Chapter

Casting Details
and Cavities

In this chapter, we will learn the following to World Class standards:
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Placing Cavities in a Casting

Placing a Cavity in a Casting that is Molded in the Drag
Placing a Cavity in a Casting that is Molded in the Cope and
Drag

Placing a Cavity in a Casting that has a Hidden Parting Line
Placing a Cavity in a Casting Parallel to the Parting Line
Cost Savings from Placing a Cavity in a Cast Part

Adding Machining Stock to the Inside Surface of the Casting
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Placing Cavities in a Casting to have that the

When designing a casting, we want to use every available technique to place details into the
surface of the solid and we want to know how to remove material from the formed object, so
holes and cavities appear without having to machine the cast part. The exterior of any molded
object is generally smooth and has transitions to other planes by using grounded edges. We
probably see these fine points of casting design in the computer monitor case that we are
viewing when making a computer aided design drawing. The outside container of our display
has many rounded edges, curved surfaces, surfaces that are symmetrical but none parallel and
most importantly a pleasant aesthetic property of flowing lines and curves. In addition, the
computer monitor most probably has small holes where light emitting diodes (LEDs) or buttons
protrude through the plastic. The designer of the computer enclosure placed these small
cavities, so that a machinist would not have to spend extra time preparing the part before
assembly. So a cast part is one of the most efficient construction techniques any engineer can
learn to design, helping to create pleasant looking products and saving thousands of dollars in
the manufacturing process.

A visual benefit in making castings comes from the homogeneous surface texture which is left
in the part. Machining a part from a material such as sheet metal results in the smooth outside
surface, but look more closely and anyone can see the direction of the grain in the metal which
results from the rolling process at the mill. Pick up a material such as bar stock which now
gives us some thickness or depth in the part design and when we machine detail on to the
exterior, most of the time the tooling marks will show as small circular etching on the outer
surface. When machining a part made from hard materials, burrs and sharp edges are left on the
corners of the outside surfaces, which can cut the worker or client while they are handling the
product. Manufacturers spend more money de-burring stamped and machined parts, so that they
are safe to handle in secondary processes and by the customer. If we opened the case of the
computer that we are using presently, we probably would find many unsafe edges in the design,
but the manufacturers believe that only trained individuals who are aware of the danger would
be inside the computer case. The consistent surface texture of the cast part solves many of these
problems.

Now to place holes in a casting, there are two types of cavities that we can make in our part, the
first and the easiest style are those that are perpendicular to the parting line and the second and
more difficult are those that are parallel to the parting line of the casting. We talk about which
method is easier or difficult; we are probably not discussing the intricacies of 3D computer
aided design since making a hole in any direction is not difficult in the virtual spaces of
computer design. In this case, we are articulating the fact that the tool designer or foundry
operator will have more work if we place the hole or opening parallel to the casting parting line.
This is the truth in sand and even dies castings, where cores or pins are constructed to make the
detail. Most of the time, there is not any additional work at the foundry when producing
openings which are perpendicular to the mold’s parting line.

In this exercise, we will use the ice cube solids that we made in chapter 5, Casting
Fundamentals and we will place holes in them.
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Placing a Cavity in a Casting that is Molded in the Drag

We want to place a 3/8 diameter hole
completely through a 1 by 1 by 1 cube. We
will follow a similar process which we used in
chapter 5. The advantage of using this first
casting process comes from the simplicity of
the design, building of the tool and processing
the part. Placing a cavity on just one side of U
the parting line is accomplished by pressing

the pattern which is located on the Match
Plate into the Drag of the mold. The
disadvantage of the process comes from the
Draft Angle which may not be noticeable in a
piece that has a shallow depth, but in our one
inch cube, the three inch diameter expands
past one half inch across at the bottom of the
impression. ~ This potentially undesirable
feature comes from the 3 degree angle which
we must use in order to extract the pattern
from the mold.

Figure 6.1 — Finish Casting with a Hole

The explanation of how to create the parts in these exercises will be made for designers using
the AutoCAD software application, as we describe the step by step procedure of making a
casting with a cavity which will actually work. For individuals using other engineering
software applications, we can still follow actions in the textbook chapters and achieve the same
results as long as we place the same details in the casting’s features.

>

Figure 6.2 — A 1 x 1 Square and 3/8 Hole Figure 6.3 — Extruding the Square




We start the first problem as shown in Figure 6.2 by drawing a one by one closed polyline and
placing a 0.375 diameter circle in the center. Then we extrude the outside square one inch tall

with a three degree angle of taper as shown in Figure 6.3.

Figure 6.4 — Extruding the 3/8 Hole Figure 6.5 — Adding 1/8 Radius to Corners

Next we extrude the 3/8 diameter hole, 1 inch high with a negative three degree angle of taper
as shown in Figure 6.4. This picture although simplistic shows great insight into casting design
on one side of the parting line. The outside walls of our mold will be tapering inward as we
press the pattern into the sand, but the inside walls are tapering in the opposite direction as
shown in the figure. We remind students and professionals who are designing their first
castings that their finished work will appear like molded dessert coming from the form.

Figure 6.6 — Adding 1/8 Radius to Top Figure 6.7— Adding 1/8 Radius to the Hole
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In the final stages of the first problem, we need to add smoothly curved transitions at the
intersections of the separate planes so the part can cool properly and not have surface defects.
Initially, we can add a 1/8 radius to each of the corners of the part as shown in Figure 6.5. Then
there are two continuous fillets on the top of the casting, the primary one being on the tapered
outside edge of our design. In AutoCAD, we repeat the Fillet command on the Modify toolbar
and select the outer top edge of the part and press the Enter key. An option to chain the radius
will appear on the command line and we will type “C” for Chain and select the top perimeter.
The fillet will become visible on the part on the graphical display as shown in Figure 6.6.

Our next step is to subtract the tapered cylinder from the cube, by selecting the Subtract
command on the Solids Editing toolbar. Then the AutoCAD program will prompt us with
“Select solids and regions to subtract from”. Select the larger master solid and the system
will respond with “1 found”. We need to Enter to proceed to the next step, which is “Select
solids and regions to subtract”. Pick the tapered cylinder and the software application will
counter with “1 found”. Enter and a region exactly the shape of the tapered cylinder is missing
from the larger one.

Lastly, we place the last fillet on top loop of the 3/8 diameter hole. Just select the Fillet
command on the Modify toolbar, and select the top loop of the tapered cylinder and press Enter.
The 1/8 radius fillet will appear on the top of the completed casting as shown in Figure 6.7.

* World Class CAD Challenge 08-12 * - Create a New file and draw the 1 x 1 x 1 solid
using the techniques in the first exercise. The drawing can appear as shown in Figure 6.7.
Continue this drill four times, each time completing the drawing under 5 minutes to
maintain your World Class ranking.

* World Class CAD Challenge * - Report your best times to World Class CAD at
www.worldclasscad.com to obtain your world class ranking.

Placing a Cavity in a Casting that is Molded in the Cope and Drag

In our next exercise, we may well solve a

possible problem when the casting has

considerable depth into the mold by placing

one half of the impression in the Cope and the

other half into the Drag. Now the 3 degree »

taper will not be as noticeable in the features
of the cube. In Figure 6.8, we sliced the part
into two pieces, and now we can see all of the
smooth transitions from one plane to another Jp—
and we can note the difference between the :
larger sections to the smaller segment of the :
hole. The one most noticeable characteristic of
this popular casting method is the visible
parting line which is halfway up the part.

Figure 6.8 — Cross Section of Second Solid
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We start the first problem as shown in Figure 6.9 by drawing a one by one closed polyline and
placing a 0.375 diameter circle in the center. Then we extrude the outside square 0.5 inch tall
with a three degree angle of taper as shown in Figure 6.10.

Figure 6.9 — A 1 x 1 Square and 3/8 Hole Figure 6.10 — Extruding the Square

Next we extrude the 3/8 diameter hole 0.5 inch high with a negative three degree angle of taper
as shown in Figure 6.11.

Figure 6.11 — Extruding the 3/8 Hole Figure 6.12 — Adding 1/8 Radius to Corners

At this moment, we need to again add smoothly curved transitions at the intersections of the
separate planes so the part can cool properly and we do not have surface defects. We can put in
a 1/8 radius on each of the corners of the part as shown in Figure 6.12. Then there are two
continuous fillets on the top of the casting, the first one being on the tapered outside edge of our
design. Once more, we repeat the Fillet command on the Modify toolbar and select the outer
top edge of the part and press the Enter key. An option to chain the radius will appear on the
command line and we will type “C” for Chain and select the top outside tessellation line. The
1/8 radius fillet will become visible on the part on the graphical display as shown in Figure
6.13.



Our next step is to subtract the tapered cylinder from the cube, by selecting the Subtract
command on the Solids Editing toolbar. Then the AutoCAD program will prompt us with
“Select solids and regions to subtract from”. Select the larger master solid and the system
will respond with “1 found”. We need to Enter to proceed to the next step, which is “Select
solids and regions to subtract”. Pick the tapered cylinder and the software application will
counter with “1 found”. Enter and a region exactly the shape of the tapered cylinder is missing
from the larger one.

Figure 6.13 — Adding 1/8 Radius to Top Figure 6.14 — Adding 1/8 Radius to the Hole

Then, we place the last fillet on top loop of the 3/8 diameter hole. Just select the Fillet command
on the Modify toolbar, and select the top loop of the tapered cylinder and press Enter. The 1/8
radius fillet will appear on the top of the completed casting as shown in Figure 6.14.

Figure 6.15 — The Finished Cube Figure 6.16 — The Rendered Cube

Since we only drew one half of the casting, we need to mirror the solid at the parting line.
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Select the Modify on the Menu Bar, then 3D Operations and pick Mirror3D from the list of four
commands. At the command, “select objects”, pick the solid on the graphical display and Enter
to proceed to the second part of the function. Type XY signifying we are going to mirror the
solid part on the XY-plane. Pick the Midpoint on the parting line (bottom) of the cube. Enter
once more to accept the default, not to delete the old side. The finished cube will come into
view on the graphical display as shown in Figure 6.15. Now merge both sections together with
the Union command on the Solids Editing toolbar. Figure 6.16 shows that cube again when
rendered.

* World Class CAD Challenge 08-13 * - Create a New file and draw the 1 x 1 x 1 solid
using the techniques in the second exercise. The drawing can appear as shown in Figure
6.15. Continue this drill four times, each time completing the drawing under 5 minutes to
maintain your World Class ranking.

* World Class CAD Challenge * - Report your best times to World Class CAD at
www.worldclasscad.com to obtain your world class ranking.

Placing a Cavity in a Casting that has a Hidden Parting Line

In our third training problem, we apply the
lessons that we have learned from the first two
exercises placing a hole in the solid cube and
making an impression for both the Cope and
the Drag. The disparity between this problem
and the others is that there are no noticeable
edges anywhere on the casting, since we have
hidden the parting line at the transition of the
radius. This part does have obvious draft on
one side in the 3/8 diameter hole grows in size
on that particular end. We would only use this
technique for a few reasons. One, we do want
buff out the parting line. Two, we want to
hide the parting line. And three, we do not
care about the extreme tapered appearance of
the part.

Figure 6.17 — The Rendered Cube

We start the problem as shown in Figure 6.18 by drawing two, one by one closed polylines and
placing a 0.375 diameter circle in the center of each square. The reason we will make two
solids, one 1/8 tall and the other 7/8 high, is because we will union the two solids together to
make a single casting at the end of the process. The taper of each solid will be running opposite
of the other. The parting line will be hidden at the junction of the bottom of the 7/8 tall part and
the radius of the 1/8 high piece.

Now, go ahead and extrude the square on the left 1/8 inch high and the square on the right 7/8
inches tall as shown in Figure 6.19.



s

>

Figure 6.18 — Two 1 x 1 Squares and Holes

Figure 6.19 — Extruding the Two Square

Next, we extrude the 3/8 diameter hole on the left 0.125 inch high with a negative three degree
angle of taper and we extrude the 3/8 diameter hole on the right 7/8 inches high with a negative
three degree angle of taper as shown in Figure 6.20.

Now, we need to add the rounded edges at the corners so the part can cool properly in not have
any surface defects. We can add a 1/8 radius to each of the corners of the part as shown in

Figure 6.21.

2

3

Figure 6.20 — Extruding the 3/8 Holes

After that, there are two continuous fillets on
the top of the castings, the initial one being on
the tapered outside edge of our design. We
repeat the Fillet command on the Modify
toolbar and select the outer top edge of the 1/8
tall part and press the Enter key. An option to
chain the radius will appear on the command
line and we will type “C” for Chain and select
the outside top tessellation line. The fillet will
become visible on the part as shown in Figure
6.22. We do the same to the design on right.

Figure 6.22 — Adding 1/8 Radius to Top
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Our next step is to subtract the tapered cylinder from each cube, by selecting the Subtract
command on the Solids Editing toolbar. Then the AutoCAD program will prompt us with
“Select solids and regions to subtract from”. Select the left master solid and the system will
respond with “1 found”. We need to Enter to proceed to the next step, which is “Select solids
and regions to subtract”. Pick the tapered cylinder and the software application will counter
with “1 found”. Enter and a region exactly the shape of the tapered cylinder is missing from the
larger one. Now repeat the same procedures on the part on the right.

Then, we place the last fillets on top loop of
both 3/8 diameter holes. Just select the Fillet
command on the Modify toolbar, and select
the top loop of the tapered cylinder on the
solid to the left and press Enter. The 1/8 radius
fillet will appear on the top of the completed
casting as shown in Figure 6.23. Now repeat
the same procedures on the part on the right.
Our next step is to merge the two separate
pieces together into one casting.

Figure 6.23 — Adding 1/8 Radius to the Hole

To merge the two sections together, select the Modify on the Menu Bar, then 3D Operations
and pick Align from the list of four commands. At the command, “select objects”, pick the solid
on the graphical display and Enter to proceed to the second part of the function.

The first alignment point brings the two points selected together. Of the three choices for
alignment, we can only guarantee that the first group of points will unite exactly. Unless the
solids are exactly the same size this will always be true. This makes the first selection the most
important. In Figure 6.24, the first point of alignment is the Midpoint on the right-bottom of the
1/8 high solid. The destination is the Midpoint on the bottom left tessellation line of the 7/8 tall
solid. A temporary line appears on the display showing the connection.

The second set of points will signify the two dimensional line of alignment. We can see in
Figure 6.24 that we need to select the Endpoint on the lower right corner of the 1/8 tall solid and
then the destination selection is the Endpoint on the left corner of the 7/8 high solid. The sides
are the same measurement from the first two points, but they can be different in length to have
these two tessellation lines unite. The two exact points defining this adjoining line will be made
in the first and second set of point selections.

The last group of points we will select is to align the planes of both solids. We can see in Figure
6.24 that the next pick is the lower left Midpoint of the 1/8 high solid. The second selection is
the lower Midpoint of the 7/8 tall solid. As in each set of associations, a temporary line appears
on the graphical display showing the relationship. These last two picks will force an
arrangement between the two planes that we are showing by the selection of three points. We
may remember from previous math classes that any three points will describe a plane.

Now merge both sections together with the Union command on the Solids Editing toolbar.
Figure 6.25 displays the finished solid casting.
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Figure 6.24 — A 1 x 1 Square and 3/8 Hole

Figure 6.25 — A 1 x 1 Square and 3/8 Hole

* World Class CAD Challenge 08-14 * - Create a New file and draw the 1 x 1 x 1 solid
using the techniques in the third exercise. The drawing can appear as shown in Figure
6.25. Continue this drill four times, each time completing the drawing under 5 minutes to

maintain your World Class ranking.

* World Class CAD Challenge * - Report your best times to World Class CAD at
www.worldclasscad.com to obtain your world class ranking.

Placing a Cavity in a Casting that is Parallel to the Parting Line

In the second casting where the parting line is
at the midpoint of the design, we can easily
change the direction of the cavity and place a
perfect 3/8 diameter cavity that does not
contain taper through the part. This process
would involve using a Core, which is
specially baked to add strength to the sand
constructed cylinder. The Pattern Maker
will add two additional features in the Match
Plate, which holds the Pattern, so the Core
can be held in place. After an impression is
made in the sand, each end of Core will sit in
the two formed notches. Like a bridge, some
baked Cores require supports at their midpoint
or at regular distances, so small pieces of the
cast material will be used to prop up the Core.
When the hot metal is injected into the mold,
the smaller pieces of material are mixed into
the finished casting. One of the most notable
features in this casting design method is that
the cavity has a perfect diameter entirely
through the part.

Figure 6.26 — The Finish Casting with Hole
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To begin this fourth exercise, we will open the
file of the casting from chapter 5 and save the
file as “Casting with parting line and hole”.
Then, create a 3/8 diameter cylinder that is one
inch tall next to our master solid as shown in
Figure 6.27. To bring the two sections
together, select the Modify on the Menu Bar,
then 3D Operations and pick Align from the
list of four commands. At the command,
“select objects”, pick the solid on the
graphical display and Enter to proceed to the
second part of the function.

The first alignment point brings the two points
selected together. Of the three choices for
alignment, we can only guarantee that the first
group will unite exactly. This makes the first
selection the most significant, since we will
only want to run the command once. In Figure
6.26, the first point of alignment is the bottom
Center of the cylinder. The destination is the
Midpoint of the parting line on the left of the
solid cube. A temporary line appears on the
display showing the connection.

The second set of points will signify the two
dimensional line of alignment. We can see in
Figure 6.29 that the next alignment point is the
top Center of the cylinder and the destination
is the Midpoint of the parting line opposite of
the first pick on the cube. The two exact sets
of points defining this line will be the first and
second point selections. The last picks are not
necessary since the cylinder is symmetrical
around its axis, so we press Enter twice and
the solid cylinder will position itself on the
solid cube as shown in Figure 6.30.

Figure 6.29 — Second Point of Alignment

Our next step is to subtract the cylinder from the cube, by selecting the Subtract command on
the Solids Editing toolbar. Then the AutoCAD program will prompt us with “Select solids and
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regions to subtract from”. Select the larger master solid and the system will respond with “1
found”. We need to Enter to proceed to the next step, which is “Select solids and regions to
subtract”. Pick the cylinder and the software application will counter with “1 found”. Enter
and a region exactly the shape of the tapered cylinder is missing from the larger one.

Figure 6.30 — A 1 x 1 Square and 3/8 Hole

Figure 6.31 — A 1 x 1 Square and 3/8 Hole

* World Class CAD Challenge 08-15 * - Create a New file and draw the 1 x 1 x 1 solid
using the techniques in the first exercise. The drawing can appear as shown in Figure 6.7.
Continue this drill four times, each time completing the drawing under 5 minutes to

maintain your World Class ranking.

* World Class CAD Challenge * - Report your best times to World Class CAD at
www.worldclasscad.com to obtain your world class ranking.

Cost Savings form Placing Cavities in a Cast Part

We can look back at the cost assessment we
did in chapter 5 to compare the casting costs to
the expense of machining. Well we need to
again look at a 1l-inch cube to make
comparisons in price. If we purchase 1 by 1
aluminum bar stock from the local material
distributor at $2.50 a pound and cut the part at
1 inch, we will have a 1 by 1 by 1 cube. The
density of the aluminum is 0.1 pounds per
cubic inch, so the weight of the part is 0.1
pounds.

Figure 6.32 — 1” Cut of One Inch Bar Stock
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Multiply the 0.1 times $2.50 and the cost of the material for the part is $0.25. The cost of
cutting off a 1.00 long piece, finishing the cube and drilling the hole is $1.16 for a total cost of
$1.41 per part. That does not sound like much for a finished part, but now we need to compare
our piece price to the cost of a casting. Yes, we even have to pay for the removal of the scrap
metal from the cutting and the drilling of the parts and the upkeep of the machines and tools.

When trying to compute the cost of a part, in
many instances the part weight will be
required to estimate the price of a single piece.
In the AutoCAD software, select the Massprop
tool on the Inquiry toolbar. Select the solid.
The AutoCAD application will generate a
report that will contain the part’s volume in
cubic inches. Multiply the volume by the
density of the material in pounds per cubic
inch. In this exercise, the volume of the part is
0.8054 cubic inches. Multiply the volume
times 0.1 pounds per cubic inch for the density
of aluminum, so therefore the answer is
0.08054 pounds. Remember in the last chapter
the part was 0.0915 pounds. So we are buying
the part for less money, since there is a smaller
amount of material in the casting.

Figure 6.33 — A Cost Efficient Part

With the cast material cost of $1.05 per pound, we estimate the cost of the part at 8.45 cents per
piece. Even if we are miscalculating the expense by a fraction, the comparison between using a
casting and a machined part for most instances always sides with the casting. The biggest
mistake made by professionals is the belief that thousands of parts most are cast to see the
savings, and this is not true. With the many choices of casting processes, there is nearly always
one which will suit the needs of an engineer or designer.

Adding Machining Stock to the Inside Surface of the Cavity

We add machining stock to a surface whenever we decide that the particular area will need to
be machined by drilling and reaming or any other process requiring some thickness to machine
to a 125 micro-finish of better. A good rule is to add 0.100 to 0.125 addition material where the
metal part needs machining. This machining area can become thicker depending upon the draft
angle we wish to use. If we decide to place a 0.5 diameter hole in the finished part, we will
place a 0.3 diameter cast cavity to give us the 0.10 machining stock on the walls of the orifice.

For designing sophisticated parts, continue with these casting lessons by completing chapter 7,
Advanced Castings to learn how to apply the examples experienced in chapter 5 and 6 to more
difficult designs.



