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2 Claims.

This ihvention relates to a method of making
fibrous articles and means for carrying out such
method. More particularly, the jnvention relates
to the forming of unitary
articles, different portions of which have different
physical characterisiics, the variation in proper-
ties from one portion to another being sharp and
distinet.

It is, of course, well known to make fibrous
articles by depositing fibers from a flbrous sus-
form by maintaining
form from the

fbrous suspension. Furthermore, fibrous articles
having various physical properties in different
portions of the article have been manufactured
by supplying fibers from fibrous suspensions con-
tained in a plurality of baths or chambers, each
chamber supplying
different properties in the different portions of
the ultimate iibrous article. According to this
jatter method the chambers have been separated
by walls, the bottom edges of which are perma-
nently spaced a short distance above the surface
' of the form in order to permit formation of a
complete fibrous article as the Tfibers are der

and integral fibrous '
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fibers capable of affording’
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posited:. As & result. appreciable mixing of the:

suspensions: in the space between the bottom
edges of the
takes place throughout the forming operation.
This procedure causes areas of appreciable width
in the article in which the various types of fibers
have been deposited from a mixture of the sus-

pensions and, as a result, the delineation of prop-

walls and the surface of the form

erties from the one portion of the article: to an-

other tends: to be gradual, lacking. the: sharpness:

desirable for many- applications:.
In certain applications,

for example, i the:

manufacture: of fibrous, diaphragmatic sound-

producing: articles it is' desirable to have cerfain
portions: of the: article. of a dense and relatively
rigid nature and other portions of a more flexible
nature.
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For example, in the forming of the

diaphragmatic sound-producing articles, and

especially in the manufacture of those types of
sound-producing articles which operate as micro-
phores as well as loud speakers, it has been found
that the fidelity of sound transmission is better
when the cone is relatively rigid and the rim por-
tion or edge of the cone from which the cone is
suspended, is of maximum flexibility or supple-
ness. In order to obtain & fiber structure which
will possess the above properties, it is essential
that the gradation of properties from those in-
herent in the material of the cone portion to
those of the rim portion be as sharply defined as
possible. It is thus necessary to reduce to &
minimum the amount of mixing of fibers per-
mitted between the suspensions supplying the
cone portion and rim portion of the form.
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It is, therefore, an object of this invention fo
provide a process for producing fibrous articles
having different portions of different physical
characteristics in which the gradation of prop-
erties from one portion of the -article to an-
other is sharp and distinct. This objective is ac--
complished according to the invention by deposit-
ing and integrating fibers on a foraminous form
from & plurality of columns of fibrous suspen-
sions. Each of the columns is separated from the
adjacent columns by walls, the edges of which
at various stages during the forming operation
are either against the surface of the form or are
spaced to a predetermined degree from the sur-
face of the form so as to limit mixing of the -
various fibrous suspensions. A zone of reduced
pressure is maintained on the opposite side of the
form from the fibrous suspensions causing the
suspending liquid to be pulled through the form,
leaving the fibers deposited and integrated on the
form. In this manner, integration of the various
portions of the fibrous articles may be obtained
without the extensive mixing of the fibrous sus-
pensions prior to the deposition of the fibers,
which mixing has been characteristic of processes
heretofore employed. The nature of the deposi-
tion of fibers at the boundaries of the various

. portions will hereinafter be described in detail.

A further object of the invention is a forming
means by which the above method may be €xX-
peditiously carried out on a commercial basis.
One device which I have found to be effective
comprises a foraminous form, chambers asso-

_ciated’ with different; portions of the form which

contain: -the fibrous suspensions supplied to the
different portions of the mold, and a means for
separating the edges of the walls of these cham-
Bers: from. the surface of’ the form to the degree
and at the times desired in carrying out the
forming operation. This separation of the edges
of the walls of the chambers can be accompiished
by various means. For example, the chamber
walls may be raised or lowered by mechanical or
other means, maintaining the form in a fixed
position in the meanwhile. ) .

Another modification includes chambers which
remain stationary during the forming process
and a form which is resiliently mounted and
which is moved away from the lower edzes of
the chambers as the forming operation proceeds.
In this latter device various means-of moving the
form away from the edges of the chamber walls
may be employed. For example; the variations
in the pressure differential over the foraminous
form may be used advantageously to move the
form as the fibers are deposited and integrated
thereon.

The features of the nvention desired to be
protected herein are pointed out in the appended
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clalms. The invention itself, together with its
further. objects and advantages, may best be
understood by reference to the following de-
scription taken in conjunction with the accom-
panying drawings, in which Flg. 1 is a view in
partial section of one modification of my device
for forming a fibrous article; Fig. 2 is an en-
larged sectional view of the portion of a forami-
nous form at one of the points at which a wall
separating iwo columns of fibrous suspensions is
against the form; Fig. 3 shows the same portion
of the form with the wall spaced from the form;
Figs. 4 and 5 illustrate sectional views of the
same portion of the form as the process proceeds:
Figs, 6, 7 and 8 are sectional views of the lower
portion of devices which are further modifica-
tions of the device shown in Fig. 1 in which
mesans are provided for separately controlling the
degree of reduced pressure in various portions
of the zone under the foraminous form; Fig, 9 is
& sectional view of the lower portion of a device
which is still another modification of the in-
vention; Fig, 10 is a further illustration of the
device shown in Fig. 9 with the form in a differ-
ent position. .

Referring more in detail to the drawings, the
device illustrated by Fig. 1 is of the type in which
the foraminous form, here shown as a form for
& diaphragmatic sound-producing device, is
maintained in a stationary position during the
operation of the device and the inner chamber
wall is movable. In the figure the outer cylin-
drical wall or tank | is removably secured by
means of a hinge 2 and latch mechanism 3 to
the vacuum or reduced pressure tank or chamber
4. The foraminous form 5 covered by a perfo-
rated sheet of metal or screen 24 is held between

. the lower edge of the outer cylindrical wall and
the upper edge of the vacuum tank and is gas-
keted by means of gasket rings 6 and T to prevent
bassage of liquid from the tank above the form
to the vacuum tank below the form around the
circumference of the form. A movable inner
cylindrical wall 8 is located inside of and in
concentric relationship with the outer cylin-
drical wall. This movable wall is maintained in
position with respect to the outer wall by means
of spacing elements 9. - Thus the inner and outer
cylindrical walls form a centra] cylindrical cham-
ber and an annular chamber for holding and
supplying dissimilar fibrous suspensions 21 and
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the outer annular chamber and the fibrous sus-
pensions are admitted to the respective cham-
bers through pipes 19 and 20. The columns of
fibrous suspensions are supported on the surface
of the water 23 which has Previously been ad-
mitted to the chambers, as shown in Fig. 1. The
suction valve (7 is opened while the lower edge
of wall 8 is in contact with the form and water
is drawn from the suction chamber and the
chambers above the form unti] the lower level of
the fibrous suspensions reach the surface of the

- form. As liquid continues to be withdrawn from
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22 to the form. Wall 8 may be moved in a ver- -

tical direction by various means. However, for
burposes of illustration, a crank 10 operating
cams I{ through shaft 12 is shown as the oper-
ating means. The shaft 12 rotates in bearings
13 slidably secured to the outer tank | and bear-
ings 14 in inner tank walls 8. The cams [
ride on the edges of outer tank 1. Suction line
I8 and water inlet line 16 controlled by valves
11 and 18, respectively, are connected to the
vacuum tank 4. Fibrous suspension is admitted
to inner tank 8 by means of pipe 19 and to the
annular space between the inner and outer tanks
by means of pipe 20. ‘
Employing the above. described device, the
forming process is carried out in the following
manner: The suction valve 17 is closed and the
water inlet valve 18 is opened for a sufficient
time to admit water to the vacuum tank and
the chambers or tanks above the form 5 to a
‘level slightly above the form. The lower edge
of the internal cylinder is then placed against
the form by means of the crank and cam mech-
anism so as to isolate the inner chamber from
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the system the fibers suspended in the baths
21 and 22 are deposited and Integrated on the
surface of the form, the suspending medium
passing on through the form and out through
the suction outlet.

The effectiveness of the method of this in-
vention as carried out by the device described
in the foregoing will be more clearly understood
by reference to Figs. 2, 3, 4 and 5 which show
an enlarged sectional view of a portion of the
form at a point where the movable cylinder wall
separates the fibrous suspensions.

At the beginning of the forming operation a
very thin layer of fibers 25 and 26 settles on
both the central conical section of the form and
on the rim portion. After a predetermined time
the cylinder wall 8 is raised slightly and a small
amount of the fibrous suspension from bath 21
moves under the edge of the wall toward the
rim portion, as shown at 27 in Fig. 3, because
of the fact that the fibers deposited from bath
2{ are finer and tend more rapidly to build up
resistance to flow of liquid than do the coarser
fibers deposited from bath 22 on the rim por-
tion. As soon as the rates of flow through the
two portions of the cone equalize, the fibers of
bath 22 are again deposited on the entire width
‘of the rim portion and the fibers of bath 21
are deposited on the cone portion as shown in
Fig, 4. This process of alternate deposition of
fibers from the two baths continues as the wall
8 is raised, with the result illustrated in section
in Pig. 5, until the operation is complete,

When the fibrous article has been built up to
the desired thickness, the upper portion of the
device, including both of the cylinder walls and
the lifting mechanism for the inner cylinder
are removed from their position on the form
and the vacuum tank by loosening the latch
mechanism 3 and swinging the upper portion
away from the form by means of hinge 2.

The devices illustrated in Figs. 6, 7 and 8 op-
erate in a manner similar to that just described
for Fig. 1 except that more accurate control of
the vacuum produced in the zone of reduced
pressure under various portions of the form may
be obtained by means of valves 25, 26, 2T and 28.
This is accomplished in the device shown in Fig.
6 by means of the valve 28 controlling the rate
of How of water from the reduced pressure zone
under the conical section of the form, and in the
device shown in Fig. 7 by means of the valves 26
controlling the rate of flow from the zone under
the rim portion of the form. Fig. 8 illustrates
a still further modification in which the suction
on both portions of the form can be separately
controlled by means of the valve 21 controlling
the flow from the central portion and the valves
28 controlling the flow from the rim portion.

Figures 9 and 10 illustrate g sectional view of
a still further modification of the device of the
Invention. This device includes a foraminous
form 29 covered by a perforated sheet of metal

t



2,460,129

or screen 30 which is arranged to move vertically
in the upper or cylindrical portion of the vacuum

chamber or tank 31 and an outer cylindrical tank

32 which is situated above the form and remov-
ably secured by means of flange 33 at the bottom
of the tank to the vacuum tank below the form.
An inner cylinder 34 in fixed relationship to the
outer cylinder 32 and spaced therefrom by spacer
members 35 is also located above the form in
concentric relationship to the cylinder 32. A
suction line 36 and a water inlet line 37 con-
trolled, respectively, by valves 38 and 38 are con-
nected to the vacuum chamber 31. A gasket ring
49 situated in a recess around the circumierence
of the form abuts against the inner wall of the
cylindrical portion of the vacuum tank in such
2 manner as to prevent the fibrous suspensions
from escaping around the edges of the form dur-
ing the operation of the device.

Various means may
the form in the vacuum chamber during opera-
tion. One means which has been found to work
successfully utilizes the variation in pressure dif-
ferentials between the fiber suspension chambers
over the form and the vacuum tank to produce
movement of the form. "A resilient mounting
means is provided around the circumference of
the vacuum tank which normally biases the form
against the lower edges of the cylinders 32 and
38. A number of springs 41, the tension of which
may be varied by means of adjusting screws 42,
are illustrated as the resilient mounting means
in Figs. 9 and 10. However, instead of springs,
other flexible devices such as rubber wedges, hy-
draulic cylinders, or flexible pneumatic . devices
might also be employed. The force required to
. move the form against the resilient means may
be determined from the operating characteristics
desired. .

The initial steps in the operation of the device
shown in Figs. 9 and 10 including the .charging
of the fibrous suspensions into the cylinders above
the form are identical to those set forth in con-
nection with the device illustrated in Fig. 1. At
the beginning of the operation the metal screen
supported by the form is in contact with the
jower edges of cylinders 32 and 34 so that the
fibrous suspensions in the two chambers are iso-
lated from each other. Asthe vacuum is brought
to bear on the fibrous suspensions and fibers are
deposited on the form, the form is drawn down-
ward and gradually moves away from the edges
of the cylinder walls until the form attains its
final position as shown in Fig. 10.

The movement of the mold, which is slow atb

be employed for moving
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. prising a foraminous form,
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ture of diaphragmatic sound-producing devices.
However, it is to be understood thaf numerous
other applications of the process and device are
within the scope of this invention. For example,
in the field of heat insulation, fibrous molded
elements having different heat insulation char-
acteristics depending upon the properties of their
be realized. As a fur-
ther example of the possibilities of this inven-
tion molded packing elements having different
physical characteristics in different portions of
the eclements may be manufactured. Thus, it
is possible to produce unitary elements, portions
of which are soft and flexible for containing the
items to be packaged or packed and other por-
tions which are relatively strong and rigid to
serve as & protective framework. Furthermore,
it is possible to produce sheaths or envelopes
having a portion easy to remove by tearing and
another portion of relatively high strength and
resistance to tearing. A still further application
of this invention is in the manufacture of tropi-
cal helmets in which the crown portion of the
helmet must be light and permeable and the
rim portion rigid and strong. , ‘

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A device for making a fibrous article com-
chambers situated
above said form for holding and supplying fibers
to different portions of said form, said portions
being defined by the lower edges of the walls of
said chamber, means situated below said form
for maintaining a zone of reduced pressure at
the lower side thereof and pressure sensitive

. means for separating said form and said edges,
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the beginning of the operation, is accelerated as -

more fibers are deposited on the form, because
of the increasing resistance which the fibers offer
to the passage of the liquid through the form and
the resulting increased pressure differential over
the form. It may easily be seen that a suitable
adjustment of the elasticity of the springs &1
makes it possible to control the velocity and the
elongation of the displacement which is imparted
to the mold.. The deposition and integration of
the fibers and the periodic extension of fiber
depositions from one chamber, under the edge of
the wall of the inner eylinder, onto the portion
of the form under the other chamber takes place
in the same manner as that described in connec-
tion with the operation of the device illustrated
in Fig. 1.
The ,foregoing description of the method and
device of this invention relates to the manufac-
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said separating means comprising a pressure-
responsive resilient spring mount for said form
which is reactive to changes in pressure below
said form. .

2. In a device for making a fibrous sound-
producing article, a foraminous form, chambers
situated above said form for holding and supply-
ing fibers to different portions of said form, said
chambers being defined by the lower edges of
cylindrical walls concentrically arranged, means
situated below said form for maintaining a zone
of reduced pressure at the lower side thereof,
whereby fibers are attracted to and integrated
on the upper surface of the form, said form being
normally biased against the lower edges of sald
cylindrical walls by means of a resilient pres-
sure-sensitive spring mounting for said form
which is movable downward when said pressure
is reduced. .

PAUL E. ISTA.
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