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[57] ABSTRACT

In an apparatus for producing uniformly twisted yarns
and detecting the absence of one of the yarn strands

cowsr FE@

being twisted, the two strands move through a passage
with one of the strands ballooning and twisting about
the other. A light source and photoresistive element
are mounted in the passage with the ballooning yarn
intermittently blocking the light path between the
source and photoresistive element to produce a fluctu-
ating voltage. This fluctuating voltage is applied to a
circuit including a blocking capacitor, a pair of dar-
lington connected transistors, a further capacitor con-
nected to the transistor output and a further pair of
darlington connected transistors which provide. a first
output when a fluctuating voltage is applied and a sec-
ond output when a substantially constant voltage is ap-
plied. This output is in turn applied to an exclusive
—OR circuit together with a detector signal for an-
other strand. When the output of the exclusive —OR
circuit shifts, indicating breakage of one of the twist-
ing strands, an external device is activated to give an
alarm or provide a control function. A mementary cir-
cuit, which is enabled by a manual switch, causes the
external device to be activated for only a short time
interval, for example, for looms having solenoids de-
signed to be operated only momentarily. Alternately,
the external device can be operated continuously.

18 Claims, 4 Drawing Figures

CONE
TETECT0#

/02
/0%

—N-I_ 104

o #8K
A




PATENIEDUCT 81574 3,840,869
SHEET 1 OF 3

. ) - W/”ollvé |
28 .

FLY ING i ';_—_'

BRLLOON
A9/
ZZ
o
Borrom
20 orra

RE'LHY

TDETECToL
== 2 0 ” TERMINALS
. 1
F4- ‘ ‘f,;q !“

ZE"""]‘O@

i il

& :



3,840,869

PATENTEDOCT 81374

SHEET 2 0F 3

A/

D&

./

XOLITUTIT
FNOD
YIMOT7




PATENTEDOCT 81374

3,840,869

SHEET 30F 3

#a/

Lo

72/

P24

3
...'

‘AST %
.IEQ\I\\&.

r 174

Dor

AE!




3,840,869

1
YARN BALLOON DETECTOR FOR CONE OVER
CONE LAZY TWIST
BRIEF DESCRIPTION OF THE PRIOR ART AND
SUMMARY OF THE INVENTION

The invention relates to a detector and circuit for de-
tecting the presence of a ballooning yarn strand moving

through a passage and more particularly an apparatus

for operating an exterior device such as an alarm, etc.
When either of two strands of yarn, which are being
twisted together, has broken.

Two ends of yarn which are plied together, for exam-
ple, at one-half turn per inch or less, make a desirable
filling yarn for various types of woven fabrics. This type

" of yarn can be produced by one of several different
methods.

According to -one method now in use, two cones of
yarn are plied together on a bobbin on the twister. The

15

bobbin, after it is full, must then be rewound back onto .

a cone so that the yarn can be woven on a loom. The

20

cone plied yarn can be wound on quills to be runon a

conventional box loom, or it can be run on a Unifil
winder equipped loom. Operation on a Unifil winder
loom is ordinarily more . efficient than on a conven-
tional box loom.

According to a second approach two cones of yarn
can be plied together by running one cone of yarn over
the other such that the bottom yarn is fed through the
hollow center of the top cone. The bottom yarn and the
top yarn are then wound simultaneously onto a quill.
These two yarns are plied together in a “lazy twist”
fashion, since the balloon of the top yarn as it is pulled
off the cone causes-it to wrap around the bottom yarn
which is being pulled to the center of the top cone. The
quills containing the “lazy twist” yarn can thén be run
on a box-type loom. The U.S. Pat. No. 3,146,573 to
Jones describes one such technique whereby the two
strands pass through a guide ring.

According to a third method, two cones of yarn are
also plied by running the bottom yarn through the cen-
ter of the top cone and then permitting yarn from the
top cone to balloon and twist about the yarn from the
bottom cone in a *‘lazy twist” fashion. The two yarns
from this ““¢one-over-cone’ operation are then fed di-
rectly to a Unifil winder motinted on a loom, and the
twisted yarn is directly woven in the fabric without ad-
ditional and excessive handling. Unifil winiders are well
known in the textile art. '

One difficulty with each.of the above three miethods
is in detecting the breakage of either of the plied yarns
during twisting.- Unless this breakage is promptly de-
tected and remedied, the quality of these goods deteri-
orates and the quantity of rejected goods during inspec-
tion necessarily. risés from the.weaving of yarn which
has only one rather than two-strands.” Several tech-
niques have been used in the past to detect ballooning.
The U.S. Pat. No. 3,158,852 to Schacher describes a
detector which operates by detecting the periodic in-
terruption of the light path between source and detec-
tor. A circuit then produces an appropriate signal when
ballooning ceases. The U.S. Pat. Nos. to Maurmann
3,440,634, Guri ' 3,114,233, Stutz 3,298,401 and
Hotchkiss 3,562,734 'show other yarn detectors. Fur-
ther, the first method described above, whereby two
cones of yarn aré simply. plied together on a bobbin, has
the additional disadvantage that the rewinding opera-
tion may not be in the same physical location as the raw.
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yarn or loom, requiring additional handling and ship-
ping which increase substantially the cost of the plicd
yarn. The second method in which the two yarns are
applied by the “‘lazy twist’" approach onto a quill which
is then run on a box-type loom has the further disad-
vantages that box-type looms are in general less effi-
cient than Unifil looms. Transporting the quills to the

‘loom is a time-consuming and costly step. Further,

plied yarn does not necessarily twist evenly due to the
variable pattern of the natural balloons which is formed
by the yarn being wound on the cone.

" In general, the third method whereby: the twisted
yarn is fed to a Unifil mounted on a loom is the least
expensive. However, in addition to resolving the vari-
able ballooning which results in uneven twisting, this
method is not practical unless the Unifil can be imme- -
diately stopped from winding a single end should either
end on the top or bottom cone break. Since the yarnis
plied and quilled directly on the loom, there is no
chance for visual inspection for single ends before the

“cloth is woven. Weaving single ends, of course, results

in cloth which must be rejected, resulting in a consnder-
able and expensive waste. :

This invention relates to a system which will prevent
single ends from being woven into cloth when the ends
are plied at the loom in any of the fashions described
above. Further, the detector is provided with a coni-
cally converging passage in which the ballooning yarn
twists about the yarn moving through that same passage
in a fashion which will satlsfactorlly control ballooning
to insure more uniform twist.. While the invention can
be used with any of the above.mentioned approaches,
it finds particular utility with the third method.

The balloon is controlled by the edge of the passage
which the balloonmg yarn first encounters. The uni-
formity varies as a function of the diameter of the open-
ing which the yamn first encounters, -and the; distance
between the device and the lower cone. Accordmg to -
a further aspect of the invention, a circuit is set forth
which will produce a-first output to operate an alarm,
an external device to automatically cease operatron of
the loom, etc., whenever a constant input is received,
and will permit operation or maintain the alarm inac-
tive as fong as an intermittent fluctuating voltage signal
is-applied as an input. Further, the. circuit includes a
manually operable switch for either operating the ex-
ternal device iomentarily or maintaining that external
device operative 5o long as the mput signal remains at
a constant value.

Many other objects.and purposes of the invention
will become clear from the following detalled descnp- '
tion of the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
“FIG. 1 illustrates ~schematically the “lazy -twist”

* - method. for producing twist yarn-and the novel appara-
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tus of this invention whéreby the ballooning yarn on the
top cone is uniformly twisted about the yarn moving
through the center of the top cone -and through a pas-
sage, and in addition breakages of either of the yam

strands results:in a signal being produced which either - -

sounds an alarm, automatically stops the loom or per—
forms any other desired function.

FIG. 2 shows a detailed perspective of the device
shown in FIG: 1 for controllmg balloomng and produc-
ing the 51gnal . :
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FIGS. 3 and 3A illustrate an electrical schematic of
the novel detector circuit of this invention for produc-
ing a signal indicating detection of breakage of either
of the yarn ends.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference is now made to FIG. 1 which illustrates a
schematic of the novel apparatus of this invention for
producing twisted yarn. As shown, a first cone of yarn
20 is disposed below a second cone of yarn 22 with
which it is to be twisted, and the yarns can be held in
any suitable fashion so that the yarn will be pulled off

the two cones. The cones can be mounted on any suit-

able framework, including a frame having a rotatable
member for receiving the cone with a passage through
it for the yarn from the cone below. The yarn from bot-
tom cone 20 is pulled through a ring 24 and balloons

freely about that ring. Ring 24 preferably includes a de- -

tector for providing an output signal indicating the
presence or absence of yarn moving through ring 24.
This detector can be the same type of detector which
is described in detail below for detecting the ballooning
yarn which moves through device 28. Alternately, a
switch or any other device which does not interfere
with the proper movement can be employed.

The yarn passing through ring 24 moves through the
hollow center of top cone 22 and through conically
shaped passage 30 in device 28 which is described in
detail with reference to FIG. 2. The yarn from top cone
22 likewise passes through the passage 30 in device 28

and spins about.the periphery of the lower opening
thereof as it is-pulled off cone 22 and balloons, twisting
about the yarn from cone 20 to provide a uniform
twisted yarn which is then wound directly on a device
29 such as a quill, or a Unifil mounted directly on a

"~ loom.

The ballooning yarn contacts the periphery of the
lower edge which controls the balloons and ensures
uniform twist. If desired a single ring of limited height
could be substituted for device 28. A diameter of one
and one half inches with a distance of seven inches be-
tween the lower edge of passage 30 and the top of cone
22 has been found to. produce satisfactory uniformity
for most cone sizes and speeds. Too large a diameter or
too small a diameter will not produce uniform twisting.

As discussed above, it is important that the twisting
which results from the ballooning yarn from cone 22 be
controlled and uniform. It is important that any break-
age or absence of one or the other of the yarns from
cone 20 or 22 be immediately detected, particularly if
the yarn is being wound directly on a Unifil and there-
after dlrectly woven into cloth. To insure uniform twist-
ing, it is important that any detector which is used to
sense the presence or absence of the ballooning yarn
not in any way affect ballooning in any fashion which
will result in an uneven twist.

To minimize stoppages for changing yarn, one or
more additional cones can be mounted below cone 22
with their ends tied together. When one of the lower
cones runs out, the twisting need not stop and the cone
can be leisurely replaced with the end of the replace-
ment being tied to the end of one of the others.

Accordingly, the detector which is used for detecting
the presence of the ballooning yarn from cone 22 in the
embodiment of this invention illustrated in the draw-
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ings, includes a light source 32 which is mounted pref-
erably flush within the interior surface of passage 30
and providing a light beam which normally impinges
upon a conventional photosensitive detector 34 like-
wise mounted in passage 30. A solid state light source
has been found to be quite satisfactory and holds up
well to the vibrations inevitably present during twisting.
Any suitable photosensitive device of the type which
displays a resistance which varies as a function of the
incident light can be used for the detector. The light
beam passing across passage 30 in no way affects the
ballooning yarn which is spinning about that passage
and wrapping about the yarn from bottom cone 20. As
can be seen in FIG. 2, the twisted yarns pass through
an eyelet 26 before being wound on device 29.

Device 28 is preferably comprised of an environment
hard, molded material such as plastic, and the extent of
passage 30 is preferably sufficient to produce satisfac-
tory twisting of the yarn from cone 22 about the yarn
from cone 20. A plurality of contacts are preferably
mounted as shown on device 28 for providing the elec-
trical input signals to the detector and also for provid-
ing output signals as described in detail below which
can then be used to provide an alarm should one of the
yarn ends break, to automatically stop the loom or to
provide any other control or informational function
which is desired. Apparatus 28 can be mounted using
mounting studs 40 and 42, or in any other suitable fash-
ion.

The yarn from cone 22 spinning about the interior of
passage 30 periodically interrupts the light beam be-
tween source 32 and detector 34, so that the resistance
displayed by detector 34 fluctuates when yarn 22 is
present. In the absence of yarn 22, no substantial fluc-
tuation of that resistance takes place; the resistance will
be substantially constant at a value which depends on
the extent the light path is blocked by the yarn from
bottom cone 20 or will vary slowly about the constant
value.

Reference is now made to FIG. 3 which illustrates
one electrical circuit which has been found to be par-
ticularly advantageous for producing an output signal
from the signals provided by detector 34. An AC signal
of roughly 12 volts is half-wave rectified by diode 50
and filtered by capacitances 52 and 54 and resistance
56. The output of the filter is applied to a conventional
power supply circuit 58 which provides a 5-volt DC
output of at least one amp.

The output of circuit 58 is applied as shown to the se-
rial connection of light source 32, and a variable resis-

‘tance 60 which can be varied to adjust the level of light

incident upon the detector. A source furnishing infra-

_red light around 900-950 nanometers in wavelength

60
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has been found to. be satisfactory.

A photoresponsive device 34 is also serially con-
nected with resistor 64 to the output of circuit 58, and
the resistance of device 34 varies directly as a function
of the light from source 32 which is incident upon it.
For visible light, a photodiode has been found satisfac-
tory and for infrared light a phototransistor.

A pair of darlington connected transistors 66 and 68
are connected to the junction between detector 34 and
resistance 64 by a DC blocking capacitor 62 with the
base of transistor 66 also connected to one side of cir-
cuit 58 by resistor 70. The collectors of transistor 66
and 68 are likewise connected to that same side of cir-
cuit 58 by resistances 72 and 74. Whenever photore-
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sponsive clement 34 remains at a substantial constant
resistance, capacitor 62 charges to a value sufficient to
maintain transistor 66 in its conductive condition
which in turn maintains transistor 68 non-conductive,
so that capacitor 76, which is connected between the

" collector and emitter of transistor 68, charges to a level
maintaining transistor 78 in its conductive condition
which in turn keeps transistor 80 non-conductive and
applies a high voltage as one input to a conventional ex-
clusive OR circuit 84, the functions of which are de-
scribed in detail below.

When, however, the resistance of element 34 is fluc-
tuating, for example, as the spinning yarn ballooning
from cone 22 spins about the interior of passage 30 in
FIGS. 1 and 2, the negative pulses which are generated
thusly are applied to transistor 66 via capacitor 62,
causing transistor 66 to intermittently shift from its
conductive to its non-conductive state, in turn render-
ing transistor 68 intermittently conductive so that ca-
pacitor 76 discharges to a level sufficient to shift tran-
sistor 78 from its normally conductive to its non-
conductive condition which in turn shifts transistor 80
into a conductive state applying a low input to exclu-
sive OR circuit 84. Thus, when a fluctuating signal is
received, a first signal is applied to exclusive OR circuit
84, and when a constant signal is received, be it high or
low, a second signal is applied to OR circuit 84.

The other input to exclusive OR circuit 84 is con-
nected to a detector 86 which, as shown in FIG. 1, de-
tects the presence of the yarn from the lower cone 20.
Since free ballooning of the yarn from cone 20 is not
essential, any type of detector, mechanical, electrical,
etc. can be used for detecting the presence of the yarn
passing through ring 24. Detector 86 applies a low sig-
nal to exclusive OR circuit 84 whenever that detector
detects the presence of the yarn from cone 20 passing
through ring 24.

The exclusive OR circuit produces a low output when
both inputs are the same, i.e., when both inputs are
high or both low. Thus, should one of the yarn ends
break, exclusive OR circuit 84 shifts from a low to a
high output condition. When the output of exclusive
OR circuit 84 is low, the junction (FIG. 3A) of capaci-
tor 100, resistor 102, and resistor 104 is held low by
diode 106. However, should exclusive OR circuit 84
shift to a high output, capacitor 100 begins to charge,
raising the potential applied to the base of transistor
110 which together with transistor 112, resistor 114,
capacitor 116, resistor 118, and resistor 120 forms a
conventional Schmidt trigger circuit. The Schmidt trig-
ger circuit then shifts its output at the collector of tran-
sistor 112 from a low output condition, which is applied
to the base of transistor 121 via resistor 122, to a high
output condition and maintains this high output condi-
tion so long as the input to transistor 110 remains high.

When a high output is applied to the base of transis-
tor 121, that transistor shifts into its conductive state
applying a low input signal to transistor 126 via diode
124. Transistor 126 then shifts into its non-conductive
state ceasing the application of a low signal to the gate
input to triac 130 which is thus rendered conductive via
resistor 136 to complete a current path through an ex-
ternal device 134. External device 134 can be a relay
for stopping the motion of the loom, a light, a buzzer,
or other alarm for indicating breakage, or any other de-
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vice for providing a control or informational function.

As mentioned  briefly above, the novel circuitry
which is shown in FIGS. 3 and 3A includes a manual
switch 140 which, when operated, causes the external
device to be operated only momentarily each time the
Exclusive OR goes from low to high. When switch 140
remains open, triac 130 remains conductive, activating
the external device 134 until the output of exclusive
OR circuit 84 shifts to a low condition indicating that
both yarns are again being detected moving through
their respective rings.

Closing switch 140 connects resistor 142 and capaci-
tor 144 to one side of the output of circuit 58. The
junction of resistor 142 and capacitor 144 is connected
by diode 146 to the collector of transistor 112 which
normally is conductive so that the junction of resistor
142 and capacitor 144 is normally held at a'low voltage
which is applied via resistor 150 and diode 152 to tran-
sistor 154 which together with transistor 156, resistor
158, capacitor 160 and resistors 162 and 164 also
forms a conventional Schmidt trigger circuit. Since
transistor 154 is normally non-conductive, transistor
156 is normally conductive. A low input signal is not
applied to the base of transistor 126, since diode 124
applied a high signal maintaining transistor 126 con-
ductive and triac 130 non-conductive.

When exclusive OR circuit 84 shifts to its high output
condition upon detection of a breakage of one of the
yarns, the collector of transistor 112 shifts to a high
output, as transistor 112 becomes non-conductive and
this causes capacitor 144 to charge and apply a voltage .
to transistor 154 which causes that transistor to shift
into its conductive state and in turn shift transistor 156
to its non-conductive state, applying a high voltage to
the base of transistor 126 via diode 157 which renders
that transistor conductive which in turn shifts triac 130
to its non-conductive state and ends the current flow to
the external device. Transistor 156 maintains transistor
126 conductive until OR circuit 84 shifts back to its low
output-condition, indicating detection of both strands.
The time interval that the external device remains ac-.
tive depends on the time required for capacitor 144 to
charge to a level sufficient to shift transistor 154 into
its conductive state. Thus, the external device will be
operated only momentarily whén the switch 140 is
manually closed.

Many changes and modifications in the above em-
bodiment of the invention -can, of course, be made
without departing from the scope thereof. Particularly,
any number of cones in a stack can be employed. For
a three yarn twist, yarn from a bottom cone can be
twisted with a yarn from a cone above it as shown in
FIG. 1. This twisted yarn could be then fed through the
center of another yarn cone which is ballooned about
it on a device such as shown in FIG. 2. Any number of
yarn strands can be successively twisted in this fashion.
Accordingly, this scope is intended to be limited only
by the scope of the appended claims,

What is claimed is: '

1. Apparatus for producing a plurality of twisted yarn
strands of substantially uniform twist comprising:

a first quantity of yarn,

a second quantity of yarn,

means defining a passage through which at least one

strand from each of said first and second quantities
of yarn moves with one of said strands ballooning
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about another of said strands and at least intermit-
tently contacting the periphery of said passage so
that said one strand is umformly twisted about the
other strand,

means for pulling said strands through said passage,

means for detecting the ballooning of said one strand
in said passage and means connected to said de-
tecting means for producing a given signal when
said detecting means detects that said one strand is
not ballooning,

means for detecting said other strand and producing

_a predetermined signal when said other strand is
~ not present.

2. Apparatus as in claim 1, wherein said detecting
means includes a light source disposed for providing a
light beam across the region in which said one strand
is twisting about said other strand so that said beam is
periodically interrupted by the said ballooning strand,

a light detector disposed for receiving said light beam
and producing a signal which varies as a function
of incident light so that said signal fluctuates when
said beam is being periodically interrupted, and
wherein said producing means includes:

circuit means connected to said detector for receiv-
ing said varying signal and producing a first output
signal when said signal from said detector indicates
said beam is being periodically interrupted, and

a second output signal when said signal from said de-
tector indicates said beam is not being periodically
interrupted.

3. Apparatus as in claim 2, wherein said circuit

means includes:

an input DC blocking capacitor for receiving said sig-
nal from said light detector,

first electronic switch means with an input connected
to said blocking capacitor for shifting from a first
to second output condition when said blocking ca-

“pacitor passes parts of a fluctuating signal which
are changing in a given polarity direction,

a further capacitor connected to the output. of said
first electronic switch means for changing its
charge toward a predetermined constant voltage
when said first electronic switch means is in said
second output condition, and

second electronic. switch means connected to said
further capacitor for producing said second output
signal when said further capacitor changes its
charge to a given voltage level and producing said
first output signal when said further capacitor does
not change its charge to at least said given voltage
level. '

4. An apparatus as in claim 3, wherein said electronic
switching means each includes first and second darling-
ton connected transistors.

§. An apparatus as in claim 4, further including
means for producing a direct current voltage, means
for connecting said light source to said direct current
voltage circuit, means for connecting said light detec-
tor to said blocking capacitor and to said direct current
voltage producing means for causing said detector to
vary in resistance as a function of incident light so as
to apply said mput signal to said blocking capacitor.

6. Apparatus as in claim 3 further including:
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logic means connected to said second electronic
switch means for providing an output voltage of
first or second voltage levels,

a third capacitor connected to said logic means for
changing its charge toward a given constant voltage
when said logic means shifts from said first to sec-
ond output voltage level,

third electronic switch means with an input con-
nected to said third capacitor for shifting from a
first to second output condition when said third ca-
pacitor changes its charge to a predetermined volt-
age level,

fourth electronic switch means connected to said
third electronic switch means and to a device of the
type which is operated by a change in the electric
current flowing through it for causing said device
to be operated when said third switch means shifts

~ to said second condition,

a fourth capacitor connected to the said third elec-
tronic switch means for changing its charge toward
a predetermined voltage when said third electronic -
switch means shifts from said first to said second
output condition,

fifth electronic switch means connected to said
fourth electronic switch means and to said fourth
capacitor for shifting from a first to second output
condition when said fourth capacitor changes its
charge to agiven voltage level and for causing said
device to be deactivated when said fifth electronic
means shifts to said second output condition.

7. An apparatus as in claim 6, wherein said third and
fifth electronic switching means each includes a
Schmidt trigger circuit.

8. An apparatus as in claim 6, wherein said logic
means includes an exclusive OR circuit.

9. An apparatus as in claim 6, wherein said fourth
electronic switch means includes a first transistor, a
second transistor, a diode connecting said first transis-
tor to said second transistor, and a triac connected in
series with a current carrying portion of said device and
to said second transistor and wherein said fifth elec-
tronic switch means includes a diode connected to said

“second transistor.

10. An apparatus as in claim 9, further including
switch means for disabling said fifth electronic switch
means.

11. A circuit for producmg a ﬁrst output signal when
a substantially constant amplitude input signal is re-
ceived and a second output signal when a fluctuating
input signal is received comprising:

an input D.C. blocking capacitor for receiving said

input signal,
first electronic switch means with an input connected
to said blocking capacitor for shifting from a first
to second output condition when said blocking ca-
pacitor passes parts of a fluctuating input signal
_which are changing in a given polarity direction,

a further capacitor connected to the output of said
electronic switch means for changing its charge to-
ward a predetermined constant voltage when said
first electronic switch means is in sald second out-
put condition,

second electronic switch means connected to said

further capacitor for producing said second output
signal when said further capacitor changes its
charge to a given voltage level and producing said
first output signal when said further capacitor does
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not change its charge to at least said given voltage
level, and

means connected to said blocking capacitor for de-

tecting a yarn strand and producing said fluctuating
input signal when said strand is detected and said
substantially constant input signal when said strand
is not detected, means for detecting a further
strand and producing a further signal indicating the
detection of said further strand, logic means con-
nected to said second electronic means and to said
further strand detecting means for receiving said
further signal and said first and second output sig-
nal and producing a first logic signal when said first
output is received and said further signal indicates
detection of said further strand and a second logic
signal when said second output is received and said
further signal does not indicate detection of said
further strand.

12. A circuit as in claim 11, wherein said electronic
switch means each includes first and second darlington
connected transistors.

13. A circuit as in claim 11, wherein said means con-
nected to said blocking capacitor includes means for
producing a direct current voltage, a light source con-
nected to said direct current voltage producing circuit,
photoresponsive means connected to said blocking ca-
pacitor and to said direct current voltage producing
means for varying in resistance as a function of incident
light so as to apply said input signal to said blocking ca-
pacitor.

5
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14. Apparatus for detecting yarn balloon comprising:

means defining a passage for a yarn strand so that
said strand balloons through said passage,

a light source disposed for producing a light beam
across and within said passage, so that said beam is
periodically interrupted by the ballooning strand in
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10
said passage,

a light detector disposed in said passage for receiving
said light beam, and producing a signal which va-
ries as a function of incident light so that said signal
fluctuates when said beam is being periodically in-
terrupted, and

circuit means connected to said detector for receiv-
ing said varying signal and producing a first signal
when said signal from said detector indicates said
beam is being periodically interrupted and a sec-
ond signal when said signal from said detector indi-
cates said beam is not being periodically inter-
rupted.

15. A method of producing a plurality of twisted yarn
strands of substantially uniform twist comprising pull-
ing strands from first and second yarn quantities
through a passage, ballooning one of the yarn strands
about another so that the ballooning strand at least in-
termittently contacts the periphery of the passage to
insure uniform twist, detecting the ballooning strand
within said passage and producing a given signal when
said ballooning strand is not ballooning.

16. A method as in claim 13, wherein said yarn quan-
tities are on cones and said step of pulling strands in-
cludes the step of pulling at least said another strand
through a central passage in the cone holding said one
yarn strand. '

17. A method as in claim 15, including the step of de-
tecting the presence of said another strand and produc-
ing a given signal when said another strand is'not de-
tected. ' .

18. A method as in claim 15, wherein said step of de-
tecting includes the step of producing a beam of light
which impinges upon photoresponsive means and
which is periodically interrupted by the ballooning

strand.
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