Die Casting Tutorial

This example tutorial goes through the steps of setting up and running a high pressure die casting
analysis. The tutorial begins with a meshed geometry, assigns the process parameters and
completes the solution.

The mesh used in this tutorial is a coincident mesh, in which nodes are shared between regions
or materials. There is a slight difference in the setup if a non-coincident mesh (nodes are not
shared between regions) is used or if an optimized coincident mesh is used. Whenever
differences occur in the setup because of the use of these other meshes, a message concerning
these alternative methods will be noted in the Extra Notes section.

Die Casting Analysis Process

When the die casting process is simulated using ProCAST, two simulations are performed. The
first simulation looks only at the thermal effects of the process. The aim is to simply heat the dies
up to normal operating temperature. In most cases, the typical casting is not produced before a
few cycles are run and the dies have allowed some heat to sink in. In order to decrease the
amount of time spent on these cycles, the filling is not performed and an instantaneous fill is
assumed.

Once the dies have performed an adequate amount of cycles to reach operating temperature, a
completely coupled analysis is performed including thermal, fluid, stress, and/or micromodeling
effects. This tutorial will demonstrate a thermal / fluid analysis.

Die Casting Cycle Timeline

The following sample cycle will be used in this tutorial:

Time (seconds) | Event
0 | Begin Filling

25 | Open Dies

30 | Eject Casting

35 | Begin Spray

40 | End Spray

50 | Close Dies / Begin Next
Cycle




Start PreCAST

To begin PreCAST, type the command
“precast” followed by the project name inside
either a Unix window, or MS-DOS prompt. For
this tutorial, use the project name “diecast”.

There are other methods for starting any of the
ProCAST applications. These are described in
Section 1 of the ProCAST manual.

1. precast diecast

Extra Notes

If PreCAST failsto appear on your screen, there has
been a problem with the installation. Please check
the installation instructions, or contact your system
administrator or ProCAST customer support
representative.

"' Command Prompt

- precast diecast




Importing the Mesh

GEOMETRY
UMITS

If you are doing a 3-D analysis, a Finite RESTART
Element mesh needs to be imported into @ MESHCAST
PreCAST. This mesh can be generated and e
written out in any of the formats listed in the | File Name:
Geometry submenu. The mesh used for this | Idiecast.mesh
tutorial was generated in ProCAST's own
automatic tetrahedral mesher, MeshCAST. ‘ 3 APPLY |

CAMNCEL |

A typical MeshCAST file has the filename
“prefix.mesh”.

1. GEOMETRY
2. MESHCAST
3. APPLY

Extra Notes

If you are using a mesh generated by MeshCAST,
the units of the model are part of the MeshCAST
file. Therefore, the units do not have to be set when
reading in aMeshCAST mesh. However, any other
type of format needs to have the units specified.
Thisisaccomplished by selecting a unit in the
Geometry..Units g ,pmenu.

I YIRTUAL MOLD
SAVE




When the mesh is completely read in, you will
see a mesh information form like the one
shown to the right. This form helps to confirm
that the correct number of entities (nodes,
elements) are imported.

The MODEL contains:
277286 Elements

54872 Nodes
3 Material types

There are no steps on this page.

Extra Notes
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D MATERIALS

W HIDDEM

I ENCLOSURE

W YOLUME
I NODES

I ELEMENTES

ROTATE
Z00M

To see the geometry, one simply needs to

CENTER
DRAG

press any of the other buttons on the top row of
the PreCAST window. The control of how the

RESTORE

model is viewed is done by hot keys, mouse
functions and/or buttons and forms. These

MAT SELECT

controls are described in more detail in Section

1 of the ProCAST Users’ Manual.
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MATERIALS
Press SHIFT+X.

1.
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Press CTRL+SHIFT+Y

3.

4.

options shown on this page, please refer to Section 1

For information on any of the viewing related
of the ProCAST User’s Manual.

Extra Notes




Defining Symmetry

In order to define the planes of symmetry of
this model, you will list three points that lie on
this plane. These points can be retrieved in a
variety of ways using the mesher or solid
modeler. These points were determined by
locating a node on each plane and noting the
planar coordinate of the node.

The symmetry condition forces two things:
® No heat transfer across the symmetry face.
®* No fluid flow across the symmetry face.

Also, a symmetry boundary condition is
automatically generated, as you will see in the
boundary condition assignment section of this
tutorial.

1)

GEOMETRY
UMITS

CREATE 2-D

GEOMETRY

SYMMETRY

MIRROR 1

Enter the coordinates of aplane at
X =0 (see next page)

APPLY (sce next page)
SYMMETRY

7. EXECUTE

Pwbha

& o

Extra Notes

As can be seen on the screen, only one-half of this
casting is being shown. Thisis done to make use of
the symmetry in the model. Instead of meshing and

modeling the entire model, the symmetry inherent in

the model allows usto only simulate a smaller part.
Thereisno loss of accuracy and the solution time
will be greatly decreased.

2,6

SYMMETRY

CHECE. GEOR
L AXISYM ROTATIOMAL

= MIRROR1
I WIRTUAL

—— MIRROR 2
SAVE

EXECUTE







Checking the Imported Mesh

For any mesh that is imported into PreCAST, it
is wise to check the integrity of the mesh.
Should the mesh have bad elements in it, there
is a good chance that the simulation will give
poor results.

GEOMETRY

CREATE 2-D

S MMETRY

CHECE GEOR |

I AEIEYN

1. CHECK GEOM
2. NEG-JAC

Extra Notes

On this page we are looking for Negative Jacobian
(Neg-Jac) elements. These are elements which have
been turned inside out or areflat. If there are any of
these in the mesh, thereis a good chance that the
simulation will stop due to solver convergence
problems.

MEG-JA&C

A VIRTUA " EG-aREA
SAVE ENCLOSURE

WOLUMES

BAIM - B8 A




Here we will check the volume of the different
parts of this model. The volume check lets us
make sure that the units are correct and gives
us information that we can use when we apply
the condition that will fill up the cavity with
metal.

GEOMETRY |« 4

1. GEOMETRY
2. CHECK GEOM
3. VOLUMES

Extra Notes

The unit of the volume is the same as the “working
units’ of the setup. The “working unit” is
determined in one of two ways,; either by setting it
d”’ecﬂy in GEOMETRY--UNITS, or by readi ng

it from thefile, aswe havein thiscase. Thefilewe
have read in used millimeters (you can see thisif
yOou press GEOMETRY..UNITS) Therefore’

the volume given isin cubic millimeters.

CREATE 2-D
SYMMETRY

CHECK GEOM < 9
A AXISYN ) EGouac

A VIRTUA " EG-aREA
SAVE ENCLOSURE

WOLUMES

BAIM - B8 A




Saving the PreCAST Setup

You can save at any point when setting up the
simulation in PreCAST. Simply press the
SAVE pution in the GEOMETRY sybmenu.

It is a good idea to save from time to time to
prevent losing data due to power failure,
incorrect setup or file corruption.

1. GEOMETRY
2. SAVE

Extra Notes

When you press the SAVE putton in PreCAST,
you are saving all of the data that will be used for
the simulation to afile named [prefix]d.dat (or
diecastd.dat in this case). Thisdataincludesthe
geometry data, materials being used, process data—
anything that is set up or used in PreCAST. A
second file will also be written when you save and
exit PreCAST, with the file name [prefix]p.dat.
Thisfile only contains the Run Parameters, which
will be described in more detail at the end of this
example.

10

1 } GEOMETRY

UMITS

CREATE 2-D

S MMETRY

CHECEK GEOK
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I WIRTUAL MCLD
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Assigning Materials

Now we will define the materials being used in
this simulation. For this example, Aluminum
356 (AI356) will be assigned as the metal to be
cast, and Steel H-13 will be assigned as the die
material.

On the Material Assignment form, you will see
three columns. The ID is the material identifier
for a group of elements. The Material Name is
the material assigned to the group of elements
that have the same ID. The Type specifies the
function of that piece of geometry. This Type
designation allows ProCAST to do a certain set
of calculations or make assumptions about the
model.

1. MATERIALS

2. ASSIGN

3. Clickon#1

4. Highlight the material Al1356 in the Material
Database

. ASSIGN

= Toggle Typeto “Casting”

7. Click on#2

8. Highlight the material H-13 in the Material
Database
9. ASSIGN

10. Click on #3
11. ASSIGN

Extra Notes

This example uses materials that already exist in the
material database. If you would like to create your
own material, please refer to the Materials Section
of the ProCAST Users' manual, beginning on page
3-46.

K

i
10

DATABASE

MATERIALS

ASSIGH
STRESE
MICRO
INWVERSE

ASSIGN |

GU\Tl

D MATERIAL MAME

TYPE

44- AL, ASTM A356, JIS ACAC
#2 Z8-STEEL, AISIH13, JIS SKDE1
#3 Z8-STEEL, AISIH13, JIS SKDE1

CASTING
MOLD
MOLD

| — = |

MATERIAL DATABASE

READ/MODIFY |

IROM_Pure
IRCOM_Hyperautectic Gray
IRCM_Eutectic Gray
IRCIM_White

IROM_Ductile
IRCM_Chrome_ABEX HC-250
STEEL_Low Carbon

e
4 4 4 T 4 44 4

STEEL_Plain Carbon_al5l 1008

LL-|
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Create the Interface Conditions

When heat is transferred across dissimilar
materials, it will probably not pass through as if
there is perfect contact. Therefore, an
interface heat transfer coefficient needs to be
assigned to the region at the interface of the
materials. In this section, we will add new
interface heat transfer coefficients to the
database, which will later be assigned to the
interface of the materials.

In all of the databases (Material, Interface,
Stress, Boundary Condition, etc.), an
individual database entry only needs to be
entered once. After it is entered, it is available
for assignment in all other simulations from that
point on.

INTERF&CE

DAaTABASE

CREATE

AE5IGM

FALLTI-POIMNTS

INYERSE

1. INTERFACE
2. DATABASE

Extra Notes

Asyou can see in the forms at the right, when you
define a new database entry (interface heat transfer
coefficient in this case), you have options for
defining the data. In thisinstance, you can enter the
heat transfer coefficient as a constant value, time
function or temperature function.

A constant value stays the same for the duration of
the simulation. A time-dependent function changes
the heat transfer coefficient over time. A
temperature-dependent function varies the heat
transfer coefficient as the temperature of a certain
material changes.

12




A Die Combo interface description is a special
method used for describing all the heat transfer
properties at the interface during the cycle.
This entry describes the heat transfer between
the two die halves. The Constant value is the
interface heat transfer coefficient between the
dies. This may also be temperature dependent
by entering data in the Temperature table. The
Air Coefficient and Air Temperature is the heat
transfer to the air and ambient air temperature
around the die when the dies are open. The
Spray Coefficient and Spray Temperature
describe the heat transfer and ambient spray
temperature when the spray occurs during the
cycle.

ADD
DIE COMBO

Enter .01 for Constant

Change the unitsto cal JemP/Clsec
Enter .002 for Air Coefficient
Enter 80 for Air Temperature
Toggle Unitto “F”

Enter .005 for Spray Coefficient
Enter 70 for Spray Temperature
10 Enter “cover_ejector” asthe Key
11.STORE

CONOOAWN =

Extra Notes

Die Combo may only be used with coincident or
shared node meshes. Otherwise, a Standard
Interface must be employed using time dependent
properties based on the cycle times.

Die Combo combines interface and boundary
condition properties together into a single form and
assignment. Therefore, the only Boundary
Conditions are ones not covered by these Die
Combo assignments, such as the heat transfer on the
outside of the inserts and cooling lines.

I: INTERFACE DATABASE
REP.D COPY | DELETE |

STAMDARD
DIE COMBO

LIl

L

COMSTAMT, I .o

calom*2/C/sec | F  TEMPERATURE |

AR COEF | 0oz

AlR TEMP: I i1}

SPRAY COEF: I .0os

SPRAY TEMP: I il

L1 ATTACHED UNTIL EJECTION

USER:  Administrator DATE: 7A0:2001
KEY:
I cover_gjector
COMMEMTS:
A
#
STORE | CaMCEL |

13



The next interface to be described is between
the casting and the cover die. Note the higher
rate of heat transfer compared to that between
the dies themselves.

ADD
DIE COMBO

Enter .08 for the Constant

Toggle the Unit to “cal/cm** 2/C/sec”
Enter .002 for Air Coefficient

Enter 80 for Air Temperature
Toggle the Unit to “F”

Enter .005 for Spray Coefficient
Enter 70 for Spray Temperature

10. Enter “casting_cover” asthe Key
11.STORE

PCONOIARLOND

Extra Notes

Notice that on the form where you enter the name of
the database entry (the key), thereisalisting for the
user. Inall of PreCAST’s databases (Materials,
Interface, Boundary, etc.), a specific user owns each
database entry. This ownership prevents other users
from modifying entries. Any user can make use of
an entry not owned by that user, but if thereisa
need to modify the entry, the entry would first need
to be copied to anew name. This new entry would
be created an owned by the user who created the
entry.

14
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The final interface to be described is between
the casting and the ejector die. Since the
casting will sit in the ejector until ejection time,
specify that the casting is “Attached Until
Ejection”.

The interface heat transfer coefficient turns off
and switches to the air / spray values at the
specified Open time. However, if Attached
Until Ejection is specified, this switch is delayed
until the Ejection time. These times are
entered in the Run Parameters > Cycles
section of PreCAST, which will be completed
later in this tutorial.

ADD
DIE COMBO

Enter .08 for the Constant
Toggle the Unit to “cal/cm™** 2/C/sec”
Enter .002 for Air Coefficient
Enter 80 for Air Temperature
Toggle the Unit to “F”
Enter .005 for Spray Coefficient
Enter 70 for Spray Temperature
EJECTION
11. Enter “casting_ejector” asthe Key
12. STORE

CONOOAWN=

-
o

Extra Notes

If the Die Combo interface is being used for a
permanent mold, where spray does not occur at
every cycle, simply leave the Spray Coef and Spray
Temp spaces empty.

I:: INTERFACE DATABASE
READ | ADD | COPY | DELETE |

STANDARD
DIE COMBO

SEENCINNSNeE

3

| 1 rnyer_gjector

2

1

COMSTAMT, I ng

calom*2/C/sec | F  TEMPERATURE |

AR COEF | 0oz

AlR TEMP: I i1}

SPRAY COEF: I .0os

SPRAY TEMP: I il

W ATTACHED UNTIL EJECTION

USER:  Administrator DaTE: 702001
KEY:
Icasting_ejector
COMBENTS:
A1
i
STORE | CAMNCEL |
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Create the Interface in the FE Model

The model used in this tutorial is an example of
a typical mesh generated by a meshing
package. In this coincident mesh, both
materials share nodes at the interface.

1. INTERFACE

2. CREATE

3. Toggle“No” to“Yes’ for all three material
pairs

4. APPLY

Extra Notes

Non-Coincident Mesh:

The CREATE putton will be highlighted red and is

inaccessible as PreCAST cannot determine the
materia pairsin thistype of mesh. Skip this page
and go on to the next page, Interface Assignments.

Optimized Coincident Mesh:
When the optimization is performed, the material

pairs are already identified. Leave all material pairs

marked as NO, press EXECUTE and continue on
to the next page.

16

D INTERFACE

DaTABASE
CREATE
ASSIGN
FULTI-POINTS
INWERSE

I:: INTERFACE CREATE
view |  aPPLY | camcEL |

ADJACENT MATERIALS

1. 2 and 1
Z. 3 and 1
3 3 and 2

YES
YES
YES

I

i



Assigning the Interface Condition

Now that an interface coefficient has been
added to the database and an interface has
been created, we need to assign that database
entry to the interface in this model.

You will notice this “Define then Assign” trend
as you go through PreCAST. Most items are
first defined by some value like material
properties, heat transfer coefficient, or velocity,
then they are assigned to some part of the
Finite Element Model you have imported.

A “C” in the second column signifies a
coincident interface, whereas a “N” specifies a
non-coincident mesh interface.

. INTERFACE
. ASSIGN

1

2

3. Click onthefirst material 1D in material pair 1

4. Highlight the “casting_cover” entry in the
database.

. ASSIGN

= Click on thefirst material 1D in material pair 2

7. Highlight the “casting_gjector” entry in the
database.
8. ASSIGN

9. Click on the first material 1D in material pair 3

10. Highlight the “cover_ejector” entry in the
database.
11. ASSIGN

Extra Notes

The order of the materialsisimportant only when
you are using atemperature dependent interface
heat transfer coefficient. In thiscase, it is necessary
to identify which material to base the calculation of
heat transfer. The first material in the pair will be
used asthisbasis. To switch the order, simply click
on the second material in the pair.

Non-Coincident Mesh:

Before assigning database entries, you must add the
interface pairs. To do this, press ADD, enter the
material pair separated by a space (ie, 1 2) and press
APPLY. Do thisfor all materials between which
you want to specify an interface.

[

DATABASE

INTERFACE

CREATE

2

5.8,
11

MULTI-POINTS

BESIGMN

INWVERSE

assIGN | #DD |

DELETE |

aQuiT |

¥

)

MATERIAL PAIRS

DE ENTRY

1 2
1 3
2 3

rJa
[ ]

2
3
1

| F |

INTERFACE DATABASE

READ/MODIFY |

1. cover_ejector
2. casting_cover
3. casting_ejectar

=

[
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Creating Boundary Condition
Properties

Boundary Conditions enforce the presence of
certain process items such as pouring
temperature, filling rate, heat transfer and
many other items. In this thermal-only

simulation we have three parameters to define:

heat convection from the dies and cooling line
effects.

| BOUMDARY

1. BOUNDARY
2. DATABASE

Extra Notes

18

9 w DATABASE

S551GMN SURFACE

S551GN YOLUME

SE5IGN ENCLOSURE

IMNWERSE




First, we will define the heat transfer on the
outside of the dies. To reduce the size of the
model, we typically analyze only the die inserts
and not the holders. Modeling the entire
system is easily done; however, the size of the
model would significantly increase the
simulation time and would not offer much more
accuracy.

ADD
HEAT

Enter .002

Change the unitsto cal Jem?/Clsec
Enter 75

Change the unitsto F

Enter “air_convection”
STORE

O NOURAWN=

Extra Notes

Heat transfer can be done in two ways, either by
interface heat transfer or by heat boundary
condition. The main differenceisthat heat transfer
occurring between items that have been modeled
(i.e., dieand casting) is simulated using an interface
condition. Heat transfer occurring between a
modeled item and an unmodeled item must be
simulated using a heat boundary condition.

[0
s>

BOUNDARY CONDITIONS DATABASE

Dﬂlﬂl

COPY DELETE

TTTTT KEYWORD USER

TEMPERATURE

MOMENTUM SOURCE

CURRENT DENSITY.

MAGNETIC POTENTIAL

HEAT
EMISSIVITY
YOL_HEAT
YELOCITY
PRESSURE
INLET
TUREULENCE
VENT

=1

sl

INJECT

IMASS SOLURCE
DISFLACEMENT
POINT LOAD

SURFACE LOAD

YOLTAGE

FILM COEFF | 002 calfemt2icisec | TME | TEMP |
EMISSIVITY TIME TEMP
AMEIENT TEMP | 75 F TIME

FLUX W2 TIME

VIEW FACTOR:  OFF

BC-TYFE: Heat

USER: Administratar

KEY:

DATE: 7/11/2001

COMMWENTS

STORE

CANCEL

|
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D BOUNDARY CONDITIONS DATABASE
READ ﬂl COPY DELETE
Finally, we will define the heat transfer of the (2 ) bear g
. . . . EMISSIVITY
cooling lines. We will assume that the cooling e a—
line is always on. You could also simulate e
cooling ano!/or oil Imes using a heat flux or M
even meshing the lines and performing a fluid T i
flow analysis of the coolant or oil. MOMENTUM SOURCE_|
MASS SOURCE
DISPLACEMENT
POINT LOAD
SURFACE LOAD
CURRENT DENSITY
YOLTAGE
MAGMNETIC POTENTIAL
@ FILM COEFF |01 calem“2/Cisec | TME | TEMP |
EMISSIVITY M ﬂl
@ AMBIENT TEMP | 75 F L mME |

FLUX Wimz TIME
VIEW FACTOR:  OFF

BC-TYPE: Heat

USER: Administratar DATE: 7/11/2001

ADD KEY
I[nnhngjins
HEAT [

COMMWENTS

Enter the .01 A
Change the unitsto cal JemP/Clsec

Enter 75 |
Changethe unitsto F 7ok | JcaceL |

Enter “cooling_line”
STORE

O NOURAWN=

Extra Notes

If the cooling line is not constantly on, as shown in
this example, you can turn it on and off by using the
TIME fegture. This feature allows you to adjust
the heat transfer coefficient in relation to simulation
time.

20



Assign the Boundary Conditions

Now that the boundary conditions have been
defined in the boundary database, we can
assign these definitions to locations on the
model. We will first check the symmetry
boundary condition that was automatically
generated when the symmetry planes were
defined, then continue with the conditions that
were defined in the previous section.

When the symmetry boundary condition is
selected, the element faces on the two planes
of symmetry should highlight in red.

1. BOUNDARY
2. ASSIGN SURFACE
3. Highlight the Symmetry boundary condition

Extra Notes

If the selected faces automatically assigned to the
Symmetry boundary condition are not correct, you
can simply add or remove the necessary elements
using SELECT gnd DESELECT,

K

BOUMNDARY

DATABASE

A33IGN SURFACE

A3EIGN YOLUME

A33IGN ENCLOSURE

INYERSE

BC-SET

DB EMTRY

1. Symmetry

[ =%
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Assign the heat boundary condition of the
outside of the dies.

Using the SURFACE putton makes selecting
a large area very easy. After selecting an

entity and pressing SURFACE  you enter an
angular tolerance. All neighboring entities
within this tolerance will then be selected.
Thus, when selecting just a plane, use a small
tolerance. But when the selection needs to go
across a varying terrain of geometry, use a
larger angle.

You can also select multiple entities by
dragging a window with the right mouse button.

1. ADD

2. HEAT

3. Highlight the “air_convection” Heat database
entry

4. ASSIGN

5. SELECT

6. Sdect an element on the outside of the die

7. SURFACE

8. Enter*s

9. APPLY

10. Repeat Steps 5 — 9 for the other outer die
surfaces
11.STORE

Extra Notes

22




Finally, assign the heat boundary condition to
the cooling lines. Cooling lines and other
features that go into a volume can be difficult to
select. To ease selection, we make use of the
fact that when working with heat boundary
conditions, an element can be assigned to only
one heat condition. Therefore, it is very easy
to know which elements have not been
selected for a heat condition. In this example
we have the symmetry face selected, the outer
faces selected and the interface elements
selected. This leaves the cooling lines and the
shot cylinder as the only faces left unselected.
The REMAINDER button picks all of these with
one click. All that needs to be done is to
deselect the shot cylinder and biscuit inlet.

1. ADD
. HEAT

= Highlight the “cooling_line” Heat database
entry
. ASSIGN

a4
5. REMAINDER
6
7

WN

. DESELECT

= Deselect an element on the shot cylinder
8. SURFACE

9. Enter 85"
10.APPLY

11. Repeat for biscuit inlet surface.
12. STORE

Extra Notes

When setting up this model, you may notice that the
shot cylinder and biscuit will have no heat transfer.
In practice, this surface would be in contact with the
shot deeve. A heat boundary condition could have
been placed in this location to emulate the heat
transfer between these two regions, but was not
added in order to keep this example smple.

°)lsl)

)

BC-SET

DB EMNTRY

1. Symmetry * Al
2. Heat 1 air_convection J
]
ADD DELETE ASSIGN |
STORE COPY LIMK G
SELECT DESELECT”| SELECT ALL
SURFACE | INTERFACE | REMAINDER | &

SYMMETRY
FERIDDIC

TEMFPERATURE

HEAT
VELOCITY
FRESSURE
INLET
WALL

VIrhIT

BOUMDARY CONDITIOMNS DATABASE

READMODIFY |
TYFE KEYWORD  USER
1. Heat ait_convect  Administratc £
2 Heat cooling_line  &dministratec
=~
#

Enter Tolerance Angle:

E

IBS

APPLY

CAaNCEL
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To make sure that the correct entities have
been assigned to the correct boundary
condition, click on each boundary condition in
the bc-set column. When a boundary condition
is selected, the entities assigned to that
condition highlight.

1. Click on the “Symmetry” BC
2. (Click onthefirst “Heat” BC
3. Click on the second “Heat” BC

Extra Notes

24
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Define Gravity Direction
1 ) __PRocess |
For the definition of the gravity direction, we =

simply enter the value into the appropriate
direction, the negative-Z direction in this case.

2 )
0.000000e+00
0.000000e+00 I

I
ROTATE | canceL |

)

1. GRAVITY

2. Enter -9.8 asthe Z value.
3. APPLY

Extra Notes

For agravity direction that is off of an axis, simply
resolve the gravity vector intoits X, Y and Z
components and enter those valuesinto the X, Y
and Z value boxes.
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Initial Condition Definition

The last process parameter we need to define
for this thermal-only analysis is the initial
condition of the simulation. This consists of the
initial temperatures, which are specified in the
CONSTANT form. The initial temperature
designates the pre-heat temperature of the
mold and pouring temperature.

INITIAL COND
CONSTANT
Highlight Materia 1
Change the Unitsto F

Enter 1350 (pressing “Enter” movesthe
highlight bar to the next material)

Enter 250
Enter 250

omhoN

No

Extra Notes

26

D)

2

B

INITIAL COND
CONSTANT
EXTRACT
FREE SURFACE
ID# MATERIAL NAME TEMPERATURE

1.#1 AL,_ASTM_A35E,_JIS_ 1350000 F [

2. #2 STEEL, AISIH13, JIS S 250000 F

3. #3 STEEL, AISI H13, S SI 250000 F

]

Value: Fll<a |




Modify the Run Parameters

The run parameters provide control over the
simulation. In these forms you can change the
time to be simulated, which solver to use and
many other items. In most cases, the default
choices will provide the best simulation; but, as
you become more experienced with the
software, you may wish to change some of
these and observe the effects they have on the
simulation.

In the General form, we control basic
simulation characteristics. In this example, we
are changing the number of steps to run to
2000.

. RUN PARAMETERS

. GENERAL

. Change the value of NSTEP to 2000
. APPLY

AWN=

Extra Notes

Y ou will notice that some of the run parameters are
listed in black while others are listed inred. The
black parameters are ones that are typically changed
for asimulation. Red parameters are “advanced”
parameters and should only be modified by
experienced users.

Anytime help is needed for these parameters, simply
click into the value related to the parameter in
question and press the help button.

See next page for illustrations.
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5.00000e+00

0.00000e+00

2.00000e+00

5.00000e-01
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Now we will modify the parameters which
define the cycle. The cycle parameters for this
analysis may be found at the beginning of this
document.

OCONOARAWN =

RUN PARAMETERS

CYCLES

Change the value of NCYCLE to 5
Change the value of TCY CLE to 50
Change the value of TOPEN to 25
Change the value of TEJECT to 30
Change the value of TBSPRAY to 35

Change the value of TESPRAY to 40
APPLY

Extra Notes

By

defining these parameters, we are also

specifying when the ssimulation will stop. The
simulation will normally stop when any of the

foll
L]

owing happen:
Number of simulated steps equals the value for
NSTEP in the General Run Parameters form.
Simulated time meets the value for TFINAL in
the General Run Parameters form.
All specified cycles have been completed as
indicated by NCYCLE in the Cycles Run
Parameter form.

See next page for illustrations.
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Now we will modify the parameters which
control the thermal part of the simulation.
Here, we are simply changing the output
frequency of the temperatures to save every 5
steps, and the output frequency of heat flux to
save every 10 steps.

RUN PARAMETERS
THERMAL

Change the value of TFREQ to 5
Change the value of QFREQ to 10
. APPLY

aRWN=

Extra Notes

See next page for illustrations.
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Save and Exit PreCAST 1 BT

Everything should now be setup for this high

. . . . . ASSIGMMENTS POSSIBLE MADE
pressure die casting simulation. After pressing Material: . 5
EXIT, a summary screen appears showing the Interface: 3 3
number of possible assignments and the Boundary: 3 3
number of assignments made. For this Enclosure: 0 o
solution, the numbers for Materials, Interface Moving Selids: 3 0
and Boundary should be same in each column. Micro: 3 0
Should there be any difference, GO BACK to e ? ?

the section in question and check your setup.
If the numbers are matching, then
CONTINUE,

Warning: diecastd.dat file already exists!

D CONTINUE | ABANDON | GO BACK

1. EXIT
2. CONTINUE

Extra Notes

When you press the EXIT..CONTINUE ptton
in PreCAST, you are saving al of the data that will
be used for the simulation to afile named
[prefix]d.dat (or investmentd.dat in this case). This
dataincludes the geometry data, materials being
used, process data— anything that is set up or used
in PreCAST. A second fileis also written, with the
file name [prefix]p.dat. Thisfile only containsthe
Run Parameters, which will be described in more
detail at the end of this example.

Pressing ABANDON gmply exits without saving.
Use this when browsing the set up or when changes
made to the set up are not wanted.



Start Solving the Analysis

The next step in getting results is to run
DataCAST. This non-interactive script simply
converts the units to a consistent system
(CGS) and does some simple error checking.
Should any problems exist, warning or error
messages will be shown on the screen.

If DataCAST runs without warning or error
messages, then the setup is ready to be solved
using the ProCAST executable. While the
simulation is running, you can check on the
progress by running the ProSTAT script in
another window. This summary lists the
current simulated time, time step, solve time
and other statistics. This solution is complete
when cycle 5 is 100% complete.

1. datacast diecast
2. procast diecast
3. prostat diecast (in another window)

Extra Notes

If DataCAST or ProCAST list any warnings or
errors, please return to PreCAST, RESTART the
model and examine the setup as specified by the
warning / error message.
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Check the Analysis

After the solution has finished, check to see if
enough cycles have been simulated to reach
the normal operating temperature. To
accomplish this, we will use PostCAST.
PostCAST will allow us to view the
temperatures of many nodes at the same time
and determine the normal operating
temperature. We know we have performed
enough cycles if the peaks of the temperature
curves begin to level off.

postcast diecast
MATERIALS

Highlight only the die materials
UNITS

Change the temperature unitsto F
OPTIONS

X-Y PLOT
TEMPERATURE

9. INTERVAL

10. Enter 100

11. APPLY (g view the graph

12. EXIT \when finished

ONOGA BN

Extra Notes

PostCAST performs many functions. These
include:

¢ X-Y Graphing

® ExtraCalculationsfor Porosity Determination
® |sochron Calculation

® Result Format Conversion

Instructions for using POStCAST can be found in
Section 6 of the ProCAST User’s Manual.

& Command Prompt

|I> C:s>postcast diecast

‘ 2 MATERIALS |
aLL CANCEL |

ID# MATERIAL MAME

1. #1 AL,_ASTM_A356,_JIS_ACAC-RS

IZ> UMNITS |

Centimeters
TEMPERATURE F @
HEAT FLUX wim*g

MM 2

YELOCITY misec |

dynescm™Z
D OPTIONS |

¥ - PLOT |
1

GEOL.‘ETD\.J’
TEMPERATURE

FRACTION 72 &

———————F (IR AL
PRESSURE ————
= NOBES
WELOCITY

——————F GFTORE
YON MISES ————
e ERTERMAL
PRINCIPAL

PRIMCIPAL STRESS 2
PRIMCIPAL STRESS 3
PLASTIC STRaIM

H DISPLACEMENT

Y DISPLACEMENT

Z DISPLACEMENT

LENGTH

PRESSURE

STRESS

o
-
=

—
m
=

u

Il=|3
m|m|=
23 gl HAL

=
o
&

pal
1]

n
m
m
pLll

9]
(@]
Ia]

X
&
o)
L8| Fse

o
)
T

CRE:
ROW SUM ERROR
FACE TO GROLUP

100
@ P.F'F'L‘r’l

| 12 EXIT |

C.ﬂ.NCELl

35



Start PreCAST

When it is determined that enough cycles have
been run to reach the steady state temperature
in the dies, we are ready to set up and run the
coupled fluid / thermal analysis. Before we do
this, run prostat on the thermal analysis and
make a note of the number of steps that were
run.

The setup for the thermal-only analysis that we
did in the first half of this tutorial contains much
of the information needed for the fluid / thermal
simulation. So, to avoid having to redo some
work, we will read in the thermal setup and
modify some parameters. When we save, we
do not want to overwrite the thermal analysis,
so we will start precast with a new name.

& Command Prompt |- (O] =]

ast diecast_fluid

1. prostat diecast
2. precast diecast_fluid

Extra Notes

For organizational reasons, it is better to have the
thermal and fluid solutions in separate directories.
For thistutorid it iseasier if the two simulations
occupy the same directory.
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Reading the PreCAST Restart File

Now we will read in the file that contains the
setup for the thermal-only analysis. Anytime
you wish to read in a PreCAST file (d.dat file),
simply start PreCAST, with an appropriate

prefix specified, and use RESTART to read in
the data.

When the file has been read, a form will appear
listing information about the analysis setup,
including entity data, number of materials and a
listing of boundary conditions.

. GEOMETRY
. RESTART

Change the filename to “ diecastd.dat”
. APPLY

A ON=

Extra Notes

D GEOMETRY

UNITS
‘ 2 RESTART
MESHCAST

IMPORT

CREATE 2-D
SYMMETRY
CHECK GEOM

1 AXIEYM

- WIRTUAL MOLD
SAVE

File Mame:

‘ 3 I diecastd.dat

D APPLY |

CAMCEL |
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Creating Boundary Condition
Properties

For the fluid simulation, we need to specify the
rate of metal entering the cavity and the
pouring temperature of the metal.

1. BOUNDARY
2. DATABASE

Extra Notes

38
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This simulation will demonstrate using a
velocity boundary condition to introduce metal
into the cavity. The value used for the velocity
condition can be found in different ways. If the
volume of the cavity, filling time and inlet area
are known, the inlet velocity is equal to the
volume divided by the product of the filling time
multiplied by the area (V/tA). The velocity of
the shot piston can also be used as the value
for the velocity boundary condition.

Entering metal into the cavity can also be done
with the pressure, turbulence and inject
boundary conditions

ADD
VELOCITY

Enter O for U

Enter 100 for V

Enter O for W
Change unitsto in/sec
Enter “shot_velocity”
STORE

O NOURAWN=

Extra Notes

U, V and W are velocities corresponding to the X, Y
and Z directions, respectively.

Non-Coincident Mesh:

After entering the velocity boundary condition
described above, ADD a hew velocity boundary
condition that has U, V and W set to 0. Namethis
boundary condition “no_dlip”. Thisisused to
define the region that the flow is allowed to occupy.
This boundary condition is automatically defined
when using a Coincident mesh.

|:: BOUNDARY COND
READ | abD

ITIONS DATABASE

COoPY | DELETEl
e — EYWORD USER
TEMPERATURE
HEAT air_convection &dministrator wy
EMISSIVITY cooling_line  Administrator
WOL_HEAT

VELOCITY
PRESSURE
INLET
TURBULEMCE
YENT

R

L

INJECT

MOMENTUM SOURCE
MASS 50URCE
DISPLACEMENT
POINT LOAD
SURFACE LOAD
CURRENT DEMNSEITY
YOLTAGE

MAGHETIC POTEMTIAL

infsec |

100.0

JET |

FRESSURE

Jei|

BC-TYPE: Velocity
USER: Administrator

KEY:

DA&TE: 771172001

I shot_velocity

COMMENTS:

STORE

CANCEL |

L=

£
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Enter the temperature of the metal that will be
entering the inlet (pouring temperature).

1. ADD

2. TEMPERATURE
3. Enter 1350

4. Changeunitsto F

5. Enter “pouring_temp”
6. STORE

Extra Notes
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Assign the Boundary Conditions

With the new boundary conditions defined, they
need to be assigned to the appropriate regions
on the mesh. The inlet velocity and pouring
temperature both describe the metal entering
the cavity and will be assigned to the location
where the metal enters — the biscuit surface.

BCOUMD&RY

DAaTABASE

A551GM SURFACE

A551GMN YOLUME

#E5IGN EMNCLOSURE

INWERSE

1. BOUNDARY
2. ASSIGN SURFACE

Extra Notes
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BC-SET DE EMTRY

Assign the velocity condition to the inlet 1. Symmetry Al
surface. 2. Heat 1 air_conyection J
3. Heat 2 cooling_line

el

ADD DELETE ASSIGN @

STORE COpPY LIME
SELECT DESELECT | SELECT ALL
SURFACE | INTERFACE | REMAINDER

s

SYMMETRY
PERICDIC
TEMFPERATURE
HEAT
2 WELOCITY
FRESSURE
1. ADD INLET
2. VELOCITY WALL
3. Highlight the “shot_velocity” Velocity database BOUNDARY CONDITIONS DATABASE
entry RE&ADMODIFY |
4. ASSIGN
5. SELECT TYPE KEYWORD  USER
6. Sdect an element on the biscuit surface 1. Heat air_convect  Administrate |5
7. SURFACE I Heat cooling_line  Administratc
: b3 3 Velocit shot_velocit  Administratc
8. Enter *5" 4 Temperiture pouri_ng tem Administratc
9. APPLY ' =
10. STORE
=]
#
Enter Talerance Angle:
Extra Notes 8 E
@ APFLY CAMCEL
Non-Coincident Mesh;

Before compl eting the steps above:
o ADD aVELOCITY condition
® Highlight the “no_dlip” velocity boundary
condition in the database )
e ASSIGN {he database entry Note that when the same region has been selected

S for separate boundary conditions of the same type
*  UseMAT SELECT and highlight only the (ie, velocity), the selection of the last boundary

AI356 material, press APPLY condition will override previous selections. Thus,
*  Press SELECT ALL even though all of the casting nodes are stored for
e STORE the solection the “no dlip” velocity, the “ shot_velocity” selection

of the biscuit surface removes those same nodes
from the “no dip” condition.
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Assign the pouring temperature condition to the
inlet surface.

Since the temperature condition is assigned to

the inlet surface, we can simply COPY the
velocity selection to the temperature condition.
Once the casting is full, the inlet velocity is
turned off and the temperature boundary
condition is also terminated. This no longer
forces the nodes on the biscuit surface to be
equal to the pouring temperature and allows for
the biscuit to cool off, should a heat boundary
condition or some other means of heat transfer
be assigned to that region.

1. ADD
2. TEMPERATURE
3. Highlight the “pouring_temp” Temperature

database entry
4. ASSIGN

5. COPY

6. Highlight theinlet velocity boundary condition
in the BC Set Form (not the database form)
7. STORE

Extra Notes




To make sure that the correct entities have
been assigned to the correct boundary
condition, click on each boundary condition in
the bc-set column. When a boundary condition
is selected, the entities assigned to that
condition will highlight.

Click on the “Symmetry” BC
Click on thefirst “Heat” BC
Click on the second “Heat” BC
Click on the “Velocity” BC
Click on the “Temperature” BC

aRWN=

Extra Notes

Non-Coincident Mesh:

There will be two Velocities listed, one for the inlet
velocity, one for the no dip velocity. Theinlet
velocity will be on the biscuit surface. The no dlip
velocity will cover the entire casting except for the
biscuit surface.

BC-SET DB EMTRY
1 1. Symmetry £
2 b3 2. Heat 1 air_convection J
1 ¥ 3. Heat 2 cooling_line
4 > 4. Velocity 3 shot_welocity
5 % 5. Temperature 4 pouring_temp




Initial Condition Definition

Again, this fluid / thermal analysis simulates an
entire cycle that occurs after the dies heat up.
Since we want to use dies that have some heat
built up in them, we will set the initial die
temperature to be the same as that at the end
of the thermal-only analysis. Therefore, we will

EXTRACT the die temperatures out of that
analysis and use them for this fluid / thermal
analysis.

The last written step refers to the results of the
last step written out from the previous analysis.
For example, if the simulation ran 594 steps
and every 5 steps were saved, you would enter
590 as the last written step.

INITIAL COND

EXTRACT

Highlight the die materials

Enter “.” (a“.” means current directory)
Enter “ diecast”

Enter the number of the last written step
APPLY

Highlight the die materials again
DISPLAY

OCONOOAWN=

Extra Notes

When you press DISPLAY | the temperature of
each nodeisdisplayed. The unitsfor the
temperature is always degrees Kelvin.

4
s

(s »

INITIAL CORD

COMNSTANT
EXTRACT

FREE SURFACE

1D MATL MNAME

PREFIX

STEP

3.

1.#1 AL,_ASTM_A3SE,

: w2 sTEEL, A 1S

| I

Enter Directory name:

Frefix:

I diecast

Enter Step value:

I 530

APPLY |

DISFLAY |
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The last process parameter we need to define
is specifying the empty cavity.

1. INITIAL COND
2. FREE SURFACE

3. Toggle Noto Yesfor the Al356 Material

Extra Notes
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Modify the Run Parameters

Now we will modify the parameters which
control the solving of the analysis. In the cycle
form, we are simply changing the number of
cycles to run from 5 to 1.

. RUN PARAMETERS

. CYCLES

. Changethevalueof NCYCLEto 1
. APPLY

AWN=

Extra Notes

See next page for illustrations.
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Modify the parameters that control the fluid analysis.
The first item to change will be fluid solution control,
FLOW. If set to 1, the fluid solution will be performed
throughout the solve. Unless you are interested in
natural convection effects, it saves a lot of time to
set FLOW to 3. This turns off the fluid solution when
the cavity has filled. Another parameter to be
changed is VFREQ. Set this to 5 to save fluid
results every 5 steps. Setting FREESF to 1 turns on
the Free Surface Solver. Increasing the COURANT
Limit to 100 allows for a faster solve. Set LVSURF
to 1. This parameter determines the percent filled
the cavity must achieve before the fluid solution can
turn off (when using FLOW option 3). An LVSURF
value of 1 corresponds to 100%. Finally, set
WSHEAR and EDGE both to 1. These parameters
control the description of the flow. In this scenario,
they are set to high speed settings.

RUN PARAMETERS
FLOW

= Change the value of FLOW to 3

= Changethe value of VFREQ to 5

= Changethe value of FREESF to 1

= Change the value of COURANT to 100
= Changethevalue of LVSURFto 1

= Changethe value of WSHEAR to 1

= Changethevalue of EDGE to 1

1
2
3
a4
5
6
7
8
9
10.APPLY

Extra Notes

There are afew other important flow run
parameters:

GAS—turnson or off the solver that determines
back pressure. The default is off (0), which
simulates the filling of an evacuated cavity.

PINLET —if you are using a Pressure boundary
condition to introduce metal into the cavity, this
parameter must be turned on (1).

See next page for illustrations.
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Save and Exit PreCAST

Everything should now be setup for this
coupled fluid / thermal high pressure die

casting simulation. After pressing EXIT, a
summary screen appears showing the number
of possible assignments and the number of
assignments made. For this solution, the
numbers for Materials, Interface, Boundary and
Enclosure should be same in each column.
Should there be any difference, GO BACK o
the section in question and check your setup.

If the numbers are matching, then
CONTINUE

1. EXIT
2. CONTINUE

Extra Notes
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Start Solving the Analysis

The next step in the simulation process is to
run DataCAST. This non-interactive script
simply converts the units to a consistent
system (CGS) and does some simple error
checking. Should any problems exist, warning
or error messages will be shown on the screen.

If DataCAST runs without messages, then the
setup is ready to be solved using the ProCAST
executable. While the simulation is running,
you can check on the progress by running the
ProSTAT script in another window. This
summary lists the current simulated time, time
step, solve time and other statistics. This
solution is complete when cycle 1 is 100%
complete.

1. datacast diecast_fluid
2. procast diecast_fluid
3. prostat diecast_fluid (in another window)

Extra Notes
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