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(57) Abréegée/Abstract:
A method and an apparatus for monitoring the production of blow molded plastic containers (20) includes a columnator (26) ana
sound detector (24) responsive to a defect sound of pressure fluid escaping from a container being formed in a mold cavity (14).
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(57) Abrege(suite)/Abstract(continued):

The columnator Is effective to filter the defect sound from ambient noise. An output signal generated by the sound detector Is
processed to generate a control signal used to reject a defective container. Preferably, the open end of the columnator Is
positioned between 20° and 150° from the preform loading station in a rotary platform (12) blow molding machine.
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(57) Abstract: A method and an apparatus for monitoring the production of blow molded plastic containers (20) includes a colum-
nator (26) and sound detector (24) responsive to a defect sound of pressure fluid escaping from a container being formed in a mold

S

cavity (14). The columnator is e

‘ective to filter the defect sound from ambient noise. An output signal generated by the sound

detector is processed to generate a control signal used to reject a defective container. Preferably, the open end of the columnator is
positioned between 20° and 150° from the preform loading station in a rotary platform (12) blow molding machine.
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LTITLE

METHOD AND APPARATUS FOR DETECTING

HOLES IN PLASTIC CONTAINERS

BACKGROUND Oﬁ THE INVENTION

1. Field of the Invention: The invention relates
to a method énd apparatus for monitoring the production
of plastic blow molded containers. More particularly,
the invention contemplates the sensing of two general
classes of defects found in Reheat Stretch Blow Molded
PET containers. The first class of defect ;elates to
CLhe formation of holes in the feet and/orowalls of the
plastic blow molded containers during the blow molding
pracess. The second class of defect relates to a pre-
existing condition in the injection molded preform
particularly in the finish aréa generated either in the
injection process or during handling and loading of the
preform on its way to the blOW'molding-operation. These
defects are identified by monitoring the sound adjacent
a predetermined location along the production line of
plastic blow molded containers. More specifically the
defects are detected by monitoring the sound generated
at the point of or within +/- 30 degrees of the
application of either the"preblow air or the high blow
alir. |

2. Description of the Prior Art: The leak testing

~

of tanks, pressure vessels, and containers is an

important manufacturing consideration in many different
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industries. In some instances, the gas-tight or liquid

tight integrity of these componénts 1s usually

 determined by some form of a pressure-decay test. With

this technique, the unit under test i1s injected with air

to some specified overpressure,. and the pressure is

monitored for a specified period of time. If the

pressure does not decay below a specified value at the
end of the designated time period, the component under
test 1s considered to be leak-free.

Anothef technique involves drawing a vacuum on the
component being tested and then completely ;urrounding
it with helium gas. A detector inside the vacuum system
notifies the operator if helium is present in the air
being pumped from the component.

Still another method involves the
pressurization/immersion technique which consiéts of
pressurizing the component, totally immersing the
component in water or some other clear liguid, and
observing the point of bubble emergence.

Yet another method utilizes a collimated beam of
light which is scanned aéross the component under test.
The test component has been pressurized with a tracer
gas that strongly absorbs the light. When'the Light
passes through the gas emerging from the source of the
leak, the light energy ab?orbed by the gas produces an
acoustic emission which is detected by a microphone.
Theqresulting Signal may'be processed either as an alarm

or it may be processed in coordination with the beam
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scanning mechanism to indicate exactly where the leak is

located.

Another method involves apparatus adopted to detect
the sound issued outwardly by the individual blow-
molding dies during the blow-molding process wherein the
sound 1is converted to an electrical signal and is
compared with a reference signal or level and the faulty

burst container is rejected.

SUMMARY OF THE INVENTION

A ¥

Amongst the objéctiveé‘of the present invention is
to produce a method and apparatus for monitoring the
production of blow molded ﬁlastic containers to detect
the presence of a hole defect or a finish defect in the
container during production of the containers.

Another object of the invention is to produce a
method and apparatus that will detect the presence of a

hole in a container being formed by a blow molding

process.

Another object of the invention is to produce a
method and apparatus for detecting a hole in the wall of
a plastic container and producing a signal in response
thereto.

- The above as well as other objects of the invention
may typically be achieved by a method and apparatus for
monitoring the production of blow molded plastic
containers comprising the steps of: introducing pressure

fluid to the interior of a plastic container being
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formed by a blow molding process; acoustically sensing
the sound of pressure fluid travelling through a defect
in the plastic container being formed; producing a
control signal in response to the sound produced by the
pressure fluid travelling through the defect in the
plasﬁic container; and rejecting the container in
response to the control signal.

The application of these technigques in themselves
18 relatively"straightforward and easy to achieve. In
the application of this technology to the real world
processes, the primary difficulty arises frém the
problem of distinguishing the target signal from the
ambient noise levels present in the typical blow molding
machine.

This problem 1s identified in the recently issued
U.S. Patent No. 6,416,308 where 1t 1s stated that the
proper setting of the sigﬁal trip level will often lead

to one of two conditions. Some defective ware will be

passed because the signal level generated is too low, or
an excess of good ware 1s rejected because the trip
level 1s set to low.

These problems are addressed in the ‘308 patent by
turning the detector on oﬁly when a blow mold is in a
sensing position and turning it back off for all other
times. On a high speed rotary blow molder this method
loses effectivenessﬁbecause the off periods are so short

- typically under one (1) second.
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Other prior art disclosures attempt to resolve the
issue by monitoring and storing the signals.generated
during normal operation and from defects and then
comparing these signals through sophisticated
electronics to make a determination of which ware should
be rejected.

This technology solves this dilemma by four unique
methods.that can be utilized independently or in any
combination to separate defect signals from normal
operation. In addition since the occurrence of these
types of defects should appear completely.r;ndomly in
the blowing process, stations are tracked so that if
ware from a particular station is being rejected in an
inordinate amount Ehree things will happen. First, the
operator will be signaled to inspect the station in

question for a possible defect such as a cracked blow

"nozzle, etc. Second, the operator will be permitted at

the discretion of the machine owner to disable the
reject output generated by the station in question.
Third, a PM (preventative maintenance) notification can
be generated for this station for the next malntenance
day.

The unigque methodologies practiced by the present
invention are as follows:

First: The acoustical sensor in this operation is
positioned in the area from the onset of preblow air to
just after the onset of the high blow air (Typilcally 20

degrees to 150 degrees from the preform loading
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station). This allows the device to take advantage of

two significant facts. In the case of the rupture of the

wall of a container as it is being inflated the loudest
occurrence is typically proximate the time of rupture as

5 exemplified when over inflating a balloon to the point
of rupture. In addition, if there is any contribution
of air leakage such as from a worn stretch rod seal to
the ambient noise level, 1t wili be minimized since the
stations prior to the position of the sensor will not be

10 p;essurized and therefore will not contribute to
background noise levels. |

Second: The detector may be pointed directly at the

station or it may be mounted tangential to the rotation
of .the rotary molding wheel and with the sensing end

15 oriented towards the oncoming blow mold. The exact
orientation may wvary but would typically be from exactly
tangential to an angle of 45 degrees towards the center
of the wheel assuming the tangential mounting location

keeps the sensing device within the desired orientation

200 to the onset of the blow air.
1

Third: It has been found empirically and
sﬁrprisingly that the addition of a tubular extension to
the sensing end of the detector acts to provide positive
featﬁres. - Typically an approximately one (1) inch I.D.

25 by approximately twelve (12) inches to thirteen (13)
inches long cylinder has been fitted to the end of the

detector. This has been found reduce the effects of the

background noise particularly when used in the
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orientation as described previously. In addition it can
act as a resonance cavity for certain components of the
target signal leading to an effective amplification of
the signal under examination and aﬁ improvement in the
regulting signal to noise ratio. To date only
cylindrical extensions have been used, but it ié
believed that special geometric shapes such as a conic
section might provide further improvement in the signal
to noise ratio.

Fourth: Initially wide audible range sound sensors
were uéed.for a detector. Experimentation ﬂas shown
that use of an ultrasonic detector outside the range of
human hearing also provides significant improvement in
the signal to noise ratio associated with the defective
target. Typically, a center frequency of 40 kHz 1is

selected, but the range from 20 kHz to 60 kHz appears tO

offer improved results.
Each of these technigues can be employed on their
own merit or can be combined in wvarious combinations for

best results and minimized cost for each particular

- application.

The present invention concerns a method and an
apparatus for monitoring the production of blow molded
plastic containers formed by introducing pressure fluid
to an interior of a preform in a mold cavity comprising:

a sensor means adapted to be positioned adjacent a
mold cavity during the introduction of preséure fluid to

a preform in the mold cavity to form a container, the
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sensor means being responsive to a defect sound of the

pressure fluid escaping from the interior of the

container for generating an output signal;

means for generating a control signal in response
to the output signal whereby a container rejecter
receiving the control Signal rejects the container;

the sensor means inéluding a columnator coupled to
a sound detector, the columnator transmitting the defect
sound from the mold cavity to the sound detector and the
sound detector being responsive to‘the defect sound for
generating the output signal; '

the columnator being an elongate hollow cylinder

formed of a plastic material such as polyvinyl chloride

‘and being approximately 12.9 inches long and having an

inner diameter of approximately 1.0 inch;

the columnator extending in one of a direction
transverse to a path of travel of the mold cavity and a
direction tangential to the path of travel of the mold
cavity wherein the mOld‘cavity travels in a generally
circular path and the sensor means is positioned
adjacent the path spaced in a range of from
approximately 20° to approximately 150° from a preform
loading station; and

wherein the defect sound has a frequency in a range
of approximately 20 kHz to 60 kHz and the sensor means

is responsive to acoustical signals in the frequency
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will
become readily apparent to those skilled in the art £rom
reading the following detailed descriptidh of a
preferred embodiment of the invention when considered in
the light of the accompanying drawings in which:

Fig. 1 is a perspective view of a columnator and a
sound detector according to the present invention for
sensing an acoustical signal created by the flow of
pressure fluid through a hole in a container being
formed during‘a blow molding operation; |

Fig. 2 is a block diagram of a system according to
the present invention for sensing the hole in a plastic
blow molded container during the productién thereof; and

Fig. 3 is a schematic top plan view of a portion of

the sensing station shown in Fig. 1 illustrating

alternative mounting positions for the columnator.

DETAILED DESCRIPTION OF THE PREPFERRED EMBODIMENT

Referring to the drawings, there is'illUStréted a
system incorporating the features of the invention, and
more particularly disclosing a station along the
production line of a typical blow molding machine.

The typical blow molding machines include an
annular rotatably mounted platform capable of serially
receiving hollow plastic preforms or parisons. The
preforms are carried in molds having an inner cavity in

the desired configuration or shape of the finished
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container to be formed. The preforms are heated to a
predetermined température, which prepares the plastic
material to be readily blow molded. Upon reaching the
desired temperature, high pressure fluid, such as
compressed air, is sequentially introduced into the
hollow interior of the preforms. The preforms are
thereby caused to expand and assume the shape of the
associated mold. The containers afe caused to be
inspected for defects. 1In the event a defective
container is detected, means are provided fgr rejecting
the container prior to filling or storage. |

The completed plastic containers are then
transferred, from the annular rotating platform to a
conveyor which transports the containers to a f£illing
station. Finaliy, the filled containers are suitably
removed from the conveyor to be stored for later
delivery or are immediately loaded on appropriaﬁe

vehicles for delivery to the ultimate customer.

Obviously, unfilled containers may also be off-loaded in

a similar fashion.

There are certain instances in which, due to a
myriad of reasons, the completed containers have
undetected faults such as, for example, minute holes or
apértures in the walls of the containers. When these
faulty containers are subsequently filled with a fluid
such as a carbonatedbeverage,.disastrous results occur.

Accordingly, it has become extremely important to

10
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deVelop a method and apparatus for the detection of
these difficult to detect faults in plastic containers.

Theodrawings disclose an apparatus generally
indicated by reference numeral 10 positioned in
proximity of the annular rotating platform 12‘of a blow-
molding machine of the type manufactured by¢Side1, a
corporation of France. The rotating platform 12
contains an annular array of mold cavities 14 into which
heated.plastic preforms 16 are inserted. . The mold
cavities 14 are indexed by rotating the platform 12 in a
direction indicated by an arrow 17 to a sou;ce 18 of
pressure fluid, which in most instances is compressed
alr. The pressure fluid is introduced into the hollow
interiof of the heated preform 16 causing the preform to
expand and assume the shape of the interior of the mold
cavity 14 as a cempleted container 20. In the eveﬁt a
hole 22 is caused to be formed in the wall of the
container 20, the pressure fluid from the source 18
enters an open upper end or finish 23 of the container
and escapes through the hole 22 creating a predetermined
acoustic signal or defect sound.

A sound detector 24 is positioned adjacent the
periphery of the rotating platform 12. The input of the
sound detector 24 is coupled to one end of a sound .
columnator 26. The sound columnator 26 is formed of a
hollow plastic tube having a distal open end thereof
pointed in the direction of the container 20. The sound

detector 24 suitable for the purposes of the invention

11
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is commercially available and identified as a Radio
Shack Souhd,Level Meter Model 33-2050 having an output
of from 0 to 1 volt D.C.

As illustrated in Fig. 2, the output of the sound
detector 24 is coupled to the input of an amplifier and
discriminator 30 which may be set to produce an output
signal based upon the amplitude of the voltage signal
produced by the sound level meter which maf be fed to a
logic circuit 40 consisting of timing and/or counting
and control logic.

The logic circuit 40 may be coupled toﬁan alr blow-
off station 50 which is disposed downstream of the
acoustic sensor 24 and is effective to remove any
defective container 20 sensed by the logic circuit 40.
Typicélly,‘the air blow-off station 50 includes solenoid
operated valves controlling the flow of pressure fluid,
such as compressed air for example, to forcefully eject
a defective container. '

It has béen surprisingly discovered that the sound
columnator 26 tends to both focus the transmission of
defect sound energy caused by the pressure f£luid flowing
through the hole 22 in the container 20, but alsoO tends
to intensify the defect sound energy as it passes from
the hole 22 to the sound detector 24.

Further, it has been found that satisfactory
results are achieved by utilizing a plastic tube for the
columnator 26. For example, a tube formed of a rigid#

polyvinyl chloride (PVC) material, approximately 12.9

- 12
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inches in length, having a nominal I.D. of 1.0 inch, and
having an 0.D. of 1.3 inches, functions as a mechanical
filter and signal intensifier.

In operation, the apparatus 10, as illustrated in

> Fig. 1, is placed adjacent the blow molding machine so
that the open end of the columnator 26 coupled to the
sound detector 24 faces the cavity 14 wherein the
pressuré fluid is injected into the heated preform 16 TO
cause the preform to expand to form the completed
10 container 20.
Should the container 20 contain a faulE such as the
" hole 22, or a void in the finish 23 of the container 20,
the escaping pressure fluid.flowing there through
creates a characteristic acoustic signal or defect
15 . sound, sound energy in a predetermined frequency . range,
which enters the open end of the columnator 26 and
thence travels to the sound detectér.24.' The.sound
detector 24 generates an electric signal in response to
the acoustic signal and the electric signal 1s sent to
20 the amplifier and discriminator circuit 30.

The signal received from the sound detector 24 1is
amplified and the amplified signal is sent to the logic
circuit 40. The logic circuit 40 is operative to
coordinate and keep track of the subsequent path of the

25 container having the defect and will send an
appropriately timed control signal to the air blow-off
station 50. The station 50 contains SOlehoid~operated

valves controlling the flow of pressurized air capable

13
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of completing the rejection operation. The pressurized
alir will then be appropriate to remove the container
with the defect from the production line.

The unique methodologies practiced by the present
invention are as follows:

First: The acoustical sensor in this operation ig
positioned in the area from the onset of @reblow alr to
just after theqonset of the high blow alir (Typically 20°
to 150° from the preform loading station). In Fig. 1
the loadiﬁg station is designated by a lineazs extending
radially from the center of rotation of theﬁplatform 12
which will be at zero degrees. A point 150° from the
line 28 is designated by a line 29. Positioning the
columnator 26 in the area between the lines 28 and 29

allows the device to take advantage of two significant
facts. In the case of thé rupture of the wall of a
container as it is being inflated the loudest occurrence
is typically proximate the time of rupture as
exemplified when over inflating a balloon to the point
of rupture. In addition, if there is any contribution
of air leakage such as from a worn stretch rod seal to
the ambient noise level, it will be minimized since the

stations prior to the position of the sensor will not be
pressurized and therefore will not contribute to

background noise levels.

Second: The columnator 26 may be pointed directly
at the station or it may be mounted tangential to the

rotation of the platform 12 and with the sensing end

14

PCT/US02/34933
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oriented towards the oncoming blow mold 14. Several
mounting positions are shown in Fig. 3. The columnator
26 1is shown aimed along a radial of the platform 12.
The exact orientation may vary but would typically be
from exactly tangential (such as a columnator 26@) to an
angle of 45 degrees (such as a columnator 26b) towards
the center of the wheel assuming the tangential mounting
location keeps the sensing device within the desired
orientation to the onset of the blow air.

Third: It has been found empirically and
surprisingly that the addition of a tubularjextension to

the sensing end of the detector acts to provide positive

features. Typically a one (1) inch ID by twelve (12)

inches long cylinder 26 has been fitted to the input of
the detector 24. This has been found reduce the effects

of the background noise particularly when used in the

orientation as described previously. In addition the

columnator 26 can act as a resonance cavity for certain
components of the target signal leading to an. effective
amplification of the signal under examination and an
improvement 1n the resulting signal to noise ratio. To
date only cylindrical extensions have been used, but it
is beiieved that special geometric shapes such as a
conic section might provide further improvement in the
signal to noise ratio.

Fourth: Initially wide audible range sound sensors
were used for the detector 24. Experimentation has

shown that use of an ultrasonic detector outside the

15
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range of human hearing also provides significant

improvement in the signal to noise ratio associated with

the defective target. Typically, a center frequency of
40 kHz is selected, but the range from 20 kHz to 60 kHz

appears to offer improved results.

In accordance with the provisions of the patent

- statutes, the present invention has been described in

what is considered to represent its preferred
embodiment. However, it should be understood that the

invention can be practiced otherwise than as

specifically illustrated and described without departing

from its spirit or scope.

16
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WHAT IS CLAIMED I5:

1. A method for monitoring the production of blow molded plastic containers

comprising the steps of:

a. loading a preform into a mold cavity at a loading station;

b. introducing pressure fluid to an interior of the preform in the mold cavity to form
a blow molded plastic container while moving the mold cavity along a generally
circular path;

c. acoustically sensing a defect sound resulting from the pressure fluid escaping
from the interior of the container being formed at a position adjacent the path and
within a portion of the path from one point at onset of preblow air to another
point just after onset of high blow air; and

d. generating a control signal in response to the sensed defect sound.

2. The method defined in claim 1 wherein said step d. includes converting sound
energy of the sensed defect sound to an electrical signal to generate the control signal, and
further including a step of rejecting the container in response to the generation of the control
signal by directing pressure fluid at the container after release from the mold cavity to

remove the container from a production line.

3. The method defined 1n claim 1 wherein the one point 1s spaced approximately 20°
from the loading station and the another point is spaced approximately 150° from the loading

station.
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4. The method defined in claim 1 wherein said step c. includes mechanically filtering

sound with a columnator adjacent the mold cavity to separate the defect sound from ambient

sound.

5. The method defined 1n claim 4 wherein said mechanically filtering 1s performed by

providing the columnator with a sensing end oriented towards the mold cavity.

6. The method defined in claim 5 wherein the columnator i1s formed as an elongate

hollow cylinder.

7. The method defined in claim 5 wherein the columnator 1s formed of a plastic

material.

8. The method defined in claim 7 wherein the plastic material is polyvinyl chloride.

9. The method defined 1n claim 5 wherein the columnator 1s approximately 12.9

inches long and has an inner diameter of approximately 1.0 inch.

10. The method deftined in claim 5 wherein the columnator extends in a selected

direction from transverse to the path to tangential to the path.

11. A method for monitoring the production of blow molded plastic containers

18
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comprising the steps of:

a. loading a preform into a mold cavity at a loading station;
b. introducing pressure tluid to an interior of the preform in the mold cavity to form
a blow molded plastic container while moving the mold cavity along a generally

circular path;

c. acoustically sensing a defect sound resulting from the pressure tfluid escaping
from the interior of the container being formed at a position adjacent the path and
within a portion of the path during which preblow air 1s being applied to the
preform in the mold cavity; and

d. generating a control signal in response to the sensed defect sound.
12. The method defined in claim 11 wherein said step c. 1s performed 1n an area from
approximately 20° from the loading station and to approximately 150° from the loading

station.

13. The method defined 1n claim 11 wherein said step c. 1s performed 1n an area from

onset of the preblow air and to just after onset of high blow air.

14. The method defined 1n claim 11 wherein said step c. is performed by pointing a

columnator in a selected direction from transverse to the path to tangential to the path.

15. The method defined 1n claim 11 wherein the sensing is performed in an ultrasonic

frequency range having a center frequency of approximately 40 kHz.
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16. The method defined in claim 11 wherein the sensing is performed in an ultrasonic

frequency range of approximately 5 kHz to approximately 40 kHz.

17. An apparatus for monitoring the production of blow molded plastic containers
formed by introducing pressure fluid to an interior of a preform in a mold cavity comprising:
a columnator positioned adjacent a mold cavity during the introduction of

preblow air to a preform in the mold cavity to form a container, said columnator

having an input end directed toward the mold cavity;

a sensor means being responsive to a defect sound of the pressure fluid escaping
from the interior of the container for generating an output signal, the defect sound
being transmitted through said columnator; and

means for generating a control signal in response to said output signal whereby a

container rejecter receiving said control signal rejects the container.

18. The apparatus defined in claim 17 wherein said columnator i1s an elongate hollow

cylinder.

19. The apparatus defined in claim 17 wherein said columnator is formed of a plastic

material.

20. The apparatus defined 1n claim 17 wherein said columnator is approximately 12.9

inches long and has an inner diameter ot approximately 1.0 inch.
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