SOLID Q CAST EFFECTIVE CASTING SIMULATION

UNIT 11: Revolved and Extruded Shapes

In addition to basic geometric shapes and importing of three-dimensional STL files,
SOLIDCast allows you to create three-dimensional shapes that are formed by revolving
or extruding two-dimensional shapes (flat cross sections).

These two-dimensional shapes may be contained in FILES, or alternatively you can
SKETCH shapes on the screen, using the mouse.

If you are importing two-dimensional shapes from FILES, these files can be either of two
types:

1. AFSCad files
2. DXEF files

AFSCad files are drawing files that are created by the AFSCad program, which is a 2D
drawing program included with Version 4.20 of the AFS Solidification System (3D),
which was the DOS forerunner of SOLIDCast. While not a Windows application,
AFSCad can be run in a DOS window using a product like DOSBox.

DXF files are drawing files that can be created by almost any CAD system. To use a
DXF file, you would create the 2D cross section of the casting in your CAD system and
save this as a DXF file, then import the file into SOLIDCast to create a solid of revolution
or extrusion. SOLIDCast will interpret DXF files that have been created using lines,
circles and arcs.

Note that when you import a 2D shape, the coordinates of that 2D shape determine
where it will be located in 3D space. For example, if you have a circle centered on the
point (X=2.5,Y=4.0) in a 2D drawing, and then import this drawing to make an extrusion
in the Z direction, the resulting shape will still be centered on the point (X=2.5,Y=4.0) in
3D space. This is how objects can be correctly located when they are imported into
SOLIDCast for extrusion or revolution.

A drawing file (whether in AFSCad or DXF format) must contain ONLY ONE complete
cross section for the purpose of creating a solid of revolution or extrusion. The cross
section must be fully enclosed, i.e., there should be no gaps or crossovers in the cross
section. If you have multiple 2D shapes that are required in order to make a complete
casting model, each 2D shape must be stored in a different file.
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An extrusion refers to the creation of a shape that has a constant cross section. The
ends of the extrusion are parallel. In SOLIDCast, you can create an extrusion parallel to
the X axis, the Y axis or the Z axis. Examples of each are shown here:
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Solids of revolution are created by rotating a two-dimensional cross section about an
axis of revolution. The axis may be parallel to the X axis, the Y axis or the Z axis, as
shown here:
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Creating Extruded Shapes from AFSCad and DXF Files

To create a solid of extrusion, you must have a model displayed or a blank model space
showing (select Model...New Model from the main menu to create a blank model
space). Then click on the icon that says “Add a shape to the model” (you can see the
icon labels if you pass the mouse over the icons on the toolbar). You will see the Add
Shape window appear.

Click on the “down arrow” and scroll down the list until the extruded shapes appear as
follows:

Add Shape

Shape Type
Rectangular Block j

Sphere B
Extruded Shape X
Extruded Shape Y
Extruded Shape I
Revolved Shape X
Revolved Shape
Revolved Shape I

STL File -
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Angle Rotation  Center
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Z |0.000 Z[0.000 )

Lcld Shape | Close |

If you select one of the extruded shapes, you will see the following appear:

-
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Extruded Shape X has been selected. This indicates that a 2D shape will be extruded
parallel to the X axis. The system wants to know the length of the extrusion, which is
given by entering the X value at the start of the extruded shape, and the X value at the
end of the extruded shape. For example, if an extrusion starts at X=1.5 and ends at
X=10, then the length of the extruded shape will be 8.5.

When an Extruded Shape X is selected, the system will automatically adjust the view so
that you are viewing the model in the YZ view. When selecting Extruded Shape, the view
is automatically adjusted as follows:

Extruded Shape X  YZ View
Extruded Shape Y  XZ View
Extruded Shape Z XY View

You will notice that, when you select Extruded Shape X, the toolbar at the top of the
screen changes and appears as follows:

SR -

In order to indicate to the system that you will be loading a 2D file (either a DXF file or an
AFSCad drawing file) click on the toolbar button labeled “dxf/adg”. You will see a window
that appears as follows:

@ [ -+

sn 2

Load Shape File...

CAD File interpreted as inches

Haorizontal:
Wertical: Convett I
Depth:

k. | Cancel |

This window now allows you to select a file (DXF or AFSCad) from which to load the 2D
shape. Click on the Browse button on this window. Another window will open which lets
you select an AFSCad file (or a DXF file), as follows:

Import 2D shape [DXF or AFSCad) g 3
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#BE5A3F2F
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This window initially opens into the folder that is specified under System Parameters for
Import Files. You can search through different folders using standard Windows
navigating techniques. You can also search for DXF files by clicking on the “down arrow”
next to the label “Files of type”, as shown here:

Import 2D zhape [DXF or AFSCad] =]
Loak ik Ia FordOpt3 j L i g e

x48137736
x00583F2F
#BE19F3AC

My Metwork PL...

File name: I:-czBS1 9.adg j Open

Cancel |
A

Filez of type:

By selecting DXF Files you can then browse through any DXF files that you want to load.

After highlighting a file, click on the Open button. This will then bring you back to the
preceding window, and it will appear similar to the following:

Load Shape File__.
|sz31 9 adg
CAD File interpreted as inches

Harizortal: 6.944793 in
Vertical 1.972516 in Interpret 2= mm |
Depth:

I I Cancel I

The overall dimensions of the shape (in two directions) are given on this screen. The
system displays (in inches or millimeters) what it believes to be the dimensions of this
shape. If the dimensions are incorrect, it may be because the shape was saved in
millimeters and the system is interpreting the dimensions as inches, or vice versa. In this
case, you can click on the button labeled “Interpret as mm” and the dimensions will be
converted. When this occurs, the button label changes to “Interpret as inches”. Each

time you click this button, it toggles back and forth between interpreting the file as inches
or mm.
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When you are satisfied that the correct shape file has been selected, and the
dimensions are correctly interpreted, click on the OK button. The 2D shape will be
displayed on the screen along with the Add Shape window as shown here:
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You can now go ahead and fill in the remainder of the data for the shape. For example, if
the extruded shape begins at Y=0.0 and ends at X=8.0, then fill in the Minimum Y and

Maximum Y entries as follows:

Add Shape
Shape Type
IE)druded Shape ¥ =l
tdinimurm % |0.000 (i)
Maitnum % Ei (im)
I
I
|
I
Priority |5
Material ICasting Material j
Angle Rotation Center
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Now click on the Add Shape button. This will create the extruded shape. Note that you
need to click on the Close button to get rid of the Add Shape window. In this case, after
creating the shape and changing the view using the Free Rotating Isometric View, this

shape would appear as follows:
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Creating Revolved Shapes from AFSCad and DXF Files

To create a solid of revolution, you must have a model displayed or a blank model space
showing (select Model...New Model from the main menu to create a blank model
space). Then click on the icon that says “Add a shape to the model” (you can see the
icon labels if you pass the mouse over the icons on the toolbar). You will see the Add
Shape window appear.

Now click on the “down arrow” and scroll down the list until the revolved shapes appear
as follows:

Add Shape

Shape Type
Rectangular Block j

Sphere B
Extrucled Shape X
Extrucled Shape v
Extruded Shape 7
Revolved Shape X
Revolved Shape v
Revolved Shape I
STL File -

ST TIrTr

Length Z |0.000 (im)

Priority |5
Waterial ICaS‘cing haterial j
Angle Rotation Center

¥ [0.000 ¥|0.000  (in)
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Z |0.000 Z|0.000  n)

Add Shape | Close |

If you select one of the revolved shapes, you will see the following appear:
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In this screen, the Revolved Shape Z has been selected. This indicates that a 2D shape
will be revolved about the Z axis. This shape may be a 2D shape viewed in the XZ
plane, or a 2D shape viewed in the YZ plane. The system needs to know the Starting
and Ending Angles of Revolution (in degrees) and the X Axis and the Y Axis of the
center of revolution. For example, a shape that is fully round will start at 0 degrees and
end at 360 degrees. If the Axis of Revolution is centered on the datum point of space,
then the X Axis would be 0 and the Y Axis would be 0.

When a Revolved Shape Z is selected, the system will automatically adjust the view so
that you are viewing the model in the XZ view. When selecting a Revolved Shape, the
system will automatically switch to one of the orthogonal views, but the tool bar at the
top of the screen will be adjusted so that you can switch to one of two orthogonal views.
The views that are allowed for each type of Revolved Shape are as follows:

Revolved Shape X  XZ View or XY View
Revolved Shape Y  YZ View or XY View
Revolved Shape Z  XZ View or YZ View

You will notice that, when you select Revolved Shape Z, the toolbar at the top of the
screen changes and appears as follows:

FIEEAEE

You will note that this toolbar allows you ONLY to switch between the two views XZ and
XY. If the 2D shape represents a section taken in the XZ view, then stay with the XZ
view. If the 2D shape is a section taken in the YZ view, then switch to this view.

2 [of -+

A

In order to indicate to the system that you will be loading a 2D file (either a DXF file or an
AFSCad drawing file) click on the toolbar button labeled “dxf/adg”. You will see a window
that appears as follows:

Load Shape File._.
CAD File interpreted as inches

Harizartal:
Wertical: Convert |
Depth:

I I Cancel I

This window now allows you to select a file (DXF or AFSCad) from which to load the 2D
shape. Click on the Browse button on this window. Another window will open which lets
you select an AFSCad file (or a DXF file), as shown on the next page:
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Import 2D shape [["%F or AFS5Cad] =]
Loak jr: Ia FordOpt3 j - £ Ea-

w285A3F2F
#BE19F3AC

Fil= name: I j Open

Files of type: | 4FSCad Files [+ adg) - Cancel |
5

[ Open as read-only

This window initially opens into the folder that is specified under System Parameters for
Import Files. You can search through different folders using standard Windows
navigating techniques. You can also search for DXF files by clicking on the “down arrow”
next to the label “Files of type”, as shown here:

Import 2D shape [["%F or AFS5Cad] =]
Loak jr: Ia FordOpt3 j - £ Ea-

w4 8137736
w285A3F2F
#BE19F3AC

Fil= name: I:-:2831 9 .adg j Open

adg j Cancel |
|
5

Files of type: |AFS Cad Files [*

By selecting DXF Files you can then browse through any DXF files that you want to load.
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After highlighting a file, click on the Open button. This will then bring you back to the
preceding window, and it will appear similar to the following:

313 adg =
CAD File interpreted az inches
Horizartal: £.944 7935 in

Yertical: 1 972516 in Interpret as mm |

Depth:

Ok | Cancel |

The overall dimensions of the shape (in two directions) are given on this screen. The
system displays (in inches or millimeters) what it believes to be the dimensions of this
shape. If the dimensions are incorrect, it may be because the shape was saved in
millimeters and the system is interpreting the dimensions as inches, or vice versa. In this
case, you can click on the button labeled “Interpret as mm” and the dimensions will be
converted. When this occurs, the button label changes to “Interpret as inches”. Each
time you click this button, it toggles back and forth between interpreting the file as inches
or mm.

When you are satisfied that the correct shape file has been selected, and the
dimensions are correctly interpreted, click on the OK button. The 2D shape will be
displayed on the screen along with the Add Shape window as shown here:
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You can now go ahead and fill in the remainder of the data for the shape. For example,

the shape data may appear as follows:

Add S5hape

Shape Type

IRevulved Shape Z

Start Angle ID.DIJEI (De)

End Angle | 360

W Axis ID.DIJEI (in)

W Axis |0.000

Pricrity |5—

[
(Dexy)

(i}

Material ICaSting Materisl
Angle Rotation Center

[

¥ [0.000

¥[0.000 g

¥ [0.000

¥ [0.000  gn)

Z |0.000

Aidd Shape I

Z|0000 g

Cloze I

Now click on the Add Shape button. This will create the revolved shape. Note that you
need to click on the Close button to get rid of the Add Shape window. In this case, after
creating the shape and changing the view using the Free Rotating Isometric View, this

shape would appear as follows:
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Creating Solids of Extrusion and Revolution by Sketching with the Mouse

In SOLIDCast you can create a 2D shape by sketching with the mouse on the screen,
and then create an extrusion or revolution with the sketched shape. You can control the
mouse location more accurately if you set the Snap to Grid setting under Tools...
System Parameters. For example, if you set this to 0.25 and you are working in inches,
you will be able to draw to the nearest 0.25 inch on the screen.

To start the process of sketching a shape, you must first select one of the extruded or
revolved solids from the Add Shape function. For example, to create an extrusion in the
X direction, first click on the icon that says “Add a shape to the model” (you can see the
icon labels if you pass the mouse over the icons on the toolbar). You will see the Add
Shape window appear.

Now click on the “down arrow” and scroll down the list until the extruded shapes appear
as shown following:

Add Shape

Shape Type
Rectangular Block j

Sphere -
Extruded Shape ¥
Extruded Shape %
Extruded Shape Z
Revolved Shape X
Revolved Shape v
Revolved Shape Z
STL File -

T Ty

Length £ |0.000 (i)

Priority |5
Itaterial ICasting Msterial v|

Angle Rotation Center

% [0.000 oo gin)

v[oooo | v[oooo | gn

zfoooo | z[oooo | )
Close I
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If you select Extruded Shape X, the screen will appear as follows:
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Notice that, when an Extruded Shape X is selected, the system will automatically adjust
the view so that you are viewing the model in the YZ view. When selecting Extruded
Shape, the view is automatically adjusted as follows:

Extruded Shape X  YZ View
Extruded Shape Y  XZ View
Extruded Shape Z XY View

Now you can begin drawing with the mouse, in the clear model space to the right of the
Add Shape window (you can drag the Add Shape window to the side if it is in the way).
Notice that the mouse coordinates (Y and Z) appear at the bottom of the screen. To
begin drawing a shape, just click with the mouse.

Once you start clicking, you will notice that the toolbar at the top of the screen has
changed again. While you are sketching, it appears as follows:

PR R

The icon with the “Check Mark” indicates that you are finished sketching the shape. The
icon to the left of the check mark is used to delete the previous line drawn.

@ & -+ T,
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When sketching a shape, you are actually drawing a series of straight lines on the
screen. The starting point is the first point where you click. As you click on additional
points, a series of lines will be drawn. The sketching process may appear as follows:
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You do NOT need to draw the last line to close the figure. When you finish sketching,
click on the Check Mark icon at the top of the screen. This will close the last line drawn
back to the starting point, and the screen will then appear as follows:

SOLIDCasttm) - [Model 1] ISETES |
%3 File Edit Show Model Tools ‘“indow Help =l=] =]
e @@ O AAmE R kS

Add Shape

Shape Type
IExtruded Shape X B

Mimitnum X | 0.000 ()]
Maximum X |6 ()]

Friarity (5
Material ICas1|ng Material -l

Angle Rotstion Center

rfooo xfoooo o
v[ooo | w[oooo  gm
zfooo zfoooo gn
cese |

V4S0ZI000N |

A Start H @ 4 > [Q |j 2] SOLIDCast Work .| 23 CWINDOWSAD .| [® SOLIDCasttm. . &) Pizazz & Capturs | M 12224M

11-15




SOLID Q CAST EFFECTIVE CASTING SIMULATION

At this point, you need only to fill in the shape parameter data and click on the Add
Shape button. This will create the 3D extruded shape in the model space.

One fairly common use for “shape sketching” is to place chills on a casting model. For
example, suppose we wanted to add a series of cast-to-shape curved chills around the
outer perimeter of the following casting (this is a round casting that is centered on (0,0)):
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We could start by changing to the XZ view and then zoom on a portion of the casting in
order to see that portion in more detail:
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We would then select Add Shape, and select Revolved Shape Z. Assuming that we had
the Snap to Grid setting at 0.25 inches so that we could draw accurately, we could then
draw a rectangular cross section of a chill as shown in the following picture:
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Clicking on the Check Mark icon finishes the shape, as follows:
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Selecting a starting angle of —5 degrees and an ending angle of 5 degrees defines a chill
that extends 10 degrees around the circumference. We also select a Chill Material (say,
Cast Iron) for this shape. Once these selections have been made, the chill appears as
follows:
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Now it is possible to Edit this one shape, perform a Ring Copy around the point (0,0) and
make a copy, say, every 30 degrees around the casting. The end result of this operation
would appear as follows:
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We now have 12 chills equally spaced around the perimeter of the casting.
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As an example of creating a casting shape using solids of revolution and extrusion,
consider the following 2D figures that were created in a CAD system and saved in DXF
format, which is available in virtually any 2D CAD system today:

Saved in file Y-1.DXF:

]

Saved in file Y-2.DXF:

Saved in file Y-3.DXF:
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The process of creating a casting model from these shapes would be as follows; First,
select File...New Model. Then select Add a shape to the model, select Revolved Shape
Z, select the DXF file called Y-1.DXF, specify a revolution of 0 to 360 degrees, leave the
center of revolution at X=0, Y=0, and then click on Add Shape. The first shape will
appear as follows:

SOLIDCast(tm) - [Model 1]
Edt Show Model Tools Window Help BEES

M+ O LImME e kSR (A

Now we will add an extrusion to this shape. Select Add a shape to the model, select
Extruded Shape Z, select the DXF file called Y-2.DXF, set the extrusion from 0 to 1 inch,
and click on Add Shape. The second shape will appear as follows:

SOLIDCast(tm) - [Model 1]
“ File Edt Show Model Tooks Window Hefp RS

M+ O LImME e kSR (A

Mew Fioject
@ Model1
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Now add the third shape as a revolved shape. To do this, select Add a shape to the
model, select Revolved Shape Z, select the DXF file called Y-3.DXF, specify a revolution
of 0 to 360 degrees, set the X coordinate of the center of revolution to 6.000 inches, and
then click on Add Shape. The third shape will appear as shown here:

SOLIDCast(tm) - [Model 1]
@ File Edt Show Modsl Tools Window Help

e (@4 O A AWE R LE A

Now we can duplicate the second and third shape by a Copy operation (see the section
of Editing/Copying for details). Select both the second and third shapes (by clicking the
“Selection” arrow icon, holding down on Ctrl and clicking both of these shapes) then
select Edit... Copy Selected Shape(s) and specify a Ring Copy about the Z axis with
(0,0) at the center, with three copies at 90 degrees. This will produce the following final
model for this casting:

SOLIDCast(tm) - [Model 1]
@ File Edt Show Modsl Tools Window Help

e (@4 O A AWE R LE A
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UNIT 12: Display Controls

In SOLIDCast, the display controls are located as icons across the top of the model
window. These display controls appear in a bar as follows:

U O LImE % kS STH Q-

The meanings of these icons are as follows:

@

B = = @

@]

-

Switches between a shaded rendered view and a wire-frame view of the casting.
Toggles the background between black and white.

Centers the model in the current window.

Reverses the current 2D view. From top to bottom, front to back, or side to side.

Displays an XZ view of the casting model (this is the default view when you load
afile).

Displays a YZ view of the casting model.
Displays an XY view (looking down) of the casting model.

Allows the user to freely rotate the casting model to any orientation, by using the
mouse with the right button depressed.

Add a shape to the casting model.
Select a shape to hide or delete.
Move the model on the screen by clicking on two points.

Zoom on a portion of the model by drawing a box around the portion to be
zoomed.

Zoom up or down a fixed percentage.
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Example Orthogonal Views:

® it oM+ O LimE B s Q-
@ Model1

T XZ View

o i | ook Window Help

Caifch M+ O LImE W K LA R

" YZ View

Catieh M4y O LI mE | kSR K-

mmmmmmmm

XY View
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UNIT 13: Generating a Mesh

Once you have a model loaded and materials selected, the next step before running a
simulation is to generate a mesh. This is done by selecting Model... Create Mesh... from
the menu bar.

The system will display the meshing screen. This is where you describe how the mesh is
to be generated, and it may appear as follows:

Mesh Mame |Mesh 2

Max. Recommended Modes: 19023940

Mumber of Modes

Mode Size (+ 0.125 I

IRectangular j IChru:nm'rte Snd j IZ‘l (i)

Wald Type ——————old Material ——Wold Thickness
[~ Mold Cpen Top —‘

Cancel |

Here you can enter a descriptive name for the mesh. You can also select either the
Number of Nodes (elements) or the size of the Nodes (in inches or mm). Generally, most
simulations are run with between 500,000 and 20,000,000 elements. A “chunky” casting
will generally require fewer elements, while a thin-section casting will require more
elements. The maximum number of elements allowed depends on the amount of
installed RAM.

The system will automatically create a mold around the casting if you want it to. (Note:
You can create the mold as part of the model, in which case you would NOT use the
automatic mold creation feature.) You have three options here:

Rectangular
Shell
None

If you are going to have the system create a mold, you can select the Mold Material, the
Mold Thickness (this is the minimum thickness in the case of a rectangular mold, or the
shell thickness in the case of a shell mold) and also whether or not the top of the mold is
to be considered open.

After making these selections, click on OK.
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The system will first mesh the casting model and display the mesh as it is being created,
as seen here:
+ MESHERW - [AFS Meshing 11 =181x|

ol File Edit Yiew State Window Help =181 =]

Ma=hing 52.47% Complate Node =ige: 0.1250 in Nuriher of node=: 4535230 ﬂ
z = z. 8564

Next, the system will mesh the mold around the casting, as shown below (in this case, a
rectangular mold):

: MESHEQW - [AFS Meshing 1 =l=ix
#f File Edit Wiew State ‘Window Help =l81x]

Meshing Mold Material 42.57% Complete ﬂ

When the meshing process is complete, the mesh name will appear on the project tree
on the SOLIDCast main screen.
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UNIT 14: Weight Calculations

To calculate weights, you must have previously meshed a model. The mesh name
appears on the project tree on the left side of the screen, as shown below:

SOLIDCast{tm] Hew Project - [Model 1] =l=l=]
%3 File Edit Show Model Tools ‘Window Help =1g]x]
Nesw Project 2E+ |0 LEma b kAR -

@ Model1
- fEE Mesh 2

Izometric iewr |Puint picked at -3.100735; 2.166172; 0.7852109

ﬁSlaIIIH Nl i N H 2] SOLIDCast ‘workbook BI @ SOLIDCast(tm) Mew %4 Fizazz 5 Capure cihpefha.| |G 118 4m

To perform a weight calculation, highlight the mesh name and select Mesh...Weights.
The following window will appear:

Meszh Weights x|
Ferritic Ductile lron 14410354 b
Chromite =no 338635

Note: To obtain a highly accurate weight estimate for a casting, you can create a mesh
with no mold material and a high number of nodes. This may often be the first step in
developing a cost estimate for a casting. Once you have gotten the weight information,
you can delete the mesh to save space on the hard drive.
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UNIT 15: View Factor Calculations

When castings are made by the investment casting or permanent mold process, a
considerable amount of heat is lost from the surface of the hot shell or die in the form of
radiation. The amount of radiant heat loss varies according to whether various surfaces
face the ambient surroundings or other hot shell or die surfaces. When facing other shell
or die surfaces, the temperature difference is smaller and the amount of radiant heat
loss is less.

This variation in radiant heat loss can be simulated by a process of applying “View
Factor” calculations to the mesh. The View Factor Calculation takes into account the
visibility of all shell or die surfaces to all other shell or die surfaces as well as the
surrounding environment, and adjusts the conditions at each surface accordingly.

View Factor Calculations are applied to a mesh, AFTER a model has been meshed.

As an example, consider the following model of an investment casting with two castings
on atree:

© S0OLIDCasttm] CastM asters - [Model 1]
%3 Fil= Edit Show Model Tool: ‘Window Help

- Casthasters @~§—|®|&&MI§|’%|RQ’OQ|Q'
iy Model1
o LB Meshs

@ Optirniz.

‘ Optimization Mc

B Optimiz.

ol
be b

|zametric wigw |
« I v

msmrt”J &8 5 eE |J 21 SOLIDCast Workbook 6-1...] &i Pizaze § Capture o:'pz5a.. |[@ SOLIDCast(tm) CastM__. [45 212PM
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The first step in the View Factor Calculation is to select Model...Materials List and click
on the HT Coefficients tab. The value that you place in the External HT Coefficient box
will be the ‘high’ value used for radiation heat transfer. This number is related to the
temperature of the shell or die, and is typically about 5-7 BTU/hr-sq ft-F for permanent
mold dies and 10-20 for investment shells. Values for use can be calculated using the
HTC Calculator utility.

Once the External HTC is set, mesh the model by clicking on Model...Create Mesh.
Meshing this example casting with a shell mold results in the following investment shell:

: MESHEQW - [AFS Meshing 11 =[5 x|
# File Edit Miew State Window Help =181 =]

Me=hing Mold Material &59.49%2 Complete ﬂ

Now, having created the shell by meshing, we can apply the View Factor Calculation to
take into account the variation in radiation heat exchange around the surface of the
shell.

To do this, we first click on the Mesh icon on the project tree to highlight the mesh. Then,

on the menu bar at the top of the window, select Mesh and then View Factor Calculation.
The calculation will be performed and displayed as shown on the next page:
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 VIEWFACTOR - [View Factor ] 2 =181 x|
# File Edit Miew State Window Help =181 =]

Froce==ing Surface View Factors: 92 7222 complete ﬂ

ad of

|Flunning |
Astart]| | & S A4 > (G M || 23Fulshot 3 | ® SOLIDCastim) CastMaste..|[MVIEWFACTOR - Vie. |2 252PM

In this view, the dark areas on the shell are losing heat most rapidly due to a high rate of
radiant heat exchange with the surroundings. The lighter areas are those that see mainly
other portions of the hot shell, and those areas are losing heat more slowly as they
exchange radiant heat with those other portions of the shell.

After having performed the View Factor Calculation, you can go on to the next step and
run a simulation. The View Factor adjustments are now built into the mesh.

By the way, multiple View Factor Calculations will not change the mesh. So, if you can’t
remember whether you did the calculation or not, select it again to be on the safe side.

In the same way, the View Factor Calculation can be applied to a permanent mold
casting. The view factors are applied to every surface in contact with ambient conditions,
so it doesn’t matter if the die/shell is created as a part of the model, or by meshing.

In general, View Factor Calculations are of limited use in sand casting simulations and
would not be applied to such a model, due to the low temperatures on the outside of the
mold during solidification. A possible exception would be the shell molding process,
where the mold thickness can be quite small compared to part thickness.
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UNIT 16: Running a Simulation

To run a simulation, you must have previously created a mesh. The mesh name will
appear on the project tree on the left side of the SOLIDCast main screen. Highlight this
mesh name, then from the menu bar select Mesh... Start Simulation. The following
window will appear:

Dialog Caption

Simulation Mame:
ISimuIatin:un

% Single-Cycle

|rSimuIati|:|n Type

" Permanent hiold

Stop When:
100% Solid Casting & Rizer j

Ok Cancel

You can select to run either a single cycle (such as a sand or investment casting) or a
multiple-cycle permanent mold simulation.

If you have added Fill Material to a model and if you have the FLOWCast Fluid Flow
module installed, you will have a box labeled Fill Algorithm, and will have the choice of
using the simple SOLIDCast fill algorithm, or the FLOWCast Quick or FLOWCast Full
algorithms.

You can also select the criterion that the system uses to stop the simulation and
consider it to be complete. The most common stop criterion is for the system to end the
simulation when the casting and risers are 100% solid.

To start the simulation running, click on OK.
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If you selected the SOLIDCast fill algorithm, you will see a graphic picture of the casting
filling while the simulation is running, such as in the following image:

Mold Filling 93.49 % Full Time from start of £ill: 5.85 Zec.,
Min. Casting Temperature: Z2549.52 F Max. Casting Tempersture: Z950.00 F

Once filling is complete, the display will switch over to a summary screen, showing the
relative temperatures in the model and other information. If you have unchecked the box
in System Parameters that controls the graphic display during simulation, you will see a
text screen which lists a summary of simulation progress. A sample simulation screen is
shown here:

Tirme: 0.5%96 Min. Max Cast Temp: 2876.4%93F Min Cast Temp: 2082.373F
Time Step: 440 Max Mold Temp: 2792.666F Min Mold Temp: 8066,.853F
Percent Zolid: 3.19 % P.M. Casting Cyole 1

Caleulating wolumetric feeding
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You can minimize the windows associated with the simulation and use the computer for
other programs such as word processing while the simulation is running.

Once the simulation is complete, you are ready to start plotting results.

Stopping and Restarting Simulations

In order to stop a simulation such that partial results can be plotted, or so that the
simulation can later be restarted from the same point and completed, it is necessary to
view the project tree that the simulation is running.

When you run a simulation, you will notice that two windows appear. One window is
titled LASTIT (this is the window pictured on the previous page) and the other is titled
SIM5QW. In order to view the project tree, you need to minimize both of these windows.
This can be done by clicking on the “Minimize” button (the button with a short horizontal
line) in the upper right corner of each of these windows. This will minimize these
windows so that they appear on the Windows Task Bar, and the SOLIDCast window with
the model and the project tree will appear on the screen. This may appear as follows:

* SOLIDCast{tm) CastMasters - [Model 1] =15 x|
%3 File Edt Show Mesh Toolz ‘Window Help =181 x|
s o+ Old&imE|o kLRI

. adel

B= Meshs

@ Optimization Madel
"€ Optimization Mesh

b adel 1
-8 Mesh 2
L[ Mesh 3

lzometric Wiews |

Astart|| | & 5 A B (G A || 23Fuishorss|[@ soUD.. EISOLIDCs..| MSMEDwW...| A LaSTIT - |
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On the project tree, which appears on the left side of this screen, you will see an entry
for this simulation. To stop the simulation, double-click on the icon next to the simulation
on the project tree. A window similar to the following will appear:

=

Status: In Process

Simulated Time: 0.817 minutes

Maximum Casting Temperature: 2886.35 (F)
Minimum Casting Temperature: 2117 .586 (F)
Percent Solick 2.705 %

hzzimum hold Temperature: 2799739 (F)
minimum kold Temperature: 569.319 (F)
Time Step: 401

P . Casting Cycle 1

Total Modes: 3005792 izt il
¥:232 vz I 158 __ Stopsim_ |

hode Size: 0063 in Refresh I

To stop the simulation, click on the button labeled Stop Sim. This will cause the
simulation to stop, and the system will create data that can be plotted to show whatever
results are available. Note that at this point it is possible to exit from the SOLIDCast
system without losing any data. At any later point in time, it will be possible to load the
project and restart the simulation to allow it to continue to completion.

To restart a simulation, double-click on the simulation icon on the project tree. You will
see a window similar to the following:

=

Status: Incomplete

Simulated Time: 1.022 minutes

Maximum Casting Temperature: 2861 447 (F)
Minimum Casting Temperature: 2052328 (F)
Percent Solick 3.954 %

hzzimum hold Temperature: 2755137 (F)
minimum kold Temperature: 553,849 (F)
Time Step: 502

P . Casting Cycle 1

Tetal Modes: 3005752 Restart Sim
1232 .82 I 158 : G ;
Made Size: 0.068 in Refresh I

Cloze |
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By clicking on the button labeled Restart Sim, the simulation will be restarted and will run
from the point at which it was interrupted.

Note that if you plot intermediate data from an interrupted simulation, the data may be
incomplete and the plots may appear to be incomplete. For example, plotting
Solidification Time for the above incomplete simulation shows the following result (Note:
See following units for details on how to plot Solidification Time):

SOLIDCastitm] CastMasters - [Model 1 =15] =]
%y File Edit Show Simulation Tod: ‘wWindow Help S|

+ 0 AhimEe kLSRR

Casthdasters
@ Modeld @
tesh 5
@ Optimization
@ Optimization Modsl
Optimization Mesh
E Optimization Sim

B Simulation

l=ometric Yisne |Solidification Time: 0.5 Minutes

S|l | & G (e |J ZAFull5hat 35 |[® soLIDCastitm) Cast_~ ) 50LIDCast Workbook -

| [&50 aszpm

This plot obviously has some data missing, due to the fact that the simulation has not
completed, and only partial data is available. However, this type of image may often be
enough to establish a general idea of what is happening inside the casting, and may be
used to obtain a preliminary answer as to whether a given rigging design appears to be
working. Sometimes this may be enough to evaluate a design and indicate whether a
redesign is necessary, before a simulation has completely finished.
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UNIT 17: Plotting Results Using Iso-Surfaces

An Iso-Surface is a three-dimensional surface inside the casting model that displays
where certain output data has a particular value. This means that you are plotting ONE
VALUE of the selected type of output data.

To plot an Iso-Surface, first double-click on the Simulation icon on the project tree, in the
SOLIDCast main screen. This will display a window similar to the following:

= Simulation Status

Status; Complete

Simulated Time: 21 906 minutes

Maximum Casting Temperature: 2515.92 (F)
Minimum Casting Temperature: 1386 705 (F)
Percent Solic: 100. %

Maxitnum Mald Temperature: 2434 763 (F)
Minirmurm Mold Temperature: 96141 (F)

Time Step: 2105

Tetal Modes: 995955 fFEStatiin
W02 Y118 I &3 __ Stepsim_|

Mode Size: 0154 in Refresh

This shows some general information about the simulation that was run. Click on the
Close button.

Now, at the menu bar select Simulation... Plot Iso Surface. A window similar to the

following will appear:
Create Iso-Surface from Report Data

Select Data Type:
emperature (Whole Model) i
[ Movie Range:
Plot This Value: Maix: 251592
96.141
Win: 9614119
D Color ..
Opacity Surface Detail
Tt .
Less Mdare Mare Less
Ok | Cancel | Help ‘

The type of data to be plotted is indicated in the window under the label Select Data
Type. Click on the “down” arrow next to this field, and you will see some additional
selections.
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As an example, here we will select Solidification Time. When you click on this selection,
the window will appear as follows:

Create Iso-Surface from Report Data

Select Data Type:

ion Time

[ Movie Range:
Max: 21.88307

IEI.SES Minutes

Plct This %alue:

b 03323024

. Colar... I
Opacity ——— Surface Detail
J—
Less Mare More Less
Ok Cancel Help |

Here, the system is indicating that the minimum solidification time in the casting is .383

minutes (i.e., the first point in the casting finished freezing at .383 minutes) and the very
last point solidified at 21.9 minutes. Under the label Plot This Value: is a field where we

can enter a value to plot. For this example, a value of 10 minutes has been entered. At

this point, you would click on OK, and the following would appear:

° SOLIDCast{tm) Simsamp - [Sample Casting]
% File Edit Show Simulation Tools Window Help

e @8 LEmE v kL, A
- ample Casting
© B Mesh
1 FLOWCast solution
B Simulation
B Mesh
B Simulation
M Mesh2
B Simulation
B Simulation
" @ Sample Casting

= g

Isomeric: Wiew Salicification Time: 10 Minutes
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The shapes inside the casting represent the locations of metal that had not yet
completely solidified as of 10 minutes. All of the metal outside these shapes has
solidified prior to 10 minutes.

By changing and re-plotting Iso-Surfaces at various values, it is possible to get a good
idea of how solidification progressed within this casting.

Note: If you have a model meshed at a high node count and there are a lot of nodes
within the casting, generation of Iso-Surfaces may take a long time. It is possible to
decrease this time by changing the parameter called “Surface Detail”. This creates a
surface with slightly less detail, but one that takes much less time to generate. Surface
Detail is adjusted as shown following:

Create Iso-Surface from Report Data

Select Data Type:
|Solicification Time -
[~ Movie Range:
Plot This alue: iizpe - 21 BES0Y
10 Minutes
Min:  0.3528024
|:| Calar...
Opacity Surface Detail
-
Less hore hore Less
Ok | Cancel Help

One notch of adjustment on Surface Detail will make a considerable difference in the
time to create an Iso-Surface within a casting model.

Note: This plot can also be used to create an animated movie. Instructions for making
movies are given in Unit 37.
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UNIT 18: Plotting Results Using Cut Planes

Cut Plane plotting involves showing simulation results on a 2D plane cut through the
casting.

To plot a Cut Plane, first double-click on the Simulation icon on the project tree, in the
SOLIDCast main screen. Now, at the menu bar select Simulation... Plot Cut Plane. A
window similar to the following will appear:

m| Cut-Plane
Select Data Type

Max Walue: 2513920

wy -
Min Yalue: 96141
hinimum % alue hsximum “alue
96141 2515.92

Ok | Cancel ‘

You can select a cut plane in the XY, XZ or YZ orthogonal planes. Also, as with Iso-
Surfaces, you can select any of the various types of output data to plot.

The system shows you the minimum and maximum values of the selected data. In the
small windows you can enter plot ranges to create the cut plane plot. These plot ranges
must be within the Min and Max Values as shown.

The following example shows a Cut Plane plot of Critical Fraction Solid Time within the
casting and riser, in the XY orientation:

Critical Fraction Solid Time (Y]
2044
14 £1
7.1
045
¥ B.738
V5158
= 0.332
mowe I ﬂ
Mir-5. 761 Pos: 0352 Maw 5.801
temp 0,000 crt 0.000
zol 0.000 niy 0.000
cri 0.000 hs-sol 0.000
lig 0.000 he-cri 0.000
ard 0.000 dnz 0.000

18-1




SOLID O CAST EFFECTIVE CASTING SIMULATION

You can move the cut plane within the model, by moving the slider bar or clicking on the

left or right arrows.

You can also click on a point on this image and display all of the available data about

that point below the image.

Another example Cut Plane plot shows temperature distribution within both the cast

material and the mold material:

Temperature [Whale Mode x|
25224
1811 .85
897 B4
a32.01
¥ B433
v -5 638
z -0.084
mnovie. . I 1 I ﬂ
Mir:-5.751  Pos: -0084  Max: 5801
temp 2316762 crt 4.271
zol 14.239 niy £.038
cn 11.158 hz-zal 2438
g 2.371 hz-cn 2.853
grd 12602 dnz 1.0

Here the diffusion of heat into the sand mold can be seen clearly.

Note: This plot can also be used to create an animated movie. Instructions for making

movies are given in Unit 37.
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UNIT 19: Plotting Results Using CastPic

CastPic is a function that can create a detailed, three-dimensional image of the casting
with result data plotted onto the image as a range of colors. This function can show the
whole casting or section the image to show internal details in the casting.

To make a CastPic image, first double-click on the Simulation icon on the project tree, in
the SOLIDCast main screen. Now, at the menu bar select Simulation... CastPic Plot. A

window similar to the following will appear:

Select Data Type:
T ernperature [Cazsting & Rizer Only] j
MaxYalue: 2059156

[ Plot Out of Bange Data
MinWalue: 948760

kinimum Yalue  baximum Y alue Dretail
| 348 760 205915 [
Cut Flane Paozitions
% | v Z|
k. | Cancel

You can accept the Min and Max values as the values to plot, or enter new ones to
change what the range of color in the plot indicates. Clicking on OK on the above
window produces the following image showing temperature of the casting:

205916

173529

1318.589
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The angle of view of this image is the SAME as the angle of view of the model in the

current model window.

A selection which would produce a cut plane through this model at a value of Y=0.000

would be as follows:

Select Data Type:

ITemperature [Cazting & Rizer Only) j

b ax Walie: 2059156

[ Plot Out of Bange Data

kinYWalue: 348 760

kinimum Yalue  baximum Y alue Dretail
| 348 760 205915 [
Cut Flane Paozitions
% ¥ |0 Z|
k. | Cancel

This would produce the following CastPic image:

Temperature

205916

1733.28

1313.39

In this image, the casting has been sectioned to reveal internal details.
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UNIT 20: Output Criteria: Solidification Time

Solidification Time shows the time, in minutes, for each part of the casting to become
COMPLETELY solid, i.e., to cool to the Solidus Point.

Viewing a plot of Solidification Time shows the progress of solidification through the
casting. This can help to locate isolated areas of molten metal within the casting and to
get a general idea of progressive solidification in various areas of the casting.

* SOLIDCast{tm) Demo - [Model 1]
y‘ File Edt Show Simulation Tools Window Help =

Deno Qa4+ O LimE| v kPR A

@ Model?

B Mesh 1

" B Simulation

g x

Isometric View icification Time: 4 Minutes

f} start [&] america Online °  SOLIDCast(tm) Dema...

For most alloys, you are looking for a good progression of solidification, from the edges
of the casting, out through the riser contacts and into the risers. If any area becomes
isolated, it is an area that will be prone to shrinkage.
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UNIT 21: Output Criteria: Critical Fraction Solid Time

Critical Fraction Solid Time records the time, in minutes, for each part of the casting to
reach the Critical Fraction Solid Point. This is the point at which the alloy is solid enough
that liquid feed metal can no longer flow. Therefore, for judging directionality of
solidification, and whether any isolated areas have formed within the casting that cannot
be fed by risers, Critical Fraction Solid Time is generally a better indication than
Solidification Time. Plotting Critical Fraction Solid Time gives a good indication of
whether any contraction that forms will be able to be fed by liquid feed metal within the
risers or feeders.
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The areas that appear as isolated pools of molten metal will not be able to receive feed
metal from the risers if any contraction should occur during cooling and solidification.

This plot is interpreted in the same manner as Solidification Time. That is, you want a
good progression from the edges of the casting, in towards the riser contacts, and out
into the risers themselves.

In cast irons, which may have an expansion component to solidification, an isolated area
shown in this plot MAY not exhibit shrinkage. The Material Density function should also
be checked to verify the formation of shrinkage. See Unit 22 for MDF information.
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