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The present invention relates to control sys-
tems and more particularly to control systems
of the type wherein a seauence of control signals
controls one or a plurality elements. The inven-
tion comprises a novel system ¢f this typé where-
in the control signals are of random occurrence
and of constant or of random duration as de-
sired.  The control system of the invention, while
of general application, is particularly adapted for
use in controlling the manufacture of yarn to in-
sert in the yarn randomly spaced slubs of con-
stant or of random length.

In the control system of the invention in-
herently random phenomena, such as the. in-
cidence. of cosmic radiation on a given surface,
are transformed into a series of randomly oc-
curring pulses and the pulses are used to initiate
control signals. In one embodiment of the in-
vention, each control signal, once initiated, con-
tinues for a period of time which is fixed by the
sefting of an adjustable member. In other em-
bodiments of the invention, the signals are of
random duration or may have any one of 2 num-
ber of randomly selected periods of duration.
In the latter case the particular period of dura-
tion of any one control signal is unpredictable
and is independent of that of the preceding or
succeeding signal. ‘

" For an understanding of the invention refer-
ence may be had to the accompanying drawing,
of which:

Fig. 1 illustrates diagrammatically a control

system embodying the invention in which con-
trol signals of random occurrence and constant
duration control mechanlsm for -insertion oft
slubs into yarn;
- Prig, - 2 illustrates an alternative arrangement
of one part of the system of Fig. 1 for use in in-
serting slubs of randomly selected lengths into
yarn; and

Fig. 3 illustrates a second alternatlve arrange-
ment of part of the system of Fig. 1 suitable for
use in- inserting slubs of random length into
yarn. ‘

In Fig. 1 a source of random phenomens is
diagrammatically indicated at 2 and a device for
detecting variations in the source 2 and convert-
ing such variations into a sequence of randomly
occurring positive electrical pulses is indicated at
4. Source 2 may be, and preferably is, one, or
a plurality, of counter tubes actuated upon pene-
tration by cosmic rays or by radiation from radio-

"active material. Device 4, when source 2 is of the
above described type, may be a simple amplifier
or a coincident cireuit or one or more. scale-of-
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two circuits, depending upon the number and ar-
rangement of the counter tubes in source 2, upon
the type of radiation to which the counter or
counters are exposed and upon the desired aver-
age rate of initiation of control signals. So far
as the present invention is concerned, source 2
may be considered as a conventional cosmic ray
actuated counter, such as a Ceiger-Miiller
counter tube and device 4 may be considered
as an amplifier and as a means for emitting a
positive pulse upon each discharge of the count-
er of source 2. 'The randomly occurring posi-
tive pulses emitted by device 4 initiate control
signals by means of the circuit now to be de-
scribed.

The positive potential output lead 6 of device
4'is connected over a normally closed back con-
tact 8 of a relay 10, with the control grid 12 of a
triode 4. The cathode of triode 14 is con-
nected to an adjustable tap on a resistor 34 con-~
nected across the power source, the positive ter-
mainal of which is indicated at B-}-. The cathode
of tube 14 thus operates at positive bias. 'The
plate of tube 14 is connected to B+ through the
winding of the relay i8 and is connected to
ground through a condenser i§. Control grid
12 is connected to ground through an RC net-
work comprising a resistor I8 and bridging con-
denser 20. An adjustable contact arm 22 is con-
nected to a second armature 24 of relay 10, the
associated front. contact 26 of which is con-
nected to control grid (2 through a resistor 28
and the associated back contact 30 of which is
connectd to B+. Each of a plurality of con-
densers, Ci, Co, Cs, and Cs of different capacity,
has one plate grounded and the other plate con-
nected to a different fixed contact engageable by
the contact arm 22.

The above described circuit provides means for
initiating energization of relay I0 at random in-
tervals and for maintaining the energization of
this relay after each initiation thereof for a con-
stant period of time, the length of the period
depending upon the capacity of the particular
condenser Ci, Cz, C3 or Cs connected in. circuit
with arm 22. Thus by adjustment of arm 22, as
many different periods of duration of the control
signals may be selected as there are different
capacities in the condenser array. In the par-
ticular embodiment of the invention. illustrated
in the drawing, four different periods of duration
can be selected, but obviously additional eca-
pacities could be provided, if desired, to mcrease

. the range of selection.

Random phenomena  cccurring in source 2
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cause a sequence of positive pulses {0 be emitted
from device 4. These positive puises are sep-
arated by periods of random duration, due to the
random nature of the source. Fach positive
pulse is transmitted to the control grid i2 of
triode 14 cover the circuit including back contact
8 of relay {0. Each positive pulse impressed on
grid 12 is sufficient to permit triode 14 to draw
current and thereby energize reiay (8. Relay
12, upon energization, picks up its armatures
causing a condenser of the condenser array, spe-
cifically condenser Cs for the position of arm 22
iltustrated in Fig. 1, to be connected over front
contact 2§ and through resistor 28 to control

grid 12, and breaking the circuit connecting grid
12 with lead & at the back contact §. The con~

denser Cs thus discharges to ground through the
circuit including resistors 28 and 8 and_ this
discharge current maintains control grid {2 suf-
ficiently positive to prevent deenergization of
tube (4 for the period of the discharge. Relay
{8 is thus also maintained energized during the
period of discharge of condenser Cs.

When the potential of conmtrel grid 12 drops
sufﬁmently to block tubé i4, relay (0 becomes
deenergrzed condenser Cs is recharged from B4
and the control grid 12 is reconnected to lead
6 for reception of a subseguent positive pulse for
initiation of a control signal. As heretofore in-

dicated, by adjustment of arm %3 the period of 3

duratmn of the control signals may be changed
as desired.

The ranidomly occulrlng control signals of
constant duration obtained by the above de-
scribed circuit. may have a wide variety of ap-
pllcatlons and may be used wherever it is de-
51red to control an element after intervals of
unpredlctable duratron

1ncreasmg the rate of rotatlon of the feed. or
back; rolls of the mecahnism. In Fig.
contlolied dev1ce is d1agrammat1ca11y mdrcated
as.a magnetw clutch 32.. The energizing circuit
of the cluteh includes a pau of telmmass 34, con-
nected to any surtalcle source of energy (not

shown) an ao.dmonal armature 38 of relay {8 ;

and -a flont contact i 38 assomated withh the ar-
mature. 3. The clutch is thus energized during
each control s1gna1 thn energzzed it couples

a shaft, IM 10.a drlve shaft :“2 and such coupling

througn surtable overndnvT ciutches, 01 tne like,

indicated dis grarnmatlcally at 44, mcreases the
rate of rotation of the driven reed 1011 48 of a
yarn. drafting -and spinning mecnanrsm The
parts of . the yarn drafting and spinning mecha-
nism;. other than the roll 48, have not been il-
lustrated in the drawing as such. mechanisms
are well known and form no palt of the present
invention. It will be understood that during the
intérvals between control signals, the roll £6.is
driven as usual fromi the main drive shaft 47 of
the mechamsm at a constant rate of rotation.
Durmg cont101 signals, that is during energiza-
tion of relay 18 and of magnetlc clutch 2, the
feed rolls are driven at an inereased rate from
shaft .74 through shaft 40 and the overriding
clutch 4¢. The increased raie of rotation of the
fead rolls decreases the draft of the mechamsrn
and increases the diameter of the yarn and
nence randomly spaced slabs of a length deter-

1, such a &

[4at

=]
<

60

65

70

75

4

mined by the period of duration of the control
signals will be inserted in the yarn.

As heretofore indicated, the slubs inserted into
the yarn by the system of Fig. 1 will all be of the
same length and this length may be changed by
adjustment of, the position of arm 22 .to con-
riect 3 d1fferent one of the capacities’ C1, Ca, C3
and C: to armature 24 The system of Pig. 1
may be readily modified, if desired, for produc-
tion of yarn with slubs of different length there-
in. TFor this purpose means may be provided for
continuously or intermittently moving arm 22
over the fixed’ cortacns connected to the respec-
tive condensels .of the array. Fig. 2 illustrates
diagra mmatlcally such an arrangement.

In Pig. 2 the four condensers, Ci, Cz, Cs, and Ci
are shown with one plate of each connected to
a_different arcuate conducting segment of a ring
48. 'The arcuate segments are insulated from
each other by short nonconductlng segmentg 49..
The conducting armi’ 22 is carried by a shaft 50
Whlch is contlnuously rotated at a relatlvely low
rate by means 1ndlcated dlagrammatlcally a5 2
motor §2.. The arm’ 22 is electrically connécted
by su1tab1e slip rings or brushes (not shown)-to
the armature 24 of relay 10 Hence, dunng in-
tervals between’ SIgnals the condensers are. SUC-
cessively  connected to B+ over the' back con=
tact 36 associated with armature’ 28 ag the end
of arm 22 in its rotatlon success1vely engages
thé conducting segments of the ring 48. When
relay 10 .is energized ong of the condensers Ci,
Ce, Cs;, and Cs will discharge’ over the’ circuit
comprising the armature 2% front contdct 26
and resistors 28 and 18 to hold relay 10 eher-
gized for -the. period, of d1scha1ge The -par-
tlcu1a1 condenser which d1scharges will depend
upon’ the position of arm 22 at the. nioment of
initiation of the control s1gna1 AS the. lenrrth
of time between any two successive. s1gnals‘ has
no reélation to the rate of rotatlon of arni‘ 22,
the duration of any one slgnal W111 have no rela-
tion to.that of the preceding or succeedmg s1g-
nal and hence, when. slub 1nJect1ng apparatus
is controlled by the. system the length -of any
one slub will have no relat1on t0. that of the
preceding o stcceeding slub, To avoid. the Very
short signals that would result when a pulse
arrives at the grid (2 Just pr1or to passage of
the contact arm from a conducting segment or
ring 48 and also to obfain-additional perlods of
du1at1on resultmg from momentary connectlon
of adJacent condensers of the array in- parallel
the - 1nsu1at1ng segments 49 may . be, made short
encugh to be brldged by the contact armr 22

Instead of providing a plurality. of condensers
of dn‘ferent capamtles for .control of -the.. dura-
tlons of the control. srgnals as in Flgs 1 and -2,
a movable plate type of condenser could be pro-
vided as indicated.in.Fig. 3., In this: arrange-
ment the armature of relay IO is connected by
sultable sl1p rmgs or brushes, not shown; t0,: 3
pair of vanes 54 comprising the movable element
of a condenser The vanes. 54 are mounted on

ment . of the condenser comprlses 8. palr of
grounded ‘vanes 58 ﬁxedly pos1t10ned adJacent
the Vanes 54, Durmg intervals ‘between: con~
trol s1gnals, that is durlng pe r10ds of deener-
gization of 1elay 10, the vanes. 54 are-connected
to, B+ over the back. contact 30 of arma,ture 24
of relay 10, and the shaft 56 car1y1ng
vanes is rotated by means’ of a small A, C. motor
50 50 as to vary contmuously the capacity of
the assembly. Rotation of shaft 56 is' prefetably
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arrested -during each .control signal and for this
purpose the circuit of the motor 60 is controlled
over ‘an- additional .armature 62 of relay. 10, the
energizing circuit of the motor including the
armature 62 and -a back contact 84 associated
therewith. Energy is supplied to the motor 60
from any suitable source of alternating current
(not shown), connected to the terminals 66. To
provide braking of the motor upon initiation of
a control signal, a.front contact 88 associated
with -the armature 82 is connected. through a
capacity 70 with the back contact 64 and, through
a rectifier 72, with that one of the motor termi-
nals connected with the power source. 'Thus
when relay 10 is energized to pick up its arma-
tures, condenser 10 discharges through the cir-
cuit including front contact 68, armature 62 and
the winding of the motor and this discharge cur~
rent brakes the motor.

With the above described arrangement of Fig. 2

3, the duration of any control signal will depend
upon the particular position of the vanes 54 at
the moment of initiation of the signal, as such
position determines the capacity ‘of the con-
denser and hence the rate of decay of the dis-
charge current through resistance 28 and the
network associated with the control grid {2 of
the tube controlling relay 10. During intervals
between ' signals, the capacity is continuously

varied by rotation of the vanes 54 by the motor ¢

80 and the condenser is charged from B- over
the back contact 30 of armature 24. Thus this
alternative arfrangement provides truly random
duration of the control signals, rather than a
random selection of specific durations, as in the
arrangement of Fig. 2. Obviously, if desired, a
movable plate condenser of the type of Fig. 3,
could be substituted for the condenser array of
Fig. 1 wherein a limited number of discrete ca~

pacities are available for adjustment of the dura~ *

tion of the control signals.

The control system of the invention has now
been described with particular reference to its
application to the production of yarn having
slubs -therein at random intervals and of fixed
or of random lengths as desired. In the par-
ticular embodiment of the invention illustrated
in Fig. 1, 'the control systerh has been indicated
as controlling the insertion of slubs into yarn
by increase of the rate of rotation of the feed
rolls of a yarn spinning and drafting mecha-
nism to reduce the draft thereof. It will be un-
derstood that the draft could be reduced with-
ouf increase of rate of feed roll rotation, for ex-
ample by change in ratch length, or by decrease
in rate of rotation of the draft rolls or by change
of location of feed of the roving into the ratch,
in the case of conical feed rolls, and that slubs
could be injected into yarn without change of
draft, for example by the addition of loose fibers
to the roving. Also slubs could be injected into
continuous filament yarn during extrusion or
spinning thereof or during stretch breaking and
drafting thereof.

The control system of the invention could be
advantageously employed for purposes other
than injection of slubs into yarn. For example,
novel non-repetitive printing effects on fabrics,
or on wall coverings or other surfaces, could be
obtained in accordance with the invention by
control of a printing element in response to the
random control signals, or the random control
signals could be used to provide erratic and un-
predictable movement of a target in a shooting
gallery or unpredictable direction of projection or
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6
of time of release of the targets in trap shooting.:
Other applications of the invention to fields.
wherein random variations of a characteristic
of an article or an erratic sequence of events may
be desired will occur to those skilled in the art.

Obviously various changes, both in the de-
scribed method of the invention and in the spe-
cific means illustrated and described herein,
could be made without departing from the spirit
of the invention. For example, although in the
normal practice of the invention the randomly
occurring control signals would be utilized con-
currently with their production, as described in
connection. with each of the illustrated embodi~
ments, their use may be delayed if desired, either
for predetermined periods, as by inclusion of de-
lay circuits, or for indefinite periods as by in-
clusion of recording and reproducing means in
the system. . Also, although in each of the illus-
trated embodiments of the invention, but one
mechanism has been indicated as controlled by
the sequence of control signals, obviously any
number of mechanisms could be simultaneously
controlied in response to the same signals. Also

; the control signals of random occurrence and

of fixed or random length could be given a third
random characteristic, for example magnitude, as
disclosed and claimed in the copending applica-
tion of Fred P. Strother, Ser. No. 3776, filed
January 22, 1948, and one or a plurality of ele-
ments may be controlled by such modified signals.
Although it is preferred that the source of ran-
dom phenomena be one or a plurality of counter
tubes actuated by cosmic or shmilar radiation,

> as hereinbefore discussed, the source of random

phenomena may be any one that is statistically
variable, that is, one wherein there are a great
number of independently variable elemenis which
are. individually unpredictable but collectively
stable and the variations thereof susceptible of
detection.

The following is claimed:

1. A control system comprising in combination
means for detecting randomly occurring radia-
tions, means for producing a sequence of pulses,
means responsive to said first mentioned means
for initiating a control signal upon the occurrence
of a pulse, means responsive to initiation of a
control signal for maintaining the control signal
for a predetermined period of time, and means
associated with said last-mentioned means in-
cluding a continuously varying element, the po-
sition of which at the moment of initiation of a
control signal determining the period during
which a signal is maintained.

2. A control system comprising in combination,
means for producing a sequence of randomly
occurring pulses, means for initiating a control
signal upon the occurrence of a pulse, a storage
device, means for initiating discharge of the
storage device upon initiation of a control signal,
means responsive to initiation of a control signal
for maintaining the control signal for the period
of discharge of the storage device, means for re-
charging the storage device between control sig-
nals, and means for continuously varying the
capacity of the storage device to randomly vary
the period of duration of the randomly produced
control signals.

3. A control system comprising in combination
a source of random phenomena means for con-
verting phenomens from said source into a series
of randomly occurring pulses, a circuit control-
ling device adapted when energized to produce a
control signal, means responsive to a pulse for
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initigtihe energization of said: device; a.variable
storage device; means responsive: to:energization:
of " said" circuit -controliing device for - initiating:
diseharge of said'storage device, means:controlied:

by-the discharge of said!storage device for main-
tainingi-said cireuit -controlling-device: energized

whereby the period of duration.of a-conirol sig-:
nal' initisted by a pulse is- determined: by the:
capacity of said:storage: devide; and' means: for
continuously varying the capacity of saidistorage

device between fixed: limits during intervals: be-
tween-control signals-whereby-the period:of: dura-

tion -ofiany control signal is: made to-depend-upen:

tlie capacity of said'storage device:at the moment
of initiaticn-of a control signal.

4. The method' of producing a-novelty yarn:

which zomyprises creating  a: sequence: of " pulses;

initigfing a.control'sighaliin response to-a created

pulse; initiating discharge-of a-siorage-device:-in
résponse to- @ control signal,- maintaining: the
gignal duritig the period: of ~discharge. -of - the
sterage-device and- actuating an. element. affect~
ing-the: diameter of yarn for the duration-of. the
control signal.

5: Apparatus- for prodiucing: yarn:having slubs
ati-intervals therein comprising. in: combination:
means for creating a series-of pulses; means re-
sponsive to a pulse-for- initiating' a-control signal,
a stordge device, means- responsive-to- a control
signal for  initiating discharge of said -device,
means responsive to- discharge of the storage de-
vice for maintaining the.-control signal- for -the
period- of -discharge of the device, a yarn spin-
ning mechanisin and means asseciated therewith
and responsive to the control signal for inserting
slubs into' yarn spun- Dy s2id mechanismy

6. -Apparatus according to- claim 5--including
means for-varying the capacity.of the storage
device -fo- vary correspendingly the -duration-of
the' control signals- and- the length-ofi slubs-in-
serted into yarn by said mechanism.

7. Apparatus for producing yarn having ran-
domly: spaced slubs-therein comprising in-combi-
nation a-source of -randem- phenomens, means

for converting phenomena from said source-inte 4

& series of randome-occurring puises,- g normail-
1y deenergized - electronic tube  connected - for
energization- during - occurrence- of a  pulse, a
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' storage:device,-means: responsive torenergization:

oft said: tube - for initiating: discharge: of. said:
storage device,.means:confrolled:by:tlie discharge:
ofi said: storage device forr maintaining:said:tube

. energized;.a yarn spinningmechanism:and:means:

associated therewith: and responsive:to.energiza-
tion: of. said tube- for: inserting: slubs: inte, yarn
spun. by sgaid mechanism. .

8.  Apparatus: -according: to claim: 7 including
means: for varying: the:capacity of said-storage
device: to; vary: correspondingly- the: duration: of
the periods-of: energization: of- said: tube and:the
lengths of the slubs.inserted into yarn:by-said
mechanism:

9.. Apparatus: according to: elaim 7 including
means. for: automatically varying: the:capacity-of:
said storage-device at.least. during the intervals
between: the:periods:.of. energization: of said. tube
whereby slubs of random -length. are..inserted

). into the: yarn.

10: . Thermethed -of producing. control: signals
whieh comprises utilizing-a: source: of inherently
random phenomena 1o-creafe: randomly: . occun~
ring pulses,. initiating a control signal.in response

. to. .a. created pulse, initiating. discharge: of a

storage device in response. to- a -contrel signal,
maintaining the signal during the: period.of: dis~
charge  of -the: storage-device, and.continuously
varying the. capacity -of thestorage :-device: be-
tween- fixed. limits. to-randomly - vary -the period
of duration. of -the randomiy. produced: contrel
signals..
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