A CASTING
CHALLENGE

E

Every so often you are faced with a challenge. Good
friend and neighbor Gerald Dake, a Past President of
Sunnyland, recently approached me with a challenge. It
seems that Stephanie Ryan needed a pair of aluminum
trim pieces for the stern of her Dorset Catalina,
Sunburn. She had searched everywhere for a used pair
to no avail, so we decided to see if we could borrow a
pair and cast copies of them, so a search began for a
pair to use as templates. Soon the Sunnyland network
produced a pair. Craig Hartwig, another Sunnyland Past
President remembered that his father had a Catalina
and soon the parts were in the mail.

When the parts arrived from Jack
Hartwig, we began by bead blasting
them to remove the old paint and get
down to bare metal. The parts were
in perfect shape with no corrosion or
dings. After initial inspection it became
apparent that the parts were mirror
image parts which meant that we would
have to make two separate castings and
hence two sets of patterns and tooling.
Casting is a technique which has
been around since 4000 BC which
early peoples in the Middle East

utilized to make religious artifacts and
weapons. Today, our lives are filled
with castings in virtually every device
we touch. The simplest castings are
items like a lead sinker used in fishing,
while the more intricate castings like
automatic transmission housings and
engine blocks are used in the cars we
drive. Our kitchens, bathrooms, and
appliances all have dozens of castings.
Castings allow the elimination of
machining labor and allow hollow
items with intricate internal details,
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thus saving material that would
otherwise be lost in the machining
process.
Casting involves pouring molten
metal into a mold which is essentially
the reverse of the needed part, much
like pouring batter into a cake pan.
Today there are three primary types of
metal casting: sand casting, die casting
and lost wax or investment casting.
Sand casting molds are created by
utilizing patterns to create cavities in
special molding sand. The pattern is
removed and molten metal is poured
into the resulting cavity. Whenever the
volume is high, and the part design will
allow it, diecasting is used. Die casting
uses permanent molds called dies,
made from steel and good for literally
thousands of parts. The accuracy and
resulting surface finish of die cast
parts is superb and the process lends
itself to high volumes. The process has
been refined so the slowest part of the
process is waiting for the molten metal
to cool before ejecting the casting from
the die. Lost wax or investment casting
is used in low volume applications
where extreme detail is required such as
jewelry.
Virtually anything which melts or
flows can be used as a medium to cast

SHRINK

When molten metal loses its heat and solidifies, it shrinks. This means the pattern must
be made larger than the required part so when the molten metal cools and shrinks, it assumes the correct
size. Aluminum has a shrink factor of between 3/16” and 5/32” per foot, therefore, we designed our pattern
with 1.8% shrink factor. This meant that in order to have our part which was 8.75” overall length, we made a
pattern that was 8.90” long. We chose to make the pattern as a split or match plate pattern since that would
give us the best outcome. This meant that the pattern would require some work to ensure it was accurate.
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items. Perhaps the simplest and most universal casting we
encounter in our daily lives is an ice cube. With the shape of
an ice cube in mind, let’s pause and discover a fundamental
principle of the casting process. In order to cast something,
the part must be designed with draft. Draft is simply the
tapering of the part so the part or the pattern can be removed
from the mold. In sand casting draft is necessary to allow
the pattern to be withdrawn from the sand mold without
damaging the delicate sand cavity. The lost wax or investment
method allows the user to design parts without draft, where
the pattern is made from wax and the ceramic mold is
formed around the wax. Once the mold is set, it is placed
in an oven where the wax melts and runs out of the mold
leaving a perfect cavity.
Over time, advances in plastic materials have allowed
many metal parts to be replaced by plastic parts produced
by injection molding where plastic pellets are heated then
injected under high pressure into very close tolerance metal
molds. Unless extreme strength and durability are needed,
plastic has become a much better alternative.
Our project began with a close examination of the parts
to determine how the part should be oriented in the mold
in order to make the pattern. Once the necessary part
orientation was determined, the parts were measured,
sketches were made so we could begin to make the pattern.
Until now, this sounds like an interesting project, so now
let’s throw in the time factor. From the time we received the
part until it had to be shipped was 18 days. So, follow along
as we get busy.
We examined the part to determine where the parting
line would be located. The pattern must be removed from
the sand once it has made the impression. If the pattern
has reverse draft, it cannot be removed without damaging
the sand, so the pattern must be made so it is split on the
parting line. Wood was prepared in two thicknesses since the
parting line was offset. The two halves of the pattern would
ultimately be mounted to a pattern board with each half on
opposite sides of the board by using wooden dowels to keep
them perfectly aligned with their other half on the opposite
side of the board.
We started the pattern by making detailed sketches,
since we did not have time to do formal scale drawings. We
determined that we would need 2% shrink factor, so we took
the sketch and ran it through a desktop enlarging printer
and added 5% to give us an extra 3% which would disappear
during finishing. Next, we selected some pine boards because
pine is easy to shape. Patterns like this are typically made
from mahogany because of its durability and fine grain. We
made what we like to call Kamikaze patterns since they will
only be used once. Pine is light, soft and cheap, however it
still requires just as much work to make the pattern accurate.
Paper templates made from the sketches were glued to
the wood. The wood was carefully cut out on the band saw
then the halves were joined together by using close fitting
wooden dowels. A metal drill jig was made to act as a guide
24

u

Sheerline Magazine, Fall 2021

The pattern work started with a sketch and some wooden blocks.

for locating the dowel holes, thus ensuring perfectly spaced
holes could be drilled in each half as well as drilled into the
pattern board. The wooden halves were then assembled to
each other and shaped to 2% larger than the desired final
metal parts.
Once the shaping and finishing is complete, the wood
pattern was checked for accuracy, the doweled halves were
carefully separated, and each half was final sanded and
coated with 6 coats of clear polyurethane semi-gloss to
provide a smooth impervious surface. This surface finish is
necessary to prevent the sand in the mold from sticking to it
during the molding process.
When a part is cast, the molten metal must be able to be
poured into the mold so that it completely fills the mold.
Pathways leading into the mold called gating, must be
created in the sand for the metal to follow as it fills the cavity
left by the pattern. Also required are risers, which allow the
metal to completely fill the cavity by giving the air a way
to escape. Without risers, a pattern cavity can become air
locked thus preventing a complete fill. Making the pattern
is only half the job. Designing the gating and risers is where

ORIGINAL
PART

LOCATING
DOWELS
WOOD PATTERN
UPPER AND LOWER
The original part and the finished pattern showing the alignment
dowels.

GATING

RISER

The finished pattern before being separated into two separate halves
prior to being mounted to the pattern board. The mirror image
patterns are joined by the gating which forms the passages to allow the
molten metal to flow to both sides from the round area in the middle
where it will enter the mold.

the magic happens. If the gating is wrong, the part cavity
will not fill completely, resulting in voids and shrinkage, thus
ruining the part. Much of this part of the casting process
is somewhat of an experienced based black art. There are a
number of small details that all need to be considered before
you can produce a good casting. In our case, once the gating
and risers were devised, they were attached to the pattern
and then mounted on the pattern board. To ease the task of
pulling the pattern from the mold without incurring damage
to the sand, the joints between the pattern and the gating and
risers were given large radius edges to ease the separation
when the patterns are pulled out of the mold.
The sand mold is formed in a box called a flask which
consists of two hollow frames called a cope and a drag. The
pattern halves, securely mounted on each side of the match
plate, are placed between the cope and drag using steel dowel
pins to ensure precise alignment. The drag side is filled first
with casting sand. Before actually filling the drag with sand,
parting dust must be applied to the pattern and the match
plate. Parting dust creates a barrier between the sand and the
pattern to prevent the sand from sticking to the pattern when
it is withdrawn from the mold just prior to casting. Once
the parting dust is spread all over the pattern and the match
plate, fine sand is sifted through a screen called a riddle, and
gently spread over the pattern until the pattern is completely
covered. When the cope is halfway filled, ramming can
begin. Ramming is as the name implies. A ramming tool is
used to force the sand into all of the crevices and openings
around the pattern. Ramming and filling continue until the
drag is completely filled. With filling completed, the drag
is struck off which means that the top surface is scraped off
level with the edge of the top edge of the drag.
Now, the mold is turned upside down and the cope side
cavity is dusted, filled, and rammed just like the drag was.

CASTING SAND

Sand used in casting is far from ordinary sand.
It starts out by being sifted to remove any
impurities as well as to ensure all the particles
are the same size. Finer sand produces greater
detail while coarser sand provides more mold
strength. The sand is then blended with a binder
such as clay, which acts as to help the sand hold
its shape once formed into a mold. As you can
imagine, sand recipes are a closely guarded
secret among the casting fraternity. In our case,
we used a fine grain commercially available sand
called Petrobond which is an oil-based binder.
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The Cope showing the molded sand prior to being attached to the
drag to form the mold.

Once this is done, the mold is again flipped, and the two
halves of the mold are separated so the match plate can be
removed. Before the two halves are reassembled, several
holes are punched through the sand in the cope from the
underside. These holes allow the molten metal to enter and
fill the mold cavity. Next, a series of holes called vents and
risers are punched through the sand which allow trapped
gasses and a small amount of molten metal to escape. If there
were not vents and risers, the mold might not fill properly,
since air would be trapped.
The finished mold is carefully reassembled and placed by
the furnace and positioned with the cope facing up, with
the fill hole positioned for pouring. For those of you who
are interested, there are a number of casting videos on the
internet. Google “Myfordboy” for some of the better casting
videos on U-Tube. They are worth watching, just to see how
it’s done.
We used a small propane fired furnace to melt the 356
alloy aluminum. The aluminum ingots were placed in a
special crucible inside the furnace, and while we prepared
the mold, the aluminum was melting. As the metal melted,
the impurities, called dross, floated to the top of the crucible
where they were ladled off the surface to prevent them from
being poured into the mold. The temperature of the molten
metal is constantly monitored and adjusted until it is ready
to pour. Just prior to pouring, chemicals are added to the
molten metal to degas the molten metal. This procedure
eliminates gas bubbles from forming in the molten metal.
Left untreated, these bubbles will flow into the casting and
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become internal cavities, called voids or porosity depending
on size. The voids and porosity can range in size between a
champaign bubble and a grape. Obviously, voids or porosity
can ruin a casting unless the casting is something like garden
art which does not have to be leak proof nor have great
strength.
Pouring the molten metal is a dangerous process and care
must be taken to ensure personal safety as well as fire safety.
Molten metal can cause serious burns as well as start fires
or create small explosions, so it is important to take proper
precautions and wear special protective gear. Once the
crucible of hot metal is removed from the furnace, it must be
carefully poured into the mold. Additional metal molds are
located next to the sand mold so once the pour is completed,
the excess molten metal can be poured into ingot molds for
future use.
Once poured, the mold is left to slowly cool. Once
sufficiently cooled, the sand is knocked off and the part,
with the gating and risers still attached, can be removed,
revealing the first look at the casting. Very rarely do you get
a good casting on the first try. Typically, there here are subtle
changes to the gating and risers which must be made to
finally get a good part. In our case, the aluminum gods were
smiling, and we got a winner on the first try.
We began preparing the casting by removing the gating
and risers using the band saw and a Sawzall. Next, the

RISER

The newly cast part just as it came out of the mold, with the gating,
risers, and vents still attached. The mushroom in the middle is where
the mold was filled.

machined, they were metal finished to remove the scratches
and surface roughness. The machining was somewhat tricky
and tedious since it involved many compound angles. Several
dedicated fixtures had to be made to properly locate and
support the parts while they were being machined. Finally,
the parts were glass beaded to produce a satin finish like the
original parts.

The castings with all of the extraneous metal from the casting process
removed prior to the machining operations.

castings had to be ground using an angle grinder to remove
the slag and rough edges left by the parting lines. Once the
castings were cleaned up, machining could begin.
In order to machine a raw casting, the part must be located
in three dimensions, and a single reference point called a
zero datum must be established to provide a starting point
for all surfaces and machining. Our machining began by
using the flat face of the part to clamp the part in the vice on
the mill. Holding the part this way allowed us to machine the
bottom edge at 90 degrees to the flat face.
Slowly, step by step, using previous surfaces or holes to
locate the part for the next operation, we finished machining
all the surfaces and holes. Once the parts were fully

ORIGINAL
PARTS

NEW
PARTS

The original parts on the top and the finished parts on the bottom.

All told, the project took about 80 hours to
complete including sketches, pattern making,
casting, machining, and finishing. It was a
fun project, but unless you are already set up
to do casting and machining in your shop, it
is probably not something you should try at
home. For those of you who are faced with
having to replicate a lost or missing part, find
a pattern maker and foundry willing to do
small one-off parts, then be prepared to pay.
Because of the labor involved, these casting
projects only make commercial sense if you are
doing parts by the hundreds or thousands. u
The castings in the mill beginning to be machined.
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