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A casting is a metal object produced by solidifying molten metal in a mold. The 
shape of the object is determined by the shape of the mold cavity. The 
casting process, also known as founding, involves melting metal and pouring 

it into the mold cavity, which is close to the final dimensions of the finished form. Many 
types of complex objects ranging in size from a few grams to thousands of kilograms are 
produced in a metal casting facility. Castings are produced by various casting processes 
such as sand, permanent mold, investment, and lost foam. While all metals can be cast, 
the most predominant are iron, steel, aluminum, copper, magnesium, and zinc-based 
alloys. The science of treating the molten metal and designing the molds for smooth 
flow of molten metal into the mold cavity to minimize air entrapment are essential parts 
of casting technology to produce premium quality cast components.

Cast products are different from wrought products. The former are obtained when 
molten metal solidifies in a desired form. By contrast, wrought products start as cast 
ingots that are then thermomechanically shaped by different processes such as forging, 
rolling, and extrusion. In terms of value and volume, metal casting ranks second only 
to sheet steel in the metal producing industry.

Metal castings are used in more than 90% of all manufactured goods and find a 
wide range of applications in various sectors such as transportation (automotive, rail­
way, naval, aerospace), mining, forestry, power generation, petrochemical, construction 
machinery, sporting goods, household appliances, and farm equipment. Typical cast 
components in major alloys are shown in Fig. 1.1.

Advantages of Casting Process
Certain advantages are inherent in the metal casting processes. These may form the 
basis for choosing casting as a process to be preferred over other shaping processes. 
Some of the reasons for the success of the casting process are as follows [1,2]:

• The most intricate of shapes, both external and internal, may be cast. As a result, 
many other manufacturing operations such as machining, forging, and welding 
may be minimized or eliminated.
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F igure 1.1 Typical castings in major alloys, (a) This motorcycle frame component was produced 
via the nobake sand casting process in 356 aluminum with T6 treatment temper, (b) The bronze 
alloy used for this dental suction pump was selected for its high strength, mechanical properties, 
and wear resistance, (c) Produced for a racing motorcycle, this one-piece magnesium casting 
replaced a three-piece aluminum part. The component is 33% lighter than the original, which 
impacts the overall performance of the bike, (of) This miniature zinc casket arm weighs less than 
6 oz. (e) This NASA component for the space shuttle crawler transporter, produced with modified 
4320 steel alloy via V-process casting, met reduced surface hardness requirements while 
maintaining high material strength, (f) This ductile iron green sand casting is the main structural 
element of the Spartan hydrant, enclosing and protecting its working parts.

• Because of their metallurgical nature, some metals can only be cast to shape 
since they cannot be hot-worked into bars, rods, plates, or other shapes from 
ingot form as a preliminary to other processing. A good example of casting is the 
family of cast irons which are low cost, extremely useful, and exceed the total of 
other metals in tonnage cast.
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• Casting is a simplified manufacturing process. An object cast as a single piece 
often would otherwise require multiple manufacturing steps (stamping and 
welding, for example) to be produced any other way.

• Casting can be a low-cost, high-volume production process, where large num­
bers of a given component may be produced rapidly. Typical examples are 
plumbing parts and automotive components such as engine blocks, manifolds, 
brake calipers, steering knuckles, and control arms.

• Extremely large, heavy metal objects such as pump housings, valves, and 
hydroelectric plant parts which could weigh up to 200 tons may be cast. These 
components would be difficult or economically impossible to produce 
otherwise.

• Some engineering properties such as machinability, bearing, and strength are 
obtained more favorably in cast metals. In addition, more uniform properties 
from a directional standpoint can be expected, which is not generally true for 
wrought products.

• Casting technology has progressed significantly, allowing products to be cast 
with very thin cross sections, often referred to as "thin-wall-casting"; such 
capabilities allow designers to reduce the casting weight that is often assumed 
necessary for production.

• One has to consider the economic advantages of the casting process. In 
the aerospace industry, some components are still being machined out of 
forged or rolled pieces despite the fact such pieces can be cast more eco­
nomically to meet the design criteria, especially with respect to strength and 
toughness.

In some cases, the casting process may give way to other methods of metal pro­
cessing. For example, machining produces smooth surfaces and dimensional accuracy 
not obtainable in any other way; forging aids in developing the ultimate tensile 
strength and toughness in steel; welding provides a convenient method of joining or 
fabricating wrought or cast parts into more complex structures; and stamping pro­
duces lightweight steel metal parts. Thus the engineer may select from a number of 
metal-processing methods, singularly or in combination, which is most suited to the 
needs of his or her work.

The Foundry Industry
The world production of castings for different metals is shown in Table 1.1 for the 
years 2009 through 2011. It is evident that the world economic recession (2008-09) 
affected the production of castings. However, as the economy continues to improve, 
production of castings will increase and the global forecast is for 102 million tons of 
casting by 2015. China is the largest producer of castings followed by the United States 
and India. The top 10 countries in the world producing ferrous and nonferrous cast­
ings are listed in Table 1.2.

According to U.S. Department of Commerce statistics, metal casting remains 1 of 
the 10 largest industries when rated on a value-added basis. In the United States, the 
foundry industry is a $23 billion industry, employing more than 200,000 people
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M etal 2 009 2 010 2 0 1 1

Gray iron 37,749 43,258 45,870

Ductile iron 29,404 23,451 24,782

Malleable iron 1,013 - -

Steel 9,070 10,215 10,342

Copper alloys 1,488 1,652 1,799

Aluminum alloys 9,477 10,879 11,319

Magnesium alloys 149 196 181

Zinc alloys 470 528 505

Total 80,895 91,673 98,593

Source: From Spada [3].

Note: Global forecast is for 102 million tons by 2015.

Table 1 .1  World Production of Castings during 2009 to 2011 (in metric tons)

C o u n try C a stin g s  (in  m illion m etric  to n s ) N um ber o f C a stin g  P lants

China 41.3 30,000

USA 10.33 2,040

India 9.99 4,500

Germany 5.47 612

Japan 4.76 1,612

Russia 4.2 1,350

Brazil 3.34 1,325

Korea 2.34 890

Italy 2.21 1,111

France 2.05 441

Source: From Spada [3].

Table 1 .2  Global Production of Castings in 2011

(see Table 1.3). As shown below, the 2012 shipments came to $34 billion based on GDP, 
housing starts, auto, railcar and truck production, construction activity, end-user and 
supplier interviews. Although the number of foundries is gradually decreasing, it is 
still a vital part of the manufacturing sector, producing 10.33 million tons of castings 
for different sectors, as mentioned earlier. At present 77% of the demand for castings in 
the United States is met by U.S. metalcasters. The lack of capacity in a number of 
foundries and high cost of production have led to imports from other countries such as 
China, India, Brazil, Mexico, and other Asian and European countries as shown in 
Fig. 1.2. In 2009, the United States imported 2.1 million tons of castings.
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2,001 metal casting facilities
More than 700 ferrous and 1,300 nonferrous foundries
Employs more than 200,000
80% are small business (less than 100 employees)
2012 shipments: $34 billion
In 1955 and 1991 there were 6,150 and 3,200 plants, respectively 
Second in production in the world
Lost approximately 150 plants since the beginning of recession 

Source: From. Spada [3].

Table 1 .3 Health of U.S. Metal Casting Industry in 2013

Brazil Other

China
24.2%

India
1 0 .6%

Other Asian 
19%

Figure 1.2 Import of castings to the United States from other countries. (From Spada [3].)

Future of the Casting Industry
Worldwide, the aluminum, steel, iron, and copper alloy casting industry is a mature 
industrial sector, with an established infrastructure, significant metal sources and scrap 
stream, a large alloy selection and multiple choices for casting process selection. This is 
not the case for the magnesium casting industry. Magnesium does play an important 
role in the transportation industry and other industrial applications. Being a structural 
material with low density and a very high strength to weight ratio, magnesium will re­
duce vehicle weight, and in turn, reduce greenhouse gas emissions and increase fuel 
economy. However, at present, it lacks a stronger infrastructure and technical support, 
including more casting process options, new alloy development with better creep
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properties at more than 150°C for automotive engine applications, environmentally 
friendly cover gas for melt protection, and scrap processing technologies. These techni­
cal barriers have been discussed in a recent publication on magnesium by the American 
Foundry Society [4].

The metal casting industry has to be more proactive in adapting new technologies 
to be competitive. Some of these include

• Enhanced adoption of simulation modeling to optimize casting design
• Vacuum- and pressure-assisted casting process to enhance casting properties
• Automated pouring designed for job shops to improve productivity and 

quality
• Ablation process for sand casting to achieve sound castings with mechanical 

properties similar to those permanent mold castings
• Application of rapid prototyping for tool-less casting applications
• Affordable automated grinding systems to improve productivity and reduce 

cost
• Metal-matrix composite casting including nanoparticle casting

Another important area for the growth of the foundry industry is part consolidation 
and conversion to castings. Some examples of castings converted from other manufac­
turing processes are shown in Fig. 1.3.

Education and Training in the Foundry Industry
Casting technology encompasses many branches of science and engineering including 
physics, chemistry, metallurgy, mechanical engineering, chemical engineering, and com­
putational modeling. Chemical reactions involved in melting of metals and treating of 
liquid metals, formation of crystal structures, thermodynamic principles as applied to the 
determination of phase diagrams, design of gating and risering systems, and principles 
behind grain refinement and heat treatment all deal with some branch of science and 
engineering. Although there is still a lot of art and craft involved in the casting process, a 
good understanding of casting technology for the foundry engineer and technologist, 
mold maker, and pattern maker, would be useful to produce premium quality castings by 
minimizing casting defects. Application of solidification modeling in the design of gating 
and risering systems would eliminate the guesswork and contribute to the production of 
sound castings.

The engineer who designs a casting must have accurate information about the 
properties of the cast metals to be used. Handbook data may not be useful in the design 
of components that would lead to low mechanical properties. To provide a foundation 
for foundry work, course work in the principles of metal casting finds a place in the 
educational preparation of student engineers. In addition, training offered by casting 
institutes or societies must incorporate developments in all aspects of metal casting 
such as alloy development, melting, melt treatment, sand, mold design, and gating and 
risering design.
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Figure 1.3 Examples of part consolidation and conversion, (a) This four-cyclinder intake 
manifold was cast in A356 aluminum via the green sand casting process. The casting was 
converted from a sheet metal weldment by Eagle Aluminum Cast Products, Muskegon, Ml. The 
manifold is designed for the high-performance automotive aftermarket, specifically the Mitsubishi 
Evolution. (b) This steering/linkage assembly was cast in brass via the permanent mold casting 
process. The casting was converted from a multipiece weldment by Piad Precision Casting Corp., 
Greensburg, PA. The assembly is used in a pallet truck application and delivered the customer a 
10% weight reduction over the weldment, (c) This locking hinge assembly was cast in 4140 steel 
via the investment casting process. The casting was converted from an aluminum fabrication by 
Signicast Investment Castings, Hartford, Wl. The locking hinge fits on a wheelchair and is more 
durable than its aluminum counterparts. (From Spada [3].)

1. R. W. Heine, C. R. Loper, Jr., and R C. Rosenthal, Principles o f Metal Casting, McGraw- 
Hill Book Company, New York, 1967.
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Alloy Group Main Alloy Types

Cast Iron

Grey Cast Iron White 

Cast Iron Nodular Cast 

Iron Malleable Cast 

Iron

Steel

Carbon Steels and 

Low Alloy Steels. High 

Alloy Steels (Stainless 

Steels)

Fe
rro

us

Copper Alloys Brass and Bronze

Aluminum Alloys Cast Alloys

Magnesium Alloys Cast Alloys

Zinc Alloys

Nickel Alloys

Others
Pb, Sn,Co alloys. 

Magnet alloys

Non-F
erro

us

Important Alloying Elements

C, Si, P, Ni, Cr…

C, Mn, Cr, Ni, Mo…

Zn, Sn, P, Pb, Ni, Al, Fe, Mn, Si…

Si, Cu, Mg, Mn, Zn, Ni…

Al, Zn, Zr, Mn…

Al, Mg, Cu…

Sn, Pb, Sb, Cu, Cr, Ni, Mo, Co, W, Nb, 

Fe, Al, Ti…
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which is an integral part of some manufacturing company and whose 
castings are consumed mainly in the products o f the parent organization. 
An independent foundry, however, is usually a separate company that 
produces castings for any number of customers. The largest foundries, 
those employing more than 1000 people, are usually captive; but the 
greatest number o f foundries, the smaller shops employing fewer than 
100 people, are usually independent.

BASIC STEPS IN M A K IN G  SAND CASTIN G S

Practically all the detailed operations that enter into the making oi 
sand castings may be categorized as belonging to one o f five fundamental 
steps of the process: >

1. Pattemmaking (including core boxes)
2. Coremaking
3. Molding
4. Melting and pouring
5. Cleaning

The details and technical processes involved in each of the above opera­
tions are the source of the foundryman’s principal problems, other thai 
personnel and marketing. The integration of the various steps to pro­
duce a casting is briefly summarized for the benefit o f those unfamiliai 
with the foundry. The. processes, and the equipment, are illustratec 
in part in Fig. 1.1.

Pattem m aking

Patterns are required to make molds. The mold is made by packing 
some readily formed plastic material, such as molding sand, around th< 
pattern, as illustrated in Fig. 1.1. When the pattern is withdrawn, iti 
imprint provides the m old cavity, which is ultimately filled with meta] 
to become the casting. Thus molding requires, first, that patterns b< 
made. A  pattern, as shown in Fig. 1.1, may be simply visualized ai 
an approximate replica of the exterior o f a casting. I f  the casting is t( 
be hollow, as in the case of a pipe fitting, additional patterns, referrec 
to as core boxes, are used to form the sand that is used to create thesi 
cavities.

Coremaking

Cores are forms, usually made o f sand, which are placed into a mob 
cavity to form the interior surfaces o f castings. Thus the void spaci
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P A T T E R N

C O RE BOX AND  
H A L F  O F C O RE

DRAG  
(L O W E R  H A L F  O F  

M O L D )

M O L D  R E A D Y  
FO R  C L O S IN G

CO R E

R O UG H C A S T IN G  CLEANED C A S T IN G

Fig. 1.1 Elements in making a casting. Top half of mold, cope; bottom 
half, drag.

between the core and m old-cavity surface is what eventually becomes 
the casting. A  core and core box for a mixing valve are shown in 
Fig. 1.1. Cores are ordinarily made separately from molds in a desig­
nated area of the foundry referred to as a core room. They are then 
transported to the molding department to be placed in the molds. Core 
boxes are required to produce cores, so that this operation is again 
dependent on the pattern department.

M olding

M olding consists of all operations necessary to prepare a mold for re­
ceiving molten metal. M olding usually involves placing a molding ag­
gregate around a pattern held within a supporting frame, withdrawing 
the pattern to leave the mold cavity, setting the cores in the mold cavity, 
and finishing and closing the mold. The m old is then ready for pouring. 
A  finished mold ready for closing is illustrated in Fig. 1.1.
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M elting and Pouring

The preparation o f molten metal for casting is referred to simply a 
melting. M elting is usually done in a specifically designated area of th 
foundry, and the molten metal is transferred to the molding area whei 
the molds are poured.

Cleaning

Cleaning refers to  all operations necessary to  the removal of sand, scab 
and excess metal from the casting. The casting is separated from th 
molding sand and transported to the cleaning department. Burned-o: 
sand and scale are removed to improve the surface appearance o f th 
casting. Excess metal, in the form o f fins, wires, parting-line fins, am 
gates, is cut off. D efective . castings may be salvaged by welding o 
other repair. Inspection of the casting for defects and general qualify 
follows. The casting is then ready for shipment or further processing 
for example, heat-treatment, surface treatment, or machining. A  rougl 
m ixing-valve casting and a cleaned casting are shown in Fig. 1.1.

The preceding paragraphs have briefly summarized the basic steps ii 
the foundry process. There are, of course, other steps, not discussed 
which are exceedingly important in some foundries. For example, wit! 
certain alloys, every casting must be given a heat-treatment. The mori 
specialized steps peculiar to certain kinds o f foundries and alloys wil 
be considered separately in later chapters.

TH E ENGINEER AND TH E FO U N D R Y IN D U STR Y

Because of the scope of the industry and the widespread use o f castings 
engineers often find themselves in a position where a knowledge o: 
foundry processes and casting problems becomes a vital part of then 
work. Design of castings, specifications, intelligent use of the propertiei 
o f cast metals, purchasing of castings, and processing of castings, al 
require the application of engineering principles unique to castings anc 
the foundry process. The engineer who designs a casting must havf 
accurate information about the properties of the cast metal he would use 
Further, he may achieve considerable economies by selecting a design thal 
facilitates molding, coring, and other foundry problems. When specifi­
cations are more limiting than necessary, foundry problems and costs 
rise. Designs which make it difficult to obtain sound castings result it 
low mechanical properties in the cast metal, so that handbook data ar« 
not reliable. M any engineers face these problems in their work ever 
though they themselves are not directly engaged in foundry work. Engi­




