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ABSTRACT OF THE DISCLOSURE 
Method and apparatus for producing continuous fibers 

from heat-softened material by controlling the heat Sup 
plied to the material and the speed of attenuation of the 
fibers, coordinating the heat and speed controlling by 

10 

5 

using the heat control as a coarse adjustment and the 
speed control as a fine adjustment to obtain greater fiber 
uniformity than heretofore possible. Novel filter ap 
paratus is utilized to condition the heat and speed control 
signals to obtain best results. 

samara: 83 as a taxa ramw 

This invention relates generally to fiber production, 
filter apparatus, and to a method of and apparatus for 
filtering transients, interference and other noise from elec 
trical signals in control apparatus producing fibers. Fur 
ther, the invention relates to correlating control func 
tions in producing fibers. 
As the instrumentation approach in measurement and 

control of variables, apparatus, and processes has grown 
more sophisticated, the requirements for accuracy in 
Such instrumentation approaches have also increased to 
provide a closer quality check on the goods being pro 
duced and on the processes being used. The drive to refine 
control components has resulted in improved reliability, 
enhanced accuracy, and components generally capable of 
providing quick, complete responses to an input signal. 
The improved and more sensitive process control equip 
ment has lead to better products and processes. w 
Improvement in Such process equipment reaches a point 

of diminishing returns if the input signals to the equip 
ment cannot be adequately filtered to provide the equip 
ment with the initial accuracy and the freedom from 
noise and other interference to perform the control func 
tions. For example, it is well known that thermoplastic 
materials such as glass can be drawn into continuous 
fibers by attenuation of streams from a feeder associated 
with the molten body of this material. The flowing ma 
terial is attenuated in the process into individual fibers 
which are usually gathered into a strand under the influ 
ence of pulling forces exerted by a winder which collects 
the strands into a package. In manufacturing fibers in 
this manner, the goal has been to produce fibers which 
are very closely similar in diameter and individual fibers 
of uniform diameter throughout their lengths. If pro 
duction 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 more 
would be done to promote consumer reliance upon the 
product quality when strand or fiber diameters are spe 
cified. 
On collection of strands into a package, however, a 

gradual build-up of the package occurs in the usual pack 
aging cycle of, for example, six to thirty minutes, such 
that for a given speed of the collection tube, the linear 
Speed of attenuation is in effect gradually and substan 
tially uniformly increased to a mamixum linear speed 
toward the end of the packaging cycle. In other words, at 
the Start of a packaging cycle, the linear speed of attenua 
tion of the fiber from a feeder is determined by the outer 
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diameter of the bare collection tube, but as the build-up 
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 gradu 
ally from a minimum at the beginning of a packaging 
cycle to a maximum at the end of a packaging cycle when 
the package is completed. Under fixed conditions of tem 
perature of the glass Supplied from the feeder, the diam 
eter of fibers collected into the strands being wound is 
correspondingly also varied dependent upon whether it 
collected at the beginning or the end of the package. 

It has been discovered that when one of the fiber 
forming factors such as the temperature of the thermo 
plastic material emitted from the feeder or the rotational 
Speed of the winder which collects the strand into a pack 
age is programmed or varied at a patterned rate matched 
to the variation in linear speed of attenuation, that the 
fiber diameter can be maintained more exactingly uniform. 
When utilizing Such variable conditions as control factors, 
Such as glass temperature or winding Speed, it then be 
comes incumbent upon the control apparatus to do so with 
a highest degree of accuracy possible in order to attain 
the best result. 

Since electrical interference or occasional failures in 
the input-measuring section of a central processing unit 
can cause incorrect readings an improved electrical sig 
nal filter is required. The change of any input on suc 
cessive readings should be limited so that noise is filtered 
out but real input changes pass through. The input sig 
nal should be "read” faster than its rate of change. Real 
input changes would be present on several successive 
readings. Interference or noise is usually transient, and 
Will normally not be present after two or three successive 
readings. Therefore, if the input reading suddenly changes 
by a large amount, the filter should severely limit the 
change for the first two or three readings on the assump 
tion that this change is only noise. If the change is still 
present after this time, it must be a real input change, 
and the filter should open rapidly and pass the change 
through to the central processing unit, computer, etc. 

Previous filters performed this function only when the 
input is close to a setpoint. For example, the amount that 
the input may change on successive readings is equal to 
the minimum limit or the control error, whichever is 
greater. So the minimum limit is applied only when the 
input value is near the setpoint even though noise may 
occur for any value of input. 

accordingly, it is an object of this invention to provide 
improved filtering apparatus which is adapted to pass an 
input signal with a minimum amount of transients, noise, 
or other interference. 

It is a further object of this invention to provide an 
improved method of and apparatus for filtering input 
signals So that the change of any input on successive 
readings severely limits transients but allows real input 
changes to pass through. 

It is a still further object of this invention to provide 
method and apparatus for filtering electrical signals 
which severely limits transient noise but responds to sus 
tained input changes, regardless of the Setpoint value 
in the processes; the filtering apparatus closing on tran 
sient or oscillatory input changes and opening for suc 
cessive readings of a change in one direction. 

Another object of this invention is to provide an im 
proved method of and apparatus for filtering electrical 
signals in which the rate of limit increase may be arith 
metical, geometrical, or which may be made asym 
metrical. An asymmetrical filter constructed according 
to this invention may change the limits differently in re 
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sponse to an input increase than in response to an in 
put decrease. 
An additional object of this invention is to provide an 

improved filter method and apparatus in combination 
with central processing and related equipment to produce 
improved continuous fibers from thermoplastic materials 
by attenuation of streams of said material from a molten 
body thereof. 

In effecting the above objects, the invention features 
a method of filtering transients and other noise from an 
electrical signal which comprises the steps of measuring 
successive changes in the electrical signal, detecting the 
direction of the changes, limiting a first change in one 
direction to a predetermined minimum amount, and in 
creasing the limit from the minimum limit amount in 
predetermined steps as corresponding successive changes 
in the same direction occur. Further, the method may 
include comparing the present limit step with the cor 
responding present change, increasing the present limit 
if the corresponding change is larger, and decreasing the 
present limit if the corresponding change is smaller. The 
present limit may be compared with the minimum limit 
if the corresponding change is smaller than the present 
limit, the present limit may be decreased if the present 
limit is larger than the minimum limit, and the minimum 
limit may be used as the next limit if the present limit 
does not exceed the minimum limit. Still further, the 
method may include the steps of comparing a corre 
sponding change with the minimum limit, increasing 
the minimum limit if the corresponding change exceeds 
the minimum limit, and using the minimum limit as the 
next limit if the corresponding change does not exceed 
the minimum limit. In addition, the method may include 
the step of applying the minimum limit a plurality of 
times to successive changes in one direction of the elec 
trical signal before increasing the minimum limit amount 
in predetermined steps. A maximum limit may be pro 
vided which may not be exceeded. 
Apparatus for carrying out the above method as shown 

and disclosed herein may comprise means for receiving 
a raw input signal and means for measuring a change in 
the input signal. First means are utilized for comparing 
the change to a predetermined present change limit. 
Means responsive to the first comparing means may be 
utilized for passing the raw input signal when the meas 
ured change is less than the present limit. Means also 
responsive to the first comparing means is used for pass 
ing the input signal up to the present limit and for in 
creasing the present limit to a second predetermined 
value for future comparison when the change exceeds 
the present limit. Means are shown for detecting the 
direction of change of the input signal. Means responsive 
to the direction detecting means limits the change in the 
input signal to a predetermined minimum limit when 
the signal changes direction. Second means responsive 
to the first comparison means compares the present limit 
to the minimum limit when a change is less than the 
present limit and reduces the present limit to another 
predetermined value not less than the minimum limit 
for future comparison. 

In its most specific form the invention features the 
combination of the apparatus shown to produce a plu 
rality of fibers each having the same diameter and in 
dividual fibers having the same diameter throughout 
their length. 

Other objects, advantages and features of this inven 
tion will become apparent when the following descrip 
tion is taken in conjunction with the accompanying draw 
ings, in which: 
FIGURE 1 shows a general layout of apparatus and 

process control for producing continuous glass fibers; 
FIGURE 2 is a block circuit diagram of apparatus 

for filtering an input signal to the central process control 
in accordance with the teachings of this invention; 
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4. 
FIGURE 3 is a block circuit diagram of apparatus 

for providing limits for signals which are decreasing; 
FIGURE 4 is a block circuit diagram of apparatus for 

applying limits to signals which are increasing; 
FIGURE 5 is a logic diagram for constructing appara 

tus according to the teachings of this invention; 
FIGURE 6 is a block circuit diagram of apparatus 

for applying a minimum limit a plurality of times; and 
FIGURE 7 is a block circuit diagram of apparatus 

for providing a maximum limit to be applied to an elec 
trical signal. 

Although the invention is herein exemplified in specif 
ic detail by reference 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. Fur 
ther, although the variable conditions shown as Subjects 
of measurement and control are specific uses of the filter 
ing apparatus herein disclosed, it is to be noted that all 
embodiments are illustrative only and not limiting in 
any sense with the respective apparatus, process, product 
or other use of the invention as disclosed herein. 

Referring now to FIGURE 1, there is shown a molten 
glass container, textile bushing or feeder 10 for forming 
textile fibers 12 from molten glass. The molten glass 
may be maintained at a preset operating temperature 
when the fiber forming process begins and then cooled 
to increase the viscosity and thus offset the increase in 
the diameter of the fibers as the package 30 increases in 
size and as the linear speed of attenuation increases. The 
operating temperature is maintained within the desired 
range by direct passage through the feeder 10 of electri 
cal current supplied from a transformer 14 which is en 
ergized in response to control of a saturable core reactor 
16 or other suitable electrical current control apparatus, 
such as silicon controlled rectifiers, connected to power 
supply terminals 18. 
The textile fibers 12 are formed of the molten glass 

fed through orifices 20 in the bottom of the feeder i0. 
The fibers 12 are gathered together into a strand 22 by 
passage of the fibers over a gathering member 26 in a 
manner well known in the art. The fibers are supplied 
with sizing fluid at the gathering member 26 from a 
supply tube 28 communicating with the Source of sizing 
fluid in a known manner, but not shown here. Other 
means of applying a sizing to the fibers may be utilized. 
The successively formed portions of the strand 22 are 
wound upon a package 30 of a collet 33 of a winder unit 
32 as the strand 22 is caused to traverse the package 
30 by a spiral wire-type traverse mechanism 36. 
The feeder 10 may receive glass marbles which are 

heated into molten form by the secondary single loop 
winding of the transformer 14 or the feeder 10 may re 
ceive glass already in a molten condition from a furnace, 
not shown. The heating current for the feeder 10 may be 
derived from alternating current supplied to the ter 
minals 18, for example, from a 440 volt 60 cycle source. 
The programming system includes an electrical circuit 

having at least one heat sensor or thermocouple 42 con 
nected through control units for maintaining the temper 
ature of the feeder 10. The thermocouple 42 which may 
be illustrative of a plurality of thermocouples Senses the 
temperature of the feeder 10. The signal may be ampli 
fied and, in this instance, is transformed to a digital state 
by the analog to digital converter 51. Filter apparatus 
52, which will be shown in greater detail hereinafter, 
filters the transient and other noise from the signal from 
thermocouple 42 and stores the signal in storage unit 53. 
The central processing unit 60 senses the stored signal in 
storage unit 53, coordinates the process and sends a cor 
rection signal through the digital to analog converter 54 
after which it is stored in an analog memory 55. The cor 
rection signal stored in analog memory 55 is utilized by 
the current controller 16 to control the amount of cur 
rent supplied to the transformer 14 and thus the heat 
generated in feeder 10. 
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A further arrangement is provided which is adapted to 
assist in attaining uniform fiber diameters by attenuation 
of the plurality of fibers at a constant linear speed from 
a feeder. The constant linear speed of attenuation is ac 
complished in this instance by programming the speed of 
the winder motor 38 which drives the collet 33 having the 
package 30 thereon in accordance with the rate of build 
up of the package being wound on the collet. The winder 
motor 38, for the purposes of this embodiment, may be a 
frequency responsive, variable speed motor. Motor speed 
control means includes a control motor 40 driving a three 
phase A.C. generator 43 via a magnetic clutch 4, and a 
ramp function generator 44 controlling the magnetic clutch 
connection between the control motor 40 and the three 
phase generator 43. The control motor 40 is preferably 
a constant speed synchronous motor. The magnetic clutch 
41 is advantageously adjustable in slip in response to pre 
selected program signals from the ramp function gen 
erator 44. The ramp function generator 44 provides pro 
gram signals to effect ramp function control of the winder 
motor 38. 
To insure that the winder motor 38 is being driven at 

the desired speed, there is provided frequency sensing 
and measuring means for supplying frequency signals 
corresponding to the speed of the motor 38. The frequency 
generated by the A.C. generator 43 is sampled through 
the analog to digital converter 71, filtered by the filter 
unit 72 to be described hereinafter, and stored in the 
storage unit 73. The central processing unit 60 compares 
the frequency signal sampled with a programmed fre 
quency to check the accuracy of the ramp function being 
generated by generator 44. If the actual speed, according 
to the frequency sampled, is in error from the required 
or desired, the control process unit 60 generates a cor 
rection signal which is passed through a digital to analog 
converter 74 and stored in an analog memory 75 for use 
by the generator 44. The ramp function generator 44 is 
thus corrected to provide the desired speed via the mag 
netic clutch 41. 
The central processing unit 60 may control the temper 

ature of the feeder 10 and the speed of the winder motor 
38 as separate functions, but preferably correlates the in 
formation received from each function in order to attain 
the most exact uniform fiber diameter from the feeder it. 
That is, while the temperature of the feeder 10 can be 
controlled over the range of heating during the packaging 
cycle with a great degree of accuracy by use of the filter 
means 52 to remove transients and interference from in 
put signals received from the thermocouple 42, the speed 
of response of temperature change in the feeder is some 
what slower to correction signals than the speed of re 
sponse of the winder motor 38 to correction signals to 
maintain the fiber diameter uniform. Thus, the tempera 
ture range control may be used as a more coarse control, 
while the winder motor speed control may be used as a 
vernier control to provide finer and faster adjustments 
in the process to attain exact diameters of fibers. 

In addition, since the use of the novel filtering method 
and apparatus herein provides more accurate Sensing of 
signals to be fed to the control apparatus, either function 
may be controlled more closely than heretofore. There 
fore, either the temperature control or the winder motor 
speed control may take over control of the whole process 
in response to the failure, erratic behavior, etc., of the 
other control and still provide fibers of more uniform 
diameter than previously possible. 

Since the fastest and most accurate means for ac 
complishing the process control for the unit 60 is a digital 
computer the signals acquired from the thermocouple 
means 42 and from the frequency sampling means are 
converted from their analog mode to digital before feed 
ing to the central processing unit 60. After correction or 
after the central process has completed its analysis, the 
resultant signal is reconverted from digital to analog and 
stored for use if not applied at the time of conversion. 
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6 
Since most process units 60 are units or computers uti 
lizing digital information, the preferred embodiment of 
the filter apparatus described hereinafter has been con 
structed to utilize digital information received from an 
analog to digital converter. It should be noted, however, 
that limit Selection according to the method disclosed 
hereinafter may be accomplished via analog equipment. 
However, analog equipment normally is not as fast in re 
Sponse time nor as accurate as the digital computing 
equipment and thus the digital apparatus arrangement as 
illustrated herein is preferable. 

Referring to FIGURE 2, there is illustrated in block 
diagram form circuits for making decisions, storing in 
formation and taking the action as required for a filter 
apparatus according to the teachings of this invention. 
A raw input signal is received at the terminal 78. The 
signal received is stored in the raw input memory 82. The 
signal received is also stored in memory unit 81 where it 
is to be compared with a previously sampled signal that 
has been stored in memory unit 80. The stored Samples 
are compared by math unit 83 which provides an output 
representing the difference in magnitude of the two suc 
cessively Sampled signals and therefore denoting a change, 
if any. That is, a Zero signal appears if at the output of 
math unit 83 there has been no change. A positive d, or 
a negative d is supplied from the output of the math unit 
83 reflecting the magnitude and direction or sign of the 
change if there has been a change. 

Switching means indicated generally at 79 and including 
Switches 79a, 79b, 79c, and 79d are representative of 
SWitching operations that will take place in the various 
circuits as required, such switching operations being well 
known in the art. For example, switching means 79a and 
79b represent the feeding of a signal for Storage to the 
one of memory units 80, 81 which has its switch closed 
while the opening of the switch to the other memory unit 
represents an isolating of the raw input signal from that 
unit. Similarly, switching means 79c gates a Sample signal 
to the raw input memory 82 and precludes a change in the 
stored signal until a decision has been made with respect 
to the stored signal. 

Switching means 79d represents switching means for 
connecting a gating signal to an “and-or raw input gate 
98. In operation, the gate 98 will allow the signal stored 
in the raw input memory 82 to be gated to the Output 
terminal 99 upon the coincidence of a signal from the gate 
signal means 84 via Switching means 79d to lead 98a and 
a signal present on any one of the three remaining leads 
98b, or 98c or 98d. Operation of the switching means 79 
from one state to another state indicates that the filter 
apparatus has concluded its operation on the last sample 
and is ready to and is sampling the next successive con 
dition or state of the input signal. 
Memory units 91 and 92 are connected to successive 

dI. changes via Switching means 90, having respective 
SWitches 90a and 90b operative in the same manner as 
Switching means 79a and 79b to store the changes calcu 
lated by the math unit 83 on successive Samplings of the 
input signal. A math unit 93 compares the dI changes 
stored in memory units 91 and 92 and provides an output 
On 93a if the previous change was of the same sign or in 
the same direction as the last change, and provides an out 
put on 93b if the previous change was of the opposite 
sign or in another direction from the last change. There 
fore, memory units 91 and 92, and math unit 93 operate 
as a direction detecting circuit for successive changes 
in the input signal. 

Terminal 94 provides a connecting point for a signal, 
Which is the same as or proportional to the actual magni 
tude of the change of the input, for use in later action and 
decision circuits. Circuit 95 provides a signal output in 
response to a negative di or input decrease change re 
ceived at its input terminal. Circuit 96 provides a signal 
output in response to a positive dI or an input increase 
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change received at its input terminal. Circuit 97 provides 
an output signal in response to a zero input received at its 
input terminal. 

Referring to FIGURE 3, there is illustrated apparatus 
for providing limits as desired for a zero change and for a 
negative change in the dI detected at terminal 94. If a 
Zero change is noted, Zero change circuit 97 provides an 
output to lead 985 which gates the raw input memory 82 
through gate 98 to the output terminal 99. Since no change 
has been recorded, no limit is applied to the raw input 
signal. In addition, the output signal from the zero change 
circuit 97 is delivered to one terminal of an OR gate cir 
cuit 190. A predetermined minimum limit has been preset 
in circuit 10 to be gated through gate 100 to a present 
limit memory 102. In response to a signal on either lead 
100a or lead 160b, circuit (0 gates the predetermined 
minimum limit to the present limit memory 102 where it 
is stored to be applied if required after the next sampling 
of the raw input signal at 78. 
Assume that the d received at terminal 94 is negative. 

An output thus appears from the negative di circuit 95. 
The direction detection unit of memory units 91, 92 and 
the math unit 93 determines whether or not a previous 
change was negative. If the sign of the preceding change 
is different (Zero or positive) from the present negative 
change an output is received on lead 93b which is de 
livered to AND gate 104. Upon a coincidence of signals 
at the AND gate 04 from the negative di circuit 95 and 
lead 93b, the value of the minimum limit from circuit 101 
and the value of the present negative di change is gated 
to a comparison circuit 106. 

If the negative d'I change in this instance is greater than 
the minimum limit, an output appears on lead 106a. The 
output on 105a is operative to open gate 168. The previous 
or last output has been stored in the last output memory 
12. The present limit is stored in circuit 102 and is con 

nected via a sign applying circuit 114 to the gate 108. The 
correct sign for the limit to be applied is received from 
lead 95a of the negative dI circuit 95 or the lead 96a of the 
positive di circuit 96. Upon receipt of a signal from lead 
106a of the comparison circuit 106, the gate 108 is opened 
to pass the last output stored in circuit 112 and the present 
limit stored in circuit iO2 to a math unit 10 wherein the 
limit is added to or substracted from the last output value 
in accordance with the sign applied by circuit 14. The 
math unit 110 then delivers a resultant filtered signal to 
output terminal 99. 

If the negative d is bigger than the minimum limit, a 
signal is also delivered on lead 106a to a gate 120 which 
gates the present limit from memory circuit 102 to an 
increasing circuit 122. The increasing circuit 122 may be 
a multiplier circuit wherein the present limit stored in 
memory unit 102 is multiplied, for example by two, to 
double the present limit. However, it should be noted that 
the increasing circuit may operate either geometrically or 
arithmetically and may multiply or add to the present limit 
to increase the present limit. After the increase by circuit 
122, the increased present limit is stored temporarily in 
the store next limit circuit 126 and is passed through a 
delay circuit 124 back to and restored in the present limit 
memory 102. The delay circuit 124 enables the filter to 
finish its operations with the previous present limit and 
to provide a filtered output at the terminal 99. 

If the negative dI is smaller than the minimum limit and 
So noted in comparison circuit 106, an output appears on 
lead 106b which is directed to lead 98c of the raw input 
gate 98 and, in conjunction with a gate signal received from 
circuit 84, indicates that the raw input as delivered to 
terminal 78 is to be gated directly to the output termi 
na 99. 

If the direction detection unit has indicated that the 
sign of the preceding change was the same, then an out 
put is delivered on lead 93a to an AND gate 135. A 
coincidence of signals on leads 93a and 95a gates the 
negative dI magnitude to a comparison circuit 138 where 
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8 
it is compared with the magnitude of the present limit 
from the memory circuit 102. If the negative dI quantity 
is bigger than the present limit, a signal appears on lead 
138a which is operative to open gate 108 to allow the 
value of the last output from memory 112 plus the magni 
tude of the present limit with the correct sign applied to 
be gated to math unit 10 and eventually appear at out 
put terminal 99 as described hereinbefore. In addition, 
the signal on lead 138a opens gate 120 to pass the magni 
tude of the present limit from memory circuit 102 
through the increasing circuit 122 to provide a larger 
limit for future comparison. The larger limit is restored 
in memory 102 via the store next limit circuit 126 and 
the delay circuit 124 as described hereinbefore. 

If in comparing the present limit, and the present nega 
tive dI change in circuit 138, the negative di change is 
not as large as the limit, a signal appears on lead 138b 
which is operative to open gate 34 and allow the magni 
tude of the present limit from memory 102 to be com 
pared in circuit 132 with the magnitude of the minimum 
limit from circuit 101. 

If the comparison in circuit 132 indicates that the 
magnitude of the present limit is equal to or less than 
that of the minimum limit, a signal is delivered on lead 
132a to lead 98d of the raw input gate 98 gating the raw 
input from terminal 78 to output terminal 99. If the com 
parison circuit 132 indicates that the present limit is not 
equal and is larger than the minimum limit, a signal ap 
pears on lead 132b which opens gate 116 and gates the 
value of the present limit from memory circuit 102 to a 
reducing circuit 118. For purposes of this example, it 
will be considered that the reducing circuit 118 is a divid 
ing circuit which halves the value of the present limit. 
However, as was the case with the increasing circuit 122, 
the reducing circuit 118 may be a dividing or an arith 
metic subtraction unit which will decrease the value of 
the present limit. Assuming that the reducing circuit 118 
divides the present limit by two, the halved magnitude is 
directed to comparison circuit 130 where it is again com 
pared with the magnitude of the minimum limit. If the 
halved magnitude of the present limit is less than the 
magnitude of the present limit is less than the magnitude 
of the minimum limit, a signal appears on lead 130a 
which connects through lead 100b and gates the value 
of the minimum limit to the memory unit 102 to bring 
the magnitude of the stored present limit back up to that 
of the minimum limit. If the comparison circuit 130 indi 
cates that the present limit is not less than the minimum 
limit, a signal appears on lead 130b to open gate 128 to 
allow the just reduced or halved value of the present limit 
available from the reducing circuit 118 to be stored in 
the store next limit circuit 126. The next limit is then 
passed through the delay circuit 124 and stored as the 
present limit in memory 102, for application on the next 
Sampling cycle. 

Referring to FIGURE 4, there is illustrated a circuit 
for applying a limit to an increasing raw input signal. A 
different minimum limit circuit 201 may be utilized to 
apply a limit of a different magnitude for use with an 
increasing signal than the magnitude of the limit applied 
to the decreasing signal in FIGURE 3. Similarly, cir 
cuits shown throughout FIGURE 4 have functions which 
may be or are identical to those shown in FIGURE 3. If 
the limits are to be the same and if the same action is 
desired, it is obvious that some of the circuits of FIG. 
URE 3 and FIGURE 4 may be combined to provide the 
functions required for both the increasing and the de 
creasing signals. However, for purposes of clarity, the 
increasing signal circuit of FIGURE 4 and the decreasing 
signal circuit of FIGURE 3 have components shown 
Separately to illustrate the operation in response to the 
increasing and decreasing signals. 
As with the circuit shown in FIGURE 3, a zero change 

provides an output from the zero change circuit 97 to 
lead 98b which gates the raw input from terminal 78 
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through gate 98 to the output terminal 99. In addition, 
the output from zero change circuit 97 is received by 
lead 200a of OR gate 200 and gates the minimum limit 
as set by circuit 20 to the present limit memory 202. 
When the positive di change is received from terminal 

94, an output appears on lead 96a of the positive di or 
input increase circuit 96. The direction detection circuit 
provides outputs on leads 93a and 93b if the direction of 
the previous change was or was not the same, respec 
tively. If the change was not in the same direction as the 
previous change, the AND gate 204 receives a coinci 
dence of signals from leads 96a and 93b gating the mag 
nitude of the minimum limit from circuit 201 to circuit 
206 for comparison with the magnitude of the positive 
dI change received from terminal 94. 

If the magnitude of the positive d change is larger 
than that of the minimum limit, a signal is delivered on 
lead 206a to gate 208. The last output, as stored in the 
last output memory 212, is gated through circuit 208 to 
a math unit 210 along with the value of the present limit 
from memory 202 with the correct sign as applied by 
circuit 214 as described hereinbefore. The combined 
values of the present limit and the last output then appear 
at the output terminal 99. In addition, the output appear 
ing on lead 206a is operative to open gate 220 to pass 
the magnitude of the present limit from memory 202 to 
an increasing circuit 222. In the manner described here 
inbefore with respect to FIGURE 3, the increasing cir 
cuit 222 geometrically or arithmetically increases the 
present limit to a new value, in this instance assumed 
to be twice the present limit. The twice present limit is 
stored in the store next limit circuit 226 and, after a 
delay afforded by circuit 224, is stored in the present 
limit memory 202 for use in the next series of com 
parisons. 

If the comparison circuit 206 indicates that the value 
of the positive d change received at terminal 94 is not 
bigger than the minimum limit, then a signal appears on 
26b which provides a gating signal through lead 98c to 
gate the raw input from terminal 78 through gate 98 to 
the output terminal 99. 

If the preceding change were of the same sign as the 
present positive change, a coincidence of inputs is re 
ceived by AND gate 236 from leads 96a and 93a gating 
the magnitude of the present positive d change to cir 
cuit 238 where it is compared with the magnitude of the 
present limit from the memory circuit 202. If the pres 
ent positive change value is bigger than the present posi 
tive limit, an output appears on lead 238a which is opera 
tive to open gate 298 in the manner hereinbefore de 
scribed to provide a filtered output at terminal 99, i.e., 
the value of the last previous output plus the value of 
the present positive limit. In addition, the signal appear 
ing on lead 238a is operative to open gate 220 to pass the 
magnitude of the present limit from memory 202 to an 
increasing circuit 222. In the manner described herein 
before, the increasing circuit 222 geometrically or arith 
metically increases the present limit to a new value, in 
this instance assumed to be twice the present limit. The 
twice present limit is stored in the store next limit circuit 
226 and, after a delay afforded by circuit 224, is stored 
in the present limit memory 202 for use in the next series 
of comparisons. 

If the present di change is not bigger than the present 
limit, an output appears on lead 238b which opens gate 
234 to allow the magnitude of the present limit from 
memory 202 to be compared with the magnitude of the 
minimum limit from circuit 201 in comparison circuit 
232. If the present limit is equal to or less than the mini 
mum limit, a signal appears on lead 232a which opens 
gate 98 via lead 98d and allows the raw input signal from 
terminal 78 to pass to the output terminal 99. If the pres 
ent limit is not equal to and is larger than the minimum 
limit, an output appears on lead 232b which opens gate 
216 passing the magnitude of the present limit from men 
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ory 202 through gate 216 to a reducing circuit 218. As 
described hereinbefore with respect to FIGURE 3, circuit 
218 reduces the magnitude of the present limit by some 
predetermined value, in this instance assumed to be one 
half. The halved magnitude of the present limit is then 
compared with the magnitude of the minimum limit in 
circuit 230. If the magnitude of the halved present limit 
is not less than the minimum limit, a signal appears on. 
lead 230b which opens gate 228 to allow the halved pres 
ent limit to be stored in the store next limit circuit 226. 
After a suitable delay afforded by the delay circuit 224, 
this "half' present limit is stored in memory 202 for use 
as the next limit. If the magnitude of the "half” present 
limit is less than the minimum limit, an output appears 
on lead 230a to open the OR gate 200 to allow the mini 
mum limit to be stored in the present limit memory 202 
for use as the next limit. 

Referring to FIGURE 5, there is illustrated a logic 
diagram which sets forth the method of this invention 
and which may be utilized in the construction of a digital 
input filter in which the limit is doubled in response to 
Successive changes in the same direction of the input sig 
nal. The logic diagram of FIGURE 5 may also be utilized 
to construct an analog input filter in which various input 
limit gates are Selected in response to decisions made by 
logic circuits. In setting forth the sequence of the logic of 
FIGURE 5 it will be assumed that a steady input has ap 
peared at the filter for past readings. The rectangular 
blocks indicate an action logic circuit while the diamond 
shaped blocks indicate a decision logic circuit. 
A "first’ input is received by the logic block 300 and 

a raw delta input change is formed, which is the difference 
between a previously sampled input and the presently 
sampled "first' input. 
Assume that the magnitudes of the “first' input and the 

"next previous' input were equal. Therefore, the input 
has not changed. Logic block 361 makes a decision to 
get the minimum limit via logic block 302 and store it as 
limit for the next input via logic block 303. In addition 
logic block 355 allows the raw "first' input to be passed 
through to the output of the filter and the filter logic is 
all done as indicated by block 317. 
Assume that the magnitude is increasing. Logic block 

308 decides if the previous reading increased last time. 
Since we have assumed that it didn't, the minimum posi 
tive limit is used in response to action by logic block 
307. Logic block 312 compares the “first’ input increase 
with the minimum positive limit. If larger, then twice the 
minimum positive limit is stored by the acton of logic 
block 314 as the next limit and the last output of the filter 
plus the present positive limit is passed to the output of 
the filter by action of logic block 316. If smaller than the 
minimum positive limit, then the raw "first' increasing 
input is passed to the output of the filter by action of 
block 35. 
Assume that the magnitude of the "first” input is de 

creasing. Logic block 305 causes logic block 306 to de 
cide if the magnitude of the previous reading decreased. 
Since it was assumed not to in this instance, the minimum 
negative limit is used as the present limit by the action 
of logic block 307. The decision block 312 then com 
pares the magnitude of the decrease with the minimum 
negative limit. If it is larger, then twice the minimum nega 
tive limit is stored as the next limit by block 314, and the 
"first decreasing input is chopped at the minimum limit 
by action block 316. If the decrease is smaller than the 
minimum negative limit then the raw decreasing “first' 
input is passed to the filter output by action of block 315. 

After the filter is all done with the above sequence the 
memory is cleared of the "next previous' reading, retains 
the "first input, and samples and stores the “second' in 
put of the sequence. The magnitudes of the "second' and 
"first’ inputs are compared. If the magnitudes are equal, 
decision block 30 notifies action block 302 to get and 
store the minimum positive and negative limits as limits 
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for the next input via action block 303. Action block 315 
passes the raw second input signal through to the output. 

If the magnitude is increasing, decision block 308 checks 
to see if the magnitude of the "first' input increased last 
time. If it did not, or if it actually decreased, then the 
minimum limit is applied as described hereinbefore. If, 
however, the magnitude of the "first' input did increase 
last time, then decision block 310 compares to see if the 
present increase is larger than the present limit. If it is 
larger, then twice the present limit is stored via the action 
block 314 as the next limit and action block 316 passes 
the last filtered output plus the present limit. If the in 
crease is less than the present limit decision block 311 
compares to see if the present limit is equal to the minimum 
limit. If so, the raw "second' input is passed to the out 
put by action block 315. If the present limit is not equal 
to the minimum limit then action block 309 divides the 
present by two. If this one-half present limit is equal to 
or less than the minimum limit then the decision block 
304 gets the minimum limit and stores it as the next 
limit via action blocks 302 and 303. If this one-half pres 
ent limit is not less than the minimum limit then the one 
half present limit is stored as the next limit by action 
block 303. 

If the magnitude of the "second' input is decreasing 
then decision block 306 checks to see if the "first' input 
decreased last time. If it did not then the minimum nega 
tive limit is used as the present limit, and the decrease of 
the second input is compared with the minimum limit 
by decision block 312. If the decrease of the "second' in 
put is larger, then twice the present limit is stored as the 
next limit by action circuit 314. If the decrease of the 
"second' input is equal to or less than the minimum limit, 
then the raw "second' input is passed to the output means 
by action block 315. 

If the "first’ input did decrease last time, then decision 
block 310 compares to see if the decrease is bigger than 
the present limit. If it is larger, then action block 314 stores 
twice the present negative limit as the next negative limit 
and passes the last filtered input plus the present limit. 
If it is not, then the present limit is compared in decision 
block 311 to see if it is equal to the minimum limit. If so, 
then the raw "second' decreasing input is passed to the 
output by action block 315. If the present negative limit 
is not equal to the minimum limit then action block 309 
divides the present negative limit by two. Decision block 
304 compares the one-half negative limit to the minimum 
negative limit. If the one-half limit is less, then action 
blocks 302 and 303 get and store the minimum limit. If 
the one-half limit is not less, then action block 303 stores 
the one-half limit as the next limit to be used. 
The action and decision logic blocks set forth in the 

logic diagram of FIGURE 5 may thus compare successive 
inputs and provide an increased or decreased limit and 
pass the filtered signal to the output means. The action 
and decision blocks double or halve the limit as necessary 
to severely limit transients and to allow real signal 
changes through. 

Referring to FIGURE 6 there is illustrated a circuit 
suitable for use with the circuits of FIGURE 3 or FIG 
URE 4 to provide that the minimum limit is applied a 
predetermined number of times before the filter limits 
are allowed to open to pass a real input change. An addi 
tional gate circuit 150 is connected to pass a signal from 
comparison circuit 106 noting that a change is larger 
than the minimum limit to a counter 152 via lead 106a. 
Gate 150 is opened in response to a signal on lead 93a 
from math unit 93 which indicates that the sign of the 
preceding change was the same and thus that the input is 
successively increasing or decreasing. A further additional 
gate 154 is connected between the present limit memory 
102 and the gate 120. 
In response to successive signals from lead 106a of a 

change in the input in the same direction, the gate 150 is 
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counts them up to the number of applications of the mini 
mum limit desired. In the present instance the counter is 
allowed to count four successive changes that are larger 
than the minimum limit. When the fourth change is noted 
by the counter 152 a signal is delivered to gate 154 which 
allows the present limit memory to be gated through gate 
120 for a geometrically or arithmetically increasing op 
eration by circuit 122 as hereinbefore described. 
Thus the circuit of FIGURE 6 determines that a pre 

determined number of successive increases, which in 
creases are larger than the minimum limit, must occur 
before the minimum limit is increased. If it is desired to 
detect only increases which may or may not be larger 
than the minimum limit but which are successive changes 
in the same direction, the gate 150 may be removed and 
the lead 93a connected directly to the counter 152. This 
reads Successive changes as desired but does not indicate 
the magnitude of the change. A signal from 93b may be 
utilized to reset the counter 152 whenever the signal 
changes direction. 

Referring to FIGURE 7 there is illustrated a circuit for 
applying a maximum limit to the filter. A counter 160 may 
be connected to receive inputs from 93a, or from 106a 
via a gate as set forth in FIGURE 6. After the counter 
160 has counted the number of increases desired to ob 
tain a maximum limit an output on lead 160a is forwarded 
to an inhibit gate circuit 170 which is disposed between 
the increasing circuit 122 and the store next limit circuit 
126. This will prevent further increases in the limit from 
being applied and stored in the present limit memory 102. 
The counter 160 may be reset in a manner similar to that 
shown in FIGURE 6. 
There has thus been described filter apparatus compris 

ing means for receiving a raw input signal, output means 
for delivering a filtered resultant signal and means for 
Successively sampling the raw input signal. Means are 
provided for measuring the magnitude of change of suc 
cessive samples. Means for detecting and comparing the 
direction of change of successive samples is adapted to 
provide a first signal in response to successive changes in 
the same direction and a second signal in response to dif 
ferent directions of change. First means responsive to the 
Second signal may be utilized for comparing the magni 
tude of a change with a predetermined minimum limit 
and providing a third signal in response to a magnitude in 
excess of the minimum limit and a fourth signal in re 
sponse to a lesser magnitude. Means have been provided 
responsive to the third signal for passing the raw input 
signal up to the minimum limit to the output means and 
for setting a predetermined increased present limit for 
future comparisons. Second means are shown responsive 
to the first signal for comparing the magnitude of a 
change with the predetermined present limit and provid 
ing a fifth signal in response to a magnitude in excess of 
the present limit and a sixth signal in response to a lesser 
magnitude. Means are further provided which are re 
sponsive to the fifth signal for passing the raw input sig 
nal up to the present limit to the output means, and for 
increasing the present limit to a predetermined larger 
value for future comparisons. Third means are shown 
which are responsive to the sixth signal for comparing 
the present to the minimum limit and for reducing the 
present limit to a predetermined lower value not less 
than the minimum limit if the present limit exceeds the 
minimum limit. Finally, means are provided responsive 
to any one of the fourth signal, the sixth signal, and to no 
change at all in successive samples for passing a raw input 
signal to the output means. 
The above apparatus is operative to carry out the meth 

ods of this invention for filtering transients and other 
noise from electrical signals which comprises the steps 
of successively measuring the signal, passing each meas 
ured signal if no change has occurred, detecting the direc 
tion of change of the signal, passing the signal up to a 
predetermined minimum limit if the signal changes direc 
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tion, and successively increasing the limit if the signal 
successively changes in the same direction while passing 
the signal up to the limit presently being applied. The 
method may further include the steps of comparing the 
present limit with the amount of change at each measure 
ment, increasing the present limit if the change is larger, 
and decreasing the present limit if the change is smaller. 

In addition to the novel filter apparatus disclosed and 
described hereinbefore, it should be noted that the novel 
combination of the fiber producing equipment with the 
filter apparatus provides uniform fibers not attainable 
heretofore. Further, the use of the equipment shown 
herein enables the coordination of programs for con 
trolling the linear speed of attenuation and the tempera 
ture of the feeder and thus the temperature of the glass 
to gain more exact diameter control. Referring again to 
FIGURE 1, it will be noted that the control processing 
unit 60 contains program comparison sections I and II. 
The program comparison sections may be operated sepa 
rately, each controlling one of the functions, or may be 
operated in conjunction with each other as noted by cross 
connections 61 and 62 to provide coarse and fine adjust 
ments as discussed. 
The program comparison units I and II may be made 

to take over the process control in response to a predeter 
mined condition such as input signal failure, measuring 
or sensor failure, or other erratic and undesirable happen 
ings that would make the process difficult to control. Sig 
nal sensor 63 is connected to enable one program to be 
come dominant and exclude the remaining program in 
response to erratic behavior on either input side of the 
process. 
The invention thus also features apparatus for produc 

ing continuous fibers from a supply of heat-softened mate 
rial comprising a feeder adapted to contain a supply of 
the material and having a plurality of orifices formed 
therein for supplying a like plurality of streams of the 
material. Means are provided for heating the feeder. RO 
tatable collet means attenuates the streams into fibers 
and winds the fibers onto a package. A Winder motor 
drives the collet. Means are provided for controlling 
separately, or in conjunction or coordination with each 
other, the heating means and driving means. The control 
means includes means for sensing the temperature of the 
feeder to provide a first signal proportional thereto and 
means for sensing the linear speed of attenuation and 
providing a second signal, also proportional. Filter appa 
ratus described hereinbefore is operative to filter either 
the first signal, the second signal, or both to provide the 
improved results. 
A novel method for producing fibers is also described 

which comprises the steps of heating a feeder containing 
the material, attenuating streams of the material into 
fibers, controlling the amount of heat Supplied to the 
feeder, controlling the linear speed of attenuation, and 
coordinating the steps of heat controlling and speed con 
trolling to produce a plurality of fibers having the same 
diameter wherein each fiber has a uniform diameter 
throughout its length. 

In conclusion, it should be noted that variations to the 
apparatus shown in this invention may be made to attain 
the desired method or results. The embodiments disclosed 
and described herein are meant to be illustrative only and 
not limiting in any sense. The embodiments described 
serve merely to illustrate the spirit and scope of the 
invention. 

I claim: 
1. A method of producing continuous fibers from a 

supply of heat-softened material comprising the steps of 
heating a feeder containing said material, attenuating 
streams of said material into fibers, sensing the tempera 
ture of said heat-softened material and controlling the 
amount of heat supplied to said feeder in response to the 
deviation of material temperature from a programmed 
temperature, sensing the linear speed of attenuation of 
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said fibers and controlling the linear speed of attenua 
tion of said fibers in response to a deviation from a pro 
grammed attenuation speed, and coordinating the steps 
of heat controlling and speed controlling to produce a plu 
rality of fibers having the same diameters wherein each 
fiber has a uniform diameter throughout its length, the 
step of heat controlling being utilized as a coarse adjust 
ment and the step of speed controlling being utilized as a 
relatively fine adjustment in the overall control of the 
fiber production. 

2. Apparatus for producing continuous fibers from a 
supply of heat-softened material comprising a feeder 
adapted to contain a supply of the material and having a 
plurality of orifices formed therein for supplying a like 
plurality of streams; means for heating the feeder; and 
means for controlling said heating means including means 
for sensing the temperature of said feeder and providing 
a signal proportional thereto, means responsive to said 
signal for altering the heat supplied to said feeder, and 
means for filtering said signal to remove noise and inter 
ference therefrom, said filtering means including means 
responsive only to said signal and further responsive to 
successive changes in said signal in the same direction 
for limiting said changes to predetermined small amounts 
initially and means for increasing said limits in response 
to sustained successive changes in said signal in said same 
direction. 

3. Apparatus as defined in claim 2 in which said fil 
tering means further includes means for sensing a change 
in direction of said signal and means responsive to said 
signal direction sensing means for limiting successive 
changes in said signal in the new direction to predeter 
mined small amounts initially and for increasing said 
limits in response to sustained successive changes in said 
signal in said new direction. 

4. Apparatus for producing continuous fibers from a 
Supply of heat-softened material comprising means for 
supplying a plurality of streams of said material, means 
for attenuating said streams into fibers, means for con 
trolling the linear speed of attenuation including means 
for sensing the speed of said attenuating means and pro 
viding a signal proportional thereto, means responsive to 
said signal for altering the speed of said attenuating means, 
and means for filtering said signal to remove noise and 
interference therefrom, said filter means including means 
responsive only to said signal and further responsive to 
successive changes in said signal in the same direction for 
limiting said changes to predetermined small amounts 
initially and means responsive to sustained successive 
changes in said signal in said same direction for increasing 
said limits. 

5. Apparatus as defined in claim 4 in which said filter 
ing means further includes means for sensing a change 
in direction of said signal and means responsive to said 
signal direction sensing means for limiting successive 
changes in said signal in the new direction to predetermined 
small amounts initially and for increasing said limits in 
response to sustained successive changes in Said signal in 
said new direction. 

6. Apparatus for producing continuous fibers from a 
supply of heat-softened material comprising a feeder 
adapted to contain a supply of heat-softened material and 
having a plurality of orifices formed therein for supply 
ing a like plurality of streams of said material; means for 
heating said feeder; means for attenuating said streams 
into continuous fibers; means for collecting said fibers on 
a surface; means for driving said attenuating means; and 
means for controlling said heating means and said driv 
ing means including means for sensing the temperature 
of said feeder and providing a first signal proportional 
thereto, means for sensing the speed of said driving means 
and providing a second signal proportional thereto, means 
responsive to said first and second signals for altering 
the heat supplied to said feeder and the speed of said 
driving means so that the temperature of Said material 
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and the linear speed of attenuation are coordinated to 
produce a plurality of fibers having the same diameters 
wherein each fiber has a uniform diameter throughout 
its length, and means for filtering said first and Second 
signals to remove noise and interference therefrom, said 
filtering apparatus including means responsive only to in 
put signal changes and further responsive to successive 
changes in said signal in the same direction for limiting 
said changes to predetermined small amounts initially 
and means for increasing said limits in response to 
sustained successive changes in said signal in said same 
direction. 

7. Apparatus as defined in claim 6 in which said filter 
ing means further includes means for sensing a change 
in direction of said signal and means responsive to said 
signal direction sensing means for limiting successive 
changes in said signal in the new direction to predeter 
mined small amounts initially and for increasing said 
limits in response to sustained successive changes in said 
signal in said new direction. 

8. Apparatus for producing continuous fibers from a 
supply of heat-softened material comprising a feeder 
adapted to contain a supply of heat-softened material 
and having a plurality of orifices formed therein for Sup 
plying a like plurality of streams of said material; means 
for heating said feeder; rotatable collet means for at 
tenuating said streams into continuous fibers and winding 
said fibers into a package; means for driving said rotat 
able collet means; and means for controlling said heating 
means and said driving means including means for sensing 
the temperature of said feeder and providing a first sig 
nal proportional thereto, means for sensing the speed of 
said driving means and providing a second signal propor 
tional thereto, means responsive to said first and second 
signals for altering the heat supplied to said feeder and the 
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speed of said driving means so that the temperature of 
said material and the linear speed of attenuation are co 
ordinated to produce a plurality of fibers having the same 
diameters wherein each fiber has a uniform diameter 
throughout its length, and means for filtering said first 
and second signals to remove noise and interference there 
from, said filtering apparatus including means responsive 
to successive changes in a signal in one direction for limit 
ing said changes to predetermined small amounts initially 
and means for increasing said limits in response to sus 
tained successive changes in said signal in said one direc 
tion. 

9. Apparatus as defined in claim 8 in which said con 
trolling means includes heating program means, speed 
program means, and means connecting Said program 
means to compare the progress of said respective pro 
grams with each other to maintain fiber diameter uni 
formity. 

10. Apparatus as defined in claim 8 which further in 
cludes means responsive to a predetermined condition for 
enabling one of said program means to assume control 
of the process while excluding control by the remaining 
program means, 
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