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(54) PROGRAMMABLE VOLTAGE SENSING CIRCUIT

(71) 1, JAMEs M. JEFFCOAT, a citizen
of United States of America, of Post Of-
fice Box 294, Swansea, State of South
Carolina, United States of America, do

5 hereby declare the invention, for which I
pray that a patent may be granted to me,
and the method by which it is to be per-
formed, to be particularly described in and
by the following statement:

10 The invention relates to a simple and sen-
sitive circuit for detecting voltage changes
and particularly to a circuit and a system
for accurately detecting thread or yarn
breakage or four counting threads or other

15 objects.

Many electrical situations exist in which
it is necessary to accurately and sensitively
produce output signals which reflect the
difference in magnitude between two input

20 signals. One such situation is for detecting
and indicating the breakage of a strand of
thread or yarn. Such breakage today is of-
ten detected by suspending metal wires or
the like from the strands so that the wires

25 fall onto a grounded surface to produce an
indication signal. These systems are com-
plicated and attempts have been made to re-
place them with optical devices whereby the
passage of a broken thread through an

30 optical path between a source and a detec-
tor is used to produce a signal which in-
dicates that the thread has been broken. An
optical system of this type not only requires
minimum installation time, but is theoreti-

35 cally simple and sensitive. However, much
difficulty has been encountered in guarding
against false signals from such systems. To
eliminate such signals, the present inven-
tion employs two or more light sensors ar-

40 ranged so that the thread sequentially breaks
each of the optical paths producing at least
two signals in succession which are then
processed to provide an appropriate con-
trol function for actuating conventional out-

45 put circuitry, such as for counting or alarm

indication.

Another difficulty with such systems is
that a suitable electrical circuit for simply,
reliably and sensitively receiving the signals
from the sensors and producing appropriate 50
outputs has not hitherto existed. The avail-
able circuits lack stability, are overly com-
plex, tend to be inaccurate, and require
skilled maintenance personnel to install
and maintain. Such prior art circuits gene- 55
rally require input filtering to reject minor
signal fluctuations, electrical noise and
multiple counts in a counter circuit which
limits sensitivity and speed. Comparison
circuits now available, and which could be 60
used for this purpose, generally require the
reference voltage to be set and frequently
adjusted to compensate for changes in lamp
intensity, alignment, temperature drift and
ambient light changes. Such prior art de- 65
signs limit the sensitivity to a general lack
of stability.

The present invention relates to a circuit
which is extremely simple and which ful-
fills this need, particularly with respect to 70
nrocessing signals derived from sensors
which detect movement of a thread or other
object past the sensors, breaking in sequence
two optical paths.

The present circuit can be simply and 75
easily programmed to respond to any given
level of voltage fluctuation. The individual
elements of which it is comprised are
simple, inexpensive and readily available
commercially. The output is accurate and 80
reliable.

More particularly, the unique circuit of
the present invention includes first and
second operational amplifiers which are
connected as voltage followers having a high 85
input impedance and a low output impe-
dance. The two voltages to be compared,
e.g., from photoresistive sensors, are re-
spectively applied to the positive inputs to
the first and second operational amplifiers 90
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with the negative input of each amplifier
being conventionally connected to its out-
put to form the follower circuit. The out-
put of the first operational amplifier is
5 divided by a variable or fixed resistive divi-
der and also applied directly to the posi-
tive input to a first comparator which may
be an operational amplifier as well. The
divided voltage is applied to the negative
0 input to a second comparator. The output
of the second operational amplifier con-
nected as a voltage follower is similarly
divided and the divided voltage supplied
to the negative input to the first comparator.

15 Similarly, the output of the second opera-
tional amplifier is directly applied to the
positive input to the second comparator. The
respective ouputs of the first and second
comparators thus provide the outputs of the

20 circuit which can be applied to digital or
other counting arrangements and to display
devices particularly when the circuit is used
in a system for detecting the breakage of
thread or yarn strands.

25 When the input voltage applied to the
first amplifier decreases with respect to the
voltage applied to the second amplifier,
which may be a reference voltage or
ground, by more than a given percentage

30 as set by selecting the resistance connecting
the output of the second amplifier to the
negative input to the first comparator, then
the output of that first comparator goes to
zero and /or ground producing an easily dif-

5 ferentiable output signal. Similarly, when
the positive input to the first operational
amplifier rises with respect to the positive
input to the second operational amplifier by
more than a given percentage as determined

40 by the resistive settings connecting the out-
put of the first amplifier to the negative in-
put to the second comparator, then the
output of the second comparator similarly
goes to zero producing a second output sig-

45 nal which can be applied to a digital coun-
ter display or other structure.

Many other objects and purposes of the
invention will be clear from the following
detailed description of the drawings.

50 Embodiments of the invention will now
be described by way of example, with re-
ference to the accompanying drawings in
which:—

FIGURE 1 shows a schematic circuit of

55 the present invention particularly useful for
detecting breakage of thread or yarn
strands;

FIGURE 2 shows a schematic arrange-
ment of two sensors for providing the in-

60 put signals to the circuit of FIGURE 1.

FIGURE 3 shows a second embodiment
of the present invention which is particu-
larly useful for detecting fluctuations of an
input voltage with respect to a reference.

DETAILED DESCRIPTION OF THE 65
DRAWINGS:

Reference is now made to FIGURES 1
and 2 which illustrate a first embodiment
of the present invention. Conventional
photoresitive transistors 10 and 12 are con- 70
nected as shown to a voltage source and
receive light from a lamp 14 which is sup-
Rhed with a suitable voltage by a conven-
tional supply 16. The emitters of transis-
tors 10 and 12, respectively, are connected 75
via a shielded cable to the positive inputs
18 and 20 of operational amplifiers 22 and
24. A balancing resistor 26 is also con-
nected between the inputs with its center
tap grounded for balancing the voltages 80
from phototransistors 10 and 12.

The negative inputs to operational ampli-
fiers 22 and 24 are connected to the out-
puts in conventional fashion to form vol-
tage follower circuits. Thus, operational 85
amplifiers 22 and 24 have unity gain and
provide low output impedance and high
input impedance. The output of operational
amplifier 22 is directly connected to the
positive input (non-inverting) to a first vol- 90
tage comparator 38. Amplifier 22 also is
connected to a voltage divider circuit com-
prising resistors 28 and 30 to apply a given
percentage, as determined by the respec-
tive values of resistors 28 and 30, of its 95
output to the negative input (inverting) to
a second voltage comparator 32. The output
of operational amplifier 24 is directly con-
nected to the positive input to the com-
parator 32. Similarly, the output of opera-
tional amplifier 24 is divided by resistors
34 and 36 to produce a reduced voltage
which is applied to the negative input of
comparator 38. Thus, the circuit of Figure
1 has two inputs and two outputs. Under
normal conditions, the outputs 40 and 42 of
comparators 38 and 32 will be the power
supply voltage of +15 volis.

Let us assume now a reduction in cur-
rent through transistor 10 resulting from a
reduction in the incident light. This reduc-
tion in current reduces the voltage at the
input 20 to operational amvlifier 24. The
output of operational amplifier 24 is simi-
larly reduced which reduces the positive
input to the comparator 32. If the voltage
falls below the voltage supplied by resistors
28 and 30 to the negative input to compara-
tor 32, the output 42 of comparator 32 will
drop to zero, thus providing a clear indica-
tion that the current through photoresistor
10 has dropped below a predetermined
value. Similarly, should the current through
photoresistive fransistor 12 fall by more
than a given percentage so that the nega-
tive input provided by the divided output
of operational amplifier 24 is greater than
the positive input provided by operational
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amplifier 22, then the output 40 of com-
parator 38 will fall to zero providing a
second readily ascertainable signal. Out-
puts 40 and 42 are connected via interface
5 circuitry (not shown) to a conventional digi-
tal counter 48 and are also connected to
light emitting diodes 44 and 46 via inver-
ters 45 and 47, the diodes being momen-
tarily lighted when the respective outputs
10 40 and 42 drop to zero. The outputs 40
and 42 can be similarly processed and fed
to a power relay to shutoff production
machinery.
Figure 2 illustrates how the arrangement
15 of Figure 1 can be used with particular ef-
fectiveness to detect a broken strand.
Strand 40 when it breaks is arranged to
fall so as to sequentially intercept the path
52 between the source 14 and the photo-
20 transistor 10 and the path 54 between source
14 and phototransistor 12. Each photo-
transistor is mounted in a mechanical light
shielding structure comprised of a hollow
aluminum rod or housing 17 having a light
25 admitting aperture 19 at one end aligned
with the filament of lamp 14. Preferably,
the longitudinal axis of the light filament
is also aligned parallel to the axes of the
strands to be detected. The sensitivity of
30 the device can be further increased by
mounting a focussing lens in the aperture
19 to yield an optimum filament image.
In setting up the device for operation as a
thread detector, the balancing resistor 26
35 is adjusted midway between the resistive
positions at which the diodes 44 and 46
are first lighted, diode 46 being actuated by
increasing resistance at the input to am-
plifier 22 and diode 44 being actuated by
40 increasing resistance at amplifier 24.
Reference is now made to Figure 3 which
illustrates a second embodiment of the in-
vention which is particularly useful when-
ever voltage fluctuations are to be ascer-
45 tained at a present percentage of difference
on either side of a reference voltage. In
this arrangement, the input to operational
amplifier 100 is grounded to provide a ready
reference. The output of operational ampli-
50 fier 100 is divided by a variable potentio-
meter 102 and the output of amplifier 104
by a variable potentiometer 106 with the
voltages connected to comparators 108 and
110 which produce output voltages in the
55 same fashion as described above. Thus,
the percentage variation of voltage “V IN”
relative to ground required to produce the
output signals “V out 1” and “V out 2~
can be directly set on the variable
60 resistances 102 and 106. The voltage
applied at terminals 103 and 107 deter-
mine the operational range of the input
voltage “V IN”. Thus, if —6 volts is ap-
plied to those terminals instead of the —15
65 volts shown, the operational range of “V

IN” would be from —6 to +6 volts.

By reversing the positive and negative
inputs to the comparators, the outputs of
either embodiment can be inverted and
similarly utilized. The two outputs are pre-
ferably processed by a simple logic circuit,
such as flip-flop circuitry with appropriate
gates and inverters, to produce a single
control function in response to sequential
changes in the comparator outputs. Al-
though operational amplifiers can be used
as voltage comparators other voltage com-
parator circuits are available which have
better response and gain characteristics and
those are preferred. For example, a suit- 80
able circuit is the LM139 series of voltage
comparator available from National Semi-
conductor Corporation and described in
Radio Shack Catalog No. 62-1372. —

The present invention can be used in a
variety of different applications. For ex-
ample, by employing the photoresistive
components as a movable member or wand
arranged to pass transversely across a warp
of threads running between the wand and
a reflective backing or mirror, the number
of individual threads in the warp can be
counted with perfect accuracy. The sensi-
tivity and resolution of the device depicted
in Figs. 1 and 2 is so great that it can dif- 95
ferentiate between and detect threads as
small as 2 mils in diameter at a lamp to
sensor distance of up to 6 feet. Other ap-
plications include alarm systems, remote
monitoring systems, limit comparators, tem-
perature controllers, over and under voltage
protection devices, electronic counters, trig-
ger circuits, frequency doublers, and the
like. The basic circuit can be varied con-
siderably to include gain networks, shaping
networks, offset adjustment networks and
transistor equivalent circuits without cir-
cumventing the unique and novel features
of the present invention. Accordingly, the
scope of the invention is intended to be
limited only by the scope of the appended
claims.

WHAT WE CLAIM IS:

1. A circuit for providing a first given
output signal at a first output when an in-
put signal at a first input exceeds an input
signal at a second input by a predetermined
magnitude and a second given output sig-
nal at a second output when an input signal
at said second input exceeds an input signal
at said first input by a predetermined mag-
nitude comprising :

a first operational amplifier having first
and second inputs and an output with one
input thereof comprising said first input 125
of said circuit and the other input con-
nected to the output thereof,

a second operational amplifier having
first and second inputs and an output with
one input thereof comprising said second 130
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input of said circuit and the other input
connected to the output thereof,
a first comparator having first and second
inputs and an output for producing a sig-
3 nal at the output thereof which is a func-
tion of the difference between the input
signals, said first comparator having its first
input connected to the output of said first
amplifier,

10 a second comparator having first and
second inputs and an output for producing a
signal at the output thereof which is a func-
tion of the difference between the input
signals, said second comparator having its

15 first input connected to the output of said
second amplifier,

first resistance means connected to the
output of said first amplifier and to the
second input to said second comparator for

20 dividing the output of said first amplifier

and applying a signal reduced in magnitude

to the second input to said second com-
parator, and

second resistance means connected to the
output of said second amplifier and to the
second input to said first comparator_ for
dividing the output of said second amplifier
and applying a signal reduced in magnitude
to the second input to said first comparator.

30 2. A circuit as in Claim 1 wherein said
first and second resistance means are
variable. .

3. A circuit as in Claim 1 wherein said
comparators are each operational ampli-

35 fiers with the positive input being said first
input and the negative input being said
second input.

4. A system for detecting passage of a
light varying object comprising :

40 a first photoresistor sensor for producing
a voltage signal when the incident light
thereon varies,

a second photoresistor sensor for pro-
ducing a voltage signal when the incident

45 light thereon varies,

a light source,

means for mounting said first and second
sensors and said source so that light from
said source is incident upon said first and

50 second sensors and said object passes be-
tween said sensors and source to in sequence
break the path between said first sensor

25

and source and then the path between said
second sensor and source to cause said
first and second sensors to sequentially pro- 55
duce said voltage signals,

a first operational amplifier having first
and second inputs and an output with one
input thereof connected to said first sensor
and the other input connected to the output 60
thereof,

a second operational amplifier bhaving
first and second inputs and an output with
one input thereof connected to said second
sensor and the other input connected to the 65
output thereof,

a first comparator having first and second
inputs and an output for producing a sig-
nal at the output thereof which is a func-
tion of the difference between the input 79
signals, said first comparator having its
first input connected to the output of said
first amplifier,

a second comparator having first and
second inputs and an output for producing 75
a signal at the output thereof which is a
function of the difference between the in-
put signals, said comparator having its first
input connected to the output of said
second amplifier,

first resistance means connected to the
output of said first amplifier and to the
second input to said second comparator for
dividing the output of said first amplifier
and applying a signal reduced in magni- g5
tude to the second input to said second
comparator, and

second resistance means connected to the
output of said second amplifier and to the
second input to said first comparator for gq
dividing the output of said second ampli-
fier and applying a signal reduced in magni-
tude to the second input to said first com-
parator.

5. An electrical defector circuit sub- 95
stantially as described with reference to
Fig. 1, Figs. 1 and 2, or Fig. 3 of the ac-
companying drawings.

JOHN ORCHARD & CO.,
Staple Inn Buildings North,
High BRolborn,
London WC1V 7PZ
Agents for the Applicants
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