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[57] ABSTRACT

Apparatus for counting threads in a moving fabric
comprising a laser source of light radiations for direct
penetration of the fabric, a photo detector activated
by the light radiations passing through the fabric for
producing electrical signal variations caused by suc-
cessive threads passing through the light radiations
and a thread counter actuated by the electrical signal
variations. A fabric length measuring transducer is
provided to measure the fabric while the threads are
being counted and to produce length related pulses
which are used to control the thread counter so that
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AUTOMATIC THREAD COUNTER AND
CONTROLLER FOR FABRIC PROCESSING
APPARATUS

The invention relates to improved apparatus for
counting the threads in a moving fabric and to an auto-
matic controller which optionally may be used in con-
junction with the improved thread counting apparatus
to automatically adjust a fabric processing machine to
maintain the required thread count per unit length
within certain preset limits.

It is an object of the invention to provide an im-
proved thread counting apparatus utilizing a laser
source of light radiations for direct penetration of the
fabric in conjunction with a photoelectric detector
which is activated by the light passing through the
fabric for producing electric signal variations as succes-
sive threads pass through the light, and a thread
counter which is actuated by the electrical signal varia-
tions. ,

It is a further object of the invention to provide im-
proved apparatus for counting the threads per unit
length in a moving fabric which is capable of providing
a count reading averaged over an extended distance to
obtain a reading stability sufficiently high to permit au-
tomatic control.

it is another object of the invention to provide im-
proved -apparatus for counting the threads per unit
length in a moving fabric which apparatus includes a
thread counting channel and a fabric length measuring
channel and a thread counter which produces a
readout indication of threads per unit length averaged
over a preselected length, and wherein the thread
counting channel and the length measuring channel in-
clude pre-scaler devices which divide the thread count
and the length respectively by predetermined whole
numbers. ’

It is a further object of the invention to provide an
improved thread counting apparatus including a three
decade decimal counter with storage wherein each
decade of the counter is a binary coded decimal
counter.

It is a further object of the invention to provide an
automatic controller for a material processing machine
having a supply roll and a take up roll on opposite sides
of the processing machine and drive means for driving
the supply roll and the take up roll including means for
varying the speed of the supply roll relative to the take
up roll, the automatic controller having means for
presetting minimum and maximum limits of threads per
unit length and means for comparing the actual count
of threads per unit length as determined by the thread
counter portion of this invention with the preset
minimum and maximum limits and producing control
signals for adjusting the means for varying the speed of
the supply roll relative to the take up roll such that the
fabric will be stretched or shrunk as required to keep
the number of threads per unit length of the fabric
within the pre set limits.

It is a further object of the invention to provide the
automatic controller with means for providing timed
correction pulses when required to alter the input
speed of fabric entering a processing machine with
reference to the output speed of the fabric leaving the
processing machine.

These and other objects, advantages and novel fea-
tures will be apparent from the following description
and the accompanying drawings.
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In the drawings:

FIG. 1 is a diagrammatic view illustrating a fabric
processing machine and the automatic thread counter
and controller of this invention positioned for use in
conjunction therewith;

FIGS. 2A and 2B taken in sequence are schematic
diagrams showing the portion of the invention relating
primarily to apparatus for counting the threads per unit
length of the fabric; and

FIGS. 3A and 3B taken in sequence are schematic
diagrams showing the pre-set controller portion of the
invention. The output circuits shown on the right hand
side of FIG. 2B feed into similarly marked circuits
shown in FIG. 3A.

GENERAL DESCRIPTION

The following describes the basic operating theory of
the invention used to measure and display in digital
form the number of threads per unit length of textile
fabric during processing and, if desired, to automati-
cally adjust the processing machine to maintain the
required thread count within certain preset limits. The
invention utilizes a low-power, continuous-wave, Heli-
um-Neon laser to provide intense and highly collimated
light radiation for direct penetration of the fabric.
Several advantages which accrue from the use of the
laser are (1) high intensity — permitting penetration of
heavy and highly dense fabrics; (2) collimated (u-
nidirectional) radiation — eliminating stringent fabric
positioning requirements since beam is in focus at ali
points between lens system and photo detector; (3)
monochromatic (one color) radiation— providing op-
timum coupling to photo detector; and (4) absence of
any attendant heat — eliminating any possibility of
fabric burning.

FIG. 1 shows the invention applied to a typical fabric
processing machine 11. The laser unit 12, complete
with required beam-shaping lens system 13 (see FIG.
2A), is mounted on one side of the fabric 14. A photo
detector 15 is similarly positioned directly opposite the
fabric 14 in line with the laser 12. A measuring trans-
ducer 16 is located near the laser 12. This transducer
16 can be either surface driven, as shown, using contact
wheels directly on the fabric, or, if desired, can be shaft
driven from some existing roll. The measuring trans-
ducer 16 and photo detector 15 are both connected to
the thread counter 17.

If automatic control is desired, a preset controller 18
can optionally be connected to the thread counter. This
output of the preset controller is connected to a rever-
sible control motor 19, the shaft 20 of which is attached
via a suitable drive, such as a belt 22 and pulleys 21, 23,
to the speed adjusting screw 24 of the existing variable-
speed transmission 25 connected in the drive shaft
between the main drive motor 28 and the feed roll 26.
This transmission 2§ is normally used to vary the speed
of the input feed roll 26 with reference to the speed of
the delivery roll 27 which is directly driven by the main
drive motor 28 to introduce stretch or shrinkage in the
fabric 14 within the processing machine 11. The addi-
tion of the preset controller 18 and reversible control
motor 19 provides automatic means for controlling the

. stretch or shrinkage and, hence, the number of threads

per unit length of material leaving the processing
machine 11.
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Functional Analysis — Thread Counter

Referring to the thread counter functional logic dia-
gram shown in FIGS. 2A and 2B in sequence, a laser
tube LTI, with current limiting resistor R1, powered
from a high voltage source V1, provides the necessary
light radiation source as discussed above. After trans-
mission through an appropriate beam shaping lens
system 13 the resultant beam 31 is passed through the
fabric 14 to the photo detector 15. The purpose of the
lens system 13 is to convert the approximate 3mm cir-
cular laser beam into a thin, elongated slit of light ap-
proximately 0.1mm by 6mm. This slit of light is aligned
parallel to the threads to be counted, so that alternate-
ly, the beam passes between adjacent threads and is
then blocked by each thread. The lens system 13 may
be made adjustable so that the width of the slit can be
varied. While this feature offers no advantage on
woven cloth, it does permit accurate counting of cour-
ses per inch in knitted fabric in which, one course may
appear as several closely spaced threads. The photo de-
tector 15 can be any one of many different types of
photo transistors or diodes, but a PIN photo diode is
preferred due to its extremely short response time,
thereby permitting overall system operation at very
high fabric speeds.

Bias current for the photo detector 15 is provided by
resistors R2 and R3 in series with the photo detector 15
from voltage source V2 and ground. As the conduction
of the photo detector varies in response to the light in-
cident upon it, the resultant varying voltage across re-
sistor R3 is fed via capacitor C1 to resistor R4 and into
the plus (non-inverting) input of amplifier IC1. The ac-
tion of resistor R3, capacitor C1, and resistor R4 is to
provide zero restoration of the photo diode signal cur-
rent. This ensures that only the varying voltage present
across resistor R3, and not the d-c level, is passed to the
input of amplifier IC1. The inclusion of the zero
restoration circuit prevents the amplifier IC1 from am-
plifying the ambient radiation level, which would, most
certainly, saturate the final stages. Therefore, no ad-
justment of the amplifier IC1 is required for various
fabric colors and densities.

Amplifier IC1, along with gain setting resistors RS
and R6, forms the first stage of the high-gain, wide-
band amplifier 32. The overall amplifier design must
provide adequate gain and band width to ensure that
the smallest thread, traveling at the maximum speed,
will fully saturate the final amplifier stage. In the
preferred design, the amplifier 32 consists of four
identical low-gain stages. The overall gain is, however,
quite high, being the individual stage gain raised to the
fourth power.

The output of the final amplifier stage IC2 is con-
nected, via resistor R10, to the negative (inverting in-
put) of amplifier IC3. Amplifier IC3, along with re-
sistors R10, R11, R12, and R13, and zener diode X1,
comprises a standard high-gain comparator 33. This
comparator 33 is included to provide low-level and
noise-free count pulses to the remaining counter cir-
cuits. Operation of the comparator is as follows: The in-
verting input of amplifier IC3 is at virtual ground
potential. When the net current into this input is nega-
tive, the comparator output switches positive to the
zero or reverse voltage of zener diode X1. When the
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net input current goes positive, the comparator output
goes slightly negative to the forward diode drop of X1,
approximately 0.6 volt. With a suitable constant posi-
tive input current through resistor R11, the comparator
output will switch positive each time the output of am-
plifier IC2 goes sufficiently negative, nearly to satura-
tion, and will switch negative when the output of ampli-
fier IC2 swings back positive. Resistors R12 and R13
provide a slight amount of hysteresis to the comparator
switching. This eliminates false counting due to noise
spikes riding the signal line. The resultant output of the
comparator 33 is a noise-free square-wave signal,
switching in amplitude from —0.6V to +Vy, for each
thread sensed by the photo detector 15. '

The output of the comparator 33 is connected
directly to a divide-by-5 pre-scaler, IC4, included to
scale down the count to one-fifth. The purpose of this
scaler will be made clear after the measuring trans-
ducer 16 and its associated circuitry is discussed. In the
meantime, the resultant scaled-down count is next fed
to the count gate IC5, the output of which feeds the
input of IC15. IC15, IC18, and IC21, are binary coded
decimal (BCD) counters (Texas Instruments Type
SN7490, or equiv.). The binary coded decimal outputs
of each of these are connected to the inputs of IC16,
IC19, and IC22. These devices are 4-bit bistable latches
used as counter storage elements (Texas Instruments
Type SN7475, or equiv.). The stored BCD outputs of
each of these are connected to the inputs of IC17,
1C20, and IC23. These devices are BCD-to-decimal
decoder/drivers used to convert the BCD code from
the 4-bit bistable latches into 10-line decimal outputs
(Texas Instruments Type SN7441A, or equiv.). The
stored 10-line decimal outputs of each of these are con-
nected to the appropriate number cathodes of gas-filled
readout tubes V1’, V2’, and V3'. The anodes for each
of these are connected, via resistors R20, R21, and R22
to a high voltage source V3. Also, an internal decimal
point cathode on the left inside of the units tube is con-
nected to ground and is, therefore, lit continuously.
The decimal point was added to provide a resolution of
=+ 0.1 thread per inch. Therefore, the counter’s units
digit must represent tenths of threads. In addition to the
above connections, the BCD outputs of IC15,1C18 and
IC21 are brought out for connection to the Pre-Set
controller, if automatic control is desired. With the ex-
ception of the divide-by-5 pre-scaler IC4, this
completes the discussion of the counting circuits.

A measuring transducer 16 is required to provide
means for control of the counter operating mode—that
is to provide dimension related pulses for control of the
count gate, storage, and reset circuitry. For con-
venience, the transducer was designed to deliver one
pulse per revolution and preferably comprises a fixed
magnetic reed switch and a shaft driven magnet. Also,
for convenience, the transducer was fitted with a sur-
face measuring wheel W of suitable circumference. A
10-inch circumference was chosen as being dimen-
sionally compatible with the transducer and logically
compatible with the desired end result.

Referring again to FIG. 2A, the output from the
transducer 16 is fed, via resistor R14, to a standard
high-gain comparator 34. Operation of the comparator
34 is similar to the operation of the comparator 33 fol-
lowing the laser amplifier. The resultant output of the
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comparator 34, then, is a noise-free square wave signal
switching in amplitude from —0.6V to +V,, for each
rotation of the transducer measuring wheel W —that is,
for each 10 inches of fabric travel.

The output from comparator 34 is connected
directly to a divide-by-6 counter control scaler IC7.
This device is a standard divide-by-12 counter con-
nected to provide divide-by-6 operation (Texas Instru-
ments Type SN7492, or equiv.). The purpose of this
device is to provide separate count and storage-reset
modes of operation for the digital counter circuitry.
The modulus of 6 was arbitrarily selected to provide a
count mode five times as long as the storage-reset
mode. Since each pulse into IC7 from the comparator
34 is proportional to 10 inches of fabric travel, this
gives a count mode interval of 50 inches and a storage-
reset mode interval of 10 inches.

With the count mode of 50 inches arbitrarily set, as
described above, and with the original requirement that
the counter units digit represent tenths of threads, the
purpose of the divide-by-5 pre-scaler IC4 is now clear.
The required resolution of +0.1 thread per inch alone
would require a minimum count mode of 10 inches.
With the count mode extended to 50 inches, this obvi-
ously requires that the counter input pulses be scaled
down to one-fifth the actual thread rate.

It should be noted, however, that a count mode other
than 50 inches could have been selected, in which case
IC4 would have to have had some other modulus. As an
example, if the count mode has been selected equal to
the storage-reset mode with the divide-by-6 scaler IC7
changed to a divide-by-2 scaler, the resultant count
mode of 1® inches would eliminate the requirement for
IC4 completely. However, with the circuit as shown,
IC4 is a binary coded decimal (BCD) counter element
(Texas Instruments Type SN7490, or equiv.) con-
nected to provide divide-by-5 operation.

Returning now to the divide-by-6 counter control
scaler IC7, the output signal at pin 9 is low (logic level
0) during the count mode (five revolutions of W), and
high (logic level 1) during the storage-reset mode (one
revolution of W). While this output is low, the inverter
IC8 presents a high to both the count gate IC5 and to
the input of the storage monostable multivibrator 35,
comprised of IC9, capacitor C3, resistor R18, and
IC10. Operation of the count gate ICS is such that if
either input goes low, the output will go high. With the
count gate control input line 37 from the output of in-
verter IC8 high, the output of the count gate IC5 will be
the inverted output of IC4, and count pulses will enter
IC15. However, when the count mode ends and the
output of the counter control scaler IC7 goes high, in-
verter IC8 will present a low to the count gate ICS,
thereby causing its output to go high and stop count
pulses from entering the binary coded decimal counter
IC15. At this same instant, the transition from high to
low at the output of inverter IC8 triggers the storage
multivibrator 35 and the output of IC10, normally high,
goes low for a period equal approximately to the
product of capacitor C3 and resistor R18. In practice,
this time is approximately 50 X 10 seconds (50
nanoseconds). The inverter IC11 inverts this low-going
pulse and delivers a high-going pulse, via the storage
line 38, to each of the 4-bistable latches, IC16, IC19,
and IC22. During this pulse, the BCD data present on
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input pins 2, 3, 6 and 7 of each of the 4-bistable latches
is transferred, respectively, to the output pins 16, 15,
10 and 9. The decoder/drivers IC17, 1C20 and 1C23 im-
mediately track the new BCD input data and convert it
to 10-line decimal output with the appropriate output
pin on each decoder/driver switching to ground,
thereby causing a new digital readout to appear on the
readout tubes V1’, V2’ and V3'.

When the high-going 50 nanosecond pulse at the out-
put of inverter IC11 is complete and the output of IC11
goes low, thereby ending the storage pulse, this low-
going transition triggers the reset monostable mul-
tivibrator 36. This reset multivibrator comprised of
IC12, capacitor C4, resistor R19 and IC13, then
delivers a low-going pulse, also approximately 50
nanoseconds wide, to the input of the inverter IC14.
The output of IC14, a high-going 50 nanosecond pulse,
is fed via the reset line to each of the binary coded
decimal (BCD) counters IC15, IC18 and IC21, thereby
resetting the output of each to zero.

When the storage-reset mode ends and the output of
the counter control scaler IC7 goes low for the next five
revolutions of W, the output of inverter IC8 goes high,
opening the count gate IC5, and count pulses again
begin entering IC15. The cycle will repeat continuously
with the resultant display on the readout tubes in
threads per inch, being updated every 60 inches.

Functional Analysis — Pre-Set Controller

Referring now to FIGS. 3A and 3B the pre-set con-
troller 18 will be described. The required input data
from the thread counter 17 to the pre-set controller 18
consists of the BCD data from the three binary coded
decimal counters IC15, IC18, and IC21, output from
the divide-by-6 counter control scaler IC7, labeled DR
for data ready, and the reset output from IC14, labeled
R. :

The BCD data from the thread counter 17 is con-
nected, as shown, to the A inputs of six 4-bit binary
comparators, IC24 —~ IC29 (National Semiconductor
Type DM8200, or equiv.). Switches S1 — S6 are con-
nected, as shown to the B inputs of the comparators.
Each of these switches is a binary coded decimal switch
with 10 positions — reading on the dial 0 through 9, but
presenting a BCD output (1-2-4-8) equivalent to the
BCD output of each of the binary coded decimal coun-
ters in the thread counter 17.

Each comparator, IC24 -~ IC29, continually com-
pares the two binary numbers A and B, and determines
(1) whether A is less than B, (2) whether A equals B, or
(3) whether A is greater than B. The following truth

table shows the output states for the above three condi-
tions:

Input Condition Pin 6 OUtput Pin 9 OUtput
A<B Low High
A=B High High
A>B High Low

The above states are only valid as long as pin 8 on
each comparator is kept at a logic level 0. Pin 8 is an
optional strobe used to set both outputs low. It is not
used and so is grounded to ensure the logic 0 required
for normal operation.

Observation shows that the comparators, IC24 -
IC29, are arranged in two groups 42, 43 of three each,
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corresponding to the maximum pre-set and minimum
pre-set switch groups 40,41. Comparators [C24 - 1C26,
along with inverters IC30 and IC31 and nand gates
1C34, 1C35, IC38 and IC40 are employed to determine
whether the number on the thread counter readout is
(1) less than or equal to the number set on the max-
imum pre-set switches, S1 - 83, or (2) greater than the
pre-set number. The comparators 42, 43 make the ini-
tial comparison on a per-digit basis, determining
separately, at their outputs per the truth table, the com-
parison of the units, tens, and hundreds digits. The
remaining inverters and gates determine, based on the
combined comparator outputs, whether a correction is
required, in the event that the combined A inputs are
greater than the combined B inputs, or whether no cor-
rection is required, should the combined A inputs be
equal or less than the combined B inputs. The actual
decision to make correction or not to is allowed only
when the thread counter 17 has entered the storage-
reset mode. This is evidenced by the DR input to the
pre-set controller 18 going high, enabling nand gate
1C40. If the number on the thread counter readout, at
that instant, is greater than the number set on the max-
imum pre-set switches, 40, the output of nand gate
IC38 will go high. The presence of two highs on the in-
puts of nand IC40 causes its output to drop from a high
to a low. This low-going transition on the C input of J-K
flip-flop, IC42 toggles this flip-flop, resulting in opera-
tion of the decrease control relay K1. Before examining
the operation of the remainder of the circuit, activated
by the toggling of the J-K flip-flop IC42, further ex-
planation of the comparator circuitry is in order.

It should be noted that the function of nand gate
IC40 is to gate or enable the data present at the output
of nand gate IC38 into the decrease control flip-flop
IC42 at exactly the instant that the storage line in the
thread counter 17 is pulsed. At this instant and only
then is the comparison data at the output of nand gate
IC38 valid, for it is indicative of the new readout
number on the thread counter 17 compared to the
number set on the maximum pre-set switches 40.

If, at the start of the thread counter storage-reset
mode, the number of the thread counter readout was
equal to or less than the maximum pre-set number, the
output of nand gate IC38 would have been low. There-
fore, even with the DR line going high, the presence of
the low on the input of nand gate IC40 from nand gate
IC38 would have kept the output of nand gate IC40
high and decrease control flip-flop 1C42 would not
have been toggled.

Operation of the comparators 43 and gates as-
sociated with the minimum pre-set switches, S4 - S6, is
identical to that of the maximum pre-set circuitry with
the exception that the output connections (pins 6 and
9) on each comparator are reversed. Examination of
the comparator truth table in light of the required logic
for the minimum pre-set circuitry will show that the
operation and required gating is identical. Here, the
comparators IC27 — IC29, inverters IC32 and 1C33 and
associated gates IC36, IC37, IC39 and IC41 are
required to determine whether the number on the
thread counter readout is (1) greater than or equal to
the number set on the minimum pre-set switches S4 -
$6, or (2) less than the pre-set number. If, at the start of
the storage-reset mode in the thread counter, the
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number on the thread counter readout is less than the
minimum pre-set number, the output of the nand gate
1C39 will be high. With the DR line going high, result-
ing in both inputs to the nand gate IC41 being high, the
output of nand gate IC41 will go low, the increase con-
trol J-K flip-flop IC44 will be toggled, resulting in
operation of the increase control relay K2. If, however,
at the start of the storage-reset mode in the thread
counter 17, the number on the thread counter readout
was equal to or greater than the minimum pre-set
number, the output of the nand gate IC39 would have
been low. Therefore, even with the DR line going high,
the presence of the low on the input of the nand gate
IC41 from nand gate IC39 would have kept the output
of the nand gate IC41 high and the increase control
flip-flop IC44 would not have been toggled.

While it has been stated that the output of either
nand gate IC38 or nand gate IC39 will be high at the
start of the storage-reset mode if a correction is
required or low should no correction be required, and
that the function of these gates along with the other in-
terconnected gates, and inverters connected to the
comparators was to determine the comparison of the
combined A inputs to the combined B inputs the actual
operation of these circuit elements has not been ex-
plained. Let us, then, examine the outputs of compara-
tors IC24 - 1C26 in order to understand the function of
inverters IC30 and IC31, nand gates IC34 and IC3§,
and finally nand gate IC38. Note that each of the com-
parators is only capable of making a comparison of one
digit of the thread counter to one digit of the pre-set
switch. The ultimate output of nand gate IC38 must,
however, be the result of the combined comparison in
decade order of comparators IC24, IC25 and IC26.
Therefore, IC26, the hundreds comparator, must have
precedence over IC25, the tens comparator and IC24,
the units comparator. In like manner, IC25 must have
precedence over IC24. The inverters and gates force
this rank order procedure in accordance with the fol-
lowing logic steps at the instant of comparison:

1. If pin 9 on comparator IC26 is low, the output of
nand gate IC38 must go high, the required condi-
tion for correction. (Pin 9 on comparator IC26
being low indicates that the hundreds digit on the
thread counter readout is greater than the number
set on the maximum pre-set hundreds switch S3.
No consideration of the tens and units compara-
tors is necessary and control action to decrease the
thread counter reading is required.) or

. If pin 9 on comparator IC26 is high and pin 6 on
IC26 is low, output of nand gate IC38 must go low,
the required condition for no correction. (Pin 9
being high and pin 6 being low indicates that the
hundreds digit on the thread counter readout is
less than the number set on the maximum pre-set
hundreds switch, S3. No consideration of the tens
and units comparators is necessary and no control
action is required.) or

. If both pin 9 and pin 6 on comparator IC26 are
high, this condition allows the tens comparator
IC25 to make comparison. (A high on both pin 9
and pin 6 indicates that the hundreds digit on the
thread counter readout is exactly equal-to the
number set on the maximum pre-set hundreds
switch S3. A decision not to activate the decrease
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control cannot be made without considering 1C25,
the tens comparator.) With both pin'9 and pin 6 on
comparator IC26 high, if pin 9 on comparator
IC25 is low, output of nand gate IC38 must go
high, as in Step 1. (With the hundreds digits equal,
a low on pin 9 of comparator IC25 indicates that
the tens digit on the thread counter 17 is greater
than the number set on the maximum pre-set tens
switch §2. No consideration of the units compara-
tor is necessary, and control action to decrease the
thread counter reading is required.) or

4. With both pin 9 and pin 6 on comparator I1C26
high, if pin 9 on comparator IC25 is high and pin 6
on comparator IC25 is low, output of the nand
gate IC38 must go low, as in Step 2. (With the hun-
dreds digits equal, a high on pin 9 and a low on pin
6 of comparator IC25 indicates that the tens digit
on the thread counter readout is less than the
number set on the maximum pre-set tens switch
S$2. No consideration of the units comparator is
necessary and no control action is required.) or

5. If pins 9 and 6 on both comparators IC26 and IC25
are high, this condition allows the units compara-
tor IC24 to make comparison. (A high on pins 9
and 6 on both comparators IC26 and IC25 in-

dicates that both the hundreds and tens digit on

the thread counter readout are exactly equal to the
numbers set on the maximum pre-set hundreds
and tens switches 83 and S2. A decision not to ac-
tivate the decrease control cannot be made
without considering IC24, the units comparator.)
With the above conditions, if pin 9 on comparator
1C24 is low, output of the nand gate IC38 must go
high as in Step 1. (With the hundreds and tens
digits equal, a low on pin 9 of comparator IC24 in-
dicates that the units digit on the thread counter is
greater than the number set on the maximum pre-
set units switch S1. Control action to decrease the
thread counter reading, is therefore, required.) or

. 6. With pins 9 and 6 on both comparators I[C26 and
IC25 high, if pin 9 on IC24 is high, output of nand
gate IC38 must go low, the condition for no cor-
rection. (It is of no consequence whether pin 6 on
comparator IC24 is high or low, since pin 9, being
high, indicates that the units digit on the thread
counter readout is equal to or less than the number
set on the maximum pre-set units switch $1. No
control action is required.)

The same exact order of events occurs, as regards the
minimum pre-set circuitry, except that pins 9 and 6 on
each comparator ‘are interchanged and the conditions
less than and greater than are reversed.

Returning to the point where the decrease control
flip-flop IC42 was toggled by the low-going transition
of the output of the nand gate IC40, a basic explanation
of the operating characteristics of the J-K flip-flop, typ-
ical of the three employed in the pre-set controller 18,
is in order (Texas Instruments Type SN7473, or
equiv.). The J-K flip-flop, like the various gates and in-
verters, is a basic digital building block. Unlike ordina-
ry gates, however, the J-K flip-flop has the added ad-
vantage of memory capability. This means, essentially,
that once toggled by an input pulse, the outputs of the
J-K flip-flop remain as toggled until another input pulse
again changes the output states. Additionally, the J-K
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flip-flop includes means (the J and K inputs) to control
the output states and means (the not reset terminal) to
override all other inputs and reset the outputs to a fixed
state. The reset terminal is called a ‘not’ reset (R)
because it is activated by a logic 0, not a logic 1. The
clock or toggle input is likewise called a ‘not’ clock
(C); because the outputs can only change state when
the input receives a low-going logic O input transition.
The two outputs are referred to as Q and Q, which
simply means that when Q is a logic 1 (high), Q is a
logic O (low). The following truth table gives the output
conditions for various input states:

1

a
-

=

i

R J K Q Q
1 0 0 Q, Q.
1 0 1 0 1
1 1 0 1 0
1 11 Gn  On
0 (DO NOT CARE) 0 1

t, means time prior to low-going clock pulse on the C
input. f,., means the time immediately following the
low-going clock pulse on the C input. Q, means the
same state as it was before the clock pulse and Q,
means the opposite state as it was before the clock
pulse.

To complete the analysis of operation of the pre-set
controller 18, let us assume that the controller has just
completed a required correction and the thread
counter 17 is in the count mode of operation. There-
fore, the DR input is low and the R input is also low.
Furthermore, the following states exist within the cir-
cuit:

. Output of IC40 is high.

. Output of IC41 is high.

. Q output of IC42 is low.

. Q output of IC44 is low.

. Output of IC45 is low.

. Output of IC43 is high.

. Transistors Q3 - Q4 and Q5 - Q6 are off.
. Transistor Q1 is on.

. Capacitor CS5 is shorted by Q1.

10. Output at Q2 (junction with R27) is low.

11. Mode switch S7 is an Auto. position.

12. OQutput of IC47 is low.

13. R input of IC49 is high.

14. Q output of IC49 is high.

Now, let us assume that at the beginning of the
storage-reset mode in the thread counter 17, the
number on the readout exceeds the number set on the
maximum pre-set switches 40. At this instant both in-
puts to nand gate IC40 go high, and the output of nand
gate IC40 immediately goes low, thereby causing the
decrease control flip-flop IC42 to toggle. The outputs
of the flip-flop IC42 change state since the R reset
input is at a logic 1(high) and since both the J and K in-
puts are also high. As the outputs of the decrease con-
trol flip-flop IC42 change state, the high on the Q out-
put causes transistors Q3 and Q4 to switch on, thereby
energizing the decrease control relay K1, and the
decrease light DS1, signifying that a decrease cor-
rection has been instituted. At this same time, the Q
output of the decrease control flip-flop IC42 goes low
causing the output of nand gate IC45 to go high and the
output of inverter IC43 to go low. The presence of this
low on the J and K inputs J-K of flip-flops IC42 and

W e 30 W H W=
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IC44 locks the output of IC42 and IC44 so that neither
flip-flop can be toggled on the C input again. It will be
necessary for the R inputs on 1C42 and IC44 to be
placed at a logic 0 (low) momentarily in order for the
flip-flops to again accept correction data on their Cin-
puts. The decrease control relay K1 and decrease light
DS1 are also locked in an energized state and the in-
crease control relay K2 and increase light DS2 are
similarly locked in a de-energized state until the J-K
flip-flops IC42 and IC44 are reset. This will occur at the
termination of the time set on the correction timer 44,
comprised of resistors R23, R24, R25, R26, R27, R28
and R29, capacitor C5 and transistors Q1 and Q2, in
the following manner: When the output of the inverter
IC43 went low, when control action was initiated, base
turn-on drive to transistor Q1, via resistor R23, was
removed, and transistor Q1 turned off. With the new
high collector-to-emitter resistance of transistor Q1
across capacitor C5, C5 begins to be charged from volt-
age source V2 through resistors R25 and R26. After
the voltage across capacitor C5 reaches the trigger
level of Q2, a programmable unijunction transistor, Q2
conducts from anode to cathode and effectively dumps
the charge on capacitor C5 into resistor R27, thereby
causing a momentary high-going pulse to appear across
resistor R27. Resistors, R28 and R29, are employed to
set the trigger voltage level of Q2. The high-going pulse
across resistor R27 drives the output of inverter IC46
low causing the output of gate IC47 to go high. Inverter
IC48 inverts this high-going pulse and delivers to the R
input of the J-K flip-flop IC49 a low-going pulse. This
action immediately resets the Q output of the J-K flip-
flop IC49 low. This low provides the required reset for
the J-K flip-flops IC42 and IC44, and the Q output of
IC42 is reset low terminating the control action. With
the Q outputs of IC42 and IC44, both high, the output
of nand gate IC45 goes low and the output of inverter
IC43 goes high, again causing transistor Q1 to turn on,
thereby resetting the correction timer 44 and prevent-
ing it from starting again until a new correction is
required. With the R inputs of J-K flip-flops IC42 and
IC44 both now low via the low signal from the Q output
of the J-K flip-flop IC49, the controller is locked out
until IC49 changes state. This occurs when the R line is
next pulsed. At the end of this pulse, the low-going
transition toggles the J-K flip-flop IC49 at its C input
causing the Q output of IC49 to go high and the Q out-
put to go low. The connection from Q to K ensures that
no further toggling via the C input can occur. The only
way now that the outputs of the J-K flip-flop IC49 can
change state is via the R input. This input will remain
high until either a new pulse is delivered from the cor-
rection timer or the mode switch 87 is positioned to
manual (Man.). If the mode switch §7 is positioned to
Man. the R input of IC49 will be held low and, in like
manner, the R inputs of the J-K flip-flops IC42 and
IC44 will be held low. Under these conditions, no con-
trol action is possible.

From the preceding discussion, it is apparent that
once control action is initiated by the comparator cir-
cuits, the required correction will be instituted, and will
continue for a time controlled by the setting of the cor-
rection timer 44. During this correction time, which
may be quite long — sufficiently long for one or more
complete updates in the thread counter readout to oc-
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cur, the entire control circuitry is locked and no new
data from the thread counter can be accepted, nor will
the pre-set controller 18 permit resetting of its own
locking circuits by the thread counter 17 via the R line
to the% input of the J-K flip-flop IC49 until the control
action has terminated.

The decrease relay K1 and the increase relay K2 are
both connected in circuit with the reversible control
motor 19 in such a way as to appropriately energize and
de-energize the motor 19 and determine its direction of
rotation when corrective action is called for by the pre-
set controller 18. The decrease relay K1 is energized
when the thread counter readout exceeds the selected
maximum count set into the pre-set controller 18. At
such time the threads per unit length of the fabric ex-
ceed the selected maximum, therefore the fabric must
be stretched to reduce the number of threads per unit
length. This is accomplished by reducing the speed of
the feed roll 26 relative to the speed of the take-up
(delivery) roll 27 so that the fabric will be stretched as
a result of the difference in speed between the feed roll
and the take-up roll. To reduce the speed of the feed
roll 26 the decrease relay K1 causes the reversible con-
trol motor 19 to rotate in a direction to adjust the varia-
ble speed transmission 25 so that the speed of the trans-
mission output shaft 25b is reduced.

When the increase relay K2 is energized as a result of
corrective action being called for by the pre-set con-
troller 18, the threads per unit length in the fabric as
counted by the thread counter 17 are less than the
selected minimum number of threads set into the pre-
set controller. This condition requires that the speed of
the feed roll 26 be increased; therefore the increase
relay K2 causes the reversible control motor 19 to
rotate. in a direction which will adjust the variable
speed transmission 25 to increase its output speed and
thereby increase the speed of the feed roll 26. When
the relays K1 and K2 are de-energized, the reversible
control motor 19 will cease to operate, and the output
speed of the variable transmission 25 relative to its
input speed will remain constant.

Other modifications and variations of the present in-
vention are possible in the light of the above teachings.
Accordingly, it is not desired to limit the invention to
the present disclosure and various modifications and
equivalents may be resorted to falling within the spirit
and scope of the invention as claimed.

What is claimed is:

1. Apparatus for counting threads per unit lengthina
moving fabric comprising a laser source of light radia-
tions for direct penetration of the fabric, means ac-
tivated by said light radiations for producing electrical
thread count pulses caused by successive threads
passing through said light radiations, thread count ac-
cumulating means responsive to said thread count pul-
ses for accumulating the thread count over a predeter-
mined length of said fabric, count storage and indicator
means for indicating the threads per unit length of said
fabric, transfer means responsive to a storage signal
pulse for periodically transferring the count accumu-
lated by said thread count accumulating means to said
count storage and indicator means, measuring means
for measuring the length of said fabric and producing
dimension related electrical pulses representing incre-
ments of length of said fabric, count gate means



3,721,809

13

responsive to said dimension related pulses for al-
ternately admitting thread count pulses to said thread
count accumulating means during a count mode and
for blocking thread count pulses from said thread count
accumulating means during a storage-reset mode, a
storage pulse producing means actuated in response to
said dimension related pulses to produce and send a
storage pulse to said transfer means at the beginning of
said storage-reset mode, reset means for resetting said
count accumulating means to zero, and reset pulse
producing means responsive to said storage pulse for
producing a reset pulse and actuating said reset means
to reset said count accumulating means to zero.

2. The apparatus set forth in claim 1 wherein a count
pre-scaler is provided between said thread count pulse
producing means and said count gate to scale down the
thread count pulses by a predetermined ratio and a
dimension pre-scaler is provided in circuit with said
dimension related pulse producing means to scale
down the dimension related pulses by a predetermined
ratio.

3. The apparatus set forth in claim 2 wherein said .

thread count is accumulated over 50 units of length of
said fabric, and wherein said dimension related pulse
producing means produces one pulse for every ten
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units of length of said fabric, said count pre-scaler
being a divide-by-five pre-scaler, and said dimension
pre-scaler being a divide-by-six pre-scaler.

4. The apparatus set forth in claim 1 wherein said
count accumulating means comprises plural decade
connected binary coded decimal counters.

5. The apparatus set forth in claim 4 wherein said
count storage and indicator means includes gas filled
digital indicator tubes, there being one indicator tube
for each binary coded decimal counter present and
wherein said count transfer means includes storage
pulse actuated latching means connected between each
binary coded decimal counter and a corresponding one
of said gas filled indicator tubes, said latching means
being unlatched in response to each storage pulse to
transfer the count from each of the binary coded
decimal counters to the corresponding gas filled indica-
tor tube. ’

6. The apparatus set forth in claim 5 wherein said
latching means comprises 4-bit bistable latches.

7. The apparatus set forth in claim 6 wherein a binary
coded data-to-decimal decoder driver is interposed
between each of the 4-bit bistable latches and a cor-
responding one of said digital indicator tubes.

* * * * *



