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ABSTRACT: A break detector useful for the determination of 
breaks in the winding or rewinding of a filament is disclosed. 
The detector is characterized by the fact that none of its com 
ponents contact the filament during revolutions of the supply 
or takeup means. Filament breaks are sensed by interruption 
of a light-sensitive device responsive to variations in the 
revolution rate of the filament letoforspool feed means. 
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FLAMENT BREAKDETECTOR. UTILIZING 
PHOTOELECTREC MEANS FOR DETECTING SPEED OF 

SUPPLY SPOOL 

BACKGROUND OF THE INVENTION 

The detection and control of breaks during the winding and 
rewinding of monofilaments, fibers and yarns, particularly in 
the textile industry, has been the subject of considerable 
research. Break detection is most generally accomplished by 
means of an extended arm linked to an electrical switch or the 
like held in an open position by the tension of the filament. 
Upon breakage of the filament, either gravity or the relaxation 
of a tension spring on the feeler arm causes closure of the 
switch and cessation of the winding operation. In more rudi 
mentary operations, an audible or visual alarm system will be 
actuated upon closure of the switch; in more sophisticated 
systems a retying operation is set in motion. This retying 
operation finds the loose ends of broken filament, ties them, 
restarts the winding operation, and resets the break detector. 
The above-described detector is satisfactory for use with 

most commercial monofilaments and yarns. It is unsatisfacto 
ry, however, when winding and rewinding carbon or graphite 
fibers or monofilaments. These fibers have a limited flexibility 
and filament strength when compared to uncarbonized fibers. 
Passing these fibers through or over feeler arms causes abra 
sion and breakage of the fiber. 
New and useful carbon fibers and monofilaments have been 

developed by spinning pitches derived from petroleum, coal 
tar, polyvinyl chloride, and like origin. These fibers, both be 
fore and after carbonization and graphitization are brittle and 
very abrasive. The abrasive characteristic of these fibers, 
when passing through or over the feeler arm of a commercial 
break detector, causes the transfer of metallic particles from 
the detector's feeler arm onto the fiber. These metallic parti 
cles are thereafter damaging to the fiber, causing breaks in the 
fiber due to reaction therewith during carbonization and gra 
phitization. 

Further, the carbon monofilament is useful as a base for the 
deposition of boron in the manufacture of boron fibers for the 
aerospace and related industries. Boron is deposited on the 
fiber as a result of the reaction of boron halides and hydrogen 
or a hydrocarbon up to about 1,500° C. This reaction tem 
perature is conveniently maintained by resistance heating of 
the carbon fiber. Metallic impurities in or on the carbon fiber 
decrease the resistance of the fiber causing "hot spots' and 
resulting irregularities in the quality and quantity of boron 
deposition. 

For these reasons, among others, a break detector which 
does not in any way touch the carbon fiber being wound or 
rewound has been needed. 
Stephens et al., in U.S. Pat. No. 3,268,314, have disclosed a 

detector for monitoring the breakage of a monofilament dur 
ing spinning from a melt. The Stephens et al. detector is 
responsive to variations in light intensity across the pathway 
traversed by a newly spun filament. 

OBJECTS OF THE INVENTION 

It is an object of this invention to provide a filament break 
detector for use in filament rewinding operations. 

It is a further object of this invention to provide a filament 
break detector which does not contact the filament being 
wound or rewound. 

It is a further object of this invention to provide a filament 
break detector which depends upon the revolution of the idler 
or supply spool to hold the detector switch in a normally open 
position. 
Other objects of this invention will become apparent to 

those skilled in the art upon a further reading of this descrip 
tion. 

SUMMARY OF THE INVENTION 

The above objects are fulfilled by the break detector system 
of this invention which is characterized by being responsive to 
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2 
a cessation of, or a change in the rate of rotation of the idler or 
supply drum or spool in the winding operation. Such a system 
includes: a disc or the like containing one or more apertures at 
or near the periphery thereof which serves to transmit light 
therethrough and which rotates concurrently with the rotation 
of the idler spool; a light source; and a light-activated detector 
and alarm system responsive to changes in the pulse rate of 
light from the light source passing through the aperture in the 
revolving disc. In operation, the alarm detector is an open 
switch while the disc is revolving. When the disc ceases to 
revolve, the alarm detector circuit closes, activating an audi 
ble and/or visual alarm device to notify an operator of the ex 
istence of a break in the filament being wound, and shuts off 
the takeup spool. 
At no time does this break detector system come into con 

tact with the fiber being wound nor is it dependent upon 
spring tension or gravity operations to activate the alarm 
system. 

DETALED DESCRIPTION OF THE DRAWINGS 

In the drawings, which comprise a part of the instant 
description and are to be read in conjunction therewith, a sim 
plified and preferred embodiment of the invention is shown 
and, in the various views, like numerals are employed to in 
dicate the parts. It should be understood that the shown em 
bodiment is susceptible of modification and change without 
departing from the spirit of the invention which is particularly 
pointed out in the appended claims. 

Referring to the drawings: 
FIG. 1 is a front view of the mechanical portion of the in 

vention. 
FIG. 2 is a schematic electrical diagram of the light-ac 

tivated detector circuit used in the invention. 
In FIG. 1, reference 10 represents the idler or supply spool 

upon which is contained the yarn or monofilament 12. Frame 
13 supports a shaft 15 upon which revolving disc 14 or 
equivalent member and the idler spool 10 are axially mounted. 
On opposing sides of the disc 14 are located a light source 17, 
held by bracket 18, and a light responsive element 19, 
preferably a light-activated silicon controlled rectifier. The 
latter feeds a signal to a detector circuit hereinafter described. 
In operation, the apparatus is energized by a switch connected 
to a 120-volt AC line and common to a motor (not shown) 
operating the takeup spool, the light source 17, and the light 
activated detector circuit. When the idler spool 10 revolves, 
an aperture or lens 16 in the disc 14, when in alignment with 
the light source 17 and the light-responsive element 19, allows 
light to shine on the responsive element. Such light, when pull 
selike in character due to revolution of the disc 14, causes the 
light-activated detector circuit to be in a nominally open posi 
tion. When the pulselike characteristics of light emanating 
from lamp 17 through aperture 16 ceases or varies greatly, as 
determined by the light-responsive element 19, the detector 
circuit closes thereby setting in operation a visual or audio 
alarm or the like. 
The solid-state electronic circuit coupled to the light 

responsive element 19 is schematically represented by FIG. 2. 
In the drawing, capacitor 24 is in a normally charging condi 
tion when the light responsive means 19 detects no light from 
lamp 17, and continues to charge toward peak AC line voltage 
through resistors 27 and 28 and diode 11. The charge is nor 
mally discharged intermittently through the light-activated sil 
icon controlled rectifier 19 when light energy periodically 
strikes same from lamp 17 through aperture 16 as shown in 
FIG. 1 and described hereinabove. Thus, light emanating from 
lamp 17 striking the light-activated silicon controlled rectifier 
19 causes a current flow through the rectifier 19 periodically 
discharging the voltage across capacitor 24 to zero. If the disc 
14 stops turning because of a filament break, the capacitor 24 
is not periodically discharged and its charge will build up and 
exceed the threshold level or "avalanche voltage" of a zener 
diode rectifier 22 causing capacitor. discharge through the 
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zener rectifier. Current flow through the zener rectifier 22 
establishes a bias on the gate of silicon controlled rectifier 23 
allowing current to energize alarm 20 which may be a solid 
state audible signal device. Resistor 25 limits the current 
through the light-activated silicon controlled rectifier 19. Re 
sistor 29 is a gate-to-cathode resistor which establishes the 
gate bias for silicon controlled rectifier 23. The commutating 
current from the 60 cp.s. AC line is supplied through resistor 
30 which also establishes a maximum for this current. Resistor 
26 is selected to prevent the light-activated silicon controlled 
rectifier from sensing ambient daylight or stray light; to 
prevent the device 19 from being triggered by leakage current; 
and to hold or maintain the sensitivity of the device 19 to "rate 
effect,' the term "rate effect' meaning the number of "on 
off' times per second that the device 19 can tolerate without 
overheating. 

In operation, the total resistance established by variable re 
sistor 27, and resistor 28 causes the charge rate of the capaci 
tor 24 to be such that it will normally be discharged through 
the light-activated silicon controlled rectifier. The charge rate 
should not be such that the plate charge on the capacitor 24 
exceeds the threshold level of the avalanche voltage of zener 
rectifier 22 in normal operation. When the idler spool slows 
beyond a predetermined speed the plate charge should then 
exceed the threshold level of the Zener rectifier. Thus, wide 
variations in the rate of revolution of the idler spool can be 
tolerated by lowering the charge rate of the capacitor. This is 
particularly useful when winding filament from a thick 
package where the angular velocity of the idler spool is subject 
to wide variation. 
The alarm device 20 can be an audio alarm, as for example 

a bell or buzzer, a visual alarm, as for example a light, gauge, 
or recording device, or any combination of the above instru 
ments wired in parallel. 
When a break has occurred resulting in a switch-on condi 

tion, repair of the break or removal of the takeup spool and 
replacement with a new takeup spool can be begun im 
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4. 
mediately. Upon repair, the operator merely restarts the 
motor operating the takeup reel to reset the detector to the 
switch-off position. No additional operation is necessary so 
long as the idler spool is revolving. 
On the chance that a filament break may occur when the 

disc stops in a position where the aperture is opposite the light 
source, it is advisable to have the disc slightly unbalanced. 
What is claimed is: 
1. Apparatus for detecting breaks in a filament winding 

operation comprising: w 
a. afilament supply spool axially mounted on a shaft, 
b. a disc axially mounted on said shaft to rotate with said 

supply spool and having at least one aperture near the 
periphery of the disc, 

c. a light source positioned on one side of said disc, 
d. a light responsive element positioned on the other side of 

said disc in alignment with said aperture and said light 
source and responsive to changes in the light pulses 
received from said light source, 

e. a light-activated electrical circuit and alarm system cou 
pled to said light responsive element, 

f. a filament takeup spool adapted to receive and wind the 
filament from said supply spool when the takeup spool is 
rotated, and 

g. means for rotating said filament takeup spool, said means 
being coupled to said light-activated electrical circuit (e). 

2. Apparatus according to claim 1 wherein the light ac 
tivated electrical circuit (e) includes: 

a. a capacitor which, when fully electrically charged, will 
discharge through a zener diode coupled to said capaci 
tor, and 

b. a gate coupled to said Zener diode which, when biased 
from current received from saidzener diode, will energize 
an alarm device, said capacitor being also coupled to the 
light-responsive element (d) which periodically 
discharges said capacitor when light from source (c) 
strikes said element. 
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