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1

3,265,476
APPARATUS FOR PRODUCING UNIFORM
CONTINUOUS FIBERS

Cletis L. Roberson, Newark, Ohio, assignor to Owens-
Corning Fiberglas Corporation, a corporation of Dela-
ware .

Original application Aug. 2, 1962, Ser. No. 214,218, now
Patent No. 3,126,268, dated Mar. 24, 1964. Divided
and this application Dec. 19, 1962, Ser. No. 245,838

. 'The portion of the term of the patent subsequent to

Mar, 24, 1981, has been dedicated to the Public
: 8 Claims. (CL 65—1)

This application is a division of my copending applica-
tion Serial No. 214,218, filed August 2, 1962, now Patent
3,126,268 issued on March 24, 1964, which in turn is a
continuation-in-part of my application, Serial No. 489,588,
filed February 21, 1955, now abandoned. .

This invention is related to the production of continnous

fibers of thermoplastic materials and more particularly
to improvements in means for producing such fibers
where the forming process entails mechanical attenuation
of the fibers from streams of the heated thermoplastic
material.
- It is well known that thermoplastic materials such as
glass can be drawn into continuous fibers by attenuation
of streams flowing from a feeder associated with a molten
body of the material.. The flowing material is attenuated
in this process into individual fibers ‘which are usually
gathered into a strand under the influence of pulling forces
exerted by a winder which collects the strand into a
package. The strand in such instances is usually wound
on a collection tube mounted on a rotating collet of the
winder and may be collected ‘at linear speeds in the order
of 15,000 to 20,000 feet per minute or more.

In manufacturing fibers in this' manner the goal has
been to produce fibers which are closely similar in diam-
eter and individual fibers of uniform diameter throughout
their length. If production of fibers of such uniformity
could be attained, the strand yardage per pound of glass
supplied from the feeder would be consistently uniform
and much would be done to promote consumer reliance
upon product quality when strand or fiber diameters are
specified.

On collection of strand into a package, however, a
gradual buildup of the package occurs in the usual pack-
aging cycle of approximately 15 to 30 minutes, such that
for a given speed of the collection tube, the linear speed
of attenuation is in effect gradually and uniformly in-
creased to a maximum linear speed toward the end of the
packaging cycle. In other words, at the start of a pack-
aging cycle, the linear speed of attenuation of the fiber
from the feeder is determinéd by the outer diameter of the
bare collection tube, but as buildup of the package occurs,
the speed of attenuation instead becomes dependent upon

‘the outer diameter of the top layers of strand in the
package. When viewed on an over-all basis, the linear
speed of attenuation increases gradually from a minimum
at the beginning of a packaging cycle to a maximum at
the end of a packaging cycle when the package is com-
pleted.. Under fixed conditions of temperature of the
glass supplied from the feeder, the diameter of fibers
collected into the strand being wound is correspondingly
undesirably diminished because of this increase in speed.
Consequently, the yardage per unit weight of glass being
collected also varies dependent upon whether it is col-
lected at the beginning or the end of the package.

It is therefore a principal object of the present inven-
tion to provide an improved means for mechanically at-
tenuating continuous fibers from thermoplastic materials
wherein the resulting fibers are more consistently uniform
in diameter along their complete length, and in which the

10

15

20

25

30

35

40

45

50

55

60

65

70

2

yardage per pound of strand packaged is consistently
uniform. )

It is a further object of the invention to provide ap-
paratus for attenuating continuous. fibers of thermoplastic
materials in which uniformity in physical dimensions may
be imparted thereto without requiring modification of the
basic forming processes.

It is still another object of the invention to provide
means for improving the process of forming glass fibers
to provide more uniform quality without requiring undue
added operational care.

It has been discovered according to the present inven-
tion that when one of the fiber-forming factors such as
the temperature of the thermoplastic material emitted
from the feeder is programmed or varied at a patterned
rate matched to the variation in linear speed of attenua-
tion, that the fiber diameter can be maintained more
exactingly uniform regardless of the variation in speed
of attenuation. Fiber-forming factors which can be
varied to accomplish such uniformity include glass tem-
perature and winding speed. Of the factors which may
be varied to produce uniform fibers, however, it is pre-
ferred to vary the temperature of the thermoplastic ma-
terial during attenuation because of the greater ease of
adaptability of such variation to programmed operation
with conventional fiber-forming processes. Such varia-
tion in temperature is effected in the present disclosure
by controlling current flow through a resistance-heated
feeder. In other words, as package buildup of strand
occurs and ‘a corresponding increase in the speed of at-
tenuation results, the temperature of the feeder associated
with the attenuating means can be gradually increased
by causing the current flow through the resistance-heated
feeder to increase at a matched rate to produce fibers of
uniform diameter throughout their length.

A feature of the invention is its adaptability to existing
processes to permit production of fibers of highly uniform
quality with a small investment in additional equipment
and practically no additional operational care.

Another feature of the invention is the large size pack-
ages which it allows to be produced in forming operations
with attendant reductions in handling costs. :

Other objects and features which I believe to be charac-
teristic of my invention are set forth with particularity-
in the appended claims. My invention itself, however,
as to its manner of construction together with other ob-
jects and advantages, may best be understood by reference
to the accompanying drawings, in which: :

FIGURE 1 shows a general layout of apparatus for
producing continuous glass fibers; .

FIGURE 2 is a front elevational view of the general
layout of apparatus shown in FIGURE 1;

FIGURE 3 is a partially schematic and diagrammatic
illustration of a circuit which may be used for control
of the electrical current supplied to the feeder of the ap-
paratus of FIGURES 1 and 2;

" FIGURE 4 is a detailed schematic drawing of an elec-
tronic programming circuit for use with feeder control
circuits such as shown in FIGURE 3;

FIGURE 35 is a schematic illustration of still another
programming circuit for control of current flow through
a feeder;

FIGURE 6 illustrates in graphic form the feeder tem-
perature-time characteristic obtainable by use of control
circuits such as those of FIGURES 4 and 5;

FIGURE 7 shows another circuit arrangement whereby
fibers attenuated from a feeder are maintained uniform
in diameter by gradual modification of the rotary speed
of the packaging unit; » -

FIGURE 8 illustrates a typical B~H curve for mag-
netic material such as may be embodied in a saturable-
core reactor; and
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FIGURE 9 is a schematic illustration of still another
programming circuit utilizing inductive principles for con-
trol of current flow through a feeder.

Although the invention is herein exemplified by refer-
ence to glass fiber production, it will be apparent in view
of the disclosure that it has application to production of
fibers of other materials as well.

Turning ‘to the drawings in greater detail, the general
. layout of strand forming and winding apparatus of FIG-
URES 1 and 2 includes a source of molten glass, such as
a melting unit 10, having an associated electrical feeder
or bushing 11 from which streams of molten glass flow.
The feeder has a plurality of aligned orifices of small
dimension which form the streams from which filaments
or fibers 12 are then drawn, The feeder is made of high-
temperature conducting material such as platinum and is
provided with. terminals 20 at opposite ends thereof
across which a potential is applied to supply current of
magnitude sufficient to heat it as to the desired attenuat-
ing temperature for the. glass.

The force of withdrawal of fibers 12 from the material
emerging from the feeder 11 is provided by winding ap-
paratus-such as a collet-type winder 15 which winds the
strand 14 formed of the-fibers 12 onto a collection or
‘packaging tube 16 in the form of a generally cylindrical
package 17. The fibers 12 are gathered together by a
size-applying gathering member 13 at a point intermedi-
ate the packaging tube 16 and the feeder 11. - Sizing fluid
is supplied to the gathering member 13 from an external
source, not shown, through a tube 19 disposed above the
-gathering member. After formation, the strand 14 is
caused to traverse the collection tube 16 by a spiral-wire
type traverse 18 of the winder 15.© A thermocouple 26
is arranged to make contact with one side of the feeder
to generate a ‘temperature signal .to be supplied to the
automatic controls as described hereinafter.

FIGURE. 3 shows an electrica] power circuit and asso-
ciated: controls for supply of energy to heat the feeder
11. - Broadly, the power circuit includes a saturable-core
reactor 22 in series with a power transformer for the
feeder.” The feeder is connected by way of its terminals
20 across the secondary winding 24 of the power trans-
former while the primary of the transformer is connected
serially with the saturable reactor 22 - The series circuit
1is connected to a suitable power line source L1, L2 such,
for example, as a 440-volt, 60-cycle line through contacts
25 of -a line circuit breaker and over a pair of suitably
fuse-protected circuit leads. :

Current-regulating controls for the power circuit may
‘be provided by a conventional-type temperature-sensing
and regulating unit 29 such as a unit of the type well
known to the instrument trade as a Wheelco unit which
‘can be arranged to operate in conjunction with the tem-
perature-sensing thermocouple 26. This unit operates to
sense the temperature of the feeder by way of the thermo-
couple and to indicate the temperature signal at a-meter
provided with means for presetting the temperature de-
sired. ~ As the temperature signal fed to the unit varies
‘from a preset value, the unit functions to supply a cor-
rected signal to the power circuit by way of the saturable
-reactor to establish the current flow for the temperature
desired. According to the present invention, however,
the regulating unit not-only receives the signal from the
“thermocouple 26 but also an auxiliary signal correspond-
ing in effect-to a false temperature signal supplied by unit
27 as-described hereinafter.

The saturable-core reactor 22 has an associated direct
current winding 30 which when energized builds up the
flux concentration in the reactor in characteristic manner
‘illustrated by the B-H curve of FIGURE 8. Energy for
the D:C. winding 30 is supplied from the temperature-
regulating unit -29. When the flux concentration in the
saturable-core reactor 22 is high on the B-H curve, such
‘as. at point (a) just below the knee of the curve, the in-
“ductive reactance of the reactor is at a minimum and the

4

current supplied to the transformer by way-of its pri-
mary is correspondingly at a maximum. When, how-
ever, the direct current flow-in the winding 39 is some-

- what smaller, such that the flux concentration in the re-

10

15

actor- dwells in the region of point (b) considerably be-
low the knee of the curve, the inductive reactance of the
reactor is more appreciable and the current flow in the
transformer . primary is accordingly .lower.  Thus, the
amount-of direct current flowing in the winding 30 deter-
mines the magnitude of the reactance in series with the
transformer and consequently determines the amount of
electrical "energy supplied to establish the temperature

- of feeder 11.

As indicated previously, it has been found that by caus-
ing a gradual increase in the temperature of the feeder as
increases in speed of attenuation of fibers occur permits
production of fibers of uniform diameter throughout each

- packaging cycle for each package wound. - That is, as the
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speed of attenuation increases due'to package buildup,
a gradual increase in temperature of the feeder:at a .
matched rate, results in establishment of compensating

~variations in the attenuation factors to permit production

of fibers uniform in diameter within a very close toler-
ance. On viewing the operation more fundamentally, it
appears that the progressive increase in temperature of
the glass in actuality causes the glass to flow more freely
from the feeder. Thus, more molten material is made
available as the speed of attenuation increases. to main-
tain the diameter of the glass fibers uniform.

FIGURE 6 illustrates graphically the ramp or slope
function, or in still other words, the stepped manner by
which the feeder temperature may be varied with respect
to time to effectively provide fiber uniformity throughout
the packaging cycle. Each step of temperature variation
is. matched to a packaging cycle. At the beginning of-
the cycle, the feeder temperature is at a minimum while
during the cycle it is gradually increased to a maximum
which will compensate for the increased speed due to:

- buildup at the end of the cycle.

While the package is being doffed, and another collec-
tion tube is being- installed on the collet, the temperature
of the feeder is reduced to its initial value at the begin-
ning of the cycle preparatory to start of another pack-
aging cycle. - It has been found that this reduction in tem-
perature can be effected in a period of very short dura-
tion by cutting back on current flow through the feeder.
Because of the high temperature differential between the
feeder and the surrounding atmosphere, the period re-
quired to effect temperature reduction is a matter of mere
seconds and is sufficiently rapid not to be a retardant to
start-up of a subsequent packaging cycle. - In other words;
the reduction in temperature can be effected with time to
spare in the period usually required to effect removal of
a completed package and reinstallation of a new collec-
tion tube. '

By way of example, in one installation a 15° F. increase
in feeder temperature from a temperature of 2300° F. in
a 20-minute cycle maintained fiber uniformity within a
1% tolerance, whereas previous to providing a matched-
temperature variation with package buildup, a 7% tol-
erance was the closest that could be attained.

The gradual buildup of temperature can be accom-
plished by supplying a false temperature signal to the
regulating unit 29 from the unit 27 along with the tem-
perature signal supplied thereto by the thermocouple 26.
The unit 27 is connected to the regulating unit 2% in series
with the thermocouple and is arranged to oppose the
thermocouple signal as it increases, to falsely indicate to

‘the unit 29 that the temperature of the feeder is gradually

diminishing. ~ That is, the regulator unit receives a false
temperature signal which causes it to allow the current

‘flow through the feeder to gradually inctease and conse-

quently effect a gradual increase in temperature of the
feeder. :
- More than one type of circuit arrangement might be
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adopted to provide this false signal. Thus, the circuit
arrangements set forth herein are intended to be an ex-
ample of the means by which such signals can be pro-
vided rather than being limiting.

In FIGURE 4 the exemplary circuit is a vacuum tube
circuit which prolongs the charge characteristics of a re-
sistance-capacitor circuit to provide a ramp-function or
gradually increasing direct current signa] arranged to op-
pose the thermocouple signal. - The ramp-function signal
is initiated responsive to closure of a switch 28 which is
suitably associated with the winding apparatus for actua-
tion when the winder begins a package winding. cycle.
The switch may be conveniently associated with the wind-
er traverse mechanism to operate in this-manner. A
solenoid relay 46 connected across a power source L1-L2
through the switch 28 has a pair of normally closed con-
tacts 42 in the vacuum tube circuit which initiate de-
velopment of the ramp function.

As indicated, the circuit is in'general a resistance-
‘capacitance circuit in which a condenser 43 has a charge
built up therein under the influence of a “B” battery 40
through a load resistance 39 and grid bias resistance 41.
The grid resistance 41 and a cathode resistance 37 are
connected in parallel when the contacts 42 which bridge
the grid and cathode are in their normally closed position.

The vacuum tube 31 is a triode having a plate 38 which

1is connected directly to the load resistance 39 as well as
to a direct current output amplifier 35. The cathode 32
is connected to the biasing resistance 37 which in turn
is connected to the negative side of the battery 48 while
the heater 33 is suitably energized as by a filament battery
34. The grid 36 is connected to the negative potential
side of the condenser which corresponds to-the same' po-
tential as that of the cathode when the contacts 42 are
in normally -closed position. Since the grid thus has a
zero bias voltage when the contacts 42 are closed, the
tube functions in a sense as a diode and has its maxi-
mum current flow therethrough. The voltage drop across
the tube, and correspondingly across the condenser, is
‘therefore at. its lowest value.

- Upon opening of the contacts 42 responsive to closure
of the switch 28, the cathode and grid are connected inde-
pendently to their bias resistances 37 and 41, respectively.
“The grid potential, however, is initially dependent on the
low charge on the condenser until the condenser can build
up a charge through the grid bias resistance 41.  The
current flow is accordingly at a high initial value but
gradually diminishes as the condenser charge builds up.
Correspondingly, the voltage drop across the tube starts
-out at a low value and gradually builds up dependent upon
the rate at which the condenser is charged.

Thus, the D.C. amplifier 35, having one side of its input
‘connected directly to the plate 38 and having its other
‘input side connected directly to the negative side of the
battery 49, is supplied with a gradually i mcreasmg signal
‘upon closure of the switch 28, which signal in turn may be
‘supplied to ‘the D.C. amplifier for amplification before
introduction into the-circuit of thermocouple 26. The
.magnitude of components of the circuit are selected so that
the period of charge of the condenser 43 is sufficiently
long that a packaging cycle can be completed within the
linear portion of the charge characteristic of the con-
denser.
-can'be extended in this manner to periods as long as sev-
-gral hours.and thus can be designed to provide a sub-
‘stantially straight line signal characteristic for the smaller
periods corresponding to the usual packaging cycles Al-
-though the vacuum tube in the circuit described is a tri-
ode, it will be recognized that the circuit may be readily
modified to incorporate tetrode or pentode tubes for differ-
-ent linearity characteristics if desired.

_ The switch 28 can be readily arranged to be opened
automatically and the winding apparatus stopped auto-
matically when the package is built to full size such as
‘may be determined by winding for a-given period, thereby

The effective R.C. time constant of the ‘circuit
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causing the contacts 42 to return to their normally closed
condition. The resistances 37 and 41 are thereupon again
connected in common with the grid to reset the circuit
for charge of the condenser 43. The circuit arrangement
is such that the discharge period is sufficiently short that
more than enough time exists during the doffing period to
permit complete recharge of the condenser and return of
the feeder temperature to the temperature value desired
before start of a subsequent packaging cycle.

FIGURE 5 illustrates another arrangement by which
a gradually increasing signal can be introduced into the
thermocouple circuit. This arrangement includes a vari-
able resistance 58 driven by a clock-type motor 67 which
gradually modifies the resistance during each packaging
cycle to provide a gradually increasing voltage -signal.
This signal is supplied to a load resistance 60 connected
in the thermocouple circuit to introduce a false tempera-
ture signal therein for receipt by the temperature-regulating
unit 69.

More specifically, energy for the false signal circuit is
supplied over suitable power lines L1 and L2 of an alter-
nating current source to a converter unit 68 which in turn
provides a constant D.C. reference voltage for the false
signal circuit. A pair of contacts 54 mechanically asso-
ciated with the traverse mechanism of the winder of FIG-
URES 1 and 2 are arranged to close and operate a clutch
55 when the winder is in operation. The clutch mechani-
cally connects the continuously running clock motor 67
to the shaft of the potentiometer 58 which varies the mag-
nitude of the signal introduced into the thermocouple
circuit,

The direct current portion of the circuit consists in
general of a tapped voltage divider branch including a
pair of series-connected resistances 56 and 57 on one
side of the tap and resistances 58 and 59 on the other
side. Variable voltage selector taps are associated with
the resistances 57 and 58, respectively, and have a pair
of series-connected resistances 61 and 62 connected there-
between. The resistance 60 is connected between the tap
point between the resistances 57 and 58 and a point be-
tween the resistances 61 and 62. It is from the resistance
60 that the false signal voltage is introduced into the
thermocouple circuit. The variable tap of the resistance
58 on being driven by the motor 67 gradually increases
the voltage signal applied across the resistance 60. The
mechanical arrangement of the variable voltage selector
arm for the resistance 58 is such that it begins at one end
of the resistance 58 and 'sweeps slowly thereacross during
the packaging cycle, and then drops back to the beginning
of the resistance upon completion of a package prepara-
tory to start of a subsequent step of the false signal.

The resistance 59 is arranged to be manually variable
to enable adjustment for the slope of the false signal with
In other words, the variability of re-
sistance 59 permits adjustment of the rate of increase of

-the signal supplied at the resistance 68, thereby permitting

a match of the stepped temperature rise of the feeder with
the rate of buildup of packages. A manually variable

“tap is additionally provided for the resistance 57 to permit

preselection of the feeder temperature at the beginning
of the packaging cycle.

While the invention is described above prmc1pally in
connection with circuits for straight-line programming of
the feeder temperature, it is contemplated that the feeder
temperature may also be modified on a nonlinear basis
when ‘desired. Thus, the nonlinearities in the rate of

“attenuation such as may be caused by odd shaped pack-

ages or unusual paths taken by the.strand to effect wind-
ing of packages can be matched by corresponding non-
linear feeder temperature variations {0 attenuate fibers
of uniform diameter,

FIGURE 7 shows another arrangement adapted to pro-
viding uniform fiber diameters by attenuation of a plu-

‘rality of fibers 82 at a constant linear speed from a feeder

81 ‘The constant speed of attenuation is obtained in this
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instance by programming the speed of the winder motor
65 in accordance with the rate of buildup of the package
‘being wound on the winder. The motor 65 is a conven-
tional electronically controlled D.C, motor such as is
commercially available with feedback circuits to operate
at constant speed for a range of load conditions. The
‘motor .and controls are connected to a suitable power
source  such as an- alternating current source through a
power transformer 70 connected across lines L1 and L2.

The motor armature receives its energy from an arma-
ture rectifier 79 connected to the transformer 7¢ while the
D.C. field 63 of the motor receives energy from a sepa-
rate rectifier' 76 which is also connected to the trans-
Aformer 70. The voltage and current supplied to the arma-
 ture is regulated through the armature rectifier 79 by a
control  unit 78 which receives a speed feedback signal
from the motor-over leads 71 and a current feedback
signal from the rectifier 79 over leads 72. The main
control signals are transmitted to the motor over a pair
‘of leads 73 through the rectifier 79. The unit 78 includes
‘an amplifier and grid circuit-as well as an error cifcuit
to assimulate the feedback signal for maintenance of the
desired constant speed of the motor.,. The speed of the
motor may be adjusted by a manually adjustable potenti-
ometer- 74 which sets the uniform speed at which the
motor is to operate.

The electronic controls ‘contained in. unit 78.in the
present instance, however, are arranged to receive a false
speed variation signal from a wunit 77 similar to the
unit 27-in FIGURE 4. That is, the unit 77 is arranged
provide a signal to the electronic circuits of the control
unit 78 to falsely indicate that the motor is gradually in-
creasing in speed and thus cause the control circuits to
gradually reduce the speed of rotation of the motor 65
as package buildup occurs. The linear speed of attenu-
ation of the strand 64 can thereby be made uniform
throughout the packaging cycle to correspondingly pro-
duce fibers 82 of uniform diameter throughout the pack-
aging cycle.

It will be noted that in addition to varying feeder tem-
perature or winder speed independently of each other,
that both these variables may also be modified simultane-
ously in complementary relationship to produce fiber
uniformity. -~ Additionally, these factors may also be
varied in sequence one at a time-during a given cycle for
purposes such as extension of the cycle over a longer pe-
-tiod without requirement of large variation of either factor
-~ from a given value. In still other instances, the fibers may
be controllably varied in diameter along their length }Jy
-causing periodic variations in feeder temperature or varia-
tions in speed of attenuation. In the latter instance, the
-variations in diameter may be cyclically varied over short
sections of the continuous fibers by selection of a -pack-
age shape, such as a rectangular ‘or pentagonal package,
which when rotated at a constant rate will effect varia-
tions in the rate- of attenuation within short intervals.
Fibers of varying diameter can be gathered to provide
strands which vary in ‘cross-sectional dimension along
their-length and to permit production. of yarns of corre-
sponding dimensional variation. ~The fibers of varying
diameters may also be arranged to have their sections of
similar diameter staggered to reapproach uniformity in the
strands -and yarns while 'still taking advantage of fiber
diameter variations.

FIGURE 9 is still another circuit arrangement by
which a gradually increasing ramp-function signal can be
produced - for introduction . into a control circuit for
modification of the condition monitored by the control
circuit. . In' this arrangement a variable inductance is
utilized as the variable timing element for programming
the signal fed to the regulating unit 99.

- A solenoid 94 energized by A.C. supplied over lines
L1 and L2 and through a pushbutton switch 93, draws
up the solenoid armature 95 and simultaneously. with-
draws a.core or slug 98 from within an inductance coil
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97, while at the same time tensioning a biasing spring 102 -
and pushing against-a pneumatic dash-pot 101, both -
of which are mechanically associated with the slug 98
through a pivoted lever arm 163 to cause a gradual with-
drawal of the slug. When the armature 95 completely
withdraws the slug 98 from the coil, a maximum signal
is introduced into the thermocouple circuif.  This is
accomplished by first rectifying the A.C. energy supplied
from the transformer 185 which ‘is rectified through a
suitable rectifier 106, and then supplying the rectified
signal into the thermocouple circuit by way of a poten-
tiometer 167. A resistance 104 bridges the rectifier and
potentiometer to provide an A.C. path through the in-
ductance 97. A capacitance 108 bridging the poten-
tiometer output smoothens the rectified signal to make it
more compatible with the signal corresponding to temper-
ature of the feeder 91 supplied from thermocouple 96.
When the pushbutton 93 is actuated, the solenoid 94 is
energized and gradually withdraws the core 98 from the
coil 97 as regulated by the dash-pot 101, which is pro-
vided with suitable adjustment to permit extension of the
withdrawal period over the time desired. The gradual
withdrawal of the core from the inductance 97 gradu-
ally decreases the inductive reactance in the potentiom-
eter input circuit and accordingly, increases the voltage
at the output leads of the input potentiometer in the
thermocouple circuit. The potentiometer signal gradu-
ally builds up and when combined with the thermocouple
signal, it indicates to the regulating unit 99 that a grad-.
ual change in current in the feeder circuit should be
made. The variable inductance thus produces a ramp-
function temperature variation to produce uniform diam-
eter fibers 92 similar to the programmmfr signals pro-
duced by the circuit arrangements shown in FIGURES
4 and 5. Upon completion of the package buildup cycle,
the solenoid is ‘arranged to be de-energlzed and the
spring 102 which is gradually built up in tension during
the period of withdrawal of the core 98, now acts to
reset the dash-pot 181 and at the same time reinsert the
core 98 into the coil 97 for start of another packaging

_cycle.

Thus, while I have shown certain particular: forms of
my invention, it will be understood that I do not wish to
be limited thereto since many modifications may be made
within' the concepts of the invention, and. I, therefore,
contemplate by the appended claims to cover all such
modifications as fall within the true spirit and scope of
my invention.

I claim:

1. Fiber producing apparatus comprising in combma-
tion means supplying a plurality of streams of molten
fiber-forming material, a winder collet for attenuating said
streams into contmuous fibers and for collecting said fibers
into a package,.a gathering device between said feeder and
winder for grouping said fibers into a strand before being
wound into said package, an electrically energizable
motor arranged to rotationally drive said collet, :motor
power control means regulating the power ,supplied to
said motor. and consequently the speed of :said motor,
speed sensing means arranged to supply signals corre-.
sponding to the speed of said motor, said motor speed
control means being arranged to receive and regulate the
power supplied to said motor ‘according to requirements
for a preselected constant speed, and electrical timing
means arranged to supply preselected  programmed . aux-
iliary signals matched to the rate of build-up of said
package, said control méans being-arranged to receive

-and modify the regulation by said speed s1gnals accord-

ing to said auxiliary signals to maintain constant the
rate of attenuation of said streams. . e

2. Fiber producing apparatus comprising in combina-
tion means supplying a plurality of streams -0f molten
fiber-forming material, a winder-collet for atterinating said
streams - into- continuous fibers and for collecting said*
fibers into a package, an electrically energizable motor -
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arranged to rotationally drive said collet, a motor speed
control circuit for regulating the power supplied to said
motor, speed sensing means- arranged to -supply signals
corresponding to the speed of said motor to regulate the
power supplied to said motor, said motor speed -control
means being arranged to receive and regulate the power
supplied ‘to said motor according to requirements for a
preselected  constant speed, and electrical timing means
arranged to supply preselected programmed auxiliary sig-
nals matched to the rate of build-up of said package, said
control circuit being arranged to receive and modify the
regulation by said speed signals according to said aux-
iliary signals to maintain substantially constant the rate
of attenuation of said streams.

3. The fiber producing apparatus of claim 2 wherein the
electrical timing means is.a capacitance timing means for
supplying programmed auxiliary signals.

4. The fiber producing apparatus of claim 2 wherein
the electrical timing means is a driven variable resistance
means for supply of programmed auxiliary signals.

5. The fiber producing apparatus of claim 2 wherein
the electrical timing means is a variable inductance timing
means for supplying programmed -auxiliary signals.

6. Fiber producing. apparatus comprising in combina-
tion means supplying a plurality of streams of molten
fiber forming material, a winder collet for attenuating
said streams into continuous fibers and for collecting said
fibers into a package, an electrically energizable motor ar-
ranged - to drive said collet, motor speed control means
regulating the power supplied to said motor, speed sens-
ing means for measuring the speed of said motor and for
supply of control signals proportional to-said speed meas-
urement, presettable control means arranged to receive
said control signals to regulate the power supplied to said
motor to maintain its speed at a preset level, and means
for-supplying preselected auxiliary signals opposing said
control signals to provide false speed conirol signals for
said control means, said control means being arranged
to be governed by said false signals in regulating power
supplied to said motor to vary the angular speed of said
collet inverse matched relation to the general rate of
build-up in diameter of the package collected thereon.

7. Fiber producing apparatus comprising in combina-
tion means supplying a plurality of streams of molten
fiber-forming material, a winder-collet ‘for attenuating
said streams into continuous fibers, and for collecting
said fibers into a package, a gathering device between said
feeder and winder for grouping said fibers into a strand
before being wound into said package, an electrically
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energizable motor arranged to rotationally drive said
collet, motor speed control means regulating the power
supplied to said motor, speed sensing means arranged to
supply signals to said control means corresponding to the
speed of said motor to regulate the power supplied to
said motor for a substantially constant speed, means for
supplying an auxiliary signal to said control means op-
posing said speed signals to falsely indicate to the control
means the occurrence of a variation in motor speed, and
means for programming said auxiliary signal means ac-
cording to a predetermined program to effect a gradual
variations in the angular speed of said collet according
to a pattern matched inversely to the general rate of
build-up in diameter of said package during collection
of said strand.

8. Fiber producing apparatus comprising in combina-
tion means supplying a plurality of streams of molten
fiber-forming material, a winder collet for attenuating said

* streams into continuous fibers and for collecting said fibers
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into-a package, a gathering device between said feeder and
winder for grouping said fibers into a strand before being
wound into said package, an electrically energizable motor
arranged to rotationally drive said collet, motor speed
control means regulating the power supplied to said
motor, speed sensing means arranged to supply signals to
said control means corresponding to the speed of said
motor. to regulate the power supplied to said ‘motor for
a substantially constant speed, and means for supplying
preselected programmed auxiliary signals in opposition
to the signals from said speed sensing means to provide
false speed signals for regulation of the power to speed
said motor, said auxiliary signal means being patterned
to provide false signals such as to effect variation of the
speed of the motor at a rate matched inversely to the
general rate of build-up in package diameter.
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