DEVELOPMENT AND VERIFICATION OF A RESIN FILM
INFUSION/RESIN TRANSFER MOLDING SIMULATION
MODEL FOR FABRICATION OF ADVANCED TEXTILE

COMPOSITES

by
John Douglas MacRae
Thesis submitted to the Faculty of the
Virgina Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE
in

Engineering Mechanics

APPROVED: a%d 0 f

V. C. Loos, Chairman

A4 /%/ /AAZ%/

O.H. Griffiy S.A. Ragab

December, 1994
Blacksburg, Virginia



LD
5685
135S
1aaH
M3365



DEVELOPMENT AND VERIFICATION OF A RESIN
FILM INFUSION/RESIN/TRANSFER MOLDING
SIMULATION MODEL FOR FABRICATION OF

ADVANCED TEXTILE COMPOSITES

By
John Douglas MacRae

Committee Chairman: Alfred C. Loos

Engineering Science and Mechanics

ABSTRACT

The objective of this study was to develop a two-dimensional computer model for the sim-
ulation of the resin transfer molding/resin film infusion processing of advanced composite
materials. This computer simulation model is designed to provide aircraft structure and
tool designers with a method of predicting the infiltration and curing behavior of a com-
posite material component. For a given specified cure cycle, the computer model can be
used to calculate the resin infiltration, resin viscosity, resin advancement, heat transfer

within the component/tool assembly during processing and preform compaction.

Formulations of the resin flow problem are given using the finite element/control volume
technique based on Darcy’s Law of flow through porous media. This technique allows for
the efficient numerical calculation of the advancing resin front within the preform materi-
als. The heat transfer in the fabric preform and tooling is analyzed using a transient finite
element method which included the effects of convection on the tooling surfaces. Com-

paction behavior of the tooling assembly is analyzed using a simplified isotropic form of
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the plane elasticity equations. All of these solutions were coupled together in a quasi-

steady state non-linear fashion inside the computer code.

Simulation model verifications were carried out on individual components of the com-
puter model. A verification of the flow model is carried out by a comparison with experi-
ments reported in literature as well as two dimensional visualization studies performed for
a center-port injection of a flat plate. The heat transfer model was verified using the exper-
imental results of a thick section composite laminate processing. Verification of the com-

paction model were limited to the comparison of the final part dimensions.

Two computer simulations were performed on two resin infusion cycles of a single blade-
stiffened composite panel. The simulation model results of the two cycles were used to
assist in the development of an alternative cycle for the composite manufacturing of a
three blade stiffened panel. The results demonstrated the importance of a sufficient mini-
mum viscosity region in the cycle in order to allow the resin to completely infiltrate the
fabric preform of the structure. Predictions of the viscosities and degree of cure profiles
within the single blade stiffened panel illustrated the uniformity of these parameters dur-

ing the curing cycle.
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CHAPTER 1

Introduction

Resin Transfer Molding (RTM) describes a manufacturing process that has been in exist-
ence since the early 1930’s. Resin transfer molding developed into a viable manufacturing
technique in the 1970’s due to the oil embargo and the high cost of matched metal tool-
ing.[1] Initially, resin transfer molding consisted of using polyester based resins with a
chopped glass mat as the reinforcing medium. Automotive industries were the first to uti-
lize the technique of resin transfer molding. As the techniques, resin systems, and tooling
improved over the decade of the 70’s, the application of resin transfer molding increased
dramatically. The improvements in resin systems and reinforcements eventually generated

considerable interest in the RTM process by the aerospace industry. In the early 80’s, the
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need for more cost efficient and lightweight structures demanded more use of fiber rein-

forced components in the aerospace and automotive industries.

Initially, aerospace industries began to manufacture components made with fiber rein-
forced tapes or fabrics using hand lay-up and forming operations. These prepreg materials
were either resin impregnated collimated tapes or woven fabrics. Today a large majority of
advanced composite components are still being manufactured from prepreg materials.
Labor costs in manufacturing components from prepreg tapes or fabrics have been high

due to the amount of hand labor and time involved.

Resin transfer molding of aerospace quality composite structures began as an effort to
reduce the high manufacturing cost of composite components. Although traditionally used
for their high specific strength, advanced composite commercial aircraft components
could not compete with metals if the cost of manufacturing those components remained

high. The resin transfer molding process offered a lower cost means of manufacturing.

A general description of the resin transfer molding process is where a fibrous component
is placed in a mold cavity which is then closed resulting in the compaction the fibrous pre-
form to the desired dimensions. A liquid resin is then injected into the mold cavity. Injec-
tion continues until all the remaining void space has been filled with resin. The mold
temperature is then raised, and the composite component is held at an elevated tempera-

ture until cured.

Aircraft structures that have been manufactured by the resin transfer molding technique
have been mainly secondary structures (which are not flight critical structures such as a
wing box or a fuselage beam). RTM has mainly been used for small detail parts where
structural integrity has not been critical or in applications where a high dimensional toler-

ance is required. However, for composite components to be utilized for flight critical
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structures, the capability of designing and manufacturing these components at a competi-

tive cost must be realized.

The RTM process offers several advantages over traditional prepregging methods. First,
tight dimensional tolerances can be achieved due to the use of matched metal tooling. Sec-
ond, complex shaped components can be readily fabricated. This allows for much more
co-curing or integration of the structural components and not only reduces the cost of the

structure but can reduce weight as well.

A variety of resin systems may be used with resin transfer molding. The only requirement
is that the resin viscosity be low enough during the injection so that it is possible to effec-
tively infiltrate the fabric preform and mold. Typical resin systems employed include
epoxies, bismaleimides, polyesters, and some toughened epoxies. Also, a wide range of
reinforcement types can be employed such as glass, graphite, or aramid fibers. Finally, the
complete component fiber and resin volume fractions can be accurately predicted and con-

trolled. This permits cost effective near net shape manufacturing of aircraft components.

Some of the disadvantages of the RTM process include the cost involved in the machining
or fabrication of the mold. In many cases, the fabrication cost of the mold can be offset by
manufacturing a large number of parts. However, in the aerospace industry, the quantities
of the produced parts are relatively low, and therefore the amortization of these tooling
costs is not necessarily effective in reducing the component costs to the point where they
are competitive with traditional metal formed components. Another disadvantage to the
RTM processing is the lack of high performance resin systems available. This issue has
been partially addressed in recent years. However, most of the industry standard resin sys-
tems were designed for the prepregging process. Many of the resin suppliers are currently

working towards producing high performance resin systems that have fluid viscosities that
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are low enough to be resin transfer molded. Several of these new resin systems are being

evaluated in non-primary aircraft structures.

In order to partially address those disadvantages described above, a new technique of resin
transfer molding components has been developed by several aerospace companies. This
new technique, known as resin film infusion (RFI) molding, combines the advantages of
resin transfer molding with the flexibility of the traditional prepregging processing tech-
niques. Resin infusion is performed by stacking a neat resin film and a fabric preform
together inside a mold which consists of components similar to those used in autoclave
processing of prepreg components. These components are then bagged and placed inside
an autoclave or oven for processing at elevated temperatures. The advantages of the resin
infusion technique are the ability to utilize lower cost tooling and to use many of the
higher performance prepreg resin systems. The resin infusion technique was the compos-

ite processing method selected in this study.

Some of the challenges presented in the resin infusion processing of advanced composite
materials include the need for a better understanding of the resin infiltration process and
the effects of tooling, and the development of optimal processing cycles. The motivation
for this study was to attempt to address these needs through the use of computer simula-
tions of the resin infusion and resin transfer molding processes. The objective of this work
was to provide a method by which structural and tool design engineers could analyze and
predict many of the important processing variables prior to the processing of a composite
component. The goal was to provide a comprehensive user friendly computer simulation

model capable of meeting this objective.
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CHAPTER 2

Literature Review

Previous studies of RTM processing have dealt with modeling the flow of resin through a
porous medium in a variety of different manners. An important aspect of RTM modeling

is the numerical techniques used to approximate the free surface location of the resin flow
front. A survey of these reported moving boundary techniques and several experimental

verification studies are described in this chapter.

2.1 Moving Boundary Techniques

There are many different techniques for modeling the resin boundary movement. The

methods described in this section will only address those techniques which are currently
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Moving Boundary Techniques

being utilized in the literature for the modeling of the resin infiltration process. There are
three basic numerical methods that have been used to calculate the resin flow in a porous
medium. These methods include the finite element, finite difference, and boundary ele-

ment methods. A further classification of the methods can be made by grouping the tech-

niques into either fixed or moving mesh schemes.

2.1.1 Fixed Mesh Methods

The first of the fixed mesh schemes is not currently being used for the study of RTM pro-
cessing. However, it does provide the basis for a technique that is currently being used.
The Marker-and-Cell method was originally developed for the study of incompressible
viscous free surface flows in the field of hydraulics [2]. The technique was developed for a
two-dimensional flow with simple geometries. The method uses a fixed finite element
mesh and a set of marker particles that track the moving boundaries. The marker particles
are started from some initial position within the mesh. Once the velocity field has been
calculated the particles are then moved to a new position by using a weighted average of
the four nearest cell velocities. The cells are then tagged as either full or empty, and the

solution continues[2].

The finite difference/control volume technique is an extension of the Marker-and-Cell
approach and is currently used in the modeling of the resin injection and RTM processes.
The method, also known as FAN (Flow Analysis Network), calculates the fluxes at the cell
boundaries and uses this information to calculate a fraction of the control volume that is
filled at each time step. FAN also uses the lubrication approximation, which eliminates the
out of plane velocities, to extend the original Marker-and-Cell method into a low Rey-
nolds number regime. Takahasi and Matsuoka [3] have extended the FAN method to

include the temperature field calculations necessary for RTM modeling. Several disadvan-

Chapter 2: Literature Review 6



Moving Boundary Techniques

tages to this method were noted by Tucker[4]. These include the tedious lay-flat procedure
used to model a 3-D part on a 2-D plane and the additional data required to connect the

planes in the model.

The finite element/control volume method is another fixed mesh technique which has been
applied to the resin transfer molding process [4]. This method is essentially a mixture of
the finite element and the control volume approach introduced in the FAN program. The
method is implemented by dividing the mold cavity into elements. At each nodal location
a control volume is constructed by subdividing the elements into smaller volumes and
summing the contributions of the adjacent volumes at each node. Element subdivision is
carried out by breaking the element volume into smaller volumes connected at the cen-
troid of the element. The finite element formulation is solved for the pressure distribution
at the nodes. The nodal pressures are then used to calculate an elemental velocity. The
flow rates into the various nodal control volumes are calculated using the velocity field. A
fill factor based on the amount of the fluid present is assigned to each control volume.
Flow front tracking involves finding all the partially filled control volumes[5,6]. Several
advantages of the finite element control volume method were pointed out by Tucker [4].
These include the ability to handle complex geometries, numerical stability, ease of han-
dling multiple vents and gates, and the ability to be easily extended to 3-D parts. This
method was chosen as the basis for the RTM analysis reported in this document and will

be discussed in greater detail in chapter 5.

2.1.2 Moving Mesh Methods

One of the current methods being used to model the flow of resin in RTM processing is the
body-fitted or boundary-fitted coordinate system method [7]. The body-fitted coordinate

system method is basically a finite difference method. In order to reduce the difficulty
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Moving Boundary Techniques

involved in using a finite difference grid to model an irregularly shaped boundary, the
method generates a curvilinear coordinate system over the physical domain. This coordi-
nate system is then used to transform the physical domain into a regular computational
domain. Remeshing occurs at each time step. The time step is calculated based on the
velocity of the flow front. Smaller increments of time are used when the flow front
approaches a sharp corner to maintain conservation of mass. The numerical costs of this
technique are reported to be high because of the large number of time steps and the need
for remeshing. The extensions of this technique to multiple injection ports and non-flat

parts have presented some difficulties.[4]

The second moving mesh method that is currently being used in the simulation of the
RTM process is the boundary element method. The boundary element method provides a
solution to the governing equation for the fluid flow within the domain, but not the bound-
ary conditions. Basically the method as reported in Um and Lee[8] involves the transfor-
mation of the governing differential equation into an integral equation which is valid on
the boundaries of the region through the use of some “test” function. The integral equation
is discritized and solved as in the finite element method. The velocity distribution on the
boundary is then used to calculate a new position for the mesh at the next interval of time.
Reported advantages to this method include the accuracy of both the velocity gradients
and flow front positions (no interpolation of the flow front is necessary). Disadvantages
include the difficulty with multiple gates and weldlines, extension to non-planar parts, and

the handling of sharp corners.
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RTM Experimental Verification Studies

2.2 RTM Experimental Verification Studies

Many examples of RTM simulation models are available in literature today. Several
experimental model verification studies are discussed in this section. The studies selected
give a representative cross section of the types of analyses being used in the simulation of

the RTM process.

Um and Lee [8] employed the boundary element technique in modeling the flow of sili-
cone oil through a simple rectangular mold of glass fabric. Darcy’s law was employed to
construct the governing differential equations. The resin front location was updated with
the local velocities on the moving boundary. As the front approached the mold wall and if
the newly calculated nodal position was outside the mold boundary, a corrected nodal
location was placed where a line connecting the new and old nodal positions intersected
the mold boundary. A “no slip” boundary condition was ignored in the analysis. The sili-
cone oil used in Um’s experimental work entered the rectangular mold through a center
gate and proceeded to an exit in the far corner. Very close agreement between the calcu-

lated flow front positions and the experimentally determined values was reported.

Coulter, Smith, and Guceri [9] reported on the infiltration of a rectangular graphite panel
with corn syrup. A boundary-fitted finite difference method was used to model the in-
plane flow of the corn syrup from one corner of the mold across to the diagonally opposite
corner. Again Darcy’s law was used as the basis for the two-dimensional formulation. A

stream function was included in the governing differential equation

R
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RTM Experimental Verification Studies

where K, and Ky are the permeability of the fabric in the x and y directions, respectively,
L is the fluid viscosity, and v is the stream function. The TGIMPG computer program
developed by Coulter and Guceri [9] is based on the boundary-fitted finite difference tech-
nique and uses a quasi-steady state time step during the infiltration process. The boundary
conditions specified included constant velocity at the inlet, no slip along the walls of the
mold, and a zero shear stress along the flow front. The new flow front position is deter-
mined from the velocities calculated along the flow front at the present time step. The con-
tact between the resin and the mold wall is calculated with a “no-slip based relocation
algorithm”[9]. Remeshing after each time step is required in the TGIMPG computer pro-

gram.

The experimental results reported by Coulter, Smith, and Guceri agree well with the
TGIMPG generated flow fronts except along the mold boundaries. The reason given for
the discrepancy along the mold boundaries is use of the no-slip boundary condition. Mea-
sured and calculated inlet pressure versus time profiles were reported in this study. The
measured and calculated pressure profiles matched well at the beginning and end of mold
filling and poorly at intermediate fill times. The difference in the shape of the predicted
and experimental flow front profiles was cited as the cause of this disagreement. The
experimental investigation by Coulter, Smith, and Guceri will be discussed in greater

detail in a latter chapter on model verification.

Finally, experimental investigations by Young et. al. [10] and Fracchia, Castro, and Tucker
[6] using the finite element control volume method are discussed. The numerical formula-
tions of the governing differential equations presented in each investigation were similar.

Darcy’s law was utilized in both works to replace the momentum equation. The governing

differential equation was obtained by combining Darcy’s law with the continuity equation
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K,.oP K, op

(uax) (uay

) = 2-2)

where Ky, and Ky, are the permeabilities in the x and y directions, respectively, U is the
fluid viscosity, and P is the fluid pressure. Both Young [10] and Fracchia [6] used rectan-
gular mold filling experiments to verify their computer models. Oil was used as the infil-
trating fluid and random glass mats were used as a preform material for both
investigations. A constant velocity injection of the oil was used in Young’s [10] experi-
ments whereas a varying pressure input was reported in Fracchia’s case. The inlet pressure
versus time profile reported by Young compared favorably to the experimentally measured
pressures. Fracchia also reported the simulation results of a center gated and a twin gated
resin transfer molded automotive head lamp assembly. Young’s experimental investigation

will be discussed in more detail in the chapter on verification latter in this document.
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CHAPTER 3

Problem Definition

3.1 RTM Process

Resin transfer molding (RTM) is a process where a fibrous preform is placed in a closed
mold, and a low viscosity resin is injected into the cavity until the preform and cavity have
been fully saturated with resin. The injection is stopped, and the part is then cured at room
or elevated temperature. This definition of RTM has changed somewhat over the years
since the process was first introduced in the 70°s. The term is now used to describe a vari-

ety of processes whereby a resin of some type is forced into a dry fibrous preform.
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One variation of the RTM process is the resin film infusion (RFI) or resin film stacking
process. In this process a neat resin film is placed along one surface of the tooling cavity
and a fibrous preform is placed next to it. The mold is placed into an oven or autoclave. An
external pressure is applied through either a clamping force or a hydrostatic pressure, as in
the case of an autoclave. The mold is slowly allowed to close under this applied pressure.
The mold assembly is heated, and the neat resin film softens and resin infiltrates the pre-
form due to the applied pressure. The resin infiltrated part is then cured at elevated temper-
ature and removed from the mold. During the process bulk flow of resin takes place

concurrently with the resin infiltration of fiber bundles.

The flow of resin through fibrous preforms is commonly modeled as the flow of an incom-
pressible fluid through a porous medium [11]. Flow through a porous medium can be
described by Darcy’s Law which states that the flow rate measured through a porous
medium is linearly proportional to the pressure gradient, the permeability of the material,
and inversely proportional to the fluid viscosity. Darcy’s law is therefore an important part
of any modeling effort of the RTM processing technique. A discussion of Darcy’s law will

be presented in a later chapter.

The tooling used in RTM processing generally consists of matched metal molds that pro-
vide a high degree of dimensional accuracy in the finished part. The processing is usually
done in either a heated press or an oven. Generally, prior to the injection of the liquid
resin, the mold is closed, and the preform is reduced to the final dimensions. Tooling used
in resin infusion is generally considered “soft” tooling. “Soft” tooling consists of alumi-
num blocks, silicon rubber blocks, steel or aluminum caul sheets, and steel or aluminum
baseplates. This type of tooling is arranged in a particular manner to produce the desired

shape of the composite part. The dimensional accuracies of this type of tooling are usually
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lower than the matched metal tooling used in traditional RTM processing. Also the cost of

soft tooling is much lower than match metal tooling.

The resin systems used in RTM generally have a low viscosity (<0.3 Pass) in order to
allow for easier processing. The majority of RTM processing done today is being done in
the automotive industry where many different resin systems are available. The application
of RTM to the aerospace industry has brought with it some additional performance
requirements for the resin systems used. These requirements include higher Ty’s,
improved strength and toughness, and the need for good hot-wet material performance. In
meeting these requirements the resin system manufacturers have formulated high molecu-
lar weight prepreg type resin systems. This in turn makes the processing by traditional
resin injection difficult. The resin film infusion or resin stacking process provides a
method where higher molecular weight and highly viscous resins may be used in the resin
transfer molding process. The RFI process has been successfully demonstrated using resin
systems designed for prepregging operations, such as Hercules 3501-6. These system have
minimum viscosities in the range of 2-10 Pass. These viscosities are much too high for tra-
ditional RTM processing. However, resin film infusion processing allows for the use of
these advanced resin systems while still retaining the benefits of the traditional RTM pro-

cessing.

The resin infusion process has been utilized by the McDonnell Douglas Aircraft-West

(MDA-West) as part of the NASA ACT (Advanced Composites Technology) demonstra-
tion program. Douglas used the resin infusion process to manufacture several demonstra-
tion wing box skins. The details of the use of this processing technique at Douglas and in

the computer simulation effort are described in the next section.
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3.2 Stiffened Panel Resin Infusion Processing

A good example of the resin infusion process is the three blade stiffened wing skin panels
fabricated by MDA-West for the NASA ACT demonstration program. These wing skin
panels were used to demonstrate the viability of the resin film infusion process as a cost
effective means of manufacturing commercial aircraft primary structures. A description of
the fabrication techniques and materials used in the resin infusion manufacturing of these

three blade stiffened structures is included in this section.

Demonstration of the viability of advanced composite materials being used in a primary
structure of a commercial aircraft depends largely on the ability to manufacture these
structures at a low cost. The fabrication of the three blade stiffened panels by MDA-West
was designed to demonstrate the ability to produce primary composite structures at low
cost. The fabrication involved resin infusion of a stitched graphite preform by the RFI pro-
cess. The stitched preform was manufactured using automated techniques in a further

effort to reduce costs.

The fabrication of the three blade stiffened panel began with the creation of a neat resin
film. One benefit of the resin infusion technique is the variety of resins which can be used.
The only requirement is that the resin system chosen must have the ability to be cast into a
hot-melt film. The resin system selected for use in the MDA-West panels was Hercules
3501-6. A resin film was made by taking the neat resin as supplied by Hercules in bulk
form and placing required amount into a platen press. The resin was then heated in the
press to lower the viscosity and pressed into a film with the desired thickness. At a future

date, the resin films will be available in sheet form directly from the resin manufacturer.
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1011110000
0.250000000E+02
1021110000
0.250000000E+02
1031110000
0.250000000E+02
1041110000
0.250000000E+02
1051110000
0.250000000E+02
1061110000
0.250000000E+02
1071110000
0.250000000E+02
1081110000
0.250000000E+02
1091110000
0.250000000E+02
10101110000
0.250000000E+02
10111110000
0.250000000E+02

17691210000
001100000
0.200000000E+07
17741210000
0 01100000
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0.200000000E+07
17791210000
0 01100000
0.200000000E+07
17841210000
0 01100000
0.200000000E+07
171701210000
0 01100000
0.200000000E+07

18691210000 temperature cycle flags
0 01100000
0.100000000E+01
18741210000
0 01100000
0.100000000E+01
18791210000
0 01100000
0.100000000E+01
18841210000
0 01100000
0.100000000E+01
181701210000
0 01100000
0.100000000E+01

9900100000 end of file

“COMPACTION INPUT FILE”
2500100000
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COMPACTION MODEL P6 #2
26001330293400

10-JUL-91 14:17:54 2.4

110200000 nodal coordinates
0.000000000E+00 0.126999998E-01 0.000000000E+00
1G 6 0 0 000000

120200000

0.635000039E-02 0.126999998E-01 0.000000000E+00
1G 6 0 0 000000

130200000

0.127000008E-01 0.126999998E-01 0.000000000E+00
1G 6 0 0 000000

140200000

0.000000000E+00 0.151447495E-01 0.000000000E+00

214200000 element connectivity

4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
1254

224200000

4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
2365

234200000

4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
4587

244200000

4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
5698

254200000

4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
781110

264200000

4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
891211
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3152000000 element properties

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.500000000E+01 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.191474000E+08

0.672450000E+07 0.000000000E+00 0.191474000E+08 0.000000000E+00
0.620990000E+07

(0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00
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0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00

0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00

0.000000000E+00

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00

0.000000000E+00
0.000000000E+00

62381200000
01001000000110000 2
-0.101352000E+06
62391200000
01001000000110000 2
-0.101352000E+06
62401200000
01001000000110000 2
-0.101352000E+06
62411200000
01001000000110000 2
-0.101352000E+06
62421200000
01001000000110000 2
-0.101352000E+06

811200000
0100000
0.000000000E+00
841200000
0100000
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0.000000000E+00
871200000
0100000
0.000000000E+00
8101200000
0100000
0.000000000E+00

9900100000 end of file
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