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1

This invention relates to the manufacture of
fibers from a material which will soften in the
presence of heat and which may be attenuated or
drawn out into fine fibers when in a softened
state.

More particularly the invention refers to a
process and apparatus for manufacturing on a
commercial basis and at a high rate glass fibers
of one to five microns in diameter.

One satisfactory process for making fibers from
glass or materials having similar characteristics
is to melt a body of the material in a feeder hav-
ing a multiplicity of small orifices in the bottom
wall through which the molten material flows
into the atmosphere in the form of streams. As
the streams are introduced to the atmosphere
they solidify and are attenuated to produce in-
dividua) primary fllaments by feed rolls which
also serve to project the filaments into a blast
of hot gas. The temperature of the blast ex-
ceeds the softening point of the material and the
speed of the blast is sufficient to attenuate or
draw out the softened material into fibers of the
desired size.

While glass fibers of varying degrees of fine-
ness ranging from one micron or less in diameter
to two and one-half microns or more in diameter
have been successfully produced commercially by
the process briefly noted above, nevertheless, this
general process has certain disadvantages. One
objection is that the process is ordinarily initially
started by manually pulling the individual
streams and threading the primary filaments into
a grooved guide which usually occupies a position
directly below the feed rolls. This oOperation
must be repsated following each intentional or
accidental interruption of the process, and not
only requires skill on the part of the attendant,
but also increases the down time of the produc-
tion equipment.

Also in order to facilitate handling of the
streams or primary filaments, it has been the
practice to provide a generous clearance between
adjacent streams issuing from the feeder, and
this clearance is ordinarily greater than required
‘for efficient operation. In other words, the lat-
eral spacing between adjacent primary fllaments
is ordinarily greater than would be required if
it were not necessary to handle the filaments
during starting and accordingly full advantage
of the capacity of the equipment is not realized.

One of the objects of this invention is to pro-
vide an improved fiber forming apparatus of a
design which is less likely to cause accidental
interruption in the flber forming phase, and is

10

15

20

30

40

il

<

NS

39

capable of substantially continuous operation.
Thus production losses due to equipment “down
time” are materially reduced with a correspond-
ing reduction in manufacturing costs.

Another object of this invention is to provide
fiber forming apparatus in which the actual op-
eration of forming fibers need not be started
manually after an interruption, but one in which
attenuation of the material to fibers is resumed
automatically without appreciable delay follow-
ing an interruption from any cause whatsoever.
Inasmuch as it is not necessary to handle the
filaments the distance between adjacent fila-
ments may be reduced, and a greater number of
filaments may be fed into a fiber forming zone or
blast of given width. As a result, the quantity of
flbers produced with apparatus of a given size
is increased, and the cost of manufacture is fur-
ther reduced.

Still another object of this Invention is to
initially draw out a body of heat softened mate-
rial such as glass into a multiplicity of primary
filaments by the action of centrifugal force, and
to finally attenuate the filaments to form fine
fibers by introducing the filaments endwise into
a blast of gas having a temperature which ex-
ceeds the softening temperature of the material
and having a velocity sufficiently high to provide
the force required to reduce the filaments to fibers
of the desired size. In accordance with this in-
vention the magnitude of the centrifugal force is
not only sufficient to initially draw out the heat
softened glass and form filaments, but is also
sufficient to project the filaments endwise into
the fiber forming blast.

A further object of this invention is to deposit
heat softened or molten material on a rotor hav-
ing provision adjacent the periphery for produc-
ing a multiplicity of generally radially outwardly
extending primary filaments and also having
means for mixing the material to increase its
homogeneity prior to forming the primary flla-
ments. This feature renders it possible to elim-
inate the pulling mechanism or feed rolls and
associated guides previously referred to, and also
enables the use of a single ring-type burner for
producing the attenuating gaseous blast. More-
over, refining the material as stated above assists
materially in reducing to a minimum the forma-
tion of slugs or beads during the fiber forming
phase and improves the quality of the finished
product.

A still further object of this invention is to
provide an arrangement of the above type where-
in the temperature of the primary filaments is
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either at or closely approaches the attenuating
temperature of the material before being intro-
duced into the attenuating blast. Thus the major
duty of the gaseous blast is to attenuate the ma-
terial forming the primary filaments with the
result that a narrower blast may be provided
moving at greater velocities.

It is still another object of this invention to
provide g process wherein the glass or similar ma-
terial is first converted into primary fllaments
and then into fine fibers in a small space or zone
by closely associated steps. This enables employ-
ing lower temperatures at the centrifugal rotor,
and assists in obtaining the desired results with
relatively low rotor speeds. In fact the tempera-
ture at the rotor is reduced to such an extent
as to enable forming the rotor and associated
parts of relatively inexpensive base metals in-
stead of precious metals such for example as
platinum.

It is still a further object to convert glass
batch to molten glass and then to fine fibers at
a single station and in a closely associated se-
quence of steps.

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

Figure 1 is a vertical sectional view through
one type of apparatus forming the subject mat-
ter of this invention and capable of carrying out
the steps of the improved process;

Figure 2 is a cross-sectional view taken on the
line 2—2 of Figure 1;

Figure 3 is a cross-sectional view taken on the
Hne 3—3 of Figure 1;

Figure 4 is a plan view of the rotor;

Figure 5 is a plan view showing a modified
arrangement of the burners;

Figure 6 is a fragmentary sectional view show-
ing a modified form of rotor periphery;

Figure 7 is a diagrammatic sectional view show-
ing another type of rotor construction;

Figure 8 is a diagrammatic view partly in sec-
tion of a further modification of fiber form-
ing apparatus;

Figure 9 is g diagrammatic elevational view of
still another type of apparatus;

Figure 10 is a fragmentary sectional view of a
part of the apparatus; and

Figure 11 is a fragmentary sectional view of a
modified form of construction.

In general the present invention provides a
process and apparatus for forming fibers of vary-
ing sizes from glass or materials having char-
acteristics similar to glass. Such materials are
of a nature which enables softening the same in
the presence of heat and are capable of being at-
tenuated or drawn out into fine rods or fibers
when in a softened condition. These properties
are present in many types of thermoplastic ma-
terials, and are also found in some synthetic
resins. While the invention contemplates the
formation of fibers from various different types
of materials, nevertheless, it has been primarily
developed in connection with the manufacture of
glass fibers and accordingly this material is
stressed in the following description of the inven-
tion.

Briefly glass cullet such for example as glass
marbles, or in keeping with one aspect of the
invention, glass batch is reduced to a softened
state ranging from a stiff putty-like consistency
to a highly fluid condition, depending upon the
nature of the product and particular mode of
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operation desired. In any case the softened ma-
terial is subjected to the action of centrifugal
force of a magnitude sufficient to cause the ma-
terial to flow along a predetermined path and to
draw out the material into a relatively thin sheet
or into primary filaments or streams, depending
upon the nature of the final product required.
In the manufacture of fine fibers for use in cer-
tain types of insulating mats, it is preferred to
separate the softened material into individual
elongated bodies or streams as the material flows
along its path of travel under the influence of
the centrifugal force. These elongated bodies or
streams are drawn out into what may be termed
primary filaments by the action of the centrifu-
gal force.

The drawn out material, whether in the form
of & relatively thin sheet or in the form of fila-
ments or streams, is projected by the action of
the centrifugal force into a blast of gas, which
moves in a direction extending transversely to
the direction of the path of flow of the softened
material under the infiuence of the centrifugal
force. As will be more fully hereinafter de-
scribed, the blast of gas not only has a tempera-
ture which exceeds the softening témperature of
the material, but in addition, moves at a velocity
sufficiently high to attenuate or draw out the
softened material into fibers of the required size.
The fiber size may vary over a wide range and
depends on the size of the primary fllament,
temperature or viscosity of the material making
up the primary filament, rate of feed of the pri-
mary fllament by the cenirifugal force and the
velocity as well as the temperature of the blast
of gas employed to attenuate the primary fila-
ment.

It follows from the foregoing that the softened
material may be considered as being reduced to
fine fibers in two stages of operation. One stage
may be considered as the initlal drawing out of
the softened material by centrifugal force, and
the second stage is the final attenuation of the
previously drawn out material into filbers by the
heat and force of the gaseous blast. These two
steps in the process are performed in immediate
succession, so that the initially drawn out ma-
terial is actually introduced into the blast of
gas before it has an opportunity to cool appre-
ciably. As a result the blast of gas need not
be relied upon entirely to heat the material to
the attenuating temperature, and accordingly,
the velocity of the blast may be increased to
attenuate the softened material into fibers. Also
the thickness of the blast may be reduced with-
out the danger of projecting the filamenis or
material through the blast. The shove fegture
provides for substantially increasing the produc-
tion of flbers with a thinner blagt of gas, and
will be more fully understood as this degatipiion
proceeds. e

Also according to the present inventien the
softened material is refined as it flows slong its
path of travel under the influence of the cen-
trifugal force. In this connection it will be noted
that any cords that may be present in the ma-
terial are actually drawn ocut in the direction of
flow of the material by the centrifugal force. In
one embodiment of the invention to be presentiy
described in detail the softehed material is actu-
ally separated into individugl streams and re-
combined prior to being subject to the final
drawing out operation by the centrifugal force.
As a result the material is mixed, and any cords
that may be present are reduced in length, -s0
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that- when the: material ig recombined, it pro-
vides a homogeneous body substantially free from
cords of & size which would detrimentally affect
the:resulting product.

Referring how more in detail to the drawings,

reference will first be made to the embodiment:

of the invention shown in Figures 1, 2, 3 and 4.
The numeral 10 designates a vertical drive shaft
suitably connected at the upper end to power
mechanism (not shown) but adapted to rotate
the.shaft (0 at the desired speed. The lower
end: portion of the shaft 10 is journalled In a
bearing 11, and this bearing is secured within &
collar (2 by a ring 13 threaded in the lower end
of the collar. The upper end of the shaft 10 is
journalled in.& bearing (4, and the latter is se-
cured in a collar 16 by a:ring i6 which is thread-
ed in the upper end of the collar.

The two collars are connected by concentri-
cally arranged tubes 17 and (8. The inner tube
{1 surrounds the shaft 10 in close proximity
to the latter, and the outer tube 18 cooperates
with the inner tube to form an annular jacket
19 for a cooling medium such for example as
water. It may be pointed out at this time that
the. ring i3 has an annular jacket 20 surround-
ing the portion of the shaft (0 immediately below
the bearing (1 and connected to the annular
jacket 19 to enable the circulation of cooling
medium through the jacket 20. The desired
coolant, such for example, as water is supplied
to. the jacket 19 by an inlet conduit 21 which
enters the jacket 18 through an opening formed
at the upper end of the tube 18 and extends
downwardly within the jacket 18 to a position
adjacent the lower collar 12. Thus the coolant is
discharged into the jacket {9 adjacent the lower
end thereof. The outlet for the coolant within
the jacket 19 comprises an opening 22 formed
in. the tube (8 adjacent the upper end of the
latter. The arrangement is such that the cool-
ant actively circulates through the jacket {9 and
jacket 20 in heat conducting relationship to the
vertical shaft {0. The purpose of such an ar-
rangement is to maintain the shaft {0 well below
critical temperatures during heating of the glass
which. will. be presently described. Due to this
cooling arrangement, the shaft 10 and associated
parts previously described may be produced from
ordinary steels instead of high temperature re-
sistant materials, and this is of course desirable,
because it greatly reduces the cost of the con-
struction.

Surrounding the cuter tube {8 in concentric
relation to the latter is a third tube 23 having
a diameter greater than the diameter of the tube
18 to form with the latter an annular air pas-
sage 24. The opposite ends of the tube 23 are
respectively connected to the tube 18 by rings
25, and the latter are formed with openings 26
therethrough. It will also be noted from Fig-
ure 1 of the drawings that the upper end of the
tube 23 has an air inlet gpening 21, and this open-
ing is connected to a blower or a source of alr
under pressure not shown herein. The air under
pressure flows downwardly in the passage 24
through the openings 26, and the purpose of the
air under pressure will become apparent as this
description proceeds.

Keyed or otherwise secured to the shaft 10
immediately below the ring i3 is a rotor 28 com-
prising a top section 29, and a bottom section
30. The bottom section 3¢ forms a support for
the top sections, and is keyed at the periphery
to-the-adiacent portion of the top section by pins
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21: -Fach pin 31 is'accommuodsated if-registering:
recesses formed in the adjacent surfaces of the .
two rotor sections, and. these recesses are of &-
size to permit limited radial movement of' one
section relative to the other. As will be apparent-
from the following description, the top section
29 is exposed to greater heat than the bottom.
section; and it is possible that this differential.
in . temperature may cause the top rotor section
to expand slightly relative to the lower rotor see~
tion. Such a condition is compensated for with--
out eausing undue warpage: of the parts by the
key connection 31. In order to minimize the
transfer of heat from the top rotor section:29
to the bottom rotor section 30, a suitable-high
temperature insulation such for example as glass
wool 32, is interposed between the two sections.
As shown' in Figure 1 of the drawings; the-top-
surface of the bottom rotor section 30 is formed
with an annular recess 33 which is closed by the
bottom surface of the top rotor section and ac-
commodates the high temperature insulation-32. -
Positioned directly below the rotor 28 is a fan-
34 having a hub 35 keyed on the shaft 19 and
secured in place by a nut 36 which is threaded
on the lower end of the shaft 8. The fan 34 is
substantially cup-shaped in eross section hav-
ing an upwardly extending radially outwardly
flared Aange 37 at the periphery thereof. The
flange 31 encircles the lower section of the rotor
28, and is spaced a slight distance outwardly
from the periphery of the rotor to form with the
periphery of the rotor a restricted upwardly di-
reeted annular discharge passage 38 for the air.
Projeeting radially outwardly from the hub 385
of the fan to the peripheral flange 31 is g series
of vanes 39 arranged to move air radially out-
wardly from the hub 35 through the restricted
discharge passage 38. Referring again to Pig-
ure 1 of the drawings, it will be noted that the
rotor 28 is formed with & series of openings 40
spaced from each other around the axis of the
shaft 10 and registering with the openings 28
at the lower end of the annular air passage 24.
The openings 40 extend entirely through both
sections of the rotor 28 so that the air under
pressure issuing from the openings 26 enters the
fan 34 adjacent the hub 35. As stated above
this air is conveyed to the annular discharge
opening 38 by the vanes 39, and is discharged
at substantial velocity in an upward direction
from the opening 38. The air serves to cool the
parts of the equipment during its flow from the
inlet opening 271 to the annular outlet passage
88, and also has an additional important func-
tion which will be more fully hereinafter de-
seribed, B
The air flowing from the annular passage 24
to the fan 34 is prevented from escaping laterally
outwardly over the top surface of the rotor 28
by a tubular shield 41 having the lower end
secured to the top section 29 of the rotor 28 in
concentric relation to the axis of the shaft (0,
The upper end of the shield 41 surrounds the
lower end of the tube 283 in close proximity
thereto, and a suitable seal may be provided for.
sealing the space between the upper end of the
tube 41 and the adjacent surface of the tube 23.
The seal 42 comprises & pair of axially spaced
rings 43 and 44. The ring 44 is welded or other-
wise permanently secured to the outer tube 23
and the ring 42 is positioned to have. a bearing
engagement with the top edge of the tubular
shield 41. The ring 43 also has a sliding it with..
the outer surface of the tube 23 and:is urged.
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into frictional contact with the upper end of
the tube 4{ by coil springs 46. The coil springs
45 are spaced equal distances around the tube
23 and are located between the rings 43 and 44.
The springs are respectively held in position by
suitable pins 46 which extend through register-
ing openings formed in the rings 43 and 44.
With the above arrangement the shield 41 co-
operates with the outer tube 23 to form a sealed
passage for the air from the fan 34 to the pas-
sage 24.

Referring now more particularly to Figure 2
of the drawings, it will be noted that an annular
support 47 is positioned directly above the rotor
28. The support 47 has an inner tube 48 which
encircles the air shield 4i in concentric relation
to the axis of the shaft 10, and also embodies a
tube 48 positioned in concentric relation to the
tube 48. The tube 49 has a diameter substan-
tially greater than the tube 48 to form with the
latter an annular space 50 having the lower end
closed by an annular plate 5i. The upper end
of the annular space 50 is closed by a similar
annular plate 52, and the two plates are formed
with circumferentially spaced aligned openings
53. The aligned openings 53 are respectively
connected by a tube 54, and these tubes form
vertical chambers §5.

Surrounding the lower end portion of the tube
48 and concentrically arranged with respect to
the latter is a pair of tubes 56 and §1. The
diameter of the tube 58 is substantially greater
than the diameter of the tube 49, and cooperates
with the latter to form an annular casing 58.
The tube 57, on the other hand, is of greater
diameter than the tube 56, and provides an an-
nular jacket 59 for coolant. The cooling medium
is introduced into the jacket 59 adjacent the low-
er end thereof through a supply conduit 60, and
is discharged from the jacket through the con-
duit 61 adjacent the upper end of the jacket.
‘Thus the cooling medium flows in heat conduct-
ing relation to the casing 58 and prevents exces-
sive heat transfer from the annular casing to
the outer wall or tube 571 of the support.

Upon reference to Pigure 1 of the drawings it °

will be noted that the lower ends of the tubes
54 assume positions directly above the rotor 28
and one or more of the tubes communicate at the
upper ends thereof with a supply of molten glass.

For the purpose of illustration the source of sup-

ply of molten glass comprises an orthodox fore-
hearth diagrammatically indicated by the nu-
meral 62 and having an outlet 63 communicat-
ing with the upper end of only one of the tubes
designated by the numeral 54, The molten glass
flows by gravity downwardly through this tube
and is deposited on the top surface of the rotor
28. The remaining tubes serve as housings for
gas combustion burners 64 of the radiant type.
One hurner 64 is suitably supported in each tube
54 at the bottom of the latter in such a position
that the flame is directed against the rotor and
the desired combustible mixture of gases is sup-
plied to the burners by conduits 65 extending
upwardly through the respective tubes 54 to a
source of supply. The purpose of these burners
is to maintain or heat the glass deposited on the
rotor 28 to the proper temperature.

The top surface of the rotor 28 registering with
the lower ends of the vertical tubes 54 is formed
with an annular recess 66, and the molten glass
discharged from the tube 54‘ collects in this re-
cess. The radially outer wall of the recess 66 is
formed by an annular rib 61 projecting upwardly

10

15

20

30

40

55

80

65

70

75

8

from the top surface of the rotor and cooperat-
ing with an upstanding annular flange 68 at the
periphery of the rotor to form a second annular
recess 69. The annular recess 69 is spaced radial-
1y outwardly from the annular recess 66 in a post-
tion where it does not receive glass directly from
the tube 54’ and the flange 68 extends upwardly
béeyond the elevation of the rib 67. The top edge
of the rib 67 and the corresponding surface of
the flange 68 are serrated to provide a multiplicity
of closely spaced radially extending grooves 10
and T1. Although the spacing between adjacent
grooves may vary considerably, nevertheless, it is
preferred to provide as many grooves as possible
without disrupting the operation. In practice the
center distances befween adjacent grooves may be
as small as one-sixteenth of an inch.

Operation of rotor assembly

The glass deposited in the annular recess 66
in the rotor 28 is more or less uniformly dis-
tributed throughout the recess as the rotor re-
volves about the axis of the shaft (0 and is
heated by the radiant burners 64. The tempera-
ture to which the glass is heated may vary con-
siderably depending upon the nature of the final
fibers required, but in any case, this temperature
exceeds the softening point of the glass. The
molten or heat softened glass contained within
the recess 66 in the rotor 28 is subjected to the
action of centrifugal force resulting from rota-
tion of the rotor, and flows radially outwardly
along the rotor under the influence of this force.
Any cords that may be present in the body of glass
tend to orient themselves in the general direction
of glass flow and are drawn out to some extent.

The heat softened body of glass is divided into
a multiplicity of small streams as it flows across
the serrated rib 67 on the rotor 28 and the serra-
tions formed by the grooves 10 tend to cut the
cords into shorter lengths. After the body of
glass passes over the annular serrated rib 67 the
individual streams are combined in the annular
recess 68 in the rotor and the resulting body of
glass passes outwardly over the serrated edge of
the annular flange 68 at the periphery of the rotor
28. It follows from the above that the body of
heat softened glass is refined and rather vigorous-
1y mixed as it flows radially outwardly over the
rotor 28 under the influence of the centrifugal
force. The arrangement is such as to substan-
tially improve the homogeneity of the glass and
eliminate cords of a size which would have any
appreciable detrimental effect on the product or
on the final fiber forming steps of the process.

As the heat softened glass passes over the an-
nular serrated edge of the peripheral flange
68, it is again separated into a multiplicity of in~
dividual streams which are drawn out by the
action of centrifugal force to provide primary
filaments or streams indicated in Pigure 1 of the
drawings by the numeral 72. The diameter of
the primaries 72, or in other words, the extent
to which the streams are drawn out by centrif-
ugal force depends largely upon the peripheral
speed of the rotor and the viscosity of the heat
softened body of glass flowing outwardly along
the rotor. As will be presently described the
primaries 12 are projected by the action of cen-
trifugal force into an intensely hot high velocity
blast B and are further drawn out or attenuated
into fine fibers by the heat and force of the blast
B. Primaries of a diameter rendering it possible
to produce extremely fine fibers of two microns or
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less in-diameter may be obtained by rotating a
twelve-inch diameter rotor 28 at a speed In the
pelghborhood of between 500 and 1000 R. P. M.
and- with glass heated to temperatures as low as
1500 or 1600° F. Such speeds and temperatures
are well within a range which renders it prac-
tical to-form the rotor and associated parts of
inexpensive base metals such as nickel, chrome
or tungsten alloy steels.

1t is also important to note that the formation
of primary filaments or streams 12 is effected
continuously as long as glass s supplied to the
rotor 28 and accidental interruptions in the pri-
mary forming phase are practically entirely
eliminated. Moreover, initial starting of the pri-
mary forming phase following an interruption
from any cause is automatic in that manual han-
dling of the primaries is not required. This fea~
ture not only greatly facilitates starting and re-
duces “down time” of the apparatus, but in addi-
tion: makes it unnecessary to employ skilled at-
tendants. Furthermore, since ‘the apparatus
does not require manual manipulation of the
primarles to effect starting of the forming op-
eration the primaries may be positioned in much
closer relationship, and accordingly a greater
number of primaries may bhe introduced into 2
blast B of given width. This contributes mate-
rially to increasing the fiber forming production
without, increasing the size of the equipment.

1t has been stated above that the primaries 12
are projected radially outwardly by centrifugal
force into a blast B of gas. The blast surrounds
the periphery of the rotor 28 in substantial con-
centric relation to the axis of the rotor and the
location of the source of the blast is so deter-
mined that the blast passes the peripheral
flange 68 on the rotor in such close relationship
thereto that the primaries 72 are fed into the
blast before they have an opportunity to cool ap-
preclably. Thus the temperature of the pri-
maries entering the blast B may approximate the
attenuating temperature of the glass so that the
blast need not be relied upon to actually heat the
primaries to the attenuating temperature. For
reasons which will become more apparent as this
description proceeds, the above feature simplifies
obtaining a blast having the velocity required to
attenuate the heat softened primaries 12 to fine
fibers.

In.the present instance the blast B flows in a
downward direction and the flbers formed from
the primaries are blown in a corresponding di-
rection. These fibers may be collected in the
form. of a mat, if desired, on a conveyor (nob
shown) supported below the apparatus. As the
ring-like blast B flows downwardly around the
periphery of the rotor 28, there is a tendency for
the blast to “neck-in” around the rotor, and this
is.-aveoided by the air under pressure discharged
from the restricted annular passage 38. Upon
reference to Figure 1 of the drawings, it will be
noted that the air issuing from the annular
passage-38 flows upwardly and outwardly along
the peripheral flange 68. Thus the air has the
additional function of acting in effect as a sup-
port to hold the primaries 72 leaving the roter
28 in a plane substantially normal to the blast
B. In other words, the air under pressure in
conjunction with the centrifugal force acting in
a radially outward direction on the primaries 12
insures feeding the primaries endwise into the
blast, even though the:primaries are in a rela-
tively soft condition.
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In accordance with this invention the blast B
is composed substantially entirely of products of
combustion obtained by burning a combustible
mixture of gases within a chamber 73 and dis-
charging the burned gases from the chamber
through a restricted outlet opening in one wall
of the chamber. The chamber 13 shown in Fig-
ure 1 of the drawings is annular in configuration
and is formed in an annular refractory block 14

nitably supported in the annular casing 58.
The upper end of the chamber 73 is closed by
an annular ring 15 having a series of passages 16
therethrough for a combustible mixture of gases.
These gases are conducted to the passages 16 by
an annular manifold 17 suitably secured to the
support 47 by fastener elements 78 and commu-~
nicating with a gas mixing device (not showm
through conduits 19.

The bottom wall of the chamber 13 is formed
with an annular outlet cpening 86 concentrically
arranged with respect to the axis of rotation of
the rotor 28 and having a dlameter such that the
gases issuing therefrom flow downwardly in the
form of a ring past the periphery of the rotor.
1t is also pointed out at this time that the plane
occupied by the delivery end of the outlet opening
89 lies in such close relationship to the plane
including the top edge of the annular peripheral
flange 68 on the rotor 28 that the primaries T2
enter the blast before the latter has an oppor-
tunity to expand appreciably. In other words
the primaries are projected infto the portion of
the blast which is at substantially the maximum
available temperature and which is traveling at
practically the maximum velocity. Thus full
advantage is taken of the heat and velocity char-
acteristics of the blast B in reducing the primaries
to fine fibers.

Operation of burner

The combustible mixture of gases enters the
annular combustion chamber 13 through the pas-
sages 16 in the top wall or ring 73, and are ignited.
As the gas mixture burns within the chamber 13
the walls of the latter become extremely hot and
the rate at which the incoming gas mixture burns
is substantially increased. The resulting high
rate of combustion causes a great expansion of
the burned gases within the chamber T3, and
gince the outlet opening is substantially re-
stricted, it follows that these gases are discharged
from the chamber in the form of an intensely hot
high velocity blast.

The type of combustible gas used may be of
any suitable kind, but for reasons of economy, it
is preferably an ordinary fuel gas, such as natural
or manufactured fuel gas. This gas is mixed
with the proper amount of air by means of the
orthedox air and fuel mixers. The gas and air
mixture is taken from the mixer at moderate
pressures of approximately one to five pounds
per square inch, but may be considerably higher
if desired. 'The aim is to feed as much of the
mixture as possible into the chamber 13 without
causing the combustion to become unstable or to
take. place at the outside of the chamber, or to
cease altogether. This mixture is fed into the
chamber 13 at velocities below the rate of flame
propagation of the particular mixture in the
atmosphere. However, after the refractory walls
of the chamber hecome heated, it is possible to
increase the rate of feed of the mixture into the
chamber 13 above the rate of flame propagation.

The cross sectional area of the annular outlet



2,609,666

11

opening 80 is so proportioned with respect to the
size of the chamber 713 or with respect to the
quantities of gas burned that the products of
combustion are discharged from the opening 80 in
the form of a blast having a temperature in excess
of the softening temperature of the glass and
having a velocity sufficiently high to draw out or
attenuate the softened glass into flbers of the
required size. The combustible mixture of gases
may be burned in such quantities with respect to
the volume of the chamber 13 as to produce a
rate of combustion of the gases within the cham-
ber 13 sufficiently high to force the burned gases
from the chamber in the form of a blast having
a temperature as high or higher than 3000° F. and
a velocity as high or higher than 1200 feet per
second.

It will, of course, be understood that the cross
sectional area of the outlet opening 80 may be
varied with respect to the size of the combustion
chamber 13 to obtain blasts having different tem-
perature and velocity characteristics. Outlet
openings of greater cross sectional area permit
burning a greater amount of gas and result in
generating great heat in the blast. However, as
the size of the outlet opening 80 is increased the
veloeity of the blast issuing from the outlet open-
ing is decreased, and therefore, it is preferred to
form the outlet opening with a cross sectional
area no greater than necessary to obtain in the
blast the heat required to maintain the glass at
the desired attenuating temperature. As stated
above, the blast need not be relied upon to actu-
ally heat the glass, and as a consequence, the size
of the outlet opening 80 may be reduced to a
somewhat greater extent than would be practical
where the primaries are actually melted or sof-
tened by the temperature of the blast.

Reference has also been made above to the
fact that the primaries 12 are initially drawn out
by the action of centrifugal force resulting from
rotation of the rotor, and are immediately there-
after attenuated into fine fibers by the force of
the blast B. The magnitude of the centrifusgal
force depends upon the peripheral speed of the
rotor 28, and is sufficient to perform the addi-
tional function of projecting the primaries end-
wise into the blast B in close proximity to the
outlet opening 80 where the temperature and
speed of the blast is at a maximum. The cen-
trifugal force, however, is substantially less than
the force of the gas in the blast B, so that this
force actually turns the ends of the primaries
12 downwardly in the blast B and attenuates the
primaries into fine flbers.

The size of the fibers depends on the size of the
primaries 72, temperature of the primaries, rate
of feed of the primaries, velocity and temperature
of the blast B. Either or all of these may be
varied within limits to obtain fibers of one micron
or less in diameter to two and one-half microns
or more in diameter.

The embodiment of the invention shown in
PFigure 5 of the drawings differs from the above
construction in that the ring-like blast B instead
of being produced by an annular burner is ob-
tained by a multiplicity of separate burners 8
arranged in rows concentric with the axis of
the rotor 28. The hurners 8! in each row are
spaced apart, but are staggered wtih respect to
the burners in adjacent rows, so that the blast
issuing from one burner effectively bridges the
gap between adjacent burners in the next row.
The individual burners 81 operate on the same
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principle as the burner shown in Figure 1 and
need not be described in detail.

In the first described form of the invention the
hody of glass or heat softened material is sepa-
rated into individual streams or primaries 12 by a
multiplieity of grooves T formed by serrating the
top edge of the peripheral flange 68. If desired,
the primaries 12 may also be successfully pro-
duced in the manner shown in Figure 6 of the
drawings by extending the peripheral rotor flange
82 upwardly and forming a multiplicity of small
holes 83 in the flange. The holes 83 are spaced
in close proximity to each other circumferen-
tially of the flange B2, and coact with the cen-
trifugal force to produce well defined primary
filaments or streams.

Figure 7 of the drawings Is a diagrammatic
illustration of apparatus rendering it possible to
actually melt the bedy of glass in the rotor and
thereafter to discharge the glass in the form of
a multiplicity of separate primaries by the ac-
tion of centrifugal force. The rotor is designated
by the numeral 85 and is supported for rotation
on a vertical shaft (0 in much the same manner
as described in connection with the fArst embodi-
ment of this invention. However, in the present
instance the rotor 85 is formed of a high heat
resistant material, such for example, as plat-
inum, molybdenum, tantalum, ceramic materials
or any combination of these and other materials.

The rotor 85 is shaped to provide an annular
receptacle 87 into which glass batch in the form
of fine powdered material or in the form of
briquettes of intermixed glass ingredients may
be fed. Alternatively, glass cullet such as granu-
lated glass or glass marbles may also be fed di-
rectly into the annular receptacle 81. Any suit-
able means may he employed to feed the selected
material into the receptacle, such for example, as
a hopper and a chute leading from the hopper
to a position directly above the receptacle.

In the present instance the glass in one form
or another is heated by radiant burners 90 sup-
ported above the rotor 85 on a suitable fixed sup-
port in a position to direct the fames against
the material or glass in the receptacle 87. How-
ever, it will be understood that the receptacle
87 may be heated in other ways such, for in-
stance, through means of electric current. This
current may be passed through the walls of the
receptacle by making the rotor the secondary
of a transformer having its primary in the form
of a coil (not shown) connected to a source of
alternating current, With such an arrangement
current is induced in the walls of the receptacle
87 and heats the contents of the latter to the
melting temperature.

Regardless of the specific form of heating se-
lected, the contents of the receptacle are melted
or softened to such an extent that they flow gen-
erally radially outwardly under the influence of
the centrifugal force obtained as a result of ro-
tating the receptacle ahout the axis of the shaft
10. The peripheral edge of the rceeptacle at the
top of the latter may be formed with a multi-
plicity of closely spaced openings similar to the
openings 83 of Figure 6, and the heat softened
material flows through the openings under the
influence of centrifugal force to form individual
primaries. These primaries are projected into a
blast of gas, and are attenuated into fibers by the
heat and force of the blast in the same manner
noted in connection with the modification shown
in Figures 1 to 4 inclusive.
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JInpracticing the:process with :the: apparabus
sfeatures.in Figures. 6 and 7, it is possible to heat
:glass ‘batch material .in the receptacle -87 -just
-enough to fuse or soften the material so:that it
-will compact against the outer :wall of the .re-
ceptacte and pass through the openings 83 in the
form of batch rods. The rods are then projected
into a blast of gas similar to the blast B-and hav-
‘ing sufficient temperature to melt the batch rod
+4o-form glass which is attenuated by ‘the foree of
the blast into fibers.

In Figure 8 of the drawings another:apparatus
for producing fine glass fibers.is shown. In:de-
-tail, the mumeral 100 indicates a disk supported
-for -rotation about a vertical axis and having a
serrated peripheral edge 101 simulating:saw teeth.
The -shaft . 102 ‘on ‘'which ‘the .disk ‘is ‘secured is
journaled:in suitable bearings-and is connected
-to & prime moversuch for example as an electric
:motor {03.
-the disk 100 is & receptacle {04 containing a sup-
‘ply of molten glass and having a.discharge open-
ing in:the bottom wall through which molten
glass flows as ‘a stream under the influence of
:gravity. The opening is so:located with respect
to the disk 168 that the molten glass is deposited
on the disk adjacent the serrated peripheral-edge
of the latter. Since the disk 180 is rotating about
the axis of the shaft 102, the molten glass is di-
rected radially outwardly under the influence of
-eentrifugal force, and is separated by the teeth at
-the periphery of the disk into individual streams.

Supported directly below the disk 190 is a Block
of ‘refractory material {85 having a recess 10§ in
‘the top surface and having an intake 87’ through
-which a combustible mixture of gases is intro-
queed into the-recess. These gases are ighited in
the recess ‘186 and the products .of eomibustion
serve to heat the disk which forms the top wail'of
the recess 106. The disk {00 is spaced above the
‘top- of the block ‘105 to form a restricted annular
outlet opening 197 between the top of the block
and the underside of the peripheral edge 'of the
disk. The products of combustion wiich takes
place in the Tecess {08 escape through the an-
nular restriected outlet cpening #07:and form a
ring-like blast of intensely hot gas moving at sub-
stantial velocity. The primarles or streams dis-
charged from the periphery of the disk 100 under
the influence of centrifugal foree are projected
into this blast, and are further-agtitenuated into
-fine fibers.

‘Figure 9:of ‘the drawings features an arrange-
ment somewhat similar to the above,-except that
the .disk #80 is heated from above by one or more
radiant types of gas combustion burners t{8. The
‘molten glass primaries flowing radially outward-
1y from the periphery of the disk {08 under the
influence of the centrifugal foree are interrupted
byan annular shield {11 and are directed by this
.shield in a downward direction toward a con-
veyor or belt 2. The fibers are conveyed toward
the belt by the action of suction produced by
drawing air through a casing {3 suitably sup-
ported below the conveyor.

In Figure 11 of the drawings a construction is
shown which may be identical to the embodiment
shown-in Figure 1, except that a ring 116 is posi-
tioned between the rotor 28 and the ring-like
plast B. The ring 115 is attached to the rotor
28 at points ¢paced circumferentially of the rotor
by spokes {48 and the outer edge 117 extends to a
position immediately adjacent the blast B. It -will
also be noted from Figure 11:that the outer-an-

. nular edge 11 of the ring is located in a position

Suitably -supported direetly ‘above.
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-to-intercept thesstrenms of glass issuing -from-the
speripheral edge 71 of the rotor .28,:and since the
ring 15 rotates as & unit with -the .rotor, ‘the

streams are fed imto.the blast B by centrifugal

-force.

Owing to the proximity:of the ring 115 to the
plast B, it is ‘heated by the latter, and this heat
assists in maintaining the glass in a softened con-
dition during its travel from the rotor to the blast.
Also by transferring the glass from the ring to
the blast any tendency for molten glass to ac-
cumulate on the .peripheral edge of the rotor is

‘avoided, and in addition, the outer annular edge

{11 of the ring assists the stream of air supplied
by the biower 34 to prevent the blast from curv-
ing inwardly toward the rotor.

We claim:

1. The process of making glass fibers which
comprises flowing a body of heat softened glass
in a generally radially cutward direction by the
action of centrifugal force, mixing the glass as
it flows outwardly under the influence of the
centrifugal force to increase the homogeneity of
the glass by separating the softened body of glass
into streams, recombining the streams of glass
upon continued flow of the glass body under the
action of said centrifugal force to aid in mixing
the glass, again separating the glass into a multi-
plicity of individual glass streams.as the glass
continues to flow under the influence of the cen-
trifugal force, projecting the last-named streams
into a blast of hot gas moving at substantial ve-
loeity in a direction extending transversely to the
direction of Bow of the glass, and attenuating the
streams of glass into flbers by the heat and force
of the blast.

2. The process of making -glass fibers which
comprises burning & combustible mixture of gases

and discharging the burned gases in the form of

a-single ring-like blast of gas moving downwardly
at a rate sufficient to attenuate softened glass
into fine fibers, flowing a body of heat softened
glass by centrifugal force in a generally radial
direetion normal to the movement of the blast,
separating the body of glass as it flows under the
influence of centrifugal force into a multiplicity
of Individual streams of glass, projecting  the
streams with sufficient foree to enter but not go
through the ring-like blast, and reheating and
drawing out the streamsg into fine fibers by the
heat and force of the blast.

3. The process of making glass fibers which
comprises burning a combustible mixture within
an annular chamber and discharging the pred-
ucts of combustion from the chamber in the form
of :an annular blast moving in one direction at a
veloeity sufficient to draw out heat softened glass
into fibers, flowing a body of heat softened glass
in directions extending generally radially -out-
wardly from the axis of the annular blast by the
action of centrifugal force, mixing the glass as
it Bows outwardly under the influence of centrif-
ugal force to increase the homogeneity of the
glass by separating the softened body of glass into
individual streams and by streiching out ‘any
cords in the glass in a direction extending trans-
versely to the direction of flow of the blast, re-
combining the glass streams during continued
outward fiow of the glass and again separating
the recombined glass into individual streams, pro-
jecting the inidividual streams of glass endwise
into the annular blast by the action of the cen-
trifugal force, -and drawing out the streams to
form fibers by the heat and force of the blast.

4. The process of making glass fibers which
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comprises flowing a body of heat softened glass
along a predetermined path by the action of cen-
trifugal force, successively separating the body of
glass into individual streams and recombining
the streams of glass while the body of glass moves
along said path of travel under the influence of
centrifugal force and finally forming the glass
into streams, projecting the streams of glass end-
wise into a blast of extremely hot gas moving at
a high velocity in a direction extending trans-
versely to the path of movement of the glass
body, and further attenuating the streams of
glass into fine fibers by the heat and force of the
blast.

5. The process of making glass fibers which
comprises burning a combustible mixture of gases
and discharging the products of combustion in
the form of a ring-like blast of gas moving at a
rate sufficient to attenuate softened glass into
fine fibers, flowing a body of heat softened glass
in a generally radially outward direction from the
approximate center of the blast by the action of
centrifugal force, separating the body of glass
into a multiplicity of individual streams of glass
and recombining them while said body flows
under the influence of the centrifugal force and
then forming the glass into individual streams
projecting the streams of glass endwise into the
annular blast by the action of centrifugal force,
and attenuating the drawn out streams into very
fine fibers by the heat and force of the hlast.

6., Apparatus for producing glass fibers com-
prising means for producing a ring-like blast of
gas having a temperature exceeding the soften-
ing temperature of glass and having a velocity
sufficiently high to attenuate softened glass into
fibers, a rotor supported within the confines of
the ring-like blast and having concentric recesses
therein for supporting a body of heat softened
glass, and means for rotating the rotor at a speed
determined to provide the centrifugal force re-
quired to flow the heat softened glass successively
through said recesses and to project the glass be-
yond the periphery of the rotor into the blast.

7. Apparatus for producing glass fibers com-
prising a rotor having an annular recess in the
top surface adapted to retain a body of heat sof-
tened glass and having a second annular recess
in said surface concentrically arranged with re-
spect to the first recess, an annular upstanding
rib separating the recesses, an annular upstand-
ing flange at the periphery of the rotor forming
the outer wall of the outermost recess, means for
rotating the rotor at a speed determined to pro-
vide the centrifugal force required to flow the
heat softened glass from the inner annular re-
cess generally radially outwardly over the top
surface of the annular rib into the cuter annular
recess and over the top surface of the upstand-
ing peripheral flange into the space beyond the
periphery of the rotor, and means for attenuat-
ing the heat softened glass entering the space be-
yond the rotor including a blast of gas having a
temperature exceeding the softening tempera-
ture of the glass and having a velocity sufficiently
high to draw out the softened glass into fibers.

8. Apparatus for making glass fibers compris-
ing means for producing a ring-like blast of gas
having a temperature exceeding the soffening
temperature of glass and having a velocity suffi-
ciently high to attenuate heat softened glass into
fibers, a rotor supported within the confines of
the ring-like blast with the plane of rotation
thereof substantially normal to the direction of
movement of the blast, said rotor having an inner
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-annular recess adapted to contain a body of heat
softened glass and having an outer annular re-
cess, an annular rib separating the recesses and
having & multiplicity of circumferentially spaced
grooves in the top surface thereof, an annular
upstanding flange at the periphery of the rotor
forming the outer wall of the outermost annular
recess and also having a multiplicity of circum-
ferentially spaced grooves in the top surface
thereof, means for rotating the rotor at a speed
determined to provide the centrifugal force re-
quired to flow the heat softened glass from the
Inner annular recess radially outwardly over the
grooved top surface of the rib into the outer an-
nular recess and over the grooved top surface of
the peripheral flange into said blast.

9. Apparatus for producing glass fibers com-
prising a rotor supported for rotation, means for
depositing a body of heat softened glass on the
top surface of the rotor, means for rotating the
rotor at the speed determined to provide the cen-
trifugal force required to flow the glass generally
radially outwardly from the peripheral edge of
the rotor, a ring surrounding the periphery of the
rotor in radial spaced relation thereto and posi-
tioned to intercept the glass flowing outwardly
from the periphery of the rotor, and means for
rotating the ring as a unit with the rotor.

10. Apparatus for producing glass fibers com-~
prising a rotor having provision for supporting a
body of heat softened glass on the top surface
thereof, means for producing a blast of gas hay-
ing a temperature which exceeds the softening
temperature of glass and having a velocity high
enough to attenuate the heat softened glass into
fibers, means for flowing the blast past the pe-
riphery of the rotor in a direction extending in
the general direction of the rotor axis, means for
rotating the rotor at a speed determined to pro-
vide the centrifugal force required to flow the
heat softened glass generally radially outwardly
along the top surface of the rotor and to project
the glass beyond the periphery of the rotor to-
ward the blast, and a ring surrounding the pe-
riphery of the rotor in radial spaced relation
thereto and rotatable as a unit with the rotor,
said ring being located to intercept the glass
flowing from the periphery of the rotor and to
direct the glass leaving the outer edge thereof
into said blast.

11. The process of making glass fibers which
includes burning a combustible mixture of gases
and discharging the burned gases in the form of
a ring-like blast of gas moving at a rate suffi-
clent to attenuate glass into fine fibers, moving
2 mass of heated glass by centrifugal force in a
generally radial direction transverse to the move-
ment of the blast, separating the mass of glass
as it flows under the influence of centrifugal
force into a multiplicity of individual elongated
bodies of glass, projecting the elongated bodies of
glass with sufficient foree to enter but not go
through the ring-like blast, and reheating and
drawing out the elongated bodies into fine fibers
by the heat and force of the blast.

12. The process of making glass fibers which
Includes burning a combustible mixture of gases
anq discharging the burned gases in the form of
8 ring-like blast of gas moving at high veloeity,
moving a body of heated glass by centrifugal
force in a generally radial direction transverse
to the movement of the blast, separating the
body of glass as it moves under the influence of
centrifugal force to form g multiplicity of rods
of glass, projecting the rods with sufficient force
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to enter but not go through the ring-like blast,
and reheating and drawing out the rods into fine

Number
fibers by the heat and force of the blast. 2,192,944
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