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ABSTRACT

The man objective of this sudy is twofold: (1) to evduate a new 3-D metd forming
amulation package by comparing its Smulaion results with the smulaion results of a
vaidated package for the same process, and (2) to optimize the feeder plate design for an
extruson die process usng 3-D metd forming smulation

A new metd forming smulation package, MSC.SuperForge, has been recently introduced
commercidly. This packege uses a finitevolume andyss method, which is fundamentaly
different than the finitedement andyss method used by most of the other commercid
meta forming smulation packages.

A primay objective of this study is to evaduate MSC.SuperForge by comparing its
gmuldion results with the smulaion results of DEFORM™-3D, a vdidated finite-dement
based forging smulation package. A 3D extruson process usng a dreamlined die design
was sdected for the evauation, since this process produces a relatively complex |-section
extruded shape.

A secondary objective of the study is to investigate shear extruson dies in 3D extruson
processes with MSC.SuperForge.  Although dreamlined extruson dies are generdly
preferred over sharp corner shear dies for extruson because streamlined dies produce lower
extruson loads and more uniform materid flow, dreamlined extruson dies are more
difficult to desgn and more expensve to manufecture than shear dies.  Until this current
dudy, however, few atempts have been made to andyze 3D metd flow in shear die
extruson proceses due to difficulties in amulating the more complex materid flow. The
finite-volume technology in MSC.SuperForge overcomes these difficulties and the package
was effectively used to smulate various feeder plate desgns for a shear die extruson
process.
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I ntroduction

In this study, the extrusion process is assumed to be an isothermal and steady State process.
These assumptions were used in dl the metd forming smulations peformed with the two
andyss packages representing different andyss methods the finiteedlement method and
the finite-volume method.

Finite-Element Method

The finitedlement method (FEM) for éadtic-plastic materid property is consdered to be
an accurate method, but it is generdly not very wel suited for the severe materia
deformation typicd in many metd-forming processes, and can dso result in long CPU time
to carry out the computations.

Some codes for computer smulation of metal forming operaions (such as DEFORM ™-
3D) have been edtablished on the bads of a rigid-pladic finiteedement method. The
assumption of rigid-plagtic or rigid-viscoplasic materid implies that the flow dress is a
function of drain, drain rate, and temperature and that the dadtic response of the materid is
neglected. This assumption is very reasondble in andyzing metd forming problems
because the dadic portion of the deformaion is negligible in most med forming
operations.

In the finite-element method, grid points are defined that are fixed to locations on the body
being anayzed. Connecting the grid points together crestes dements of materid, and the
collection of the dements produces a mesh. As the body deforms, the grid points move
with the maeid and the dements digort. The finiteedement solver is, therefore,
cdculating the motion of eements of condant mass. Because of the severe dement
digortion common in metd forming operaions, frequent finitedement remeshing is
necessary to follow the gross materid deformation.

Finite-Volume Method

The finite-volume method has been used for many years in andyzing the flow of maerids
in a liquid gate. However, in recent years, some codes for computer smulaion of solid-
date metd forming operations (such as MSC.SuperForge) have been established on the
bass of this method. In the finite-volume method, the grid points are fixed in space and the
eements are amply partitions of the space defined by connected grid points. The finite-
volume mesh is a "fixed frame of reference” The materid of a billet under andyss moves
through the finiteevolume mesh; the mass, momentum, and energy of the maerid ae
trangported from dement to dement. The finite-volume solver, therefore, cdculates the
motion of materid through dements of congant volume, and therefore no remeshing is
required.



Simulations

For evaluation purposes, both DEFORM ™-3D and M SC.SuperForge were used to perform
a dmulation of an extruson process with a streamlined die desgn. In addition, because of
its cgpability to handle severe materid flow, MSC.SuperForge was used to perform gx
more smulaions of a shear die extruson process - one amulaion using a shear die and
five amulations using five different feeder plate dies.

Process Parameters

In addition to the billet and die shape, there are four common process parameters that are
identicd in dl the dmulaions in order to peform a vdid compaison: billee materid
properties, ram speed, initid temperature, and friction. The excdlent formability of
duminum aloys makes them grong candidates for extruson processes, and as a result
duminum 6061-0 was sdected for the billet materid snce it is commonly used for cold
extruson. Ram speed, initid temperature, and friction values were dso al sdected
condgent with a cold forging extruson process with no lubrication A ram speed of 2.5
in/sec was selected.  Friction was defined as follows a shear friction coefficient of 0.2 for
contact between the hillet and the dationary die and a shear friction coefficient of 0.3 for
contact between the billet and the ram.

The flow dress curve commonly used for cold extrusion, g is a function of effective
drain, €, and the materia congtants C,n and is given by

—n

s =ce
where the materia congtants C,n vary with the specific materid or aloy.

The materia properties and flow curve shown in Table 1 and Figure 1, respectively, were
used in dl the smulaions performed with DEFORM ™-3D and M SC.SuperForge.



Table 1: Materid Properties for Aluminum Alloy 6061-0

Quantity oo e
Density klb/in® 9.75E-4
Temperature oF 68
Initial Temperature °F 68
Young's Modulus (E) ksi 10,100
Min. Yield Stress (S) ksi 8
Yield Stress Constant (C) ksi 32.5
Strain hardening exponent (n) - 0.209
Poisson's Ratio - 0.33
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Fgure 1. How curve for Aluminum Alloy 6061-0

Using DEFORM ™-3D

DEFORM™-3D is a commercid package devdoped by SFTC (Scentific Forming
Technology Corporation). It is a finite-dlement method (FEM) based process smulation
sysem designed to anayze three-dimensond flow of various metd-forming processes. It
provides vitd informaion about materid and thermd flow during forming processes. The



capabilities of DEFORM™-3D have been evauated and vaidated by applying t to severa
isothermal and non-isothermal applications.

Typicd DEFORM™-3D gpplications include forging, extruson, heading, rolling, and
many others. It is desgned to modd complex 3D materid flow. Its smulaion engine is
cgpable of andyzing large deformation and therma behavior of multiple interacting objects
during the metd forming process. An automatic mesh generaior (AMG) that generates an
optimized mesh is included. This facilitates the generation of finer eements in regions
where greater solution accuracy is required, thus reducing the overdl problem sze and
computing requirement. AMG, however, only supports one type of mesh - a paver mesh -
which does not fit curved surfaces well. As an dterndive to AMG, then, DEFORM ™-3D
accepts isometric tetrahedra meshes generated outsde of DEFORM™-3D, and in most
cases can remesh these exteriorly generated tetrahedrd meshes.  In this study, the billet was
meshed in MSC.Patran using a solid tetrahedrd isometric mesh, dnce this mesh gives
better results than using the AMG paver mesh in DEFORM ™-3D.

In addition to the process parameters described in the previous section, setting up the
DEFORM™-3D gmulation modd requires definition of the following smulation control
parameters:

Table 22 DEFORM ™-3D Simulation Control Settings

Parameter Value
Units English
Simulaion mode | sothermal
Starting step number -1
Number of smulation steps 50

Step increment to save 1

Primary die 1

Steps are controlled by Stroke
Maximum stroke per step 0.1

And setting the inter-object relations (contact definitions) below:

Objects Relation Separation |Friction
Die-Billet Master-Jave |[Yes Shear 0.2
Ram-Billet |Master-S|a/e No Shear 0.3
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DEFORM ™-3D aso requires a suitable memory sze to be defined for the integer and redl
arays. The agpproximate memory sizes needed for each of the two arays are given a the
datebase file generation step. In this smulation, 30 MB and 60 MB were reserved for
integer arrays and red arays, respectively. Checking of the smulaion process while it is
running is avalable with the Process Monitor option. It shows the DEFORM™-3D
amulaion processes that run on the same machine with ther current step number and
dlows for any process to be aborted. At the end of the smulation, the database file that
contains dl the smulation results data can be browsed usng the Pogt-Processor included in
DEFORM ™-3D. In addition, displays can be captured and saved as an image file

Using MSC.SuperForge

MSC.SuperForge is a new software package developed by MSC.Software Corporation for
the computer smulaion of 3D indudrid forging processes. It combines a robust finite-
volume solver with an easy-to-use graphicd user interface specificaly desgned for the
samulaion of 3D bulk forming operations. Forging companies and suppliers worldwide are
effectively utilizing MSC.SuperForge to successfully smulate the forging of a vaiety of
practical indudria parts. Ohio Universty was selected as one of the beta test sSites for
evauation and testing of this software package.

The release of MSC.SuperForge Verson 2000 features a new Windows based graphical
user interface.  Complex forging smulation models can now be st up in minutes, using
familiar Windows drag & drop functiondity. Once modd sgtup is complete, the smulation
can be garted from within the user interface, and results can be visudized on the fly as the
samulation progresses.  Maerid flow can be visudized and animated with workpiece
results such as dress, drain or temperature contours superimposed on the materia flow
animdion. In addition, cut-sections can be animated, showing Stress/strain/temperature
results and potentid folds ingde the workpiecee ~ Memory setings, workpiece-die
interactions (contact), and finite-volume doman generation ae dl fully automatic and
require no User input or intervention.

Simulation Results

The extruson dreamlined die smulaion was peformed with both DEFORM™-3D
(Verson 3.0) and MSC.SuperForge (Verson 1.0), using the same process parameters.
Both dmulations were performed on a Slicon Graphics workstation computer.  Smilar
numbers of finite dements and finite volumes were used in each smuldion in order to
assure a vaid comparison of the two smulation packages. The load-stroke curve and two
different contour plots - effective stress and effective strain - were sdected as the bass for
comparison of the DEFORM ™-3D and the M SC.SuperForge smulation results.
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Streamlined Die Extrusion - DEFORM ™-3D Results

Smulation results are easly visudized usng the podt-processor of DEFORM™-3D. This
post-processor supplies the user with six different types of contour plots. dress, dran,
dran rate, velocity, temperature, and damage. It dso supplies xy curves for variables such
as press load and/or velocity versus forming process time and/or press stroke.
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Figures 2 & 3: Load-stroke curve and effective stress distribution for DEFORM-3D
sreamlined die extruson smulation

Streamlined Die Extrusion — MSC.SuperForge Results

The new Windows look and fed of MSC.SuperForge makes results visudization
aurprisingly essy. In addition to visudization of dress, dran, dran rate, velocity and
temperature contours, MSC.SuperForge aso provides density, pressure and die contact
contour plots. The die contact contours are especidly useful to visudize die fill/underdfill in
3D. MSC.SuperForge also provides x-y curve functiondity for load-stroke plots, etc, but
the user cannot change the range or labels of the automaticaly generated plot axes. In
addition, the load-stroke plot often includes dynamic oscillations, which sometimes makes
this result interpretation more difficult.
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Figures 4 & 5: Load-stroke curve and effective stress distribution for M SC.SuperForge
Sreamlined die extruson Smulation
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Shear Die Extrusion - MSC.SuperForge Results

Until now, 3D dmulation of an extruson process usng a shear die was difficult a best.
This type of metd forming process is characterized by severe metd deformation that, for
the most part, leads to remeshing problems with conventiond finite-edlement based forging
smulation packages. Mot of the current metd forming packages, including DEFORM ™ -
3D, ae dill incgpable of peforming 3D extruson process smulaions usng shear dies
With its finite-volume method and no remeshing, on the other hand, MSC.SuperForge has
the capability to handle the severe meta deformations characteristic of a shear die extruson
process. As a result, MSC.SuperForge was used to perform sx 3D samulations of a shear
die extruson process - one dmulation usng a shear die and five smulations usng a shear
die with five different feeder plate designs. For comparison, Figure 6 shows the
dreamlined extruson die used in the MSC.SuperForge evauation sudy in the previous
section, aong with the Sx different shear die desgns used in this part of the study.

Streamlined Shear Die
Die with no
Feeder Plate
Figures 6: Streamlined die and shear die designs used in the M SC.SuperForge shear die
extruson Smulations

Shear Dieswith Different Feeder Plate Designs

The various cross-sections of the feeder plates on the shear dies were chosen to correspond
with sdected cross-sections dong the length of the dreamlined die  An extruson
dmulaion for each shear die dedgn, including the no feeder plate desgn, was then
performed with M SC.SuperForge to determine the optimal feeder plate design.

MSC.SuperForge results of the shear die extruson smulations indicate that the dress
digribution in the shear die extruson process is concentrated a locations dong the
extruded billet. Results for the shear die with no feeder plate design are shown in Figure 7.
The maximum effective stresses occur a the abrupt change in billet cross-section where the
shearing action begins and aso a the contact surface between the billet and the ram. The



maximum and minimum gtress vaues are 39.66 ks and 7.652 kg, respectively.  For
comparison, results from the MSC.SuperForge streamlined die smulation indicate that the
effective dress didribution changes gradudly dong the extruded billet and is inversdy
proportional with the extruded cross-sectiond aea The maximum and minimum effective
sressvaues are 37.66 ks and 3.139 ks, respectively.
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Figures 7: Effective stress distributions for M SC.SuperForge smulation of shear die
Extrusion with no feeder plate

The overdl range of results for the shear die with feeder plate extruson Smulations are as
follows

Maximum effective Sress, 37.49-54.00 ks
Maximum effective grain: 1.98-4.56in/in
Maximum ram load: 370-600 kibf

The maximum vaues al occur for the feeder plate design with a cross-section
corresponding to the cross-section at the midpoint aong the length of the streamlined die.
The minimum values occur for the feeder plate design with a cross-section corresponding
to the cross-section at a point 2.4615 inches from the wide cross- section end of the
sreamlined die.



Conclusion and Discussion

Two different 3D forging smulation packeges, DEFORM™-3D and MSC.SuperForge,
based on finiteedement and finite-volume technologies, respectively, were evauaed usng
a dreamlined die extruson process. The smulation results obtained from each package

were comparable, as shown in Table 3. The maximum effective stresses (S max) and the

maximum ram load (Pmax) Were very smilar, while the maximum effective dran (€ max)
was dightly different.

The CPU time for the MSC.SuperForge smulaion, however, was sgnificantly less than
the CPU time for the comparable DEFORM ™-3D smulaion.

Table 3: Comparison of DEFORM ™-3D and M SC.SuperForge Smulation Results for a
Streamlined Die Extruson Process

Variable | DEFORM™-3D | MSC.SuperForge
S max 38.966 ksi 37.660 ksi
Crmax 2.415in/in 2.021in/in
Prrex 360,000 Ibf 360,000 Ibf

CPU time 21 hours 9 hours

In addition, sx shear die extruson processes using different feeder plate desgns were
smulated with MSC.SuperForge in order to study the effect of different feeder plate cross-
sections on the materid flow. These smulations were peformed only with
MSC.SuperForge since its finite-volume technology can accommodate the gross materia
deformation in shear die extruson processes without encountering remeshing difficulties or
convergence problems.

From a comparison of the MSC.SuperForge extruson smulaion results usng the
dreamlined die, the shear die, and the optimized shear die with feeder plate, it can be
concluded that using a dreamlined die has no sgnificant advantage over usng a shear die
in duminum extruson. In fact, the results for dl three extruson die smulaions were close
enough to conclude that the streamlined die, with its more complex design and associated
higher manufacturing codts, is less advantageous than the shear die, especidly the shear die
with feeder plate desgn. These results indicate that shear dies and optimized shear dies
with feeder plates are a strong competitor for sreamlined dies in duminum extruson, since
ther use results in rdaively smilar metd flow characteristics and they are easier to design
and less expensve to manufacture.

Findly, the results of this study aso indicate tha MSC.SuperForge, with its new finite-

volume technology, gives results very close to the results obtained with a validated anaysis
package, DEFORM™-3D. The dmulation CPU time required by MSC.SuperForge,
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however, was less than hdf the CPU time required by DEFORM™-3D in performing
identicd smulations usng the same workstation computer. Moreover, the finite-volume
technique used in MSC.SuperForge diminates the meshing problems that makes smulation
of metd-forming processes with severe deformation, such as shear die extrusion, difficult
and impractica for finite-element based software packages.
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