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This invention relates generally:to a method
and apparatus for forming fibrous -products.
More particularly the invention contemplates an
improved method and apparatus incorporating
the use of an attenuating gaseous :blast for
forming and attenuating fibers from :a harden-
able liquid capable of solidifying or hardening,
:such as molten glass. .

It is one of the principal objects of this in-
vention to substantially increase the rate of pro-
duction of fibers relative to the volume of the
gaseous attenuating agent and, at the same time,
to obtain a more uniform attenuating action so
that the resulting filaments or fibers are of uni-
form diameter.

Broadly, this is.accomplished by grouping a
plurality of streams of material into a strand
or bundle and applying a gaseous attenuating
medium to the strand.. The efficiency of atten-
uation is thus vastly increased over the prior
method of applying the gaseous agent to the in-
dividual streams. Also, since the blast of gas is
much more compact, all of the filaments in the
strand have equal forces applied thereto by the
blast with a resulting increase in the uniformity
of the finished filaments.

In the manufacture of filaments or fibers es-
pecially of glass by the mechanical attenuation
method, it is .customary to flow molten glass
through a plurality of orifices to form a corre-
sponding number of streams and to attenuate
the streams into filaments by mechanical at-
tenuating means, such as a drum, positioned fo
act on the streams after the latier have cooled
or solidified. Usually the attenuated filaments
are -wound into a package on the drum. Al-
though considerable success has been achieved
by attenuating streams of molten glass with
mechanical attenuating means, nevertheless, the
latter has several objections. One objection is
that the practical limit of the speed of opera-
tion -of mechanical attenuating means is sub-
stantially below the rate at which it is possible
to attenuate fibers or filaments and, accordingly,
mechanical attenuating means restricts the rate
of production of the filaments.

The use of a winding drum as the mechanical
attenuating means has a further objection when

employed in the manufacture of a strand of:
“"The attenuating ;

continuous glass filaments.
force places the strand under considerable ten-~
sion during the winding operation and, as a yre-
sult, the package obtained is wound so tighfly
that -difficulty is oftentimes experienced in un-

winding the package. ‘The inner portion of the :
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package may-be put under such high :compres-
sive forces by the outer layers of strands :that
the filaments in these. inner portions may be
crushed. '

In accordance with the present invention :all
of the above.objections are eliminated by ‘em-~
ploying fluid under pressure to .group:and at-
tenuate the filaments to be wound .on the drum
or to group the filaments and exert at least the
major portion of the attenuating force on the
grouped filaments prior to their being wound
on the drum. Briefly, the streams are passed
through the central opening of a circular‘blower
discharging fluid under pressure toward the
streams from an orifice that surrounds the:path
of the streams and -that is arranged to -direct
the fluid in the general direction of movement
of the streams. As a resulf, the streams are not
only effectively attenuated but -are also gath-
ered to form a closely arranged group -of fibers
simultaneously with attenuation.

By employing fluid ‘under pressure -as the-at-
tenuating force, the fibers may be drawn-at -a
rate commensurate with the velocity of the fluid
discharged by the blower -and ‘the speed -of at~
tenuation may be accurately varied within wide
limits by merely adjusting the pressure of the
fluid discharged from. the blower. Moreover
due o the ecompact arrangement of the blast of
fluid pressure, the rate of attenuation of all the
filaments will be uniform at the particular speed
selected. In addition, the equipment which ren-
ders the above possible is simble, inexpensive and
may be - operated over long periods of time with-
out servicing.

In cases where the continuous strand ‘issuing
from the blower is wound on 'a spool to form
a package, the attenuating speed is determined
with respect to the speéd of rotation of the
spool so that the strand is under very liftle ten-
sion during the winding operation and a “soft”
package results. A so-called “soft” or relatively
logse package is  desirable because it enables
winding considerably more material without un-
duly compressing the material in the package
which removes the danger of forming “ringers”
during the subsequent unwinding operation or
of otherwise interfering with ready unwinding
of the strand. This is important in the man-
ufacture of strands of glass filaments on a pro-
duction basis because it permits uninterrupted
operation of the equipment over a longer period
of time. )

Another object of the invention is to twist the
strand of filaments before it is wound on the
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drum or spool. In accordance with this inven-
tion a swirling motion is imparted to the fluid
under pressure issuing from the circular orifice
of the blower surrounding the fibers and this
swirling motion is sufficient to twist the filaments
of the strand together. As a result, the filaments
are in effect joined in a compact strand which
may be readily unwound from the package.

The foregoing, as well as other objects, will
be made more apparent as this description pro-
ceeds, especially when considered in connection
with the accompanying drawing, wherein:

Figure 1 is a semi-diagrammatic sectional view
disclosing apparatus constructed in accordance
with this invention;

Figure 2 is a sectional view taken substantially
at right angle to the plane of Figure 1;

Figure 3 is a semi-diagrammartic sectional view
illustrating a slightly modified form of appara-
tus; and

Figure 4 is a plan view of the attenuating
blower shown in Figure 3.

The invention concerns itself with the manu-
facture of fibers or continuous filaments from
materials having the characteristics required to
enable the same to pass through small orifices
when in a liquid or flowable state and capable of
being readily solidified. Many materials possess
the above characteristics and a large majority
of these materials may be satisfactorily used.
Several examples of these materials are artificial
silk, commonly known as Nylon, vinyl acetate,
cellulose acetate, resin, sugar and vinylidene
chloride resin. However, exhaustive experi-
mental work and actual commercial manufac-
turing show that glass is particularly suitable
for the formation of fine attenuated filaments
and, accordingly, this material is specifically re-
ferred to hereinaffer in describing the present
invention.

The invention is directed more particularly to
attenuating streams of molten glass into fila-
ments by means of gaseous blasts. As will be
more fully hereinafter described, a plurality of
streams of glass are passed through a zone of
gas under pressure which is controlled in a man-
ner to gather the streams to form a closely ar-
ranged group of filaments in which the filaments
are in actual contact to form a strand and to
apply sufficient traction or pulling force to the
strand to attenuate the streams into filaments.
In some instances, the gas under pressure is
given a swirling motion sufficient to twist the
filaments together and form a twisted strand
or yarn. This arrangement is especially desir-
able when winding a strand of the filaments on
a spool because it insures grouping or placing
of the filaments on the package in such close
relationship in the strand that the strand may
be later unwound without tangling, or without
producing “ringers” by separating into two or
more ends as it unwinds.

With the above in view reference is now made
to the drawing wherein it will be noted that the
reference character 10 in the several views in-
dicates a container for a supply i1 of molten
glass. A bushing i2 is suitably supported at the
bottom of the container in communication with
the supply (1 of molten glass and is provided
with a plurality of relatively small outlet orifices
13. The container i0 and the bushing 12 may
be of the type shown in the Slayter and Thomas
Patent No..2,234,986, dated March 18, 1941.
However, the above construction is merely shown
herein for the purpose of illustrating the present
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invention and it is to be understood that various
other specific constructions of containers and
bushings may be successfully used.

Regardless of the particular construction of
the container 16 and the bushing 12, the ar-
rangement is such that molten glass flows in
the form of a stream from each of the orifices
{3. In each of the illustrated embodiments of
‘the invention, attenuation of the streams of
molten glass is effected by gaseous pressure
means and the latter is positioned to act on the
streams grouped info a strand and after the at-
tenuated streams have solidified sufficiently to
prevent fusing or sticking together.

In Figures 1 and 2 of the drawing the fluid
pressure means comprises a circular blower 14
supported in any suitable manner below the
bushing {2 and having an annular chamber (5
communicating with a source of fluid under pres-
sure through the medium of a pipe {6. The
blower 14 is also formed with a cenftrally ar-
ranged opening 1T of generally conical shape
therethrough, the side walls 18 of the opening
converging downwardly. The top wall i9 of the
blower is formed with an inwardly tapering an-
nular projection 20 concentric with the axis of
the opening (1. The projection 20 overlaps the
wall 18 of the opening 17 in spaced relation to
the latter wall to form an annular passage or
orifice 21. The passage or orifice 21 communi-
cates with the annular fluid pressure chamber (5
and is substantially restricted in cross section
in order to enable gas under pressure to flow at
a high velocity through the passage into the
opening 11.

Although various different types of gas under
pressure may be employed, nevertheless, we pre-
fer to use steam or air under pressure because
these media are not only economical but also more
suitable for effecting efficient attenuation of the
fibers or filaments. Due to the above consfruc-
tion of the blower, the steam or other gas under
pressure is discharged at a high velocity from
the annular passage or orifice 21 in a downward
direction inclined toward the axis of the open-
ing 1T and entirely surrounding this axis. As a
result, the blast of gas under pressure not only
applies a sufficient pulling force on the filaments
to attenuate the streams of molten glass but also
gathers the filaments to form a closely arranged
group or strand.

Prior to the gathering of the filaments into
a strand a lubricant such as mineral oil in an
aqueous emulsion is applied to the filaments by
suitable means, for instance, spray guns 22 di-
rected from opposite sides onto the filaments.

The fibers or filaments issuing from the blower
{4 may be collected on a belt or other suitable
conveyor to form a mat or could be packaged di-
rectly in a rotating or stationary can or could be
wound directly upon a spool, depending on the
particular product desired. Regardless of the
disposal of the fibers or filaments issuing from
the blower {4, the latter provides a highly efii-
cient economical means for uniformly attenuat-
ing the filaments at a rate which may be read-
ily varied within wide limits by merely altering
the pressure of the fluid discharged into the
blower.

The small circular blower of the present in-
vention requires much less gas to effect the same
rate of attenuation than the previously employed
blowers. With the present arrangement several
hundred filaments are gathered into a strand
and passed through a circular opening that may
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-be less than one-quarter of an .inch in diameter
in - the -case of glass -filaments. .Previously,
-straight blowers had a total outlet.slot length of
more than ten inches to attenuate the same num-
ber of glass streams.

The use of the blower of the present inven-
tion is especially advantageous in cases where it
is desired to wind a continuous strand on a suit-
able.spool, such as that shown at 29 in Figure 3.
When used for this purpose, the rate ‘of. atténua-
tion effected by the blower [4 may be predeter-
mined with respect to the speed of rotation of
the spool 29 to relieve the filaments of substan-
tially all or any desired degree of tension dur-

ing the winding operation. ~ As a result, the fila-

ments are more loosely wound on the spool. This
enables winding more material on the spool
without unduly compressing the inner windings
and thereby interfering with subsequent unwind-
ing of the strands from the spool.
ber of “shut downs” of the equipment required
to .interchange the spools is thus decreased.and
the production of the equipment is increased.

Referring again to Figures 1 and 2 of the draw-
ing, it will be noted that a cooling blower 23 is
supported between the attenuating blower 14 and
the bushing 12. This blower is for the purpose
of directing a draft of cooling air against the
strands of glass issuing from the bushing 12 to
control the attenuation and may or may not be
used depending upon the particular conditions
of operation.

Referring now more in detail to the embodi-
ment of the invention shown in Figures 3 and 4,
inclusive, it will be noted that this embodiment
differs prineipally from the one previously de-
seribed in that attenuating blower 24 is con-
structed to discharge the fluid under pressure
with a swirling motion so as to twist the fila-
ments together. In this connection it will be
noted that the blower 24 is provided with two
intake passages 25 and 26. These passages are
arranged to cause the fluid under pressure to en-
ter the annular chamber of the blower tangen-
tially with respect to the periphery of the cham-
ber so as to cause a very high speed rotation of
the fluid under pressure discharged from the
blower. In all other respects the blower may be
identical in construction to the one previously de-

scribed and, accordingly, corresponding parts are !

indicated by similar reference characters raised
to the series {80,

Owing to the swirling action of the fluid un-
der pressure discharged from the annular pas-

sage or orifice 121 of the blower 24, the filaments 5:

or fibers are twisted together and form a twisted
strand, designated by the reference character 21.
This twist is false in that the strand interme-
diate the bushing 12 and the spool 29 is turned
about its axis but the ends of the strand both at
the bushing and the spool are held against move-
ment. Although this false twist is not, of course,
of a completely permanent character, it does aid
greatly in maintaining the filaments in the form
of an integral strand during the winding opera-
tion. 'This is highly desirable because it con-
tributes materially in eliminating tangles or
“ringers” during subsequent unwinding of the
package.

When using the blower 24 for aiding in attenu-
ating the filaments, it is desirable to prevent any
possibility of twisting the glass streams issuing
from the bushing 12 before they are fully attenu-
ated and have been solidified. This is -accom-
plished by supporting a suitable guide 28 above

The num-~ 2
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the blower 24.in a position.to engage the filaments.
The guide shown.in Figure 3 also serves to gather
the filaments .and, if desired, may further be
used to apply a suitable lubricant to the fila-
ments. Although no means is shown in Figure.3
for. artificially cooling the . glass streams issuing
from the bushing 12, nevertheless, it will. be.un-
derstood that some means may be provided for
this purpose if desired. -For example, a blower of
the type shown by the reference character 23 in
Figure 1 may be employed to direct a draft of
cooling .medium against the strands to chill or
assist solidification of the latter.

Although the invention has been illustrated and
described in connection .with. specific embodi~
ments, it is to be understood that variations and
modifications may be resorted to within the spmt
and scope of the accompanying claims.

We claim:

1. The method which comprises flowing a plu-
rality of streams of .molten material of a type

-which solidifies when cooled, gathering the cool-

ing streams together, and applying attenuating
tension to the streams to form filaments there-
from and twist them into a strand by directing
gas under pressure in a spiral direction about the
strand.

2. In the method which comprises flowing a
plurality of streams of molten glass, continuously
attenuating said streams to form filaments, and
winding the filaments continuously to form a
package of filaments, the steps of gathering the
filaments to form a strand, and engaging said
strand in a region intermediate the point where
the filaments are gathered and the point where
the strand is wound, with a gaseous blast moving
in a spiral path about said strand and in the
general direction of movement of the strand in
said region to attenuate the streams to fibers
whereby the strand is provided with a false twist,
the attenuating tension of the blast being greater
than the tension applied to said strand by the
winder.

3. The method which comprises flowing a plu-
rality of streams of molten glass, gathering the
streams when cooled into a strand, attenuating
the streams to form filaments and twisting the
strand by discharging gas under pressure in a
swirling motion toward the strand and in the gen-
eral direction of length of the filaments from an
orifice surrounding the strand, winding the
twisted strand at a tension less than the attenu-
ating tension to form a package, and holding the
filaments in advance of the region of application
of said gas against twisting movement to prevent
twisting of the streams of glass.

4. In a fiber forming apparatus which includes
a confainer for molten glass having a series of
orifices in said container through which the glass
flows in the form of streams, an annular fluid
pressure blower surrounding the streams when
gathered into a strand and having an annular
outlet orifice directed toward the strand in the
general direction of flow of the streams for dis-
charging fluid under sufficient pressure to attenu- -
ate the streams to form filaments, said blower
arranged to impart a swirling motion centered
about the strand to the fluid under pressure dis-
charged from the outlet orifice to twist the fila-
ments together simultaneously with the attenua-
tion thereof.

5. Apparatus for producing strands of contin-
uous glass filaments comprising means for flow-
ing streams of molten glass to be attenuated to
filaments, means including a winding drum to
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wind the filaments into a package, a guide over
which said filaments are drawn as they are
formed and by which they are gathered into a
strand, and an annular swirl blower surrounding
the strand and intermediate the winding drum
and guide to direct a spiraling blast of gas onto
said strand in the attenuating direction for at-
tenuating said streams to form filaments and
to falsely twist said strand.

6. In the method in which a plurality of
spaced-apart streams of molten glass arranged
in a group are flowed from a supply of molten
glass, are attenuated by engaging the streams
with . a rotatable element, the attenuated
streams are solidified to form fibers, and the
fibers are wound onto the rotatable element, the
steps of gathering the streams together into a
strand as they are attenuated and before they
are wound onto the rotatable element, and di-
recting a gaseous blast generally lengthwise of
the direction of the flow of the streams and onto
the strand in a region between the location at
which the streams are gathered into the strand

(51
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and the location of the rotatable element to ap-
ply a traction force to the streams in the direc-
tion of attenuatfion of the streams and thereby
aid in attenuating the streams.
GAMES SLAYTER.
ED FLETCHER.
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