the means con-
trolled by the light-measuring means for vary-
Ing the frequency of the pulsations of the elec-
tric current delivered to the opposed electrodes
inciudes g reversible electric motor connected to
the light-measuring means and a variable re-
sistance driven by said reversible motor, said re-
sistance being connected in a cireuit connecting
the electric motor driving the commutator to a
source of electrical energy.

1Z2. In an apparatus for maintaining the
porosity produced by electrical perforations in a
multiple~ply sheet material having at least one
opaque ply at a 1ixed value wherein a web of the
sheet material is moved between af least one
set of opposed electrodes and electrical dischar ges
periodically pass between thie opposed eiectrodes
and through the moving web of sheet material,
the combination which includes means for de-

_ livering a pulsating electrical current to the

DO
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opposed electrodes, said current being capabie of
causing an electrical discharge to pass between
the electrodes and through the sheest material, a
source of light located at a point foliowing gaid
electrodes, said scurce of iight being positioned o
direct a beam of light against one surface of the
moving web of perforated sheet material, light-
measuring means located on the other side of the
sheet material in opposed relation to the begm
irom the source of light, means controlled by said
light-measuring means for varying the frecuency
of the pulsations of electric current delivered to
the electrodes in response to deviations of the
measured amount ¢f lieht from a fixed amouvnt
and means engaging with the sheet materiaj for
maintaining the plies of the moving web of sheet
material in register during the movement of the
sheet material between the electrcdes and be-
tween the light source and the light-measuring
means.

13. In an apparatus for maintaining the

porosity produced by electrical perforations in g '

multiple-ply sheet material having at least one
opaque ply at a fixed value Whe'rein a. web of the
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sheet material is moved between at least one set
of opposed electrodes and electrical discharges
reriodically pass between the opposed electrodes
and through the moving web of sheet material,
- the combination as defined in claim 12 wherein
the means for maintaining the plies in register
includes a. pair of rclls about which the sheet
materia! passes, said rolls engaging with the
sheet material in advance of the opposed elec-
trodes and a second set of rolls about which the
sheet material passes, said second set of rolis
engaging with the sheet material after its pas-
sage between the electrodes and between the
licht-measuring means and the source of light.

14, In an apparatus for maintaining the
porosity produced by electrical perforations in a
muitiple-ply sheet material having at least one
opaque vly at a fixed value wherein a web of the
sheet material is moved bhetween at least one set
of opposed electrodes and electrical discharges
pericdically passs between the opposed electrodes
and through the moving web of sheet material,
the combination as defined in claim 12 wherein
the means for maintaining the nlies of the sheet
material in register includes a set of rolls engag-
ing with the sheet meaterial, one of the rolis of
said szt having pin-like projections extending
from its surface, said pin-like projections pene-
trating through the pnlies of the sheet material
rassing between the rolls. |

15. In an apparatus for maintaining the
porosity procuced by electrical perforations in g

multiple-ply sheet material having at least one

opaque ply at a fixed value wherein a web of the
sheet material is moved between at least one set
cf opposed electrodes and electrical discharges
periocdically pass between the opposed electrodes
and through the moving web of sheet material,

e
|

10
the combination which includes means for de=
livering a pulsating electrical current to the
opposed electrodes, said current being capable oz
causing an electrical discharge to pass betwees
the electrodes and through the sheet material,
means for separating the opagque ply from the
remaining plies of the sheet material, said sepa-
rating means engaging with the sheet material
after its movement bhetween the opposed elec-
trodes, a source of light positioned f{c direct a
beam of light against one surface of the moving
perforations in the separated opaque ply, light-
measuring means located on the other side of
the opaque ply in position to receive the light
transmitted by said beam through the moving
perforations in the opaque ply, and means con-
trolled by said light-measuring means for vary-
ing the frequency of the pulsations of electric
current delivered to the electrodes in response to
deviations of the measured amount of light from
a fixed amounti.
EDWARD W. MENKE.
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