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The present invention relates to a novel apparatus, 
method and manner of manipulating a glass furnace in 
which the formed fibers are wound upon and across the 
length of a rotating drum to form a resulting mat of 
glass fibers adaptable for use in the production of air 
filter media and the like. 
The present invention comprehends a reciprocating glass 

furnace having an orifice plate in the bottom thereof 
provided with multiple openings or apertures through 
which the molten fiber-forming material is discharged. 
The molten-fiber-forming material issuing through these 
openings is attenuated into glass fibers and wound upon 
a rapidly rotating drum. The furnace is moved back and 
forth across the length of the drum and in each traverse 
of the drum forms a layer of spun fibers extending com 
pletely across the drum. When sufficient traverses of the 
furnace have been effected to build up a desired number 
of layers on the drum to form a desirable mat thickness, 
this collected mat is slit through and across the drum 
and removed therefrom as a sheet. Subsequently, the 
sheet is expanded by pulling it at substantially a right 
angle to the lay of the collected fibers so that the result 
ing product is puffed up in thickness, is extremely open in 
texture compared to its original condensed condition and 
is greatly expanded in area. 

In prior apparatus and methods of producing such a 
mat, the furnace traverse is either at a continuously uni 
form rate of travel or constant speed across the drum 
for each and all layers of the mat, or the speed of travel 
is varied during each traverse so that the lay angle of 
the fibers varies in each layer. 

It has been determined that the degree of "puff" 
achieved when the mat is expanded and hence the result 
ing pattern is very much dependent on the speed of travel 
of the furnace in the spinning operation. It has also been 
found that where the furnace is moved at a high speed, it 
will yield a characteristic fiber pattern while its movement 
at a low speed will yield a very much different characteris 
tic fiber pattern. It has also been determined that by 
repeated changing the speed of travel of the furnace be 
tween a maximum and minimum speed during each trav 
erse produces yet another and characteristic fiber pattern. 

In the present invention, a new, different and improved 
fiber pattern is accomplished by the novel method and 
manner of manipulating the furnace in which the furnace 
is moved back and forth at a predetermined constant speed 
for a predetermined number of traverses, and then moved 
back and forth through a predetermined number of trav 
erses at a substantially different but constant speed to 
form one cycle. These novel cycles are repeated until 
a sufficient number of layers of the glass fibers are built 
up on the winding for the purpose intended. 
By moving the furnace back and forth through the 

recited cycles in each of which the furnace makes one or 
Inore traverses at a given or predetermined constant but 
different speed from the preceding and succeeding trav 
erses, the angle of lay of the fibers in one cycle varies 
between the traverses at different speeds with the move 
ment at the greater speed laying the fibers at a greater 
angle. 

It is, therefore, an important object of the present in 
vention to provide a novel fiber-forming apparatus, method 
and manner of laying the fibers in one or more traverses 
at a different lay angle from those in one or more suc 
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ceeding traverses, such different lay angles being caused 
by Inoving the furnace at constant but different speeds. 
Another object of the present invention is to provide 

a novel method and manner of manipulating or moving 
the furnace through predetermined cycles of travel to pro 
duce a novel fiber pattern in the formed mat and resulting 
in a mat having properties unlike those resulting from 
the operation of prior apparatus and methods. 

Further objects are to provide a construction and 
method of maximum simplicity and efficiency and such 
further objects, advantages and capabilities as will later 
more fully appear and are inherently possessed thereby. 

In the drawings: 
FIGURE 1 is a fragmentary view, part in side elevation 

and part in vertical cross section, of the present assembly 
including the reciprocating furnace and rotatable drum 
with the furnace being moved axially of the drum through 
predetermined cycles in each of which the furnace is 
moved at a constant or uniform speed for one or more 
traverses followed by movement at another but constant 
speed for one or more traverses to thereby effect a novel 
fiber pattern in the resulting mat. 

FIG. 2 is a fragmentary enlarged view, part in end ele 
vation and part in vertical cross section, of the assembly, 
the section being taken on approximately the irregular line 
2-2 of FIG. 1 and viewed in the direction of the arrows. 

FIG. 3 is a graph showing the winding arrangement 
and the furnace distance versus time graph for four trav 
erses of the drum or one complete cycle with the cycle 
comprising three traverses of the furnace travelling at a 
relatively slow but constant speed throughout each of said 
traverses, and one traverse at a substantially greater but 
also constant speed. 

Referring to the disclosure in the drawing in which is 
shown an illustrative embodiment of the present invention, 
the apparatus includes a furnace 10 containing molten 
glass 1 and having a plate or base 12 provided with 
multiple orifices 3 through which the molten glass is 
discharged and attenuated into glass fibers 14. The fur 
nace is reciprocated back and forth over a relatively large 
and rapidly rotating drum 15 on which the formed fibers 
are collected. Thus for each traverse of the furnace from 
one to the other end of the drum, a layer of fibers is col 
lected and after a suitable number of traverses to build 
up a desired mat thickness on the drum, the mat is slit 
longitudinally of the drum and at substantially a right 
angle to the collected fibers and removed from the drum 
as a sheet. 
The opposite ends of the removed sheet are trimmed 

to remove that portion where the furnace has slowed 
down in reversing its direction of travel, and the trimmed 
sheet is then expanded by pulling at approximately a 
right angle to the lay of the fibers to produce a resulting 
product that is puffed up in thickness, open in texture 
compared to its original condensed condition and greatly 
expanded in area. 
The furnace 10 is shown provided with a charge hole 

16 at one end and at its other or open end 17 provided 
with a burner 18 supplied with fuel from the supply pipe 
19. The interior of the furnace is preferably provided 
with a refractory fill 21 about a refractory lining 22 
defining a chamber 23 for the molten fiber-forming ma 
teria . 
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To reciprocate the furnace back and forth the furnace 
carriage 24 is provided adjacent its opposite ends and 
at each side thereof with flanged wheels 25 carrying the 
furnace upon spaced tracks 26. On this carriage is 
affixed an upstanding cam bracket 27 provided with an 
elongated and vertically disposed cam slot 28 conform 
ably receiving a cam 29 projecting laterally from a 
block 31 secured to and carried by a roller chain 32. 
The roller chain 32 is carried upon and driven by 
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sprocket wheels 33 and 34 one of which is mounted on 
a drive shaft 35 and the other upon a driven or stub 
shaft 36. Thus the chain 32 and its block 31 and can 
29 reciprocate or move the furnace carriage 24 and the 
furnace 10 back and forth with the cam retained in the 
vertical slot 28 and movable vertically therein depend 
ing upon the location of the block on the moving chain. 

This drive mechanism moves the carriage 24 and the 
furnace 10 at a constant or uniform rate for each traverse 
from one to the opposite end of the drum 15, while 
the latter is rotated at a relatively high speed to wind 
up the fibers being spun. - 
The drive shaft 35 is driven from a motor or other 

power source 37 through a change-speed mechanism 38 
whereby the speed of travel is varied to obtain one or 
more traverses at one constant or uniform speed and 
then one or more traverses at another or different con 
stant or uniform speed constituting one cycle. Thus in 
each successive cycle the fibers of one or more traverses 
lay at one desired angle and the fibers in the next one 
or more traverses lay at a different angle, the angle of 
lay depending upon the speed of travel of the furnace, 
with drum 16 rotated at a relatively high but continu 
ous uniform speed through succeeding cycles by means 
of a sprocket and chain at 39 from a motor or other 
power source. 
By way of illustration, the furnace during one cycle 

is cause to move at the rate of 12 feet per minute for 
three traverses and then is caused to travel at the rate 
of 36 feet per minute for one traverse. If this cycle is 
repeated over and over again until the desired number 
of layers have been formed to build up a desired thick 
ness of mat, it will be seen that on every fourth traverse 
a layer of fiber is laid on the drum with the furnace 
travelling at the rate of 36 feet per minute and the 
other layers are laid down with the furnace travelling at 
12 feet per minute. 
With the drum revolving and winding the formed 

fiber at a constant rotational speed for each and all of 
the traverses of the furnace, it will be evident that the 
angle of the fiber laid down on the drum during each 
traverse will depend upon the speed of travel of the 
furnace. More - specifically, the tangent of this angle 
is equal to the furnace speed divided by the tangential 
velocity of the drum with the latter rotating continuously 
at a constant speed. . . . . . 
Assuming the above-suggested traverse speeds and as 

surning that the tangential velocity of the drum is 2000 
feet per minute, then every fourth traverse during a 
cycle lays down fibers of a constant angle of lay X, 
while in the other traverses in said cycle the furnace 
moving at the slower but also constant speed lays down 
fibers at an angle of lay Y, wherein: 

- 36 
X= arctangent 2000 

and 

- 12 Y=arctangent 2000 

It has been further determined that the angle at which 
the fibers are laid on the drum determines the length 
to which the condensed mat can subsequently be ex 
panded, and the greater the angle of lay the shorter is 
the expanded length. In the present invention and as 
set forth above, the angle X being the greater angle 
will yield fibers tending to make a shorter expanded mat 
than fibers laid down at the lesser angle Y, and that the 
fibers laid down at the angle X will determine the actual 
length of the mat when expanded. 
The fibers laid down at the angle Y and capable of 

making a longer expanded mat but restrained from doing 
so, will buckle of necessity in order to fit into the shorter 
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4. 
down at the angle X. Thus, in the resulting mat produced 
as herein disclosed there are layers laid down at the angle 
X which are stretched to their limit and alternate layers 
laid down at the angle Y which are forced to buckle. 
This arrangement of alternate layers of fibers stretched 
to their limit and the others in which the fibers are forced 
to buckle produces a unique and novel characteristic pat 
ter. 
The above is but illustrative for the invention com 

prehends a wide choice or combination of furnace speeds 
and the numbers of layers laid at each speed, so long as 
the speed for each traverse is maintained constant from 
one to the other end of the drum. Furthermore it is con 
templated by the present invention to change from one 
combination to another during the course of producing 
a single mat to obtain a desired characteristic fiber pat 
tern. 

It will be evident that when the furnace is travelling 
in one direction of traverse and at a constant speed of 
travel, the fibers laid down on the drum will be disposed 
at an equal angle and spacing except at the extreme ends 
where the furnace slows down as it reverses its direction 
of travel. The next traverse of the furnace will be in 
the opposite direction, and if at the same constant speed 
the lay of the fibers will be at the same angle and spacing 
but in the opposite direction, so that the fibers of adjacent 
layers cross at an acute angle. As each layer is formed 
by the reversal of travel of the furnace, a suitable binder, 
such as a thermosetting resin, is applied preferably by 
spraying onto the formed fibers as they are collected on 
the drum. The extreme ends of the sheet upon removal of 
the drum are then trimmed or removed and the sheet ex 
panded in the manner described above. 

In FIG. 3 is presented a graph showing the winding 
arrangement and the furnace distance versus time graph 
which illustrates one complete cycle comprising four 
traverses of the furnace in accordance with the above re 
cited example where the cycle consists of three traverses 
made at a constant speed of 12 feet per minute and one 
traverse made at a constant speed of 36 feet per minute. 
The traverses of the furnace at the lesser speed are des 
ignated at A while that at the greater speed is designated 
at B. 
From the above description and the example given 

but which is to be taken as illustrative only, it will be 
evident that by operating the furnace through alternate 
cycles in each of which cycles the furnace is moved at a 
constant speed for one or more traverses and then at a 
constant but greater speed for one or more traverses, the 
angle of lay of the fibers at the different speeds of traverse 
will produce in the resulting expanded product a novel and 
unique fiber pattern. The characteristic pattern so pro 
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duced assures an expanded product in which, in the ex 
ample given, the fibers of every fourth traverse are ex 
panded to their limit and determine the actual length of the 
expanded product, while the fibers from each of the other 
traverses, although tending to make a longer mat, are re 
strained from doing so and buckle into the shorter length. 

Having thus disclosed the invention, I claim: 
1. The method of forming a sheet composed of multiple 

layers of fibers comprising the steps of reciprocating a 
furnace containing molten fiber-forming material axially 
along and over a rotating drum, discharging the molten 
material through orifices in the furnace and attenuating 
the molten material into fibers, collecting the fibers on 
the drum as the furnace is moved axially of the drum, 
moving the furnace through a cycle in which the furnace 
is moved through a first set of one or more traverses sub 
stantially from one to the other end of the drum at a 
first constant speed to lay fibers on the drum at a desired 
angle of lay and then through another set of one or more 
traverses substantially from one to the other end of the 
drum at another constant speed to lay fibers at a different 
angle of lay than the preceding set, applying a binder to 

length as determined by the fibers from the layers laid 75 said fibers, repeating said cycle to build up a collected 
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condensed mat of fibers so laid on the drum to a desired 
thickness, slitting the mat so formed axially of the drum 
and removing it as a sheet, and expanding the sheet by 
pulling it at substantially a right angle to the lay of the 
fibers. 

2. The method of forming a sheet composed of multiple 
layers of fibers comprising the steps of reciprocating a 
furnace containing molten fiber-forming material axially 
along a rotating drum, rotating said drum at a constant 
speed, discharging the molten material from the reciprocat 
ing furnace and attenuating the molten material into fibers, 
collecting the fibers on the rotating drum as the furnace 
is moved axially of the drum, reciprocating the furnace 
axially of the drum through multiple cycles in each of 
which the furnace is moved through one set of one or 
more traverses substantially from one to the other end 
of the drum at a predetermined constant speed to lay 
fibers on the drum at a desired angle of lay and then 
through another set of one or more traverses substantially 
from one to the other end of the drum at a substantially 
greater constant speed to lay fibers on said drum at a 
greater angle of lay than the preceding set whereby the 
angle of lay of the fibers from succeeding sets of traverses 
varies in accordance with the speed of travel of the furnace 
back and forth across the drum, applying a binder to said 
fibers, building up a collected mat of fibers so laid on 
the drum to a desired thickness, slitting the mat so formed 
axially of the drum and removing it as a sheet, and ex 
panding the sheet by pulling it at substantially a right 
angle to the lay of the fibers. 

3. The method as in claim 2 and wherein each of said 
cycles consists of an odd number of traverses at each of 
said constant speeds. 

4. The method of forming a condensed sheet com 
posed of multiple layers of fibers comprising the steps of 
reciprocating a furnace containing a molten fiber-forming 
material axially along a rotating drum, discharging the 
molten material from the furnace and attenuating the 
molten material into fibers, collecting the fibers on the 
drum as the furnace is moved axially of the drum, mov 
ing said furnace through a cycle which includes a first 
set of one or more traverses substantially from one to 
the other end of the rotating drum at a predetermined 
constant speed of travel to lay fibers on the drum at one 
angle of lay and a second set of one or more traverses 
substantially from one end to the other of the drum at 
another constant speed of travel whereby to lay fibers 
on the drum at a different angle than the fibers from 
the preceding set, applying a binder to said fibers, repeat 
ing said cycle to build up layers of fibers into a mat of 
desired thickness in which the angle of lay of fibers from 
succeeding sets differs, slitting and removing the mat to 
form a condensed sheet capable of being expanded. 

5. The method of forming an expanded sheet, com 
prising the steps recited in claim 4 and including the step 
of expanding the sheet by pulling at substantially a right 
angle to the lay of the fibers, wherein the fibers disposed 
at the greater angle of lay determine the length to which 
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6 
the sheet is expanded and the remaining fibers are 
buckled substantially throughout their length. 

6. The method of forming a condensed fibrous mat 
composed of multiple layers of fibers, comprising the 
steps of reciprocating a furnace containing molten fiber 
forming material axially along a continuously rotating 
drum, discharging the molten material through orifices 
in the furnace and attenuating the discharged molten 
material into fibers, collecting the fibers on the drum as 
the furnace is moved axially of the drum, moving the 
furnace in a cycle consisting of a set of one or more 
traverses substantially from one end to the other of the 
drum at a constant and uniform speed to build up a layer 
of fibers for each traverse and another set of one or 
more traverses substantially from one to the other end 
of the drum at another constant and uniform speed to 
build up a layer of fibers for each such traverse but at 
a different angle of lay than the fibers from the preceding 
set, applying a binder to said fibers, and moving the 
furnace back and forth along the drum through repeated 
cycles until sufficient layers of the fibers are collected 
on the drum to form a condensed mat of the desired 
thickness. 

7. A condensed, filamentous, sheet-like mat of the 
type normally produced by winding fibers upon a drum 
and applying a binder material to form a cylindrical mat, 
slitting the mat axially to remove it from the drum and 
trimming it longitudinally to remove its axial end areas 
comprising: a series of overlying sets of layers or fibers, 
each layer being substantially coextensive with said mat 
and consisting of parallel fibers disposed at one angle 
to the longitudinal axis of the mat, each set consisting of 
one or more layers of fibers, the fibers within each set 
of layers disposed at equal angles to the longitudinal axis 
of the mat, the fibers of each successive set of layers dis 
posed at a different angle to the longitudinal axis of the 
mat than the preceding set, the angular disposition of 
said sets of layers of fibers varying in a repetitive se 
quence through said series. 

8. A condensed, filamentous, sheet-like mat as in 
claim 7 and wherein successive layers are disposed at 
opposite angles to the longitudinal axis of the mat, alter 
nate sets of layers being disposed at the same angle to 
the longitudinal axis of the mat, and wherein alternate 
sets each comprise a plurality of layers. 

9. A filamentous, sheet-like mat as in claim 8 and 
wherein the mat has been expanded substantially trans 
versely of said longitudinal axis of said mat and the 
fibers of alternate sets of layers are buckled substantially 
throughout their length. 
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