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COMPLAINT
Plaintiffs Moldflow Corporation and Moldflow Ireland, Ltd.
(collectively, "Moldflow") file this Complaint for patent
infringement against Simcon, Inc. (“Simcon, Inc.”) and Simcon
Kunststofftechnische Software GmbH (“Simcon GmbH”). As a result
of such patent infringement, Moldflow has been damaged and
irrevocably harmed, and seeks injunctive relief, compensatory and

multiple damages, attorneys’ fees, and costs and expenses.

PARTIES
1. Moldflow Corporation is a corporation organized and

existing under the laws of the state of Delaware and maintains a

regular place of business in Wayland, Massachusetts

| \




Case 1:02-cv-1212.CL Document 1 Filed 10/30/0'age 2 of 39

2. Moldflow Ireland, Ltd. is a corporation organized and
existing under the laws of the country of Ireland and maintains a
regular place of business in Cork, Ireland.

3. On information and belief, Simcon, Inc. is a
corporation organized and existing under the laws of the state of
Washington, and maintains a regular place of business in
Vancouver, Washington. Simcon, Inc. is a wholly-owned subsidiary
of Simcon GmbH, and does business in this district and elsewhere
in the United States.

4. on information and belief, Simcon GmbH is a limited
liability company (GmbH) organized and existing under the laws of
the Federal Republic of Germany and maintains a regular place of
business in Herzogenrath, Nordrhein-Westfalen, Germany, and does

business in thig district and elsewhere in the United States.

JURISDICTION AND VENUE

5. This action arises under the patent laws of the United
States (Title 35 United States Code). The court has subject
matter jurisdiction pursuant to 28 U.S.C. § 1338.

6. Venue is proper in the United States District Court for

the District of Massachusetts pursuant to 28 U.S.C. §§ 1391 and

1400 (b) .
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FACTS

7. On August 1, 2000, the United States Patent and
Trademark Office duly and legally issued United States Patent No.
6,096,088, entitled: METHOD FOR MODELLING THREE DIMENSION OBJECTS
AND SIMULATION OF FLUID FLOW to Yu et al. (the "Yu Patent"), a
true and correct copy of which is attached hereto as Exhibit A.
Moldflow Ireland, Ltd. has exclusive rights to the Yu Patent in
the United Stateg, including the right to enforce the Yu Patent.
Moldflow Corporation has rights to the Yu patent in the United
States by agreement with Moldflow Ireland, Ltd., including the
right to enforce the Yu patent,

8. On information and belief, Simcon, Inc. and Simcon
GCmbH, without authorization, make, use, offer to gell, and sell
throughout the United States, including this judicial district,
and export to and import into the United States simulation
goftware products, such as Cadmould and Cadmould Pro. Both
Cadmould and Cadmould Pro incorporate or otherwise use the
“simcon surface model method (ssmm)”.

9. The “simcon surface model method (ssmm)” is covered by
Moldflow’s Yu Patent. The software products imported, exported,

made, used, sold, and offered for sale by Simcon, Inc. and Simcon

GmbH that incorporate or otherwise use the “simcon surface model
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method (ssmm)”, including Cadmould and Cadmould Pro, are covered

by Moldflow’s Yu Patent.

COUNT T
PATENT INFRINGEMENT OF U.S. PATENT 6,096,088 BY SIMCON, INC.

10. Moldflow re-alleges and adopts by reference the
allegations set forth in paragraphs 1-9 above.

11. Moldflow has the right to enforce the Yu Patent, to
recover damages arising out of infringement of the patent,
including past damages, and to obtain injunctive relief to
prevent the further infringement of the Yu Patent.

12. Simecon, Inc. has in the past made, used, imported,
gold, and/or offered for sale, and unless enjoined by the court
will continue to, make, use, import, seil, and/or offer for sale
products in the United States, including in this judicial
district, in direct violation of Moldflow’s patent rights.

13. Simcon, Inc. has and continues willfully to infringe,
literally and/or by the doctrine of equivalents, claims of the Yu
Patent by, without limitation, making, using, importing, selling,
and/or offering to sell in this judicial district and elsewhere
in the United States, products covered by the Yu Patent.

14. By reason of these acts by Simcon, Inc., Moldflow has

and will continue to be irreparably harmed unless Simcon, Inc. is
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enjoined by the court from the actions complained of herein, and

thus, Moldflow is without an adequate remedy at law.

COUNT II
PATENT INFRINGEMENT OF U.S. PATENT 6,086,088 BY SIMCON GMBH

15. Moldflow re-alleges and adopts by reference the
allegations set forth in paragraphs 1-14 above.

16. Simcon GmbH has in the past made, used, exported to the
United States, sold, and/or offered for sale, and unless enjoined
by the court will continue to, make, use, export to the United
States, sell, and/or offer for sale products in the United
States, including in this judicial district, in direct violation
of Moldflow’s patent rights.

17. Simcon GmbH has and continues willfully to infringe,
literally and/or by the doctrine of equivalents, claims of the Yu
Patent by, without limitation, making, using, exporting to the
United States, selling, and/or offering to gell in this judicial
district and elsewhere in the United States, products covered by
the Yu Patent.

18. By reason of these acts by Simcon GmbH, Moldflow has
and will continue to be irreparably harmed unless Simcon GmbH is

enjoined by the court from the actions complained of herein, and

thus, Moldflow is without an adequate remedy at law.
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PRAYERS FOR RELIEF

WHEREFORE, Moldflow regpectively requests the following
relief:

1. That the court declare that Simcon, Inc. and Simcon
GmbH have infringed and continue to infringe the Yu Patent;

2. That Simcon, Inc¢. and Simcon GmbH, their officers,
agents, servants, employees, attorneys, and all other persons in
active concert or participation with them, be preliminarily and
permanently enjoined and restrained from further infringing the
Yu Patent throughout its remaining enforceable term;

3. For an award of damages together with interest, to
compensate Moldflow for the past infringement by Simcon, Inc. and
Simcon GmbH of the Yu Patent;

4. That the court find that Simcon, Inc. and Simcon GmbH’Ss
infringement of the Yu Patent has been willful and treble the
award of actual damages found or assessed as a result of the
willful nature of Simcon, Inc. and Simcon GmbH's infringement,
and that court award to Moldflow all of its costs and reasonable
attorneys’ fees in respect thereto in accordance with 35 U.S.C.
§§ 284-285; and

5. For such other and further relief as the court deems

just and proper.
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W

Jury Trial Requested

Moldflow requests a trial by jury on all issues so triable.

Dated: AB/%Q/;;l, Moldflow Corporation
’ Moldflow Ireland, Ltd.

e
By its attorneys

Steven M. Bauer, Esqg.

BBO# 542531

Christopher W. Stamos, Esq.
BBO# 6336465

Testa, Hurwitz & Thibkeault, LLP
125 High Street

Boston, MA 02110

Phone: (617) 248-7000

Fax: (617) 248-7100

2512534
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(571 ABSTRACT

A method is provided for simulating fluid flow within a three
dimensional object having first and second generally
opposed surfaces. The method includes: matching each
element of the first surface with an element of the second
surface between which a reasonable thickness may be
defined, wherein matched elements of the first surface
constitute a first set of matched elements and matched
elements of the second surface constitute a second set of
matched elements, specifying a fluid injection point, and
performing a flow analysis using each set of the matched
elements. In this way, the injection point is linked to all
locations on the first and second surfaces from which flow
may emanate such that resulting flow fronts along the first
and second surfaces are synchronized.

100 Claims, 18 Drawing Sheets
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1
METHOD FOR MODELILING THREE
DIMENSION OBJECTS AND SIMULATION
OF FLUID FLOW

This invention relates to a method for modelling solid
objects, particularly for use in the simulation of fluid flow,
to be used for example to simulate prolotypes before pro-
duction. In a preferred embodiment the method isused in the
design of articles to be manufactured by injection molding,
preferably from molten plastic materials.

The modelling of solid objeets is employed in various
fields. Such modelling is used, for example, in the simula-
tion of injection molding. Tn that field, it is widely recog-
nized that the filling and packing phases of injection mold-
ing have a significant effect on the visual and mechanical
propertics of a molded object. Simulation is employed to
analysc proposed shapes and injection points, and thus the
final quality of the ultimale article. A requirement ol any
injection mold is that it can be filled with molten polymer
given thc pressure limits of a real injection molding
machine. Simulation ¢an provide information as to whether
the mold can be filled and the fill pattern that will be
achieved. By using simulation, it is possible to determine
optimum gate locations and processing conditions. It is
possible to predict the location of weld lines and air traps.
Economic bencfit is derived {rom simulation because prob-
lems can be predicted and solutions tested prior to the actual
creation of the mold. This eliminates coslly re-working and
decreases the time required to get an object into production.

Simulation technology has been developed and generally
uses finite element/finite difference techniques to solve the
governing cquations of fluid flow and heat transfer. In order
1o minimize the time required for analysis and hence the
requircd compuler resources, the Hele-Shaw approximation
is invoked o simplify the governing equations. Tt has been
found that this simplification provides sufficient accuracy for
injection molding but does create the need for specific
modelling of the computational domaia.

Injection molding is an excellent process for repetitively
manufacturing large numbers of objects or parts having
complicated geomeltries. A characieristic of injection molded
components is that the thickness of the wall is generally a
small fraction of the overall length of the component. Tn
view of the low thermal conduclivily of plastics, this physi-
cal characteristic is essential 1o achieve the rapid cycle times
that make the process so attractive.

The flow of melt in an injection mold is determined by
the familiar conservation laws of fluid mechanics. Solution
of the equations in their full generality presents scveral
practical problems. Owing 1o the characleristically thin
walls of molded components, however, it is possible to make
some reasonable assumptions that lead to a simplification of
the governing equations. These simplified equations
describe what is called Ilele-Shaw flow and may be readily

solved in complex geometries vsing an appropriate numeri- 5

cal technique such as the f{inite element and/or finite differ-
enee method.

Injection molding simulation is now routinely regarded
as a desirable aspect of plastic part design. Similarly,
improved computer aided dratting (CAD) technology has
led 1o the widespread use of surface and solid modelling.
Associaled advanlages of this are the ability to better visu-
alize an object, to usc numerical cutting, and the possibility
of achieving more concurrency in engineering design and
manufacture. When using the Hele-Shaw approximation,
plastic CAE analysis still requires the use of a surface
model, representing the midplane of the real component,
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which is then meshed with triangular or quadrilateral ele-
ments to which suitable thicknesses are ascribed. The prepa-
ration of such a mesh can take a considerable amount of
time, and requires substantial user input; owing to the labour
intensive nature of this step, model preparation requires the
greatest share of time when performing a molding simula-
tion and makes this technique time consuming. In addition,
as model preparation is an interactive task, it has a higher
cost associated with it than simply mnning a computer
program.

One solution to the above shortcomings is to avoid the
use of the Hele-Shaw equations and solve the governing
equalions in their full generality. This has inherent problems
owing to the thin walled nature of injection molded objects
and parts. To perform such an analysis, the region repre-
senting the mold cavity into which molien polymer will be
injected must be divided into small sub-domains called
elements. Usually these elements are of tetrahedral or hexa-
hedral shape. This process of subdivision is called meshing
and the resultant network of tetrahedra or hoxahedra the
mesh, Owing lo the complicated shape of many injection
molded objects and parts it is generally not possible 1o
automatically mesh the cavity with hexahedral elements. It
is possible, however, to mesh the domain automatically with
tetrahedral elements. The thin walled paturc of injection
molded objects and parts means that the plastic is subject to
a huge thermal gradient in the thickness direction of the
component. This requires that there be a reasonable number
of elements through the thickness. Using existing meshing
technology, the result is a mesh consisting of hundreds of
thousands or ¢ven millions of clements. The high number of
elements makes the problem intractable for any but the
fastest super computers. These are rarely found in industry,
being extremely costly to purchase and maintain. Thus,
although three dimensional simulation provides a solution
that avoids the requirement of a midplane model, it is not as
yet a practical solution.

It is an object of the present invenlion, therefore, 10
provide a method for the simulation of flow in a three
dimensional object that can produce simulations substan-
Gally automatically, withoul requiring the solution of the
govermning equations in their full generality.

According lo a first broad aspect of the present invention,
therefore, there is provided a method for simulating fluid
flow within a three dimensional object having first and
second generally opposed surfaces including:

matching each element of said first surface with an

clement of said second surfacc between which a rea-

sonable thickness may be dcfined, wherein matched

elements of said first surface constitute a first set of

matched elements and matched elements of said second

surface constitute a second set of matched elements,
specifying a fluid iojection point,

performing a flow analysis using each set of said matched

elements, whereby said injection point is linked to all
locations on said first and second surfaces from which
flow may cmanatc such that resulting flow [ronts along
said first and second surfaces are synchronized.

It should be noted that, in this context, generally opposed
surfaces may be parallel, inclined to each other, meet at an
acule angle or oltherwise, and need not be planar, provided
that a thickness or thicknesses may be assigned to the space
belween the surfaces.

Preferably said injection point is first linked to all said
locations from the commencement of said flow analysis.

Preferably said injection point remains so linked at all
limes in said flow analysis subsequent to said first linking.




Case 1:02.1212'1 Document 1 Filed.30/02 'ge 28 of 39

6,096,088

3

Thus, although the injection point must be linked 1o all
these locations at some point in the flow analysis, and
essentially continnously thereafter, the injection point may
remain unlinked initially. Although this may decrease the
accuracy of the final analysis adversely, it may nevertheless
allow the analysis to yield useful results,

Preferably said injection is one of a plurality of injection
points.

Preferably said synchronization of said flow fronts is
checked periodically.

Preferably said flow fronts are synchronized if found not
to be or no longer synchronized.

Preferably said checking is performed at each time step.

‘Thus, although for simple objects it is sufficient to syn-
chronize flow fronts by linking the injection point or points
1o all locations, more complex parts require this synchroni-
zation at cach calculational ume step.

Preferably said [irst and second generally opposed sur-
faces are one of a plurality of pairs of generally opposed
surfaces.

Thus, where the existing techmiques uiilize a single,
midplane representation of the object in which flow is to be
modelled, and perform a simulation with this representation,
the method according, to the present invention utilizes only
the outer surfaces defining the three dimensional objeet to
create a computational domain. These correspond to repre-
scntations (in a preferred embodiment, meshed
representations) of the domain in which flow is to be
simulated, and would comprise, for example, meshed rep-
resentations of the top and bottom surfaces of a part. Thus,
in such an example the invenlion could be said to ulilize an
owter skin mesh rather than a midplane mesh. Elements of
the two surfaces are matched, bascd on the ability to identify
a thickness between such clements. An analysis, substan-
tially along conventional lines (by means, for example, of
the Hele-Shaw equations), is then performed of the flow in
cach of these domains in which [low is to be simulated, bul
linked 1o ensure fidelity with the physical reality being
modelled.

Preterably any unmatched elements of said first and
second surfaces, being elements thal could not be matched,
are agsigned thicknesses being the average of the thicknesses
of adjacent maiched elements where such adjacent matched
elements exist, or of adjacent unmatched elements where
such adjacent matched clements do not cxist and said
adjacent unmatched clements have been assigned thick-
NESSEs.

Thus, eventually all matched and vnmatched elements of
the first and second surfaces may be assigned thicknesses.

Preferably cach clement of an edge surface, being a
surface between said first and second surfaces, and adjacent
to either of said first or second surlace is assigned a
thickness proportional to the thickness of the ¢lement of said
first or sccond surface to which satd element of said edge
surface is adjacent.

Preferably cach said element of an edge surface is
assigned a thickness between 0.5 and 1.5 times said thick-
ness of the element ol said first or second surface 1 which
said element of said edge surface is adjacent.

Preferably each said element of an cdge surface is
assigned a thickness between 0.7 and 0.9 times said thick-
ness of the element of said first or sccond surface to which
said clement of said edge surface is adjacent.

Still more preferably each said element of an cdge surface
is assigned a thickmess 0.75 times said thickness of the
clement of said first or second surface to which said element
of said edge surface is adjacent.
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Preferably each element of an edge surface not adjacent 1o
said first or second surface is assigned a thickness being the
average of the thicknesses of adjacent elements of said edge
surface that have been assigned thicknesses.

Assigning a thickness, therefore, to every element of both
surfaces and of edge surfaces ensures that the greatest
accuracy will be achieved in the simulation.

Preferably flow is simulated at a rate directly proportional
to a desired flow rate for the object.

The desired flow rate will usually be a flow rate selected
by a user based simply on the volume of the object to be
filled and the desired fill-time.

Preferably said rate is proportional to the ratio of com-
putational domain volume of said object to real volume of
said objcct.

More preferably said rate is equal to the ratio of said
computational domain volume to said real volume.

This approach may bc used to compensate for the modi-
fication of the elective volume of the object being modelled,
owing to the use of two domains (for example, associated
with the top and bottom surfaces), rather than one meshed
domain as in the midplane approach. The computational
domain volume is thus this effective volume used for the
purposes of modelling the object, which most preferably
will be approximately double the real volume,

Prcferably the method is performed with first and second
representations of said first and second surfaces respectively
comprising first and second meshes or lattices respectively,
wherein said elements are interstices of said first and second
meshes or lattices.

Preferably said elements are triangular or quadrilateral,

Preferably, when said elements are triangular, said ele-
ments are equilateral.

Preferably said method includes creating said first and
second representations.

Ip onc embodiment the method includes creating
improved representations of said first and second surfaces,
whereby said clements are clements of said improved rep-
resentations and said method is performed with said
improved representations.

Preferahly said first and second representations are, or are
a parl of, a representation or representations [or stereolithog-
raphy of said object.

Thus, computer representations of the two surfaces may
be provided as input to the method, may be created by the
method, or—if provided with representations of the
surfaces—the method may create improved representations.
As described above, particularly preferred represcntations
include those with elements comprising equilateral triangles.

In ope embodiment of the invention the method described
above is performed by a computer running a computer
program ¢ncoding said method for simulating fluid flow.

Preferably said method optionally includes corrections for
non-isothermal temperature fields and/or non-Newtonian
fluids.

Thus, known techniques for including the effects of
non-isothermal temperature fields and non-Newtonian fluids
may be included so that more physically faithful simulations
may be performed, as well as [aster simulations withoul
these corrections when speed is desirable, even at the
cxpense of precision.

According 10 a second broad aspect of the present inven-
tion there is provided a method for simulating fluid flow
within a three dimensional object having first and second
generally opposed surfaces including:

providing or creating first and sceond representations of

said first and second surfaces respectively,
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creating first and second improved representations from
said first and second represemiations respectively,

matching each element af said first improved representa-
tion of said first surlace with an element of said second
improved representation of sald second surface
between which a thickness may be defincd, wherein
matched elements of said first improved representation
constitutc a first sct of matched clements and matched
elemeants of said second improved representation con-
stitute a second sel of malched clements,

specifying a fluid injection poinl,

performing a flow analysis using each sct of said maiched

elcments, whereby said injection point is linked to all
locations on said first and second improved represen-
tations from which flow may emanate such that resuit-
ing flow fronts along said first and second improved
representations are synchronized.

Preferably the first and second representations are, or are
a part of, a represcatation or representations for stereolithog-
raphy of said object.

Preferably the first and second lmproved representations
comprise small equilateral triangular elements.

According to a third broad aspect of the invention there is
provided a computer provided with or running a computer
program encoding the method for simulating fluid flow
described abave.

In a fourth broad aspect of the invention there is provided
a computer storage medium provided with a computer
program embodying the method for simulating fluid Alow
described above,

According to a fifth broad aspect of the present invention
there is provided a method far modelling a three dimen-
sional object including:

specifying first and second gencrally opposed surfaces of

said object,

forming first and second representations of said first and

sccond surfaces respectively, wherein said first and
sceond representations cach comprise a plurality of
clements, and

matching pairs of elements of said first and second

surfaces between which a thickness may be delined.

Preferably the first and second representations comprise
first and second meshes or lattices respectively, wherein said
clements are interstices of said first and second meshes or
lattices.

‘Thus, the clements of the first representation are inter-
stices of the first mesh, and the clements of the sccond
representation are interstices of the second mesh.

Preferably said elements are triangular or quadrilateral.

Prcferably, when said clements are triangular, said ele-
ments are equilateral.

Prefcrably each element of cach of said matched pairs of
elements is assigned respectively said thickness.

Preferably any unmatched elements of said first and
second surfaces, being elemcnts that could not be matched,
arc assigned thicknesscs being the average of the thicknesses
of adjacent matched cloments where such adjacent matched
elemcnts exist, or of adjacent unmaiched elements where
such adjacent malched ¢lements do nol exist and said
adjacent unmatched elements have been assigned thick-
NEs&ES.

Preferably cach element of an edge surface, being a
surface hetween said first and second surfaces, and adjacent
o either of said firsl or second surface is assigned a
thickness proportional to the thickness of the ¢lement of said
first or second surface to which said element of said edge
surlace is adjacent.
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Preferably each said element of an edge surface is
assigned a thickness between 0.5 and 1.5 times said thick-
ness of the ¢lement of said first or second surface to which
said clement of said cdge surface is adjacent.

Preferably each said clement of an cdge surface is
assigned a thickness between 0.7 and 0.9 times said thick-
ness of the element of said firsl or second surface to which
said element of said edge surface is adjacent.

$till more preferably cach said element of an edge surface
is assigned a thickness 0.75 times said thickness of the
element of said first or second surface to which said element
of said edge surface is adjacent.

Preferably each element of an edge surface not adjacent 1o
said first or second surface is assigned a thickness being the
average of the thicknesses of adjacent clements of said cdge
surlace thal have been assigned (hicknesses.

According to a sixth broad aspect of the present invention
there is provided a method for simulating fluid flow within
a three dimensional object having first and second penerally
opposed surfaces including:

matching cach element of said first surface with an

element of said second surface betwecn which a thick-
ness may be defined, wherein matched elements of said
first surface constitute a first set of matched elements
and matched clements of said second surface constitute
a second set of matched elements,

specifying a fluid injection point,
performing a flow analysis using cach set of said matched
elements, and

synchronizing flow fronts resulting from said flow analy-

sis along said first and second surfaces.

Preferably said flow fromis are synchronized from the
commencement of said flow analysis.

Alternatively said flow fronts are first synchronized after
the commencemcnt of said flow analysis.

According to a [urther broad aspect of the present inven-
tion there is provided a method for simulating fluid flow
within a three dimensional object having first and second
gencrally opposed surfaces including:

matching each clement of said first surface with an

element of said second surface belween which a thick-
ness may be defined, wherein matched elements of said
first surtace constilute a first set of matched elements
and matched elements of said second surface constitute
a second set of matched elements,

specifying a fluid injection point,

performing a flow analysis using said first set of matched

clements,

adapting said flow analysis to said second set of matched

elements, and

synchronizing flow fronts resulting from sajd flow analy-
sis and said adaptation of said flow analysis along said
first and second surfaces.

Thus, it is possible in some cases to perform the method
using, only onc of the scts of clements, and mapping the
resull unto the other set, and performing minor adaptation of
the analysis to allow for any differences between the two
surfaces.

Preferably the method is perforned with first and seeond
representations of said first and second surfaces respectively
comprising first and second meshes or lattices respectively,
wherein said elements are interstices of said first and second
meshes or lattices.

Preferably the elements are triangular, and most prefer-
ably equilateral triangles.
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Preferably the elements are quadrilateral.

Preferably the method includes creating said first and
sccond representations, and more preferably creating
improved representations, either from the original surfaces
or from the first and second representations, and performing
the method with elements of the representations or improved
represenlations.,

In all the above methods according to the present inven-
tion aspects 1 is preferred that the synchronization com-
prises matching pressurc and temperature.

According to a particular aspect of the present invention
there is provided a method for simulating fluid flow within
a three dimensional object having first and second generally
opposcd surfaces including:

matching cach element of said first surface with an

clement of said second surface between which a thick-
ness may be delined, wherein malched elements ol said
first surface constitute a first set of matched clements
and matched clements of said second surface constitule
a second sel ol matehed elements,

specifying a plurality of fluid injection points,

performing a flow analysis using cach set of said matched

elements, whereby said injection points are linked to all
locations on said first and second surfaces from which
flow may emanate such that resulting flow fronts along
said first and second surfaces have matched How rates.

A preferred embodiment of the invention will be
described, by way of example, with reference to the accom-
panying drawings, in which:

FIG. 1 is a representative example of an article to be
manufactured by injection molding in the form of a T-shaped
component;

TIG. 2 is a midplane representation of the component in
FIG. 1 that 1s meshed;

FIG. 3 is a view of the major results from a conventional 3

analysis showing the position of the advancing melt at given
limes;

FIG. 4 is an cxample of a stercolithography mesh of the
T-shaped abject of FIG. 1,

L1G. Sa shows an initial mesh used in a remeshing method
according (o the present invention;

IFIGS. §b-f show the mesh of FIG. Sa progressively
remeshed according to the remeshing method;

FIG. 6 shows the mesh of FIG. 4, remeshed according to
the preferred embodiment of the present invention;

FIG. 7a is a view of a mesh produced by conventional
modelling techniques for a flat plate;

FIG. 7b is a view of a corresponding mesh produced for
a flat plate according to a preferred embodiment of the
present invention;

FIG. 8 illustrates surface matching for a flat platc accord-
ing to the preferred embodiment;

FIG. 9 is a view similar to FIG. 8 illustrating in cross-
section the edges, matched surfaces and unmatched surfaces
of another T-shaped object according to the preferred
embodiment;

F1G. 10 is a cross-scctional view illustrating the cdgges,
malched surfaces, matched tapered surfaces, unmalched
surfaces and unmatched edges of yet another T-shaped
object according to the preferred embodiment;

TIG. 11 is a view of a sirple object showing injection
points;

111G 12 15 a view of an object comprising intersccting
plates with a user selected injection point according 1o the
preferred embodiment;

TIG. 13 is a enlarged view of the object of FIG. 12
showing the injection points required to allow flow to
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emanate correctly from the selected point according to the
preferred embodiment;

FIG. 14 is a cross-section of a plate, with a flow front
advancing from the left and leading a little on the top surface
according lo the preferred embodiment;

FIG. 15 illusirates in a cross-sectional view the synchro-
nization of flow in a ribbed plate, with the flow splitting and
also filling a vertical rib according to the preferred embodi-
ment;

1’16 16 illustrates in a cross-sectional view the assign-
ment of identical pressures at nodes to synchronize flow
[ronts at a rib according o the preferred embodiment; and

F1(3. 17 is a view similar to FIG. 3 generated according to
the preferred embodiment of the present invention.

A method for simulating fluid flow within a three dimen-
sivpal ubject according to the present invention involves
three main steps:

1) Preparation ol geometry,

2) Sclection of injection points, and

3) Analysis.

Before these steps are effected, however, the input tor the
simulation is prepared. Mesh generators [or producing finite
element meshes are generally an expensive addition to the
base CAD system, Consequently many CAI installations
have no finite element analysis (FEA) mesh generation
capability. In order to facilitate the implementation of the
invention, the method has been designed to avoid the need
for a mesh generator. This is done by using the type of mesh
available for stereolithography. Stercolithography, a proto-
typing technology that is widely emploved in industry, is
used to produce prolotype componenis for assembly or
evaluation. It requires a stereolithography apparatus and
takes as input a computer file known as a “SLA” file. The
ability to output SLA files is common in CAD systems.
Howcver, the type of triangulation created is not good
coough for FEA. Characteristic of the SLA file is the
inclusion of several very long, narrow triangles of high
aspect ratio as shown in TIG. 4.

A method in accordance with (he presenl invention
includes, therefore, a remeshing algorithm (or remesher) that
uses as input the triangles from a stereolithography SLA (or
similar) file and remeshes to produce a mesh that may be
used in analysis.

There are several steps involved in the input of a stere-
olithography mesh and its refinement into elements [or
analysis. These steps are:

Input of mesh,

Checking of mesh,

Classification of mesh into surfaces, and

Remeshing.

Each of these is described below.

Input of Mesh

In the preferred embodiment, the input mesh is of the
form uvsed for stereolithography. Allernatively, however, the
input could be IGES surfaces (which would then be meshed
internally), a surface mesh of quadrilaterals or a mix of
quadrilaterals and triangles, tctrahedral or hexahcdral
meshes.

Checking of mesh

‘T'he input mesh is checked to ensure that it is closed and
orientable. The mesh is consistently oriented so that a uoit
normal to each element points outward from the internal
volume defining the solid region that represents the object or
part being modelled. The volume of this region and the
surfacc arca of the mesh are calculated and stored. The
number of parts defined by the input mesh is also deter-
mined.
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Classification of mesh into surfaces

The following properties for each element in the mesh are
noted or calculated, and stored:

Arca,

Normal at the element centroid,

Edge lengths of the element,

Internal angles at the vertices of the elements,

Adjacent elements (the clements atlached (o each side of

the element under consideration), and

Bending angle between adjacent elemems (the angle
between normals of adjacent elements). Nodal proper-
tics are then noted, calculated and stored.

‘These are:

Measurc of minimum curvature (calculated by looking at
the elements attached to a node and noting the angle
between each adjacent pair of clements, whereby the
measure of minimum curvature is then the smallest
such angle between attached pairs of elements),

Connecting elements (the set of elements connected to the
node), and

Number of edges connected to the node.

Surface edyes are then calculated using a value of bending
angle to group elements into surfaces. Surfaces so (ormed
arc then classified into

planar surfaces, and

low curvature surfaces.

Further classification is then done to produce high cur-
valure surfaces and edges. The [ollowing propertics ol cdyes
are noted or calculated and stored:

Length,

Bending angle,

Direction of bending (in or out), and

Adjacent Elements.

Surface loops are then created. These are defined to be the
oriented edges of surfaces. It should be noted that a surface
with a hole in it will have two associated loops—once for the
outer edges and one describing the interior hole. Loop
properties are then noted or calculated and stored:

l.ength, and

Ldges connected to loop.

The following surface properties are noted or calculated
and stored:

Perimeter,

Area,

Nodes in surface,

Elements in surface,

Edges, and

Minimum measure of curvature.

Remeshing

With the surfaces classified, the mesh associated with
cach surface 15 refined using a bisection algorithm which
bisects the longest side of a triangle and creates extra
elements. This is illustrated in FIGS. Sa-f. FIG. 5a shows
the initial mesh. ‘The mesh is refined by defining a nodce at
the mid point of the longest element side and extending lines
to vertices to define extra triangles. In FIGS, 5b to 5f, the
midpoint of the longest side (denoted by o) and the dotted
lines extending [rom this point define the new clements.
Remeshing continues until the elements satisfy a criterion on
SIZE.

The result of the remeshing algorithm when applied to the
mesh shown in FIG. 4 is shown in FIG. 6. In this regard the
ideal triangle is equilateral: it may be scen that the triangles
in FIG. 6 arc far more uniform and closer to this ideal.
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The method will thus accept as input stereolithography
files (usually generaled with a “st1” filename extension) and
other files that are similar such as “render” files (produced
by “Pro-Engincer” with a “.slp” cxtcnsion),

In practice any file format that describes a mesh (of, for
cxample, a latticc or guadrilaterals) covering the outer
surfaces of the solid region may be us ed as input to the
invention. ‘The remesher is always uscd to improve the mesh
quality and produce the triangular mesh for subsequent
processing.

The first step is then the preparation of the geometry, in
which the geometry of the three dimensional CAD solid
model is processed by conventional techniques to provide a
surface mesh covering the outer surfaces of a solid body,
rather than a midplane mesh as required by the conventional
simmlation approach. This distinction is depicted in FIGS. 7a
and 7b. FIG. 7a shows the midplane mesh for a simple plate
reqrired by the conventional technique, whercas FIG. 7h
shows the mesh employed according to the present invention
for the same object. Further, the flow front must be syn-
chronized on both sides of the surface in which the material
flows. The flow fronts are said to be ‘synchronized’ when the
positions of thc fronts along each of the two opposed
surfaces are the same, or cssentially the same, so that the
simulation does not become ‘unphysical.” As will be appre-
ciated by those skilled in the art, in the flow of a real fluid
through a real solid the flow fronts along the opposed
surfaces of the solid will generally advance at the same (or
essentially the same rate), and hence have the same (or
essentially the same) position on those surfaces. In a pre-
ferred embodiment of the present invention, this condition is
met by requiring that the pressure at pairs of matched points
(or nodes) on the two surfaces have the samc pressure,
Synchronization so obtained or maintained is referred to as
‘pressurc synchronization.” In an alternative embodiment,
‘temperature synchronization” may be used together with
pressure synchronization; this combined pressure and tem-
perature synchronization is referred to in the art as ‘maitch-
ing pressure and temperature.’ In temperature
synchronization, synchronization is maintained by requiring
the identity of the temperature distribution assigned to both
nodes of each pair of nodes. The temperature distribution,
although assigned to a node or point, represents the tem-
perature distribution across the gap between the opposed
surtaces. If material is injected at the centre of the plate,
then, in the conventional case, the material flows to the
boundary of the part or object and stops without any
difficulty. For the surface mesh on the solid model (FIG. 7b)
the material will flow to the outer edge, across the edge and
then under the top surface. This is clearly not indicative of
the physical phenomenon of flow in a plate and so, accord-
ing to the invention, there are imposed some constraints on
the flow when using the surface mesh. These constraints are
that the injection point must link to all surfaces from which
flow will cmanate and the flow front must be synchronized
along the p and bollom meshes of the surface mesh.
Preferably this link is established from the commencement
of the flow analysis, but a successtul (if somewhat less
aecurate) analysis of the low can stll be pedormed is this
linking commences subsequently. To perform these tasks the
surface mesh must be categorized into surfaces which are
then further classified to facilitate injection node selection
and synchronization. Thus, according to the present
invention, the surface mesh is then grouped into individual
surfaces and classified. The categorics of surfaces arc:
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Maiched,

Unmatched, and

Edges.

Matched surfaces are defined to be those thal have a
relationship with another surface such that a notion of
thickness between them can be sensibly defined. I'1GG. 8
ittustrates this idea. Surfaces abcd and efgh may clearly be
associated so that the thickness t between them is defined.
Surfaces abfe, begf, cdhg and daeh are edge surfaces and
unmalched.

FIG. 9 further clarifies these concepts. This figure shows
a cross-scction through a filleted rib. Here ab, cd and gh are
on edge surfaces. Lines a) and ed are matched to be, fg and
hi are matched and the curved sections ij and ef are
unmatched. It should be noted that it is not possible to
sensibly define a thickness of unmatched surfaces in the
manner deseribed above. As a fiual example, FIG. 10
illustrates a tapered rib cross-section. Here ah, cd and gh arc
edges as in FIG. 9. Lines 4] and ed are matched to line be,
and the curved lines ef and ij are unmatched as in FIG. 9.
However fg and hi are still considered matched despite the
tapcr. Clearly, il the taper 1s cxireme 1l 15 possible that the
surfaces lorming the tapered ribs may not be matched.

When sucfaces have been classified it is possible to assign
to elements on matched surfaces a thickness equal to the
distance between the surfaces. Elements on edge surfaces
are given the thickness of the matched surfaces to which
they are attached. Finally clements on unmalched surfaces
are given the average thickness of surrounding elements on
matched surfaces.

According to the present invention, the mesh on each side
of the object is analyzed. Akey aspect in this is obtaining a
similar flow front on each side of the matched surfaces. As
the entry point for flow is the injection node and is selected
by the user, the method cnsures that, regardless of where the
uscr chooscs to inject plastic, all matched surfaces near the
poiat are tied to the injection node, “Tied” implies that the
same pressure and temperature of melt at the injection node
1s given o all other ticd nodes.

FIG. 11 shows a cross-section of a rectangular plate. Point
A s where the user chooses to inject plastic, point AA is the
corresponding point on the other side of the surface. Point
AA is awomalically delermined in accordance with the
invention using the information from the classification of
surtaces described above. Injection at this point cnsurcs that
the flow is matched on top and bottom surfaces. Similarly,
point B 1s the pomnt chosen by the vser and BB is the
corresponding point determined by the method in accor-
dance with the invention to ensure that flow is matched
along top and bottom surfaces.

The selection of injection node(s) can be quite complex.
This is illustrated in FIG. 12, which shows an object
composed of intersceting plates. The small arrow near the
point of interseetion of the plates indicates the user selected
injection point. FIG, 13 is an enlarged view of the injection
arca and shows the actual injection points required to allow
the flow to cmanate correctly from the sslected point. In this
case eight injection poinls are required one of which is
supplicd by the user and the other seven are determined by
the inventlion.

This method identifies which points need to be linked to
the selected injection point with the concept of matching.
For a given injection point specified by the user, a set
consisting of all surfaces which are matched to all surfaces
connected to the injection point is defined. The following
sieps are then performed:

1. For each surface in this set, the point closest to the

selected injection point is noted. These closest points
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form a set of points that are potentially to be linked to
the user selected injection point.

2. Each member of the sct of potential injection points is
checked to see if it is already an injection point speci-
fied by the user. If it has already been so determined, it
is omitted from the set.

3. For each portential injection point remaining, a set
consisling of all surfaces which are matched to all
surfaces connceled to the potential injection point is
defined.

These steps arc repeated until the sct of potential points is
unchanged. The set then forms the set of points to be linked
to the user specified injection point.

This procedure may be readily understood for the simple
geometry of two crossed plates, for which the user specifics
injection at the interscction of the plates. In the event that the
surfaces connected to the specificd injection point(s) arc not
malched (o any olher surfaces, no allempt is made Lo link
other points to the injection point(s). Instead, flow is allowed
to emanate until it reaches points atlached to surfaces that
are maltched (o opposing surfaces. The flow fronts are then
synchronised on the opposing surfaces by assigning links
between points on the opposing surfaces in a manner similar
1o that described above for linking points to the injection
point.

Analysis uses a Ilele-Shaw type solver. The injection How
rate is approximately double that for the volume of the
ohject as cach clement in the surface mesh has a thickness
equal to the gap thickncss and so the mesh volume is
approximately double that of the object. The time step for
flow front advancement 1s determined by the geometnc
connectivity of the control volumes attached to each node.

The solver has the ability to synchronize flow on matched
surfaces during analysis. FIG. 14 shows a cross-scction of a
plate where it is assumed that the flow front is advancing
from the left and is leading a little on the top surface. By
definition each node may be empty, partially filled or filled.
On cach time step, whether all the nodes belonging to an
elemnent are filled is checked. The instant this occurs the
clement is delined to be the current last clement to fill and
4 line is drawn [rom ils centroid 1o its malched element (the
matched element is known from the surface classification
described above) defining the check point. This “check line”
is indicaled in FIG. 14. The nearest node to the check point
is then assigned the same pressure as the last node 1o fill, as
indicated in FIG. 14. Flow synchronization is done for all
matched surfaces and all elements near the flow front (on top
and bottom surfaces) are checked at each time step.

Synchronization is not performed on unmatched surfaces.

An example highlighting the role of syachronization is
shown in FIG. 15, which shows the cross-section of a ribhed
plate. The flow will split physically and fill the vertical rib
as well as continuing to the right. Owing to the use of the
surface mesh it is nccessary to imposc synchronization or
the flow will continue up through node F to the top of the rib
and then down to E and C. This is performed by using
matching. Since the clement comprising nodes D and I and
the element comprising nodes ¢ and E will be matched (as
they are associated with matched surfaces) it is possible to
assign the same pressures al nodes to synchronize the fronts.
This is illustrated in FIG. 16. Here a line from the centroid
of the element comprising nodes 1D and F is constructed to
its matched element {(comprising nodes € and L) to define
the check point. As the ncarcst node to the check point is C,
it is given the same pressure as node D for all subsequent
time. Flow now emanates from node C as shown and so the
flow goes up the rib on both sides as rcquired. When
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establishing links for synchronization, links are only made
1o empty nodes to which are attached only empty nodes.
A sample resull of the analysis according to the present
invention is shown in FIG. 17, This figure comesponds (o
FIG. 3, which shows the results of the comparable, conven-
tional analysis of the same solid model shown in FIG. 1. As
the present invention uses a surface mesh rather than a
midplane mesh, the results are displayed on the solid model
(FIG. 17) rather than on the midplane representation as in
conventional analysis (I'lG. 3). Apart from being more
natural for the operator, the display is visually more mean-
ingful,
Fundamental quantities calculated by the invention,
therefore, include:
the position of the mell fromt at any time (known as
“filling contours™),

the pressure at the injection node and the pressure distri-
bution throughout the plastic at any time during filling
or packing phases (known as a “pressure distribution™),
and

the wrnperature of the plastic melt at any point within the

part at any time during filling or packing phases
(known as a “temperature distribution”). These may be
displayed directly or processed to provide derived
information 10 the wser of the program, such as distri-
butions of shear rate, shear stress, velocity, viscosity,
dircction of flow and orientation of reinforcing mate-
rial. On the basis of this derived information and the
fundamental calenlated quantity data, changes to the
component geometry, position of injection locations
(gales), processing conditions used by the injection
molding machine or material for molding may be
evaluated for their efficacy in improving the quality or
manufacturability of the part. This is generally an
iterative process in which an analysis is performed,
results are considered and changes made to bring about
an improvement. Another analysis is then performed to
ensure (hat the changes have indeed improved the
results, Frequently changes to the parl geomelry are
revealed. 'These are made in the CCAl) system and the
revised model is subjecled (o further analysis. 1t is this
aspect which is assisted by the invention as the need for
the designer to recreate a new model for analysis svery
time a change is made is removed.

Thus, an increase in the speed of evaluating of proposed
part shapes is achieved.

Modifications within the spirit and scope of the invention
may readily be effected by persons skilled in the art. Tor
cxample, linking may be performed in aliernative methods
such as, where muliiple injection points are selecled by a
user, assigning the same flow rate to the linked nodes. Tt is
to be understood, therefore, that this invention is not limited
1o the particular embodiments described by way of example
hereinabove.

What is claimed is:

1. A method for simulating fluid flow within a three
dimensional object having first and second generally
vppused surfaces including:

matching each clement of said first surface with an

element of said second surface butween which a thick-
ness may be defined, wherein matched elements of said
first surface constitute a first set of matched elements
and matched clements of said second surface constitule
a second set of maiched elements,

speeilying a fluid imjection poinl,

performing a low analysis using each set of said matched

elements, whereby said injection point is linked to all
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locations on said first and second surfaces from which

flow may emanate such that resulting flow fronts along

said first and second surfaces are synchronized, and
outputting at least one result of said flow analysis.

2. Amethod as claimed in claim 1 wherein any unmatched
clements of said first and second surfaces, being clements
that could not be matched, are assigned thicknesses being
the average of the thicknesscs of adjacent matched clements
where such adjacent matched elements exist, or of adjacent
unmalched elements where such adjacent matched elements
do not exist and said adjacent unmatched elements have
been assigned thicknesses.

3. A method as claimed in claim 2 wherein each element
of an edge surface, being a surface between said first and
second surfaces, and adjacent to either of said first or second
surface is assigned a thickness proportional to the thickness
of the element of said first or second surface to which said
element of said edge surface is adjacent.

4. A method as claimed in claim 3 wherein each said
element of an edge surface is assigned a thickness between
0.5 and 1.5 times said thickness of the element of said st
or second surface to which said element of said edge surface
is adjacent.

5. A method as claimed in claim 4 wherein each said
element of an edge surface is assigned a thickness hetween
0.7 and 0.9 times said thickness of the element of said first
or second surface to which said clement of said edge surface
is adjacent.

6. A method as claimed in claim § wherein cach said
clement of an edge surface is assigned a thickness (.75 times
said thickness of the clement of said first or second surface
1o which said clement of said edge surface is adjacent.

7. Amethod as claimed in claim 3 whercin each element
of an edge surface not adjacent to said first or second surface
is assigned a thickness being the average of the thicknesses
ot adjacent elements of said edge surface that have been
assigned thicknesses.

8. A method as claimed in claim 1 further including
checking said synchronization of said flow fronts.

9. Amethod as claimed in claim 8 wherein said flow fronts
are synchronized if found oot to be or no longer synchro-
nized.

10. A method as claimed in claim 9 wherein said checking
is performed at each time step.

11. A method as claimed in claim 1 wherein How is
simulated at a rate directly proportional to a desired flow rate
for the object.

12. A method as claimed in claim 11 wherein said rate is
proportional to the ratio of computational domain volume of
said object to real volume of said object.

13. Amethod as claimed in claim 12 wherein said rate is
cqual to the ratio of said computational domain volume to
said real volume.

14. A method as claimed in claim 1 wherein said method
is performed with first and sccond representations of said
first and second surfaces respectively comprising first and
second meshes or lattices respectively, wherein said ele-
ments are interstices of said first and second meshes or
lattices.

15. Amethod as claiwed in ¢laim 14 wherein said method
includes creating said first and second representations.

16. Amethod as claimed in claim 14 wherein said method
includes creating improved representations of said first and
second surfaces, whereby said elements are elements of said
improved representations and said method is performed with
said improved representations.

17. A method as claimed in claim 14 wherein said first and
second representations are, or are a part of, a representation
or representations for stereolithography of said object.
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18. Amethod as claimed in claim 1 wherein said elements
are triangular,

19. A method as claimed in claim 18 wherein said
elements are equilateral.

20. Amethod as claimed in claim 1 wherein said injection
point is first linked to all said locations from the commence-
ment of said flow analysis.

21. Amethod as claimed in claim 1 wherein said injection
point remains linked to all said locations at all times in said
flow analysis subsequent to being first so linked.

22. Amcthod as claimed in claim 1 whercin said injcction
point is one of a plurality of injection points.

23. A method as claimed in claim 1 wherein said first and
sccond generally opposed surfaces are one of a plurality of
pairs of gencrally opposed surfaces.

24, Amethod as claimed in claim 1 wherein said elements
arc quadrilateral.

25. Amethod as claimed in claim 1 wherein said method
is performed by a computer running a computer program
encoding said method for simulating fluid How.

26. A method as claimed in claim 1 wherein said method
includes corrections for non-isothermal temperature fields
and/or non-Newtonian fluids.

27. A computing device provided with or running a
computer program encoding a method for simulating fluid
flow as claimed in claim 1.

28. A computer storage medium provided with a computer
program cmbodying a method for simulating fluid flow as
claimed in claim 1.

29. A method as claimed in claim 1 whercin said syn-
chronization comprises malching pressure and lemperature.

30. A method as claimed in claim 1 wherein said at least
one result is indjcative of at Jeast one of the quantities: melt
front position; pressurc; temperaturc; time; shear rate; shear
stress; velocity; viscosity; direction of flow; orientation of
reinforcing materials; flow rate; and any quantity derived
from at least onc ol said quantities.

31. A method as claimed in claim 1 further comprising
using said at least one result in controlling an injection
molding process.

32. A method for simulating [luid flow within a three
dimensional object having ficst and sccond generally
opposed surfaces including:

providing or creating first and second representations of

said first and second surfaces respectively,
creating first and sccond improved representations from
said first and second representations respectively,

matching each element of said first improved representa-
tion of said first surface with an clement of said sccond
improved representation of said sceond surface
between which a thickness may be defined, wherein
matched elernents of said first improved representation
canstitute a first set of matched elements and matched
elements of said second improved representation con-
stitute a second set of matched elements,

specifying a fluid injection point,

performing a flow analysis using each set of said matched

elements, wherchy said injection point is linked to all
locations on said first and sccond improved represen-
tations from which llow may emanate such that result-
ing flow fronts along said first and second improved
representations are synchronized, and

outputting at lcast one result of said [low analysis.

33. Amethod as ¢laimed in claim 32 wherein said first and
second representations are, or are a part of, a representation
or representations for stereolithography of said object,
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34. Amethod as claimed in claim 32 wherein said first and
second improved representations comprise small equilateral
triangular elements.

35, A method as claimed in claim 32 wherein said at least
one result is indicative of at lcast one of the quantities: melt
front position; pressure; temperalure; time; sheer rate; sheer
stress; velocity; viscosity; direction of flow; orientation of
reinforcing materials; flow rate; and any quantity derived
from at least one of said quantities.

36. A method as claimed in claim 32, wherein said
synchronization compriscs matching pressurc and tempera-
ture.

37. A method as claimed in claim 32 further comprising
using said at least one result in controlling an injection
molding process.

38. A method for simulating fluid flow within a three
dimensional objcct having first and sccond gencrally
opposed surfaces including:

maiching cach clement of said first surface with an

element of said second surface between which a thick-
ness may be defined, wherein matched clements of said
first surface constitute a first set of matched clements
and matched elements of said second surface constitute
a second set of matched elements and said elements are
equilateral triangles,

specifying a fluid injection potnl,

performing a flow analysis using each set of said matched

clements, whereby said injection point is linked to all
locations on said first and second surfaces [rom which
flow may emanate such that resulting flow fronts along
said first and second surfaces are synchronized,
wherein said first and second representations are, or are
a part of, a representation or representations for stere-
olithography of said object, and

outputting at lcast onc result of said flow analysis.

39. A method as claimed in claim 38 wherein said
injection point is one of a plurality of injection points.

40. A mcthod as claimed in claim 38 whercin said at least
one result is indicative of at least one of the quantities: melt
front position; pressure; temperature; time; sheer rate; sheer
stress; velocity; viscosity; direction of flow; orientation of
reinforeing materials; fow rale; and any quantity derived
from at least onc of said quantitics.

41. A method as claimed in claim 38 further comprising
using said at least one result in controlling an injection
molding process.

42. A method for simulating fluid flow within a three
dimensional object having first and second generally
opposed surfaces including:

matching each element of said first surface with an

element of said second surface between which a thick-
ness may be defined, wherein matched elements of said
first surface constitute a first set of matched elements
and matched elements of said second surface constitute
a sccond set of matched elements,

specilying a fluid injection point,

performing a flow analysis using each set of said matched

clements,

synchronizing flow fronts resulting from said flow analy-

sis along said first and second surfaces, and
outputting at least onc result of said flow analysis,

43. A method as claimed in claim 42 wherein any
unmatched elements of said first and second surfaces, being
¢lements that could not be matched, are assigned thicknesses
being the average of the thicknesses of adjacent matched
elements where such adjacent matched elements exist, or of
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adjacent unmatched elements where such adjacent matched
elements do not exist and said adjacent unmatched elements
have been assigned thicknesses.

4. A method as claimed in claim 43 whercin cach
clement of an edge surface, being a surface between said
first and second surfaces, and adjacent to either of said first
or second surface is assigned a thickness proportional to the
thickness of the element of said first or second surface to
which said clement of said edge surface is adjacent.

45. A method as claimed in claim 44 wherein cach said
element of an cdge surface is assigned a thickness between
0.5 and 1.5 times said thickness of the element of said first
or second surface to which said element of said edge surface
is adjacent.

46. A method as claimed in claim 45 whercin cach said
clement of an edge surface is assigned a thickness between
0.7 and 0.9 {imes said thickness of the element of said first
or second surface to which said element of said cdge surface
is adjacent.

47. A method as claimed in claim 46 wherein preferably
cach said element of an edge surface is assigned a thickness
0.75 times said thickness of the clement of said first or
second surface 1o which said element of said edge surface is
adjacent.

48. A method as claimed in claim 47 wherein each
clement of an edge surface not adjacent to said first or
sccond surface is assigned a thickness being the average of
the thicknesses of adjacent clements of said edge surface
that have been assigned thicknesses.

49, A methad as claimed in claim 42 wherein flow is
simulated at a rate directly proportional to a desired flow rate
for the object.

50. A method as claimed in claim 49 wherein said rate is
proportional to the ratio of computational domain volume of
said objeet 1o real volume of said object.

51. A method as claimed in claim 50 wherein said rate is
equal to the ratio ol said computational domain volume to
said real volume.

52. A method as claimed in claim 42 further comprising
checking said synchronization of said flow fronts.

53. A method as claimed in claim 52 wherein said flow
fronts are synchromized il found not to be or no longer
synchronized.

54. A method as claimed in claim 52 wherein said
checking is performed at cach time step.

55. Amethod as claimed in claim 42 wherein said method
is performed with first and second representations of said
first and second surfaces respeclively comprising first and
sccond meshes or lattices respectively, wherein said ele-
ments are interstices of said first and second meshes or
lattices.

56. A method as claimed in claim 42 wherein said
elements are triangular.

57. A method as claimed in claim 56 wherein said
elements are substantially equilateral.

58. Amethod as claimed in claim 55 wherein said method
includes creating said first and second representations.

59. Amcthod as claimed in claim 55 wherein said method
includes creating improved representations ol said first and
second surlaces, whereby said elements are elements of said
improved representations and said method is performed with
said improved representations.

60. A method as claimed in claim 55 wherein said first and
sceond representations are, or are a part of, a representation
or representations for stereolithography of said object.

61. A method as claimed in claim 42 wherein said flow
fronts are synchronized from the commencement of said
flow analysis.

20

25

30

35

40

0

55

18

62. A method as claimed in claim 42 wherein said flow
fronts are first synchronized after the commencement of said
flow analysis.

63. A method as claimed in claim 42 wherein said
injection point remains linked to all said locations at all
times in said flow analysis subscquent to being first so
linked.

64. A method as claimed in claim 42 wherein said
injection point is one of a plurality of injection points.

65. Amethod as claimed in claim 42 wherein said first and
sccond generally opposed surfaces arc onc of a plurality of
pairs of generally opposed surfaces.

66. A mecthod as claimed in claim 42 wherein said
elements are quadrilateral.

67. Amethod as claimed in claim 42 wherein said method
is performed by & computer running a computer program
cncoding said method for simulating fluid flow.

68. Amelhod as claimed in claim 42 wherein said method
includes corrections for non-isothermal temperature ficlds
and/or non-Newtonian fluids.

69. A method as clumed in claim 42, wherein said
synchronization comprises matching pressure and tempera-
ture.

70. A method as claimed in claim 42 wherein said at least
one result is indicative of at least one of the quantities: melt
front position; pressure; temperature; time; sheer rate; sheer
stress; velocity; viscosity; direction of flow; orientation of
reinforcing materials; flow rate; and any quantity derived
from at least one of said quantitics.

71. A method as claimed in claim 42 further comprising
using sajd at least one result in controlling an imjection
molding process.

72. A method for simulating fluid flow within a three
dimensional object having first and sccond gencrally
opposed surfaces including:

matching each element of said first surface with an

element of said second surface between which a thick-
ness may be defined, wherein matched clements of said
first surface constilule a first sel of malched elements
and matched elements of said second surface constilute
a second set of matched elements,

specifying a fluid injection point,

performing a flow analysis using said first sct of matched

clements,

adapting said flow analysis to said sccond set of matched

elements,

synchronizing ow fronts resulting from said flow analy-

sis and said adaptation of said flow analysis along said
first and sccond surfaces, and

outputting at least one resull of said flow analysis.

73. A method as claimed in claim 72 wherein said
elements are triangular,

74. A method as claimed in claim 73 wherein said
clements are equilateral.

75. Amethod as claimed in claim 72 wherein said method
is performed with first and sceond represcntations of said
fivst and second surlaces respeclively comprising first and
second meshes or lattices respectively, wherein said ele-
ments are interstices of said first and second meshes or
lattices.

76. A method as claimed in claim 72 wherein said
elements are quadrilateral.

77. Amethod as claimed in claim 72 wherein said method

< includes creating said first and second representations.

78. Amethad as claimed in claim 72 wherein said method
includes creating improved representations of said first and
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second surfaces, whereby said elements are ¢lements of said
improved representations and said method is performed with
said improved representations.

79. A method as claimed in claim 72 whercin said at least
one resull is indicative of at least one of the quantities: melt
front position; pressure; temperalure; time; sheer rate; sheer
stress; velocity; viscosity; direction of flow; orientation of
reinforcing materials; flow rate; and any quantity derived
from at least one of said quantities.

80. A method as claimed in claim 72 further comprising
using said at least one result in controlling an injection
maokding process.

81. A method for modelling a three dimensional object
including:

speeifying first and sccond generally opposcd surfaces of

said ohject,

forming first and second representations of said first and

sccond surfaces respectively, wherein said first and
sceond representations each comprise a plurality of
elements,

designating element pairs cach comprising an element of

said first surface and an element of said second surface
between which a thickness may be defined, so as to
ascribe a respective element thickness to each element
of each respective element pair, and

using the respective element thicknesses ascribed to the

elements of said clement pairs in outputting a model of
said three dimensional object.

82. A method as claimed in claim 81 wherein any

unpaired elements of said first and second surfaces are
ascribed an element thickness based on an average of the
clement thicknesses of surrounding elements of said element
pairs.

83. A method as claimed in claim 82 wherein any element
of said first and second surfaces that has not been ascribed
an clement thickness is ascribed an clement thickness based
on an average of the thicknesses of adjacent elements of said
element pairs where such adjacent element pairs exist, or of
adjacent unpaired elements where such adjacent element
pairs do not exist and said adjacent unpaired elements have
been ascribed element thicknesses.

84. A mcthod as claimed in claim 83 wherein each
element of an edge surface between said first and second
surfaces, and adjacent to cither of said first surface or said
second surface, is ascribed an element thickness propor-
tional to the element thickness of the element of said first or
second surface to which said element of said edge surface is
adjacent.

85. A method as claimed in claim 84 wherein each said
element of an edge surface is ascribed an element thickness
between 0.5 and 1.5 times said element thickness of the

clement of said {irst or sccond surface to which said clement

of said cdge surface is adjacent.

86. A mcthod as claimed in claim 85 wherein cach said
clement of an edge surface is ascribed an element thickness
between 0.7 and 0.9 times said element thickness of the
element of said first or second surface (0 which said element
of said edge surface is adjacent.

87. A method as claimed in claim 86 wherein each said
element of an edge surface is ascribed an element thickness
of (.75 times said element thickness ol the clement ol said
first or sccond surface to which said element of said edge
surtace is adjacent.
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88. A method as claimed in claim 84 wherein each
element of an edge surface not adjacent to said first or
second surface is ascribed an element thickness based on an
average of the clement thicknesses of adjacent clements of
said edge surface that have been ascribed element thick-
TCSSES,

89. A method as claimed in claim 81 wherein said
clements arc triangular.

90. A mcthod as claimed in claim 89 wherein said
elements arc cquilateral.

91. Amecthod as claimed in claim 81 wherein said first and
second representations comprise first and second meshes or
lattices respectively, wherein said clements are interstices of
said first and second meshes or lattices.

92, A method as claimed in claim 81 wherein said
clements arc quadrilateral.

93. A method for modelling a thrce dimensional object
including:

specilying first and sceond generally opposed surfaces of

said object,

forming first and second representations of said first and

second surfaces respectively, wherein said first and
second representations each comprise a plurality of
elements,

malching pairs of elements of said first and second

surfaces between which a reasonable thickness may be
defined, and

outputting a model of said three dimensional object,

wherein said elements are quadrilateral.

94. A method for modelling a three dimensional object
including:

specifying first and second generally opposed surfaces of

said object,

forming first and second representations of said first and

second surfaces respectively, wherein said first and
sceond representations cach comprise a plurality of
elementls,

matching pairs of elements of said first and second

surfaces belween which a thickness may be defined,
and

outputting a model of said three dimensional object,

wherein each clement of cach ol the matched pairs of

clements is respectively assigned said thickness, and
unmatched elements of said first and second surfaces
are assigned thicknesses based on an average of the
thicknesses of surrounding, matched elements of said
first and second surfaces.

95. A method as claimed in claim 94, whercin any
unmatched elements of said first and sccond surfaces that
can not be matched are assigned thicknesses based on an
average of the thickncsscs of adjacent matched elements
where such adjacent matched clements cxist, or of adjacent
unmatched elements where such adjacent matched elements
do not exist and said adjacent unmatched elements have
been assigned thicknesses.

96. A mcthod as claimed in claim 95 wherein each
clement of an edge surlace, between said [irsl and second
surfaces, and adjacent to either of said first and second
surfaces is assigned a thickness proportional to the thickness
ol the element of the first or second surface to which said
clement of said edge surface 1s adjacent.

97. A method as claimed in claim 96 whercin each said
clement of an edge surfacc is assigned a thickness between
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0.5 and 1.5 times said thickness of the element of said first
or second surtace to which said element of said edge surface
is adjacent.
98. A method as claimed in claim 97 wherein each said

clement of an edge surface is assigned a thickness between -

0.7 and 0.9 times said thickness of the element of said first
or sccond surface to which said element of said edge surface
is adjacent.

99. A method as claimed in claim 98 wherein ¢ach said
element of an edge surface is assigned a thickness of 0.75

22
times said thickncss of the clement of said first or second
surface to which said element of said edge surface is
adjacent.

100. A method as claimed in claim 96 wherein each
element of an edge surface not adjacent to said first or
second surface is assigned a thickness based on an average
of the thicknesses of adjacent elements of said edge surface
that have been assigned thicknesses.

LI A S ]




X Case 1:02-cv-12388-RCL Document 1 Filed 10/30/? Page 38 of 39

©JS 44 (Rev. 309) ~ CIVIL COQ@HE:‘E 2 2 3 RCL

The 1S-44 civil cover sheet and the information contained herein neither replace nor _supglement the.filing éﬁdgeryjcgeaﬁleadings or other papers as required
by law, except as provided by local rules of court. This form, approvedby the Judicial Conference of the Uniigd States/tr September 1974, is required for the
use of the Clerk of Court for the purpose ofinitiating the civil docket sheet. (SEE lNSTRI‘J”QT_IONS ON THE-REVERSE OF THE FORM.)

I. (a) PLAINTIFFS DE#EN]SANTS P . 20
Moldflow Corporation, and Simcqg m@ Ashd
Moldflow Ireland, Ltd. Simbﬁ&(unststofftechnﬁc\m Software GrbH
e LUV
(b) County of Residence of First Listed Plaintiff County of Rc‘51d\§p¥:ib(§‘fht‘it'l:}15g?q EXUS .
(EXCEPT IN U.S. PLAINTIFF CASES) e T TNUS! PLAINTIFF CASES ONLY)

e
<

NOTE: %—}&\L ND CONDEMNATION CASES, USE THE LOCATION OF THE
LAND INVOLVED.

(¢) Attomney’s (Firm Name, Address, and Telephone Number) Attorneys (If Known)
Steven M. Bauer
Testa, .Hurwitz & Thibeault

125 High Street
Rootons MA ot1n  (617) 248-7000

II. BASIS OF JURISDICTION  (Place an “X” in O ne Box Only) 1I1. CITIZENSHIP OF PRINCIPAL PARTIES(pisce an “X " in One Box for Plaintiff
(For Diversity Cases Only) and One Box for De fendant)
DEF DEF
01 U.S. Govenment %0 3 Federal Question Citizen of This State 01 [J1 Incorpomtedor Principal Place U 4 [J4
Plaintiff (U.S. Government Not a Party) of Business b This Statc
O 2 U.S. Government [l 4 Diversity Citizen of Another State [1 2 [02  Incorpomted and Principal Place [0 5 05
Defendant (Indicate Citi zcnship of Partics of Business I Another State
in Item III)
Citizen or Subjectofa [ 3 [O3  Foreign Nation Oe6 Oe
Forcign Country
IV. NATURE OF SUIT (Place an “X” in One Box Only)
CONTRACT TORTS FORFEITURE/PENALTY| BANKRUPTCY OTHER STATUTES
O 110 Insurance PERSONAL INJURY PERSONAL INJURY O s10 Agriculture [ 422 Appeal 28 USC 158 m] 406 State Reap portionment
O 120 Marine O 310 Airplune 3 362 Personal Injury— O 620 Other Food & Drug [ 410 Antitmut
O 130 Miller Act [J 315 Airplane Product Med. Malpractice O 625 Drug Related Scizure | 1 423 Withdrawal {1 430 Banks and Banking
0 140 Negotiable Instrument Liability [ 365 Personal Injury — of Propery 21 USC 28 USC 157 O 450 Commerce/ICC Rates/ete,
0 150 Recovery of Overpayment| O3 320 Assault, Libel & Product Liability O 630 Liquor Laws O 460 Deportation
& Enforcement off Slander 0 36% Asbestos Personal O 640 R.R. & Truck PROPERTY RIGHTS O 470 Racke teer Influenced and
O Iwdsmenicare Act [ 330 Federal Employers® Injury Pmduct [0 650 Airline Regs, [ 8§20 Copyrights Corrupt Organizations
[J 152 Recovery of Defauked Liability Liability O 660 Occupational 30 l"‘;tl;ix & ] 810 Selective Service
Student Loans 0 340 Marine PERSONAL PROPERTY Safety/Health 01 840 Trad cmatk O 850 Socurites/Commoditics/
{Excl. Vetetans) O 345 Murine Product [J 370 Other Fraud O 690 Other D Exchange
O 153 Recovery of Overpayment Liability [ 371 Truth in Lending [ 875 Cust C hallenge
of Veteran® s Benefits O 350 M otor V ehicle O 380 Other Personal LABOR SOCIAL SECURITY 12 USC 3410
1 160 Stoc kholders® S uits EJ 355 M ator Vchicle Property Damage . O 891 Agricuttural Acts
C} 190 Other Contract Product Liability [0 385 Property Damage 0 710 Fuir Labor Sundards [ 1 861 H1A (139567 1 892 Economic Stablizatbn Act
[J 195 Contract Prodyct Liability | 0 360 Other Personal Injury Product Liability Act L} 862 Black Lung (923) I 93 Environm ental Matters
¥ O 720 Labot/M gmt. Relations 0O 263 DIW C/DIWW {405 (g)) O 894 Energy Allocation Act
REAL PROPERTY CIVIL RIGHTS PRISONER PETITIONY O 864 S8 Title XV1 [ 895 Frecdom of
[0 730 Labor/M gmt.Reporting] [ 865 RS (405(g)) " Information Act
O 210 Land Condemnation O 441 Voting O 510 M otions to Vacate & Disclosure Act e s [ " ﬂ;;ma on 1 < ¢t
O 220 Forec losure O 442 Employment Sentence 1 740 Railway Labor Act FEDERAL TAXSUITS Apped ° ce
. N Detegmin?tOdual Access to
O 230 Rent Lease & Ejectment | [ 443 Housing/ Habeas Cotpus: OsoT (U.S. Plaintiff Justi
[ 240 Torts to Land Accommod ations O 530 Generul 0 790 Other Labor Litigation oj’g:fencin‘nl i 7 os0 C“s"f.: tomality o f
O 245 Tort Product Liability O 444 W elfare O 535 Death Penalty ) S::“: ';tu’":‘ v a
0 290 Al Oth 4 ivil Ri Ret. ate Statutes
ther Real Property | [J 440 Other Civil Rights g 340 M_al_)dal_nus & Other | [0 791 Empl _Ret Inc. O 871 IRS—Third P arty [ 890 Other Statutory Actions
550 Civil Righta Security Act 26 USC 7609
O 555 Prison Condition
(PLACE AN “X” IN ONE BOX ONLY) Appeal to
V. ORIGIN Transferred from D?strict
another district Judge from
Kit Original O 2 Removed from 3 Remanded from O 4 Reinstatedor O 5 (specify) De Multidistrict o7 Magistrate
Proceeding State Court Appellate Court Reopened Litigation Judgment
{Citc the U.S. Civil Smtute underwhich you are tilmg and write bref staement of cause.
VI. CAUSE OF ACTION Da not cite jurisd ictional statutes uniess d iversity.)
Patent Infringement 35 U.S.C.
VII. REQUESTED IN LI CHECK IF THISIS A CLASS ACTION  DEMAND § CHECK YES anly 1f demanded 1n complant:
COMPLAINT: UNDERF.R.CP. 23 JURY DEMAND: [ ves I Ne
{BCC
VITI. RELATED CASE(S) instructions):
JUDG 3
IF ANY E DOCKET NUMBER
DATE SIGNATURE OF ATTORNEY OF RECORD

FOR OFFICE USE ONRLY

RECEIPT # AMOUN APPLYING IFP JUDGE MAG, JUDGE




Case 1:02-cv-123@8-RCL Document1 Filed 10/30/024)Page 39 of 39

25712 123 RCL

! DISTRICT OF MASS,

poonoem Ui \""_'-,1‘
S R

1. TITLE OF CASE (NAME OF FIRST PARTY ON EACH sIDE ONL)___Mo1dflow Corporation, et al..v. Simcon,
Inc., et al. wiocy 30 P 320

2. CATEGORY IN WHICH THE CASE BELONGS BASED UPON THE NUMBERED NATURE OF SUIT CODE LISTED ON THE CIVL

COVER SHEET. (SEE lecAL I-'\él;l{.E 46; 1¢¥H7f S' 3
L.
q
I 160, 410, 470, R.23, REGARDLESS OF NATURE OF SUIT.

_“)_(_ L. 195, 368, 400, 440, 441-444, 540, 550, 555, 625, 710, 720, 730, *Also complete AO 120 or AO 121
740, 790, 791, 820*, 830*, 840*, 850, 890, 892-894, 895, 950. for patent, trademark or copyright cases

1. 110, 120, 130, 140, 151, 190, 210, 230, 240, 245, 290, 310,
315, 320, 330, 340, 345, 350, 355, 360, 362, 365, 370, 371,
380, 385, 450, 891.

Iv. 220, 422, 423, 430, 460, 510, 530, 610, 620, 630, 640, 650, 660,
690, 810, 861-865, 870, 871, 875, 900.

V. 150, 152, 153.

3. TITLE AND NUMBER, IF ANY, OF RELATED CASES. (SEE LOCAL RULE 40.1(G)). IF MORE THAN ONE PRIOR RELATED CASE
HAS BEEN FILED IN THIS DISTRICT PLEASE INDICATE THE TITLE AND NUMBER OF THE FIRST FILED CASE IN THIS COURT.

4. HAS APRIOR ACTION BETWEEN THE SAME PARTIES AND BASED ON THE SAME CLAIM EVER BEEN FILED IN THIS
COURT?

YES NO

&)

5. DOES THE COMPLAINT IN THIS CASE QUESTION THE CONSTITUTIONALITY OF AN ACT OF CONGRESS AFFECTING THE
PUBLIC INTEREST? (SEE 28 USC §2403)

YES
IF 50, IS THE U.S.A. ORAN OFFICER, AGENT OR EMPL.OYEE OF THE U.S. APARTY?

YES

089

6. IS THIS CASE REQUIRED TO BE HEARD AND DETERMINED BY A DISTRICT COURT OF THREE JUDGES PURSUANT TO TITLE
28 USC §22847

YES NO

®

7. DO ALL OF THE PARTIES IN THIS ACTION, EXCLUDING GOVERNMENTAL AGENCIES OF THE UNITED STATES AND THE
COMMONWEALTH OF MASSACHUSETTS (“GOVERNMENTAL AGENCIES”), RESIDING IN MASSACHUSETTS RESIDE IN THE
SAME DIVISION? - (SEE LOCAL RULE 40.1(D)).

@ v

A. IF YES, IN WHICH DIVISION DO_ALL OF THE NON-GOVERNMENTAL PARTES RESIDE?
EASTERN DIVISION CENTRAL DIVISION WESTERN DIVISION
B. IF NO, IN WHIGH DIVISION DQ THE MAJORITY OF THE PLAINTIFFS OR THE ONLY PARTIES, EXCLUDING

GOVERNMENTAL AGENCES, RESIDING N MASSACHUSETTS RESIDE?

EASTERN DIVISION 1 CENTRAL DIVISION WESTERN DIVISION

(PLEASE TYPE OR PRINT) _
ATTORNEY'S name | Steven M. Batier, TESTA, HURWITZH & THIBEAULT LLP

ADDRESS 125 High Street, Boston, MA 02110
TELEPHONE NO. (617) 248-7000

(Cover sheet local.wpd - 11/27/00)




