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(54) Out-of-round container detection system and method

(57) An improved system and method for automati-
cally inspecting the quality of newly-manufactured con-
tainers is disclosed that detects containers that are out-
of-round by more than a predetermined amount so that
they may be rejected to ensure that containers that are

passed are of acceptable quality. One or more ultrasonic
sensors (50, 64, 66, 68) are located at fixed positions
with reference to a container (20) that is rotated. If any
sensor detects that the distance between the sensor and
the container falls outside of an acceptable range, the
container is rejected.
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Description

[0001] The present invention relates generally to sys-
tems and methods for automatically inspecting the quality
of newly-manufactured containers, and more particularly
to an improved system and method for detecting whether
or not containers are out-of-round by more than a pre-
determined amount.
[0002] Glass containers are made in a manufacturing
process that has three parts, namely the batch house,
the hot end, and the cold end. The batch house is where
the raw materials for glass (which cullet (crushed, recy-
cled glass), sand, soda ash, limestone, and other raw
materials) are prepared and mixed into batches. The hot
end begins with a furnace, in which the batched materials
are melted into molten glass, and from which a stream
of molten glass flows.
[0003] The molten glass is cut into cylinders of glass
called gobs, which fall by gravity into blank molds. In the
blank molds, a pre-container referred to as a parison is
formed, either by using a metal plunger to push the glass
into the blank mold, or by blowing the glass from below
into the blank mold. The parison is inverted and trans-
ferred to a mold, where the parison is blown out into the
shape of the container. Typically, the manufacturing
process is performed in an Individual Section or IS form-
ing machine, which contains between five and sixteen
identical sections, each of which is capable of making
one, two, three, or four containers simultaneously.
[0004] The hot end also includes an annealing process
which prevents the containers from having weakened
glass caused by stresses caused by uneven cooling. The
annealing process is used to achieve even cooling, using
an annealing oven or Lehr to heat the containers, and
then slowly cool them over a twenty to sixty minute period.
If the containers are to be used for certain uses such as
containing alcoholic spirits, an internal treatment or de-
alkalization is performed prior to annealing to render the
container more resistant to alkali extraction.
[0005] The role of the cold end of the glass container
manufacturing process is inspection of the containers to
ensure that they are of acceptable quality. All glass con-
tainers are inspected by automated machines after man-
ufacturing for a variety of faults, typically including small
cracks in the glass referred to as checks, foreign inclu-
sions referred to as stones, bubbles in the glass referred
to as blisters, and excessively thin walls. An example of
one such inspection is taught in U.S. Patent No.
6,031,221, to Furnas, which patent is assigned to the
applicant of the present patent application, and which
patent is hereby incorporated herein by reference in its
entirety. In addition, inspectors carry out a number of
checks manually on samples of the containers, which
commonly include visual and dimensional checks.
[0006] While the inspections carried out at the cold end
have unequivocally resulted in higher quality containers,
one particular problem has continued to elude detection
- containers that are out-of-round by more than an ac-

ceptable amount. The problems associated with out-of-
round containers is especially evident following the ap-
plication of a paper label to an excessively out-of-round
container, and results in a product having poor appear-
ance. If a container is severely out-of-round, the condition
can result in handling problems while transporting the
container as well as problems at the filling stations that
can be disruptive to production.
[0007] A number of development efforts have been un-
dertaken to develop mechanisms to detect out-of-round
container, but these attempts have resulted in unreliable
and/or unfeasible systems for field application in contain-
er manufacturing facilities. These development efforts
have traditionally utilized a number of metal fingers that
are each linked to a linear variable differential transducer
(LVDT) to measure and determine the degree of out-of-
roundness of a container. Due to the mechanical nature
of this design, the fingers had to contact the container
light enough so as not to affect the handling or coating,
but yet be sufficiently strong and durable to withstand the
harsh environments of a container manufacturing plant.
[0008] It is accordingly the primary objective of the
present invention that it provide a system and method
for inspecting containers in order to determine whether
or not they are out-of-round by more than a predeter-
mined amount. It is another objective of the present in-
vention that the making of such a determination be per-
formed without physically contacting the containers, and
that the determination be made both quickly and with a
high degree of accuracy. It is a further objective of the
present invention that it be capable of implementation in
a large scale container production facility.
[0009] It is another objective of the present invention
that it be adaptable to different types of containers that
may be manufactured at different times in a container
production facility. It is a related objective of the present
invention that it be adjustable in tolerance to accommo-
date the inspection of different types of containers that
have tighter or less stringent roundness requirements. It
is a still further objective of the present invention that it
be capable of evaluating the roundness of different ele-
ments of containers.
[0010] The out-of-round detection system of the
present invention must also be of construction which is
both durable and long lasting, and it should also require
little or no maintenance to be provided by the user
throughout its operating lifetime. In order to enhance the
market appeal of the out-of-round detection system of
the present invention, it should also be of inexpensive
construction to thereby afford it the broadest possible
market. Finally, it is also an objective that all of the afore-
said advantages and objectives of the out-of-round de-
tection system of the present invention be achieved with-
out incurring any substantial relative disadvantage.
[0011] The disadvantages and limitations of the back-
ground art discussed above are overcome by the present
invention. With this invention, containers that are out-of-
round by more than a predetermined amount can be de-
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tected and discarded. In its simplest terms, one or more
ultrasonic sensors are located at fixed positions with ref-
erence to a container that is being checked. The contain-
er is rotated at least one full revolution (one and one-half
revolutions in a preferred embodiment) while the ultra-
sonic sensors are directed at one or more locations on
the container.
[0012] By using the sensor(s), the distance between
the sensor(s) and the container can be evaluated con-
tinuously as the container is rotated. If the distance be-
tween the sensor and the container varies more than a
predetermined amount, the container is determined to
be unacceptable, and it may be discarded. The nominal
distance to a container at the location at which it will be
rotated is known, and a tolerance for an acceptable de-
viation from perfect roundness may be established. This
establishes both a minimum distance between the sensor
and a container and a maximum distance between the
sensor and a container.
[0013] If the measured distance between the sensor
and a container being evaluated as it is rotated either
falls below this determined minimum distance and/or ex-
ceeds this determined maximum distance as the contain-
er is being rotated, the container has failed the out-of-
roundness test and will be discarded. The sensor may
either be a simple ultrasonic sensor that requires a sys-
tem to operate it, or, preferably, it may be a self-contained
ultrasonic proximity sensor that provides a first digital out-
put when the distance between the sensor and a con-
tainer falls within the desired range and a second digital
output when the distance between the sensor and a con-
tainer is either less than the determined minimum dis-
tance or greater than the determined maximum distance.
[0014] The orientation of the sensor with respect to the
container being evaluated is an orthogonal orientation;
any other orientation will result in the sensor not operating
properly. The sensor is oriented toward a particular lo-
cation on the container where it is important to have
roundness within tolerances, such as, for example, the
body of the container upon which a label may be placed.
The sensor can, however, instead be directed at other
locations on the container, such as, for example, the
shoulder of the container, which is a location at which it
is common to place molded-in logos.
[0015] While a single sensor can be used in the out-
of-round detection system of the present invention, it is
also possible to use multiple sensors. For example, two
or three sensors may each be directed at a different por-
tion of the body of a container (the top, middle, and bottom
of the body of the container). In addition to one or more
sensors directed at the body of a container, an additional
sensor may be directed at the shoulder, or some other
element, of the container.
[0016] If multiple sensors are used, the system is op-
erated in a manner whereby an unacceptable signal from
any of the sensors will be sufficient to reject the container
being evaluated. The out-of-round detection system of
the present invention is used to remove defective con-

tainers from the production line, with rejected containers
typically being crushed and recycled. The out-of-round
detection system of the present invention may also be
used in conjunction with other inspections (such as op-
tical inspections) being performed, with containers failing
either the out-of-round test of the present invention or
any other test(s) being rejected.
[0017] It may therefore be seen that the present inven-
tion teaches a system and method for inspecting con-
tainers in order to determine whether or not they are out-
of-round by more than a predetermined amount. The out-
of-round detection system of the present invention is ca-
pable of making such a determination without physically
contacting the containers, and the determination is made
both quickly and with a high degree of accuracy. The out-
of-round detection system of the present invention is also
capable of implementation in a large scale container pro-
duction facility.
[0018] The out-of-round detection system of the
present invention is adaptable to different types of con-
tainers that may be manufactured at different times in a
container production facility. The out-of-round detection
system of the present invention is adjustable in tolerance
to accommodate the inspection of different types of con-
tainers that have tighter or less stringent roundness re-
quirements. The out-of-round detection system of the
present invention is also capable of evaluating the round-
ness of different elements of containers.
[0019] The out-of-round detection system of the
present invention is of a construction which is both du-
rable and long lasting, and which will require little or no
maintenance to be provided by the user throughout its
operating lifetime. The out-of-round detection system of
the present invention is also of inexpensive construction
to enhance its market appeal and to thereby afford it the
broadest possible market. Finally, all of the aforesaid ad-
vantages and objectives of the out-of-round detection
system of the present invention are achieved without in-
curring any substantial relative disadvantage.
[0020] Various embodiments of the present invention
will now be described with reference to the drawings, in
which:
[0021] FIG. 1 is a side plan view of a container showing
the various elements of the container several of which
are relevant to the out-of-round detection system of the
present invention;
[0022] FIG. 2 is a functional schematic showing the
various components of the out-of-round detection system
of the present invention;
[0023] FIG. 3 is an isometric view of a portion of a first
type of an inspection station of a container manufacturing
system having the sensor of the out-of-round detection
system of the present invention installed therein, also
showing a first type of container rotation drive for rotating
containers;
[0024] FIG. 4 is an isometric view of a portion of a sec-
ond type of an inspection station of a container manu-
facturing system having two sensors of the out-of-round
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detection system of the present invention installed there-
in, also showing a second type of container rotation drive
for rotating containers;
[0025] FIG. 5 is an isometric view of a panel having
two sensors mounted thereupon, the panel being adjust-
able in position to facilitate use of the sensors with dif-
ferent types of containers; and
[0026] FIG. 6 is a flow diagram describing the opera-
tion of the out-of-round detection system of the present
invention.
[0027] An exemplary embodiment of the present in-
vention may be used with containers including, but not
limited to glass bottles. Prior to discussing the construc-
tion and operation of the out-of-round detection system
of the present invention, it is helpful to discuss the con-
struction and elements of a typical container such as the
container 20 that is shown in FIG. 1.
[0028] The container 20 illustrated in FIG. 1 is a glass
beverage bottle, and the elements of its construction will
be referred to from the bottom to the top. The bottom of
the container 20 is referred to as the base 22 of the con-
tainer 20, and the rounded portion where the horizontal
plane of the base 22 transitions into a vertical cylinder is
referred to as the heel 24 (and is also known as the in-
sweep) of the container 20. The main content containing
portion of the container 20, which is located above the
heel 24, is the body 26 of the container 20. The body 26
of the container 20, which is essentially cylindrical in con-
figuration, is also referred to as the label panel, since it
is the body 26 upon which a label (not shown herein) will
typically be placed.
[0029] Located above the body 26 is the portion of the
container 20 that curves inwardly to a reduced diameter,
which is referred to as the shoulder 28 of the container
20. The shoulder 28 is the transition between the body
26 of the container 20 and the neck 30 of the container
20, and the neck 30 lies above the shoulder 28 and typ-
ically tapers inwardly toward the top of the container 20.
As such, the neck 30 of the container 20 is typically at
least somewhat constricted as compared to the body 26
of the container 20.
[0030] The portion of the container 20 that is located
above the neck 30 of the container 20 is referred to as
the finish 32 of the container 20. The finish 32 of the
container 20 illustrated in FIG. 1 has two subcomponents.
The uppermost of these two subcomponents of the finish
32 is referred to as the lip 34 (and is also known as the
rim), and is located at the top of the container 20. It may
be seen that the lip 34 on the container 20 shown in FIG.
1 is threaded, although other containers may have clo-
sure arrangements differing from that of the container 20
shown in FIG. 1. The lowermost subcomponent of the
finish 32 is referred to as the collar 36 (and is also known
as the string rim), and the collar 36 on the container 20
may be seen to be somewhat outwardly projecting.
[0031] Located at the top of the finish 32 is the bore
38 (also known as the throat), which is the opening in the
container 20 from which the contents of the container 20

will be accessed. The container 20 also has several
raised embossed logos 40 located on the shoulder 28 of
the container 20 that are evenly distributed around the
circumference of the shoulder 28.
[0032] Referring next to FIG. 2, an exemplary out-of-
round detection system constructed according to the
teachings of the present invention is illustrated as a func-
tional schematic that shows the various components of
the exemplary out-of-round detection system. In conjunc-
tion with FIG. 2, four different exemplary systems will be
discussed, respectively having one, two, three, or four
sensors. The sensors used by the out-of-round detection
system of the present invention are ultrasonic proximity
sensors that are capable of sensing the distance from
the sensor to an object with a high degree of accuracy
and processing that information to provide a continuous
digital output indicative of whether or not the distance
detected is within a programmed range. One such sensor
is the Model SC650A-B00 ultrasonic proximity sensor
from Hyde Park Electronics LLC, of Dayton, Ohio. (Those
skilled in the art will appreciate that the proximity sensor
and the processing function could instead be located in
two discreet devices.)
[0033] The Model SC650A-B00 ultrasonic proximity
sensor is a self-contained ultrasonic proximity sensor that
is software configurable using a configurator interface
module such as the Model AC441A configurator interface
module, also available from Hyde Park Electronics LLC.
The configurator interface module is used to program a
desired distance range into the ultrasonic proximity sen-
sor(s). When the out-of-round detection system of the
present invention is operating, the container 20 being
checked will be a nominal distance X away from the ul-
trasonic proximity sensor(s).
[0034] By selecting a tolerance Y from perfect round-
ness of the container 20, a range of distances between
the ultrasonic proximity sensor(s) and the container 20
that is between X-Y and X+Y may be established. In op-
eration, the ultrasonic proximity sensor(s) will produce a
first output (high or low) when the distance between the
ultrasonic proximity sensor(s) and the container 20 is be-
tween X-Y and X+Y, and a different second output (low
or high) when the distance between the ultrasonic prox-
imity sensor(s) and the container 20 is either less than
X-Y or more than X+Y. By rotating the container 20 while
operating the ultrasonic proximity sensor(s), it can there-
by be determined whether the container 20 is within the
established out-of-round tolerance, in which case the first
output will be continuously produced, or outside of the
established out-of-round tolerance, in which case the
second output will occur during at least a portion of the
rotation of the container 20, indicating that the container
20 is unacceptable from a quality standpoint.
[0035] The software configurable ultrasonic proximity
sensor may also have a hysteresis function programmed
thereinto. The purpose of using such a function is to allow
the out-of-round detection system of the present inven-
tion to avoid making a false rejection of a container due
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to a normal container characteristic such as container
seams that are located at the position at which the mold
halves met each other. This is accomplished by requiring
that any occurrence of a sensed distance between the
ultrasonic proximity sensor and the container that is ei-
ther less than X-Y or more than X+Y occur for a sufficient
duration (which may be either a rotational duration or a
time duration) to ensure that it is an out-of-round contain-
er that is being detected rather than merely the detection
of the presence of a seam or other normal container char-
acteristic.
[0036] In the first example to be discussed in conjunc-
tion with FIG. 2, a first sensor 50 is positioned the nominal
distance X away from the position at which the container
20 to be checked will be located. Note that the first sensor
50 of the preferred embodiment includes both a sensor
and a processor, which could instead be in two separate
elements. The first sensor 50 is oriented orthogonally
with respect to the axis of the container 20. The first sen-
sor 50 will be used to check the roundness of the body
26 of the container 20. The operational parameters of
the first sensor 50 are set using a configurator interface
module 52, which, as indicated by the dotted line between
the configurator interface module 52 and the first sensor
50, need only be connected to the first sensor 50 when
the operational parameters of the first sensor 50 are in-
itially being set or are being changed for a different size
container.
[0037] The output of the first sensor 50 is supplied to
a signal combiner / conditioner 54, which, in the case of
the first example, functions only as a signal conditioner
since only the input from the first sensor 50 is supplied
to it. The output of the signal combiner / conditioner 54
is supplied through a channel card 56 to a control /
processing system 58. The channel card 56 is one of a
plurality of inputs to the control / processing system 58,
the others of which are not shown herein.
[0038] The control / processing system 58 operates a
container rotation drive 60 that is used to selectively ro-
tate the container 20. It will be appreciated by those
skilled in the art that a container is moved into a position
for the out-of-round detection system of the present in-
vention to check its roundness. The container rotation
drive 60 then rotates the container 20, typically approx-
imately one and one-half rotations in order to ensure that
the roundness of the entire container 20 is checked.
[0039] As the container 20 is rotated by the container
rotation drive 60, the first sensor 50 will continuously
monitor the distance between the container 20 and the
first sensor 50, and will provide its output signal to the
signal combiner / conditioner 54, which provides an out-
put through the channel card 56 to the control / process-
ing system 58. If the output of the first sensor 50 at any
point during the rotation of the container 20 produces the
second output indicating that the distance between the
first sensor 50 and the container 20 is either less than X-
Y or more than X+Y, the control / processing system 58
will initiate the operation of a reject mechanism 62 that

will cause the container 20 to be rejected (and, typically,
recycled).
[0040] It will be understood by those skilled in the art
that the control / processing system 58 includes data cor-
relation and container tracking capabilities, which enable
a rejected container to be removed from the stream of
containers that pass the roundness check at a point
downstream of the out-of-round detection system of the
present invention. It will also be understood that the con-
trol / processing system 58 may also have inputs from
other types of sensors that may be used to monitor other
quality standards, such as, for example, the optical in-
spection taught in the above-incorporated by reference
U.S. Patent No. 6,031,221, to Furnas. Should a container
fail any one or more of the inspections being carried out
upon it, it will be rejected. The operation of the reject
mechanism 62 is also of conventional design in the art,
and will therefore not be described in detail herein.
[0041] In a second example illustrated in FIG. 2, a sec-
ond sensor 64 as well as the first sensor 50 is positioned
the nominal distance X away from the position at which
the container 20 to be checked will be located. Note that
both the first sensor 50 and the second sensor 64 of the
preferred embodiment each include both a sensor and a
processor, which could instead be in two separate ele-
ments. The second sensor 64 and the first sensor 50 are
respectively located such that they will scan different por-
tions of the body 26 of the container 20. The first sensor
50 and the second sensor 64 are oriented orthogonally
with respect to the axis of the container 20. Although the
second sensor 64 and the first sensor 50 are shown re-
spectively scanning the bottom portion and the interme-
diate portion of the body 26 of the container 20, if only
these two sensors are used, they will likely be positioned
to respectively scan the lower portion and the upper por-
tion of the body 26 of the container 20. In this case, both
the second sensor 64 and the first sensor 50 will be used
to check the roundness of the body 26 of the container 20.
[0042] The operational parameters of the second sen-
sor 64 are also set using the configurator interface mod-
ule 52, which, as indicated by the dotted line between
the configurator interface module 52 and the second sen-
sor 64, need only be connected to the second sensor 64
when the operational parameters of the second sensor
64 are initially being set or are being changed for a dif-
ferent size container. The outputs of the first sensor 50
and the second sensor 64 are supplied to the signal com-
biner / conditioner 54, will provide an output indicating a
defect whenever either one (or both) of the first sensor
50 and the second sensor 64 produces the second output
indicating that the distance between the sensor in ques-
tion and the container 20 is either less than X-Y or more
than X+Y, thereby causing the control /processing sys-
tem 58 to initiate the operation of the reject mechanism
62 to cause the container 20 to be rejected.
[0043] In a third example illustrated in FIG. 2, a third
sensor 66 as well as the first sensor 50 and the second
sensor 64 is positioned the nominal distance X away from
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the position at which the container 20 to be checked will
be located. Note that the first sensor 50, the second sen-
sor 64, and the third sensor 66 and of the preferred em-
bodiment each include both a sensor and a processor,
which could instead be in two separate elements. The
first sensor 50, the second sensor 64, and the third sensor
66 are respectively located such that they will scan dif-
ferent portions of the body 26 of the container 20. The
first sensor 50, the second sensor 64, and the third sensor
66 are oriented orthogonally with respect to the axis of
the container 20. Although the first sensor 50, the second
sensor 64, and the third sensor 66 will respectively scan
the intermediate portion, the bottom portion, and the top
portion of the body 26 of the container 20. In this case,
all three of the first sensor 50, the second sensor 64, and
the third sensor 66 will be used to check the roundness
of the body 26 of the container 20.
[0044] The operational parameters of the third sensor
66 are also set using the configurator interface module
52, which, as indicated by the dotted line between the
configurator interface module 52 and the third sensor 66,
need only be connected to the third sensor 66 when the
operational parameters of the third sensor 66 are initially
being set or are being changed for a different size con-
tainer. The outputs of the first sensor 50, the second sen-
sor 64, and the third sensor 66 are supplied to the signal
combiner /conditioner 54, will provide an output indicating
a defect whenever any one (or more) of the first sensor
50, the second sensor 64, and the third sensor 66 pro-
duces the second output indicating that the distance be-
tween the sensor in question and the container 20 is ei-
ther less than X-Y or more than X+Y, thereby causing
the control / processing system 58 to initiate the operation
of the reject mechanism 62 to cause the container 20 to
be rejected.
[0045] In a fourth example illustrated in FIG. 2, a fourth
sensor 68 is positioned the nominal distance X away from
the shoulder 28 of the container 20 to be checked will be
located. Note that the first sensor 50, the second sensor
64, the third sensor 66, and the fourth sensor 68 of the
preferred embodiment each include both a sensor and a
processor, which could instead be in two separate ele-
ments. It should be noted that the fourth sensor 68 is
positioned as orthogonally to the surface of the container
20 at the shoulder 28 (and the location of the raised em-
bossed logos 40 on the shoulder 28) as is possible. Thus,
while the axis of the fourth sensor 68 will intersect the
axis of the container 20, it will do so at an angle rather
than orthogonally. It should be noted that the fourth sen-
sor 68 can be used in conjunction with any one, two, or
all three of the first sensor 50, the second sensor 64, and
the third sensor 66.
[0046] The operational parameters of the fourth sensor
68 are also set using the configurator interface module
52, which, as indicated by the dotted line between the
configurator interface module 52 and the fourth sensor
68, need only be connected to the fourth sensor 68 when
the operational parameters of the fourth sensor 68 are

initially being set or are being changed for a different size
container. The outputs of the first sensor 50, the second
sensor 64 (if used), the third sensor 66 (if used), and the
fourth sensor 68 are supplied to the signal combiner /con-
ditioner 54, will provide an output indicating a defect
whenever any one (or more) of the first sensor 50, the
second sensor 64 (if used), the third sensor 66 (if used),
and the fourth sensor 68 produces the second output
indicating that the distance between the sensor in ques-
tion and the container 20 is either less than X-Y or more
than X+Y, thereby causing the control / processing sys-
tem 58 to initiate the operation of the reject mechanism
62 to cause the container 20 to be rejected.
[0047] Referring next to FIG. 3, part of a first type of
an inspection station used in a container manufacturing
system and having a first type of container rotation drive
for rotating containers is illustrated. A container 20 is
shown to be resting on a deadplate 70 and is engaged
by a starwheel 72 near the bottom of the container 20
and by a second starwheel 74 near the top of the con-
tainer. Two rollers 76 and 78 are located on the starwheel
72, and the container 20 is engaged near its bottom by
these rollers 76 and 78. Two additional rollers 80 and 82
are located on the starwheel 74, and the container 20 is
engaged near its top by these rollers 80 and 82. It will be
appreciated by those skilled in the art that the starwheels
72 and 74 both rotate to bring the container 20 into po-
sition in the inspection station for the out-of-round check.
[0048] A drive roller 84 contacts the container 20 on
the side opposite its support by the rollers 76 and 78 on
the starwheel 72 and the rollers 80 and the roller 82 on
the starwheel 74. The drive roller 84 is driven by a drive
mechanism 86 which is supported by support apparatus
indicated generally by the reference numeral 88. The first
sensor 50 is mounted on a sensor clamp 90, which is
supported in its fixed position by a support apparatus 92.
The first sensor 50 is oriented toward the midpoint of the
body 26 of the container 20, and is located orthogonal to
the surface of the body 26 of the container 20.
[0049] It will be appreciated by those skilled in the art
that the drive roller 84 will cause the container 20 to rotate
between the drive roller 84 and the rollers 76 and 78 (at
the bottom of the container 20) and the rollers 80 and 82
(at the top of the container 20). When the container 20
is rotating, the distance between the body 26 of the con-
tainer 20 and the first sensor 50 will be detected by the
first sensor 50, and from this it may be determined wheth-
er or not the container 20 is out-of-round by more than a
predetermined amount. It should be noted that the con-
struction and operation of the apparatus to rotate the con-
tainer 20 in FIG. 3 is of conventional design, and that it
may be used with another type of sensor (not shown here-
in) located at the same inspection station if desired.
[0050] Referring now to FIG. 4, part of a second type
of an inspection station used in a container manufactur-
ing system and having a second type of container rotation
drive for rotating containers is illustrated. A container 20
is shown to be resting on a conveyer 100 at the location
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of an inspection station. The container 20 is engaged by
two rollers 102 and 104 on the far side as shown in FIG.
4 and near its bottom. Two additional rollers 106 and 108
engage the container 20 near its top on the far side as
shown in FIG. 4 and near its bottom.
[0051] A drive roller 110 contacts the container 20 on
the side opposite its support by the rollers 102 and 104
at the bottom and the rollers 106 and the roller 108 at the
top (its front side as shown in FIG. 4). The drive roller
110 is driven by a drive mechanism 112 which is sup-
ported by support apparatus indicated generally by the
reference numeral 114. The first sensor 50 and the sec-
ond sensor 64 are integrally mounted in sensor mounting
boxes 116 and 118, which are supported adjacent to the
back of the conveyer 100 as shown in FIG. 4. This con-
figuration of the first sensor 50 and the sensor mounting
box 116, and the second sensor 64 and the sensor
mounting box 118, is a commercially available one-piece
flat pack sensor assembly from Hyde Park Electronics
LLC. The first sensor 50 is oriented toward the upper
portion of the body 26 of the container 20, and the second
sensor 64 is oriented toward the lower portion of the body
26 of the container 20. Both the first sensor 50 and the
second sensor 64 are located orthogonal to the surface
of the body 26 of the container 20.
[0052] It will be appreciated by those skilled in the art
that the drive roller 110 will cause the container 20 to
rotate between the drive roller 110 and the rollers 102
and 104 (at the bottom of the container 20) and the rollers
106 and 108 (at the top of the container 20). When the
container 20 is rotating, the distance between the upper
portion of the body 26 of the container 20 and the first
sensor 50 will be detected by the first sensor 50, the
distance between the lower portion of the body 26 of the
container 20 and the second sensor 64 will be detected
by the second sensor 64, and from this it may be deter-
mined whether or not the container 20 is out-of-round by
more than a predetermined amount. It should be noted
that the construction and operation of the apparatus to
rotate the container 20 in FIG. 4 is also of conventional
design, and that it may be used with another type of sen-
sor (not shown herein) located at the same inspection
station if desired.
[0053] Referring next to FIG. 5, an alternative mount-
ing system for the first sensor 50 and the second sensor
64 is illustrated. The objective of this mounting system
is to allow adjustment of the position of the first sensor
50 and the second sensor 64. The first sensor 50 is
mounted in a first sensor mounting box 120, and the sec-
ond sensor 64 is mounted in a second sensor mounting
box 122. The first sensor mounting box 120 and the sec-
ond sensor mounting box 122 are mounted on a panel
124 having foot members 126 and 128.
[0054] The foot members 126 and 128 are mounted
on a base member 130 in a manner allowing lateral ad-
justment of the panel 124 as well as the first sensor 50
and the second sensor 64. The panel 124 itself has mul-
tiple mount positions for the first sensor 50 and the sec-

ond sensor 64 to allow vertical position adjustment, and
placement of the base member 130 relative to the posi-
tion at which a container 20 will be located allows an
adjustment of the distance between the first sensor 50
and the second sensor 64 and the container 20 to be
checked. Such adjustments are shown schematically in
FIG. 5.
[0055] Referring finally to FIG. 6, the method of oper-
ation of the out-of-round detection system of the present
invention is described. The process begins with a proc-
ess initiation step 140. At this time, a container 20 (shown
in FIGS. 1 through 4) is brought into position for testing
by the out-of-round detection system of the present in-
vention in an inspection station (such as the ones shown
in FIGS. 3 and 4) in a move next container to test position
step 142. Next, the container 20 is engaged by the rota-
tion mechanism at the testing station (such as the rotation
mechanisms shown in FIGS. 3 and 4) in an engage con-
tainer with rotation mechanism step 144.
[0056] Following this step, the container 20 is rotated
by the rotation mechanism in a spin container step 146.
As mentioned above, the container 20 is typically rotated
approximately one and one-half rotations in order to en-
sure that the roundness of the entire container 20 is
checked. As the container 20 is rotated, the proximity
sensor(s) (which may be any one or more of the first
sensor 50, the second sensor 64, the third sensor 66,
and the fourth sensor 68) is (are) operated to continu-
ously monitor the distance between the sensor(s) and
the container 20 in an operate sensor(s) to detect bottle
surface position step 148.
[0057] As the sensor(s) monitor the distance between
the sensor(s) and the container 20, the sensor(s) contin-
uously provide an output indicating whether the distance
between the proximity sensor(s) and the container 20 is
within the desired tolerance or outside the desired toler-
ance in a provide output from sensor(s) step 150. Next,
if more than one sensor is used, the signals from the
sensors will be combined and conditioned in a combine
/ condition signal(s) from sensor(s) step 152 (which is
performed by the signal combiner / conditioner 54 shown
in FIG. 2). In this step, if there is more than one sensor
used, if any of the sensors indicate that the container 20
is outside the desired tolerance, the output of the combine
/ condition signal(s) from sensor(s) step 152 will indicate
that the container 20 is outside the desired tolerance. If,
on the other hand, only a single sensor is used, the output
of that sensor will be the output of the combine / condition
signal(s) from sensor(s) step 152, and only signal con-
ditioning will be provided therein.
[0058] The combined signal from the sensor(s) is mon-
itored in a monitor combined signal from sensor(s) step
154 (which is performed by the channel card 56 and the
control / processing system 58 shown in FIG. 2). The
control / processing system 58 will also make a determi-
nation as to whether the container is good based upon
the combined signal in an is the container good determi-
nation step 156. If it is determined that the container 20
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is good, the container 20 is allowed to move to finished
goods in a move container to finished product location
step 158, with the process then terminating in a process
termination step 160. If, on the other hand, it is deter-
mined in the is the container good determination step
156 that the container 20 is out-of-round and thus is de-
fective, the container 20 is discarded in a remove con-
tainer from production line to recycle step 162, with the
process then moving to the process termination step 160.
[0059] It may therefore be appreciated from the above
detailed description of the exemplary embodiments of
the present invention that it teaches a system and method
for inspecting containers in order to determine whether
or not they are out-of-round by more than a predeter-
mined amount. The out-of-round detection system of the
present invention is capable of making such a determi-
nation without physically contacting the containers, and
the determination is made both quickly and with a high
degree of accuracy. The out-of-round detection system
of the present invention is also capable of implementation
in a large scale container production facility.
[0060] The out-of-round detection system of the
present invention is adaptable to different types of con-
tainers that may be manufactured at different times in a
container production facility. The out-of-round detection
system of the present invention is adjustable in tolerance
to accommodate the inspection of different types of con-
tainers that have tighter or less stringent roundness re-
quirements. The out-of-round detection system of the
present invention is also capable of evaluating the round-
ness of different elements of containers.
[0061] The out-of-round detection system of the
present invention is of a construction which is both du-
rable and long lasting, and which will require little or no
maintenance to be provided by the user throughout its
operating lifetime. The out-of-round detection system of
the present invention is also of inexpensive construction
to enhance its market appeal and to thereby afford it the
broadest possible market. Finally, all of the aforesaid ad-
vantages and objectives of the out-of-round detection
system of the present invention are achieved without in-
curring any substantial relative disadvantage.
[0062] Although the foregoing description of the out-
of-round detection system of the present invention has
been shown and described with reference to particular
embodiments and applications thereof, it has been pre-
sented for purposes of illustration and description and is
not intended to be exhaustive or to limit the invention to
the particular embodiments and applications disclosed.
It will be apparent to those having ordinary skill in the art
that a number of changes, modifications, variations, or
alterations to the out-of-round detection system of the
present invention as described herein may be made,
none of which depart from the scope of the present in-
vention. The particular embodiments and applications
were chosen and described to provide the best illustration
of the principles of the out-of-round detection system of
the present invention and its practical application to

thereby enable one of ordinary skill in the art to utilize
the invention in various embodiments and with various
modifications as are suited to the particular use contem-
plated. All such changes, modifications, variations, and
alterations should therefore be seen as being within the
scope of the present invention as determined by the ap-
pended claims when interpreted in accordance with the
breadth to which they are fairly, legally, and equitably
entitled.

Claims

1. A system for automatically inspecting the roundness
of containers, comprising:

apparatus for rotating a container being inspect-
ed at an inspection station;
a first proximity sensor positioned at a fixed lo-
cation with respect to said inspection station for
sensing the distance between said first proximity
sensor and the container being inspected at the
inspection station while the container is rotated;
and
a first processor that processes the distance
sensed by said first proximity sensor and pro-
vides a first output signal that is indicative of
whether or not the distance sensed by said first
proximity sensor is within a first predetermined
range of distances.

2. A system as defined in Claim 1, wherein said appa-
ratus for rotating a container is operated to rotate a
container at least one revolution while said first prox-
imity sensor is sensing the distance between said
sensor and the container being inspected.

3. A system as defined in Claim 1 or 2, wherein said
apparatus for rotating the container comprises:

two pair of spaced-apart rollers for externally en-
gaging the container; and
a drive roller for engaging and rotating the con-
tainer while holding the container against said
two pair of spaced-apart rollers, thereby defining
an average axis of rotation as a function of the
geometry of the container and the spacing be-
tween said two pair of spaced-apart rollers and
said drive roller.

4. A system as defined in any preceding claim, wherein
said first proximity sensor comprises:

an ultrasonic proximity sensor.

5. A system as defined in any preceding claim, wherein
the container being inspected at the inspection sta-
tion is located a nominal distance X from said first
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proximity sensor, and wherein a tolerance Y from
perfect roundness is acceptable for the container,
and wherein said first predetermined range of dis-
tances comprises:

the range of distances between X-Y and X+Y.

6. A system as defined in Claim 5, wherein said first
processor provides a first output signal when the dis-
tance between said first proximity sensor and the
container is between X-Y and X+Y, and a different
second output signal when the distance between
said first proximity sensor and the container is either
less than X-Y or more than X+Y.

7. A system as defined in Claim 6, wherein said first
processor has a hysteresis function whereby any oc-
currence of a sensed distance between said first
proximity sensor and the container that is either less
than X-Y or more than X+Y must occur for a minimum
duration before said second output signal is provided
by said first processor.

8. A system as defined in any preceding claim, wherein
said first proximity sensor is located orthogonally
with respect to a surface of the container toward
which said first proximity sensor is oriented.

9. A system as defined in any preceding claim, wherein
the container has a shoulder located between a body
of the container and a neck of the container, and
wherein said first proximity sensor is oriented toward
the body or shoulder of the container, or toward at
least one raised embossed logo if provided on the
container.

10. A system as defined in any preceding claim, addi-
tionally comprising:

a programming device for removable connec-
tion to said first processor for programming said
first predetermined range of distances.

11. A system as defined in any preceding claim, addi-
tionally comprising:

a control processor, wherein, wherein said con-
trol processor operates said apparatus for rotat-
ing a container, and
an interface channel card for providing said first
output signal to said control processor;

wherein said control processor is capable of accept-
ing an output signal from another type of sensor in
addition to said first output signal.

12. A system as defined in any preceding claim, addi-
tionally comprising:

a second proximity sensor positioned at a fixed
location with respect to said inspection station
for sensing the distance between said second
proximity sensor and the container being in-
spected at the inspection station while the con-
tainer is rotated; and
a second processor that processes the distance
sensed by said second proximity sensor and
provides a second output signal that is indicative
of whether or not the distance sensed by said
second proximity sensor is within a second pre-
determined range of distances.

13. A system as defined in Claim 12, wherein said first
proximity sensor is oriented toward a first location
on the surface of the container and said second prox-
imity sensor is oriented toward a second location on
the surface of the container that is different from said
first location on the surface of the container.

14. A system as defined in Claim 12 or 13, additionally
comprising:

a signal combiner for combining said first output
signal and said second output signal, wherein
said signal combiner produces either a first sig-
nal combiner output signal or a second signal
combiner output signal, wherein said first signal
combiner output signal is indicative of the dis-
tance sensed by said first proximity sensor being
within the first predetermined range of distances
and the distance sensed by said second prox-
imity sensor being within the second predeter-
mined range of distances, and

wherein said second signal combiner output signal
is indicative of either the distance sensed by said
first proximity sensor not being within the first pre-
determined range of distances or the distance
sensed by said second proximity sensor not being
within the second predetermined range of distances.

15. A system as defined in Claim 12, 13 or 14, addition-
ally comprising:

at least one additional proximity sensor posi-
tioned at a fixed location with respect to said
inspection station for sensing the distance be-
tween said at least one additional proximity sen-
sor and the container being inspected at the in-
spection station while the container is rotated;
and
at least one additional processor that processes
the distance sensed by said at least one addi-
tional proximity sensor and provides at least one
additional output signal that is indicative of
whether or not the distance sensed by said at
least one additional proximity sensor is within at
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least one additional predetermined range of dis-
tances.

16. A method of automatically inspecting the roundness
of containers, comprising:

rotating a container being inspected at an in-
spection station;
sensing the distance between a proximity sen-
sor positioned at a fixed location with respect to
said inspection station and the container being
inspected at the inspection station while the con-
tainer is rotated; and
processing the distance sensed by said proxim-
ity sensor and for providing an output signal that
is indicative of whether or not the distance
sensed by said proximity sensor is within a pre-
determined range of distances.
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