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1

This invention relates to a method and ma-
chine for producing unwoven fabrics, of uniform
texture and strength in all directions, composed
of fibers deposited in random relationship.

In U. S. Patents Nos. 2,477,675 and 2,478,148,
both issued August 2, 1949, to Wilson et al.,, are
disclosed a method and machine for producing
unwoven fabrics, which yield an eminently satis-
factory product. While these inventions achieve
a high rate of fabric production compared to
prior art methods and machines, the capacity of
a single machine is yet limited, and it is found
that extremely heavy or thick fabrics cannot
be made without some slight loss of textural uni-
formity. These limitations are inherently in-
volved with the critical dimensional character-
istics of the fiber transfer duct, which have been
found essential to successful operation.

It has now been found that the production rate
of the prior inventions, and the maximum limit
of fabric thickness which may be satisfactorily
produced, may be materially increased by em-
- ploying a high speed air stream to doff and en-
train the fibers from a fiber carrying supply
instrumentality, the air stream travelling initially
tangentially to and in the same direction as the
fiber carrying instrumentality, and at a velocity
bearing a fixed minimum relationship to the ve-
locity of the supply instrumentality. Addition-
ally, it has been found that by so entraining the
fibers, and by the provision of novel flow control
means in and beyond the transfer duect, the di-
mensional requirements of the transfer duct may
be rendered less critical, permitting employment
of ducts of varying configuration without sacri-
fice of uniformity in the resulting product.

It is an object of the present invention, ac-
cordingly, to provide a simplified method and
machine adapted to produce unwoven fabrics at
extremely high rate.

It is a further object of the invention to pro-
vide a method and machine adapted to produce
heavy or thick unwoven fabrics of outstandmg
uniformity.

Another cbject is to provide in a machine of
the type described controllable and differential
adjustment means adapted to maintain smooth
and uniform the flow of air through the fiber
transfer duct and fiber receiving member.

Still another object is to provide in a machine
of the type described novel fiber transfer duct
structure, adapted to maintain a smooth, uni-
form flow of air therethrough, without dead air
spaces, turbulence or other factors detrimental
to formation of a uniform fabric.
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Yet another object is to provide in a machine
for producing unwoven fabrics by deposit of
fibers through a transfer duct onto a foraminous
receiving member, means adapted to effectively

- seal the trailing edge of said duct relative to said

receiving member without impairing the surface
of the fiber produced.

Other objects will be in part obvious and in
part pointed out hereinafter.

The invention and the novel features thereof
may best be made clear from the following de-
seription and the accompanying drawings, in
which:

Figure 1 is a side elevational view of an exem-
plary machine according to the present inven-
tion, including a carding machine, a fiber trans-
fer duct and a foraminous fiber receiving mem-
ber;

Figure 2 is a side elevational view of further

' elements of the machine of Figure 1, including

a dip tank employed to apply bonding material
to the fabric produced;

Figure 3 is a partial plan view of the machine,
taken on the line 3—3 of Figure 1;

Figure 4 is an enlarged sectional view taken
on the line 4——4 of Figure 3, showing details of
the fiber transfer duct, the fiber receiving screen
and related elements, and

Figure 5 is a sectional view taken on the line
55 of Figure 4, showing details of the air stream
control means incorporated in the throat of the
air conduit downstream of the fiber receiving
member.

Referring to the drawings, particularly Fig-
ures 1 and 2, an exemplary embodiment of the
present invention comprises a frame {8, and suit-
ably supported thereon a fiber attenuating and
carrying instrumentality such as card cylinder
12. A fiber transfer duct 14 extends outwardly
from the peripheral surface of the card cylinder,
to a foraminous fiber receiving member exempli-~
fied by endless flexible screen 16. The unwoven
fabric formed on the flexible screen is conducted
through dip tank I8, and thence over g vacuum
cylinder 20 to suitable drying or baking appara-
tus, not shown.

The fiber attenuating and carrying instrumen-
tality is supplied from a fiber lap or similar
source, fed thereto by feed rollers, a conventional
taker-in, or other common means (not shown),
the mechanism illustrated in Patent No. 2,478,148
being entirely satisfactory. The feed lap is at-
tenuated into individual fibers by card cylinder
12, and the fibers are carried about the periphery
thereof, in the clockwise direction as shown, to
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the inlet end of transfer duct 14. As best shown
in Figure 4, the transfer duct comprises side
plates 22, top plate 24 and hottom plate 26. The
edges of side plates 22 adjacent the card cylin-
der are disposed as closely as possible thereto
without contacting the cylinder. The edge of top
plate 24 adjacent the card is considerably spaced
therefrom, defining an elongated air inlet 28 be-
tween the top plate and the card. As shown in
Figures 3 and 4, the inlet 28 is partially closed
by an adjustable gate 38, from which extends a
plurality of transversely spaced bolts 32, which in
turn extend through suitable apertures provided
therefor in a rigid bracket 34 fixed to the upper
surface of the transfer duct top plate. The bolts
32 are individually adjustable relative to bracket
34, and in the example shown are threaded
whereby each may ke individually fixed relative
to the bracket by means of lock nuts 38. The
gate 30 may be constructed of metal, rubber,
leather or the like, but must be sufficiently flex-
ible so that it may be differentially adjusted
relative to the card along the length of the air
inlet. Obvicusly, the gate 30 may be composed
of individual segments, if desired, although a
continuous, fexible gate member has been found
to function with outstanding effectiveness. The
edge of bottom plate 26 adjacent the card cylin-
der is slightly spaced therefrom to define there-
with an auxiliary air inlet 38, for reasons pres-
ently apparent.

The outlet end of transfer duct {4 is disposed
adjacent a vertical flight of the flexible screen

16, which is guided and supported by a plurality

of rolls 40 rotatably mounted on the machine
frame. The side and bottom plates of the trans-
fer duct are effectively sealed against the sereen
by deformable seal members 82, which may be
constructed of rubber or leather, and the top
plate 24 is effectively sealed thereagainst by a
seal roll 48, and a seal strip 46 disposed between
the seal roll and the upwardly turned end flange
48 of the top plate.

The machine is driven from any suitable source
of power (not shown) through reduction gear
pox 58. From the gear box, one take-off shaft
52 is suitably connected in driving relationship
through idler shaft 54 to drive pulley 56 of the
card., By means of a second take-off shaft §8,
the gear box is drivingly engaged, by suitable
chains and sprockets, through idler shaft 88 to
the shaft 82 of one of the rolls 40 supporting
screen 6. By means of chain 64, shaft 62 is
engaged in driving relationship to shafts 66 and
68 of other rolls 40, whereby the screen (6 is
positively and evenly driven at a speed coordi-
nated with that of the card.

The shaft 76 of seal roll 44 is slidably sup-
ported in bearings 72, and is spring biased against
screen 18, adjusting bolts 74 being provided to
vary the spring pressure. At one end of shaft
768, a sprocket 16 is mounted thereon, which is
engaged to chain 64, whereby the seal roll is posi-
tively driven at a predetermined speed relative to
that of the flexible screen. A separating roll 18 is
rotatably mounted immediately above the top
horizontal flight of the screen, and is suitably
driven from shaft 66, as by chain 83. A screen
cleaning brush 82 is rotatably mounted, as by
bearings 84, adjacent the outer surface of the
fiber receiving screen, immediately below its
point of entry into the transfer duct, and is suit-
ably driven from the machine drive, as by means
of chain 86 engaged to idler shaft 54.

Interiorly of the fiber receiving screen, and in
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general alignment with the transfer duct, is dis-
posed an exhaust duct 88, which converges into
an elongated throat 28, which in turn merges
into a downwardly curved and inwardly converg-
ing section 92, which communicates with an out-
wardly extending duct portion 84 terminating in
a downwardly extending duct portion 5. In the
throat 998 of exhaust duct 88 is provided means
for differentially varying the opening thereof
across the width of the throat. As shown in Fig-
ures 3, 4 and 5, a plurality of flexible leaf plates
98 may be employed, one end of each plate being
fixed to the duct adjacent its open end facing the
screen, the other end of each plate extendin
rearwardly into the throat. Below the throat end
of each plate, an adjusting screw (88 is thread-
ably mounted in a support bracket {82 extending
transversely below the duct, each adjusting screw
extending through the duect into contact with the
lower surface of the free end of the leaf plaie
thereabove. It will be readily understood that by
means of the individual adjusting screws, the leaf
plates may be individually adjusted, as illustrated
in Figure 5, whereby the throat opening may be
differentially varied as required across the width
thereof.

As seen in Figure 2, the dip tank {8 is disposed
adiacent the rear vertical flight of the flexible
gereen. The dip tank may contain a aquantity
of fiuid binder 184. Rotatably supported above
the tank and extending below the surface of
the binder {84 is an immersion drum (86. An
endless wire cloth 188 or equivalent pressure
member is maintained in contact with the lower
portion of the immersion drum, the wire cloth
extending about drive roll (19, the immersion
drum, idier rolls 142, and thence below the sub-
merged guide bar {14 to the drive roll. As il-
lustrated in PFigure 2, the drive roll {i{8 may be
driven by means of chain {{§ from the shait
88, and the wire cloth 98 and immersion drum
{68 driven thereby. Intermediate the idler rolls
112 is mounted the suction cylinder 28, provided
with a series of apertures or a slot (2§ in the
upper surface thereof.

The operation of the apparatus and the meth-
od of the invention will now be described in de-
tail. As previously indicated, the card {% is sup~
plied from a suitable source such as a fiber lap,
and functiong in the conventiona! manner to at-
tenuate the fibers. The atienuated fibers are
carried about the surface of the card to the in-
let end of the fiher transfer duct. A high ve-
locity air stream is caused to flow through the
duct from the inlet end thereof to the forami-
nous fiber receiving member. In the example
shown, the air stream is induced by means of an
exhaust fan (not shown) connected to the down-
wardly extending duct portion 88, whereby a fiow
of air is induced through the transfer duct, the
flexible screen, and the exhaust duct throat, air
entering the transfer duct primarily through air
inlet 28.

It is- obvicusly essential that the air stream
entering the air inlet effectively doff the fibers
{from the card cylinder surface adjacent there-
to, and it is equally essential that the fibers so
entrained be conveyed through the duct to the
fiber receiving member by a uniforin and evenly
flowing air stream, so that the fibers are de-
posited on the fiber receiving member in random
distribution and in uniform manner and gquan-
tity across the width thereof. It has been found

that this can be most effectively accomplished by
employing a high velocity air stream, which, as
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indicated by arrow -124, Figure 4, initially moves
‘tangentially to the surface of the card cylinder,

and then moves longitudinaily of the transfer
duct. The ‘most critical factor of satisfactory
operation has been found to be the velocity of

“the air stream entering inlet ‘28 rélative o the

peripheral velecity of the card eylinder or other
fiber carrying supply instrumentality. It has
been found that if -a minimum velocity -ratio-of
at least four to oneis maintained, a Highly satis-
factory fabric may be produced-at high produc-
tion rate. An air velocity ranging up to -six or

-seven or more times the peripheral -velocity of

the supply instrumentality may be -employved
with excellent results, but a velocity ‘ratio of less
than four to one is found to result in transfer
duct turbulence, balling up of the -fibers -and
other factors resulting in-a non-uniform or oth-
erwise unsatisfactory product.

In order to -control the high -veloeity :air
stream, and maintain- uniformity of flow across
the width of and throughout the transfer duct,

-differentially adjustable control means have been

provided at the air-inlet and at the-throat of the

-exhaust duct, downstream of the fiber receiving

member. Transverse uniformity of the fabric
formed may be readily achieved and maintained
by differential adjustment of the air flow at'these
two points. The uniform and smooth flow of
the air stream through the transfer duct may al-
so’'be enhanced, it has been found, by provision
of the auxiliary air inlet 28, by means - of whié¢h
a limited quantity of air is permitted to enter a$
the bottom of the entry end of the duct. The

auxiliary air so -enfering serves the primary gs

function of obviating dead airspace in this vi-
cinity, and has been found to very materially
reduce any tendency ftoward turbulence in the
duct.

The employment of a high velocity air stream,
controlled in the manner .described, has been
found to permit cperation of :the machine at
higher. capacity than previously obtainable. The
fiber .attenuating .and carrying instrumentality
may be driven at a speed .limited only by reason
of its relationship to the velocity of the fiber
transfer air stream, and may operate relative to
its fiber scurce at-extremely high draft, wherein
correspondingly excellent attenuation of the

fibers ‘is obtained. For example, the card op- .

erates relative to its fiber source most efficiently
at drafts of four thousand or more, drafts of
five thousand to seventy-five hundred being
readily atiained with excellent results. The
term “draft” as here employed refers to the nu-
merical relationship hetween the weight of fibers
carried per foot of fiber carrying instrumentality
and the weight of fibers per foot of fiber lap fed
thereto, or more specifically, the ratio of the lat-
ter to the former. Accordingly, by the present
invention, not only a high rate of production,
but alse a high rate of fiber attenuation is made
possible. The air stream need not be induced
in the manner described, but may be effected in
equivalent manner.

As best shown in Figure 4, the entrained fibers
are carried through the transfer duct and de-
posited upon the upwardly moving foraminous
screen to form a lap of fabric 122, the air stream
passing cn through the flexible screen and the
exhaust duct. The formed fabric is compacted
somewhat in passage under seal roll 44, and
then is conducted over the top horizontal flight
of the flexible screen. The seal roll 44, especial-
ly in the case of thick fabrics, is prone to
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wrinkle or otherwise impair the ‘smooth outer

-surface of the formed fabric. It has been. found
‘that by positively driving the seal roll at:a pe-

ripheral velocity slightly exceeding :the velocity
of the flexible screen and the lap carried there-
on, this effect may be obviated. 'The.compacted
lap is separated from the flexible screen in pas-
sage over the driven separating roll 78, and is

“then carried by the screen to drive roll 1i8 as-

sociated with dip tank {8. The flexible screen
16 continues its path-about the rolls 48,:and im-
mediately prior to entering the ‘transfer duct.is

“¢leaned of any adhering fibers or foreign sub-

stances by the rapidly rotating brush 82.
It will 'be understeod that for many purposes

‘the fabric so formed may be employed without

further treatment. For.many purposes, however,
it is desirable to strengthen and condense the
fabric by -application of binder thereto. This
may be conveniently accomplished by the dipping
mechanism illustrated, the fabric passing onto
the cloth 98, and being conducted thereby
around the lower periphery of immersion drum
£86, through the fluid binder .{84. The wire cloth

5 being relatively open, the fabric is thoroughly

saturated with the binder, and may be.compacted
ky pressure of the wire cloth against the ‘drum.

‘The saturated fabric is then carried by the cloth

over the first idler roll 112, and then over the
suction eylinder 2@, which induces a flow .of air
therethrough and removes excess binder. The
impregnated fabric 122 then passes over the sec-
ond idler roll 112, and may be doffed :at this
point for passage into suitable drying and/or
baking mechanism, :#if reguired. Finally, the
finished fabric is wound'in rolls or otherwise col-
lected for shipment.

The transfer duct may be disposed generally
normal to the surface of the card, but need not
be, and may be disposed-at an acute angle thers-
to, as shown. The method described above may
be -employed to form unwoven fabrics .of ex-
tremeély ‘heavy thickness, either by slowing the
movement of flexible screen {§ relative -to the
card, or preferably by so doing and enlarging

“the downstream end of the transfer duct, to .in-

sure product uniformity. By reason of the fine
control of the high velocity air stream through
the duct, effected by the plural differential means
described, it ‘has been found that the duct may

‘be made converging or diverging as best suited
‘to the width and thickness of fabric being vro-

duced, but should be straight, smooth-sided and
uninterrupted.

It will thus be seen that there has been pro-
vided by this invention a structure in which the
various objects hereinbefore set forth, together
with many practical advantages, are successfully
achieved, As various possible emboidments may
be made of the mechanical features of the above
invention, all without departing from the scope
thereof, it is to be understood that all matter
hereinbefore set forth or shown in the accom-
panying drawings is to be interpreted as illus-
trative, and not in a limiting sense.

We claim:

1. The method of forming a fibrous web which
comprises the steps of attenuating a body of
fibers onto a toothed moving fiber carrying in-
strumentality, removing the fibers from the teeth
of said fiber carrying instrumentality by means
of an air stream moving substantially tangential-
1y thereto and in the same direction, the velocity
of said air stream at the point of fiber removal
being at least four times the velocity of said fiber
carrying instrumentality, passing said air stream
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and the fibers suspended therein to a foraminous
fiber receiving member through a confined un-
interrupted path, passing said air stream through
said foraminous fiber receiving member whereby
said fibers form a web thereon, and removing the
web from said member.

9. The method of forming a fibrous web which
comprises the steps of attenuating a body of fivers
onto a toothed moving fiber carrying instru-
mentality at a draft of at least four thousand,
removing the fibers from the teeth of said fiber
carrying instrumentality by means of an air
stream moving substantially tangentially there-
to and in the same direction, the velocity of said
air stream at the point of fiber removal being
at least four times the velocity of said fiber car-
rying instrumentality, passing said air stream
and the fibers suspended therein to a foraminous
fiber receiving member through a confined un-
interrupted path, passing said air stream through
said foraminous fiber recsiving member whereby
said fibers form a web thereon, and removing the
web from said member.

3. The method of forming a fibrous web which
comprises the steps of carding a body of ficers
at a draft of at least four thousand, removing
the fibers from the card by means of an air
stream moving substantially tangentially there-
to and in the same direction, the velocity of said
air stream at the point of fiker removal being
at least four times the peripheral velocity of said
card, passing said air stream and the fibers sus-
pended therein to a foraminous fiber receiving
member through a confined uninterrupted path,
passing said air stream through said foraminous
fiber receiving member whereby said fibers form
a web thereon, and removing the web irom said
member. )

4, Apparatus of the class described comprising
fiber attenuating means to provide a moving
source of fiber supply, a fiber transfer duct having
an uninterrupted passage therethrough and a
fiber receiving end in close contact with said
fiber supply source, an elongated air inlet in the
leading edge of said duct, gate means defining
said inlet, means for adjusting individual por-
tions of the length of said gate means relative
to said source of fiber supply, a foraminous fiber
receiving member at the delivery end of said duct,

means for moving said receiving member relative 50

to said duct, means for creating an air stream
through said air inlet, duct and fiber receiving
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member to remove fibers from said supply source
and transfer them through said duct to said re-
ceiving member to form a web thereon, and means
for removing said web from said member.

5. Apparatus as defined in claim 4, wherein said
air stream creating means includes a second duct
downstream of said fiber receiving member in
alignment with the delivery end of said transfer
duct, and obstructing means in said second duct
for differentially adjusting the flow of said air
stream across the width thereof.

6. Apparatus of the class described comprising
carding means, a fiber transfer duct having an
uninterrupted passage therethrough and a fiber
receiving end in close contact with said carding
means, an elongated air inlet in the leading edge
of said duct, gate means defining said air inlef,
means for adjusting individual portions of the
length of said gate means relative to said carding
means, a foraminous fiber receiving member at
the other end of said duct, means for moving
said receiving member relative to said duct, means
for creating an air stream through said air inlet,
duct and fiber receiving member to remove fibers
from said carding means and transfer them
through said duct to said receiving member to
form a web thereon, said air stream creating
means including a second duct downstream of
said fiber receiving member in alignment with the
delivery end of said transfer duct, obstructing
means in said second duct for differentially ad-
justing the flow of said air stream across the
width thereof, and means for removing said web
from said receiving member.
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