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Claim
1. A method of monitoring a fiber of material comprising:
a)  transmitting a beam of light;
b) causing the fiber to repeatedly pass through the beam of light;
c)  generating a signal in response to the presence or absence of the fiber

within the beam of light;

d) determining an interval between the presence of the fiber in the beam of

light and a subsequent presence of the fiber in the beam of light; and

e) comparing the interval to a reference.

8. A method of monitoring or controlling a fiber moving generally from a
discharge opening to a substrate in a repeating pattern, comprising the steps of:
a) determining a period of the pattern;
b) determining a symmetry of the pattern;
c) comparing the period and the symmetry of the pattern to a respective
reference;
d) in response to said comparisbn, performing at least one of the following
step:
i) changing the rate at which the fiber is dispensed from the discharged
opening,
ii)  varying the period of the pattern,

. /2
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iii) indicating the status of the pattern, and
iv) repeating steps a) through d).

15. A method comprising the steps of:

a) dispensing a bead of adhesive from a discharge opening of a dispensing
means at a flow rate;

b) causing the dispensed bead of adhesive to propagate in a rotating pattern
through a space between the discharge opening and a substrate;

c) transmitting a beam of light such that, under normal operating conditions,
the bead of adhesive will pass through the beam of light at least twice as it moves in
said pattern;

d)  detecting said beam of light and generating in response to the presence or
absence of said beam of light a signal;

e) comparing said signal to a reference; and in response to said comparison
performing at least one of the following steps:

i)  varying the rate at which the bead of material is dispensed from the
discharged opening;

i)  varying the rate at which the bead of material rotates in said pattefn,
and

iii) indicating the status of the pattern.
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Atto_..;ey Docket No. 90-143

METHEOD AND APPARATUS FOR OPTICALLY MONITORING AND
CONTROLLING A MQOVING FIBER OF MATERIAL

Background of the Invention.

The present invention relates generally to the
monitoring and/or controlling of a fiber of
mate?ial such as a stream, bead, filament, strandg,
chord, thréad, etc. More particularly the
invention relates to the monitoring and/or
controlling of the above materials where the
material is moving or traveling in space in a
moving path or pattern such as, for example, a
rotating swirl pattern. The material may be either
a solid or liquid such as, for example, metallic
wire, fiberglass, filaments, adhesives, sealants,
caulks,.etc.~

While not to be limited to, the present
invention is especially useful fo; use in a
controlled fiberization system. Controlled
fiberization is a process for the application onto
substrates of coating materials.

With controlled fiberization, a high viscosity
material such as adhesive is dispensed in a
continuous flowablé stream or fiber, usually in the
form of a swirling spiral pattern extending irom a

dispensing nozzle-onto a substrate. The swirling
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movement of the pattern may be formed by ejecting
the high viscosity material under pressure to form
a continuous adhesive fiber which is then propelled

to swirl into a rotating pattern, which moves

" toward the substrate, by streams of air. It is

believed that the air streams, together with the
forward momentum and centrifugal force of the
ejected material, force the material into a
rotating outwardly spiraling helical pattern in
which its own cohesive and elastic properties hold
it in a string-like or rope-like strand.

Controlled fiberization methods for the
application of pressure sensitive adhesives and the
devices using such methods are described, for
example, in U.S. Patent 4,785,996 entitled ADHESIVE
SPRAY GUN AND NOZZLE ATTACHMENT assigned to Nordson
Corporation, Amherst, Ohio, the assignee of the
present invention, and hereby expressly
incorporated herein by reference.

Accordingly, there is a need to provide
coating material dispensing systems and processes,
with monitoring capabilities that can accurately,
quickly and economically determine the performance
of the system components and of the adhasive

application process.
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Swumary of the Invention.

An objective of the present .nvention is to
provide a method and apparatus for controlling and

monitoring'the movement of a fiber of material in a

moving pattern such as occurs in the dispensing of:

coating materials in a controlled fiberization
dispensing system, the dispensing of fiber glass,
the manufacture of cables, wire or other operations
in which a filament, strand, stream, etc. is
rotated or moved in a predetermined manner or
pattern.

From the extracted information, the effects of
changes in parameters such as pressures and
temperatures can be detected, and failures of the
system, such as a clogged air jet or nozzle, can be
immediately determined. In one application of the
invention, signals are analyzed for the purpose of
determining the performance of the dispensing
device components so defects in the manufacture of
system components can be quickly identified. In
another application of the invention, signals are
analyzed for the purpose of detecting deviations
from optimal system operation, and adjustments are
made, either by manual sexrvicing of the ecuipment
or through closed loop feedback control. In a

further application of the invention, closed loop
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éuutrol of system parameters, such as adhesive
nozzle or air jet pressure, for example, maintains
a desired coating distribution on the substrate as
other parameters such as line speed change.

In a preferred embodiment of the invention,
signals received from sensors near the moving
pattern are analyzed to extract information, such
as the frequency or period and the symmetry of the
swirl, from which characteristics of the pattern
being deposited on the substrate can be determined.
For example, relative changes in the radius of the
pattern being deposited as well as the relative
pattern placement can be determined. In the case
of the dispensing of a liquid, the relative
quantity of material dispensed from a dispenser can
also be determined. The monitoring characteristics
of the pattern can be correlated with predetermined
criteria, such as signals from similar measurements
taken under desired conditions for reference and
comparison. Deviations detected in monitored data
are used during the operation to detect changes in
the characteristics for detérmination of the causes
of the changes. This can include error diagnostics
where it can be determined if a fiber is present or

if, in fact, the fiber is swirling.
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These and other objects, features, and
advantages can be accomplished by a method of
monitoring a fiber of material comprising:
transmitting a beam of light; causing the fiber to
repeatedly pass through the beam of light; .
generating a signal in response to the presence or
absence of the fiber within the beam of light:
determining an interval between the presence of the
fiber in the beam of light and a subsequent
presence of the fiber in the beam of light; and
comparing the interval to a reference.

These and other objects, features, and
advantages can be also accomplished by a method of
monitoring or controlling a fiber moving generally
from a discharge opening to a substrate in a
repeating pattern, comprising the steps of: a)
determining a period of the pattern; b) determining
the symmetry of the pattern; c) comparing the
period and the symmetry of the pattern to a
respectivé reference; d) in response to said
comparison, performing at least one of the
following steps: (i) changing the rate at which the
fiber is dispensed from the discharged opening,
{ii) varying the period of the pattern, (iii)
indicating the status of the pattern, and (iv)

repeating steps (a) through (d4).
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These and other objects, features, and
advantages can be further accomplished by a system
of monitoring a fiber of material comprising: a
transmittihq means for transmitting a beam of
light; a receiving means, aligned with the beam of
light for generating a first signal in response
thereto; a means, responsive to the first signal,
for generating a second signal indicative of, or
proportioned to, a time ‘interval between a breaking
of the beam of light by the fiber and a subsequent
breaking of the beam of light by the fiber; and a
means for comparing the time interval to a
reference.

These and other objects, features, and
advantages can be still further accomplished by a
dispensing system comprising: a dispensi.ig means
having a discharge opening for dispensing a fiber
of material and a means for causing the gispensed
fiber of material to propagate in a moving pattern
through a space between the discharge opening and a

substrate; a transmitting means for transmitting a

"beam of light; a receiving means, aligned with the

beam of light for generating a signal in respcnse
thereto, and the transmitting and receiving means
positioned such that under normal operating

conditions, the fiber of material will pass through

—6—
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tue beam of light at least twice as it propagates
in the moving pattern; a means, responsive to the
signal generated by the receiving means for
generating an edge signal when an edge of the fiber
bears a predetermined relationship to the beam of
light; a means for generating a symmetry signal
indicative of, or proportional to, either a time
interval between a first said edge signal and a
second edge signal or a time interval between the
second said edge signal and a third edge‘signal; a
means, dgenerating a period signal indicative of, or
proportional to, the time interval between said
first edge signal and said third edge signal; and a
means, responsive to said period and symmetry
signals for determining the status of the motion of
the pattern.
BRIEF DESCRIPTION OF.THE DRAWINGS

The following is a brief description of the
drawings in which like parts may bear like
reference numerals and in which:

Figure 1 - Is a diagrammatic elevation
view according to one
embodiment of the invention,
illustrating an adhesive

dispensing system;
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Figure 2 - Iliustrates a series of signal
waveform diagrams which
illustrate portions of the
operation of the embodiment of
Figure 1;

Figure 3 - Is a block diagram of the
detection circuitry portion of
the embodiment of Figure 1;

Figure 4 - Is a block diagram of the wave
shaping portion of Figure 3;
and

Figure 5 - Is a flow chart of .\ portion of
the proceéé control.

DETAILED DESCRIPTION OF THE INVENTION

With reference to Figure 1, a portion of an
adhesive dispensing system is shown generally as
Reference No. 10. The adhesive dispensing system
10 includes a dispenser 12 which includes a gun 14
and a nozzle 16. The dispenser 12 may be, for
example, a Nordson® Model H200-J or Model CF-200
Controlled Fiberization Gun and Nozzle manufactured
and sold by Nordson Corporation, Amherst, Ohio.
The dispenser 12, for example, may be positicned
above a moving conveyer 18 which t_ansports a
substrate 20 that is the object onto which adhesive

is to be deposited.



In a Controlled Fiberization (sometimes
referred to as swirl spray) System, adhesive in the
form of a continuous stream or fiber 22 is ejected
from the nozzle 16 and propellad by air from an
-array of air jets 24. A source of pressurized air
26, such as shop air, supplies the air to the
dispenser 12. The adhesive, which may be a hot
melt adhesive, may be supplied to the dispenser 12
from an adhesive source 28 by, for example, a gear
pump driven hot melt applicator.

The streams of air emitted from the air jets
24 causes the fiber 22 to begin to swirl and assume
a continuous spiral or helix shape which may be
conical, having its apex in the vicinity of thé
nozzle 16. Although the adhesive is constantly
moving away from the nozzle 16 and towards the
substrate 20, it is believed that when the system
is dispensing adhesive properly, the intersection
of the adhesive fiber with a stationary horizontal
plane located between the nozzle and the substrate,
generally will move at approximately constant
velocity in approximately a circular or elliptical
path. As used herein, including the claims,
"horizontal plane" is a plane which is

perpendicular to the center line CL of the conical
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swirl pattern of the fiber under normal operating
conditions.

A transmitter 30 and a receiver 32, are
positioned outside of the envelope of the swirl and
preferably in the vicinity‘of the nozzle opening.
The positioning of the transmitter and receiver is
not only important in the monitoring of the swirl,
but is also important in minimizing the depositing
of adhesive on them due to transient swirl
conditions. If either does become coated with
adhesive, they should be cleaned immediately.
Large glue deposits can be cleaned with fresh
adhesive and then with the use of alcohol. The
transmitter 30 transmits a continuous beam of
light, which preferably lies within a horizontal
plane, which is in turn received by the receiver
32. It is preferred that the beam of light,
transmitted from the transmitter £o the receiver
32, lies within a horizontal plane.

It is important that the rotating fiber is
capable of breaking or blocking the beam of light
to the receiver as it passes through the bean of
light. Therefore, the beam of light should be
tightly focused, such as for example, as is
produced by a laser. However, a tignhtly focused

beam of light has been produced utilizing a light

-310~-
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emitting diode (LED), as the light source, and in
conjunction with a transmitter which includes a
collimator and a focal point lens. While the beam
of light may be collimated, it does not have to be.
Generally, a tightly focused beam of light means
that the diameter of the beam of light is about the
same as the diameter of the fiber. Preferably, the
diameter of the beam of light is smaller than the
diameter of the fiber, so that the beam of light
can be completely blccked as the fiber moves
through the beam of light.

The transmitter 30 may be connected to a light
source 34 by a fiber optic cable 36. The receiver
does not necéssarily require focussing lens. - The
receiver 32, may be foi example, the open end of a
fiber optic cable 327, wherein the opened end 32 is
in alignment with the transmitter for receiving the
beam of light. Preferably, the diameter of the
fiber optic cable used as the receiver 32 is about
1/2 the diameter of the smallest fiber diameter to
be monitored. The output of the fiber optic cable
may be connected through detection circuitry 38 to
a couputer 40. The computer 40 may have outputs
connected to an alarm circuit 42 and through a
control interface 44 to the system controls 46.

The system controls 46 may have outputs connected

I
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to the dispenser 12 to control the dispensing of
the fluid, to the air source 26 to control, for
example, the pressure of the air delivered by the
air jets 24 of ‘the nozzle 16, to the adhesive
source 28 to control, for example, the flow or
pressure of the adhesive at the orifice of the
nozzle 16, and to other control inputs of the
system 10. The system controls 46 may also have
outputs coupled to the computer 40 through the
control interface 44.

In certain embodiments of the invention,
closed looped feedback or programmed control, which
is responsive to the monitored characteristics of
the swirl pattern sensed by the
transmitter/receiver 30,32, are compared by the
computer 40 with stored desired characteristics of
the sensed pattern characteristics! or is processed
according to a programmed response function. Then,
in response to the processing by the computer 40 of
the signal from the receiver 32, control signals on
the output iines from the system controls 46
control such parameters as the air pressure
supplied by the source 26 at the jets 24, the
pressure of the adnesive from the source 28, the
on/off condition or other oberating parameters oz

the dispenser 12, the speed of the conveyor 18, the

-12-
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temperature of the adhesive at various points of
the system 10, or some other parameter or control
of the system. Such feedbéck control may include
additional sensors 48, which may monitor additional
information from the system 10 and communicate the
information, for example, to the systeﬁ controls 46
through line 50 or to the computer 40 through line
52.

In one particular application, the transmitter
and receiver were located in a horizontal plane
located radially outwardly from thé nozzle opening
a distance A in the range of about 1/8" to about
1/4" with a preferred distance of about 3/16". The
transmitter and receiver were separated a distance
B of about 1-1/4", with the receiver 32 spaced a
distance C from the centerline of the swirl of
about 1/2". The transmitter 30 included a
collimator and a 25 millimeter focal point lens.
The fiber optic cable 36 was a 200 p fiber optic
cable while the fiber optic cable 32A of the
receiver 32 was a 100 p fiber optic cable. The
above coniiguration was useé for a fiber 22 ranging
in diameter from about .008 inches (0.203mm) to
about .045 inches (1.143mm).

With reference to Figures 2 and 3, the ideal

output signal of the receiver 32 is shown at Figure

_13_
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2(A). As the adhesive fiber 22 rotates, it will
break the beam of light received by the receiver 32
to produce an output signal of an undulating
waveform that is received by a detection circuitry’
38. Ideally, the undulating waveform will be
trapezoidal, where the valleys 54 represent
bl.ockage of the liéht beam to the receiver 32. A
corresponding electrical signal may be produced by
the wave shaping circuitry 56 wherein the valleys
54 have been invefted to peaks 55, such as for
example, as illustrated in Figure 2(B). The wave
shaping circuitry 56 may then be further shaped to
produce a square wave beginning at each positive
going edge 58 and ending at each negative going
edge 60. Each pulse 62 a, b, c of the square wave
therefore illustrates a blockage of the light beam
by the stream of adhesive 22.

In that the adhesive stream 22'is rotating in
a generally circular path, the light beam will be
broken twice for each revolution. Hence, two
consecutive pulses 62a,b correspond to one complete
rotation of the adhesive stream or fiber 22.
Therefore, the period T of rotation of the swirl
may be defined as the interval between a first
rising edge 64 of a pulse 62a and the rising edge

66 of a second consecutive pulse 62c. The first
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nalf rotation of the swirl 22 can then be defined
as the interval Tl from the rising edge 64 of the
pulse 62a to the rising edge 68 of the next
consecutive ‘pulse 62b. The next half rotation T2
would be the interval from the rising edge 68 to
the rising edge 66. The period T is then equal to
23 plus T2. If, under ideal conditions, the
adhesive 22 is rotating symmetrically about the
centerline CL, Tl will equal T2. Practically
speaking, however, either Tl or T2 will be slightly
larger than the other. However, by comparing the
period and the half revolution intervals T1 and T2
to a4 reference, fluctuations or changes in the
swirl pattern can be determined, as will be
discussed in further detail below.

While the period has been indicated with
respect to a using, or positive going edge of a
pulse, which corresponds to the leéding édge of the
fiber as it enters the light beam, it could have
been also indicated with respect to a falling, or
negafive going edge of the pulse, which corresponds
to the trailing edge of the fiber as it exits the
light beam. Therefore, the detection and signal
processing to be described further below, could
just as easily be employed to trigger on the

falling edge of the pulse. As used herein,
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"{eading edge'" refers to a portion of the fiber
which enters the beam of light first while
"trailing edge" refers to a portion of the fiber
which exits the beam of light 1last.

With reference to Figure 4, the wave shaping
circuitry is shown generally as reference numeral
56. A transducer 70, receives the output signal
2A, the undulating waveform of light, from the
receiver 32 and generates an electrical output
signal which is received by an amplifier section
72. The amplifier section 72 amplifies and inverts
the signal to produce an electrical undulating
waveform, such as for example, that shown in Figure
2B. The amplifier 72 may comprise a three stage
amplifier and inverter for amplifying the signal
received from the light receiver 70. Each
amplification stage of the amplifier 72 may be
provided with DC blocking such that the DC
component of the amplified signal is blocked or
eliminated.

The output of the amplifiexr 72 is coupled to a
low pass filter 74 which filters out high frequency
r.oise which may have been generated during
amplification or which may result from other

spurious signals. In one particular application,
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tue low pass filter had a cut-off frequency of
about 3 kHé.

The output of the low pass filter 74 is
coupled to a comparator 76. As the rising edge 58
of the electrical waveform 2B reaches a

predetermined threshold, the cutput of the

comparator 76 changes from a low or zero state to a

high or 1 state and remains at a fixed level until
a falling edge or negative going edge 60 of the
waveform 2B falls below this threshold. At this
point, the output of the comparator returns to the
low or zero state. The comparator 76 therefore
produces a series of pulses which result in a
square wave, such as for example, as illustrated in
Figure 2C. The output of the comparator 76 is
coupled to a discriminator 78 whose function is to
filter out any spurious noise pulsgs from the
square wave signal. This may be accomplished for
example, by filtering out those pulses which do not
have a duration longer than a certain time
interval. For example, in one particular
application, pulses having a duration less than 80
i seconds have beesn filtered out. The spurious
pulsas which the aiscriminator 78 filters out may
result from a number of sources. Such as for

example the jittering of the swirl, vibrations, and

-17-
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ocher high frequency noise sources. The
discriminator 78 is coupled to a clock 86 for
providing timing, while the output is coupled to a
line driver 80. The output of the line driver is
coupled via line 82 to the gate control 84 of
Figure 3.

Proper alignment of the transmitter and
receiver is obviously very important. Therefore,
it may be desirable to have a means for checking
the alignment and the cable in the absence of the
moving adhesive. This may be accomplished by the
addition of a switch S1 which is connected to the
light source 34, shown in phantom, and capable of
switching between line 88, which is connected to a
voltage source, and line 90, which is connected to
an amplifier 92. In the normal or run mode, switch
S1 would be positioned to connect to line 88 to
provide a constant voltage source to the light
source 34. In this position, the light source 34
produces a constant beam of light which is
transmitted from the transmitter to the receiver.

In the alignment and cable check mode, the
switch S1 would be transferred to line 20. In this
position, the amplifier is driven by the clock 86
to produce an undulating waveform which drives the

light source 34 to produce an undulating or pulsing
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seam of light which is in turn transmitted by the
transmitter and received by the receiver. The
output of the amplifier section 72 can then be
compared to the output of the amplifier 92, such as
through the use of an oscilloscope. Adjustments in
the alignment between the transmitter 30 and the
receiver 32 can then be made until an acceptable
waveform is observed at the output of the amplifier
section. This method will also provide information
as to the integrity of the fiber 6ptic cables.
Alternatively, instead of using the
oscilloscope to view the signal 2B to check the
alignment of the transducsr, an AC-DC converter 117
may be connected to the output of the amplifier
section 72 via line 118. The AC-DC converter 97
rectifies the signal from the amplifier section 72
and is coupled to an input of a comparator 120. An
equivalent rectified value of the scaled output
amplitude of the AC waveform of amplifier 92 may be
programmed into an adjustable voltage reference
122. The output of the adjustable voltage
reference is then coupled to the other input of the
comparator 120. The output of the comparator is
coupled to an LED 124 which is coupled to a voltage
source through a resistor 126. The comparator is

enabled or disabled through a switch S2. In the

—-1Q=
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aiignment mode, the switch S2 is switched from
position 128 to position 129 to enable the
comparator 120. The output ¢f the rectified signal
from the AC-DC converter 117, in excess of the
signal from the adjustable voltage refer=nce 122,
will cause the LED 124 to become activated.
Therefore, when properly aligned, the LED 124 will
become activated. Once aligned, the comparator 120
can be deactivated by moving switch S2 back to the
off position 128.

With reference to Figure 3, a gun signal is
received via line 94 to indicate the actuation of
the gun 14. The gun signal 94 is coupled to the
gate control 84 via delay circuitry 95, which for a
predetermined time delays the gun signal to the
gate control 84. This delay allows for the
adhesive fo begin dispensing from the gun, to form
a swirl, and to reach a substantial steady state
condition before the swirl characteristics are
analyzed. This delay is necessary in order to
avoid sampling transient swirls, which may be
formed upon actuation of the gun. The delay period
should be set such that saméling can begin once the
time interval for encountering transient swirls has
past. If the delay period is too short, the system

will begin sampling swirls which are not completely
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formed. This can cause an inadvertent error signal
or otherwise affect the accuracy of the sampled
data. A delay period which is too long may, in
fact, miss bad swirls, ‘or it may miss sampling any
swirls if the gun-on times are short durations. 1In
one embodiment, the delay period was capable of
being adjusted from 5.6 mS to 105 mS, and in at
least one particular application was set for 40 mS.
The gate control 84 is coupled to a symmetry

counter 96 and a period counter 98 via lines 100
and 102 respectively. The symmetry counter 96 is
used for determining the half revolution interval
Tl. The period counter 98 is used for determining
the interval of the period T (i.e. the length or
duration for one rptation‘of the swirl).

| Upon receipt of the signal from the delay
counter 95 and a rising edge €4 of a pulse 62a of
the signal received from the wave shaping circuitry
56, a signal is sent to both the symmetry and the
period counters via lines 100 and 102 respectively.
The symmetry counter 96 and period counter 98 both
begin counting clock pulses received from a clock
genefator 104. Upon receint of the next rising or
positive going pulse edge 68, the gate control sign
via line 100 will be disabled causing the symmetry

counter 96 to stop counting while keeping the
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«ccumulated count within its register. The pericd
counter, on the other hand, will continue to count
until the second consecutive rising or positive
going edge 66 is received by the gate control 84.
The gate control will then disable the output via
line 102 to the period counter 98 thereby stopping
the counter and keeping the accumulated count
within its register. The gate control then sends
a read interrupt signal via line 106 to the
computer 40. Upon recript of the read interrupt
signal, the computer 40 »2ads the count total in
the symmetry counter 96 and the period counter 98
via lines 108 and 110 respectively. After the
count from the symmetry and period counters has
been stored within the apprépriate registers of the
computer 40, a signal is éent from the computer via
lines 112 and 114 to clear the symmetry 96 and
period 98 counters. The computer also sends a
signal to the gate control via line 116 to reset
the gate control. The gate control then will
repeat the above procedure upon thes receipt of the
next positive éoing edge of a pulse 62 provided
that a2 signal is still being received from the
delay counter 95, inciuding the continued presence

of the gun signal.
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The gate control may include, for example, a
shift register. One such shift register that has
been used is a 74HC1l64, as manufactured by
Motorola.'

With reference to Figure 2, the output of the
period counter 98 will correspond to the period T
of the rotation of the swirl which, in turn; is
equal to the time interval of two consecutive
pulses 62a, 62b. By comparing the period of the
rotation of the swirl to a reference, changes in
the swirl can be noted. For example, if the time
interval of the period T begins to increase, this
would indicate that either the angular velocity of
the swirl was decreasing 3 that the diameter of
the envelope of the swirl was increasing, or a
combination of both. In like manner, while
comparing Tl to a reference, it can be determined
if the centerline of the swirl has shifted from its
intended orientation.

In that the swirl is rotating at a fairly
fast, angular velocity, and that some transient
deviations may exist in this rotation, it is
preferred that a number of samples of the period
are gathered and the average or mean of these
samples is determinred. The error checking portion

then compares a running averaging value of the mean
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against reference. When this reference is
exceeded, an error condition is noted.

The degree of deviation among the mean of the
sampled data will depend on the'number of samples
taken. The smaller the number of samples, the
larger the deviation will be, while the larger the
number of samples, the smaller the deviation will
be. Therefore, collecting many samples will yield
sialler deviations. However, the trade-off is that
the more sampixs collected, increases the time
necessary to determine the average, which may
result in a slower responsie time to error. It has
been found in at least orne embodiment or
application that taking the average of 256 samples
provides good results.

Now, with.reference to Figure 5, there is
illustrated a flow diagram that may be used in
conjunction with the computer 40 in order to
process the signals received from the symmetry 96
and period 98 counters. The computer program is
entered at the start at point 130. The registers
Pt and SRt are first cleared to eliminate or remove
any previsus or spurious data stored within them.
The register Pt is the register that holds the
summation of all the counts received from the

period counter 98 taken during & sampling period.
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Likewise, the register SRt is the register that
holds the summation of all the counts received from
the symmetry counter 96 taken during the same
sampling period. The computer 40 then reads the
data that has been accumulated in the period
counter 98 and the symmetry counter 96 at block 134
from ‘one sample.

As mentioned previously, the half revolution
intervals Tl and T2 may not always be egual to one
another. For a given swirl that is operating
properly however, this relationship should remain
fairly constant. For example, if Tl is smaller
than T2, this relationship should stay constant
unless there is a change in the swirl pattern.
However, if the sampling period were to begin at
the first rising edge 68 of the square wave 62b of
Figure 2 insﬁead of the rising edge 64 of the 62a,
tﬁe result would be that T2, which wéuld now be the
first interval, would be greater than the second
interval, which would now be Tl. 'In other words,
the relationship would be off by one-half of a
revolution. Therefore, at block 136 the smallest
one-half revolution SHR is determined. This may be
accomplished by the following: X = P(n) - S(n):
and SHR is equal to the smaller of either X or

S(n); where SHR is the smallest half revolution,
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P(n) is the count received from the period counter
98, and S(n) is the count received from the
symmetry counter 96. In other words, SHR is equal
to the smaller of the intervals Tl or T2.
Therefore, this provides a method of determining
whether the data received from the symmetry counter
cérresponds to Tl or T2.

Once the smallest half revolution SHR has been
determined, the symmetry ratio SR(n) may be
determined at block 138. This is accomplished by
dividing the smallest half revolution SHR by the
period of the sample P(n). At block 140, the
period of the sample P(n), the value received from
the period counter 98, is added to the register
containing the total of period counts for this
sample, Pt. In like manner, the symmetry ratio
SR(n) of the sample is added to the totalizing
register of the'symmetry SRt at block 140.

If the desired numbers of samples from the
symmetry and period counters has not been received,
such as 256 samples, 512 samples, etc., the above
is repeated via line 144 until the desired number
of sampies has been taken and totalized. When
the desired number of samples has been reached, for
example, 256, the register.Pt would include the

summation of the previous 256 readings of the
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period counter 98. In like manner, the symmetry

' register SRt would include the summation of the

previous 256 calculations of the symmetry ratio
SR(n). Once the desired number of Sal;iﬁs has been
reached for a sampling period, the zverage period P
and the average symmetry ratio SR is found by
dividing Pt and SRt each by the number of samples
taken, such as in this case, 256 at block 1l46.

If no previous references have been
established, such as may be experienced during
start-up, the reference limits must be established.
Hence, at block 148, if no reference limits have
been previously established, then via line 150, the
period reference PR is set equal to the average
calculated period P while the symmetry reference
SRr is set equal to the calculated average symmetry
SR at block 152. Once the period and symmetry
references have been estabiished, the deviations
from these references may be determined at block
154.  For example, if the period reference Pr is
equal to 1;000 counts, it may be determined that
swirls having an average period of between 900 and
1,100 (plus or minus 5%) would be acceptable.

After these limits or ranges have been estéblished

then the above procedure is repeated by beginning
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with the clearing of the Pt and SRt registers at
block 132 via line 156.

If however, at block 148, the reference limits
had already been established, then the average of
the period is averaged with the period reference to
produce an average of the means of the period AP at
block 158. Similarly, the average of the symmetry
ratio is averaged with the symmetry ratio reference
to produce an average of the mean of the symmetry
ratio ASR. The results of the calculation of block
158 are then compared to the previously established
reference limits, at block 160. If both AP and
ASR, the average of the means for the period and
symmetry, are within their respective reference
limits (upper and 1ower), then the period and
symmetry references are changed to equal the
average of the means AP and ASR respectively at
block 162. If, however, either AP or ASR is
outside of the respective reference limits, an
error signal is generated at block 164. After this
has been accomplished, the procedure is rep=ated
via line 166.

_For example, if the period of the reference is
1000, while the upper and lower references are 1100
and 900 respectively, then if the average of the

period P for the next sampling interval is £found to

_'78_.
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be 1012, the average of the means AP would be 1006
[(1000 + 1012) + 2]. This falls within the range
of between 900 and 1100, and assuming that the
average of the means of the symmetryvASR also is
within its range, then there is no error. The

pericl reference Pr would then be set equal to

1006. On the next pass, if the average of the

period P is found to be 1054, then the average of
the means AP becomes 1030 [ (1006 + 1654) + 23,
which is also within the range of 900 - 1100
counts. The;efore, there would be no error in
regard to the period and the period reference Pr
would then be set equal to 1030.

If the average of the period P for the next
sampling period is found to be 1160, then the
average of the means AP would be 1085 which is
still within the period range and no error would be
indicated. Therefore, even though.the average of
the period P was clearly outside éf the upper
limit, no error would be indicated.

While an alarm or error could have been
indicated because the average of the period P
exceeded the upper reference limit, it is believed
that the above is more preferred because it
provides a means to help reduce nuisance errors.

In other words, it is possible that the average oi
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the period P could exceed the reference limit due
to some occurrence which is not necessarily a
result of a problem with the swirl or there could
have been a transient problem with the swirl and
the problem has been self corrected. Therefore,
this method generally allows the reference limit to
be exceeded for a couple of sampling periods in
order to ensure that a genuine error condition
exists. It sﬁould be noted under some
circumstances, such as if the average of the period
P is much greater than the period references, that
the system may very .well indicate an error
condition the first time the reference limit is
exceeded because the average of the means AP may be
outside the reference limit. For example, if Pr =
1050 and P = 1200, AP would then ecmal 1125 which
would cause an error to be indicated. Therefore,
the above method provides a means for reducing the
sensitivity of the error detection.

With reference to determining the reference
limits of block 154, in one application these
limits were set at plus or minus 15% for the period
and plus or minus 20% for the symmetry. It should
be kept in mind that these limits are chosen such
that for a given set of condition;, the running

average of the period and symmetry will not exceed
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these limits unless an error occurs. For a
particular application, the error limits may be
qhosen or set automatically from a look-up table
that has been generated from actual data associated
with this type of installation or similar ones.
This look-up table, for example, may be generated
by monitoring the period of the swirl at various
different air pressures. 2n average period can
then be determined for this given air pressure.
This average period may then be compared with a
number of other average periods to determine the
average of all the other averages. Then, the
lowest and highest average of these samples can be
used to establish the upper and lower reference
limits.

Utilizing the uppe¥ and lower reference
limits, the percent deviation of the total average
can be determined. The greatest deviation of these
can then be used if desired as the overall system
deviation. In this manner, since the error limit
chosen represents the worst case statistical range
among the means for a given air pressure, it
follows then that under normal operation the
running average of the sample means should not be
exceeded. This can be repeated for different

nozzles and for different ranges of f£luid operating

-31-
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pressures. Similarly, the above can be repeated
for the symmetry error limits.

This invention provides for a closed loop
feedback control for wverifying changes in the
operation of the swirl. For example, if the
adhesive dispensing system provides for an increase
or a decrease in the operating presgure of the
fluid, there should be a corresponding change in
the period and/or symmetry of the swirl. By
monitoring the change in the swirl period or
symmetry and comparing this to a reference at a
given pressure, the change in the swirl
characteristics can be verified. Similarly if the
air pressure to the jets was changed, this system
would provide a means for verification of such
change.

Changes in the swirl may be ;equired due to
changes in the line speed of the substrate, such as
in gear to line installations. For example, a
signal received indicating that the line speed of
the substrate has increased/decreased may require
an increase/decrease in the period of the swirl in
oxrder to maintéin the same deposition coverage.
Changes in the pattern may also be required if the
type of adhesive.is changed or if the substrate to

be coated changes.

-32-



10

15

20

25

This invention may also provide for a method
of automatic correction of the moving pattern. 1In
the above embodiments, the moving pattern was a
swirl and that an error or alarm condition would be
indicated if the rntation of the fiber produced
either a period or symmetry ratio that was outside
the respective reference limits. However, while a

moving fiber of material that produces a period or

symmetry ratio within the respective period and

symmetry limits corresponds to an acceptable
pattern it does not necessarily correspond to an
optimum pattern. Therefore, this invention may
also provide for the monitoring of the pattern and
controlling the dispensing system to correct for
changes in the pattern in order to maintain an
opt.imum pattern. One benefit of this is that the
amount of adhesive deposited and/or its placement
may be optimized.

Using the example that the lower and upper
references for the period are 900 and 1100
respectively, it may be found that a more preferred
pattern results when the period is between 950 and
1050. Therefore, if after determining that an
error condi£ion does not exist because the average
of the period AP and the average of the symmetry

ratio are both within their acceptable limits, the

-33-
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average of the period AP could be compared to a
preferred set of reference limits instead of
returning via line 166 to the beginning of the
block éiagram.

If the period exceeds the preferred reference
limit, but does not exceed the error reference
limits, then a signal can be generated to adjust oxr
change the period of the pattern. For example, if
the average of the period AP is found to be 1075,
this would indicate that the fiber is not rotating
or swirling fast enough for an optimum pattern, but
does not indicate an error condition. The computer
may then send a signal via the control interface 44
and the system controls 46 of Figure 1 to cause the
air source 26 to increase the air pressure of the
air emitting from the air jets 24. This in turn
would cause the swirl to rotate faster.
Alternatively, the computer 40 could send a signal
to the adhesive source 28 to change the rate of
pressure at which the material is being dispensed.
Less material dispensed will be more easily
swirled, which 'will then decrease the period.
Another alternative would be to change both the
amount of material dispensed and the force (such as
the air pressure) used to cause the fiber to

rotate. The procedure would then be repeated by
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returning via line 166 to the beginning of the
block diagram of Figure 5.

If on the other hand, the period is shorter
than desired, indicating that the pattern is moving
too fast, then the amount of material dispensed
and/or the amount of force causing the fiber to
move in the pattern can be reduced.

One embeAdiment of this invention may also
provide information relating to changes or wear in
the nozzle and/or air jets. For example, over
time, the period or symmetry may begin to change
from one base line of operation to another. This
may be due to wearlof the nozzle and/or the air
jets. Alternatively, in the automatic compensation
embodiment, it '~ welieved that the wear of the
nozzle and/cr air jets may be also indicated by the
changes required to keep the period within the
preferred limits.

While gertain repfesentative embodiments and
details have been shown for the purpose of
illustrating the invention, it will be apparent to
those skilled in the art that various changes and
modificatiéns may be made therein without departing

from the scope of the invention.

—-35=



10

15

20

25

. "

L] L]

30

35

o
’ il
‘e S {:.I‘,
[, ,:. L

-36 -

It is claimed:

1. A method of monitoring a {iber of material comprisirg:

a)  transmitting a beam of light;

b)  causing the fiber to repeatedly pass through the beam of light;

c) generating a signal in response to the presence or absence of the fiber
within the beam of light;

d) determining an interval between the presence of the fiber in the beam of
light and a subsequent presence of the fiber in the beam of light; and

ey comparing the interval to a reference.

2. The method of claim 1 wherein the interval of step d) is the interval
between two consecutive breakages of the beam of light by the fiber.

3. The method of claim 2 wherein the breakage of the beam of light includes
generating an edge signal when an edge of the fiber bears a relationship to the beam of
light.

4,  The method of claim 2, further comprising determining an interval between
« breakage of the beam of light and a third consecutive breakage of the beam of light
by the fiber; and '

comparing the interval between the breakage of the beam of light and the third
consecutive breakage of the beam of light to a reference.

5.  The method of claim 4 wherein the breakage of the beam of light includes
generating an edge signal when the edge of the fiber bears a relationship to the beam of
light.

6. The method of claim 1 wherein the interval of step d) is the interval
between a breakage of the beam of light and a third consecutive breakage of the beam
of light by the fiber.

7.  The method of claim 1 wherein step d) includes generating an edge signal
in response to the generated signal of step c) when the edge of the fiber bears a
relationship to the beam, and determining the interval between edge signals.

8. A method of monitoring or controlling a fiber moving generally from a
discharge opening to a substrate in a repeating pattern, comprising the steps of:

a)  determining a period of the pattern;

b) determining a symmetry of the pattern;

c) comparing the period and the symmetry of the pattern to a respective
reference;

dy in response to said comparison, performing at least one of the following
step:

i)  changing the rate at which the fiber is dispensed from the discharged
opening,
ii)  varying the period of the pattern,

{N:\LIBW]OO533:RHK
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iii) indicating the status of the pattern, and
iv)  repeating steps a) through d).
9. A method of dispensing a fiber of material comprising the steps of:

dispensing the fiber of material from a discharge opening of a dispensing means;

causing the dispensed fiber of material to propagate in a moving pattern through
a space between the discharge opening and a substrate;

transmitting a beam of light such that, under normal operating conditions, the
fiber of material will pass through the beam of light at least twice as it propagates in
the moving pattern;

detecting said beam of light and generating in response to the absence or
presence of said beam of light a signal;

generating an edge signal in response to said signal wher an edge of the fiber of
material bears a rclaiionship to the beam of light;

generating a symmetry signal indicative of, or proportional to, either a time
interval between a first said edge signal and a second edge signal or a time interval
between the second said edge signal and a third edge signal;

generating a period signal indicative of, or proportional to, the time interval
between said first edge signal and said third edge signal; and

determining the status of the motion of the pattern in response to said period and
symmetry signals.

10. The method of claim 9 further comprising the step of controlling the
dispensing means in response to changes in the status of the motion of the pattern.

11. The method of claim 9 further comprising the step of indicating an alarm in
response to the status of the pattern being in excess of a reference.

12. The raethod of claim 9 wherein said step of determining the status of the
motion of the pattern includes determining an average period for a plurality of period
signals and comparing the average period to a reference and indicating the status of the
pattern in response to said comparison.

13. The method of claim 12 wherein said step of determining the status of the
motion of the pattern includes:

determining an average symmetry for a plurality of symmetry signals;
determining an average symmetry ratio wherein the symmetry ratio is the ratio of the
average symmetry divided by the average period; and

comparing the average symmetry ratio to a reference and indicating the status of
the motion of the pattern in response to said comparison.

14. The method of claim 9 furtlier cumprising the steps of:

controlling or adjusting the dispensiny means in response to an external control
signal for performing at least one of the following:

IN:\LIBW]00S33:RHK
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a)  varying the discharge of the fiber of material from the discharge opening of
the dispensing means, and

b)  varying the pattern of the fiter.

15. A method comprising ihe steps of:

a)  dispensing a bead of adhesive from a discharge opening of a dispensing
means at a flow rate;

b) causing the dispensed bead of adhesive to propagate in a rotating pattern
tirough a sp .. > "etween the discharge opening and u substrate;

c) tc:;amitting a beam of light such that, under normal operating conditions,
the bead of adhesive will pass through the beam of light at least twice as it moves in
said pattern;

d) detecting said beam of light and generating in response to the presence or
absence of said beam of light a signal;

e) comparing said signal to a reference; and in response to said comparison
performing at least one of the foilowing steps:

i)  varying the rate at which the bead of material is dispensed from the
discha; ged opening;

ii)  varying the rate at which the bead of material rotates in said pattern,
and

ii) indicating the status of the pattern.

16. The method of claim 15 wherein said comparison comprises: comparing an
interval between the presence of the bead in the beam of light to a subsequent presence
of the bead in the beam of light.

17.  The method of claim 15 wherein said comparing step comprises the steps of
determining a period of the pattern; determining symmetry of the pattern; and
comparing the period and the symmetry of the pattern to a respective reference.

18. The method of claim 15 wherein said comparing step comprises the steps
of:

generating an edge signal in response to said signal when an edge of the bead of
material bears a relationship to the beam of light;

generating a symmetry signa! indicative of, or proportional to, either a time
interval betwzen a first said edge signal and a second edge signal or a time interval
between the second said edge signal and a third edge signal;

generating a period signal indicative of, or proportional to, the time interval
between said first edge signal and said third edge signal; and

determining the status of th¢ wotion of the pattern in response to said period and
symmetry signals.

[N:\LIBW]00533:RHK
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19. The method of claim 18 wherein said step of determining the status of the
motion of the pattern includes determining an average period for a plurality of period
signals and comparing the status of the pattern in response to said comparison.

20. The method of claim 19 wherein said step of determining the status of the

5 motion of the pattern includes;

determining an average symmetry for a plurality of symmetry signals;
determining an average symmetry ratio wherein the symmetry ratio is the ratio of the
average symmetry divided by the average period; and

comparing the average symmetry ratio to a reference and indicating the status of

10 the motion of the pattern in response to said comparison.

Dated this Eighth Day of October 1993
Nordson Corporation

Patent Attorneys for the Applicant
SPRUSON AND FERGUSON
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Abstract Of The Disclosure
Method and Apparatus for Optically Monitoring and Controlling
a Mo.ing Fiber of Material
A beam of light is transmitted from a transmitter (30) which is
broken as the moving fiber (22) passes through the beam. A receiver (32)
receives the 1ight and generates a signal in response thereto. The
signal is processed to determine the status of the pattern generated by
the moving fiber (22) of material. In response to changes in the status
of the pattern, the rate at which the fiber is dispensed and/or the
movement of the pattern can be adjusted as well as alarm conditions noted.

Figure 1 !
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