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TITLE

METHODS AND SYSTEMS FOR COORDINATION OF ASEPTIC
STERILIZATION AND ASEPTIC PACKAGE FILLING RATE

BACKGROUND

[0001] The present disclosure relates generally to sterilization and package
filling. More specifically, the present disclosure relates to methods of coordination of
aseptic sterilization production rate with aseptic package filling rate. The methods and
systems include averaging level control schemes for automatically balancing
sterilization flowrate and package filling rate.

[0002] Packaging food may involve aseptic sterilization as well as aseptic
package filling. An aseptic sterilizer is a continuous flow process, whereas package
filling machines are discrete devices which stop routinely for a variety of reasons.
Stopping an aseptic sterilizer is an event which has significant operational and
economic consequences. It is necessary to manage the rate of aseptic sterilizer flow as
compared to package filling in order to prevent the aseptic sterilizer from needing to
stop.

[0003] Accordingly, it is desirable to actively manage the balance between the
sterilizer flow rate and aseptic package filling rate to reduce the risk of stoppage and to

allow additional time to repair or restart a stopped package filling machine.

SUMMARY

[0004] Methods of balancing a continuous product production flow rate and a
package filling rate are provided. In a general embodiment, the method includes
applying an averaging level control scheme to a food manufacturing process.

[0005] In an embodiment, the food manufacturing process comprises aseptic
sterilization of a food product. The aseptic sterilization may include an aseptic
sterilizer and a buffer tank. In an embodiment, only one buffer tank may be used.

[0006] In an embodiment, the food manufacturing process comprises package

filling. The package filling may be aseptic package filling.
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[0007] In an embodiment, the food manufacturing process comprises a speed
indicating controller. The speed indicating controller may control a flow rate of the
food product.

[0008] In an embodiment, the food manufacturing process comprises a level
indicating controller.

[0009] In an embodiment, the level of the food product in the buffer tank is
measured. The level may be measured by a characteristic of the food product selected
from the group consisting of weight, depth, volume, pressure, differential pressure, or
combinations therecof. In an embodiment, the level is measured by weight. The level
may also be measured through instrumentation methods selected from the group
consisting of ultrasonics, radar, load cells or combinations thereof. In an embodiment,
the level is measured through ultrasonics. In an embodiment, the level is measured
through load cells.

[0010] In an embodiment, the averaging level control scheme comprises
setting a target flow rate for continuous product production for the food manufacturing
process.

[0011] In an embodiment, the target flow rate is changed based on a package
filling rate.

[0012] In another embodiment, a method of balancing continuous food product
production with package filling is provided. The method includes setting a target flow
rate for a continuous food product production system comprising a buffer tank and a
controller, setting a maximum level for a product in the buffer tank, measuring the
level of the product in the buffer tank, and triggering the controller to lower the target
flow rate when the measured level rises above the set maximum level.

[0013] In an embodiment, the continuous food product production system
comprises a product supply tank.

[0014] In an embodiment, the continuous food product production system
comprises only one controller.

[0015] In an embodiment, the continuous food product production system
comprises only one buffer tank.

[0016] In an embodiment, the controller measures and controls a flow rate of

the continuous food product production.
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[0017] In an embodiment, the controller measures and controls the level of the
product in the buffer tank.

[0018] In an embodiment, the controller controls a pump that pumps a product
supply into the continuous food product production system. The pump may be a
variable speed pump.

[0019] In an embodiment, the maximum set level of the product in the buffer
tank is set at one-third full. It may be set at half full, or three-quarters full.

[0020] In an embodiment, the level of the product in the buffer tank is
measured. The level may be measured by a characteristic of the product selected from
the group consisting of weight, depth, volume, pressure, differential pressure, or
combinations therecof. In an embodiment, the level is measured by weight. The level
may also be measured through instrumentation methods selected from the group
consisting of ultrasonics, radar, load cells, or combinations thereof. In an embodiment,
the level is measured through ultrasonics. In an embodiment, the level is measured
through load cells.

[0021] In an embodiment, method further comprises using a level indicating
controller to trigger the controller to lower the target flow rate.

[0022] In an embodiment, the continuous food product production system
comprises aseptic sterilization.

[0023] In an embodiment, the package filling machine is an aseptic package
filling machine.

[0024] In an embodiment, the food product is a baby food product.

[0025] In another embodiment, a method of producing aseptically packaged
products is provided. The method includes aseptically sterilizing a product using a
sterilization system, filling packages with the product using a package filling machine,
and coordinating a rate of aseptic sterilization of the product with a rate of aseptic
package filling.

[0026] In an embodiment, the sterilization system comprises an aseptic
sterilizer and a buffer tank.

[0027] In an embodiment, the product is kept in a product supply tank prior to

entering the sterilization system.
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[0028] In an embodiment, the product is pumped out of the product supply
tank to the aseptic sterilizer using a variable speed pump.

[0029] In an embodiment, only one buffer tank is used.

[0030] In an embodiment, coordinating a rate of aseptic sterilization of the
product with a rate of aseptic package filling is done by using an averaging level
control scheme.

[0031] In an embodiment, the package filling machine is an aseptic package
filling machine.

[0032] In an embodiment, a target flow rate is set for the aseptic sterilization of
the product based on a product level in the buffer tank.

[0033] In an embodiment, the level of the product in the buffer tank is
measured. The level may be measured by a characteristic of the product selected from
the group consisting of weight, depth, volume, pressure, differential pressure, or
combinations therecof. In an embodiment, the level is measured by weight. The level
may also be measured through instrumentation methods selected from the group
consisting of ultrasonics, radar, load cells, or combinations thereof. In an embodiment,
the level is measured through ultrasonics. In an embodiment, the level is measured
through load cells.

[0034] In an embodiment, the product is a food product. The product may be a
baby food product.

[0035] In yet another embodiment, a method of controlling a target flow rate
for a sterile packaging system is provided. The method includes measuring a level of a
product in a buffer tank set between a sterilizer running at a set flow rate and a product
package filling machine, and causing the level of the product in the buffer tank to rise,
triggering a controller to lower the set flow rate for the sterilizer.

[0036] In an embodiment, the product is a food product. The product may be a
baby food product.

[0037] In an embodiment, the triggering of the controller to lower the set flow
rate for the sterilizer is caused by a signal from an indicator of the level of the product
in the buffer tank.

[0038] In an embodiment, the level of the product in the buffer tank is

measured. The level may be measured by a characteristic of the product selected from
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the group consisting of weight, depth, volume, pressure, differential pressure, or
combinations therecof. In an embodiment, the level is measured by weight. The level
may also be measured through instrumentation methods selected from the group
consisting of ultrasonics, radar, load cells, or combinations thereof. In an embodiment,
the level is measured through ultrasonics. In an embodiment, the level is measured
through load cells.

[0039] In an embodiment, the maximum level that the product in the buffer
tank can rise to before triggering a controller to lower the set flow rate is selected from
the group consisting of one-third full, half full, and three-quarters full.

[0040] In an embodiment, the method further comprises providing additional
time to repair or restart the product package filling machine.

[0041] In still yet another embodiment, a method of preventing aseptic
sterilizer stoppage during an aseptic package filling process is provided. The method
includes providing a product in a product supply tank, a speed indicating controller
placed relative to a pump, an aseptic sterilizer, a buffer tank, a level indicating
controller relative to the buffer tank, and a package filling machine. The method also
includes pumping the product from the product supply tank through the aseptic
sterilizer, the buffer tank, and into the package filling machine, measuring a product
supply flow rate from the product supply tank, measuring the product level in the
buffer tank, and adjusting a rate of flow of the product from the supply tank to the
aseptic sterilizer and buffer tank based on measurements of the product supply flow
rate and the product level in the buffer tank.

[0042] In an embodiment, the product is a food product. The product may be a
baby food product.

[0043] In an embodiment, the pump is a variable speed pump.

[0044] In an embodiment, only one buffer tank is provided.

[0045] In an embodiment, the product level in the buffer tank is measured.

[0046] In an embodiment, the product level in the buffer tank is measured and
controlled using the level indicating controller.

[0047] In an embodiment, the level of the product in the buffer tank is
measured. The level may be measured by a characteristic of the product selected from

the group consisting of weight, depth, volume, pressure, differential pressure, or
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combinations therecof. In an embodiment, the level is measured by weight. The level
may also be measured through instrumentation methods selected from the group
consisting of ultrasonics, radar, load cells, or combinations thereof. In an embodiment,
the level is measured through ultrasonics. In an embodiment, the level is measured
through load cells.

[0048] In an embodiment, the rate of flow of the product from the supply tank
to the aseptic sterilizer and buffer tank is measured and controlled by the speed
indicating controller.

[0049] In an embodiment, the speed indicating controller controls the speed of
the pump.

[0050] In an embodiment, the speed indicating controller receives a signal
from the level indicating controller.

[0051] In an embodiment, the level indicating controller signals the speed
indicating controller to lower the rate of flow of the product from the supply tank when
the level in the buffer tank rises above a set point.

[0052] In an embodiment, the set point is the product filling the buffer tank
over halfway full. It may be set at half full, or three-quarters full.

[0053] In an embodiment, the package filling machine stops and the aseptic
sterilizer continues to run.

[0054] In yet another embodiment, a food manufacturing system is provided.
The system includes a product supply, a machine for continuous product production
comprising a variable speed pump, a buffer tank, a level indicating controller that
measures product level in the buffer tank, a speed indicating controller responsive to
the level indicating controller, and a package filling machine that when stopped causes
the product level in the buffer tank to rise, causing the speed indicating controller to
change a speed of the variable speed pump.

[0055] In an embodiment, the product is a baby food product. The product
may be a pureed food.

[0056] In an embodiment, the system comprises a product supply tank.

[0057] In an embodiment, the continuous product production comprises aseptic

sterilization
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[0058] In an embodiment, the product level is measured by a characteristic of
the product selected from the group consisting of weight, depth, volume, pressure,
differential pressure, or combinations thereof. In an embodiment the product level is
measured by weight. The product level may also be measured through instrumentation
methods selected from the group consisting of ultrasonics, radar, load cells, or
combinations thercof. In an embodiment, the product level is measured through
ultrasonics. In an embodiment, the level is measured through load cells.

[0059] In an embodiment, the system comprises only one buffer tank.

[0060] In an embodiment, the level indicating controller signals the speed
indicating controller to lower the speed of the variable speed pump when the product
level in the buffer tank rises above a set point.

[0061] In an embodiment, the set point is the product level in the buffer tank
rising to half full. It may also be the product level in the buffer tank rising to one-third
full, or three-quarters full.

[0062] In an embodiment, the package filling machine can be stopped while
the aseptic sterilizer continues to run.

[0063] In an embodiment, a flow rate of the continuous product production is
coordinated with a rate of package filling.

[0064] In an embodiment, the system comprises an averaging level control
scheme.

[0065] An advantage of the present disclosure is to provide a method of
preventing stoppage of a continuous flow process.

[0066] Another advantage of the present disclosure is to prevent stoppage of an
aseptic sterilizer when a package filling machine stops.

[0067] Yet another advantage of the present disclosure is to provide additional
time for repair or restart of a package filling machine before it becomes necessary to
shut down an upstream aseptic sterilizer.

[0068] Still yet another advantage of the present disclosure is to prevent
significant operational and economic consequences from accruing due to a stoppage of

an aseptic sterilization or other continuous product production process.
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[0069] A yet further advantage of the present disclosure is to provide a
comparatively inexpensive method of maintaining continuous production or
sterilization even when package filling stops and restarts.

[0070] Additional features and advantages are described herein, and will be

apparent from the following Detailed Description and Figure.

BRIEF DESCRIPTION OF THE FIGURE

[0071] Fig. 1 illustrates a schematic representation of the averaging level
control scheme for coordinating aseptic sterilization with aseptic package filling in

accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[T ITS
a

[0072] As used herein, the singular forms an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a polypeptide” includes a mixture of two or more polypeptides and the like.

[0073] As used herein, “about” is understood to refer to numbers in a range of
numerals. Moreover, all numerical ranges herein should be understood to include all
integer, whole or fractions, within the range.

[0074] Food manufacturing processes often include sterilization processes of
the food product. These processes include aseptic sterilization before filling a food
product into aseptic packaging. The skilled artisan will appreciate that sterilization
processes may occur at various points throughout a food manufacturing process.

[0075] Sterilization is necessary for a variety of reasons. For example, in order
to produce high-quality, safe, shelf-stable foods, the foods must be sterilized prior to
packaging (e.g., ultra-high temperature/aseptic processes, in-container sterilization,
etc.). The product should be properly sterilized to make sure that it is safe for
consumption, but, at the same time, it should not be over-cooked or over-processed.
Proper sterilization is thus an important step in the food manufacturing process.

[0076] Aseptic sterilization uses an aseptic sterilizer in a continuous flow
process. Stopping an aseptic sterilizer during food production has serious adverse

effects, including both operational and economic consequences. The skilled artisan
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will appreciate that this is because sterility must be maintained and/or reconfirmed
before the sterilizer can again start producing usable product. This could require a
sterile water flush, hot water sterilization, steam sterilization, or a complete clean-in-
place cycle. All these options would cause a loss of hours of production time, costing
the manufacturer time, labor, and money.

[0077] Aseptic sterilization occurs before food products are deposited into
packages. Package filling machines, unlike aseptic sterilizers, are not continuous flow
processes and instead are discrete devices that stop routinely for a variety of reasons.
When these machines stop, a backup in production will occur, forcing the aseptic
sterilizer to stop as well. To prevent the aseptic sterilizer or other continuous
production from stoppage, typically there is a sterile product buffer tank located
between the sterilizer and the filling machine to allow the sterilizer to operate for some
time while the filling machine is stopped. However, the use of a buffer tank does not
solve the problem entirely. If the stoppage of the package filling machine is of a long
enough duration, the buffer tanks fills and the sterilizer will still be forced to stop.

[0078] Some manufacturers may use a series of buffer tanks to help mitigate
the issue. The use of multiple buffer tanks may not be the most effective solution, as
the same overfilling issue could occur with multiple buffer tanks. Also, purchasing
multiple tanks is both redundant and expensive. Applicant has surprisingly discovered
instead that an averaging level control scheme may be applied to aseptic sterilization
and package filling in a food manufacturing process. The control scheme is able to
coordinate aseptic sterilization production rate with aseptic package filling rate.
Averaging level control schemes of any type have not been applied to continuous food
product production involving aseptic sterilization as the typical processing line is
designed for only a few products and is relatively inflexible due to a lack of
instrumentation required to implement the control scheme. The presently disclosed
methods provide a cheaper and more efficient alternative than a multiple buffer tank
system and are adaptable to continuous food product production involving aseptic
sterilization.

[0079] The skilled artisan will appreciate that the present disclosure may be
applied to other continuous product productions paired with package filling. This

control concept applies to any food manufacturing process that uses a buffer tank to
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balance continuous product production with package filling. In an embodiment, the
control scheme is applied to aseptic sterilization and aseptic food packaging.

[0080] In an embodiment, the averaging level control scheme is applied to
food manufacturing process that includes an aseptic sterilization process and an aseptic
package filling process. In an embodiment, a product supply tank is employed. From
the product supply tank, food product is pumped into an aseptic sterilizer. The pump
is capable of operation at variable speed, able to send product quickly or slowly into
the aseptic sterilizer. A speed indicating controller is also used to measure and
respond the flow of the product into the aseptic sterilizer. The skilled artisan will
appreciate that the controller can change the pump speed; varying the rate that product
flows into the sterilizer.

[0081] In an embodiment, the speed indicating controller receives a signal
from a level indicating controller, which acts as an averaging control on the system.
The level indicating controller measures and responds to the level of the product in a
buffer tank that is placed between the aseptic sterilizer and a package filling machine
in an embodiment of the present disclosure.

[0082] As part of the averaging level control scheme, the target flow rate for
the aseptic sterilizer is set based on the sterile product level in the buffer tank between
the sterilizer and the package filling machine. Under normal conditions, the level in
the buffer tank is approximately half full. If the filling machine stops, the level in the
tank will rise. The level indicating controller will then signal the speed indicating
controller to lower the target flow rate. The speed indicating controller then lowers the
target flow rate for the sterilizer allowing more time to restart the filling machine.

[0083] The skilled artisan will appreciate that one controller may be used in the
scheme, or more than one controller. If one controller is used, it may perform multiple
functions. If multiple controllers are used, the controllers may be capable of signaling
each other to perform different functions. In an embodiment, two controllers are used
as part of averaging level control scheme.

[0084] In an embodiment, the buffer tank has a set point level for the volume
of sterilized product that may be in the tank. If the level of the sterilized product in the
tank rises above the set point level, the rise will trigger a controller to lower the flow

rate of product into the aseptic sterilizer, in order to prevent the aseptic sterilizer from
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being forced to stop. The skilled artisan will appreciate that the set point that triggers
the lowering of the target product flow rate may be set at any level that prevents
overflow of the product in the buffer tank and the shutting down of the aseptic
sterilizer. In an embodiment, the set point level is when the buffer tank is half full of
the sterilized product. In an embodiment, the set point level is when the buffer tank is
three-quarters full. In an embodiment, the set point level is when the buffer tank is
one-third full.

[0085] The skilled artisan will appreciate that the level of the buffer tank can
be measured in various ways such as weight, depth, differential pressure, ultrasonics,
radar, load cells, or other instrumentation methods. In an embodiment, the level of the
sterilized product in the buffer tank is measured by weight. In another, it is measured
by differential pressure. In another embodiment, the level is measured by ultrasonics.
In a further embodiment, the level is measured through load cells.

[0086] In an embodiment, the package filling machine employed as part of the
food manufacturing process may need to stop for a variety of reasons. The machine
may need repair, or it may need cleaning, or replacement of packaging material, or a
multitude of other reasons that will be known to a skilled artisan. The averaging level
control scheme actively manages the working volume in the buffer tank to allow more
time for the sterilizer to continue operating while the filling machine is restarted.

[0087] The averaging level control scheme acts to automatically balance the
production or sterilization flow rate with the package filling rate. The averaging level
control scheme actively manages the balance between the aseptic sterilizer flow and
package filling rates to allow more time to repair or restart a stopped filling machine.

[0088] The skilled artisan will appreciate that the methods and systems are not
restricted to a certain type of food. Any appropriate food product may be
manufactured using an averaging level control scheme to balance the rates of the
continuous flow processes with steps that require occasional stoppage. In an
embodiment, the methods and systems are applied to the manufacture of baby food.
The method may be used for whole foods or pureed foods or otherwise prepared foods.
The methods may also be used for food for adults. The methods may be extended
beyond pure food products as well. In an embodiment, the methods and processes are

employed by pharmaceutical or nutraceutical manufacturers as well.
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[0089] By way of example and not limitation, the following example is
illustrative of an embodiment of the present disclosure. The formulations and
processes below are provided for exemplification only, and they can be modified by
the skilled artisan to the necessary extent, depending on the special features that are
desired.

[0090] Fig. 1 illustrates a schematic manufacturing line, demonstrating the
implementation of the averaging level control scheme incorporated into the food
manufacturing process.

[0091] As illustrated in Fig. 1, in an embodiment, the methods include a food
manufacturing system including an aseptic sterilization process. The aseptic
sterilization process uses an aseptic sterilizer and is a continuous flow process. The
food product is initially placed in a product supply tank and subsequently pumped into
the aseptic sterilizer. The pump is capable of acting at variable speeds, set and
measured by a speed indicating controller. The speed indicating controller is part of an
averaging level control scheme to prevent the aseptic sterilizer from forced stoppage
due to stoppage of a package filling machine.

[0092] As seen in Fig. 1, a buffer tank is set between the continuous flow
aseptic sterilizer and the package filling machine. The buffer tank has a set point with
a level indicating controller that is triggered when product level in the buffer tank rises
above the set point. This occurs, for example, if the package filling machine stops,
generating a backlog in the process. In that case, the level indicating controller signals
the speed indicating controller to slow the pump speed and thus the flow rate of the
aseptic sterilization process, averaging out the system speed and preventing a need to
shut down the aseptic sterilizer merely because of a stoppage of the package filling
machine.

[0093] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled in
the art. Such changes and modifications can be made without departing from the spirit
and scope of the present subject matter and without diminishing its intended
advantages. It is therefore intended that such changes and modifications be covered by

the appended claims.
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CLAIMS
The invention is claimed as follows:

1. A method of balancing a continuous product production flow rate with a
package filling rate, the method comprising:

applying an averaging level control scheme to a food manufacturing process.

2. The method according to Claim 1, wherein the food manufacturing process

comprises aseptic sterilization of a food product.

3.  The method according to Claim 1 or Claim 2, wherein the food

manufacturing process comprises package filling.

4. The method according to Claim 3, wherein the package filling is aseptic

package filling.

5. The method according to any one of Claims 1 to Claim 4, wherein the food

manufacturing process comprises a speed indicating controller.

6.  The method according to Claim 5, wherein the speed indicating controller

controls a flow rate of the food product.

7. The method according to any one of Claims 1 to Claim 6, wherein the food
manufacturing process comprises a buffer tank and a level indicating
controller, wherein the level of the food product in the buffer tank is

measured.

8. The method according to Claim 7, wherein the level is measured by a
characteristic of the food product selected from the group consisting of
weight, depth, volume, pressure, differential pressure, and combinations

thereof.

13
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10.

11.

12.

13.

14.

15.

The method according to Claim 7, wherein the level is measured through
instrumentation methods selected from the group consisting of ultrasonics,

radar, load cells, and combinations thercof.

The method according to any one of Claims 1 to Claim 9, wherein the
averaging level control scheme comprises setting a target flow rate for

continuous product production for the food manufacturing process.

The method according to Claim 10, wherein the target flow rate is changed

based on a package filling rate.

The method according to Claim 1, wherein the averaging level control
scheme comprises:

setting a target flow rate for a continuous food product production system
comprising a buffer tank and a controller;

setting a maximum level for a product in the buffer tank;

measuring a level of the product in the buffer tank; and

triggering the controller to lower the target flow rate when the measured level

rises above the set maximum level.

The method according to Claims 12, wherein the controller controls a pump
that pumps a product supply into the continuous food product production

system.

The method according to Claims 12, wherein the controller controls a
variable speed pump that pumps a product supply into the continuous food

product production system.

The method according to Claim 1, wherein the averaging level control
scheme comprises: aseptically sterilizing a product using a sterilization
system;

filling packages with the product using a package filling machine; and

14
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16.

17.

18.

19.

20.

coordinating a rate of aseptic sterilization of the product with a rate of aseptic

package filling.

The method according to any one of Claims 1 to Claim 15, wherein the

product is a baby food product.

The method according to any one of Claims 1 to Claim 15, wherein the

product is a pureed food.

The method according to Claim 1, wherein the method prevents aseptic
sterilizer stoppage during an aseptic package filling process by adjusting a
rate of flow of the product from at least one supply tank to at least one
aseptic sterilizer and at least one buffer tank based on measurements of a

product supply flow rate and a product level in the at least one buffer tank.

A food manufacturing system comprising:

a product supply;

a machine for continuous product production comprising a variable speed
pump;

a buffer tank;

a level indicating controller that measures product level in the buffer tank;

a speed indicating controller responsive to the level indicating controller; and
a package filling machine that when stopped causes the product level in the
buffer tank to rise, causing the speed indicating controller to change a speed

of the variable speed pump.

The food manufacturing system according to Claim 19, comprising a method
of balancing a continuous product production flow rate with a package filling
rate selected from the group consisting of those claimed in Claim 1 to Claim

18.
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