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METHOD F DESIGNING A PROFILE
EXTRUSION DIE PLATE

A F THE I N
The preseht invention relates generally to a
profile extrusion die and more particularly to a
method for designing a profile extrusion die plate for
shaping a polymer resin into a profile.

Typically, a profile extrusion die is designed by
using experimental iterations of experienced-based
rules developed by designers resulting in many cutting
trials. 1In particular, the designers use rules that
have been developed through their experiences to
derive a die design. The derived die design is then
implemented in an extrusion process and evaluated to
determine if the die land length, die opening
thickness, and die opening width produce the desired
dimensions of the profile. If the dimensions are not
met then the die must be re-cut so that the desired
dimensions can be met. Usually there are many

‘iterations of cutting and then changing the die before

a die design is derived that yields the desired
profile dimensions. This design methodology requires
a lot of work and time and a tremendous amount of
experience-based data. In addition, every time the
dimensions are changed or a new plastic resin is used
in the extrusion process, then the die must be
modified, which involves more time, work, and money.
As a result, designers are very reluctant to work with
new plastic resins. which hinders the introduction of
these resins into the profile extrusion market.
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derive a die design. The derived die design is then | npl emented in an
~extrusion process and evaluated to 15 determne if the die |and

| ength, die opening t hi ckness, and di e opening w dth produce the
desired di nrensions of the profile. If the dinensions are not met
then the die nust be re-cut so that the desired di mensi ons can be net.
Usually there are nmany 20 iterations of cwtting and then changing the die
bef ore a die design is derived that yields the desired profile

di mensi ons. This design nethodol ogy requires a lot of work and tinme and
a trenmendous anount of experience-based data. In addition, every tine
the 25 dinensions are changed or a new plastic resin is used in the
extrusion process, then the die nust be nodi fied, which involves nore
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these resins into the pro e~extrusion mar
products having varying dimensions and for shaping

products made from varying types of resins.

5 SUMMARY OF THE INVENTION
Accordingly, it is a primary objective of the
present invention to provide a method that ehables
designers to readily design a die for shaping products
having varying dimensions and for éhaping products
10 made from varying types of resins.

Another object of the present invention is to
provide a methodology for designing a profile
extrusion die that reduces work, costs, and total
cycle time from tooling design to the market place.

15 Still another object of the present invention is
to a provzde a phy51cs ~-based method that uses die
swell/drawdown and flow balance information to design
a profile extrusion die.

Thus, in accordance with the present invention,

20 there is provided a method for designing an extrusion
die for shaping a polymer resin material into a
profile having a plurality of sections. In the
present invention, a plurality of operating conditions

for shaping the resin material into the profile are

25 determined. The dimensions of each of the plurality
of sections of the profile are specified. The profile
dimensions include width and thickness. Extrusion
information for the polymer resin including die
swell/drawdown and flow balance is obtained. Die

30 dimensions for shaping the profile in accordance with



“Therefore, there is a need for a procedure that enabl es a designer to
readily design a die for shaping products havi ng varyi ng di nensi ons and
for shaping products nade from varying types of resins. 5 -
SUMVARY OF THE | NVENTI ON Accordingly, it is a primary objective
of the present invention to provide a nmethod that enabl es desi gners
to readily design a die for shaping products havi ng varyi ng di nensi ons
and for shaping products 10 nade fron1vaﬁ§fng types of resins.

Anot her object of the present invention is to provi de a net hodol ogy for
designing a profile extrusion die that reduces work, costs, and total
cycle tine fromtooling design to the market place. 15 Still anot her
obj ect of the present invention is to a provide a physics-based net hod

h di : f.l I -4 of ' desj
2 profiie ext A GPEEEHhe"HONE ReE, i R LD GIBEIBRES PRRLYT

i nventi on, the extrusion information are then determined.

While the present invention will hereinafter be
described 1in connection with an illustrative
S embodiment and method of use, it will be understood
that it is not intended to limit the invention to this
embodiment. Instead, it is intended to cover all
alternatives, modifications and equivalents as may be
included within the spirit and scope of the present

10 invention as defined by the appended claims.

RIEF DESCR N OF DRAWINGS
Fig. 1 is a schematic diagram of a profile

extruder;

Fig. 2 is a flow chart describing the profile die
15 design synthesis of the present invention;

Fig. 3 is a design chart used for designing die
opening thickness;

Fig. 4 is a design chart used for designing die

- opening width;

20 Fig. 5 is a flow chart illustrating the operation
of designing a profile die according to the present

invention;

Fig. 6 is an example of a screen view from a
personal computer (PC) requesting that various

25 operating information be inputted;



20 there is provided a nethod for designing an extrusion

die for

shaping a polyner resin material into a profile having a plurality of
sections. In the present invention, a plurality of operating
condi tions for shaping the resin material into the profile are 25

determ ned. The di mensi ons of each of the plurality
profile are specified. The profile di mensi ons i ncl ud
t hi ckness. Ext rusi on information ferd+he polyner r
swel | / drawdown and fl ow bal ance i s obt ai ned. Die 30 di
shaping the profile in accordance with

of sections of the
e width and
esin including die
nmensi ons for

- 3- the operating conditions, the profile dinensions, and

Fig. 7 shows an example of another screen view

from a PC requesting that the width and

thickness of

each section of the profile be inputted; and

Fig. 8 shows an example of another screen view

5 from a PC showing output displays of die dimensions.

T. ED I E
PRESENT INVENTION

The present invention provides

a computer-

implemented methodology for designing an extrusion die
10 plate that shapes a polymer resin material into a
profile having a plurality of sections. The
methodology uses a synthesis approach rather than a
traditional analysis approach. An analysis approach
predicts the performance based on the design. On the
15 other hand, a synthesis approach predicts the design
based on the performance or the design goal.
Typically, the development of synthesis tools is much
more complicated than developiﬁg analysis tools.

Using profile extrusion as an example,

the analysis

20 approach would predict the final profile dimensions
-based on the die dimensions. An example of an
analysis approach used to predict the final profile

dimensions based on the die dimensions is
U.S. Patent Application Serial Number

disclosed in
087489, 908,

25 which is incorporated herein by reference. In that
invention, the designer conducts parametric studies by
varying many different design alternatives in order to
achieve optimum performance. In the synthesis

approach disclosed in the present invention, the die

30 dimensions are predicted based on the desired profile



the extrusion information are then determ ned. Wil e the present

~invention wll hereinafter be descri bed in connection with an
illustrative 5 enbodinment and nmethod of use, it will be understood
that it is not intended to limt the invention to this enbodi nment .
Instead, it is intended to cover all alternatives, nodifications and
equi val ents as may be I ncluded within the spirit and scope of the
present 10 invention as defined by the appended cl ai ns.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic di agram of
a profile ext ruder; Fig. 2 is a flow chart describing the
profile die 15 design synthesis of the present invention; Fig. 3
is a design chart used for designing die openi ng thickness

Fig. 4 is a degi %&Q%Bh#se%ﬁQEhdesigei N Sures OQF?I desl gni ngea%0

Fig. 5is a flowchart illustrating the operation
profile die aceerraganse-he present i nvention;

In order to predict the die dimensions baséd on
the desired profile dimensions, the present invention
5 has identified the complex relationships between the
die design dimensions and the desired profile
dimensions by linking together the flow/force balance
inside the die with the die swell or drawdown
(hereinafter die swell/drawdown) that occurs at the
10 die exit, which is based on the mass balance at the
downstream. Die swell will occur if the velocity of
the resin at the die exit exceeds the puller speed.
Drawdown (or reduction in the cross-section of the
profile) will occur if the puller speed exceeds the

15 resin velocity at the die exit.

A better understanding of these terms will be
appreciated in view of Fig. 1, which shows a schematic
diagram of a profile extruder 10 used for processing a
polymer resin. The profile extrusion process includes

20 three major components, namely the extruder 12, the
die 14, and the calibrator 16. The extruder 12
receives the resin, mixes it and melts the resin into
a miscible blend, and pumps flame retardant into the
blend. The die 14 includes a die body 18 which

25 provides the basic profile shape of the product as the
resin blend flows through it. A spider plate 20
connected to the die body 18 holds a mandrel 22
located in the die 14. A pre-land 24 provides
additional shaping to the resin blend and a die plate

30 26 (i.e., face plate or land) provides the final
shaping to the blend. This die plate 26 can consist



Fig. 6 is an exanple of a screen view froma personal conputer (PC
"requesting that various 25 operating information be inputted,;

-4- Fig. 7 shows an exanpl e of another screen view
PC requesting that the width and thickness of each section of the
profile be inputted; and Fig. 8 shows an exanpl e of anot her

screen view 5 froma PC show ng outpu[_g[splays of di e dinensions.
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PRESENT | NVENTI ON

of one or more plates, each of which provides some
shaping of the resin. The design of the die plate 26
is described below in further detail. The shaped
resin leaves the die plate and passes through a gap 28
which lets the resin expand or contract, depending on
the relative wvelocity of the resin at the die exit and
the puller. After passing through the gap 28, the
shaped product enters the calibrator 16 which cools
the shaped resin and fine tunes the final dimensions
of the product. In particular, the resin is cooled by
cooling water running through water lines 30 while the
dimensions are fine tuned by vacuums 32. A puller,
not shown, then draws the product from the calibrator.
A more detailed description of a profile extrusion
process is disclosed in A. Griff, PLASTICS EXTRUSION
OPERATING MANUAL, AN INTRODUCTION AND GUIDE TO EXTRUSION,
1-58 (1992), which 1is incorporated herein by

reference.

As mentioned above, the design of the profile
extrusion die plate depends on the die swell/drawdown
and flow balance of the material used in the extrusion

"process. In the illustrative embodiment, the material

is a polymer resin that exhibits viscoelastic
properties such as linear and branched polymers of
polycarbonates, polyesters, polyphenylene ethers,
polyimides, olefins, polyetherimides, polyamides,
polyarylene sulfides, polysulfones, polyetherketones,
acrylonitrile butadiene styrene copolymers,
polystyrenes and blends, and compositions or
copolymers prepared therefrom. In addition, materials
made from glass or wood filled polymers are within the
scope of the present invent on. These materials

froma



The present invention provides a conputer- I npl ement ed net hodol ogy for
- designing an extrusion die 10 plate that shapes a polyner resin materi al

into a profile having a plurality of sections. The

nmet hodol ogy uses a synthesis approach rather than a traditional

anal ysi s approach. An anal ysis approach predi cts the performance based
on the design. On the 15 other hand, zynthesis approach predicts the
desi gn based on the performance or the design goal . Typi cal ly, the
devel opment of synthesis tools is nuch nore conplicated than devel opi ng
anal ysi s tools. Using profile extrusion as an exanple, the analysis 20
approach woul d predict the final profile dinensions based on the die

di mensi ons. An exanpl e of an anal ysi s approach used to predict the

final profil eexhlﬂ@m iqmss@@é@éseact hprdberd;ilr@msmuq | fadligghased in
U S. Patent Appl |cat|on rlal qF % 89, 908 25 which is_incorporated
herein by ref EFEFEESRGH F18t swe n\’iEﬁF ort:S t hBe( ERANT L Pbndficttde
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predi ct ed hasmemomyt led febedi meafl hef Wed ssenburg or flow rate effect.
The memory effect occurs when the viscoelastic
material flows from the large cross section of the die
body 18, through the spider plate 20, and through the
very thin cross section of the pre-land 24 and die
10 plate 26. As the polymer molecules line up in the
entrance region of the die plate 26, the molecules try
to return to their random state as they move from the
die 14. The memory effect is usually overcome by
keeping the resin in the length of the die plate 26
15 (which is known as the die land length) for a longer
residence time so that the material eventually loses
its memory of its more random state. The flow rate
effect occurs when the viscoelastic material flows
very quickly through the die 14, causing the material
20 to shear. Typically, the shear will be greater for
viscoelastic material having a thinner thickness and a
higher extrusion rate and lower for materials having a
thicker thickness and a lower extrusion rate. The
Weissenburg effect means that higher shear results in
25 higher die swell. However, this natural die swell can
be reduced or eliminated if the puller speed exceeds
the resin velocity at the die exit, which leads to the
drawdown condition.

In the present invention, die swell/drawdown
30 information and flow balance are fully integrated and
solved simultaneously to assure success of the die

design. A flow chart describing the profile die



- 5- di mensi ons, which are neasures of the die's per f or mance.
In order to predict the die dinensions based on the desired profile

di mensi ons, the present invention 5 has identified the conplex

rel ati onshi ps between the di e design dinensions and the desired profile
di mensi ons by linking together the flow force bal ance i nside the die
with the die swell or drawdown (herginafter die swell/drawdown) that
occurs at the 10 die exit, which is based on the mass bal ance at the
downstream Die swell will occur if the velocity of the resin at the
die exit exceeds the puller speed. Drawdown (or reduction in the
cross-section of the profile) will occur if the puller speed exceeds

the 15 resin velocity at the die exit.
design synthesis is shown in Fig. 2. In the flow

chart, input for shaping the profile product is
entered into a computer such as a PC at 34. The input
includes a plurality of operating conditions such as
5 draw speed, E, die land length, Lgje, and pressure
drop across the die plate, AP. 1In addition, other
information is inputted into the computer such as the
dimensions of the geometry of the profile. ' In
particular, the width and thickness of each section of
10 the profile is entered into the computer. The
information inputted at 34 is then used with the die
swell/drawdown information at 36 which includes mass
balance information to determine the die plate widths
and thicknesses. Iterations are made at 38 and
15 additional flow balance information at 40 is used with
the die swell/drawdown information to obtain new die
plate values that are satisfactory. Once a
satisfactory result, i.e., the die dimensions, has
been attained, the result is output to the designer at
20 42. The output information is then used to design a
die plate that will shape a polymer resin material
into a profile having a desired geometry.

The present invention 1is able to perform the
synthesis of designing the die plate from the desired

25 profile dimensions by linking together the flow/force
balance inside the die plate with the die
swell/drawdown at the die plate exit. Because of the

die swell/drawdown at the die plate exit, the resin
velocity changes from the die plate region to the die

30 exit to the downstream area. A well-balanced flow
means that the resin velocities for all sections of

the profile at the downstream should be constant.



A better understanding of these ternms will be appreci ated in view of

Fig. 1, which shows a schematic di agram of a profile extruder 10 used
for processing a pol ymer resin. The profile extrusion process includes
20 three major conponents, nanely the extruder 12, the die 14, and the
calibrator 16. The extruder 12 receives the resin, mxes it and nelts
the resin into a mscible blend, andgpunps flane retardant into the

bl end. The die. 14 includes a die body 18 which 25 provides the basic
profil e shape of the product as the resin blend flows through it. A
spi der plate 20 connected to the die body 18 holds a mandrel 22

| ocated in the die 14. A pre-land 24 provides addi tional shaping to
the resin blend and a die plate 30 26 (i.e., face plate or |and)

provi des the finalCompusbapimigidDitdieebbdicks Tai pedisorpl @af eo2@inaxeonsi st
skill in the art to develop a fundamental
uhderstanding of die swell/drawdown for a viscoelastic
material in a profile extrusion process. In the
5 present invention, an off-the-shelf viscoelastic
computer software package 1is used to develop a
parametric relationship for the effects that flow rate
and the ratio of die land length to die opening
thi~kXness have on the die swell/drawdown behavior of
10 the resin. In the present invention, the viscoelastic
model is based on the differential Phan-Tien Tanner
model, which is well known to skilled artisans. In
particular, the model uses material properties such as
viscosity, relaxation time, storage modulus, loss
15 modulus, first and second normal stress differences,
and extensional viscosity as parameters to find a
range of shear rates for corresponding die
swell/drawdown and ratios of die land length to die
opening thickness for actual extrusion process
20 conditions. In a one-dimensional approach it is
assumed that both the cross flows and the edge effects
are of secondary importance and also the calculated
‘velocity is an average value in both the thickness and
width directions, considering the aspect ratio of the
25 die width to the die thickness. Within a typical
processing range of the shear rate, usually between 50
"to 500 s~1, the viscosity curve can be approximated by

the Power law, which is defined as:

n-1}

30 n=Ky , wherein (1)



of one or nore plates, each of which provides sone shapi ng of the
"resin. The design of the die plate 26 I s described below in furth

detail . The

shaped resin | eaves the die plate and passes through a

gap 28 5 which lets the resin expand or contract, depending on

relative velocity of the resin at the die exit and the puller. After

passi ng through the gap 28, the shapedOpr oduct enters the calibra

whi ch cool s
t he product.

runni ng through water lines 30 while the di mensions are fine tuned by

t he shaped resin and fine tunes the final dinmensions
In particular, the resin is cooled by cool i ng wat er

vacuuns 32. A puller, not shown, then draws the product fromthe

cali brator.
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one-dimensional flow balance equation between two flat

plates is defined as:

in
nt, ty . AP -
V' - die die . h : 2
de 2(2n+1)(2LdieK) wheren 2]

tgie 1s the die thickness, AP is the pressure drop
across the die plate, and Lgje 1s the die land length.
Since most of the pressure loss occurs within the die
plate, a constant die pressure boundary condition at
the die body region (i.e. a reservoir before material
enters the flow restrictor of the die plate) is
applied.

The die swell/drawdown information in the flow

chart of Fig. 2 is obtained from die swell/drawdown

design charts that are stored in memory in a PC. One
die swell/drawdown design chart is used for designing
the die opening thickness and the other chart is for
designing the die opening width. The die
swell/drawdown design charts are obtained by modeling
the relationship between the die swell and ratio of
profile thickness to die opening thickness for a
particular polymer resin. The profile thickness to
die opening thickness ratios that correspond to the



properties such as linear and branched polyners of 25 polycarbonates,

" pol yesters,

pol yphenyl ene et hers, pol yi m des, ol efins,

pol yet heri m des, pol yam des, pol yaryl ene sul fi des, pol ysul fones,
pol yet her ket ones, acrylonitrile butadi ene styrene copol yners,
pol ystyrenes and bl ends, and conpositions or 30 copolyners prepared

t herefrom

In addition, materials nmagg from gl ass or wood filled

pol ymers are within the scope of the present invent on. These

materi al s
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reduced die swell/drawdowns and shear effects are used
as values for the design of the die plate. In
addition to the modeling of the die swell/drawdown,
the ratio of the profile thickness to die opening
thickness, and the corresponding shear rates,
experimental data of the flow rate effect on die
swell/drawdown for experimental dies in an ext;usion
process is studied on-line using an instrumentation
and data acquisition system. A more detailed
discussion on the modeling of die swell/drawdown
information and obtaining experimental data for an
extrusion die is provided in U.S. Patent Application
Serial Number 08/489,908, which is incorporated herein
by reference. The experimental data and the modeled
representation obtained from the instrumentation and
data acquisition system are then arranged into the die
design charts.

Two die swell/drawdown design charts are shown in
Figs. 3 and 4. Fig. 3 shows a design chart used for
designing the die opening thickness and Fig. 4 shows a
design chart used for designing the die opening width.

-The design charts in Figs. 3 and 4 contain a plurality

of curves showing the thickness and width factors at
different draw speeds and shear rates. As shown in
Fig. 3, the constant shear rate lines are not
uniformly distributed because of the non-linear
relationship between the die swell/drawdown and the
shear rate. Fig. 3 also shows that all of the lines
converge to a point in the upper left corner. On the
other hand, the constant shear rate lines in the width
design chart of Fig. 4 converge to a point on the

lower right corner. This is due to the mass balance.

ng
i's



The die swell

is du

e to tw effects, the Deborah or 5 nenory effect and the

“Wei ssenburg or flowrate effect. The nmenory effect occurs when the
material flows fromthe |arge cross section of the die
body 18, through the spider plate 20, and through the very thin cross
section of the pre-land 24 and die 10 plate 26. As the polynmer nol ecul es
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e swel | /drawdown_ 3 |nf8r t|on ffd fTN bal apce are fully

gview, it "1s preferre sections be as
uniform in thickness as possible. However, this is
very difficult to follow in practice, especially for
profiles with hollow sections. The interior sections
which usually have no direct contact with the
calibrator surface require thinner thicknesses for the

reasons of less heat release and higher throughput.

The die design charts are then used to determine
the dimensions for a profile extrusion die that will
shape a polymer resin material into a profile of a
product having a desired geometry. Fig. 5 sets forth
a flow chart illustrating the operation of applying
the flow Dbalance information and the die
swell/drawdown information in the design charts to
determine the dimensions of the die. This operation

~1s stored in the PC's memory or can be written on a

floppy disk, compact disc, or other computer readable
medium as computer readable program code means
embodied therein and used with a computer to determine
the dimensions of an extrusion die. At 44, the
operation begins by determining the geometry of the
desired profile. The profile includes the number of
sections in the profile. Next, the operating
conditions are determined at 46. The operating
conditions include draw speed, E, die land length,
Ldje, and pressure drop across the die plate, AP. At



sol ved simul taneously to assure success of the die desi gn. A flow

‘chart describing the profile die _ - 8-
design synthesis is shown in Fig. 2. 1In the flow chart, input for
shaping the profile product is entered into a conputer such as a PC at
34. The input I ncludes a plurality of operating conditions such as 5
draw speed, E, die land length, Ldie, and. pgessure drop across the die
plate, AP. In addition, other information is inputted into the
conmput er such as the di mensi ons of the geonetry of the profile. In
particular, the width and thickness of each section of 10 the profile is
entered into the conputer. The I nformation inputted at 34 is then

used with the die )
48, the width and thickness of each section of the

profile are specified. At 50, the die swell/drawdown
information for the polymer resin that is to be used
in the extrusion process is obtained from within the
5 software. Next, the flow balance information that is
embedded in the software is obtained at 52. After the
geometry of the profile has been determined, the
operating conditions have been determined, the.width
and thickness of each section of the profile have been
10 specified, and the die swell/drawdown and flow balance
information has been obtained, then the die dimensions
for each section are determined at 54. If there is
more than one die plate being used in the extrusion
process, then the above steps can be repeated to
15 obtain dimensions for each of the additional die

plates in the process.

While determining the die dimensions' for each
section there are four unknowns, the die thickness,
taie. the die width, wgje, die velocity, Vgje. and

20 shear rate, S. These four unknowns are solved using
equation 2 for the die velocity, equation 3 for shear
rate, and the die swell/drawdown charts shown in Figs.
3 and 4 that are represented by equations 4 and 5.
Equations 3, 4, and 5 are as follows:

25

S=—4, (3)

t = f(E.S) =ty (4)



swel | /drawdown information at 36 which includes nass bal ance
“information to determne the die plate w dths and t hi cknesses.
Iterations are made at 38 and 15 additional flow balance information at 40
s used with the die swell/drawdown information to obtain new die
plate values that are satisfactory. Once a satisfactory result,
i.e., the die dinensions, has been attpg.ned, the result is output to
the designer at 20 42. The output information is then used to design a
die plate that will shape a polyner resin materi al into a profile
havi ng a desired geonetry. The present invention is able to
performthe synthesis of designing the die plate fromthe desired 25
profile dinmensions by |inking together the flow force bal ance i nsi de
the die plate with the die swel | /drawdown at the die plate exit.
Because of the die swell/drawdown at the die plate exit, the resin

vel ocity changes fromtheStj,e plate region to the die 30 Xit to the
downstream area. A Wt ™ ae e f | ow means that thd3esin velocities
for all sections of the®™rofile at the downstream shoul d be constant.

wherein tgze is the thickness factor and wgye is the
5 width factor. '

Equations 1-5 are integrated with the die design'
charts of Figs. 3 and 4 by developing a higher order
polynomial curve fit for each draw speed in terms of
shear rate. This enables equations 2, 3, and 4 to be

10 solved simultaneously, while equation 5 is solved
sequentially because of its derivative nature. The
resulting equation for die thickness becomes highly
non-linear. The solution procedure for a non-linear
problem is a challenge because of the possibility of

15 multiple solutions. In the present invention, the
solution for the die dimension closest to the profile
dimension is selected as the first choice. The non-
linear solver is the bi-section method, which is
.relatively efficient for this particular problem.

20 This approach provides a natural way to introduce the
polymer resin into the calibrator without any
squeezing and stretching near the entrance region.

If the calculated die width for certain sections

of the profile needs modifications due to the die and

25 mandrel construction and assembly, the following mass

balance equation is used to update the profile
thickness:



-9 - Comput er nodeling enables a person of ordinary ski |
‘in the art to devel op a fundanental under st andi ng of die swell/drawdown
for a viscoelastic material in a profile extrusion process. In the 5
present invention, an off-the-shelf viscoelastic conput er software
package is used to develop a paranmetric relationship for the effects
that flow rate and the ratio of die |andgength to die opening

t hi ckness have on the die swell/drawmdown behavior of 10 the resin. 1In the
present invention, the viscoelastic nodel is based on the differenti al
Phan- Ti en Tanner nodel, which is well known to skilled artisans. In
particul ar, the nodel uses material properties such as Vi scosity,

rel axation tine, storage nodulus, |oss 15 nodulus, first and second nor mal
stress differences, and extgnsyonal viscosity as paranmeters to find a
range of shear rates fﬁp«éﬁ%&% i 'Whetiein swel | / drawdown anib)r ati os of

die land length to die die

t‘prof is the new profile thickness and w'gije is the
new die width which is determined manually based on
S the die construction constraints.

In another embodiment, if the die swell/drawdown
information is not available, then a simplified
approach can be devised based on the flow and mass
balance only. The die width can then be approximated

10 as the profile width. The die velocity for each
section of the profile is still calculated by equation
2. Using the mass balance concept, the die thickness

is defined as:

15 tg = ‘wr('{,g‘) (7)
die

Substituting equation 2 into eguation 7 and solving
for the die thickness results in the following

equation:

20

tdic (8)

_Bfp L 2(2n+ (2L, K)'""
- nAPlln



openi ng thickness for actual extrusion process 20 conditions. 1In a

- one-di nensi onal approach it is assuned that both the cross flows and
the edge effects are of secondary inportance and al so the cal cul ated
velocity is an average value in both the thickness and wi dt h
directions, considering the aspect ratio of the 25 die width to the die
t hi ckness. Wthin a typical processi ngg.ange of the shear rate
usual | y between 50 to 500 s[err], the viscosity curve can be
approxi mat ed by the Power |aw, which is defined as: [err]

- 10-

This type of tooling iteration is generally achieved
by studying the flow patterns at the die exit, where
the thinner sections of the die that flow at a lower
speed are stretched by the constant draw speed of the
5 puller to produce thinner profile sections. This
simplified approach does not provide the natural fit
between the swelled resin free surfaces and the
calibrator surfaces, possibly resulting in some degree
of squeezing and stretching of the extrudate between
10 the die exit and the entrance of the calibrator.

As mentioned above, the present invention is
implemented in a computer such as a PC. Fig. 6 shows
an example of a screen view from a PC requesting that
various operating informatibn. be inputted. The

15 requested inputs are the number of sections in the
profile, the draw speed, the die land length, and the
pressure drop across the die plate. In the example
shown in Fig. 6, the number of sections is 5, the draw
speed is 10 ft/min, the die land length is 1.5 inches,

20 and the pressure drop across the die plate is 2500
psi. Fig. 7 shows an example of another screen view
from a PC requesting that the width and thickness of
each section of the profile be inputted. The width
and thickness values for each section of the profile

25 are inputted and shown in Fig. 7. Fig. 8 shows an
example of another screen view from a PC showing the
output displays of the present invention. In
particular, Fig. 8 shows the die width and die
thickness that will shape a particular polymer resin

30 material into a profile having a particular width and
thickness and shear rate for each section at a

particular die velocity and flow rate. In addition,



[err] is the viscosity, y is the shear rate, Kis the consi stency i ndex

and n is the power index. The average velocity through the die

t hi ckness using the 5 one-dinensional flow bal ance equation between two
flat pl ates is defined as: [err] 10 tdieis the die

t hi ckness, AP is the pressure drop across the die plate, and Ldie is
the die | and | ength. Since nost of thejpressure |oss occurs within the
die pl ate, a constant die pressure boundary condition at the die

body region (i.e. a reservoir before material 15 enters the flow restrictor
of the die plate) is appl i ed.

the total flow rate for obtaining the profile is
displayed. In the example shown in Fig. 8, the total
flow rate is 18.329 lb/hr. The implementation of the
present invention in a PC enables a ‘designer to

5 readily develop a die design for shaping a polymer
resin into a profile at a computer without having to
endure cut and trial iterations.

It is therefore apparent that there has been

provided in accordance with the present invention, a

10 method for designing a profile extrusion die that
fully satisfies the aims and advantages and objectives
hereinbefore set forth. The invention has been
described with reference to several embodiments,
however, it will be appreciated that variations and

15 modifications can be effected by a person of ordinary
skill in the art without departing from the scope of

the invention.



The die swell/drawdown information in the flow
“obtained fromdie swell/drawdown
menory in a PC. One 20 die swell/drawdown design chart

desi gni ng
desi gni ng

design charts ar
and ratio
particul ar pol yner reS|n
t hi ckness ratios that correspond to the
swel | / drawdowns and shear

swel |

t he

the die plate.

10

15

chart of Fig. 2 is
design charts that are stored in

is used for
the die opening thickness and the other chart is for
(Jl

Tle ﬁdldmd T

E!ﬁ&m !!Im mﬂel I ng - el aﬁ%‘ﬁﬁﬁfﬂ) feen t heSi
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effects are used
In
CLAIMS:

1. A method for designing an extrusion die for
shaping a polymer resin material into a profile'having
a plurality of sections, the method comprising the
steps of:

determining a plurality of operating conditions
for shaping the resin material into the profile;

A

specifying the profile dimensions of each of the
plurality of sections, the profile dimensions

including width and thickness;

providing extrusion information for the polymer
resin, the extrusion information including die
swell/drawdown and flow balance; and

determining die dimensions for shaping the resin
material into the profile in accordance with the
operating conditions, the profile dimensions, and the

extrusion information.

2. A method according to claim 1, wherein the
plurality of operating conditions comprise draw speed,
die land length, and pressure drop across the die
plate.

3. A method according to claim 1, wherein the
die dimensions are determined by coupling the die
swell/drawdown and flow balance with the operating
conditions and profile dimensions.

This Sheet Has Been Re epla
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addition to the nodeling of the die swell/drawdown, the ratio of the
profile thickness to die opening 5 thickness, and the correspondi ng shear

rat es, experinmental data of the flowrate effect on die

smell/dramdomn for experinental dies in an extrusion process i s studied
on-line usi niumm“ﬂﬁmwﬁrﬂ)ﬂlll on and daga acquisition system A
nore detail on the nodeling of die swell/drawdown

i nformation and 6bté|n|ng eXperi mental data for an extrusion die is
provided in U S. Patent Application Serial Nunber 08/489,908, which is
I ncor porated herein by reference. The experinental data and the nodel ed
15 representation obtained fromthe instrunentati on and dat a

acqui sition systemare then arranged into the die design charts.

T\r/]\D die 3we| | /drﬁmO\m desq}c mmma(rj t&wmﬂh@\ﬁmimam £ g@heﬁeﬁil‘(ldtﬁe Fi g- 3
shows a design ar or .20 desi.gni ng _t he I ng t hickness an
Fig. 4 shows a dié ﬁﬂgigz#ﬁyﬁwﬁsﬁ“&&s%&i °ﬁ§“atqﬁ‘é’ %’%ﬁ% wi dt h.

The design chartepresEngatlanandl4usmmaﬂﬂmgaqdhatﬂdﬁahlps BEtwaky €$ie

show ng the thlg‘éﬁiﬁz gggwgt g&to fangr te draw speeds and

shear rates. e cons an ate |lines are not
uni formy dbst rrepredeneaameasoarlrhagadnmtme@he desigimtdlendty pfdxet ween

the die smell/qafgdg @HQ Eﬂﬁcknes%h%ﬁﬁ.ﬁﬂkp 5F gfﬁgt kﬁ§1sh§1 t hat al

of the |ines con ge to a point inthe u corﬁer Cn t he
art for die opening t 1ckness containing

design ¢

representations of shear rate, draw speed, and a

thickness factor, the design chart for die opening
10 width containing representations of shear rate, draw

speed, and a width factor.

5. A computer-implemented method for designing
an extrusion die for shaping a polymer resin material
into a profile having a plurality of sections, the

method comprising the steps of:

5 obtaining a plurality of operating conditions for
shaping the resin material into the profile;

specifying the profile dimensions of each of the
‘plurality of sections, the profile dimensions
including width and thickness;

10 providing extrusion information for the polymer
resin, the extrusion information including die
swell/drawdown and flow balance; and

determining die dimensions for shaping the resin
material into the profile in accordance with the
15 operating conditions., the profile dimensions, and the

extrusion information.

This Sheet Has Been Replaced
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30 other hand, the constant shear rate lines in the width desi gn chart

of Fig. 4 converge to a point on the | ower right corner. This is due to
t he mass bal -12 - °

Usual Iy in aﬂw@ “‘I\an It“ e are many sections havi ng different

t hi cknesses s4 tndicate t hajy di fferent wall thicknesses

w Il have different shear rates and subsequently different die 5

swel | / drawdown under one draw speed. From both the di e swel | / drandown
and the flow bal ance points of view, it is preferred that all wall
sections be as uniformin thickness as possible. However, this is

very difficult to folbow i & prmputerimppenienitied mathod according to
claim 5, wherein the plurality of operating conditions

comprise draw speed, die land length, and pressure
drop across the die plate.

5
7. A computer-implemented method according to
claim 5, wherein the die dimensions are determined by
coupling the die swell/drawdown and flow balance with
the operating conditions and profile dimensions.
5

8. A computer-implemented method according to
claim 5, wherein the die swell/drawdown extrusion
information comprises representations illustrating
relationships between die swell/drawdown of the resin,

5 the representations arranged into die design charts
for die opening thickness and die opening width, the
design chart for die opening thickness containing
representations of shear rate, draw speed, and a
thickness factor, the design chart for die opening

10 width containing representations of shear rate, draw
..gpeed, and a width factor.

9. An article of manufacture, comprising:

a computer usable medium containing computer
readable program code means embodied therein for
designing an extrusion die for shaping a polymer resin

5 material into a profile having a plurality of
sections, the computer readable program code means in

said article of manufacture comprising:

cen Replaced
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10 profiles wth hollow sections. The interior sections whi ch usual ly

have no direct contact with the cal i brator surface require thinner

t hi cknesses for the reasons of | ess heat release and hi gher throughput.
The die design charts are then used to determne 15 the dinensions for a
profile extrusion die that wll shape a polyner resin material into a

profile of a J !”ﬂum# g a desired geonetry. Fig. 5 sets forth a
flow chart il ”%ﬂjgﬁerat i on of applying the fl ow bal ance
i nformation and the di e |1 /drawdown information in the design charts

to determ ne the dinensions of the die. This operation Is stored in

the PC s nenory or can be witten on a fl oppy di sk, conpact disc, or

ot her conputer readabff£ o c%Hﬁ}afeéﬂmﬂéeer ggﬁbkgdgr Q@I‘ailgl qsg(}e means

25 enbodi ed therein and use a conputer"to determ
di nensi ons of afb&aimifnierd @luraligy mof OthéatlngoE@?lé#Féﬁnﬁeépﬁs by

determ ni ng ¢ he sgRYTBId W1 féﬁhn maéEEﬁéI“&ﬂ%@fthé prBeipeefil e includes
t he nunber of sect’i ons the profil Next, the operating 30

conditions are detern1neqﬁgt 46 1Tmaé5§éﬁtlng condi ti ons include
draw speed, E, die | SRFIRGFPPULET TR BgEBMeCAMSpMEBRSs Sothe di e
plate, [err]p. splecifying the profile dimensions of each of the
plurality of sections, the profile dimensions
including width and thickness;

15 third computer readable program code means for
providing extrusion information for the polymer resin,
the extrusion information including die swell/drawdown
and flow balance; and

fourth computer readable program code means for
20 determining die dimensions for shaping the resin
material into the profile in accordance with the
operating conditions, the profile dimensions, and the
extrusion information.

10. An article of manufacture according to
- claim 9, wherein the plurality of operating conditions
‘in the first computer readable program code means
comprise draw speed, die land length, and pressure
5 drop across the die plate.

11. An article of manufacture according to
claim 9, wherein the die dimensions in the fourth
computer readable program code means are determined by
coupling the die swell/drawdown and flow balance with

5 the operating conditions and profile dimensions.

Sheet Has Been Replaced
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-13 - 48, the width and thickness of each section of the

~profile are specified. At 50, the die swell/drawdown I nformation for
the polyner resin that is to be used in the extrusion process is
obtained fromwithin the 5 software. Next, the flow balance information
that is enbedded in the software is obtained at 52. After the

geonetry of the profile has been determ nedz the operating conditions

have been deta ' : and thi ckness of each section of the
profile have mmjﬂ"lw’m‘m'ﬂm and the die swell/drawdown and fl ow

bal ance i nf'or fat +on* has been obt ai ned, then the die dinensions for
each section are determned at 54. |If there is nore than one die plate
bei ng used in the extrusion process, then the above steps can be
repeated to 15 obtain dinensions for each of the additional die pl at es

I n the process.
12. An article of manufacture according to

claim 9, wherein the die swell/drawdown extrusion
information in the third computer readable program
code means compriseé representations illustrating
5 relationships between die swell/drawdown of the resin,

the representations arranged into die design charts
for die opening thickness and die opening width, the
design chart for die opening thickness containing
representations of shear rate, draw speed, and a

10 thickness factor, the design chart for die opening
width containing representations of shear rate, draw
speed, and a width factor.

Has Been Replaced
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Whi |l e determ ning the die dinensions for each section there are four

unknowns, the die thickness, t[err], the die wdth, wWerr], die
velocity, Vdie, and 20 shear rate, S. These four inknowns are sol ved

usi ng equation 2 for the die velocity, equation 3 for shear rate,
and the die swell/drawdown charts shown in Figs. 3 and 4 that are
represented by equations 4 and 5. Equatdgans 3, 4, and 5 are as foll ows:
25 [err] [err]

METHOD FOR DE NING PROFILE
EXTRUSION DIE PLATE

ABSTRACT

The present invention discloses a method for
5 designing a profile extrusion die for shaping a

polymer resin material into a profile having a
plurality of sections. In the present invention, a
plurality of operating conditions for shaping the
resin material into the profile are determined. The

10 dimensions of each of the plurality of sections of the
profile are then specified. The profile dimensions
include width and thickness. Extrusion information
for the polymer resin including die swell/drawdown and
flow balance is obtained. Die dimensions for shaping

15 the profile in accordance with the operating
conditions, the profile dimensions, and the extrusion
information are then determined.

FIGURE 5

This Sheet Has Been Replaced
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-14- [err] wherein tfac is the thickness factor and wWerr]

Is the 5 wdth factor. Equations 1-5 are integrated with the
di e design charts of Figs. 3 and 4 by devel opi ng a hi gher order

pol ynom al curve fit for each draw speed in terns of shear rate. This
enabl es equations 2, 3, and 4 to be lqb“;olved si mul t aneously, while
equation 5 is solved sequential |y Wecause of its derivative nature.

The resul ting equation for die thi'ckne bec s highly non- | i near.
The solution procedure for a néHn Iiﬂaﬂl_ drobl dmis a chal |l enge because
of the possibility of 15 ' e ?‘Ff' i3 I the present invention,

t he ' o ;
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solution for the die dinension closest to the profile di mension is

selected as the first choice. The non- | i near solver is the bi-section
met hod, which is relatively efficient for this particular problem 20
Thi s approach provides a natural way to introduce the pol ymer resin
into the calibrator w thout any squeezing and stretching near the
entrance region. If the calculated die wdth for certain sections
of the profile needs nodifications due té/@hg,die and 25 nmandrel
construction and assenbly, the fqllawing oRs® bal ance equation is used
to update the profile t hi ckngss: fj -15 -

o
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[err] t'"prof is the new profile thickness and wdie is the new di e
wi dth which is determ ned nmanually based on 5 the die construction
constraints. I n anot her enbodinent, if the die swell/drawdown
information is not available, then a sinplified approach can be devi sed
based on the flow and nass bal ance 09 ¥ The die width can then be
apprOX|nated 10 as the proflle MAdth he die veIOC|ty for each

secti on of t+he Pt of+te—ts—sttt+—eatcutat-ed uy Cquatlun Pt "Id.o.t he mass
bal ance cophcept, the die thickness I s defined as: [err]
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Draw Speed (ft/min)

FIG. 3



Substituting equation 2 into equation 7 and sol ving

t hi ckness results in the follow ng
-16-

equat i on:

wher e

4/8

20

for the die
[err]

This type of tooling iteration is generally achieved
studying the flow patterns at the die exit,
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the thinner sections of the die that flow at a | ower speed are
stretched by the constant draw speed of the 5 puller to produce thinner
profile sections. Thi s sinplified approach does not provide the
natural fit between the swelled resin free surfaces and the

calibrator surfaces, possibly resulting in sone degree of squeezi ng and
stretching of the extrudate between 11)2f gie die exit and the entrance of
the calibrator. As mentioned_above, the present invention is

i npl enented in a conputer such as 3 6 shows an exanple of a
screen view froma PC requesting t jari ous operating information be
i nput t ed. The 15 requested input : e nunber of sections in the
profile, the draw speed, the die | and fength, and the pressure drop
across the die plate. In the exanple shomn in Fig. 6, the number of
sections is 5, the drapw pe-ed—i 2 i length is 1.5
i nches, 20 and the pressure drop across the d|e plate s 2500 psi .

Fig. 7 shows an exanpl p dbetemvirtecthed@ecmetryiafthe Profileonh a PC requesti ng

that the width and thi ckaass.Qf ch.sectiaon of tha profile be

i nputted. The width and thickness yal ues for each section of the
profile 25 are inputted and shown in §ig. 7. Fig. 8 shows an exanpl e
of another screen view frnﬂln PC_show.hg -the SLt-put #8pl ays of the
present invention. artlcular shoms e die width and
di e t hi ckness t hat{ wi Dﬁteé‘h"éﬂféﬂﬁ faaetat@m(g@n% resin

'

Specify Width & Thickness of Each
Section of the Profile

r.5,48

Y 50

Obtain Die Swell/Drawdown Information

l ;

Obtain Flow Balance Information

'

Determine Die Dimensions

FIG. 5
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36 material into a profile having a particular wi dth and t hi ckness and

shear rate for each section at a particular die velocity and flow rate.
I n addi ti on, - 17 - t he total
flowrate for obtaining the profile is di spl ayed. In the exanpl e shown

in Fig. 8, the total flowrate is 18.329 I b/hr. The inplenentation of

t he present invention in a PC enables a designer to 5 readily devel op
a die design for shaping a pol yner resin into a profile at a conputer

wi t hout having to endure cut and trigqsiterations. It is

t herefore apparent that there has been provi ded in accordance with the

present invention, a

Advan | Basic Recall | Exit Help

Input the following set points

5 Number of sections (1-50)
10 Draw Speed (ft/min)
1.5 Die Land Length (inches)
2500 Pressure drop across die plate (psi)

FIG. 6



10 nethod for designing a profile extrusion die that fully satisfies
the ai ns and advantages and objectives her ei nbef ore set forth. The

i nvention has been described with reference to several enbodi nments,
however, it will be appreciated that variations and 15 nodifications can
be effected by a person of ordinary skill in the art w thout departing
fromthe scope of the i nventi on. 7/8 1. A net hod
for designijng an exfrusion gie for $haping h polyner resin material ipto a
profile havi ngstaapl Ur gyt y pf 9&K | Pn4elphe} met hod conprising the steps of:
determning a plurality of pperating conditjons for shaping the resin

material inNfo THE profrTTe —wherernmthe prourality of operating conditipns
i ncl ude dr speed, die land length, and pressure drop across the die
pl at e;

PROFILE

Input Values For Section #1

Input Values For Section #2

Input Values For Section #3

Input Values For Section #4

Input Values For Section #5

FIG. 7



specifying the profile dinensions of each of the plurality of sections, the

profile dinmensions including width and thickness; provi di ng
extrusion information for the polyner resin, the extrusion information
including die swell/drawdown and fl ow bal ance; and determning die

di mensions for shaping the resin material into the profile in accordance
with the determ ned operating conditions, the specified profile dinmensions,
and the provided extrusion information. 2. The net hod accordi ng
to claim 1, wherein the die dinensions are determ ned by coupling the die
swel | / drawdown and flow bal ance with thg,sgperating conditions and profile

di nensi ons. 3. The nmethod according to claim 1, wherein the
di e swel | /drawdown extrusion information conprise representations
| | | ustr a | nn rnl rln\l\n nf £ hn rnc! [a}

mat eri al the representafi ons arfanged i nto di e fesign charts for die
openi ng | hiklkhess apavali ¢ oNewin xit h, {t Hdelges] gn chart for die openijg

t hi CkneS“ contaihing reptesentations of e, draw speed, and a

t hi cknesg factor, the design chart for die opening w dth containing
represenfations of shear rate, draw speed, and a width factor. 4.
A conput gr=TTp TIEﬂT'E'd‘ﬂ'ETﬁU’d‘H’TTES‘IEm_ g a
pol ymer tflesin péﬁerlal Qigt o aﬁP Bile W'%g a the
met hod chinpri YigH t he Bhielps of it ai nilatea plur¥elity oiﬂ ager 4t§ ng

condi t i o\SéEr (lBhapl ng (mhe r esi{im)mat erl(am) into ¢We pr of (inks) V\/ne(lbihﬂ) t
pluralityfofr operating conartrons 1 ncTude draw speed, dre rand rengrm,

1 01432 0.056 0.109 0.064  203.136 1.892 1.615

2 0275 0.056 0.227 0.064  203.136 1.892 3.363
3 0379 0.055 0.301 0.060  190.992 1743 4.181
4 0.599 0.052 0.431 0.050 161.068 1.389 4.989

5 0379 - 0.055 0.301 0.060  190.992 1.743 4,181

total ﬂow rate |s 18 329 (lb/hr) ; E%J

FIG. 8
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and pressure drop across the die plate;
-19- spec1 fy1 ng-the prof1 | & di nensi on§ of repChCEMEtITEeSERTAl | 9 of
sections, the prof | e _'-d|",jrren3| ons -i- nc] udi ng w dt hyg chﬁi @,{(nlggsd to paged .....
provi di ng extrusion information fo he pol yneg j }n(qs e, !&'t@“pagedﬁ?
i nformation includijn B el H»dr own and fliopy pal -
determ ning die di asmnsfor shal g the resiin "ﬁ t ég e
i n accordance wit h ained oper tlle8 tondijt | onssq{af: e s §§9fi]
di mensi ons, and th proyl_d_e_d,exLLu&— n i nformatli gn. 0’

conput er - i W ERERt ed et hod according to cl ai ml4DAREEQH qufépgl-e -------------
di mensi ons are determnined by coupling the die swell/drawdown and fl ow

bal ance wi th the opergitphdifod fstdéddighisy aResiusoh! @e GbMBRASIIRY S polymer resin
material into a profile having a plurality of sections, the method comprising the steps of:

m

determining a plurality of operating conditions for shaping the resin material into
the profile, wherein the plurality of operating conditions include draw speed, die land
length, and pressure drop across the die plate;

specifying the profile dimensions of each of the plurality of sections, the profile
dimensions including width and thickness;

providing extrusion information for the polymer resin, the extrusion information
including die swell/drawdown and flow balance; and

determining die dimensions for shaping the resin material into the profile in
accordance with the determined operating conditions, the specified profile dimensions,

and the provided extrusion information.

2. The method according to claim 1, wherein the die dimensions are
determined by coupling the die swell/drawdown and flow balance with the operating

conditions and profile dimensions.

3. The method according to claim 1, wherein the die swell/drawdown
extrusion information comprise representations illustrating relationships between die
swell/drawdown of the resin material, the representations arranged into die design charts

- for die opening thickness and die opening width, the design chart for die opening
thickness containing representations of shear rate, draw speed, and a thickness factor,
the design chart for die opening width containing representations of shear rate, draw

speed, and a width factor.

4, A computer-implemented method for designing an extrusion die for
shaping a polymer resin material into a profile having a plurality of sections, the method
comprising the steps of:

obtaining a plurality of operating conditions for shaping the resin material into the
profile, wherein the plurality of operating conditions include draw speed, die land length,

and pressure drop across the die plate;
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6. The conputer-inplemented nmethod according to claim4, wherein the die
swel | / drawdown extrusion information conprises representat{i 9ASET il ustrating

rel ati onshi ps be ' rawdown of thel resi-n;—t-he-repregentations
arranged into di i"ﬁwu “ﬂﬁ , I or di e opening| thickness and di & openi ng
wi dt h, the design=+chart. 2openi ng thi ckness: cént ali hg? !

representations of shear rate, draw speed, and ha ‘L_hjﬂ_gg_n_gs_s_“__f‘_acﬂor, t he
design chart for die opening width contai M ng representations of ishear
rate, draw speed, and a width factor. e AA—BF-E-e—Of
manuf act ure, conpri sing: a conput er usable medi um contai ni ng

conput er readaEP%f:ifMirnggfgﬁrﬁQﬂﬁjéWﬁSﬁi@ﬁséﬁ@ééﬁ‘ ofi thenplpelity 9fosectiens, dhe REPlilen

ext rusi ongghehsions i,gmg{\gidﬁlmt)%ﬁﬁegsgsi n material into a profile having a
plurality of sections, the conputer readable program code neans in said
article of man@feyigding extgusisy infarmgtion for the polymar regiipiecextiusignabioemptiasyr am
code rreanﬁmfdafngqj}% QWQII/&QWEO\%'[glg?:ﬂf)\g%a%lc&pﬁ{dat' ng conditions for shaping

the resin material I1nto the p erein the plurality of operating

condi ti ons i ncHegemaingwdiepdimgnsiane fora plarRin dien resim dngierdal sotoether prefilec inoss
the die pbatsy ith the SBRAMLICHERAtING con8RERD | el infeiR f
specifyin thea%:so\}"i l e di.mlensi ons Fgg cgach of ﬁggégﬁi&égrl ty&o siea@ts’i Eg{r%js, t he
profile dﬁf‘r’d?i@ﬁ"@%e*tﬁ@!%ndﬂfﬁU"WQﬂ't h and thi ckness;

5. The computer-implemented method according to claim 4, wherein the die
- dimensions are determined by coupling the die swell/drawdown and flow balance with
the operating conditions and profile dimensions.

6. The computer-implemented method according to claim 4, wherein the die
swell/drawdown extrusion information comprises representations illustrating relationships
between die swell/drawdown of the resin, the representations arranged into die design
charts for die opening thickness and die opening width, the design chart for die opening
thickness containing representations of shear rate, draw speed, and a thickness factor,
the design chart for die opening width containing representations of shear rate, draw

speed, and a width factor.

7. An article of manufacture, comprising:

a computer usable medium containing computer readable program code means
embodied therein for designing an extrusion die for shaping a polymer resin material into
a profile having a plurality of sections, the computer readable program code means in
said article of manufacture comprising:

first computer readable program code means for obtaining a plurality of operating
conditions for shaping the resin material into the profile, wherein the plurality of operating
conditions include draw speed, die land
length, and pressure drop across the die plate;

second computer readable program code means for specifying the profile
dimensions of each of the plurality of sections, the profile dimensions including width and

thickness;



-20 - third conputer readabl e program code rrea_na_i,gpjmw ng
extrusion inf or mation for the polynmer resin, the exirugi o0t o
i ncluding die I | /drawdown and fl ow bal ance; and F OUr’f’h co ter

readabl e pr ogr H ﬂ I determ ning die di n$| o,n§ ng the
resin materi al (ﬂ %wm ”m I n accordance with thei oé)tﬂ’atk"‘ﬁ{a ope ating

conditions, the speC| fié pr ofsi | e di nensi ons, and t e {provi ded—ext sﬁon

i nformati on. The article20F manuf actiure according to_dlaim
7, wherein the die di rrenS| ons in the fourth conputer -r@aelabfe'program code

means are determ ned by coupling the die swell/drawdown and fl ow bal ance
with the oper dhirchgoropuldi teadalle pneprpmadode anelinsgorsproviging extrusion inf@mation The

article qf ﬁ%nbglzrﬁérufegma%oéﬂiﬁ%t lﬂfo?r}ngh glquﬁwg dﬁjjlg 'Wel/AFavilicin and flow

swel | /dr awd rust oh I nforna computer  readabl e”program
code nearmlaoRparides representations illustrating relationshi ps between die

swel |/ dr andown, oh, tcgrﬂaﬂtt%ﬁ i’e{(ﬁgﬁélsggprgﬁr%ﬁ‘?ﬁgﬁ %hR@?oraééé%ﬁﬁﬁﬁ% el 8m§gn§|oq st gn

charts for die openin dire openin design chart
for die dpeshaping theoksie seaterighintd tihengrofi mnweutdanwowﬁh die ebbtained ropemtingr aw

speed, anggiibid WOEwirkd ptdte dibaRsitfS A 15dBovidb8 extrusion information.

8. The article of manufacture according to claim 7, wherein the die
dimensions in the fourth computer readable program code means are determined by
- coupling the die swell/drawdown and flow balance with the operating conditions and

profile dimensions.

9. The article of manufacture according to claim 7, wherein the die
swell/drawdown extrusion information in the third computer readable program code
means comprises representations illustrating relationships between die swell/drawdown
of the resin, the representations arranged into die design charts for die opening
thickness and die opening width, the design chart for die opening thickness containing
representations of shear rate, draw speed, and a thickness factor, the design chart for
die opening width containing representations of shear rate, draw speed, and a width

factor.



di e opening width containing representations of shear rate, draw speed,

a width factor.
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A METHOD FOR _DESIGNING A PROFILE
EXTRUSION DIE PLATE

ABSTRACT

The present invention discloses a method for
designing a profile extrusion die for shaping a
polymer resin material into a profile having a
plurality of sections. 1In the present invention, a
plurality of operating conditions for shaping the
resin material into the profile are determined. The
dimensions of each of the plurality of sections of the
profile are then specified.

include width and thickness.

The profile dimensions
Extrusion information
for the polymer resin including die swell/drawdown and
flow balance is obtained. Die dimensions for shaping
the profile in accordance with the operating
conditions, the profile dimensions, and the extrusion

information are then determined.

FIGURE 5

‘and



