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EXTRUSION APPARATUS AND METHOD

Backeground of the Invention--Field of the Invention

This invention relates to manufacture of plastic products in continuous shapes
and specifically to extrusion apparatus and to methods for controlling extrusion of plastic
materials into continuous plastic shapes, especially multilayer plastic shapes.

Background of the Invention--Description of the Prior Art

Extrusion is a process for producing continuous plastic shapes and is used to
make plastic pipe, flat plastic sheet, plastic film and other shapes often referred to as
"profiles”. Extruded plastic products may consist of a single layer of plastic or multiple
plastic layers.

One familiar product made by extrusion is the plastic beverage cup. The
product is formed into the cup shape from a continuously extruded flat sheet of plastic
material. Typically, the cup is made by vacuum forming the extruded flat plastic sheet into
cup shapes and then die cutting the cup shapes from the extruded sheet, preferably in a
continuous process.

To reduce cost of raw plastic material used in manufacturing each cup, it is
advantageous to make the plastic sheet, from which the cups are vacuum formed, using as
much reprocessed, reclaimed, off-color, off-specification or other low cost plastic material as
possible, as contrasted to more expensive virgin plastic resin material.

However, government regulations and private industry standards require that
only virgin plastic resin material be used on cup inside surfaces which contact food and
beverages contained in the cup for human consumption. Hence, these government

regulations and private industry standards weigh against manufacture of cups entirely from
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lower cost material which has been reprocessed or reclaimed, 1s off-color, is off-specification,
ete.

Color is an important factor for consumer acceptance. Coloring agents and
colored plastic are even more expensive than virgin plastic resin material. Hence, making a
colored cup which is attractive to consumers is more expensive than manufacturing an
uncolored cup from previously reprocessed or reclaimed plastic material. A cup made
entirely from previously reprocessed or reclaimed plastic material, with no coloring,
aesthetically would be most unattractive.

As the foregoing illustrates, there is a need to produce plastic sheet using low
cost materials but nevertheless complying with government regulations and private industry
standards, and having high quality color so as to be attractive to consumers.

While this discussion concerns plastic cups, the same competing
considerations, namely using low cost plastic resin material, meeting requirements of
government regulations and private industry standards, and having high consumer
attractiveness, apply to many plastic products.

A compromise solution has been to manufacture plastic sheet, from which
cups and other products may be formed, in muitiple layers, typically three layers, with each
layer addressing one of the competing considerations. For example, in the case of plastic
cups the inner layer of the cup defining the cup inner surface which contacts the food or
beverage is manufactured from food grade virgin plastic resin and hence is quite expensive.
The outer layer of the sheet is made in a bright, attractive color, typically brilliant red, blue or
green, and is also quite expensive. The middle layer of the sheet, constituting the majority of
the sheet and hence the majority of the cup or other product formed from the sheet, is made
from reprocessed, reclaimed or other low cost plastic material. Thus, typical three layer

plastic sheets used to manufacture such cups have the inner and outer layers respectively
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made from food grade virgin plastic resin material and from brilliantly colored plastic
material, with each layer constituting about fifteen percent (15%) of total sheet weight. The
middie layer formed from lower cost previously molded or extruded, reprocessed or
reclaimed plastic material constitutes about seventy percent (70%) of the sheet weight and
hence about seventy percent (70%) of the finished plastic cup or other product.

To produce such multilayer sheets, for example sheets of three layers, three
extruders are used, arranged so that resin materials separately plasticized by each of the three
extruders are fed separately into a common sheeting die. The die forms the sheet product in
layers with plasticized material from a first extruder providing the top layer of the sheet,
plasticized material from a second extruder providing the middle layer of the sheet and
plasticized material from a third extruder providing the bottom layer of the sheet. Extruder
speeds are periodically adjusted in an attempt to produce desired layer thickness and hence
the desired percentages of (i) food grade virgin material, (ii) previously molded or extruded,
reprocessed or reclaimed plastic material, and (iii) brilliantly colored plastic material.

It is difficult to precisely maintain the desired percentages of each layer in the
final sheet product as the product emerges from the sheeting die.

Since the layers cannot be weighed individually, the only two ways to
determine the percentage of material in each layer are by carefully measuring the layer cross-
section under a microscope or by measuring rates of consumption of the respective raw
plastic resin materials which are fed by the extruders to the sheeting die to produce each
layer. Measuring cross section of the typically very thin layers requires using a microscope
and is too time consuming and disruptive of the manufacturing process. Accordingly,
measuring and regulating consumption rate of plastic resin material by the extruder is the

only practical method to control layer weight percentage in plastic multilayer sheet.



WO 00/59708 PCT/US00/09051

The traditional way of performing extrusion control does not involve a batch
blender. Traditionally, extrusion control is effectuated by supplying material to the extruder
screen at a continuous variable rate and monitoring the rate of loss of material from the
supply hopper via which the material is supplied.

Use of the term "feedback" in the context of extrusion control, which usage is
conventional in extrusion industry parlance, maybe somewhat misleading. Conventionally,
the term "feedback" denotes use of some parameter or data measured at the output or end of a
process to regulate, control or adjust some parameter at the input or beginning of a process, to
optimize the operation of the process to produce a desired result. However, in conventional
extrusion control, no data are collected or parameters measured at the output end of the
extruder screw or the outlet from the extruder die where the finished product emerges, and no
such data or parameter measurements are furnished to or used to control the gravimetric
blender or other single component weighing device to regulate the amount of material and/or
the rate of supply thereof to the extruder screw.

This most popular form of such control for plastic extruders is sometimes
referred to as "weight loss feedback”. In a "weight loss feedback" system, a hopper above the
extruder includes an associated load cell and supplies the extruder with plastic resin material
to be plasticized. Weight of the hopper, which is representative of the amount of material
remaining in the hopper, is continuously monitored by the load cell. This continuous weight
data, which reflects consumption of material in the hopper and hence gives rise to the term
"weight loss feedback", is used to control extruder speed based on such "feedback."

Gravimetric blenders or other single component weighing devices, when
mounted on the feed throat of an extruder, are less frequently been used to measure by weight

and to record exact amounts of plastic resin material consumed by the extruder. This
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information is then used by human operators to manually adjust extruder speed and hence
extrusion output.

It is also known to control such gravimetric blenders or single component
weighing devices providing plastic material to an extruder.

This second and less frequently used form of control for plastic extruders is
"batch process feedback". In a "batch process feedback" system, the weight of a batch of
material provided to the extruder and the time for the batch to be completely consumed by the
extruder are both measured. Conventional practice is to divide the measured weight by the
measured time to determine a rate of material consumption by the extruder. The amount of
material consumed by the extruder during the given time is then compared to the desired
specification and extruder speed is adjusted according to the comparison.

Such batch process feeding of extruders is less common and has a
disadvantage as compared to weight loss-based systems for feeding extruders--batch process
feeding supplies updated information for correction of extruder speed only once while a batch
is fed, which is typically every one or two minutes.

Gravimetric blenders have become very widely used in plastics industries.
Gravimetric blenders are primarily used in the plastic extrusion industry to supply an
accurately formulated blend of rﬁaterials to an extruder screw. The above-described
disadvantage of batch process feeding notwithstanding, the small incremental expense
associated with using a gravimetric blender (which may already be present in the
manufacturing facility to formulate and blend the resin material being supplied to the
extrusion screw) to additionally provide data for use in controlling speed of an extruder
supplied with plastic resin material by the gravimetric blender, has popularized such batch

process feeding for extruders.



WO 00/59708 PCT/US00/09051

To achieve reliable control of an extruder, it is important to know the rate of
extrusion to a very high degree of certainty and to maintain the speed of the extruder without
variation. Extruder speed should be adjusted only when a sufficient error in extruder output
rate has occurred to warrant a change.

Extruder throughput rate is determined by (i) batch weight and (i1) batch
consumption time. Using a gravimetric blender, batch weight can be measured accurately, to
within a gram or even a fraction of a gram. Accurate batch consumption time is not as easily
measured.

Determination of batch consumption time conventionally depends on
measuring time elapsing from when material falls below the level of a material level sensor,
thereby marking the commencement of feeding of that batch, until the next batch of material
falls below the level of the material sensor. Since exposing the resin material level sensor
commences the timing, determining when the sensor is exposed is critical to achieving
accurate resin material consumption measurements and hence adequate extruder speed
control.

Many factors can interfere with determining when a resin material level sensor
is exposed. The granular plastic resin material does not always flow away from the sensor
uniformly. A rotating mixing blade may come to rest in different positions at the end of each
mix cycle, creating differences in the manner in which the resin material accumulates in a
mix chamber where the level sensor is located.

Efforts to solve this problem heretofore have focused primarily on mechanical
design of the mix chamber and positioning of the resin material level sensor. One approach
has been to use a second mix/material storage chamber, below the gravimetric blender, with
the second mix/resin material storage chamber being of a design allowing resin material to

flow downwardly more evenly. In this approach, a separate resin material level sensor has
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been used in the second chamber to measure more accurately the presumably repeatable
material fill time and hence a repeatable cycle time.

Known attempts to achieve smooth control of extruder feeding using software
have recognized that measuring time consumption of resin material batches using the known
and conventional approaches as outlined above is less than precise and have focused on
various averaging techniques.

One prior art practice, is to average data from ten batches of resin material
most recently supplied to the extruder. With this approach, errors are also averaged. Hence
the "error" the system seeks to eliminate by adjustment is reduced to one-tenth (1/10) of the
actual largest error associated with a single batch. Since the error the system uses for
adjustment is only one tenth of actual error for a given batch, any problem extant in the
extrusion process may require consumption of ten batches before the error, and the problem
associated with the error, fully manifest themselves. Accordingly, averaging is not a
particularly good approach. Nevertheless averaging has been used heretofore.

In manufacture of film for shrink wrapping, typically a three-layer film may
be fabricated. The film specification may call for three-layer sheet to be produced having a
given thickness with twenty percent (20%) of the thickness defined by the two outer layers
and sixty percent (60%) of the thickness defined by the interior layer. Typically such shrink
wrap films may be produced at a rate of thirteen hundred pounds (1300 1bs.) of resin material
per hour. Techniques used heretofore to control film thickness involve regulation of extruder
motor speed as outlined above and regulation of speed of the take-off rolls receiving the
extruder output. Periodically the thickness of the extruded film is measured. If the film
thickness is too great, extruder motor speed is reduced. In that regard it should be noted that

extruder die size does not control film thickness, speed of the motor driving the extruder
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screw and/or speed of the rolls taking up the film as the film emerges from the extrusion die
regulate thickness of the film.

A continuing problem in the industry is use of excess material to fabricate a
given film. For example, if a continuous extrusion process uses thirteen hundred pounds per
hour (1300lbs/hr) of resin material, the resin material costs one dollar ($1.00) per pound and
the process operates six thousand (6,000) hours per year, cost of material for the extrusion
process for one year is eight million dollars ($8,000,000.00). A three percent material feed
error, which is typical in conventional extrusion equipment, amounts to a loss of two hundred
and forty thousand dollars ($240,000.00) per year through use of excess material.

Summary of the Invention

In one of its aspects, this invention provides a method for controlling batch
feeding operation of an extruder. The preferred practice of the method establishes a target
extrusion rate for a given product to be extruded. The method then uses the target extrusion
rate to compute the mass of the extruded product desired to be produced in a given time
interval. The method then proceeds to numerically accumulate the weight of batches of
material which are supplied successively to a given extruder. The method then numerically
accumulates time for the successively supplied batches to be extruded into actual product.
The method then compares the computed mass of the extruded product desired to be
produced to the numerically accumulated weight of batches of material which were supplied
successively to the extruder and were used to form the actual product. Finally, the method
adjusts motor speed of the extruder if, but only if, the computed mass of material desired to
be extruded into the product differs by more than a preselected amount from the numerically
accumulated weight of material batches which were actually extruded into the product.

In yet of another of its aspects, this invention provides apparatus for extruding

multilayer plastic sheet where the apparatus includes a plurality of extruder screws with each



WO 00/59708 PCT/US00/09051

extruder screw including an associated drive motor. The apparatus further includes a feed
block connected to the plurality of extruder screws for receiving respective streams of
material plasticized by the extruder screws and providing those streams to a sheeting die.
The sheeting die combines the streams and dispenses the combined streams as a multilayer
sheet produced by the apparatus. The apparatus further includes a plurality of means for
providing successive batches of plastic resin material to respective ones of the extruder
screws for measuring weight of each batch. The apparatus still yet further includes means for
accumulating numerical values of the batch weight separately for each of the extruder screws
and separately comparing the separately accumulated numerical values for selected time
spans to design values for a particular multilayer sheet being extruded and adjusting motor
speeds for the separate extruder screws as necessary according to the results of the
comparisons.

In yet in another one of its aspects, this invention provides apparatus for
extruding a multilayer plastic sheet where the apparatus includes a plurality of extruder
screws each including an associated drive motor, a feed block connected to the plurality of
screws for receiving separate streams of material plasticized by the screws and providing
those streams to a sheeting die with the sheeting die combining the streams and dispensing
the combined streams as a multilayer sheet. In this aspect, the apparatus further comprises at
least one gravimetric blender connected to the one of the extruders for providing successive
batches of plastic resin material to the connected extruder screw. The gravimetric blender
includes a frame, a hopper supported by the frame, a weigh bin connected to the frame
beneath the hopper, means for selectively releasing plastic resin material in the hopper for
downward flow therefrom into the weigh bin, means connected to the frame for sensing the
weight of the weigh bin and any plastic resin material contained therewithin, a mix chamber

below the bin connected to the frame, and including mixing means therewithin, means for
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selectively releasing plastic resin material in the weigh bin downwardly into the mix chamber
and means for accumulating numerical values of the batch weights of plastic resin material
furnished to the connected extruder screws, comparing the accumulated numerical values for
a selected time span to a design value for a particular multilayer sheet being extruded and
adjusting motor speed for the extruder screw as necessary according to the result of the
comparison.

In this aspect, the apparatus may further include means for sensing level of
plastic resin material in the mix chamber and means for releasing plastic resin material from
the weigh bin upon level of plastic resin material in the mix chamber falling below the
sensing means.

In this aspect of the invention the apparatus may further embody a digital to
analog converter for converting a signal provided by the extruder motor speed adjusting
means from digital form to analog form for speed control of the motor.

In yet in another of its aspects, this invention embraces apparatus for extruding
a multilayer plastic sheet with the apparatus includes a plurality of extruder screws with each
extruder screw including an associated drive motor. The apparatus further embraces a feed
block connected to the plurality of extruder screws for receiving respective streams for
material plasticized thereby and providing the streams to a sheeting die for combining the
streams and dispensing the combined streams as a multilayer sheet. The apparatus yet further
includes a gravimetric blender connected to one of the extruder screws for providing
successive batches of resin material to the connected extruder screws where the gravimetric
blender includes a frame, a hopper supported by the frame, a weigh bin beneath the hopper, a
pneumatically actuated slide gate for selectively releasing plastic resin material in the hopper
for downward flow for material therefrom into the weigh bin and a load cell connected to the

frame for sensing weight of the bin and any plastic resin material contained therein. The

-10-



WO 00/59708 PCT/US00/09051

gravimetric blender preferably further comprises a mix chamber below the weigh bin
connected to the frame with a mix chamber including a mixing agitator therewithin driven by
a mix agitator drive motor. Preferably, the mix chamber further includes a sensor for
indicating a level of plastic resin material in the mix chamber being above or below a pre-
selected position. In this aspect of the convention, the gravimetric blender further includes a
pneumatically controlled piston-cylinder combination for selectably releasing the resin
material in the weigh bin downwardly into the mix chamber.

The gravimetric blender also includes a microprocessor which actuates the
slide gate to replenish plastic resin material in the mixed chamber from the weigh bin and the
hopper upon level of plastic resin material in the mix chamber falling below the pre-selected
position. The microprocessor further serves to accumulate numerical values of the batch
weights of material furnished to the connected extruder screw and yet further compares the
accumulated numerical values of the batch weights for a selected time span to a design value
for a particular multilayer sheet being extruded and provides a digital output signal indicative
of the desired extruder screw speed computed to achieve the design value. In this aspect, the
apparatus of the invention further includes a digital to analog converter for converting the
digital output signal supplied by the microprocessor into a DC analog signal for input to the
extruder screw motor, to adjust extruder screw motor speed for the extruder screw according
to results of the comparison performed by the microprocessor.

Brief Description of the Drawings

Figure 1 is a schematic drawing depicting a system of three extruders with
associated gravimetric blenders for producing a three layer plastic sheet, in accordance with
the best mode known for practicing invention.

Figure 2 is a partially broken schematic view of one of the gravimetric

blenders illustrated in Figure 1.
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Figure 3 is a flow chart depicting practice of the method aspect of the

invention.

Description of the Preferred Embodiments
and Best Mode Known for Practicing the Invention

Referring to the drawings in general and to Figure | in particular, this drawing
illustrates three extruders where each extruder is designated generally 112. A gravimetric
blender is associated with each of the extruders 112, where each gravimetric blender is
designated generally 10.

Each extruder has a drive motor, where the motors are all designated 114.
Each of the three extruders 112 receives granular plastic resin material from the associated
gravimetric blender 10. Rotation of a screw, illustrated schematically within each extruder
but not numbered, by an extruder drive motor 114 serves to plasticize the plastic resin
material within the extruder housing, also not numbered, as the screw rotates. Rotation of the
screw not only plasticizes the granular resin material into plastic form, it urges the plastic
resin material out of the narrow discharge opening at the end of the extruder screw housing
where the plastic resin material from the three extruders 112 travels via conduits, each of
which is designated generally 122 in Figure 1, to a die 116. Within the die, which is
sometimes referred to as a sheeting die, the three components of plasticized resin material
received from each of the three extruders 112 are combined into a three layer extruded sheet
designated generally 118.

Each of the extruder drive motors 114 is connected to a microprocessor
depicted schematically and designated 34, which is a part of the associated gravimetric
blender 10, via a control line 124. Control, specifically speed regulation, of each drive motor
114 for each extruder 112 is achieved by the associated microprocessor 34. Digital output

signal from a microprocessor 34 is converted to analog form by a digital to analog converter
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60 prior to input to extrusion screw motor 114. Typically the signal furnished as input to
control the extrusion screw motor is between zero and ten volts.

Each extruder 112 includes a surge hopper 132 which receives downwardly
discharged plastic resin material from gravimetric blender 10. Within each surge hopper 132,
preferably proximate the upper portion thereof, but preferably below a mix agitator portion of
the associated gravimetric blender, is a plastic resin material level sensor depicted
schematically in Figure 1 and designated 134.

Material level signal supplied by each plastic resin material level sensor 134
1s furnished to the associated microprocessor 34 via suitable connections not illustrated in the
drawings.

When a microprocessor 34 receives a signal from plastic resin material level
sensor 134 indicating that plastic resin material in the associated surge hopper has fallen
below the level of sensor 134, microprocessor 34 actuates gravimetric blender 10 to supply
one or more batches of plastic resin material to surge hopper 132 to cause the plastic resin
material level in surge hopper 132 to rise above the level of sensor 134.

Figure 2 depicts details of one of the gravimetric blenders 10 mounted on
extruders 112 1n Figure 1. In Figure 2 the gravimetric blender is again designated generally
10 and includes a hopper, designated generally 12, supported by a frame designated generally
14 which holds a weigh bin 15 into which portions of plastic resin material can be metered
and weighed prior to release into a mix chamber as described below.

Frame 14 preferably includes upstanding members, which are preferably steel
angle iron and are identified 30, with two of upstanding members 30 being illustrated in
Figure 3. Frame 14 preferably further includes webs connecting upstanding members 30
together to provide rigidity for frame 14; these webs have not been illustrated in the

drawings.
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Hopper 12 preferably has multiple internal compartments so that a plurality of
different preferably solid plastic resin materials may be dispensed from hopper 12 into weigh
bin 15 by suitable slide gates, designated generally 19, located at the bottom of a given
compartment of hopper 12.

Gravimetric blender 10 may further include pneumatically actuated piston
means 21, housed within cylinders 17, which are connected with hopper 12 via slide gates 19.
Piston means 21 operate in response to signals to move slide gates 19 thereby to release
material stored within hopper 12 downwardly into weigh bin 15. The pneumatic piston-
cylinder actuated slide gate combinations are designated generally 18 in Figure 2.

Alternatively, one or more auger feeders may be used in lieu of one or more
slide gates dispensing material from one or more portions of hopper 12. Auger feeders
desirably may be used for components which are added at a rate of five percent (5%) or less
by weight to the resulting blend to be mixed by the gravimetric blender and then extruded by
the extruder and supplied as one component to the sheeting die. Auger feeders add to the
cycle time for each batch and reduce overall throughput rates. Hence, auger feeders are
desirably used only for addition of low percentage components to be mixed and subsequently
provided to the associated extruder 112.

Positioned within and retained in place by frame 14 below weigh bin 15 is a
mix chamber 20 having a mixing means which is preferably in the form of a mixing agitator
22 rotatably disposed therewithin. Agitator 22 is preferably mounted for rotation about an
axis 24 preferably shared with a mixing agitator drive motor 26. Drive motor 26 is preferably
supported by a cantilevered support, which has not been illustrated in the drawing for clarity,
extending laterally from an upstanding member 30 of frame 14.

Weight of plastic resin in weigh bin 15 is sensed by one or more load cells 32

which are interposed between weigh bin 15 and frame 14 and which are preferably connected
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to a microprocessor 34 which regulates operation of gravimetric blender 10 through electrical
connection with load cells 32 and with actuators for solenoid valves which control the various
pneumatic piston-cylinder combinations, and through electrical connection with mixing
agitator drive motor 26. The solenoid valves are not visible in Figure 2; the solenoid values
are desirably within a manifold housing 58 shown below microprocessor 34.

Each microprc;cessor 34 c;ontrols the associated gravimetric blender 10 in part
by monitoring weight of plastic resin material, if any, at a weighing station defined by weigh
bin 15. By sensing weight of weigh bin 15, including any plastic resin material contained
therein, and opening appropriate slide gates 19 via actuation of solenoid valves controlling
associated piston-cylinder combinations 18, microprocessor 34 serially meters respective
components of granular plastic resin material to the weighing station defined by weigh bin 15
so that a selected weight of each of the respective components is at the weigh station.

Each gravimetric blender 10 blends the components which are supplied by
weight based on settings on a controller portion of microprocessor 34. Each component is
preferably dispensed separately into weigh bin 15 and then all components are dropped
together into mixing chamber 20.

One gravimetric blender 10 is preferably mounted directly over each feed
throat of an associated extruder 112 to extrude the plastic resin material, with each
gravimetric blender 10 being bolted or otherwise fixedly connected to the associated extruder
112, as shown in Figure 1.

When solid plastic resin material is being blended by a given gravimetric
blender 10, regrind material may be dispensed first from one compartment of hopper 12
according to the percent of any regrind material required. If no regrind material or a limited
amount of regrind material is present, then portions of natural material, solid color material

and additive material may be added from respective compartments of hopper 12 according to
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a specified recipe to bring about a full batch weight. Natural material may be added,
typically second, to the materal already in the weigh bin from a respective compartment of
hopper 12. Once natural material fill has been completed, the weight of natural material that
has been added may be determined to detect any filling error. Based on this actual weight of
natural material dispensed, color additive in the form of solid color additive material may be
metered into the weigh bin and other solid additive materials may be metered into the weigh
bin in the same manner. Once the resulting batch has been weighed, all components are then
dropped into mixing chamber 20, in which mixing agitator 22 may preferably be
continuously running.

Microprocessor 34 provides the serially metered components, which have
been serially metered to weigh bin 15, as a unitary batch to a mixing station defined by mix
chamber 20. This is done by microprocessor 34 actuating a suitable solenoid valve which in
turn actuates a pneumatic piston-cylinder combination to open weigh bin 15 by moving a
preferably hinged bottom dump flap portion of the weigh bin, permitting plastic resin
material vertically supported thereby to fall downwardly into mix chamber 20. The movable
bottom portion of weigh bin 15 opened by a pneumatic piston-cylinder combination
controlled by microprocessor 34 has not been illustrated, for drawing clarity. The pneumatic
piston-cylinder combination is preferably mounted on frame 14 and preferably only contacts
weigh bin 15 during actuation of the piston-cylinder combination, when weigh bin 15 opens
responsively to movement of the piston member of the piston-cylinder combination.

In mix chamber 20 the plastic resin material components which have been
preferably unitarily supplied and serially metered to weigh bin 15 are mixed into a blend
preparatory to being supplied to the associated extruder 112.

Desirably, monitoring of weight of material at a weighing station defined by a

weigh bin 15 is performed continuously by the associated microprocessor 34 continuously
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digitally sensing signals supplied by the load cells depicted schematically in Figure 2 and
identified generally 32 therein; the load cells are interposed between weigh bin 15 and frame
14. Weigh bin 15 is suspended by and from load cells 32 with respect to frame 14.
Depending on the size of weigh bin 15, a single load cell or multiple load cells may be used.

Each microprocessor 34 actuates associated solenoid controlled preferably
pneumatic valves of the associated gravimetric blender 10, which valves are not illustrated in
Figure 2, to provide pneumatic pressure via suitable conduits to piston-cylinder/slide gate
combinations 18. The solenoid valves are preferably each individually connected via two
suitable conduits, which are preferably flexible plastic tubing, to associated individual piston-
cylinder/slide gate combinations 18 to open and close individual slide gates 19 of the
assoclated gravimetric blender 10 by application of pneumatic pressure to an appropriate side
of a piston 21 within a cylinder 17.

Each solenoid valve, specifically the core of the solenoid, is spring-biased
towards a position corresponding to that at which the piston member 21 of a piston-
cylinder/slide gate combination 18 associated with a given solenoid valve is at a preferred
position, referred to as the default position, for operation of gravimetric blender 10. When
there is a change in operational factors such as need for additional plastic resin material in
mix chamber 20 or need for additional material in weigh bin 32 or for additional material in
surge hopper 132, microprocessor 34 actuates a given piston of a piston-cylinder/slide gate
combination 18. For example it might be necessary to open one of the compartments within
hopper 12 to add an amount of material in that compartment to weigh bin 15. In such case
microprocessor 34 actuates the solenoid valve associated with the given piston-cylinder slide
gate combination 18 of interest, thereby moving the piston member of the appropriate piston-

cylinder/slide gate combination 18 from the default position to a position at which a given
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slide gate 19 is open, permitting material to flow downwardly from the associated
compartment of hopper 12 into weigh bin 15.

The solenoid-actuated valves move pistons 21 within air cylinders 17 by
pressurizing one side of a piston 21 within a cylinder 17 and opening the other side to the
atmosphere. There is no vacuum involved, just pressure above atmospheric and ambient
atmospheric pressure.

Each solenoid valve in a gravimetric blender 10, in the normally at rest or
default state of the valve, connects pressurized air to an "A" port and ambient air to a "B"
port. When the valve is energized the A port is switched to ambient air and the B port is
switched to pressurized air. Two air lines 25 preferably connect each solenoid-actuated valve
to a given air cylinder with one solenoid-actuated valve being provided for and connected to
each air cylinder. At rest or default, a piston 21 within a given air cylinder 17 is preferably
extended so that the slide gate 19 actuated by piston 21 is closed. When the associated valve
is energized, piston 21 retracts, the associated slide gate 19 opens and material in the
corresponding compartment of hopper 12 is dispensed downwardly. Solenoid-actuated
valves preferably actuate not only the weigh bin dump, they further may be used to operate
an optional flow control valve to regulate an optional exit opening between the bottom of a
gravimetric blender 10 and an associated extruder 112. If the gravimetric blender 10 is fitted
with such a flow control opening at the bottom, the flow control valve may hold plastic resin
material in mix chamber 20 for a selected time, for better mixing.

The gravimetric blender illustrated in detail in Figure 2 has two load cells 32.
Larger capacity gravimetric blenders are desirably provided with two load cells as illustrated
whereas smaller capacity gravimetric blenders utilize only a single load cell.

During operation, a targeted extrusion rate is established for each component

of the three layer extruded sheet or other extruded product 18 to be provided from sheeting
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die 16. For example, the gravimetric blender, the extruder, the drive motor and associated
equipment used to provide the first plasticized component, which defines the first of the three
layers of the three layer extruded sheet 18, have been labeled with a subscript "A" in Figure 1
to correspond to the first layer of the three layer extruded sheet, which has also been
identified "A" in Figure 1.

During operation, a target extrusion rate for layer A is established in order for
microprocessor 34A to determine the amount of extruded product, namely constituent layer
A, desired to be produced in a given time interval. Microprocessor 34A then accumulates
weight of batches of material which are successively supplied by gravimetric blender 10A to
extruder 112A. Microprocessor 34A further accumulates time for the successively supplied
batches of plastic resin material from gravimetric blender 10A to be extruded by extruder
screw 112A into plasticized material to form a part of the final three layer sheet produced by
sheeting die 116. Microprocessor 34A then compares the determined amount of the extruded
product desired to be produced to the numerically accumulated weight of batches of material
which had been supplied successively by gravimetric blender 10A to extruder screw 12A.
Microprocessor 34A then directly adjusts speed of drive motor 114A if but only if the
computed amount of material desired to be extruded into layer A of the three layer product
differs by more than a pre-selected amount from the numerically accumulated weight of
material batches which were extruded to form constituent layer A of the final three layer
product.

The process is illustrated schematically in Figure 3.

In one practice of the invention a target extrusion rate for a given product to be
extruded i1s entered by an operator into a microprocessor associated with a gravimetric
blender 10 feeding a given extruder 112. This target extrusion rate is then converted by the

microprocessor 34 for the gravimetric blender 10 associated with the extruder 112 of interest
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to a number equal to the weight in grams of the product of interest produced in one hour by
extruder 112 and furnished to die 116.

From such a start point, the weight of each successive batch is added and
accumulated by microprocessor 34 of gravimetric blender 10. The time for consumption by
an extruder 112 of each batch of material furnished by gravimetric blender 10 to the extruder
112, measured in tenths of seconds, is also accumulated by microprocessor 34 of gravimetric
blender 10.

Using the target extrusion rate, which has previously been entered into
microprocessor 34 by the machine operator (or, alternatively, by using a target extrusion rate
determined from a previous series of cycles of material supply by the gravimetric blender to
the extruder), microprocessor 34 performs a series of computations. The target extrusion rate
in grams per hour is multiplied by the accumulated time in tenths (1/10) of seconds and
divided by thirty-six thousand (3600), which is the number of tenths of seconds in one hour,
to produce a "target weight" of material which should have been consumed in the
accumulated time if extruder 112 processed the material supplied to it in batches by
gravimetric blender 10 according to the target extrusion rate. Microprocessor 34 then
compares this "target weight" to the accumulated weight and computes a weight error,
referred to as a "delta", by subtraction of the target weight from the accumulated weight.

Microprocessor 34 then compares the absolute value of delta to a preselected
constant. If delta is smaller than the preselected constant, extruder 112 is permitted to
continue to operate at the same rate. If delta is larger than the constant, a new speed for the
extruder motor is determined and furnished directly by microprocessor 34 as a motor control
signal to the extruder motor 114 after conversion from digital to analog form by digital to
analog converter 50 illustrated in Figure 1.

The following illustrates one practice of the invention:
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In this example, the target weight of a batch of plastic resin material to be
extruded is 1,000 grams. The target extrusion rate is 60 kilograms per hour which is a 1,000
gram batch of resin material every 60 seconds or one minute. The selected delta, namely
deviation of the actual extruded weight of material from the target extrusion weight of
material, is 40 percent of a single batch weight or 400 grams. Upon the selected delta
exceeding 400 grams, a new extruder speed is determined to correct the error.

As the table below indicates, a first batch of material supplied by gravimetric
blender 110 to extruder 112 weighed 1,006 grams. The extrusion time for that batch of
material was measured as 60 seconds. Since weight of the extruded batch of material

exceeded weight of the target batch by six grams, the “Delta weight” figure is six (6). All of

this data is indicated for batch number 1 in the table below.

Batch Batch Accumulated | Batch Accumulated | Expected Delta
Number | Weight | Actual Cycle Batch Accumulated | Weight
(grams) | Batch Time Cycle Times Weight (grams)

Weight (seconds) | (seconds) (grams)
(grams)

1 1006 1006 60 60 1000 6

2 998 1994 54 114 1900 94

3 995 2999 56 170 2833 166

4 1002 4001 59 229 3816 185

5 1023 5024 49 278 4633 391

6 999 6023 55 333 5550 473

The procedure is repeated with successively supplied batches, numbered 2
through 6, furnished by gravimetric blender 10 to extruder 112, with each batch weight being
measured and added to the accumulated total, with each batch extrusion time being measured
and the expected or target weight computed based on actual accumulated time elapsed and on

the target rate of 60 grams per hour of plastic resin material consumed through extrusion.
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For example, with respect to batch 3, the accumulated actual batch cycle time
is 170 seconds. The figure of 170 seconds is divided by 3,600 seconds per hour and this
quotient multiplied by 60 kilograms per hour to arrive at the figure of 2,833 grams as the
expected or target weight of material which should have been consumed at the end of
consumption of batches 1, 2 and 3. The expected or target weight of material consumed,
namely 2,833 grams, is subtracted from the actual accumulated batch weight of 2,999 grams,
to yield the “Delta weight” of 473 grams. Note that the target weight corresponding to each
batch is computed based on the accumulated cycle time including the time for the current
batch but is not an accumulated number. Rather, the target weight is newly computed at the
conclusion of feeding of each batch.

In the example, the Delta weight of 473 at the conclusion of processing
batch 6 exceeds the selected Delta, which is the allowable deviation of the actual extruded
weight of material from the targeted extruded weight of material, namely 400 grams in this
example. Hence a new extruder speed is calculated to correct this error. Because the error
was positive, meaning that the actual accumulated weight of extruded material exceeded the
target accumulated weight, extruder speed is decreased proportionately to the error. Since the
computed error, namely the Delta weight, over six cycles was 473 grams, which averages to
78 grams per cycle, the correction in reduced extruder speed is 78, which is divided by 1,000
or 7.8%. Once extruder speed is reduced by this amount, the accumulator portions of the
microprocessor are cleared and tracking performance of the extruder for the individual
batches commences anew.

The same procedure is used by other microprocessors 34 associated with the
other gravimetric blenders 10 to control operation of the other extruders 112 in the course of
providing plasticized resin material for combination in die 116 to form the final three layer

extruded sheet 118.
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Using the approach of this invention, batch-to-batch errors, so long as those
errors remain within a reasonable range, do not trigger any adjustment of extruder motor
speed. However, even the smallest actual error, defined as target extrusion rate differing
from actual rate, produces a cumulative growing error. The cumulatively growing error will
ultimately exceed the preselected constant. Once the cumulative growing error exceeds the
preselected constant, the microprocessor calculates a correction which is used to compensate
and precisely adjust extruder motor speed based on the sensed error.

The invention precisely accounts for actual rates and times involved in the
batch feeding of the extruder without any dilution of the weight or time data. The approach
of the invention eliminates the hunting associated with known and predictably inconsistent

batch process feeding and feedback.
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What is claimed is:

1. A method for controlling batch feeding operation of an extruder comprising said

steps of:
a. establishing a target extrusion rate for a given product to be extruded,

b. using said target extrusion rate to compute mass of extruded product desired
to be produced in a given time interval;

c. successively supplying individually weighed batches of plastic resin
material to said extruder;

d. measuring time for consumption of said individually weighed batches of
plastic resin material successively supplied to said extruder;

e. numerically accumulating weight of batches of material which are supplied
successively to said extruder;

f. numerically accumulating time for said successively supplied batches to be
extruded into actual product;

g. comparing said computed mass of extruded product desired to be produced
to said numerically accumulated weight of batches of material which had been supplied
successively to said extruder;

h. adjusting motor speed of said extruder if said computed mass of material
desired to be extruded into product differs by more than a preselected amount from said
| numerically accumulated weight of material batches extruded into actual product

2. The method of claim 1 further comprising:

a. generating a digital signal based on the results of said comparison of said
computed amount of extruded product desired to be produced to said numerically
accumulated weight of batches of material which had been supplied successively to said
extruder; and

b. converting said digital signal to analog form for input to said extruder motor
according to the result said comparison of computed mass of material desired to be extruded
into product differing by more than said preselected amount from said numerically
accumulated weight of material batches extruded into actual product.

3. The method of claim 2 wherein said converting is performed continuously.

4. Apparatus for extruding a multilayer plastic sheet comprising:
a. aplurality of extruder screws each including an associated drive motor;
b. a feed block connected to said plurality of screws for receiving respective

streams of material plasticized thereby and providing said streams to a sheeting die;
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c. said sheeting die combining said streams and dispensing the combined
streams as said multilayer sheet;

d. aplurality of means for providing successive batches of resin material to
respective ones of said extruder screws for measuring weight of each batch; and

e. aplurality of means for

1. accumulating numerical values of said batch weights separately
for said extruder screws, and

1l. separately comparing the separately accumulated numerical
values for selected time spans to design values for a particular multilayer sheet being
extruded, and

1il. adjusting motor speeds for the separate extruder screws as
necessary according to results of said comparisons.

5. Apparatus for extruding a multilayer plastic sheet comprising:

a. aplurality of extruder screws each including an associated drive motor;

b. a feed block connected to said plurality of screws for receiving respective
streams of material plasticized thereby and providing said streams to a sheeting die;

c. said sheeting die combining said streams and dispensing the combined
streams as said multilayer sheet;

d. at least one gravimetric blender, connected to one of said extruder screws
for providing successive batches of resin material to said connected extruder screw,
comprising:

1. a frame;

1. a hopper supported by said frame;

1il. a weigh bin beneath said hopper:

1v. means for selectably releasing plastic resin material in said
hopper for downward flow therefrom into said weigh bin;

v. means, connected to said frame, for sensing weight of said bin
and any plastic resin material contained therein;

V1. a mix chamber below said bin, connected to said frame,
including mixing means therewithin;

vil.  means for selectably releasing plastic resin material in said
weigh bin downwardly into said mix chamber;

viil.  means for:
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1) accumulating numerical values of said batch weights for
said connected extruder screw, and
2) comparing the accumulated numerical values for a selected
time span to a design value for a particular multilayer sheet being extruded, and
3) adjusting motor speed for said extruder screw as necessary
according to result of said comparison.
6. Apparatus of claim S further comprising:

a. means for sensing level of plastic resin material in said mix chamber; and

b. wherein said means for accumulating, comparing and adjusting further
comprises means for replenishing plastic resin material in said mix chamber from said weigh
bin and said hopper upon level of plastic resin material in said mix chamber falling below
said sensing means.

7. Apparatus of claim 6 wherein said extruder motor speed adjusting means includes
a digital to analog converter.

8. Apparatus of claim 7 wherein said extruder motor speed adjusting means provides
a continuous D.C. signal for controlling extruder motor speed.

9. Apparatus of claim 8 said means for accumulating, comparing and adjusting
performs accumulating, comparing and adjusting periodically.

10. Apparatus of claim 9 wherein said material lever sensor is below said mixing
means.

11. Apparatus for extruding a multilayer plastic sheet comprising:

a. a plurality of extruder screws each including an associated drive motor;

b. afeed block connected to said plurality of screws for receiving
respective streams of material plasticized thereby and providing said streams to a sheeting die
for combining said streams and dispensing the combined streams as said multilayer sheet;

c. a gravimetric blender, connected to one of said extruder screws for
providing successive batches of resin material to said connected extruder screw, comprising:

1. a frame;

11 a hopper supported by said frame;

1il. a weigh bin beneath said hopper:

iv. a pneumatically actuated slide gate for selectably releasing
plastic resin material in said hopper for downward flow therefrom into said weigh bin;

V. a load cell connected to said frame, for sensing weight of said

bin and any plastic resin material contained therein;
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V1. a mix chamber below said bin, connected to said frame,
including mixing means therewithin;

vii.  asensor for indicating level of plastic resin material in said mix
chamber being above or below a preselected position;

viil.  apneumatically controiled piston-cylinder combination for
selectably releasing plastic resin material in said weigh bin downwardly into said mix
chamber;

1X. a microprocessor for:

1) actuating said slide gate to replenish plastic resin material
in said mix chamber from said weigh bin and said hopper upon level of plastic resin material
in said mix chamber falling below said preselected position;

2) accumulating numerical values of said batch weights of
material furnished to said connected extruder screw,

3) comparing the accumulated numerical values for a selected
time span to a design value for a particular multilayer sheet being extruded, and

4) providing a digital output signal indicative of desired
extruder screw speed computed to achieve said design value;

X. a digital to analog converter for converting the digital output
signal for input as a D.C. analog signal to the extruder screw motor to adjust motor speed

according to result of said comparison.
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Establishing a target batch weight.

Establishing a target throughput rate in sveight per
unit time.

Selecting a difference, referred to as a “Delta”,
between the target throughput rate and actually
achieved throughput rate to cause adjustment of
extruder speed.

|

Measuring weight of individual batches of
plastic resin materials successively supplied to an
extruder.

Numerically accumulating weights of the individual

batches of plastic resin materials successively
supplied to the extruder.

Measuring time for each individual batch of plastic
resin material supplied to the extruder to be
consumed thereby.

Numerically accumulating the times for the individual
batches of plastic resin material supplied to the Tioues >
extruder to be consumed thereby. '

Determine an accumulated weight of material
expected to have been consumed by the extruder upon
completion of consumption of each individual batch
by multiplying the accumulated time at completion of
the current batch by the target throughput rate.

1
Adjusting extruder speed if the determined
accumulated weight of material expected to have been
consumed by the extruder differs from the
numerically accumulated weight of individual batches
of plastic resin material which were successively

supplied to the extruder by more than the selected
Delta. '
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