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This invention relates to porosity testing and more
particularly to a method of testing the porosity of a
papermaker’s felt.

As is well-known in the art of papermaking, paper is
initially formed from water saturated pulp which is de-
posited on a perforate screen-like structure, commonly
referred to as the “wire.” Some of the water is removed
from the pulp through the wire. The wet paper is picked
up from the wire by a papermaker’s felt and transmitted
by the felt through suction presses where the water con-
tent is squeezed out and sucked through the felt. The
paper is then passed through a drier to remove remain-
ing moisture.

A papermaker’s felt is a continuous band of an appro-
priate air-permeable flexible material ordinarily being a
woven, napped fabric of wool or synthetic fibers or blends
thereof. In a papermaking machine, the felts are mounted
on arrangements of drive rolls and support rolls and are
adapted to move along corresponding predetermined end-
less paths. These felts are expensive items of equipment
and it is important that they be carefully and scientifically
designed and constructed and that they be maintained
in proper condition for purposes of operating economy
and to insure desired quality of paper products.

The efficiency of a papermaker’s felt in use depends
to a large extent on its condition of porosity or permea-
bility. Also, the uniformity of porosity throughout the
felt determines the uniformity of paper products. During
the manufacture of paper, pulp fibers enter the body of
the felt and tend to plug the same. This reduces the
porosity of the felt and makes it more difficult to properly
suck water therethrough. Although many methods and
devices are used to “condition” the felt, including the dis-
lodgment of pulp fibers therefrom, while it is in use on
the papermaking machine, a felt frequently must be dis-
carded before it is otherwise worn out because it is
plugged throughout or in spots. Heretofore there has
been no method for reliable checking of the condition
of a felt while in use and no method of evaluating, in a
precise  manner, the porosity behaviour of felts from
various sources or made from different materials and the
like. The present invention provides a simple but precise
method for checking and evaluating felts which is valua-
ble to the papermaker as a user of felts and to the felt
manufacturer for the improvement in design and con-
struction of the felts.

The principal object of this invention is to provide an
improved method and apparatus for testing the porosity
of papermaker’s felts.

Another object of the invention is to determine the
porosity of selected areas of a papermaker’s felt with the
aid of vacuum equipment.

A further object of the invention is to ascertain the
porosity of a papermaker’s felt in an expeditious manner
and while the felt is in actual use.

To the end that the foregoing objects may be readily
attained, the method of this invention is carried out with
the aid of testing apparatus, one form of which is de-
scribed in detail further along herein. ‘Such apparatus
includes a hollow head having a wall which is provided
with one or more through openings which constitute an
orifice of predetermined effective area, a vacuum gauge
connected to the head, a vacuum-creating unit and a
flexible conduit establishing communication between the
unit and the interior of the head. With the vacuum-
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creating unit in service and the felt in motion or sta-
tionary as preferred, the hollow head is disposed with its
said wall in intimate contact with a selected area of the
felt. Air is drawn through the felt and into the hollow
head through the opening or openings which form the
orifice. The inspector observes the pressure of the air
drawn through the felt and into the head on the gauge.
This procedure is repeated at other selected felt areas
which are spaced transverse of the direction of move-
ment of the felt. The gauge readings may be plotted on
a graph or a bar chart may be made from such readings,
as desired. The procedure just described will show the
condition of the felt at the time the tests are made and
will reveal the presence of plugged streaks or spots be-
fore they become so badly plugged as to cause severe
defects in the paper.

The invention also provides method and apparatus for
calibration of the testing apparatus so that the condition
of a felt may be periodically checked throughout its life
with the results of succesive tests being directly compara-
ble. Calibration also makes it possible to evaluate dif-
ferent felts under directly comparable conditions and it
also makes it possible to use the same apparatus to evalu-
ate felts having widely different basic porosities due, for
example, to different constructions or to the fact that
they may be wet or dry. Calibration is effected by means
movable to and from an effective position in which it
temporarily reduces the effective area of the testing ori-
fice to such a degree that when opened directly to the
atmosphere it will offer resistance to the flow of air
therethrough in the same general magnitude as that of-
fered by the incremental area of the felt to be tested by
placing the orifice in its original size against the felt, as
described above.

The enumerated objects and other objects, together
with the advantages of this invention, will be readily
apparent from the detailed description that follows taken
in conjunction with the accompanying drawings.

In the drawings, wherein like reference numerals de-
note corresponding parts throughout the several views:

FIG. 11is a view in elevation of a preferred and recom-
mended apparatus for use in practicing the method of
this invention;

FIG. 2 is a view in enlargement taken along line 2—2
of FIG. 1;

FIG. 3 is a view taken along line 3—3 of FIG. 2, cer-
tain parts being shown in central vertical cross-section
and other parts being broken away for better illustration;

FIG. 4 is a view of a flexible diaphragm for use in
calibrating the apparatus of FIG. 1;

FIG. 5 is a diagrammatic representation of a press
section of a typical papermaking machine and shows the
apparatus of FIG. 1 associated therewith; and

FIG. 6 is an enlarged isometric view of the devices
shown in the lower right hand portion of FIG. 5, certain
parts being omitted for better illustration of other parts.

Referring initially to FIG. 1, the arrangement of appa-
ratus shown therein comprises four main units, namely
a hollow head 18, a pressure gauge 11, a vacuum-creating
unit 2 and a flexible conduit or hose 13 of any desired
length extending between head 18 and unit 12.

Hollow head 1€ includes a tubular body 14, a front
wall 15 and a rear wall ¥6. Front wall 15 is threadedly
connected to the tubular body and is provided with a
plurality of through openings 17. Rear wall 16 registers
with an annular recess in the tubular body and is affixed
thereto by solder, as indicated at 18. A short rigid con-
duit 19 extends through rear wall 16 and is soldered in
place, as indicated at 28. A second rigid conduit 21 ex-
tends through the bottom of the tubular wall and is main~
tained in the illustrated position by solder 22. The
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threaded connection between tubular body 14 and wall
15 and the several soldered connections %8, 2€ and 22
form fluid tight joints.

Pressure gauge-11 may be any suitable known form of
vacuum gauge and includes a casing 23, a conduit 24
threadedly connected to conduit 39, a dial 25 (FIG. 6)
having ‘graduations 26, and an indicating pointer 27.

‘Vacuum-creating unit 12 may also be of any desired
known type. It may comprise a portable unit especially
provided for use with the present invention or it may
comprise an existing vacuum system such as that used
in the papermaking machine for suction presses and the
like. A control valve 28, such as a manually-controlled
throttling valve, is interposed in a convenient position
between the head 18 and the vacuum-creating unit 12.
For Example the valve 28 may be inserted in the flexible
conduit 13.

If the vacuum unit 12 is not a constant pressure unit ot
if the device of the present invention is to be used at
various points. with vacuum sources which may differ, a
porosity test made with the apparatus herein disclosed at
one time or place may not be directly comparable with
tests made at other times or places. If it is desired to have
all tests directly comparable it is preferred to provide an
auntomatically operable vacuum control valve 12a for reg-
ulating the pressure to a constant level in the portion of
the conduit 13 extending from the unit 12 to the throttle
valve 28. The valve 124 may be of any conventional form
or it may comprise a “vacuum breaker,” a U-tube manom-
eter or other suitable device.

FIG. 4 illustrates a flexible diaphragm 29 for use in
calibrating the apparatus of FIG. 1. This diaphragm is
made of rubber or other suitable air impervious material
and is adapted to cover a large number of the openings
17 in the head 16. For example, the diaphragm 29 may
be provided with a single central opening 36.

To calibrate the apparatus, the rear face of diaphragm
29 is moistened and placed against the outer face of wall
15 with opening 39 aligned with the central opening 17 in
wall 15. Thus it will be appreciated that the disc covers
the other openings in wall 15. Vacuum unit 12 is placed
in service and valve 28 is adjusted until gauge 11 regis-
ters a predetermined pressure, for example 5/ Hg, when
the apparatus is to be used to test porosity of a wet felt.
The calibration may be readily checked by closing dia-
phragm opening 3% with a finger and then removing the
finger to determine whether the reading consistently re-
turns to the predetermined pressure. The diaphragm is
then removed and the apparatus is ready to be placed in
actual service.

‘When the apparatus is to be used to test the porosity
of a dry felt, it is calibrated by the use of diaphragm 29
in the manner ottlined above, except that valve 28 is
adjusted so that the gauge registers a higher predetermined
pressure, Tor example 18" Hg. The provision for cali-
bration of the instrument is a particular feature of the
present invention. A felt which is wet will be much less
porous than the same felt when dry. The predetermined
pressures mentioned above may be established by experi-
ment to suit different types of felts either wet or dry thus
giving the instrument great versatility. Nevertheless, by
calibrating the instrument to the same pressure each time
a test is made which is to be compared with a previous
test, the results will be directly comparable. Thus the
performance, with respect to porosity, of a particular felt
may be checked and recorded throughout the life of the
felt. Also, felts from different manufacturers or of dif-
ferent construction may be evaluated by subjecting them
to tests under identical conditions by the simple expedient
of calibrating the instrument to the same pressure each
time such test is made.

Reference is now had to FIGS. 5 and 6 which show
the above-described testing apparatus and parts of a
‘press section of a typical papermaking machine. The
illustrated press section includes a continuous paper-
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maker’s felt 31 which is mounted for movement, as indi-
cated by the arrows, on & plurality of drive and/or sup-
port rolls 32. The press section also includes a pair of
suction press rolls 33 and 34. Adjacent the forward por-
tion of the press section there may be a platform or walk-
way 35 which extends substantially the full width of the
felt. The inspector conducting the test may walk along
the platform if required to provide access to an open
draw of the left 31.

For the purpose of outlining the manner of testing the
porosity of felt 31, it is assumed that the testing apparatus
has been calibrated and is in active service. The in-
spector holds hollow head 19 in his hand and places it
against the outer surface of the felt, as shown in FIGS. 5
and 6, so that wall 15 is in intimate contact with a selected
area of the felt. Usually the inspector tilts the hollow
head backward and forward to insure proper contact be-
tween wall 15 and the felt. The inspector observes and
makes a record of the reading on the gauge at the selected
area. If the felt 31 is in use at the time the head 10 may
be held in contact with the felt long enough for the feit to
make at least one complete pass. In this manner any
irregularities in porosity throughout the length of one
point in the width of the felt may be observed. Similar
readings may be made at other selected areas across the
width of the felt. It is recommended that the areas tested
be spaced apart substantially equal distances, for example
12 inches. Obviously, the head 18 may be moved across
the felt by mechanical means if so desired. Also, the
readings may be recorded automatically.

The readings obtained may be plotted on a graph. Al-
ternatively, the high and low readings obtained across
the felt may be used to produce a bar chart.

Testing may be carried out while the press is in normal
operation and the felt is in motion, or while the felt is
at rest. It is important that the hollow head be exam-
ined periodically to make sure that openings 17 are not
obstructed by fibers or another foreign material. If any
of these openings are clogged, they may be readily cleaned
by use of a suitable intrumentality.

The method and apparatus herein disclosed for cali-
bration of the instrument for opeartion on air-permeable
materials having widely varying basic porosities have
been described in connection with a papermaker’s felt
which has a much higher basic porosity when dry than
it has when wet. Since the purpose of this invention
is to obtain readings which will unmistakably reveal
relatively small differences in the porosity of different
areas of the material being tested, the calibration of the
instrument in accordance with the example given herein
takes into account the basic porosity of the material be-
ing tested so that relatively small differences in porosity
between different areas thereof will cause relatively large
changes in pressure readings on the gauge 11.

Thus, a felt when wet, has relatively low porosity and
small differences in porosity will effect significant changes
in pressure readings on a wide-range pressure gauge
when a relatively small volume of air per unit of time
is passed through different equal or “standard” areas of
the material. For this reason a relatively low differen-
tial in pressure is set up by adjusting the throttle valve
28 with the diaphragm 29 on the head 16 to reduce the
rate of flow of air through the uncovered opening or
openings 15 to such a point that the pressure gauge 41,
which is calibrated as a vacuum gauge, will read, for
example, 5 Hg.

When a material having a high basic porosity, such
as a papermaker’s felt in dry condition is to be tested,
a larger quantity of air per umit time must be passed
through the same “standard” areas in order that small
changes in pressure will effect significant changes in
readings on the same, wide range vacuum gauge. Thus,
as described above, the throttle valve 28 is adjusted to
cause a relatively large flow of air through the uncovered
opening or openings 17 when the diaphragm 29 is in
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place upon the head 10. The larger flow of air will
result in a relatively high reading on the scale of the
vacuum gauge 11, for example 18" Hg.

It will be recognized that the opening or openings
17, left uncovered when the diaphragm 29 is placed on
the head 10, serve as a standard orifice for calibration
of the instrument. The area of this standard orifice rela-
tive to the combined area of all of the openings exposed
when the diaphragm 29 is removed must be taken into
account when selecting the vacuum gauge readings to
which the instrument is calibrated, as above described,
for use on materials of various basic porosity. How-
ever, when appropriate calibration readings have been
established for each type or condition of material to be
tested, the instrument can be used at any time on any
such material with complete assurance that the results
will be validly comparable with previous results based
on the same calibration.

For greatest precision it may be preferred to observe
the pressure simultaneously on opposite sides of the felt,
Thus, with the present apparatus the barometric pres-
sure of the ambient atmosphere may be observed at the
time the gauge readings are taken. In a broader sense
the method of the present invention rests upon the meas-
urements of resistance to passage of air through the felt
and this is most accurately expressed in terms of the
pressure drop across the felt.

In the embodiment chosen for illustration the testing
orifice is made up of a plurality of openings 17 and the
calibrating means comprises the diaphragm 29. When
the diaphragm is placed on the suction head it is in an
effective position in which it reduces the area of the
testing orifice so that the apparatus may be calibrated
against a resistatnce to the flow of air which is in the
same general magnitude as the resistance offered by the
area of a papermaker’s felt through which air is drawn
by the testing orifice. It will be apparent that other
means may be used for temporarily reducing the area
of the orifice for purposes of calibration. For example,
the testing orifice may comprise a single opening or a
plurality of openings and the calibrating means may
comprise a slide or shutter mounted within the suction
head and movable across the opening or openings to
temporarily reduce the area thereof.

From the foregoing, it is believed that the objects
and the advantages obtainable by the practice of this
invention will be readily understood by persons skilled
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in the art, without further description. However, since
certain changes may be made in carrying out the method
of the invention without departing from its scope, as
defined by the appended claims, it is intended that all
matter contained herein shall be interpreted as illustrative
and explanatory, rather than in a limiting sense.

What is claimed is:

1. In a method of testing the porosity of a continuous
papermaker’s felt, which is movable in flaitened ten-
sioned condition through an endless path, with the aid
of testing apparatus including a hollow head having a
wall which is provided with one or more through open-
ings defining a testing orifice the dimensions of which
in any direction constitute a small fraction of the width
and length of the felt to be tested, a fluid pressure gauge
communicating with the interior of said hollow head, a
unit for creating a partial vacuum, and a conduit estab-
lishing communication between said unit and the interior
of said head, the steps of pressing said wall of said hol-
low head into sliding contact with a selected area of the
felt while the felt is moving through said endless path
to establish sealing contact between said felt and said
testing orifice, drawing air through the felt and into the
holiow head by means of the unit, maintaining said
hollow head stationary with respect to said felt while
maintaining sealing contact for a period of time suf-
ficient at least for substantially the full length of said
felt to move through said endless path whereby a nar-
row lengthwise extending area of said felt is progressively
brought into sealing contact with said orifice, and observ-
ing the pressure of the air drawn through the felt and
into the hollow head as registered on said gauge during
the period in which said head is maintained in contact
with said felt.

2. The method set forth in claim 1 wherein all of said
steps are repeated at a predetermined number of selected
areas spaced transversely of the width of said felt.
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