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METAL CASTING PROCESSES

• Sand Casting
• Other Expendable Mold Casting Processes
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Overview of Sand Casting

• Most widely used casting process, accounting for a 
significant majority of total tonnage cast  

• Nearly all alloys can be sand casted, including metals 
with high melting temperatures, such as steel, nickel, 
and titanium  

• Parts ranging in size from small to very large 
• Production quantities from one to millions  
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Basic Steps in making sand 
casting

• There are seven basic steps in making 
sand castings: 
– Obtaining the casting geometry 
– Patternmaking 
– Coremaking
– Molding 
– Melting and pouring 
– Cleaning & inspection
– Heat treatment & post processing
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Sand Casting Process
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Basic Steps in making sand 
casting

1. Obtaining the casting geometry
– The traditional method of obtaining the 

casting geometry is by sending blueprint 
drawings to the foundry. This is usually done 
during the request for quotation process. 
However, more and more customers and 
foundries are exchanging part geometry via 
the exchange of computer aided design files. 
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Basic Steps in making sand 
casting

2. Patternmaking
– The pattern is a physical model of the casting used to 

make the mold. 
– The mold is made by packing some readily formed 

aggregate material, such as molding sand, around 
the pattern. When the pattern is withdrawn, its imprint 
provides the mold cavity, which is ultimately filled 
with metal to become the casting. 

– If the casting is to be hollow, as in the case of pipe 
fittings, additional patterns, referred to as cores, are 
used to form these cavities. 

1-Feb-08 Assoc Prof Zainal Abidin Ahmad 8

Basic Steps in making sand 
casting

3. Coremaking
– Cores are forms, usually made of sand, which 

are placed into a mold cavity to form the 
interior surfaces of castings. Thus the void 
space between the core and mold-cavity 
surface is what eventually becomes the 
casting. 
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Sand Casting Process

castingchaplet
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Basic Steps in making sand 
casting

4. Molding
– Molding consists of all operations necessary 

to prepare a mold for receiving molten metal. 
Molding usually involves placing a molding 
aggregate around a pattern held with a 
supporting frame, withdrawing the pattern to 
leave the mold cavity, setting the cores in the 
mold cavity and finishing and closing the 
mold. 
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Basic Steps in making sand 
casting

5. Melting and Pouring
– The preparation of molten metal for casting is 

referred to simply as melting. Melting is 
usually done in a specifically designated area 
of the foundry, and the molten metal is 
transferred to the pouring area where the 
molds are filled. 
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Basic Steps in making sand 
casting

6. Cleaning & inspection
• Cleaning refers to all operations necessary to 

the removal of sand, scale, and excess metal 
from the casting. The casting is separated from 
the mold and transported to the cleaning 
department. Burned-on sand and scale are 
removed to improved the surface appearance of 
the casting. Excess metal, in the form of fins, 
wires, parting line fins, and gates, is removed. 
Castings may be upgraded by welding or other 
procedures. 

• Inspection of the casting for defects and general 
quality is performed. 
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Basic Steps in making sand 
casting

7. Heat treatment and post processing
• Before shipment, further processing such 

as heat-treatment, surface treatment, 
additional inspection, or machining may 
be performed as required by the 
customer's specifications. 

1. Obtaining the casting 
geometry
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3rd angle projection
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2. Pattern making
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• Demonstration of draft allowance 
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Pattern Material Characteristics

TABLE 11.3
Ratinga

Characteristic Wood Aluminum Steel Plastic Cast iron
Machinability E G F G G
Wear resistance P G E F E
Strength F G E G G
Weightb E G P G P
Repairability E P G F G
Resistance to:
Corrosionc E E P E P
Swellingc P E E E E
aE, Excellent; G, good; F, fair; P, poor.
bAs a factor in operator fatigue.
cBy water.
Source :  D.C. Ekey and W.R. Winter, Introduction to Foundry Technology.  New York. 
                 McGraw-Hill, 1958.
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3. Core making
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Multiple cores
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4. Molding
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Sequence of Operations for Sand 
Casting

Figure 11.11  Schematic illustration of the sequence of operations for sand casting.  Source: Steel 
Founders' Society of America. (a) A mechanical drawing of the part is used to generate a design for 
the pattern. Considerations such as part shrinkage and draft must be built into the drawing. (b-c) 
Patterns have been mounted on plates equipped with pins for alignment.  Note the presence of core 
prints designed to hold the core in place. (d-e) Core boxes produce core halves, which are pasted 
together. The cores will be used to produce the hollow area of the part shown in (a). (f) The cope half 
of the mold is assembled by securing the cope pattern plate to the flask with aligning pins, and 
attaching inserts to form the sprue and risers.  (continued)
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Figure 11.11 (g) The flask is rammed with sand and the plate and inserts are removed. (g) The drag half is 
produced in a similar manner, with the pattern inserted. A bottom board is placed below the drag and aligned 
with pins. (i) The pattern, flask, and bottom board are inverted, and the pattern is withdrawn, leaving the 
appropriate imprint. (j) The core is set in place within the drag cavity. (k) The mold is closed by placing the 
cope on top of the drag and buoyant forces in the liquid, which might lift the cope. (l) After the metal 
solidifies, the casting is removed from the mold. (m) The sprue and risers are cut off and recycled and the 
casting is cleaned, inspected, and heat treated (when necessary).

Sequence of Operations for Sand Casting 
(cont.)
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Squeeze Heads
Figure 11.9  
Various designs of 
squeeze heads for 
mold making:  (a) 
conventional flat 
head; (b) profile 
head; (c) equalizing 
squeeze pistons; 
and (d) flexible 
diaphragm.  Source: 
© Institute of 
British 
Foundrymen.  Used 
with permission.

1-Feb-08 Assoc Prof Zainal Abidin Ahmad 54

1-Feb-08 Assoc Prof Zainal Abidin Ahmad 55

Making the Sand Mold
• The cavity in the sand mold is formed by packing sand 

around a pattern, then separating the mold into two 
halves and removing the pattern  

• The mold must also contain gating and riser system  
• If casting is to have internal surfaces, a core must be 

included in mold  
• A new sand mold must be made for each part produced  
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Desirable Mold Properties and 
Characteristics

• Strength - to maintain shape and resist erosion  
• Permeability - to allow hot air and gases to pass through 

voids in sand  
• Thermal stability - to resist cracking on contact with 

molten metal  
• Collapsibility - ability to give way and allow casting to 

shrink without cracking the casting 
• Reusability - can sand from broken mold be reused to 

make other molds? 
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5. Melting & pouring
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6. Cleaning & inspection
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7. Heat treatment & other 
processes
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Other Expendable Mold 
Casting Processes

• Shell Molding
• Vacuum Molding
• Expanded Polystyrene Process
• Investment Casting
• Plaster Mold and Ceramic Mold Casting
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Shell Molding

• Casting process in which the mold is a thin 
shell of sand held together by thermosetting 
resin binder 

• Developed in Germany during early 1940s 
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Figure 11.5 - Steps in shell-molding: (1) a match-plate 
or cope-and-drag metal pattern is heated and placed 
over a box containing sand mixed with thermosetting 
resin 

1-Feb-08 Assoc Prof Zainal Abidin Ahmad 78

Figure 11.5 - Steps in shell-molding: (2) box is inverted 
so that sand and resin fall onto the hot pattern, causing 
a layer of the mixture to partially cure on the surface to 
form a hard shell 
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Figure 11.5 - Steps in shell-molding: (3) box is 
repositioned so that loose uncured particles drop away 
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Figure 11.5 - Steps in shell-molding: 
(4) sand shell is heated in oven for several 
minutes to complete curing 
(5) shell mold is stripped from the pattern
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Figure 11.5 - Steps in shell-molding: 
(6) two halves of the shell mold are assembled, supported 
by sand or metal shot in a box, and pouring is 
accomplished 
(7) the finished casting with sprue removed
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Advantages and Disadvantages 
of Shell Molding

• Advantages:
– Smoother cavity surface permits easier flow of 

molten metal and better surface finish on casting  
– Good dimensional accuracy
– Machining often not required
– Mold collapsibility usually avoids cracks in casting  
– Can be mechanized for mass production

• Disadvantages:
– More expensive metal pattern   
– Difficult to justify for small quantities
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Expanded Polystyrene Process

• Uses a mold of sand packed around a 
polystyrene foam pattern which vaporizes when 
molten metal is poured into mold  

• Other names: lost-foam process, lost pattern
process, evaporative-foam process, and 
full-mold process

• Polystyrene foam pattern includes sprue, risers, 
gating system, and internal cores (if needed)  

• Mold does not have to be opened into cope and 
drag sections  
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Figure 11.7 - Expanded polystyrene casting process: 
(1) pattern of polystyrene is coated with refractory 

compound  
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Figure 11.7 - Expanded polystyrene casting process: 
(2) foam pattern is placed in mold box, and sand is 

compacted around the pattern  
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Figure 11.7 - Expanded polystyrene casting process: 
(3) molten metal is poured into the portion of the pattern 

that forms the pouring cup and sprue.  As the metal 
enters the mold, the polystyrene foam is vaporized 
ahead of the advancing liquid, thus allowing the 
resulting mold cavity to be filled.  
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Advantages and Disadvantages of 
Expanded Polystyrene Process

• Advantages:
– Pattern need not be removed from the mold  
– Simplifies and expedites mold-making, since 

two mold halves (cope and drag) are not 
required as in a conventional green-sand 
mold

• Disadvantages:
– A new pattern is needed for every casting  
– Economic justification of the process is highly 

dependent on cost of producing patterns
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Applications of 
Expanded Polystyrene Process

• Mass production of castings for automobile 
engines 

• Automated and integrated manufacturing 
systems are used to 
– Mold the polystyrene foam patterns and then
– Feed them to the downstream casting 

operation
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Investment Casting (Lost Wax Process)

• A pattern made of wax is coated with a refractory 
material to make mold, after which wax is melted 
away prior to pouring molten metal  

• "Investment" comes from one of the less familiar 
definitions of "invest" - "to cover completely," 
which refers to coating of refractory material 
around wax pattern  

• It is a precision casting process - capable of 
castings of high accuracy and intricate detail  
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Figure 11.8 - Steps in investment casting: 
(1)wax patterns are produced
(2) several patterns are attached to a sprue to 

form a pattern tree
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Figure 11.8 - Steps in investment casting: 
(3) the pattern tree is coated with a thin layer of refractory 

material
(4) the full mold is formed by covering the coated tree with 

sufficient refractory material to make it rigid
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Figure 11.8 - Steps in investment casting: 
(5) the mold is held in an inverted position and heated to 

melt the wax and permit it to drip out of the cavity  
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Figure 11.8 - Steps in 
investment casting: 

(6) the mold is preheated to 
a high temperature, which 
ensures that all 
contaminants are 
eliminated from the mold; 
it also permits the liquid 
metal to flow more easily 
into the detailed cavity; the 
molten metal is poured; it 
solidifies  
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Figure 11.8 - Steps in investment casting: 
(7) the mold is broken away from the finished casting -
parts are separated from the sprue  
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Advantages and Disadvantages of 
Investment Casting

• Advantages:
– Parts of great complexity and intricacy can be cast
– Close dimensional control and good surface finish 
– Wax can usually be recovered for reuse 
– Additional machining is not normally required - this is 

a net shape process
• Disadvantages

– Many processing steps are required
– Relatively expensive process
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Plaster Mold Casting

• Similar to sand casting except mold is made of 
plaster of Paris (gypsum - CaSO4-2H2O)  

• In mold-making, plaster and water mixture is 
poured over plastic or metal pattern and allowed 
to set
– Wood patterns not generally used due to extended 

contact with water
• Plaster mixture readily flows around pattern, 

capturing its fine details and good surface finish  
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Advantages and Disadvantages of 
Plaster Mold Casting

• Advantages:
– Good dimensional accuracy and surface finish 
– Capability to make thin cross-sections in casting

• Disadvantages:
– Moisture in plaster mold causes problems:

• Mold must be baked to remove moisture
• Mold strength is lost when is over-baked, yet 

moisture content can cause defects in product
– Plaster molds cannot stand high temperatures, so 

limited to lower melting point alloys
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Ceramic Mold Casting

• Similar to plaster mold casting except that mold 
is made of refractory ceramic materials that can 
withstand higher temperatures than plaster  

• Ceramic molding can be used to cast steels, 
cast irons, and other high-temperature alloys  

• Applications similar to those of plaster mold 
casting except for the metals cast  

• Advantages (good accuracy and finish) also 
similar  
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Ceramic Molds

Figure 11.16  Sequence of operations in making a ceramic 
mold.  Source: Metals Handbook, vol. 5, 8th ed.
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Ceramic Molds

Figure 11.17  A typical ceramic mold (Shaw process) 
for casting steel dies used in hot forging.  Source: 
Metals Handbook, vol. 5, 8th ed.


