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1. 

3,115,037 
PNEUMATIC VOD DETECTOR 

Gilbert Forrester, Falmouth, Maine, assignor to S. D. 
Warren Company, Boston, Mass., a corporation of 
Massachusetts 

Filed Dec. 9, 1960, Ser. No. 74,873 
3 Claims. (CI. 73-159) 

This invention relates to apparatus for use in the con 
trol of quality of a moving web of flexible material, and 
more particularly to apparatus for detecting voids in a 
moving web of paper. 

In the manufacture of paper it is necessary at some 
Stage in the process to inspect the paper for voids, or 
holes, which may exist and which render the paper un 
Satisfactory in quality. 

It is possible to examine each sheet of finished paper 
by eye, however such procedure is too slow and too costly 
to be economically feasible. It is also too fallible. Con 
sequently, devices have been provided under the teach 
ings of the prior art to accomplish such void detection 
by mechanical means. These devices have not proven 
wholly satisfactory. For example, a device may be con 
structed wherein a wheel or other contact element is po 
sitioned on the web of paper as it passes over a roller. 
When a void passes under the wheel, the wheel contacts 
the roller closing an electrical circuit which actuates a 
Suitable indicator. At least two difficulties are inherent 
in this system. Firstly, the void may be simply in the 
nature of a razor-slit and hence not large enough to be 
detected by the wheel. Secondly, a great number of 
such contact making devices are required to cover the 
entire width of a moving web of paper. 
A second method of detecting voids in a moving web 

of flexible material such as paper, is to position a source 
of light on one side of the web and means for detecting 
changes in the intensity of the light on the opposite side 
of the web. Again, such devices are unable to detect 
voids such as a razor-slit or a void having a flap of torn 
material covering a hole. 

Accordingly, it is an object of my invention to pro 
vide apparatus which will detect any void in a moving 
Web of paper, including a razor-slit and a void being 
covered by a flap. 

It is another object of my invention to provide void 
detecting apparatus for use with a moving web of paper 
which is effective over substantially the whole width of 
the moving web. 

In the accomplishment of these objects in a preferred 
embodiment of my invention I construct a void detector 
having a rectangular base on which is mounted an en 
gagement head. The apparatus is positioned with the 
web of paper passing over the engagement head which 
is provided with a slightly curved top face. A longitudi 
nal opening is formed along the top of the engagement 
head and is divided by walls into a series of shorter open 
ings or slots. Each shorter slot communicates with an 
independent internal chamber formed by cooperating 
openings cut in the base and in the engagement head. A 
diaphragm of flexible material is sandwiched between 
the base and the engagement head and divides each of 
the chambers into an upper and lower chamber. A spring 
loaded electrical contact member is positioned extending 
up through the base and into the lower chamber and 
terminating in electrically conductive washers on the di 
aphragm. A passage communicating the upper chamber 
with a vacuum line is provided whereby a vacuum may 
be drawn through the upper chamber and the associated 
short slot in the top of the engagement head. The paper 
is then drawn across the series of slots and when a void 
passes over a slot, air is admitted to the associated cham 
ber and thereby releases the vacuum therein causing the 
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spring loaded contact member and associated diaphragm 
to descend. A second contact member is positioned be 
low the diaphragm and contact washers and the descent 
of the diaphragm causes an engagement of the two con 
tact members thereby actuating appropriate registering 
devices. In order to detect creases in the web as well 
as voids, longitudinal openings positioned in a spaced 
relationship to the longitudinal slots are provided through 
which air at atmospheric pressure may communicate with 
the web just prior to its passing over the longitudinal slots 
whereby the air may flow through a crease into the longi 
tudinal slots. Similar openings just subsequent to the 
slots facilitate the disengagement of the paper from the 
apparatus. 

It is a feature of my invention to provide detector 
chambers in which changes in air pressure are employed 
to detect voids in a moving web. 

It is a further feature of my invention to provide a 
detector for creases, Wrinkles and similar surface ir 
regularities as well as voids. 

It is another feature of my invention to provide a 
series of longitudinal substantially contiguous detector 
areas disposed transversely to the moving Web whereby 
a void signal may be registered generally if a void passes 
any detector area or may be registered in such fashion 
as to indicate the specific detector area which detected 
the void. 

These and other objects and features of my invention 
will appear as the description proceeds with the aid of 
the accompanying drawings in which: 

FIG. 1 is a view in perspective of my invention par 
tially cut away to show the disposition of the interior ele 
ments; 

FIG. 2 is an exploded view of the base, diaphragm 
and engagement head; 
FIG. 3 is a fragmentary view in perspective showing 

the apparatus in position for operation; 
FIG. 4 is a sectional view along the line 4-4 of FIG. 

1 showing the positions of the internal elements during 
operation of the apparatus when no void is present; 
FIG. 5 is a view similar to FIG. 4 showing the posi 

tion of the interior elements when a void is detected; 
F.G. 6 is a view in section similar to FIG. 4 showing 

the position of the interior elements in an alternative 
embodiment of my invention; and 

FIG. 7 is a view similar to FIG. 6 showing the position 
of the interior elements when a void is detected. 
Having reference to the above mentioned drawings for 

a more particular description of my invention in a pre 
ferred embodiment thereof, I construct a base 10 prefer 
ably of Lucite or a similar plastic provided with a series 
of downwardly extending circular openings indicated gen 
erally at 12 which are formed so as not to extend through 
the bottom of the base 0. An engagement head 14 of 
brass or other suitable material is provided having circular 
openings 6 which extend upwardly from the bottom of 
the head 4. A circular opening 16 is provided for each 
circular opening 12 in the base 10, and is positioned to 
be coaxial and of equal radius therewith when the appa 
ratus is assembled, 
Sandwiched between the base 10 and head 14 is a sheet 

of flexible material forming a diaphragm 18. In the 
preferred embodiment a rubberized fabric is employed. 
The base 10, diaphragm 18, and head 14 are secured 
together in an airtight relationship by a plurality of ma 
chine screws 20 extending upwardly through the base 10 
into threaded holes in the head 14. There are thus formed 
a series of cylindrical air chambers within the apparatus 
having a bottom section formed by the circular openings 
12 in the base 10 and a top section formed by the circular 
openings 16 in the head 14. The diaphragm 18 serves to 
separate the two sections with an air-tight seal. 
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Vertical passageways 22 are provided in the head 14 
which communicate the upper portion 16 of each air 
chamber with the uppermost face 23 of the head 4. The 
vertical passage 22 terminates at its uppermost end in a 
longitudinal slot 24. There is a longitudinal slot 24 for 
each air chamber to provide a series of longitudinal slots 
24 along the face 23 of the head 14. A thin wall 26 
Separates each pair of longitudinal slots 24. 
By this arrangement of longitudinal slots 24 a longi 

tudinal void detecting area may be formed of any desired 
length, it being only necessary to multiply the number of 
air chambers and associated longitudinal slots 24 to in 
crease the longitudinal detection area. In operation, the 
apparatus is placed transversely to the moving web of 
paper and hence substantially the entire width of the web 
passes over the longitudinal detection area. 
As the air chambers and associated elements are iden 

tical one to another only one such air chamber will be 
herein desccribed. 
A first electrical contact member is positioned in the 

air chamber by mounting a brass washer 28 on either side 
of the diaphragm 18, the radius of each washer 28 being 
slightly less than that of the circular openings 2 and 16 
which form the air chamber. A brass screw 30 is mount 
ed through the center of the washers 28 and through the 
diaphragm 18 and extends slidably through the base 10. 
A coiled spring 32 is positioned around the screw 30 
after it passes through the base 10 and is compressed 
against the base 10 by an adjustment nut 34. An up 
Wardly extending cut indicated generally at 36 may be 
provided in the bottom of the base 10 coaxial with the 
screw 30 to assist the seating of the spring 32 against the 
base 10. A locking nut 38 is positioned on the screw 30 
below the adjustment nut 34 to secure the adjustment nut 
34 when it is in proper operation position. 

In order to provide means for drawing a vacuum 
through the upper air chamber and vertical passage 22 
a narrow horizontal passage 40 is provided in the head 14 
communicating the upper air chamber 16 with a longi 
tudinal passage 42 formed in the head 14 which is closed 
at one end and open at the other end to which a suitable 
vacuum line 66 may be attached. The passage 49 is suf 
ficiently small to prevent the vacuum in line 66 from 
maintaining the vacuum in chamber 16 when a void occurs 
in the web 62. Positioned through the side wall of the 
head 14, and in alignment with a flared opening 44 into 
the longitudinal passage 42 formed at the end of the hori 
Zontal passage 40, is a screw 46 having a conical tip 48. 
The screw 46 thus provides valve means whereby the pas 
Sage of air through the horizontal passage 40 may be 
controlled and individual detectors deactivated by ad 
vancing the screw 46 until the tip 48 is seated in the 
opening 44. 
A second contact member is positioned in the lower air 

chamber and comprises a brass screw 50 positioned up 
wardly through the bottom of the base 10 which is pro 
vided with a threaded opening to receive it. The screw 
contact 50 extends upwardly to a position slightly below 
the normal operating position of the brass washer 28 
which is positioned below the diaphragm 18. A locking 
nut 52 is provided for holding the contact screw 50 in a 
predetermined position. 
The head 14 is constructed with a slightly curved top 

face 23 which is divided into three longitudinal segments 
by a pair of downwardly and outwardly extending longi 
tudinal cuts 54, 56 one cut being positioned a short dis 
tance either side of the series of longitudinal slots 24. 
Beveled side faces 58 are also provided on the head 14 
through which a plurality of openings 60 are formed into 
the longitudinal cuts 54, 56. 
The operation of my invention is as follows: 
The apparatus is positioned transversely to a moving 

Web of paper 62 as shown in FIG. 3. A pair of rollers 
64 may be employed to guide the paper over the head 14. 
The vacuum line 66 is attached to the open end of the 
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4. 
longitudinal passage 42, and a vacuum, in practice, one 
Sufficient to sustain three inches of water, is drawn in the 
longitudinal passage 42. The screws 46, which serve as 
Valve means are backed off so that the vacuum may draw 
through the horizontal passage 40, upper air chamber 16 
and vertical passage 22 of each detector assembly. The 
Web of paper 62 is caused to move over the head 14 and 
consequently over the series of longitudinal slots 24. The 
paper 62 is drawn down onto the longitudinal slots 24 
causing the vacuum in the air chamber above the dia 
phragm 18 to lift the diaphragm 18, associated contact 
washers 28 and the brass screw 30 as shown in FIG. 4. 
The contact screw 50 is positioned so that it will not touch 
the washers 28 when the diaphragm is in raised position. 
The brass screw 30 to which the washers 28 are fastened 

is connected by a lead wire 68 attached at its lower end 
to appropriate means for registering an "off-on' electrical 
condition. A lead wire 70 connected to the contact screw 
59 is likewise connected to the registering means. 

It Will be apparent to one skilled in the art that the 
registering means above referred to may take the simple 
form of a source of electrical current and an alarm bell 
or lamp wired in series with the leads 68, 70, or the 
leads 68, 7.0 may be connected to a sorter or other device 
whereby the defective paper is separated from the satis 
factory paper. 
When a void passes over one of the longitudinal slots 

24, as shown in FIG. 5, outside air passes through the 
hole in the paper 62 and releases the vacuum in the air 
chambers above the diaphragm 18. This in turn causes 
the diaphragm 18, washers 28 and screw 30 to descend 
from their raised operation position. The washer 28 
below the diaphragm 18 makes electrical contact with the 
Screw contact 50 and consequently the alarm bell or other 
registering device is actuated. By suitable adjustment of 
the contact Screw 50, and of the tension in the compressed 
coiled spring 32 the apparatus may be caused to register 
any void passing over the longitudinal slots 24. 
The apparatus will also detect creases and wrinkles in 

the paper web. This is accomplished by the operation of 
the longitudinal cuts 54, 56. Assuming that the paper is 
imoving from right to left over the head 14 as shown in 
FIGS. 4 and 5, it will be noted that a crease in the paper 
Would allow air to flow through the openings 60 and cut 
54 over the narrow longitudinal segment 72 of the top 
face 23 and down into the air chamber thereby actuating 
the apparatus. In this regard it should be noted that the 
longitudinal Segment 72 should be as narrow as possible 
in order to permit creases which are practically parallel to 
the apparatus to nonetheless actuate it. 
The longitudinal cut 56 is provided to apply atmospheric 

pressure at the under surface of the paper web after it 
has come over the longitudinal detection slots 24 so that 
the paper will not bind as it is coming off the head 14. 

It Will also be noted that the longitudinal cut 54 located 
prior to the detection area serves a further important func 
tion of generally equalizing the air pressure above and 
below the moving web. As the web is moving at high 
Speed Small amounts of air trapped between the engage 
ment head 14 and the web due to vibration and oscillation 
of the Web as it approaches the apparatus may be dis 
charged through the longitudinal cut 54 causing the web 
to pass Smoothly over the detection area and simultane 
ously eliminating a possible source of false void indica 
tions. 
An alternative embodiment of my invention is shown in 

FIGS. 6 and 7 in which instead of drawing a vacuum 
through the apparatus, a slight pressure is applied. The 
only structural changes which are required are that the 
compression Spring 32 is mounted to urge the washers 
28 and screw 30 upwardly rather than downwardly, and 
the contact Screw 50 is positioned above the diaphragm 
18 passing horizontally through the side of the head 14. 
A conical tip 74 may be formed at the interior end of 
the contact screw 50 in order to permit close adjustment 
of the spacing between the contact screw 50 and the 
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upper washer 28. It will be noted that since the air is fed 
into the apparatus under pressure the normal operating 
position of the diaphragm 8 is depressed, as shown in 
FIG. 6. When a hole or crease passes over the longi 
tudinal detection slot 24 the pressure is released and the 
diaphragm is pushed upwardly by the spring 32 so that 
the washer 28 contacts the contact screw 50 causing the 
apparatus to register a defect in the paper. 
One advantage to the alternative embodiment using air 

under pressure rather than a vacuum is that any paper 
dust, etc., tending to accumulate in the apparatus is blown 
clear by the air flow. 

It will also be obvious to one skilled in the art that 
the several detection areas are entirely independent in 
operation so that if it is desired, they may be wired to 
separate registering means whereby the location of a void 
may be pin-pointed on the transverse dimension of the 
web. It will also be noted that by providing separate 
valve screws 46 for each air chamber the apparatus may 
be adjusted to operate with webs of less width than the 
entire width of the apparatus. 

It will be apparent from the above description that the 
pressure sensing chambers are in very close proximity to 
the paper surface, and the chambers themselves and all 
auxiliary chambers and air passages connecting thereto 
have been reduced to minimal volumes in order to render 
the device sufficiently sensitive to detect extremely small 
voids such as pinholes, passing at high speed. 

It is my intention to claim all changes and modifications 
of the preferred embodiment of my invention herein chos 
en for purposes of disclosure which do not constitute de 
partures from the spirit and scope of the invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. In a void detector for a moving web, said detector 

having a detector head having an arcuate engagement face, 
first walls in said detector head defining passages from 
surface points on said face to at least one sensing cham 
ber located within said detector, said sensing chamber hav 
ing a diaphragm member positioned in one wall thereof 
and having electrical contact making elements associated 
therewith to indicate deflection of said diaphragm from a 
first position, means for maintaining said diaphragm in a 
said first position including means for creating a differen 
tial air pressure across said diaphragm and in said sensing 
chamber when said web is continuous across said engage 
ment face; means for introducing a Supply of air at atmos 
pheric pressure to the undersurface of said web in close 
proximity to said first walls in said detector head com 
prising second walls in said detector head defining at 
least one passage from first surface points adjacent said 
first walls to second surface points open to the atmosphere, 
said first surface points being spaced a slight distance 
from said first walls whereby atmospheric pressure may 
be supplied to the undersurface of a moving web as said 
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web passes over said detector head to permit minor 
discrepancies in the structure of said web to release said 
pressure differential in said sensing chamber thereby actu 
ating said electrical contact making elements. 

2. Structure for supplying air at atmospheric pressure 
to the undersurface of a web in a void detector as defined 
in claim 1 further characterized by said means for supply 
ing air at atmospheric pressure located closely adjacent 
said first walls and parallel thereto spaced at each side 
thereof transversely to the direction of travel of said web. 

3. A void detector having an engagement head pro 
vided with an arcuate engagement face, a transversely 
elongated detector area in said face having a long narrow 
groove therein, a plurality of thin partitions across said 
groove to subdivide said groove into a plurality of adja 
cent segments, first walls defining a large bore passage 
from each of said segments to an individual internal sens 
ing chamber in said head for each of said segments, 
each said internal sensing chamber having a flexible dia 
phragm in one wall thereof, electrical contact means 
actuated by motion of said flexible diaphragm, means for 
communicating air at non-atmospheric pressure to said 
sensing chamber including second walls in said detector 
head defining an air passage in communication with an 
external source for creating a differential air pressure 
across said flexible diaphragm when a web completely 
covers said groove and third walls defining a narrow bore 
metering passage between said sensing chamber and said 
air passage, and means for introducing a supply of air 
at atmospheric pressure to the undersurface of said web 
in close proximity to said first walls in said detector head, 
said introducing means comprising fourth walls in said 
detector head defining at least one passage from first sur 
face points adjacent said first walls to second surface 
points open to the atmosphere, said first surface points 
being spaced a slight distance from said first walls, 
whereby atmospheric pressure may be supplied to the 
undersurface of a moving web as said web passes over 
said detector head to permit minor discrepancies in the 
structure of said web to release said pressure differential 
in said sensing chamber thereby actuating said electrical 
contact means. 
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