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INTRODUCTION  

 

Metal casting has been serving the manufacturing industry for years. 

It is used for manufacturing a range of products from being simple to 

exceptionally intricate. The challenges associated with the process have led 

to many advancements in metal casting technologies over time. During this 

period, different cast materials and casting processes have been evolved 

making it possible to design and manufacture almost any product with high 

quality. It is important to analyze the progress of metal casting in past, trends 

in the field at present, and envisage the future of these technologies for 

continuous improvement.  

Casting technology encompasses many branches of science and 

engineering including physics, metallurgy, mechanical engineering, 

chemical engineering, and computational 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 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. Manual may not be useful 

in the design of components that would lead to low mechanical properties. 

To provide a foundation for foundry work, coursework 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. 

This manual is addressed by explaining various types of casting 

defects along with their possible causes and remedies. The underlying idea 

behind this study is to let the readers ingrain the fundamental knowledge of 

metal casting technologies in all the above-mentioned areas so that the 

integrity and quality of castings can be enhanced.  



6 
 

1. EVOLUTION OF METAL  CASTING INDUSTRY 

 

Metal casting is one of the primitive manufacturing processes which 

was developed based on fire-using technologies (or pyrotechnologies). 

Initially, pyrotechnologies have been used to improve the workability of 

stone, make plaster by burning lime and produce ceramics by firing the clay.  

Metalworking, however, started 10,000 years ago when the earliest 

metal objects are found to be wrought rather than cast [5, 36]. Evidence of 

such metal objects is found in the form of decorative pendants and beads 

which were formed by hammering native copper. Table 1 summarizes the 

advancements in metalworking over these 10,000 years.  

Today, metal casting is a complex and intricate process that requires 

exact chemistry and flawless execution. While current methods may be 

relatively new when compared to the history of human civilization, the first 

casting of metals can actually be traced all the way back to around 4000 BC. 

In those times, gold was the first metal to be cast because of its malleability, 

and back then, metal from tools and decoration was reused because of the 

complications of obtaining pure ore. 

Metal casting, on the other hand, dates back to 5000 and 3000 B.C, 

which refers to the Chalcolithic period during which metals were melted for 

castings together with the experimentation of smelting copper. Initial molds 

were made from smooth textured stones as shown in Fig. 1, resulting in fine 

cast products which could be witnessed in the museums and archeological 

exhibitions. Both single and multifaceted (carved on both sides of a 

rectangular piece of stone) molds were developed from stones to produce 

castings that are not necessarily flat. However, multifaceted molds were 

more popular for being portable and economical in terms of utilizing a 

suitable piece of stone [5]. 

Some historians believe that iron casting began in ancient China as 

early as 6000 BCE while others believe that only copper and bronze castings 

were being made at this time. However, evidence provided by archeologists 

contradicts both beliefs. Discovered by archeologists in what was then 

known as Mesopotamia, the earliest uncovered example of a cast component 

is a copper frog that dates to 3200 BCE. Although iron and other metals had 

been discovered, it was not until centuries later that they could be melted 

and poured into a mold, such as a casting. 

Archeologists believe that iron was discovered by the Hittites of 

ancient Egypt somewhere between 5000 and 3000 BCE. During this time, 

they hammered or pounded the metal to create tools and weapons. They 

file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark53
file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark53
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found and extracted it from meteorites and used the ore to make spearheads, 

tools, and other trinkets. Between 2000 BCE and 1200 BCE, the Hittites 

developed a process for smelting the iron ï heating its ore to purify it ï 

expanding its usability. For centuries, the production of iron remained a 

closely-held secret of the Hittite people until roughly 1000 BCE when 

Chinese metallurgists discovered the superiority and workability of iron. 

Followed the by Chalcolithic period, the Bronze Age started in Near 

East around 3000 B.C. during which alloying elements were added to 

copper. The first bronze alloy reported was a mix of copper (Cu) with 4-12 

%percent of arsenic (As), thus forming a silvery appearance of the cast 

surface as a result of inverse segregation of the arsenic-rich low-melting 

phase to the surface. Next, 5-10 % of tin (Sn) was added to copper which 

was advantageous to lower the melting point, improve strength, deoxidize 

the melt, and produce a fine and easily polished cast surface capable of 

reproducing the features of the mold with exceptional fidelity, often 

desirable for art castings.  

The Bronze Age lasted for 1500 years during which mankind had its 

first exposure to elemental ores such as tin, copper and silver. Also, lost wax 

castings of small parts of bronze and silver, are reported during this age 

between 3000 and 2500 B.C. in the Near East region.  

The earliest known casting in existence is a copper frog as shown in 

Fig. 2, probably cast in 3200 B.C. in the Mesopotamia region [6]. The 

intricate design and three-dimensional characteristics suggest that it was 

created using a sand casting process instead of using a permanent stone mold 

[36]. The beginning of the Bronze Age in the Far East was about 2000 B.C., 

a millennium after its emergence in the Near East region.  

Some of the earliest examples of iron casting in ancient China are the 

four statues that stand outside of the Zhongyue Temple in Dengfeng. These 

statues were cast in approximately 1024 BC. Before this, Chinese 

metallurgists worked with bronze and copper to create cast components, 

which were largely used in the countryôs agricultural industry. It was 

revolutionized when the iron plow was invented. It made turning over the 

soil much easier for farmers. 

One of the biggest impacts that China had on the evolution of iron 

casting occurred in 645 BC when Chinese metallurgists began using sand 

molding. In this process, sand is tightly packed around an object, creating a 

mold. Then molten metal is poured into the mold to create a metal casting. 

The advantage of this process is the large variety of shapes and sizes that 

can be easily molded. 

file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark5
file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark62
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Table 1 - Development in use of materials and metal casting [5, 37] 

 

Date Development Location 

1 2 3 
9000 B.C. Earliest metal objects of wrought native copper Near 

East 

6500 B.C. Earliest life-size statues, of plaster Jordan 
5000-3000 

B.C. 
Chalcolithic period: melting of copper; 

experimentation with smelting 

Near 

East 

3200 B.C. A copper frog, the oldest known casting in 

existence, is made in Mesopotamia. Copper was a 

popular material for metalworking due to its high 

ductility (stretch) 

Near 

East 

3000-1500 

B.C. 
Bronze age: arsenical copper and tin bronze 

alloys. Bronze alloys are used in casting, offering 

key benefits such as low weight and a low melting 

point. Bronze tools and weapons are cast in 

permanent stone molds 

Near 

East 

3000-2500 

B.C 
Early use of investment (lost wax) casting for 

ornaments and jewelry. The lost wax casting of 

small objects 

Near 

East 

2000 B.C. Bronze age Far East 

600 B.C. Cast iron China 

233 B.C.  Iron ploughshares are cast  

500 A.D. Cast crucible steel is produced India 

1200-1450 

A.D. 
Introduction of cast iron Europe 

1313  Development of the first bronze cannon in Ghent China 

1500s Sand introduced as the mold material France 

1709 A.D. 

Cast iron produced with coke as fuel, 

Coalbrookdale 
England 

1735 A.D. The great bell of the Kremlin cast Russia 

1740 A.D. Cast steel developed by Benjamin Huntsman England 

1779 A.D. 

Cast iron used as an architectural material, 

Ironbridge Gorge 
England 

1809 A.D. Development of centrifugal casting England 

1818 A.D. Production of cast steel by crucible process U.S. 

1837 A.D. Development of first molding machine U.S. 

file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark53


9 
 

Continue Table 1 
1 2 3 

1849 Development of a die casting machine - 

1863 Metallography of casting surfaces England 

1870 Development of sandblasting for large castings U.S. 

1876 Aluminum started to use as cast material U.S. 

1887 Development of oven for core drying - 

1898 Mold development with bonded sand England 

1899 Electric Arc Furnace for commercial production 

of castings 

France 

1900 Low-pressure permanent mold casting England 

1907 Heat treatment and artificial aging to improve cast 

aluminum alloys 

Germany 

1910 Match plates and Jolt Squeezing machines - 

1925 X-ray radiography for casting quality control U.S. 

1940 Chvorinovôs Rule - 

1944 First heat-reactive, chemically-cured binder Germany 

1948 Ductile Iron castings in industrial applications U.S. 

1950s High-pressure molding - 

Mid 1950s Squeeze casting process Russia 

1960 Development of Furan as a core binder - 

1968 Cold box process for mass production of cores - 

1971 Vacuum forming or the V-process method Japan 

1974 In-mold process for ductile iron treatment by Fiat U.S. 

1948 Ductile Iron castings in industrial applications U.S. 

1980s Development and commercialization of a 

solidification software 

- 

1988 Rapid prototyping and CAD/CAM technologies - 

1993 

Plasma ladle refining (melting and refining in 

one vessel) U.S. 

Mid 1990s Microstructure simulations - 

1996 

Cast Metal Matrix Composites in automobile 

applications England 

End 1990s Stress and distortion simulation of castings - 

2001 Software development by NASA and 

Department of Energy/OIT 

U.S. 

2016 Casting simulations coupled to mechanical 

performance simulations 

- 
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The disadvantages are the unavoidability of defects and the fact that 

this process is quite labor-intensive. This is the earliest known use of this 

process and represents Chinaôs significant contribution to the history of iron 

casting. Casting was the main forming process in China with little evidence 

of other metalworking operations before 500 B.C. The complexity of 

antique cast bronze ritual vessels suggested that they must have been 

produced using the lost wax casting method. 

 
 

 

 

 
 

In Europe, cast iron was introduced as a casting alloy between 1200 

and 1450 A.D. The earliest evidence of cast products in Europe is a cast iron 

pipe used to transport water at the Dillenberg Castle in Germany. It was cast 

in 1455. Soon after this, in Burgundy, France, and England, cast iron was 

also used to make cannons during the Reformation of the 16th century. 

In 1619, the first ironworks were established in North America by the 

Virginia Company of London. It was named Falling Creek Ironworks and 

was located near the James River. The colonists chose this location not only 

because of nearby ore deposits but also because it provided easy access to 

water for power and shipping-related needs. The surviving written records 

indicate that this facility was able to produce some iron. But historians 

believe that full production was never achieved. 

In 1642, Saugus Iron Works, Americaôs first iron foundry, was 

established near Lynn, Massachusetts. This was also the location where the 

first American iron casting, the Saugus pot, was made. Saugus Iron Works 

is now a national historic site, because of its landmark contribution to the 

manufacturing industry and the American industrial revolution. 

Between the 15th and 18th centuries, some other important 

developments in the casting industry include where ut not limited to the 

Figure1 - Mold prepared by 

smooth textured stone with an 

axe [5] 

 

Figure 2 - The earliest known 

casting in existence ñA Copper 

Frogò, cast in 3200 B.C. [66] 

file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark53
file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark62
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introduction of sand as mold material in the 16th century, production of cast 

iron with coke as fuel at Coalbrookdale (1709), casting of the Great Bell of 

the Kremlin (1735), and the development of cast steel by Benjamin 

Huntsman (1740). The cast iron produced at Coalbrookdale was first used 

as an important structural material in building the famous iron bridge as 

shown in fig. 3 and in other architectural applications during that period. 
 

 
 
 

Figure 3 - The Iron Bridge (a) across the Severn River at Ironbridge Gorge 

(b) detail of the Iron Bridge showing the date, 1779 [1] 
 

Ironôs great impact on Britain can be attributed to a flurry of 

innovations that were introduced during the 1700s. The first of these 

occurred in 1709 when Abraham Darby became the first man to smelt iron 

with coke instead of charcoal in a coke-fired furnace. Coke is a solid fuel 

that is created by heating coal in the absence of air and is a key element in 

the history of iron casting. Coke was much cheaper and more efficient than 

charcoal. With the introduction of coke, it became possible and lucrative to 

use larger furnaces, which enabled large-scale production. Charcoal was too 

weak to support a heavy charge of iron in large quantities, but coke was 

much stronger. Although the challenge of brittle iron had not yet been 

solved, Darbyôs innovation had a big impact on the industry and inspired 

many other advancements. 

The next innovation in iron casting history was the steam engine. It 

was invented in 1712 by an Englishman named Thomas Newcomen. At this 

time, the steam engine was primarily used to pump water out of coal mines. 

Coal was a key part of the iron casting process, so this invention was integral 

to the industry and the industrialization of England. 

Between 1700 and 1750, Britain relied heavily on cast iron imports 

from Sweden, because it could not expand its capacity fast enough to meet 

a) b) 

file:///C:/Users/PC/Desktop/manual%20part%201/evolution.docx%23bookmark53
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the growing demand for cast iron. This was prior to Britainôs industrial 

revolution. At that time, the iron manufacturing industry consisted of small, 

localized production facilities that had to be located close to the resources 

they needed, such as water, limestone and charcoal. Thatôs because there 

were limited resources for transporting raw materials and finished goods. 

At this time, furnaces were small, which meant that their production 

capacity was very limited. Although Britain had abundant iron ore reserves, 

the iron that could be produced from it was brittle pig iron of low quality 

with many impurities, which were caused by charcoal-fueled blast furnaces. 

As a result, cast ironôs usability was very limited. Most of the demand 

was for wrought iron, which was pig iron after its impurities were hammered 

out. But this took a long time to do, and imported wrought iron was less 

expensive. As a result, British iron at this time was only used for cheap items 

such as nails. However, iron would soon become the cornerstone of 

industrialization for the British economy, and by 1800, its leading export. 

Between 1770 and 1790, Scottish inventor James Watt improved on 

Thomas Newcomenôs work, making the steam engine capable of powering 

machinery, locomotives and ships. This further advanced the industryôs 

speed and ability to transport raw materials and finished goods. 

James Wattôs breakthrough happened when he realized that the design 

of the steam engine wasted a great deal of energy because it repeatedly 

cooled and re-heated the cylinder. Watt introduced a design enhancement, 

the separate condenser, which avoided this waste of energy and radically 

improved the power, efficiency and cost-effectiveness of steam engines. 

Eventually, Watt adapted his engine to revolutionize transportation, 

which had been a major limiting factor for growth within the iron 

manufacturing industry. Material transportation was finally made efficient 

and more economical than ever. 

In 1783, Henry Cort developed two methods for extracting impurities 

from iron, turning it from pig iron to wrought iron, and allowing large-scale 

production of non-brittle iron. Pig iron is a term used to describe the crude 

and brittle iron that comes directly from the blast furnace. In 1783, Cort 

patented grooved rollers that allowed iron bars to be made more quickly 

with a more economic process he called the rolling technique. Previously 

used methods consisted of hammering or cutting strips from a rolled plate. 

In 1784, Cort patented the puddling process, which consisted of stirring 

molten pig iron on the bed of a furnace in which fire and hot gases swirling 

above the metal provide heat. This prevented the metal from coming in 

contact with the fuel.  

https://www.revolvy.com/page/Cylinder-(engine)
https://www.revolvy.com/page/Watt-steam-engine
https://www.revolvy.com/page/Rotative-beam-engine
https://www.britannica.com/technology/puddling-process
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As the iron was decarbonized by air, it became thicker and balls of 

ñpuddledò iron could be removed from the more liquid impurities that 

remained in the furnace. The puddled iron, like wrought iron, was tougher 

and more malleable than pig iron and could be hammered and finished with 

the grooved rollers that Cort had invented. The rollers helped to squeeze out 

impurities. Additionally, by forming the iron into bars, the metal became 

easier to use for the creation of finished goods. Cortôs contributions to the 

industry allowed large-scale production of cast iron products because it no 

longer took so much time and manpower to rid the pig iron of its impurities. 

Between 1793 and 1815, due to increased demand from the military, 

British iron production quadrupled. The sizes of blast furnaces increased, 

and Britain finally had production capabilities that could meet demand. 

Cast materials and casting technologies progressed substantially from 

the 19th century onwards. A new method of centrifugal casting was 

developed in 1809 in England. However, in 1815, the War of 1812 ended, 

ushering in a period of peace. With the warôs end came the decline of both 

the price and demand for iron. However, Britain had become the largest 

producer of ironworks in all of Europe. In addition, its economy and way of 

life were reshaped and revolutionized by innovations in iron casting. 

In 1818 first U.S. cast steel was produced by the crucible process at 

Valley Forge Foundry. The extraction of aluminum from aluminum chloride 

is also reported during the same century. The first molding machine was 

developed by S. J. Adams Co. in Pittsburgh and was available by 1837. 

The urge to further develop the casting process led to the development 

of a die casting machine to supply rapidly cast lead type for newspaper in 

1849. Examination of castings was started by the development of 

metallography in 1863 which enabled foundry men to polish, etch and 

physically analyze the castings through optical microscopy. Next, sand 

blasting was developed for large castings in 1870. By 1876 aluminum was 

started to use as cast material and its first architectural application was 

reported in 1884 when a cast aluminum pyramid was mounted on the tip of 

Washington Monument. Some other developments during the 19th century 

are oven for core drying (1887), non-art application of lost wax casting 

method to produce dental inlays (1897), mold with bonded sand for salt-

water piping system (1898), and electric arc furnace for commercial 

production of castings (1899). 

In early 1900s, first patent for low pressure permanent mold casting 

was issued in England. American Foundry Association (AFS) produced rail 

wheels by centrifugal casting process for the first time. The advancement in 
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the field continued with a die casting machine patented by H.H. Doehler 

patents in 1905. Heat treatment and artificial aging was proposed in 1907 to 

improve the properties of cast aluminum alloys. In 1910, jolt squeezing 

machining became possible through the development of matchplates. 

Another important development in 1915 was the experimentation on 

bentonite clay due to its exceptional high green and dry strength. In addition 

to that furnaces for non-ferrous melting were also developed during 1910s.  

The quality of casting was first examined through X-ray radiography 

in 1925 after which all military aircraft castings had to pass X-ray inspection 

for acceptance by 1940. The development of mathematical relationships 

between casting geometry and solidification time was established by 

Chvorinov in 1940. Also, statistical process control was started to use for 

casting quality control and assurance in 1940s in the United States. The 

research on binders resulted in first heat-reactive, chemically-cured binder 

in Germany in 1944 for rapid production of mortar and artillery shells during 

World War II. By 1948, ductile iron was not just limited to laboratory 

castings and started to use as a cast material in industrial applications. 

In order to increase the mold hardness (density), high pressure molding 

was experimented in 1950s. Hotbox system to prepare and cure the cores 

simultaneously was introduced in 1953 thereby eliminating the need of 

dielectric drying ovens. In mid 1950s, squeeze casting process originated 

from Russia. In addition to that a full mold process was developed in 1958, 

known as lost foam casting, where the pattern and gating systems were 

carved from expanded polystyrene (EPS) and placed into a green sand mold. 

During 1960s, Furan was developed as a binder to be used in core 

production. Also shell flake resin was introduced in 1963 and it eliminated 

the need for different solvents. In 1968, a new method called ñcold box 

processò was developed for mass production of cores in foundries. The late 

20th century i.e.  

1970-1999 brought more advancements to metal casting such as 

development of vacuum forming or the V-process method in 1971 to 

produce molds using unbonded sand by using vacuum. In 1974, Fiat 

developed an in-mold process for ductile iron treatment.  

During 1980s, it was started to investigate the casting processes 

computationally an example of which is the development and 

commercialization of a solidification software. In late 1980s, casting 

solidification software gained acceptance in foundries resulting in 

optimization of quality and cost of casting process in virtual reality. An 

important development during this period was 3D visualization techniques 
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followed by the rapid prototyping and CAD/CAM technologies in 1988 

which significantly reduced the time of tool development. 

Plasma ladle refining (melting and refining in one vessel) was 

introduced for the first time in 1993 at Maynard Steel Casting Company in 

Milwaukee, WI. In order to cast large components through lost foam 

castings, a low-expansion synthetic mullite sand is patented by Brunswick 

Corp. in 1994. Microstructure simulations in the mid 1990s enabled 

designers to analyze effects of metallurgy and predict and control 

mechanical properties of cast components.  

Cast metal matrix composites (MMCs) were used in automobile 

applications such as brake rotors for the first time in 1996. In the same year, 

General Motors Corp. developed a non-toxic and recyclable, water-soluble 

biopolymer-based core sand binder. Casting simulation developed further 

towards the end of 1990s by stress and distortion simulation. As a result, 

generation and distribution of residual stresses in the cast component could 

be well understood which allowed to control casting distortion, reduce 

residual stresses, minimize defects such as hot tears and cracking, minimize 

mold distortion and improve mold life.  

In 2001, a physics-based software was developed by NASA and 

Department of Energy/OIT capable of predicting the filling of EPS patterns 

and sand cores when process variable are changed.  

In 2016, a new approach was developed which emphasized on 

developing an accept/reject criteria for castings by integrating simulation 

with mechanical performance simulations. Integrated simulations are 

currently being researched with an aim to improve integrity and quality, 

which eventually result in reliable operation of cast parts in service. 

Today, nearly every mechanical device we use, from automobiles to 

washing machines are manufactured using metal parts that were created 

using the casting process. The difference between todayôs cast metal 

products and those that were manufactured even 100 years ago is the 

precision and tolerances that can be achieved through the computerized 

automated design process, and modern methods for producing the detailed 

cores and molds. Modern-day metal casting represents innovation at work. 

Throughout the centuries, various combinations of raw materials have 

been developed to produce various metal types. Some cast products are used 

in engines that require a high tolerance for heat and cold. Cast iron pipes 

must resist corrosion and high pressures. Other cast parts must be 

lightweight but durable. In many applications, parts are designed to allow 

for precise tolerance between expansion and contraction. 
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2. METAL CASTING AS A MANUFACTURING PROCESS  

 

Metal casting is the manufacturing process of forming metallic objects 

by melting metal, pouring it into the shaped cavity of a mold and allowing 

it to solidify. The process of casting involves the basic operations of pattern 

making, sand preparation, molding, melting of metal, pouring in molds, 

cooling, shake-out, fettling, heat-treatment finishing and inspection, 

performed on foundries. What can be found in todayôs foundry that creates 

castings? Similar to a factoryôs production line, the manufacturing chain is 

composed of nine primary sections: 

1. First, foundries melt metal to extremely hot temperatures. This 

requires heating raw metal and/or alloying elements into molten form so it 

can be poured into molds. In order to achieve these temperatures, specialized 

furnaces are used. Foundries may house different furnaces based on the type 

of material or casting process involved. 

2. Some metals discharge quantities of hydrogen during cooling. 

Hydrogen bubbles escape to the top of the surface at the moment of cooling 

and solidification. This will create porosity on the objectôs surface and lead 

to mechanical and chemical deterioration of the object over time. To combat 

this, a foundry will employ various types of "degassing" equipment to 

measure and regulate the amount of hydrogen present in the object. 

3. In order to create a casting from an original design, foundries require 

mold and pattern making equipment. Depending on the casting process 

involved, a foundry may offer several types of mold making systems. For 

example, sand casting requires specialized resin bonded sand molds. 

Investment casting requires the creation of wax patterns and ceramic molds. 

Die casting involves machining metals into molds using various alloys 

containing zinc, copper, lead, pewter, and more. 

4. In foundry operations molten metal is transported, contained, or 

poured. Crucibles, robotic arms, and gravity induced pouring machines are 

used to move molten metal from one location to another. Metal workers will 

also pour molten metal by hand using ladles. 

5. Once a mold solidifies, equipment is used to eject the final object 

from the mold. This requires the use of specialized cutting torches, saw 

blades, sledge hammers, or even knockout machinery to eject the casting 

from the mold. 
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6. Foundries also employ equipment used to heat treat metals in order 

to alter their physical properties. Using specific techniques in heating and 

cooling, a metalôs properties are manipulated through annealing, case 

hardening, tempering, and quenching. 

7. Once the casting is ready, its surface properties still require 

treatment. Excess mold media such as sand or metal particulate need to be 

removed. In this case, various surface treatments are used. This can include 

high powered compressed air or surface blasting with beads, metals, or other 

media. 

8. Now that the casting is clean, final finishing takes place. The 

finishing process involves equipment for grinding, sanding, machining, 

painting, and welding to achieve whatever is requested by the customer. 

Foundries are simply factories that provide steel casting services. 

Castings are the end product created by foundries. The tools, techniques, 

and processes used to make castings were berthed under the roof of the 

foundry. To this day, the pillars of our industry depend on foundries to create 

castings of all sizes and for every sector of our society. 

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 [13, 18].  

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.  

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.  

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 numbers 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.  
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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 

economically 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 processing. 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 produces 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. 

In comparison to other manufacturing processes like rolling, forging, 

welding, powder metallurgy, machining, pressing etc., the casting process 

has the following advantages:  

1. There is no restriction on the type of metal or alloy for casting 

operation. In other processes like forging only a few ductile materials can 

be formed whereas a brittle metal like cast iron cannot be manufactured. For 

example, high alloy steels of high-melting temperature to low-melting 

aluminium alloys.  

2. There is no restriction on the size of the component for casting. 

Items from a few grams to many tons weight are produced by casting 

process. There are severe problems in manufacturing larger parts by 

processes like powder-metallurgy, forging etc. For example, watch cases of 

few grams to rolling mill-housings, kiln-tyres of 50 tons each.  
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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. 

3. The most intricate external and internal shapes can be formed by 

casting process, by suitable molding and core-making techniques. No such 

possibility exists in the other forming methods as rolling. For example, 

automobile cylinder blocks, carburetors, valve bodies. 

4. Casting technology has progressed significantly, allowing products 

to be cast with very thin cross sections, often referred to as ñthin-wall-

castingò; such capabilities allow designers to reduce the casting weight that 

is often assumed necessary for production. 

5. 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. 

6. 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. 

7. 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. 

8. A wide range of properties can be obtained in cast-parts by suitable 

choice of alloy and heat-treatment. Special properties like corrosion 

resistance, heat resistance, damping capacity, high strength etc., are 

possible. 

9. Casting can be a low-cost, high-volume production process, where 

large numbers 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. 

10. The casting process is economically suitable for both small 

quantity jobbing production as well as mass production by automatic 

machines. In the other process like rolling or forging, it is difficult to have 

flexibility in production-run without increasing cost. 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 economically to meet 

the design criteria, especially with respect to strength and toughness. 
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11. The casting process is still the cheapest available technique for 

forming many components from raw materials to the final usable stage. So 

it remains the fundamental manufacturing process inspire of many 

developments in other fields. 

In some cases, the casting process may give way to other methods of 

metal processing. 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 produces 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. 

Casting process has the following disadvantages: 

1. Metal casting involves melting of metal which is a high energy 

consuming process. Due to the growing cost of energy, many restrictions 

are being imposed on the energy-intensive metal casting units in several 

countries. For example, about 2000 kWh of power is required to produce a 

ton of finished steel castings. 

2. Metal casting is still highly labour intensive compared to other 

processes. The productivity is thereby less than in other automatic processes 

like rolling. 

3. The quantum of raw materials required for producing a ton of 

castings is quite high, needing exhaustive buildings, handling systems, large 

space and inventory costs. For example, for producing each ton of steel 

castings about 2,2 tons of metallics, 0,3 ton refractories, 1,2 ton of facing 

sand, 4 tons of backing sand are needed apart from many other minor 

materials. 

4. The time required for the process of making castings starting from 

receipt of drawing is quite long compared to other processes like machining. 

On average, a medium-size ferrous casting takes 2 to 4 months for the first 

casting. Thus the entire cycle of order execution for castings can take 

between 3 months to one-and-a-half years depending on size, intricacy, 

composition, quantity to be cast, etc. 

5. The working condition in foundries, due to heat, dust, fumes, heaps 

of scrap, castings, and, slag etc. at different stages, are quite bad compared 

to other process industries. The environmental pollution is high in metal 

casting industries. This is leading to closure of foundries in advanced 

countries like Germany, Switzerland etc., both by governmental legislation 
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and by unpopularity as a profession. 

Despite this, the casting production is considered of the main factors 

influencing the development of world economy. Actual capacity of the 

worldôs casting production, which is higher than 91 millions metric tons per 

year (2020), is strongly diversified. The last decade brought significant 

changes in the Word map of the greatest casting producers. Globalization 

and transformation of economic systems is reflected by variations of 

foundry production in different countries, moreover the globalization of 

economy is regarded not only as a chance but also as a menace for the 

European foundries [24]. 

The most important research directions leading to further development 

of the foundry industry:  

- development of new technologies and casting alloys, 

- melting and liquid metal preparation, 

- manufacturing of molds and cores, 

- preparation of casting materials and composites, 

- pouring, solidifying and cooling of casting, 

- technological waste management, 

- new production systems and quality control, 

- sustainable development of foundry industry, 

- energy and material efficient technologies. 

European metal casting industry, just as most European and USA 

manufacturing, suffered greatly from the early in this decade. Moreover, 

substantial dynamics in the global economy, especially off-shore sourcing 

of cast metal components as well as the off-shore manufacturing of durable 

goods that require castings continue to profoundly reshape European metal 

casting industry. The effects of the recession were magnified by the influx 

of low-priced castings from off-shore sources including Brazil, India and 

particularly China. Nowadays it is becoming clear that economic trends and 

technological advances are creating an inflection point in the growth rate for 

cast metals components. The growth in the world economy demand for 

casting related to transportation and an industrialized infrastructure. Metal 

casters need to invest in technology and in people. A meaningful 

improvements in casting design, modeling, prototyping and production will 

be of the highest importance if foundries want to achieve increasing the 

capabilities and lower costs.  
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Finally foundries need to invest in people. The knowledge and skills 

needed to keep pace are changing even faster than the technology. Over the 

next 50 years, new skills will need to be developed every three to five years. 

Ongoing training and education will be a must for successful foundries. 

These five trends are important for foundries in 2020. 

Aluminum is displacing classic steel, the shortage of skilled workers 

is to be compensated for by progressive automation, and environmental 

protection is increasingly becoming a priority - this is only a small part of 

the topics that will dominate the foundry industry this year and in the years 

to come. We present you with five trends that you should keep an eye on 

this year. 

1. Aluminum instead of steel. 

Ever more products are produced with the material aluminum. There 

are numerous reasons for this: The automotive industry is just as pleased as 

the avionics sector when it comes to lighter components. However, the 

stability of aluminum is also a major factor. In mechanical engineering, this 

material is also used for mechanically demanding tasks. 

In 2019, approximately six per cent more aluminum was produced 

than in the previous year. The higher price of the material becomes an ever 

smaller argument against this metal: The price of the finished product 

decreases due to advanced manufacturing methods and state-of-the-art 

machinery. Raw material prices have been comparatively high for years, but 

they are not affected by as many fluctuations as metal. 

2. Automation due to lack of skilled workers. 

Fewer and fewer people are working in the foundry industry. Harsh 

working conditions and falling training figures suggest further declines. In 

order to remain competitive, companies rely on semi-automated or 

completely autonomous systems to maintain or even increase their 

production. 

By no means does this lead to further job cuts. Quite the opposite: 

Employees are able to invest more time in designing or testing instead of 

pressing buttons on machines, transporting raw materials or filling molten 

metal at high risk. At the same time, this increases the interest of younger 

generations to get involved in the design or the development of the foundry 

industry. 

 

3. Digitization and Industry 4.0. 
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Sensors, linked machines and smart controls have no fear for the 

foundry either: Numerous production sites are already centrally connected. 

Not only foundries, but also customers and potential clients benefit from the 

data. Processes can be optimized with big data and possible bottlenecks and 

errors in the system can be detected at an early stage. Manual adjustments 

in the operating procedure are less necessary. 

New technologies like virtual reality help companies to present 

themselves to the outside world. Thus, a virtual tour of the production halls 

becomes possible for everyone. Safety concerns are no longer necessary - 

furthermore, a presentation of the company is possible everywhere. Thanks 

to augmented reality, technicians can easily adjust or repair machines with 

a superimposed virtual image. Also virtual learning becomes easier with the 

new technologies. Meanwhile, numerous CAD programmers can also be 

used by way of 3D glasses to make prototyping more efficient. 

4. Environmental protection and eco metals. 

Foundries are considered to be amongst the most energy-hungry 

industries in Germany. A study by the Federal Environment Agency proves 

that the majority of foundries could get their energy requirements from 

renewable energies. For this, however, energy storage devices are necessary 

that can meet the enormous requirements for continuous day-night 

operation. 

Through the use of more efficient casting molds, fewer raw materials 

are required, which also do not need to be transported. The energy 

requirement can be further reduced by using more efficient furnaces in order 

to make the entire production process more environmentally friendly. 

5. Additive manufacturing. 

Particularly for smaller cast products, things could change soon: More 

and more 3D printers are managing to deal with metals. Selective laser 

sintering (SLS) applies metal layer by layer in order to produce small 

components cost-effectively, quickly and more accurately than with 

conventional processes. Depending on the individual application, additive 

manufacturing offers various sizes ranging from half a cubic meter to entire 

warehouses that can be converted. 

The innovative technology is already being used in projects that 

require only a small quantity of the final product. Structures, which would 

not be possible in normal casting, pose no problem for additive 

manufacturing either. For large quantities and parts with larger dimensions, 

not much will change for the time being. 

https://www.bmu.de/fileadmin/Daten_BMU/Pools/Forschungsdatenbank/fkz_3712_44_347_erneuerbare_energien_bf.pdf
https://www.eseexpo.de/
https://www.gifa.com/cgi-bin/md_gmtn/lib/pub/tt.cgi/Additive_manufacturing_Cheaper_faster_better.html?oid=318716&lang=2&ticket=g_u_e_s_t&_ga=2.222948888.2025285605.1548022169-618352536.1544440011
https://www.gifa.com/cgi-bin/md_gmtn/lib/pub/tt.cgi/Additive_manufacturing_Cheaper_faster_better.html?oid=318716&lang=2&ticket=g_u_e_s_t&_ga=2.222948888.2025285605.1548022169-618352536.1544440011
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The structure of the modern foundry industry is complex. Directly 

related to the traditional industry are the jobbing foundries with their 

capacity for undertaking work involving a wide range of sizes and designs. 

Quantity requirements are usually small and there is still some dependence 

on manual operations even though much of the heavy labor is removed by 

mechanical aids. At the opposite end of the scale are the specialized 

foundries, with their emphasis either on the mass production of a limited 

range of articles or on the use of a single special casting process. Many such 

foundries are captive to engineering organizations which incorporate 

castings in their own finished products.  

The jobbing foundry is constantly presented with new problems in the 

molding of individual design features and in the determination of casting 

methods which will ensure a sound product at the first attempt. Whilst some 

minor design variations can be accommodated by recourse to the skill of the 

molder, the casting method must either be systematically evolved from an 

understanding of the underlying principles or must incorporate wide 

margins of safety at the risk of uneconomic production. This is where the 

introduction of computer simulation can save both costs and time by 

validating the intended casting method before any molten metal is actually 

poured.  

In the mass production foundry, by contrast, the emphasis is upon 

close process control to maintain consistency in materials and procedures. 

Sophisticated pattern equipment eliminates the need for a high degree of 

skill in molding, whilst there is opportunity for progressive development of 

the casting method to reduce margins and achieve the most economic 

production.  

This picture of the industry is necessarily simplified since many 

companies operate in several fields, with jobbing and mass production, 

conventional and highly specialized processes operating in parallel. 

Similarly, although most foundries base their activities on a limited range of 

alloys, for example grey cast iron or steel, copper base or die casting alloys, 

other firms produce several of these materials side by side. 
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3. METALS AND ALLOYS USED IN METAL  CASTING 

 

Different cast parts have different requirements. For example, some 

need to be as strong as possible, while others need to be as light as possible. 

The right metal for one part might not be the right metal for another, so it's 

important to know options before using cast parts. To get started, here is an 

overview of the eight most common metals used in manufacturing today: 

gray iron, white iron, ductile iron, stainless steel, carbon steel, copper-dazed 

alloy, nickel-based alloy, aluminum alloy. 

Gray iron. Depending on the class of gray iron, different levels of 

machinability and strength can be achieved. Softer, more machinable gray 

iron can have tensile strengths as low as 20,000 psi. Tougher, less 

machinable iron can have tensile strengths triple that. 

White iron is known for its excellent wear resistance. Some white irons 

have high levels of chromium or other alloys for increased performance of 

high-temperature service, or for corrosion resistance. 

Ductile iron also ranges in strength, and has a higher level of tensile 

strength than gray iron. This wide range of strengths allows ductile iron to 

serve a wide variety of markets. 

Stainless steel is the classification of steel that contains a chromium 

content of 10.5% or higher. Itôs best known for its corrosion resistance, but 

also provides a high level of toughness. Higher levels of corrosion resistance 

can be reached using higher levels of chromium and molybdenum. 

Drawbacks to stainless steel include its lower level of machinability and 

medium tensile strength. These properties make stainless steel a great option 

for parts in oxidizing or corrosive environments. 

Carbon steel has virtually no alloying elements. As a result, carbon 

steel offers very high level of machinability and weldability, while 

maintaining a high level of toughness. 

Alloy steel is created by adding elements to carbon steel. These 

elements can include: manganese, nickel, molybdenum, silicon, vanadium, 

chromium, boron and titanium. Alloy steels have improved tensile strength, 

hardness and wear resistance, but sacrifice some weldability and toughness. 

Copper-based alloys, in general, have a high level of corrosion 

resistance which can make these metals a great choice for long-term cost 

efficiency. Apart from that, the properties are dependent on what other 

https://blog.eaglegroupmanufacturers.com/introduction-to-metalcasting
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elements are in the end combination. One of the most popular copper-based 

alloys is brass, which is a made up of copper and zinc as well as bronze ï

which is itself an alloy, generally made up of copper and tin and/or lead. 

Nickel-based alloys have excellent corrosion resistance. Nickel is 

often coupled with copper, chromium, zinc, iron, and manganese to achieve 

different properties. The right combinations can have the tensile strength of 

carbon steel with good ductility and wear resistance. Alloys containing high 

levels of nickel are often used in chemical handling equipment. 

Aluminum alloy, a popular choice in die casting, is a very castable 

alloy. Other great qualities of aluminum are its high level of machinability, 

which can reduce costs, and its high level of corrosion resistance, which 

allows aluminum to have a wide range of applications. 

The following chart (Table 2) offers a comparison of characteristics of 

different alloys, including corrosion resistance, machinability, price, tensile 

strength, hardness, weldability, wear resistance and toughness. 
 

Table 2 ï Casting metal comparison chart 
 

Characte-

ristic 

Gray 

iron 

White 

iron 

Ducti-

le iron 

Stain-

less 

steel 

Alloy 

steel 

Carbon 

steel 

Copper 

based 

alloy 

Nickel 

based 

alloy 

Alumi-

num 

Corrosion 

resistance 

very 

low 

very 

low 

very 

low 
high low low high 

very 

high 

medi-

um 

Machina-

bility  

very 

high 
high high low 

medi-

um 

medi-

um 
high low high 

Price 
very 

low 

very 

low 

very 

low 
high 

medi-

um 
low 

very 

high 

very 

high 

medi-

um 

Tensile 

strength 

medi-

um 

very 

high 

medi-

um 

very 

low 
high 

medi-

um 
low 

medi-

um 
low 

Hardness high 
very 

low 
high low high 

medi-

um 
low 

mediu

m 

very 

low 

Weld-

ability 

very 

low 

very 

high 

very 

low 

medi-

um 
low 

very 

high 

very 

high 
low 

medi-

um 

Wear 

resistance 
high 

very 

low 

medi-

um 

very 

low 
high 

medi-

um 
low low low 

Tough-

ness 

very 

low 

very 

low 

very 

low 

very 

high 
low high 

medi-

um 
high 

medi-

um 
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4. FUNDAMENTALS OF METAL CASTING  
4.1. Metal casting basics: molds, patterns, cores and gating and 

elements of a gating system 

 

A mold is formed into the geometric shape of a desired part. Molten 

metal is then poured into the mold, the mold holds this material in shape as 

it solidifies. A metal casting is created. Although this seems rather simple, 

the manufacturing process of metal casting is both a science and an art. Let's 

begin our study of metal casting with the mold. First, molds can be classified 

as either open or closed. An open mold is a container, like a cup, that has 

only the shape of the desired part. The molten material is poured directly 

into the mold cavity which is exposed to the open environment. 

 

 

 

Figure 4 - Open mold 

 

This type of mold is rarely used in manufacturing production, 

particularly for metal castings of any level of quality. The other type of mold 

is a closed mold, it contains a delivery system for the molten material to 

reach the mold cavity, where the part will harden within the mold. A very 

simple closed mold is shown in Figure 5. The closed mold is, by far, more 

important in manufacturing metal casting operations. 

There are many different metal casting processes used in the 

manufacture of parts. Two main branches of methods can be distinguished 

by the basic nature of the mold they employ. There is expendable mold 

casting and permanent mold casting. As the name implies, expendable 

molds are used for only one metal casting while permanent molds are used 

for many. When considering manufacturing processes, there are advantages 

and disadvantages to both. 

Molten metal                                    Main cavity 

Flask                                  Mold material 
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Figure 5 - Closed mold 

 

        Expendable mold 
¶ Can produce one metal casting 

only. 

¶ Made of sand, plaster, or other 

similar material. 

¶ Binders used to help material 

hold its form. 

¶ Mold that metal solidifies in 

must be destroyed to remove 

casting. 

¶ More intricate geometries are 

possible for casting. 

         Permanent mold 
¶ Can manufacture many metal 

castings. 

¶ Usually made of metal or 

sometimes a refractory 

ceramic. 

¶ Mold has sections that can 

open or close, permitting 

removal of the casting. 

¶ Need to open mold limits part 

shapes. 

 

Patterns. 

Expendable molds require some sort of pattern. The interior cavities 

of the mold, in which the molten metal will solidify, are formed by the 

impression of this pattern. Pattern design is crucial to success in 

manufacture by expendable mold metal casting. The pattern is a geometric 

replica of the metal casting to be produced. It is made slightly oversize to 

compensate for the shrinkage that will occur in the metal during the casting's 

solidification, and whatever amount of material that will be machined off 

the cast part afterwards. Although machining will add an extra process to 

    Pouring Cup            Molten Metal       Main Cavity 

      Flask                                              Mold Material       Flask                                              Mold Material 
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the manufacture of a part, machining can improve surface finish and part 

dimensions considerably. Also, increasing the machine finish allowance 

will help compensate for unknown variables in shrinkage, and reduce 

trouble from areas of the metal casting that may have been originally too 

thin or intricate. 

 

Pattern material. 

The material from which the pattern is made is dependent upon the 

type of mold and metal casting process, the casting's geometry and size, the 

dimensional accuracy required, and the number of metal castings to be 

manufactured using the pattern. Patterns can be made from wood, like pine 

(softwood), or mahogany (hardwood), various metal, like aluminum, cast 

iron, or steel. In most manufacturing operations, patterns will be coated with 

aparting agent to ease their removal from the mold. 

 

Cores. 

For metal castings with internal geometry cores are used. A core is a 

replica, (actually an inverse), of the internal features of the part to be cast. 

Like a pattern, the size of the core is designed to accommodate for shrinkage 

during the metal casting operation. Unlike a pattern, a core remains in the 

mold while the metal is being poured. Hence, a core is usually made of a 

similar material as the mold. Once the metal casting has hardened, the core 

is broken up and removed much like the mold. Depending upon the location 

and geometry of the core within the casting, it may require that it is 

supported during the operation to prevent it from moving or shifting. 

Structural supports that hold the core in place are called chaplets. The 

chaplets are made of a material with a higher melting temperature than the 

casting's material, and become assimilated into the part when it hardens. 

Note that when manufacturing a metal casting with a permanent mold 

process, the core will be a part of the mold itself. 

 

The mold. 

A typical mold is shown in Figure 6. 

When manufacturing by metal casting, consideration of the mold is 

essential. The pattern is placed in the mold and the mold material is packed 

around it. The mold contains two parts, the drag (bottom), and the cope 

(top).  

The parting line between the cope and drag allows for the mold to be 

opened and the pattern to be removed once the impression has been made. 
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Figure 6 - Typical mold 

 

 

 

 

Figure 7 - Elements of the mold in manufacturing  

by metal casting 

 

The core is placed in the metal casting after the removal of the pattern. 

Figure 8 shows the pattern impression with the core in place. 

Now the impression in the mold contains all the geometry of the part 

to be cast. This metal casting setup, however, is not complete. In order for 

this mold to be functional to manufacture a casting, in addition to the 

impression of the part, the mold cavity will also need to include a gating 

system. Sometimes the gating system will be cut by hand or in more adept 

manufacturing procedures, the gating system will be incorporated into the 

pattern along with the part. Basically, a gating system functions during the 

metal casting operation to facilitate the flow of the molten material into the 

mold cavity. 

Cope 

Mold Material 

Pattern 

Drag 

 

Cope                               Pattern 

 

  Drag                                                       Parting line 
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Figure 8 - Pattern impression with the core in place 

 

Elements of a gating system. 

Pouring basin. 

This is where the molten metal employed to manufacture the part 

enters the mold. The pouring basin should have a projection with a radius 

around it to reduce turbulence. 

 

Down sprue. 

From the pouring basin, the molten metal for the casting travels 

through the down sprue. This should be tapered so its cross-section is 

reduced as it goes downward. 

 

Sprue base. 

The down sprue ends at the sprue base. It is here that the casting's inner 

cavity begins. 

 

Ingate/choke area. 

Once at the sprue base, the molten material must pass through the 

ingate in order to enter the inner area of the mold. The ingate is very 

important for flow regulation during the metal casting operation. 

 

Runners. 

Runners are passages that distribute the liquid metal to the different 

areas inside the mold. 

Cope                                                 Pattern 

 

     Drag                Part impression      Chaplet               Core 
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Main cavity. 

The impression of the actual part to be cast is often referred to as the 

main cavity. 

 

Vents: 

Vents help to assist in the escape of gases that are expelled from the 

molten metal during the solidification phase of the metal casting process. 

 

Risers. 

Risers are reservoirs of molten material. They feed this material to 

sections of the mold to compensate for shrinkage as the casting solidifies. 

There are different classifications for risers. 

 

Top risers: Risers that feed the metal casting from the top.  

 

Side risers: Risers that feed the metal casting from the side. 

 

Blind risers:  Risers that are completely contained within the mold.  

 

Open risers: Risers that are open at the top to the outside environment.  

 

 

Figure 9 - Gating system for casting 
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Functional requirements of molding materials. 

A foundry molding mixture passes through four main production 

stages, namely preparation and distribution, mold and core production, 

casting, and cleaning and reclamation. The property requirements of the 

materials are determined by molding and casting conditions; the preparation 

and reclamation stages will, however, also be considered, with particular 

reference to integrated sand systems.  

The principal properties required at the molding stage are flowability 

and green strength: the former is a measure of the ability of the material to 

be compacted to a uniform density. The ideal balance of these properties 

depends largely upon the intended method of compaction, which may vary 

from hand ramming with tools to jolt, squeeze and impact ramming on 

molding machines and high velocity delivery on sand slingers and core 

blowers. High flowability is particularly necessary in the case of the non-

selective ramming action of the molding machine, where the energy for 

compaction must be transmitted throughout the sand mass.  

The need for green strength arises when the pattern is withdrawn and 

the mold must retain shape independently without distortion or collapse. The 

stress to which the molding material is subjected at this stage depends upon 

the degree of support from box bars, lifters and core irons and upon the 

shape and dimensions of the compact: less green strength is needed for a 

shallow core supported on a core plate or carrier than for a cod of sand 

forming a deep mold projection.  

In many cases, however, dimensional stability and high accuracy may 

be achieved without the need for appreciable green strength, as when the 

mold or core is hardened in contact with the pattern surface, a common 

circumstance when modern bonding systems are employed.  

Moving to the pouring stage, many molds are cast in the green state, 

but others, including most of those for heavy castings, are hardened to 

generate greater rigidity under the pressure and erosive forces of the liquid 

metal. This state was formerly achieved by the high temperature drying of 

clay bonded sands or the baking of traditional cores ands, but this has been 

largely superseded by the chemical hardening of sands containing reactive 

binders of the modern organic and silicate types. At this stage, therefore, dry 

strength i.e. strength in the hardened or dried condition is significant; even 

in greensand practice dry strength is required, to avoid friability should the 

mold partially dry out during standing before casting.  

The other main requirement at the casting stage is for refractoriness, 

or the ability of the mold material to withstand high temperatures without 
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fusion or other physical change. This property is primarily important in the 

manufacture of high melting point alloys, especially steel; for alloys of 

lower melting point, refractoriness can be subordinated to other 

requirements. In the production of very heavy castings, a considerable layer 

of molding material rises to a temperature at which normal mechanical 

properties are no longer the main criterion governing dimensional stability 

and resistance to contraction. Depending upon the mass of the casting, the 

sand may require an appropriate combination of high temperature 

properties, including hot strength to withstand distortion and the capacity 

for deformation to yield to the contraction of the casting. Collapsibility 

determines the readiness with which the molding material will break down 

in knockout and cleaning operations.  

A further feature of the casting stage is the gas evolved and displaced 

from the mold. Much of this can be exhausted through open feeder heads 

and vents, but a large volume must also be dissipated through the pore 

spaces of the sand. This problem is greatest for greensands and core sands. 

The evaporation of each 1% of moisture from green molding sand can be 

shown to generate over 30 times its own volume of steam; this is paralleled 

in other types of sand by gases from volatilization and decomposition of 

organic compounds. To provide a path for the escape of gas, permeability is 

an essential property, giving protection against surface blows and similar 

defects. Fineness is required for the prevention of metal penetration and the 

production of smooth casting surfaces. Since both permeability and fineness 

are functions of grain size and distribution, the two properties are in conflict 

and a compromise is usually necessary. 

Fineness may be achieved by using fine grained sands, by continuous 

grading or by the incorporation of filler materials, but all these measures 

also reduce permeability. An alternative approach is to use a highly 

permeable molding material and to obtain surface fineness by the use of 

mold coatings.  

Molding materials need certain further qualities which are not 

necessarily measurable by standard tests. Examples are bench life, the 

ability to retain molding properties on standing or storage, and durability, 

the capacity to withstand repeated cycles of heating and cooling in 

integrated sand systems. It is thus evident that the qualities required in a 

molding material cannot readily be defined in terms of simple physical 

properties.  

For complex aggregates bulk properties are of greater significance and 

some of these can be measured directly by simple tests upon sand compacts. 
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Other qualities are represented in specially developed empirical tests 

designed to reproduce conditions encountered in the foundry. These tests, 

in conjunction with the direct measurement of more fundamental 

characteristics such as mechanical grading and chemical composition, 

provide the basis for the control and development of molding material 

properties. 

Many castings, including most of those made by machine molding, are 

cast in greensand molds, and the introduction of high pressure molding 

machines enabled even castings in the tonnage weight range to be produced 

to acceptable quality standards. There are strong economic incentives to use 

this low cost system, but hardened molds are preferred in many cases, 

particularly for heavier castings. 

 

Bonding materials. 

The function of the binder is to produce cohesion between the 

refractory grains in the green or hardened state. Since bonding materials are 

not highly refractory, the required strength must be obtained with the 

minimum possible addition.  

Many substances possess bonding qualities, including clays, starch 

compounds, silicates and numerous organic resins and oils, both synthetic 

and natural: they may be used singly or in combination. Clay bonded sands 

are distinguished by the fact that they can be recirculated in closed systems 

and the bond regenerated by the addition of water; the action of most other 

binders is irreversible and the molding material has to be discarded after a 

single production cycle, although it is normally reclaimed at least in part for 

further use after suitable treatment. 
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4.2. The metal casting operation. 

Pouring, fluidity, risers, shrinkage and other defects 
 

In the previous section the fundamentals of the metal casting process, 

as the basic starting point for metal fabrication and part manufacture, were 

covered. Setup and design of a system to perform a casting operation was 

explained. Main topics were molds, patterns, cores, and the elements of a 

gating system. In this section we will explain the operation itself. We will 

begin by assuming that there is a mold with a proper gating system in place 

and prepared for the metal casting operation.  
 

Pouring of the metal. 

When manufacturing by metal casting, pouring refers to the process 

by which the molten metal is delivered into the mold. It involves its flow 

through the gating system and into the main cavity (casting itself).  
 

Goal. Metal must flow into all regions of the mold, particularly the 

casting's main cavity, before solidifying. 
 

Factors of pouring. 

Pouring temperature. 

Pouring temperature refers to the initial temperature of the molten 

metal used for the casting as it is poured into the mold. This temperature 

will obviously be higher than the solidification temperature of the metal. 

The difference between the solidification temperature and the pouring 

temperature of the metal is called the superheat.  
 

 

 

Figure 10 - Allocating temperatures 
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Pouring rate. 

Volumetric rate in which the liquid metal is introduced into the mold. 

Pouring rate needs to be carefully controlled during the metal casting 

operation, since it has certain effects on the manufacture of the part. If the 

pouring rate is too fast, then turbulence can result. If it is too slow, the metal 

may begin to solidify before filling the mold.  

 

Turbulence. 

Turbulence is inconsistent and irregular variations in the speed and 

direction of flow throughout the liquid metal as it travels though the casting. 

The random impacts caused by turbulence, amplified by the high density of 

liquid metal, can cause mold erosion. An undesirable effect in the 

manufacturing process of metal casting, mold erosion is the wearing away 

of the internal surface of the mold.  

It is particularly detrimental if it occurs in the main cavity, since this 

will change the shape of the casting itself. Turbulence is also bad because it 

can increase the formation of metal oxides which may become entrapped, 

creating porosity in the solid casting. 

 

Fluidity.  

Pouring is a key element in the manufacturing process of metal casting 

and the main goal of pouring is to get metal to flow into all regions of the 

mold before solidifying. The properties of the melt in a casting process are 

very important. The ability of a particular casting melt to flow into a mold 

before freezing is crucial in the consideration of metal casting techniques. 

This ability is termed the liquid metals fluidity.  

 

Test for fluidity.  

In manufacturing practice, the relative fluidity of a certain metal 

casting melt can be quantified by the use of a spiral mold. The geometry of 

the spiral mold acts to limit the flow of liquid metal through the length of its 

spiral cavity. The more fluidity possessed by the molten metal, the farther 

into the spiral it will be able to flow before hardening. The maximum point 

the metal reaches upon the casting's solidification may be indexed as that 

melts relative fluidity.  
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Figure 11 - Spiral mold test 

 

How to increase fluidity in metal casting? 

 

Increase the superheat. If a melt is at a higher temperature relative to 

its freezing point, it will remain in the liquid state longer throughout the 

metal casting operation, and hence its fluidity will increase. However, there 

are disadvantages to manufacturing a metal casting with an increased 

superheat. It will increase the melts likelihood to saturate gases, and the 

formation of oxides. It will also increase the molten metals ability to 

penetrate into the surface of the mold material. 

 

Choose an eutectic alloy, or pure metal. 

When selecting a manufacturing material, consider that metals that 

freeze at a constant temperature have a higher fluidity. Since most alloys 

freeze over a temperature range, they will develop solid portions that will 

interfere with the flow of the still liquid portions, as the freezing of the metal 

casting occurs. 

 

Choose a metal with a higher heat of fusion. Heat of fusion is the 

amount of energy involved in the liquid-solid phase change. With a higher 

heat of fusion, the solidification of the metal casting will take longer and 

fluidity will be increased. 
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Shrinkage. 

Most materials are less dense in their liquid state than in their solid 

state, and more dense at lower temperatures in general. Due to this nature, a 

metal casting undergoing solidification will tend to decrease in volume. 

During the manufacture of a part by casting this decrease in volume is 

termed shrinkage. Shrinkage of the casting metal occurs in three stages:  

 

1. Decreased volume of the liquid as it goes from the pouring 

temperature to the freezing temperature. 

 

 
 

Figure 12 - The first stage 

 

2. Decreased volume of the material due to solidification.  

 

 

 
 

Figure 13 - The second stage 
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3. Decreased volume of the material as it goes from freezing 

temperature to room temperature.  

 

 
 

Figure 14 - The third stage 

 

Risers. 

When designing a setup for manufacturing a part by metal casting, 

risers are almost always employed. As the metal casting begins to 

experience shrinkage, the mold will need additional material to compensate 

for the decrease in volume. This can be accomplished by the employment 

of risers. Risers are an important component in the casting's gating system. 

Risers, (sometimes called feeders), serve to contain additional molten metal. 

During the metal's solidification process, these reservoirs feed extra material 

into the casting as shrinkage is occurring.  

Thus, supplying it with an adequate amount of liquid metal. A 

successful riser will remain molten until after the metal casting solidifies. In 

order to reduce premature solidification of sections within the riser, in many 

manufacturing operations, the tops of open risers may be covered with an 

insulating compound, (such as a refractory ceramic), or an exothermic 

mixture.  

 

Porosity. 

One of the biggest problems caused by shrinkage, during the 

manufacture of a cast part, is porosity. It happens at different sites within 

the material, when liquid metal can not reach sections of the metal casting 

where solidification is occurring. As the isolated liquid metal shrinks, a 

porous or vacant region develops. 
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Figure 15 - Types of risers 
 

Development of these regions can be prevented during the 

manufacturing operation, by strategically planning the flow of the liquid 

metal into the casting through good mold design, and by the employment of 

directional solidification. These techniques will be covered in detail in the 

gating system and mold design section. Note that gases trapped within the 

molten metal can also be a cause of porosity. The effects of gases while 

manufacturing parts by metal casting will be discussed in the gases section. 

Although proper metal casting methods can help mitigate the effects of 

shrinkage, some shrinkage, (like that which occurs in the cooling of the 

work metal from the top of the solid state to room temperature), can not be 

avoided. Therefore, the impression from which the metal casting is made is 

calculated oversized to the actual part, and the thermal expansion properties 

of the material used to manufacture the part will be necessary to include in 

the calculation. 
 

Other defects. 

The formation of vacancies within the work material due to shrinkage 

is a primary concern in the metal casting process. There are numerous other 

defects that may occur, falling into various categories.  
 

Metal projections. 

The category of metal projections includes all unwanted material 

projected from the surface of the part. The projections could be small, 

creating rough surfaces on the manufactured part, or be gross protrusions.  
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Cavities. 

Any cavities in the material, angular or rounded, internal or exposed, 

fit into this category. Cavities as a defect of metal casting shrinkage or gases 

would be included here.  

 

Discontinuities. 

Cracks, tearing, and cold shuts in the part qualify as discontinuities. 

Tearing occurs when the metal casting is unable to shrink naturally and a 

point of high tensile stress is formed. This could occur, for example, in a 

thin wall connecting two heavy sections. Cold shuts happen when two 

relatively cold streams of molten metal meet in the pouring of the casting. 

The surface at the location where they meet does not fuse together 

completely resulting in a cold shut. 

 

Defective surface. 

Defects effecting the surface of the manufactured part. Blows, scabs, 

laps, folds, scars, blisters, etc. 

 

Incomplete casting. 

Sections of the metal casting did not form. In a manufacturing process 

causes for incomplete metal castings could be; insufficient amount of 

material poured, loss of metal from mold, insufficient fluidity in molten 

material, cross section within casting's mold cavity is too small, pouring was 

done too slowly, or pouring temperature was too low. 

 

Incorrect dimensions or shape. 

The metal casting is geometrically incorrect. This could be due to 

unpredicted contractions in the part during solidification. A warped casting. 

Shrinkage of the metal casting may have been miscalculated. There may 

have been problems with the manufacture of the pattern. 

 

Inclusions. 

Unwanted particles contained within the material act as stress raisers, 

compromising the casting's strength. During the manufacturing process, 

interaction of the molten metal with the environment, such as the mold 

surfaces and the outside atmosphere, (chemical reactions with oxygen in 

particular), can cause inclusions within a metal casting. As with most casting 

defects, good mold maintenance and process design is important in their 

control.  
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4.3. Gases in metal casting. 

Gases during the manufacture of a casting 

 

The molten metal used during the casting process may trap and contain 

gases. There are various reasons that gases are absorbed into the metal melt 

during manufacture. Turbulent flow of the casting material through the 

system may cause it to trap gas from the air. Gases may be trapped from 

material or the atmosphere in the crucible when the melt is being prepared. 

Gases may be trapped from reactions between the molten metal and the 

mold material. 

Since liquid metal has a much higher solubility than solid metal, as the 

casting solidifies these gases are expelled. If they can not escape they may 

form vacancies in the material, causing porosity in the metal casting. 

Whether a vacancy in a cast material is a result of gases or shrinkage 

is sometimes hard to tell. If the vacancies are spherical and smooth they are 

most likely a result of gases. Angular and rough vacancies are most likely a 

result of shrinkage. Gross absences of material within the metal casting are 

a result of shrinkage. 

 

Prevention of gas defects when manufacturing a part by casting: 

¶ Gases being expelled by the material during solidification can be 

eliminated by a proper venting system in the mold. This can be planned out 

during the manufacturing design phase of the metal casting process. 

¶ Mitigating the amount of turbulence in the fluid flow will reduce 

gas absorption into the metal. 

¶ Removal of slag will help eliminate gases and other impurities in 

the casting. 

¶ Gases may be removed by flushing a metal melt with inert gas. 

¶ Elimination of gases may also be accomplished by pouring the 

metal casting in a vacuum. 

 

Material selection. 

The selection of proper materials is important in the design of a metal 

casting process. Here are a few things to remember when selecting 

manufacturing materials. 

1. Metals may react a certain way with other materials they encounter 

during the casting process. This should always be a consideration. For 

example, liquid aluminum will react readily with iron. Iron ladles and 

http://thelibraryofmanufacturing.com/metalcasting_operation.html#turbulence
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surfaces contacting the molten aluminum can be covered with a spray on 

ceramic coating to prevent this. 

2. When selecting a type of manufacturing process, remember that 

some materials may be more applicable to different metal casting techniques 

than others. 

3. Knowing the specific heat of the mold and that of the metal used 

for the casting will be influential in controlling the thermal gradients in the 

system. 

4. Section of casting metal will factor heavily on the melt's fluidity . 

5. A material with a high heat of fusion will take longer to solidify 

and may improve flow characteristics within the casting. 

6. When manufacturing a casting with a metal alloy that freezes over 

a temperature range, problems may occur due to the solid phase interfering 

with the liquid phase, both of which will be present within the temperature 

range. To help reduce this problem, a metal alloy with a shorter 

solidification temperature range may be selected to manufacture the casting. 

Or select a mold material with a high thermal conductivity, which could 

reduce the time spent in the solidification range by increasing the cooling 

rate. 
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4.4. Metal casting design. 

Mold and gating system design, directional solidification, and 

troubleshooting 

 

In the previous sections we discussed the fundamental aspects of 

manufacturing parts by metal casting. We covered the creation of patterns, 

and the setup of the mold and gating system. Also we discussed the metal 

casting operation itself, including the pouring of the molten material into the 

mold, the elements and functions of the different parts of the mold during 

the manufacture of the cast part, and the problems and possible defects 

encountered during the employment of the manufacturing process of metal 

casting. In this section we will examine the specifics of good mold and 

gating system design in order to manufacture higher quality metal castings 

and minimize defects that may occur during the casting process. This section 

will be useful to those designing a system to manufacture a part by metal 

casting, or to help as a troubleshooting guide for improvement upon an 

existing system. 

 

Gating system and mold design. 

When selecting to manufacture a part by casting one must consider the 

material properties and possible defects that this manufacturing process 

produces. The primary way to control metal casting defects is through good 

mold design considerations in the creation of the casting's mold and gating 

system. The key is to design a system that promotes directional 

solidification. Directional solidification, in casting manufacture, means that 

the material will solidify in a manner that we plan, usually as uniformly as 

possible with the areas farthest away from the supply of molten metal 

solidifying first and then progressing towards the risers. The solidification 

of the casting must be such that there is never any solid areas that will cut 

off the flow of liquid material to unsolidified areas creating isolated regions 

that result in vacancies within the casting's material, as discussed in the 

Metal Casting Operation section and shown in Figure 16. 

It is important to create an effective manufacturing process. Gating 

system design is crucial in controlling the rate and turbulence in the molten 

metal being poured, the flow of liquid metal through the gating system, and 

the temperature gradient within the metal casting.  

Hence a good gating system will create directional solidification 

throughout the casting, since the flow of molten material and temperature 

gradient will determine how the metal casting solidifies. 

http://thelibraryofmanufacturing.com/metalcasting_operation.html
http://thelibraryofmanufacturing.com/metalcasting_operation.html#fig14
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When designing a mold for a metal casting or trying to fix or improve 

upon and existing design you may want to consider the following areas. 

 

 
 

Figure 16 - Liquid and solid areas of material 

 

Insure that you have adequate material. 

This may seem very obvious, but in the manufacturing of parts many 

incomplete castings have been a result of insufficient material. Make sure 

that that you calculate for the volume of all the areas of your casting, 

accounting for shrinkage.  

 

Consider the superheat. 

Increasing the superheat, (temperature difference between the metal at 

pouring and freezing), as mentioned previously can increase fluidity of the 

material for the casting, which can assist with its flow into the mold.  

This causes a compromise to the manufacturing process. Increasing 

the superheat has problems associated with it, such as increased gas 

porosity, increased oxide formation, and mold penetration.  

 

Insulate risers. 

Since the riser is the reservoir of molten material for the casting, it 

should be last to solidify. Insulating the top as mentioned earlier, shown in 

figure 13, will greatly reduce cooling in the risers from the steep temperature 

gradient between the liquid metal of the casting, and the room temperature 

air.  
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Consider V/A ratios. 

In casting manufacture, V/A ratio stands for volume to surface area or 

mathematically (volume/surface area). When solidification of a casting 

begins a thin skin of solid metal is first formed on the surface between the 

casting and the mold wall. As solidification continues the thickness of this 

skin increases towards the center of the liquid mass.  

Sections in the casting with low volume to surface area will solidify 

faster than sections with higher volume to surface area. When 

manufacturing a part by metal casting consideration of the of V/A ratios is 

critical in avoiding premature solidification of the casting and the formation 

of vacancies.  

 
Figure 17 - Low and high V/A ratio 

 

Heat masses. 

Avoid large heat masses in locations distant to risers. Instead, locating 

sections of the casting with low V/A ratios further away from the risers will 

insure a smooth solidification of the casting.  

 

 

 

Figure 18 - Locating sections of the casting 
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Sections of the casting. 
The flow of material is very important to the manufacturing process. 

Do not feed a heavy section through a lighter one.  
 

 
Figure 19 - Sections of the casting 

 

Be careful with consideration to L, T, V, Y and + junctions. 

Due to the nature of the geometry of these sections it is likely that they 

will contain an area where the metal casting's solidification is slower than 

the rest of the junction. These hot spotsare circled in white in Figure 20. 

They are located such that the material around them, which will undergo 

solidification first, will cut off the hot spots from the flow of molten metal.  

Some possible design alternatives are shown in Figure 20. These should 

reduced the likelihood of the formation of hot spots. 

 

 

 

Figure 20 - Design of the metal casting 
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The flow of casting material must be carefully considered when 

manufacturing such junctions. If there is some flexibility in the design of the 

metal casting and it is possible you may want to think about redesigning the 

junction.  

 

Prevent planes of weakness. 

When metal castings solidify, columnar grain structures tend to 

develop, in the material, pointing towards the center. Due to this nature, 

sharp corners in the casting may develop a plane of weakness. By rounding 

the edges of sharp corners this can be prevented.  
 

 

 

 

Figure 21 - Sharp corners in the casting 
 

Reduce turbulence. 

When manufacturing a metal casting, turbulence is always a factor in 

our flow of molten metal. Turbulence, as covered earlier in the pouring 

section, is bad because it can trap gases in the casting material and cause 

mold erosion. Although not altogether preventable in the manufacturing 

process, turbulence can be reduced by the design of a gating system that 

promotes a more laminar flow of the liquid metal. Sharp corners and abrupt 

changes in sections within the metal casting can be a leading cause of 

turbulence. Their affect can be mitigated by the employment of radii.  
 

 
Figure 22 - Turbulences 
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Connection between riser and casting must stay open. 

Riser design is very important in metal casting manufacture. If the 

passage linking the riser to the metal casting solidifies before the casting, 

the flow of molten metal to the casting will be blocked and the riser will 

cease to serve its function. If the connection has a larger cross sectional area 

it will decrease its time to freeze.  

Good manufacturing design, however, dictates that that we minimize 

this cross section as much as possible to reduce the waste of material in the 

casting process. By making the passageway short we can keep the metal in 

its liquid state longer since it will be receiving more heat transfer from both 

the riser and the casting.  

 

 

 

Figure 23 - Connection between riser and casting 

 

Tapered down sprue. 

Flow considerations for our metal casting manufacture begin as soon 

as the molten metal enters the mold. The liquid metal for the casting travels 

from the pouring basin through the down sprue, (Refer to Figure 8 in the 

Metal Casting Basics section). As it goes downward it will pick up speed, 

and thus it will have a tendency to separate from the walls of the mold. The 

down sprue must be tapered such that continuity of the fluid flow is 

maintained.  

Remember the fluid mechanics equation for continuity A1V1 = A2V2 . 

Where V is the velocity of the liquid and A is the cross sectional area 

that it is traveling through. If you are casting for a hobby and/or just can not 

make these measurements, just remember it would be better to err on the 

side of making A2 smaller, provided your pouring rate does not become too 

slow. In other words taper a little more and just adjust your pouring of the 

casting so that you keep a consistent flow of liquid metal. 
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Ingate design. 

The ingate is another aspect of manufacturing design that relates to the 

flow of metal through the casting's system. The ingate, is basically where 

the casting material enters the actual mold cavity.  

It is a crucial element, and all other factors of the metal casting's mold 

design are dependent on it. In the location next to the sprue base the cross 

sectional area of the ingate is reduced (choke area). The cross sectional 

reduction must be carefully calculated.  

The flow rate of casting material into the mold can be controlled 

accurately in this way. The flow rate of the casting metal must be high 

enough to avoid any premature solidification.  

However, you want to be certain that the flow of molten material into 

the mold does not exceed the rate of delivery into the pouring basin and thus 

ensure that the casting's gating system stays full of metal throughout the 

manufacturing process.  

 

Other flow considerations. 

In the manufacturing design phase, when planning the metal casting 

process, the analysis of the path of flow of liquid metal within the mold must 

be carefully calculated. At no point in the filling of the casting cavity should 

two separate streams of liquid metal meet. The result could be an incomplete 

fusion of the casting material (cold shut), as covered in the defects section 

under discontinuities.  

 

Use of chills. 

As mentioned earlier directional solidification is very important to the 

manufacture of a part during the metal casting process, in order to ensure 

that no area of the casting is cut off from the flow of liquid material before 

it solidifies. To achieve directional solidification within the metal casting, it 

is important to control the flow of fluid material and the solidification rate 

of the different areas of the metal casting. With respect to the solidification 

of the metal casting's different sections, regulation of thermal gradients is 

the key. 

Sometimes we may have an area of the metal casting that will need to 

solidify at a faster rate in order to ensure that directional solidification 

occurs properly. Manufacture planning, and design of flow and section 

locations within the mold may not be sufficient.  

http://thelibraryofmanufacturing.com/metalcasting_operation.html#defects
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To accelerate the solidification of a section like this in our casting, we 

may employ the use of chills. Chills act as heat sinks, increasing the cooling 

rate in the vicinity where they are placed. 

Chills are solid geometric shapes of material, manufactured for this 

purpose. They are placed inside the mold cavity before pouring. Chills are 

of two basic types. Internal chills are located inside the mold cavity and are 

usually made of the same material as the casting. When the metal solidifies 

the internal chills are fused into the metal casting itself. External chills are 

located just outside of the casting. External chills are made of a material that 

can remove heat from the metal casting faster than the surrounding mold 

material. Possible materials for external chills include iron, copper, and 

graphite. Figure 24 demonstrates the use of the two types of chills to solve 

the hot spot problem in a + and T junction. 

 

 
Figure 24 - Two types of chills 
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5. EXPENDABLE MOLD CASTUNG  

5.1. Sand casting 

 

Sand casting is the most widely used metal casting process in 

manufacturing. Almost all casting metals can be sand cast. Sand castings 

can range in size from very small to extremely large. Some examples of 

items manufactured in modern industry by sand casting processes are 

engine blocks, machine tool bases, cylinder heads, pump housings, and 

valves, just to name a few. 

 

Sand. Product of the disintegration of rocks over long periods of time. 

Most sand casting operations use silica sand (SiO2). A great advantage 

of sand in manufacturing applications is that sand is inexpensive. Another 

advantage of sand to manufacture products by metal casting processes, is 

that sand is very resistant to elevated temperatures. In fact, sand casting is 

one of the few processes that can be used for metals with high melting 

temperatures such as steels, nickel, and titanium. Usually sand used to 

manufacture a mold for the casting process is held together by a mixture of 

water and clay.  

A typical mixture by volume could be 89% sand, 4% water, 7% clay. 

Control of all aspects of the properties of sand is crucial when 

manufacturing parts by sand casting, therefore a sand laboratory is usually 

attached to the foundry. 

 

Use of binder in sand casting. 

A mold must have the physical integrity to keep its shape throughout 

the casting operation. For this reason, in sand casting, the sand must contain 

some type of binder that acts to hold the sand particles together. Clay serves 

an essential purpose in the sand casting manufacturing process, as a binding 

agent to adhere the molding sand together. In manufacturing industry other 

agents may be used to bond the molding sand together in place of clay. 

Organic resins, (such as phenolic resins), and inorganic bonding agents, 

(such as phosphate and sodium silicate), may also be used to hold the sand 

together.  

In addition to sand and bonding agents, the sand mixture to create the 

metal casting mold will sometimes have other constituents added to it in 

order to improve mold properties.  
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Types of sand used in sand casting. 

There are two general types of sand used in the manufacturing process 

of sand casting. 

 

Naturally bonded- Naturally bonded sand is less expensive but it 

includes organic impurities that reduce the fusion temperature of the sand 

mixture for the casting, lower the binding strength, and require a higher 

moisture content. 

 

Synthetic sand- Synthetic sand is mixed in a manufacturing lab 

starting with a pure (SiO2) sand base. In this case, the composition can be 

controlled more accurately, which imparts the casting sand mixture with 

higher green strength, more permeability, and greater refractory strength. 

For these reasons, synthetic sand is mostly preferred in sand casting 

manufacture.  

 

Properties of a sand casting mixture. 

Type and content of binder and other additives. 

As mentioned, controlling the type and content of the sand binder and 

other additives is the key to controlling the properties of the casting's mold 

sand mixture.  

 

Moisture content. 

Moisture content affects the other properties of the mixture such as 

strength and permeability. Too much moisture can cause steam bubbles to 

be entrapped in the metal casting.  

 

Grain size. 

This property represents the size of the individual particles of sand.  

 

Shape of grains. 

This property evaluates the shape of the individual grains of sand 

based on how round they are. Less round grains are said to be more 

irregular.  

Strength. 

The explanation of strength is, the ability of the sand casting mixture 

to hold its geometric shape under the conditions of mechanical stress 

imposed during the sand casting process. 
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Permeability. 

The ability of the sand mold to permit the escape of air, gases, and 

steam during the sand casting process.  

 

Collapsibility.  

The ability of the sand mixture to collapse under force. Collapsibility 

is a very important property in this type of casting manufacture. 

Collapsibility of the mold will allow the metal casting to shrink freely 

during the solidification phase of the process. If the molding sand cannot 

collapse adequately for the casting's shrinkage, hot tearing or cracking will 

develop in the casting.  

 

Flowability.  

The ability of the sand mixture to flow over and fill the sand casting 

pattern during the impression making phase of the manufacturing process, 

more flowability is useful for a more detailed casting.  

 

Refractory strength. 

During the pouring of the molten metal in sand casting manufacture, 

the sand mixture in the mold must not melt, burn, crack, or sinter. The 

refractory strength is the ability of the mold sand mixture to withstand 

levels of extreme temperature.  

 

Reusability. 

The ability of the mold sand mixture to be reused to produce other 

sand castings in subsequent manufacturing operations.  

When planning the manufacture of a particular casting, remember 

some properties of a sand casting mold mixture are contradictory to each 

other. Tradeoffs in different properties are often needed to achieve a 

compromise that provides a sand casting mold mixture with adequate 

properties for the specific part and casting application. There are some 

things to consider when selecting a sand mixture for a manufacturing 

process. Small grain size enhances mold strength, but large grain size is 

more permeable. Sand casting molds made from grains of irregular shape 

tend to be stronger because of grain interlocking, but rounder grains provide 

a better surface finish. A sand casting mold mixture with more collapsibility 

has less strength, and a sand casting mixture with more strength has less 

collapsibility. 

http://thelibraryofmanufacturing.com/metalcasting_operation.html#shrinkage


56 
 

Sand conditioning for a metal casting operation. 

 

If the sand is being reused from a previous sand casting manufacturing 

process, lumps should be crushed and then all particles and metal granules 

removed, (a magnetic field may be used to assist in this). All sand and 

constituents should be screened. In industrial practice shakers, rotary 

screens, or vibrating screens, are used in this process. Then continuous 

screw-mixers or mulling machines are used to mix the sand uniformly. 

 

Types of molds used in sand casting. 
 

Green sand molds. 

A green sand mold is very typical in sand casting manufacture, it is 

simple and easy to make, a mixture of sand, clay and water. The term green 

refers to the fact that the mold will contain moisture during the pouring of 

the casting. 

 

Manufacturing considerations and properties of green sand 

molds: 

1. Has sufficient strength for most sand casting applications. 

2. Good collapsibility. 

3. Good permeability. 

4. Good reusability. 

5. Least expensive of the molds used in sand casting manufacturing 

processes. 

6. Moisture in sand can cause defects in some castings, dependent 

upon the type of metal used in the sand casting and the geometry of the part 

to be cast. 

 

Dry sand molds. 

Dry sand molds are baked in an oven, (at 300F - 650F for 8-48 hours), 

prior to the sand casting operation, in order to dry the mold. This drying 

strengthens the mold, and hardens its internal surfaces. Dry sand molds are 

manufactured using organic binders rather than clay. 

 

Manufacturing considerations and properties of dry sand molds: 

¶ Better dimensional accuracy of sand cast part than green sand 

molds. 

¶ Better surface finish of sand cast part than green sand molds. 
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¶ More expensive manufacturing process than green sand 

production. 

¶ Manufacturing production rate of castings are reduced due to 

drying time. 

¶ Distortion of the mold is greater, (during mold manufacture). 

¶ The metal casting is more susceptible to hot tearing because of the 

lower collapsibility of the mold. 

¶ Dry sand casting is generally limited to the manufacture of 

medium and large castings. 

 

Skin dried molds. 

When sand casting a part by the skin dried mold process a green sand 

mold is employed, and its mold cavity surface is dried to a depth of .5 - 1 

inch. Drying is a part of the manufacturing process and is accomplished by 

use of torches, heating lamps or some other means, such as drying it in air. 

 

Manufacturing considerations and properties of skin dried 

molds: 

¶ The cast part dimensional and surface finish advantages of dry 

sand molds are partially achieved. 

¶ No large oven is needed. 

¶ Special bonding materials must be added to the sand mixture to 

strengthen the mold cavity surface. 

 

Cold setting processes. 

In industrial sand casting manufacture, sometimes non-traditional 

binders other than those used in the above classifications of sand molds 

may be used. These binders may be made of a variety of things, such as 

synthetic liquid resins. Conventional casting binders require heat to cure 

while these when mixed with the sand, bond chemically at room 

temperature.  

Hence the term cold setting processes. Technically advanced, these 

relatively recent sand casting processes are growing in manufacturing. 

While more expensive than green sand molds, cold setting processes 

provide good dimensional accuracy of the casting, and have high 

production applications. 
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Mold setup for sand casting. 

The setup of a sand mold in manufacturing involves using a pattern 

to create an impression of the part to be sand cast within the mold, removal 

of the pattern, the placement of cores, (if needed), and the creation of a 

gating system within the mold. The setup of a mold is covered in detail in 

metal casting process. A mold setup such as the one in Figure 8 could be 

typical in a sand casting manufacturing operation.  

 

The pattern. 

A few different types of patterns may be used in the sand casting 

process.  

 

Solid pattern. 

This is a one piece pattern representing the geometry of the casting. It 

is an easy pattern to manufacture, but determining the parting line between 

cope and drag is more difficult for the foundry worker.  

 

 
Figure 25 - Solid patten 

Split pattern. 

The split pattern is comprised of two separate parts that when put 

together will represent the geometry of the casting. When placed in the 

mold properly the plane at which the two parts are assembled should 

coincide with the parting line of the mold. This makes it easier to 

manufacture a pattern with more complicated geometry. Also mold setup 

is easier since the patterns placement relative to the parting line of the mold 

is predetermined.  

 

 

 

Figure 26 - Split pattern 

http://thelibraryofmanufacturing.com/metalcasting_basics.html
http://thelibraryofmanufacturing.com/metalcasting_basics.html#fig6
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Match plate pattern. 

The match plate pattern is typically used in high production industry 

runs for sand casting manufacture. A match plate pattern is a two piece 

pattern representing the casting, divided at the parting line, similar to the 

split pattern. In the match plate pattern, however, each of the parts are 

mounted on a plate. The plates come together to assemble the pattern for 

the sand casting process. The match plate pattern is more proficient and 

makes alignment of the pattern in the mold quick and accurate.  

 

 
 

Figure 27 - Match plate pattern 

 

Cope and drag pattern. 

The cope and drag pattern is also typical in sand casting processes for 

high production industry runs. The cope and drag pattern is the same as the 

match plate pattern in that it is a two piece pattern representing the casting 

and divided at the parting line. Each of the two halves are mounted on a 

plate for easy alignment of the pattern and mold. The difference between 

the cope and drag pattern and the match plate pattern is that in the match 

plate pattern the two halves are mounted together, where as in the cope and 

drag pattern the two halves are separate. The cope and drag pattern enables 

the cope section of the mold, and the drag section of the mold to be created 

separately and latter assembled before the pouring of the sand casting.  

 

 

 

Figure 28 - Cope and drag pattern 
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In industrial sand casting processes a gating system, (not shown), is 

often incorporated as part of the pattern, particularly for a cope and drag 

pattern. Patterns can be made of different materials, and the geometry of 

the pattern must be adjusted for shrinkage, machine finish, and distortion. 

Pattern basics are covered in detail in the patterns section. 

 

Cores. 

Cores form the internal geometry of the casting. Cores are placed in 

the mold, and remain there during the pouring phase of the sand casting 

process. The metal casting will solidify around the core. Core basics are 

covered in detail in the cores section. Cores are made of the highest quality 

sand and are subject to extreme conditions during the sand casting 

operation. Cores must be strong and permeable; also, since the metal 

casting will shrink onto the core, cores must have sufficient collapsibility. 

Sometimes a reinforcing material will be placed in a sand casting core to 

enhance strength. The core may be manufactured with vents to facilitate the 

removal of gases.  

 

 

Figure 29 - Core 

 

The sand casting operation. 

The sand casting operation involves the pouring of the molten metal 

into the sand mold, the solidification of the casting within the mold, and the 

removal of the casting. The casting operation is covered in detail on the 

metal casting operation page. 

Of specific interest to sand casting would be; the effect and dissipation 

of heat through the particular sand mold mixture during the casting's 

solidification, the effect of the flow of liquid metal on the integrity of the 

mold, (mold sand mixture properties and binder issues), and the escape of 

gases through the mixture. Sand usually has the ability to withstand 

extremely high temperature levels, and generally allows the escape of gases 

quite well.  

Core sand mixture 

Vent Reinforcing 

wire 

http://thelibraryofmanufacturing.com/metalcasting_basics.html#patterns
http://thelibraryofmanufacturing.com/metalcasting_basics.html#cores
http://thelibraryofmanufacturing.com/metalcasting_operation.html
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Manufacturing with sand casting allows the creation of castings with 

complex geometry. Sand casting manufacture, however, only imparts a fair 

amount of dimensional accuracy to the cast part. 

After the sand casting is removed from the sand mold it is shaken out, 

all the sand is otherwise removed from the casting, and the gating system 

is cut off the part. The part may then undergo further manufacturing 

processes such as heat treatment, machining, and/or metal forming. 

Inspection is always carried out on the finished part to evaluate the 

effectiveness and satisfaction of its manufacture. 
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5.2. Plaster mold casting 
 

Plaster mold casting is a manufacturing process having a similar 

technique to sand casting. Plaster of Paris is used to form the mold for the 

casting, instead of sand. In industry parts such as valves, tooling, gears, and 

lock components may be manufactured by plaster mold casting. 
 

The process. 

Initially plaster of Paris is mixed with water just like in the first step 

of the formation of any plaster part. In the next step of the manufacture of 

a plaster casting mold, the plaster of Paris and water are then mixed with 

various additives such as talc and silica flour. The additives serve to control 

the setting time of the plaster and improve its strength.  

The plaster of Paris mixture is then poured over the casting pattern. 

The slurry must sit for about 20 minutes before it sets enough to remove 

the pattern. The pattern used for this type of metal casting manufacture 

should be made from plastic or metal. Since it will experience prolonged 

exposure to water from the plaster mix, wood casting patterns have a 

tendency to warp.  

After striping the pattern, the mold must be baked for several hours, 

to remove the moisture and become hard enough to pour the metal casting. 

The two halves of the mold are then assembled for the casting process. 

Castings of high detail and section thickness as low as 0,04 -1 inch, (2,5 - 

1 mm), are possible when manufacturing by plaster mold casting. 
 

 
 

Figure 30 - Castings of high detail and section 
 

Properties and considerations of manufacturing by plaster mold 

casting: 

¶ When baking the casting mold just the right amount of water 

should be left in the mold material. Too much moisture in the mold can 

0,05 inch 
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cause metal casting defects, but if the mold is too dehydrated, it will lack 

adequate strength. 

¶ The fluid plaster slurry flows readily over the pattern, making an 

impression of great detail and surface finish. Also due to the low thermal 

conductivity of the mold material the casting will solidify slowly creating 

more uniform grain structure and mitigating casting warping. The qualities 

of the plaster mold enable the process to manufacture parts with excellent 

surface finish, thin sections, and produces high geometric accuracy.  

¶ There is a limit to the casting materials that may be used for this 

type of manufacturing process, due to the fact that a plaster mold will not 

withstand temperature above 2200F (1200C). Higher melting point metals 

can not be cast in plaster. This process is typically used in industry to 

manufacture castings made from aluminum, magnesium, zinc, and copper 

based alloys. 

¶ Manufacturing production rates for this type of metal casting 

process are relatively slow, due to the long preparation time of the mold. 

¶ The plaster mold is not permeable, which severely limits the 

escape of gases from the casting.  
 

Solving the permeability problem. 

When manufacturing a metal casting by the plaster mold casting 

process one of the biggest problems facing a foundry man is the lack of 

permeability of the plaster mold.  

Different techniques may be used in order to overcome this problem. 

The metal casting may be poured in a vacuum, or pressure may be used to 

evacuate the mold cavity just before pouring.  

Another technique would be to produce permeability in the mold 

material by aerating the plaster slurry before forming the mold for the 

casting. This "foamed plaster" will allow for the much easier escape of 

gases from the casting. Sometimes in manufacturing industry a special 

technique called the Antioch Process may be used to make a permeable 

plaster metal casting mold.  
 

The antioch process. 

In the Antioch Process 50% plaster of Paris and 50% sand is mixed 

with water. The mixture is poured over the casting pattern and let set. After 

the pattern is removed, the mold is autoclaved in steam, (placed in an oven 

that uses hot steam under high pressure), and then let set in air. The resulting 

mold will easily allow the escape of gases from the casting.  
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5.3. Ceramic mold casting 

 

The manufacturing process of ceramic mold casting is like the process 

of plaster mold casting but can cast materials at much higher temperatures. 

Instead of using plaster to create the mold for the metal casting, ceramic 

casting uses refractory ceramics for a mold material. In industry, parts such 

as machining cutters, dies for metalworking, metal molds, and impellers 

may be manufactured by this process. 

 

The process. 

The first step in manufacture by ceramic mold casting is to combine 

the material for the mold. A mixture of fine grain zircon (ZrSiO4), 

aluminum oxide, fused silica, bonding agents, and water, creates a ceramic 

slurry. This slurry is poured over the casting pattern and let set. The pattern 

is then removed and the mold is left to dry. The mold is then fired. 

The firing will burn off any unwanted material and make the mold 

hardened and rigid. The mold may also need to be baked in a furnace as 

well. The firing of the mold produces a network of microscopic cracks in 

the mold material. These cracks give the ceramic mold both good 

permeability and collapsibility for the metal casting process. 

 

 
 

Figure 31 - The process of ceramic mold casting 

 

Once prepared, the two halves of the mold are assembled for the 

pouring of the metal casting. The two halves, (cope and drag section), may 

be backed up with fireclay material for additional mold strength. Often in 

manufacturing industry, the ceramic mold will be preheated prior to 

pouring the molten metal. The metal casting is poured, and let solidify. In 

ceramic mold casting, like in other expendable mold processes, the ceramic 

mold is destroyed in the removal of the metal casting. 
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Properties and considerations of manufacturing by ceramic mold 

casting: 

¶ Manufacturing by ceramic mold casting is similar to plaster mold 

casting in that it can produce parts with thin sections, excellent surface 

finish, and high dimensional accuracy. Manufacturing tolerances between 

.002 and .010 inches are possible with this process. 

¶ To be able to cast parts with high dimensional accuracy eliminates 

the need for machining, and the scrap that would be produced by 

machining. Therefore, precision metal casting processes like this are 

efficient to cast precious metals, or materials that would be difficult to 

machine.  

¶ Unlike the mold material in the plaster metal casting process, the 

refractory mold material in ceramic casting can withstand extremely 

elevated temperatures. Due to this heat tolerance, the ceramic casting 

process can be used to manufacture ferrous and other high melting point 

metal casting materials. Stainless steels and tool steels can be cast with this 

process. 

¶ Ceramic mold casting is relatively expensive. 

¶ The long preparation time of the mold makes manufacturing 

production rates for this process slow.  

¶ Unlike in plaster mold casting, the ceramic mold has excellent 

permeability due to the microcrazing, (production of microscopic cracks), 

that occurs in the firing of the ceramic mold. 
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5.4. Shell molding 

 

Shell mold casting or shell molding is a metal casting process in 

manufacturing industry in which the mold is a thin hardened shell of sand 

and thermosetting resin binder, backed up by some other material.  

Shell molding was developed as a manufacturing process during the 

mid-20th century in Germany. Shell mold casting is particularly suitable 

for steel castings under 20 lbs; however almost any metal that can be cast 

in sand can be cast with the shell molding process. Also much larger parts 

have been manufactured with shell molding. Typical parts manufactured in 

industry using the shell mold casting process include cylinder heads, gears, 

bushings, connecting rods, camshafts and valve bodies. 

 

The process. 

The first step in the shell mold casting process is to manufacture the 

shell mold. The sand we use for the shell molding process is of a much 

smaller grain size than the typical green sand mold. This fine grained sand 

is mixed with a thermosetting resin binder. A special metal pattern is 

coated with a parting agent, (typically silicone), which will latter facilitate 

in the removal of the shell. The metal pattern is then heated to a 

temperature of 350F-700F degrees, (175C-370C).  

The sand mixture is then poured or blown over the hot casting 

pattern. Due to the reaction of the thermosetting resin with the hot metal 

pattern, a thin shell forms on the surface of the pattern.  

 

 
 

Figure 32 - The first step in the shell mold casting process 
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The desired thickness of the shell is dependent upon the strength 

requirements of the mold for the particular metal casting application. A 

typical industrial manufacturing mold for a shell molding casting process 

could be 0,3 inch (7,5mm) thick. The thickness of the mold can be 

controlled by the length of time the sand mixture is in contact with the 

metal casting pattern. 

 

 
 

Figure 33 - The second step in the shell mold  

casting process 

 

The excess "loose" sand is then removed, leaving the shell and 

pattern. 

 

 

Figure 34 - The third step in the shell mold  

casting process 

 

The shell and pattern are then placed in an oven for a short period of 

time, (minutes), which causes the shell to harden onto the casting pattern. 
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Figure 35 - Shell and pattern are baked in oven  

to harden shell mold 
 

Once the baking phase of the manufacturing process is complete, the 

hardened shell is separated from the casting pattern by way of ejector pins 

built into the pattern. This manufacturing technique used to create the mold 

in the shell molding process can also be employed to produced highly 

accurate fine grained mold cores for other metal casting processes. 

 

Figure 36 - The hardened shell is separated from  

the casting pattern 
 

Two of these hardened shells, each representing half the mold for the 

casting, are assembled together either by gluing or clamping. 

 

 
 

Figure 37 - Assembling of two hardened shells 
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The manufacture of the shell mold is now complete and ready for the 

pouring of the metal casting. In many shell molding processes, the shell 

mold is supported by sand or metal shot during the casting process. 
 

 

Figure 38 - The completed shell mold 

 
Properties and considerations of manufacturing by shell mold 

casting: 

¶ The internal surface of the shell mold is very smooth and rigid. 

This allows for an easy flow of the liquid metal through the mold cavity 

during the pouring of the casting, giving castings a very good surface finish. 

Shell mold casting enables the manufacture of complex parts with thin 

sections and smaller projections than green sand mold casting. 

¶ Manufacturing with the shell mold process also imparts high 

dimensional accuracy. Tolerances of 0,010 inches (0,25mm) are possible. 

Further machining is usually unnecessary when casting by this process. 

¶ Shell sand molds are less permeable than green sand molds and 

binder may produce a large volume of gas as it contacts the molten metal 

being poured for the casting. For these reasons, shell molds should be well 

ventilated.  

¶ The expense of shell mold casting is increased by the cost of the 

thermosetting resin binder, but decreased by the fact that only a small 

percentage of sand is used compared to other sand casting processes. 

¶ Shell mold casting processes are easily automated.  

¶ The special metal patterns needed for shell mold casting are 

expensive, making it a less desirable process for short runs. However, 

manufacturing by shell casting may be economical for large batch 

production. 
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5.5. Vacuum casting 

 

Vacuum mold casting, also known in manufacturing industry as the 

V process, employs a sand mold that contains no moisture or binders. The 

internal cavity of the mold holds the shape of the casting due to forces 

exerted by the pressure of a vacuum. Vacuum molding is a casting process 

that was developed in Japan around 1970. 

 

The process. 

A special pattern is used for the vacuum mold casting process. It is 

either a match-plate or a cope and drag pattern with tiny holes to enable a 

vacuum suction. A thin plastic sheet is placed over the casting pattern and 

the vacuum pressure is turned on, causing the sheet to adhere to the surface 

of the pattern.  

 

 
 

Figure 39 - Special pattern  

 

A special flask is used for this manufacturing process. The flask has 

holes to utilize vacuum pressure. This flask is placed over the casting 

pattern and filled with sand. 

 

 
 

Figure 40 - Special flask 
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A pouring cup and sprue are cut into the mold for the pouring of the 

metal casting. 

 

 

 

Figure 41 - Pouring cup and sprue 

 

Next, another thin plastic sheet is placed over the top of the mold. The 

vacuum pressure acting through the flask is turned on, and the plastic film 

adheres to the top of the mold. 
 

 

 

Figure 42 - Thin plastic sheets 

 

In the next stage of vacuum mold casting manufacture, the vacuum 

on the special casting pattern is turned off and the pattern is removed. The 

vacuum pressure from the flask is still on. This causes the plastic film on 

the top to adhere to the top and the plastic film formerly on the pattern to 

adhere to the bottom. The film on the bottom is now holding the impression 

of the casting in the sand with the force of the vacuum suction. 
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Figure 43 - Removing the pattern 

 

The drag portion of the mold is manufactured in the same fashion. 

The two halves are then assembled for the pouring of the casting. Note that 

there are now 4 plastic films in use. One on each half of the internal casting 

cavity and one on each of the outer surfaces of the cope and drag. 

 

 

 

 

Figure 44 - The drag portion of the mold 
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During the pouring of the casting, the molten metal easily burns away 

the plastic. 

 

 

 

Figure 45 - Pouring of the casting 

 

Properties and considerations of manufacturing by vacuum mold 

casting: 

¶ In vacuum mold casting manufacture there is no need for special 

molding sands or binders.  

¶ Sand recovery and reconditioning, a common problem in metal 

casting industry, is very easy due to the lack of binders and other agents in 

the sand.  

¶ When manufacturing parts by vacuum mold casting the sand mold 

contains no water, so moisture related metal casting defects are eliminated.  

¶ The size of risers can be significantly reduced for this metal 

casting process, making it more efficient in the use of material.  

¶ Casting manufacture by vacuum molding is a relatively slow 

process.  

¶ Vacuum mold casting is not well suited to automation. 
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5.6. Expanded polystyrene casting 

 

In the expanded polystyrene casting process, a sand mold is packed 

around a polystyrene pattern representing the metal casting to be 

manufactured. The pattern is not removed, and the molten metal is poured 

into the pattern which is vaporized from the heat of the metal. The liquid 

metal takes the place of the vaporized polystyrene and the casting solidifies 

in the sand mold. 

In metal casting industry this process is known as the lost-foam 

process, evaporative pattern casting, or the full mold process. A large 

variety of castings of different sizes and materials can be manufactured 

using this technique. Parts produced in manufacturing industry using this 

process include crankshafts, cylinder heads, machine bases, manifolds, and 

engine blocks. 

 

The process. 

The first step in the evaporative casting process is to manufacture the 

polystyrene pattern. For small production runs, a pattern may be cut from 

larger sections of polystyrene material and assembled together. For large 

industrial manufacturing processes, the pattern will be molded. A die, often 

made from aluminum, is used for this process. Polystyrene beads are placed 

in the die and heated, they expand from the heat and the foam material takes 

the shape of the die. 

Depending upon the complexity of the casting, several of these 

polystyrene sections may have to be adhered together to form the pattern. 

In most cases the pattern is coated with a refractory compound, this will 

help create a good surface finish on the metal casting. In addition to the 

casting itself, the foam pattern will also include the pouring cup and gating 

system. 

The pattern is then placed in a flask and molding sand is packed 

around it. The sand may or may not contain bonding agents, dependent 

upon the particular manufacturing procedure. 

The molten metal is then poured into the mold without removing the 

pattern. The liquid metal vaporizes the polystyrene pattern, as it flows 

through the mold cavity. Any left over product from the vaporized 

polystyrene material is absorbed into the molding sand. 
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Figure 46 - The foam pattern 

 

 

 

Figure 47 - Pattern is placed in a flask and molding sand 

 

  
 

Figure 48 - Pouring of the expanded polystyrene casting 
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The molten metal is then allowed to harden within the sand mold. 

Once solidified, the casting is removed. 

 

 

 

Figure 49 - Molten metal in the sand mold 

 

Properties and considerations of manufacturing by expanded 

polystyrene casting: 

 

¶ If a core is need it is incorporated within the pattern. Therefore 

placing and securing a core in the mold cavity before the pouring of the 

metal casting is not a step in this manufacturing process.  

¶ Flasks for this process are simple and not expensive. Also the 

manufacturing process itself is easy, since there is no parting line or 

removal of the pattern needed.  

¶ In manufacturing industry, patterns for expanded polystyrene 

metal casting will always include the full gating system.  

¶ Due to the extra energy required to vaporize the polystyrene, there 

will be a large thermal gradient present at the metal-pattern interface as the 

casting is being poured.  

¶ Very complex metal casting geometry can be produced using this 

process.  

¶ This manufacturing process can be very efficient in the production 

of metal castings for large industrial runs. The main cost is to create the die 

to produce the foam polystyrene patterns. Once that is overcome, the 

process itself is very inexpensive.  

¶ This manufacturing process can be easily automated.  
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5.7. Investment casting 
 

Investment casting is a manufacturing process in which a wax pattern 

is coated with a refractory ceramic material. Once the ceramic material is 

hardened its internal geometry takes the shape of the casting.  

The wax is melted out and molten metal is poured into the cavity 

where the wax pattern was. The metal solidifies within the ceramic mold 

and then the metal casting is broken out. This manufacturing technique is 

also known as the lost wax process. Investment casting was developed over 

5500 years ago and can trace its roots back to both ancient Egypt and China. 

Parts manufactured in industry by this process include dental fixtures, 

gears, cams, ratchets, jewelry, turbine blades, machinery components and 

other parts of complex geometry. 
 

The process. 

The first step in investment casting is to manufacture the wax pattern 

for the process. The pattern for this process may also be made from plastic; 

however it is often made of wax since it will melt out easily and wax can 

be reused. Since the pattern is destroyed in the process, one will be needed 

for each casting to be made. When producing parts in any quantity, a mold 

from which to manufacture patterns will be desired. Similar to the mold 

that may be employed in the expanded polystyrene casting process to 

produce foam polystyrene patterns, the mold to create wax patterns may be 

cast or machined. The size of this master die must be carefully calculated. 

It must take into consideration shrinkage of wax, shrinkage of the ceramic 

material invested over the wax pattern and shrinkage of the metal casting. 

It may take some trial and error to get just the right size, therefore these 

molds can be expensive. Since the mold does not need to be opened, 

castings of very complex geometry can be manufactured. Several wax 

patterns may be combined for a single casting. 
 

 

 

Figure 50 - Manufacture the pattern 
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Or as often the case, many wax patterns may be connected and poured 

together producing many castings in a single process. This is done by 

attaching the wax patterns to a wax bar, the bar serves as a central sprue. A 

ceramic pouring cup is attached to the end of the bar. This arrangement is 

called a tree, denoting the similarity of casting patterns on the central runner 

beam to branches on a tree. 
 

 

 

Figure 51 - Wax pattern tree for investment casting 
 

 

 

Figure 52 - Refractory slurry invested over wax pattern 

 

The metal casting pattern is then dipped in a refractory slurry whose 

composition includes extremely fine grained silica, water and binders. A 

ceramic layer is obtained over the surface of the pattern. The pattern is then 

repeatedly dipped into the slurry to increase the thickness of the ceramic 

coat. In some cases the pattern may be placed in a flask and the ceramic 

slurry poured over it. Once the refractory coat over the pattern is thick 

enough, it is allowed to dry in air in order to harden. 
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Figure 53 - Refractory slurry invested over wax pattern  

drying in air 

 

The next step in this manufacturing process is the key to investment 

casting. The hardened ceramic mold is turned upside down and heated to a 

temperature of around 200F-375F (90oC-175 oC). This causes the wax to 

flow out of the mold, leaving the cavity for the metal casting. 
 

 

 

Figure 54 - Wax melted out of mold for 

investment casting  

 

The ceramic mold is then heated to around 1000F-2000F (550oC-

1100oC). This will further strengthen the mold, eliminate any leftover wax 

or contaminants and drive out water from the mold material. The metal 

casting is then poured while the mold is still hot. Pouring the casting while 

the mold is hot allows the liquid metal to flow easily through the mold 

cavity, filling detailed and thin sections. Pouring the metal casting in a hot 

mold also gives better dimensional accuracy, since the mold and casting 

will shrink together as they cool. 
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Figure 55 - Mold for investment casting heated 

before pouring 

 

 
 

Figure 56 - Pouring of an investment casting 

 

After pouring of the molten metal into the mold, the casting is allowed 

to set as the solidification process takes place. 

 

 

 

Figure 57 - Solidification of an investment casting 
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The final step in this manufacturing process involves breaking the 

ceramic mold from the investment casting and cutting the parts from the 

tree. 

 

 
 

Figure 58 - Break up of the mold for investment casting 

 

 
 

Figure 59 - Investment casting final product 

 

Properties and considerations of manufacturing by investment 

casting: 

¶ Investment casting is a manufacturing process that allows the 

casting of extremely complex parts, with good surface finish.  

¶ Very thin sections can be produced by this process. Metal castings 

with sections ~ .015in (.4mm) have been manufactured using investment 

casting.  

¶ Investment casting also allows for high dimensional accuracy. 

Tolerances as low as 0,003 in (0,076 mm) have been claimed.  

¶ Practically any metal can be investment cast. Parts manufactured 

by this process are generally small, but parts weighing up to 75 lbs have 

been found suitable for this technique.  

¶ Parts of the investment process may be automated.  

¶ Investment casting is a complicated process and is relatively 

expensive. 
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6. PERMANENT MOLD CASTING  

6.1. Basic permanent mold casting 

 

Basic permanent mold casting is a generic term used to describe all 

permanent mold casting processes. The main similarity of this group being 

the employment of a permanent mold that can be used repeatedly for 

multiple metal castings. The mold also called a die, is commonly made of 

steel or iron, but other metals or ceramics can be used. Parts that may be 

manufactured in industry using this metal casting process include cylinder 

blocks, cylinder heads, pistons, connecting rods, parts for aircraft and 

rockets, gear blanks and kitchenware. 

 

The process. 

When planning to manufacture using a permanent mold 

manufacturing process the first step is to create the mold. The sections of 

the mold are most likely machined from two separate metal blocks. These 

parts are manufactured precisely. They are created so that they fit together 

and may be opened and closed easily and accurately. The gating system as 

well as the part geometry is machined into the casting mold. 

A significant amount of resources need to be utilized in the production 

of the mold, making setup more expensive for permanent mold 

manufacturing runs. However, once created, a permanent mold may be used 

tens of thousands of times before its mold life is up. Due to the continuous 

repetition of high forces and temperatures, all molds will eventually decay 

to the point where they can no longer effectively manufacture quality metal 

castings.  

The number of castings produced by that particular mold before it had 

to be replaced is termed mold life. Many factors affect mold life such as the 

molds operating temperature, mold material and casting metal. 
 

 
Two halves of a basic permanent            Basic permanent mold 

      mold (cross-sectional)                 assembled (cross-sectional)  
 

Figure 60 - Basic permanent mold 
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Before pouring the metal casting, the internal surfaces of the 

permanent mold are sprayed with a slurry consisting of refractory materials 

suspended in liquid. This coating serves as a thermal gradient, helping to 

control the heat flow and acting as a lubricant for easier removal of the cast 

part. In addition, applying the refractory coat as a regular part of the 

manufacturing process will increase the mold life of the valuable mold. 
 

 
 

Figure 61 - Basic permanent mold being sprayed with refractory slurry 

prior to the casting operation 
 

The two parts of the mold must be closed and held together with force, 

using some sort of mechanical means. Most likely, the mold will be heated 

prior to the pouring of the metal casting. A possible temperature that a 

permanent metal casting mold may be heated to before pouring could be 

around 350F (175C). The heating of the mold will facilitate the smoother 

flow of the liquid metal through the mold's gating system and casting 

cavity. Pouring in a heated mold will also reduce the thermal shock 

encountered by the mold due to the high temperature gradient between the 

molten metal and the mold. This will act to increase mold life. Once 

securely closed and heated, the permanent mold is ready for the pouring of 

the cast part. 

 

 

Figure 62 - Pouring of basic permanent mold 

(gravity fed process) 
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After pouring, the metal casting solidifies within the mold. 

 

 

 

Figure 63 - Solidification of casting in basic permanent mold 

 

In manufacturing practice, the metal cast part is usually removed 

before much cooling occurs, to prevent the solid metal casting from 

contracting too much in the mold. This is done to prevent cracking the 

casting, since the permanent mold does not collapse. The removal of the 

part is accomplished by way of ejector pins built into the mold. 

 

 

 

Figure 64 - Basic permanent mold is open and 

solidified casting is ejected 

 

 

 
 

Figure 65 - Views of metal casting produced (piston) 
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Semipermanent mold casting. 

Cores are often employed in a permanent mold metal casting process. 

These cores are likely made of the same material of the mold and are also 

permanent. The geometry of the these cores has to allow for the removal of 

the casting or the cores need to be able to collapse by some mechanical 

means. Sand cores have a lot less limitations and can be used in conjunction 

with permanent molds. Sand cores are placed within the permanent mold 

prior to pouring the metal casting. The sand cores are not permanent, like 

the mold and must be broken up and replaced with every casting. Sand 

cores, however, allow for more freedom in the manufacture of internal 

geometry. In manufacturing industry using a disposable core with a 

permanent mold is called semipermanent mold casting. 

 

Properties and considerations of manufacturing by basic 

permanent mold casting: 

¶ Generally this manufacturing process is only suited for materials 

with lower melting temperatures, such as zinc, copper, magnesium and 

aluminum alloys. 

¶ Cast iron parts are also manufactured by this process but the high 

melting temperature of cast iron is hard on the mold. 

¶ Steels may be cast in permanent molds made of graphite or some 

special refractory material. 

¶ The mold may be cooled by water or heat fins to help with the 

dissipation of heat during the metal casting process. 

¶ Due to the need to open and close the mold to remove the work 

piece, part geometry is limited.  

¶ If the semi-permanent casting method is used, internal part 

geometry may be complex.  

¶ Due to the nature of the mold, the metal casting will solidify 

rapidly. This will result in a smaller grain structure, producing a casting 

with superior mechanical properties.  

¶ More uniform properties throughout the material of the cast part 

may also be observed with permanent mold casting.  

¶ Closer dimensional accuracy as well as excellent surface finish of 

the part, is another advantage of permanent mold casting over most 

expendable metal casting processes.  

¶ In industrial manufacture permanent mold casting results in a 

lower percentage of rejects than many expendable mold processes.  
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¶ There is a limitation on the size of cast parts manufactured by this 

process. 

¶ The initial setup cost are high, making permanent mold casting 

unsuitable for small production runs.  

¶ Permanent mold casting can be highly automated.  

¶ This manufacturing process is useful in industry for high volume 

runs. When set up, it can be extremely economical with a high rate of 

production. 
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6.2. Slush casting 
 

Slush casting is a variation of permanent mold casting that is used to 

produce hollow parts. In this method neither the strength of the part nor its 

internal geometry can be controlled accurately. This metal casting process 

is used primarily to manufacture toys and parts that are ornamental in 

nature, such as lamp bases and statues. 
 

The process. 

When producing a cast part using the slush casting method, a 

permanent mold is employed and set up. See basic permanent mold casting. 

The mold is clamped together and prepared for pouring. 
 

 

Figure 66 - Mold for slush casting ready to be poured 
 

After pouring the mold will set, as solidification begins to take place. 

 

 

Figure 67 - Mold for slush casting immediately after pouring 

 

The main principle of this casting process relies on the fact that when 

a metal casting hardens in a mold, it will solidify from the mold wall 

towards the inside of the casting. In other words a metal skin forms first, 

(as the external geometry of the part). This skin thickens as more of the 

metal casting's material converts to a solid state. 

 

http://thelibraryofmanufacturing.com/basic_permanent_mold_casting.html
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Figure 68 - Solidification can be used to start at interface between molten 

metal and mold surfaces 

 

 
 
 

Figure 69 - Solidification process from mold-casting interface towards 

inner regions of the material thickness of this solid section increases with 

time 

 
 

Figure 70 - Mold for slush casting gross sectional view of inside of 

casting a certain amount of time (T1) after pouring 
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Figure 71 - Mold for slush casting gross sectional view of inside of 

casting a certain amount of time (T2) after pouring also note (T2 > T1) 

 

 
Figure 72 - Mold for slush casting gross sectional view of inside of 

casting a certain amount of time (T3) after pouring also note (T3 > T2) 
 

In slush mold casting, during the solidification of the material, when 

the solid-liquid boundary has reached a certain point, the mold is turned 

over and the remaining liquid metal from the casting is poured out. 

 

 

Figure 73 - The liquid metal from the interior of the casting is poured out 

before the entire mass of molten material can harden leaving only the 

solidified outer shell 
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This will leave only the solidified skin with the exterior geometry of 

the metal cast part and a hollow interior. The longer the metal casting was 

allowed to solidify before pouring out the excess metal, the greater the 

casting's wall thickness will be. 

 

  
 

Figure 74 - Metal in solidified outer shell is all  

that remains in mold 

 

The cast part is then removed from the die and allowed to cool. 

 

 
 

Figure 75 - Final product of slush casting process 

(shown with section view) 

 

Properties and considerations of manufacturing by slush casting: 

¶ Slush casting is a type of permanent mold casting, therefore many 

of the basic principles of a permanent mold process will apply.  

¶ Slush casting is mainly suited to lower melting point materials, 

zinc, tin, or aluminum alloys are commonly slush cast in manufacturing 

industry.  

¶ With this process you need to have a mechanical means of turning 

over the mold in order to pour out the molten metal from the cast part.  

Casting 
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¶ When manufacturing by slush casting it is difficult to accurately 

control the metal casting's strength and other mechanical properties. 

¶ The casting's internal geometry cannot be effectively controlled 

with this process.  

¶ The hollow metal castings manufactured by this process are lighter 

than solid parts and save on material.  

¶ Good surface finish and accurate exterior geometry are possible 

with the slush casting manufacturing process. 
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6.3. Pressure casting 

 

Pressure casting, also known in manufacturing industry as low 

pressure casting or pressure pouring, is another variation of permanent 

mold casting. Instead of pouring the molten metal into the casting and 

allowing gravity to be the force that distributes the liquid material through 

the mold, pressure casting uses air pressure to force the metal through the 

gating system and the metal casting's cavity. This process can be used to 

cast high quality manufactured parts. Often steel castings are cast in 

graphite molds using this process. For example, in industry, steel railroad 

car wheels are cast with this method. 

 

The process. 

This is a permanent mold process and the manufacture of the mold in 

pressure casting is standard in most regards, see basic permanent mold 

casting. Two blocks are machined extremely accurately, so they can open 

and close precisely for removal of metal parts. The casting's gating system 

is machined into the mold. The gating system is set up so that the molten 

material flows into the mold from the bottom instead of the top, (like in 

gravity fed processes). 

The mold is set up above the supply of liquid metal to be used for the 

casting. A refractory tube goes from the entrance of the gating system down 

into the molten material. During manufacture by this process, the chamber 

that the liquid material is in is kept air tight. When the mold is prepared and 

ready for the pouring of the metal casting, air pressure is applied to the 

chamber.  

 

 

Figure 76 - Pressure casting mold is in place and operation  

is ready to begin 
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This creates pressure on the surface of the liquid, that in turn forces 

molten material up the refractory tube and throughout the mold.  

Pressure used in pressure casting is usually low, 15 lbs/in2 could be 

typical for industrial manufacture using this process. 

The air pressure is maintained until the metal casting has hardened 

within the mold. Once the cast part has solidified, the mold is opened and 

the part is removed.  

 

 

 

Figure 77 - Pressure is applied to the air-tight chamber from some source 

through the valve 

 

 

 

Figure 78 - Pressure difference between chamber and mold forces mental 

to flow up the refractory tube 
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Figure 79 - The force of the pressure causes molten metal to fill the mold 

pressure is applied during the solidification of the casting 

 

Properties and considerations of manufacturing by pressure 

casting: 

¶ Pressure casting manufacture can be used to produce metal 

castings with superior mechanical properties, good surface finish, and close 

dimensional accuracy.  

¶ Like in other permanent mold methods, the mold needs to be able 

to open and close for removal of the work piece. Therefore, very 

complicated casting geometry is limited.  

¶ Since the refractory tube is submersed in the molten material, the 

metal drawn for the casting comes from well below the surface. This metal 

has had less exposure to the environment than the material at the top. Gas 

trapped in the metal as well as oxidation effects are greatly reduced.  

¶ The high setup cost makes pressure casting not efficient for small 

runs, but an excellent productivity rate makes it suitable for large batch 

manufacture. 
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6.4. Vacuum permanent mold casting 

 

Vacuum permanent mold casting is a permanent mold casting process 

employed in manufacturing industry that uses the force caused by an 

applied vacuum pressure to draw molten metal into and through the mold's 

gating system and casting cavity. This process has a similar name to 

vacuum mold casting discussed in the expendable mold process section; 

however these are two completely different manufacturing processes and 

should not be confused with each other. 

 

The process. 

A permanent mold containing the part geometry and the gating system 

is created, (usually accurately machined), similar to the molds employed in 

the other permanent mold processes. The mold in vacuum mold casting is 

much like the mold in the pressure casting manufacturing process, in that 

the gating system is designed so that the flow of molten material starts at 

the bottom and flows upwards. 
 

 

Figure 80 - Permanent mold for vacuum casting 

 

 
 

Figure 81 - The first stage 
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The mold is suspended over a supply of liquid metal for the casting 

by some mechanical device, possibly a robot ARM.  

A vacuum force is applied to the top of the mold. The reduced 

pressure within the mold causes molten metal to be drawn up through the 

gating system and casting cavity. 

 

 

 

Figure 82 - The second stage 

 

As the casting solidifies, the mold is withdrawn from its position over 

the molten metal and opened to release the casting. 

 

Properties and considerations of manufacturing by vacuum 

casting: 

¶ This manufacturing process can produce metal castings with close 

dimensional accuracy, good surface finish, and superior mechanical 

properties.  

¶ Castings with thin walled sections may be manufactured using this 

technique.  

¶ This process is very much like pressure casting in the way the 

mold is filled, but since vacuum force is used instead of air pressure, gas 

related defects are reduced.  

¶ Set up cost make this manufacturing process more suitable to high 

volume production, instead of small batch manufacture.  
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6.5. Die casting  

 

Die casting is a permanent mold manufacturing process that was 

developed in the early 1900's. Die casting manufacture is characteristic in 

that it uses large amounts of pressure to force molten metal through the 

mold. Since so much pressure is used to ensure the flow of metal through 

the mold, metal castings with great surface detail, dimensional accuracy, 

and extremely thin walls can be produced. Wall thickness within castings 

can be manufactured as small as .02in (.5mm). The size of industrial metal 

castings created using this process vary from extremely small to around 

50lbs. Typical parts made in industry by die casting include tools, toys, 

carburetors, machine components, various housings, and motors. 

 

The process. 

The mold. 

Like in all permanent mold manufacturing processes, the first step in 

die casting is the production of the mold. The mold must be accurately 

created as two halves that can be opened and closed for removal of the 

metal casting, similar to the basic permanent mold casting process. The 

mold for die casting is commonly machined from steel and contains all the 

components of the gating system. Multi -cavity die are employed in 

manufacturing industry to produce several castings with each cycle. Unit 

dies which are a combination of smaller dies are also used to manufacture 

metal castings in industry. 

In a die casting production setup, the mold, (or die), is designed so 

that its mass is far greater than that of the casting. Typically the mold will 

have 1000 times the mass of the metal casting.  

So, a 2 pound part will require a mold weighing a ton! Due to the 

extreme pressures and the continuous exposure to thermal gradients from 

the molten metal, wearing of the die can be a problem. However in a well 

maintained manufacturing process, a die can last hundreds of thousands of 

cycles before needing to be replaced. 

 

Die casting machines. 

In addition to the opening and closing of the mold to prepare for and 

remove castings, it is very important that there is enough force that can be 

applied to hold the two halves of the mold together during the injection of 

the molten metal. Flow of molten metal under such pressures will create a 

http://thelibraryofmanufacturing.com/basic_permanent_mold_casting.html
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tremendous force acting to separate the die halves during the process. Die 

casting machines are large and strong, designed to hold the mold together 

against such forces. 

 

 

 

Figure 83 - Cold chamber die casting machine (top view) 
 

In manufacturing industry, die casting machines are rated on the force 

with which they can hold the mold closed. Clamping forces for these 

machines vary from around 25 to 3000 tons. 

 

Injection of molten metal. 

In industrial manufacture the process of die casting falls into two basic 

categories, hot chamber die casting and cold chamber die casting. Each 

process will be discussed specifically in more detail later. Although these 

processes vary from each other, both employ a piston or plunger to force 

molten metal to travel in the desired direction. 

 

 

Figure 84 - Basic principle of die casting 
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The pressure at which the metal is forced to flow into the mold in die 

casting manufacture is on the order of 1000psi to 50000psi (7MPa to 

350MPa). This pressure is accountable for the tremendously intricate 

surface detail and thin walls that are often observed in metal castings 

manufactured by this technique. 

Once the mold has been filled with molten metal, the pressure is 

maintained until the casting has hardened. The mold is then opened and the 

casting is removed. Ejector pins built into the mold assist in the removal of 

the metal casting. In most manufacturing operations, the internal surfaces 

of the mold are sprayed with a lubricant before every cycle. The lubricant 

will assist in cooling down the dies as well as preventing the metal casting 

from sticking to the mold. 

After the casting has been removed and the lubricant applied to the 

mold surfaces, the die are clamped together again then the cycle will repeat 

itself. Cycle times will differ depending upon the details of each specific 

die casting manufacturing technique.  

In some instances, very high rates of production have been achieved 

using this metal casting process. 

 

Insert molding. 

With the die casting process, shafts, bolts, bushings and other parts 

can be inserted into the mold and the metal casting may be formed around 

these parts. This is called insert molding, once solidified these parts become 

one with the casting.  

To help with the integration of the part into the casting, the part may 

be grooved or knurled providing a stronger contact surface between the part 

and the molten metal. 

 

 

Figure 85 - Grooved bolts cast into a part 
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Properties and considerations of manufacturing by die casting: 

¶ Metal castings with close tolerances, tremendous surface detail, 

and thin intricate walls can be manufactured using this process.  

¶ Due to the rapid cooling at the die walls smaller grain structures 

are formed, resulting in manufactured metal castings with superior 

mechanical properties. This is especially true of the thinner sections of the 

casting.  

¶ When manufacturing by this process, it is of concern to keep the 

mold cool. Die may have special passages built into them that water is 

cycled through in order to keep down thermal extremes.  

¶ Due to the high pressures, a thin flash of metal is usually squeezed 

out at the parting line. This flash has to be trimmed latter from the casting.  

¶ Since the mold is not permeable, adequate vents need to be 

provided for the elimination of gases during the metal casting process. 

These vents are usually placed along the parting line between the die.  

¶ High production rates are possible in die casting manufacture.  

¶ Ejector pins will usually leave small round marks on the metal 

casting. These can be observed on the surfaces of manufactured parts.  

¶ The need to open and close the mold limits some of the shapes and 

geometries that may be cast using this manufacturing process.  

¶ Equipment cost for die casting are generally high.  

¶ Die casting manufacture can be highly automated, making labor 

cost low.  

¶ Die casting is similar to most other permanent mold casting 

processes in that high set up cost, and high productivity make it suitable for 

larger batch manufacture and not small production runs. 
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6.6. Hot chamber die casting 

 

Hot chamber die casting is one of the two main techniques in the 

manufacturing process of die casting. This section will primarily discuss 

the specific details of the hot chamber process and contrast the differences 

between hot chamber die casting and cold chamber die casting, which is the 

other branch of die casting manufacture. 

 

Hot chamber process. 

A similar characteristic of either die casting process is the use of high 

pressure to force molten metal through a mold called a die. Many of the 

superior qualities of castings manufactured by die casting, (such as great 

surface detail), can be attributed to the use of pressure to ensure the flow of 

metal through the die. In hot chamber die casting manufacture, the supply 

of molten metal is attached to the die casting machine and is an integral part 

of the casting apparatus for this manufacturing operation. 

 

 

 

Figure 86 - Hot chamber die casting 
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shot cylinder down to the plunger, which is in contact with the molten 
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(the hot-chamber). Intake ports allow this chamber to fill with liquid metal. 

As the cycle begins, the power cylinder forces the plunger downward. The 
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plunger travels past the ports, cutting off the flow of liquid metal to the hot 

chamber. Now there should be the correct amount of molten material in the 

chamber for the "shot" that will be used to fill the mold and produce the 

casting. 

 

 

Figure 87 - Hot chamber die casting 

 

At this point the plunger travels further downward, forcing the molten 

metal into the die. The pressure exerted on the liquid metal to fill the die in 

hot chamber die casting manufacture usually varies from about 700psi to 

5000psi (5MPa to 35 MPa). The pressure is held long enough for the casting 

to solidify. 

 

 
 

Figure 88 - Hot chamber die casting 
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In preparation for the next cycle of casting manufacture, the plunger 

travels back upward in the hot chamber exposing the intake ports again and 

allowing the chamber to refill with molten material. 

 

 
 

Figure 89 - Hot chamber die casting 

 

For more extensive details on the setup of the mold, the die casting 

process, or the properties and considerations of manufacturing by die 

casting see die casting for the basics of the process. 

Hot chamber die casting has the advantage of a very high rate of 

productivity. During industrial manufacture by this process one of the 

disadvantages is that the setup requires that critical parts of the mechanical 

apparatus, (such as the plunger), must be continuously submersed in molten 

material.  

Continuous submersion in a high enough temperature material will 

cause thermal related damage to these components rendering them 

inoperative. For this reason, usually only lower melting point alloys of lead, 

tin, and zinc are used to manufacture metal castings with the hot chamber 

die casting process. 
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6.7. Cold chamber die casting 

 

Cold chamber die casting is the second of the two major branches of 

the die casting manufacturing process. This section will discuss cold 

chamber die casting specifically and contrast it with the hot chamber 

process discussed previously. For a basic view of die casting in general see 

die casting manufacture. 

 

Cold chamber process. 

 

Cold chamber die casting is a permanent mold metal casting process. 

A reusable mold, gating system and all, is employed. It is most likely 

machined precisely from two steel blocks. Large robust machines are used 

to exert the great clamping force necessary to hold the two halves of the 

mold together against the tremendous pressures exerted during the 

manufacturing process. 

 

 

 

Figure 90 - old chamber die casting machine  

(top veiw) 

 

A metal shot chamber, (cold-chamber), is located at the entrance of 

the mold. A piston is connected to this chamber, which in turn is connected 

to a power cylinder. 
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Figure 91 - Cold chamber die casting 

 

At the start of the manufacturing cycle, the correct amount of molten 

material for a single shot is poured into the shot chamber from an external 

source holding the material for the metal casting. 

 

 

 

Figure 92 - Cold chamber die casting 
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Pressure causes the liquid metal to fill in even thin sections of the 

metal casting and press the mold walls for great surface detail. The pressure 

is maintained some time after the injection phase of die casting 

manufacture. 

 

 

 

Figure 93 - Cold chamber die casting 

 

Once the metal casting begins to solidify, the pressure is released. 

Then the mold is opened and the casting is removed by way of ejector pins. 

The mold is sprayed with lubricant before closing again, and the piston is 

withdrawn in the shot chamber for the next cycle of production. 

 

Cold chamber die casting for manufacture. 

The main difference between cold-chamber die casting and hot-

chamber die casting manufacture is that in the cold-chamber process the 

molten metal for the casting is introduced to the shot chamber from an 

external source, while in the hot chamber process the source of molten 

material is attached to the machine. In the hot-chamber process, certain 

machine apparatus is always in contact with molten metal. For this reason, 

higher melting point materials will create a problem for the machinery in a 

hot-chamber metal casting setup. Since the liquid metal is brought in from 

an outside source, the die casting machinery is able to stay much cooler in 

a cold-chamber process. 

Consequently, higher melting point alloys of aluminum, brass, 

copper, and aluminum-zinc are often metal cast in manufacturing industry 
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using cold chamber die casting. It is very possible to manufacture castings 

from lower melting point alloys using the cold-chamber method.  

When considering industrial metal casting manufacture, however, the 

advantages of production by the hot-chamber process usually make it the 

more suitable choice for lower melting point alloys. 

In the cold chamber die casting process, material must be brought in 

for every shot or cycle of production. This slows down the production rate 

for metal casting manufacture. Where in the hot chamber process, castings 

can be constantly output. Cold chamber die casting should still be 

considered a high production manufacturing process. 

In comparison with the hot die casting process, the cold die casting 

process requires the application of more pressure. The pressure at which 

the molten metal is forced into and fills the die cavity in cold chamber metal 

casting manufacture typically outranks the pressure used to fill the die in 

hot chamber metal casting by about an order of magnitude. Pressures of 

3000psi to 50000psi (20MPa to 350MPa) may be used in manufacturing 

industry to fill the mold cavities with molten material during cold chamber 

die casting manufacture.  

Castings manufactured by cold chamber die casting have all the 

advantages characteristic of the die casting process, such as intricate detail, 

thin walls, and superior mechanical properties. The significant initial 

investment into this manufacturing process makes it suitable for high 

production applications. 
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6.8. True centrifugal casting 

 

The manufacturing process of centrifugal casting is a metal casting 

technique, that uses the forces generated by centripetal acceleration to 

distribute the molten material in the mold. Centrifugal casting has many 

applications in manufacturing industry today. The process has several very 

specific advantages. Cast parts manufactured in industry include various 

pipes and tubes, such as sewage pipes, gas pipes, and water supply lines, 

also bushings, rings, the liner for engine cylinders, brake drums, and street 

lamp posts. The molds used in true centrifugal casting manufacture are 

round, and are typically made of iron, steel, or graphite. Some sort of 

refractory lining or sand may be used for the inner surface of the mold. 

 

The process. 

It is necessary when manufacturing a cast part by the true centrifugal 

metal casting process, using some mechanical means, to rotate the mold. 

When this process is used for industrial manufacture, this is accomplished 

by the use of rollers. The mold is rotated about its axis at a predetermined 

speed. Molds for smaller parts may be rotated about a vertical axis. 

However, most times in true centrifugal casting manufacture the mold will 

be rotated about a horizontal axis. The effects of gravity on the material 

during the metal casting process make it particularly necessary to cast 

longer parts with forces generated from horizontal rather than vertical 

rotation. 

 

Figure 94 - Vertical vs horizontal rotation 

 

The molten material for the cast part is introduced to the mold from 

an external source, usually by means of some spout. The liquid metal flows 

down into the mold. Once inside the cavity, the centripetal forces from the 

spinning mold force the molten material to the outer wall. Molten material 

for the casting may be poured into a spinning mold or the rotation of the 

mold may begin after pouring has occurred. 
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Figure 95 - Pouring in true centrifugal casting 

 

The metal casting will harden as the mold continues to rotate. 

 

 

 

Figure 96 - Solidification in true centrifugal casting 

 

It can be seen that this casting process is very well suited for the 

manufacture of hollow cylindrical tubes. The forces used in this technique 

guarantee good adhesion of the casting material to the surface of the mold. 

Thickness of the cast part can be determined by the amount of material 

poured. The outer surface does not need to be round. Polygonal geometries 

such as squares and other shapes can be cast. However, due to the nature of 

the process, the inner surface of a part manufactured by true centrifugal 

casting must always be round. 

During the pouring and solidification phase of true centrifugal 

casting, the forces at work play a large roll in the properties of castings 

manufactured by this process. It can be seen that forces will be greater in 

the regions further away from the center of the axis of rotation. The greater 

forces towards the rim will cause the regions of the metal casting nearer the 

outer surface to have a higher density than the sections located nearer the 

inner surface. 
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Figure 97 - Force vector diagram for true centrifugal casting 

(cross-section) 

 

Most impurities within the material have a lower density than the 

metal itself, this causes them to collect in the inner regions of the metal 

casting, closer to the center of the axis of rotation. These impurities can be 

removed during the casting operation or they can be machined off later. 

 

Properties and considerations of manufacturing by true 

centrifugal casting: 

¶ True centrifugal casting is a great manufacturing process for 

producing hollow cylindrical parts.  

¶ The metal casting's wall thickness is controlled by the amount of 

material added during the pouring phase.  

¶ Rotational rate of the mold during the manufacture of the casting 

must be calculated carefully based on the mold dimensions and the metal 

being cast.  

¶ If the rotational rate of the mold is too slow, the molten material 

for the casting will not stay adhered to the surface of the cavity. From the 

top half of the rotation it will rain metal within the casting cavity as the 

mold spins.  

¶ This manufacturing operation produces metal cast parts without 

the need for sprues, risers, or other gating system elements, making this a 

very efficient industrial metal casting process, in terms of material usage.  
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¶ Since large forces press the molten material for the cast part 

against the mold wall during the manufacturing operation, good surface 

finish and detail are characteristic of true centrifugal casting.  

¶ Quality castings with good dimensional accuracy can be produced 

with this process.  

¶ Material of high density and with few impurities is produced in the 

outer regions of cylindrical parts manufactured by true centrifugal casting.  

¶ Impurities, such as metal inclusions and trapped air, collect in the 

lower density inner regions of cylindrical parts cast by this process.  

¶ These inner regions can be machined out of the cast part leaving 

only the dense, more pure material.  

¶ Shrinkage is not a problem when manufacturing by true 

centrifugal casting, since material from the inner sections will constantly 

be forced to instantly fill any vacancies that may occur in outer sections 

during solidification.  

¶ This method can produce very large metal castings. Cylindrical 

pipes 10 feet in diameter and 50 feet long have been manufactured using 

this technique. 

¶ With the employment of a sand lining in the mold, it is possible to 

manufacture castings from high melting point materials such as iron and 

steels.  

¶ This is a large batch production operation.  

¶ True centrifugal casting is a manufacturing process that is capable 

of very high rates of productivity. 
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6.9. Semicentrifugal casting 

 

Semicentrifugal casting manufacture is a variation of true centrifugal 

casting. The main difference is that in semicentrifugal casting the mold is 

filled completely with molten metal, which is supplied to the casting 

through a central sprue.  

Castings manufactured by this process will possess rotational 

symmetry. Much of the details of the manufacturing process of 

semicentrifugal casting are the same as those of true centrifugal casting. 

For a better understanding of this process and centrifugal casting 

manufacture in general seetrue centrifugal casting. Parts manufactured in 

industry using this metal casting process include such things as pulleys, and 

wheels for tracked vehicles. 

 

The process. 

In semi-centrifugal casting manufacture a permanent mold may be 

employed. However, often industrial manufacturing processes will utilize 

an expendable sand mold. This enables the casting of parts from high 

temperature materials. 

 

 

 

Figure 98 - Semicentrifugal casting expendable sand mold used to 

manufacture a wheel 

 

The molten material for the metal casting is poured into a pouring 

basin and is distributed through a central sprue to the areas of the mold. The 

forces generated by the rotation of the mold ensure the distribution of 

molten material to all regions of the casting. 
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Figure 99 - Semicentrifugal casting pouring a wheel 

 

As the metal casting solidifies in a rotating mold, the centripetal 

forces constantly push material out from the central sprue/riser. This 

material acts to fill vacancies as they form, thus avoiding shrinkage areas. 

 

 

Figure 100 - Semicentrifugal casting solidification a wheel 

 
The centripetal forces acting on the casting's material during the 

manufacturing process of semi centrifugal casting, play a large part in 

determining the properties of the final cast part. This is also very much the 

case with cast parts manufactured using the true centrifugal casting process. 

Forces acting in the true centrifugal process are similar to those that 

influence the material of a metal casting being manufactured by semi 

centrifugal casting. 
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When manufacturing by semi-centrifugal casting, the centripetal 

acceleration generated on the mass of molten metal by a rotating mold is 

the force that acts to fill the casting with this molten metal. This is also the 

force that continues to act on the material as the casting solidifies. The main 

thing to remember about centripetal forces is that the force will push in a 

direction that is directly away from the center of the axis of rotation. 

 

 

 

Figure 101 - Spinning wheel 

 

Also, the farther away from the center of the axis of rotation, the 

greater the force. 

It can be seen that during the semicentrifugal manufacturing process, 

the material in the outer regions of the casting, (further from the center of 

the axis of rotation), is subject to greater forces than the material in the inner 

regions. 
 

 

Figure 102 - Spinning wheel 
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Figure 103 - Semicentrifugal casting 

 

When the metal casting solidifies, the outer region of the cast part 

forms of dense material. The greater the forces under which the molten 

metal solidified, the denser the material in that region. So the density of a 

cast part manufactured by semicentrifugal casting will increase as you 

travel radially outward from the center. 

 

 
 

Figure 104 - Cast wheel 

 

The high forces in the outer section that push the molten material 

against the mold wall also ensure a great surface finish of cast parts 

manufactured by semicentrifugal casting.  

Another feature of this process, attributed to the usage of centripetal 

forces, is that impurities within the metal, (such as solid inclusions and 

trapped air), will form towards the inner regions of the casting.  
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This occurs because the metal itself is denser than the impurities, 

denser material subject to centripetal forces will tend to move towards the 

rim, forcing less dense material to the inner regions.  

This particular detail is also a feature in other types of centrifugal 

casting manufacture. 

 

 

 

Figure 105 - Semicentrifugal casting 

 

In industrial manufacture of parts by semicentrifugal casting, it is 

common to machine out the impurity filled center section, leaving only the 

purer, denser outer region as the final cast part. 

 

 

 

 

Figure 106 - Cast wheel  
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6.10. Centrifuge Casting 
 

Centrifuge casting is the third main branch of centrifugal casting 

processes used for industrial manufacture of cast parts. For more detailed 

information on the other two manufacturing processes that fit into the 

category of centrifugal casting see, true centrifugal casting and 

semicentrifugal casting. Developing an understanding of these techniques 

will greatly assist in learning about centrifuge casting, since the main 

principles that govern centrifuge casting are the same for all centrifugal 

casting processes. Centrifuge casting is different in that castings 

manufactured by the centrifuge casting process need not have rotational 

symmetry. With centrifuge casting, metal castings of desired shapes can be 

manufactured with all the distinct benefits of castings produced by a 

centrifugal casting process. 
 

The Process. 

In centrifuge casting manufacture, molds employed to produce the 

desired castings are arranged around a central sprue. These molds contain 

all the necessary geometry for the cast part, as well as the gating system. 

Runners travel from the central sprue to the mold entrances. 
 

 

Figure 107 - Centrifuge casting (set up) 
 

During the pouring phase of centrifuge casting manufacture, molten 

material is introduced into the central sprue. The entire system is rotated 

about an axis with the central sprue at the center of rotation. When an object 

is rotated, forces are produced that act directly away from the center of the 

axis of rotation. It would be known from the previous discussions 

concerning the other two branches of centrifugal casting, that the utilization 

of the forces of centripetal acceleration which act to push material away 
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from the center of rotation is the trademark characteristic of all the 

manufacturing processes of centrifugal casting. Centripetal force is not only 

utilized to distribute molten material through a mold, but to help control the 

material properties of a cast part. In centrifuge casting manufacture, the 

molten material to produce the casting is poured into the central sprue. 

Centripetal forces from the rotating apparatus push this material outward 

from the center, through the runners and into the molds. 
 

 

Figure 108 - Centrifuge casting (pouring) 
 

When the correct amount of molten metal to manufacture the casting 

is poured and distributed completely into the molds, the apparatus will 

continue to rotate as solidification is occurring. After the castings have 

completely solidified, the apparatus will stop rotating and the parts can be 

removed. 
 

 

Figure 109 - Centrifuge casting (solidification) 
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Centrifuge Casting Manufacture. 

There are many specific advantages in the quality of parts 

manufactured by centrifuge casting. Since the metal is forced into the mold, 

the mold cavity usually fills completely and cast parts with thin walled 

sections are possible. Also, great surfaces can be produced by centrifugal 

casting, which is another characteristic of castings manufactured by a 

process that uses large amounts of force to fill a mold. 

One of the most notable features, specific to the centrifugal casting 

processes and discussed in the preceding sections, is the effect of centripetal 

forces acting continuously on the material as the casting solidifies. Molten 

material that solidified under greater force will be denser than the same 

material that solidified under less force. This can be observed in a round 

cylinder manufactured using the true centrifugal casting process. 

 

Figure 110 - Cast part produced by true centrifugal  

casting (i) 
 

During the solidification of this part the mold was rotating. The forces 

acting on the material farther from the center were greater than the forces 

that were acting on the material closer to the center.  

 

Figure 111 - Cast part produced by true centrifugal  

casting (ii) 
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Consequently, it can be seen in the manufactured part that the density 

is greatest in the outer regions and decreases towards the center. 

Another specific effect that the centripetal forces used in centrifugal 

casting methods have on the material of a cast part is that impurities, such 

as inclusions and trapped air, tend to collect and solidify in the less dense 

material closer to the center of the axis of rotation. 

This happens because the material itself is denser than these 

impurities, when subject to centripetal forces the denser metal pushes to the 

outer regions, forcing the lighter impurities to the less dense inner regions. 

These effects of centripetal forces on a casting can be observed not only in 

cast cylindrical tubes but also in all the wide variety of parts that can be 

manufactured using the centri fuge casting process as well. 

 

 
 

Figure 112 - Effects of centripetal forces 
 

It can be seen that the density of the material varies throughout the 

cast part. The least dense section of the part will be the section that was 

closest to the center of rotation. The density of the material of the casting 

will increase with increasing radial distance from the center. Also, 

impurities that were present in the metal will have collected in the areas of 

the casting closest to the center of rotation. 
 

 

Figure 113 - Effects of centripetal forces 
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In a carefully planned centrifuge casting operation, the cast part can 

be designed to be manufactured in such a way that the less dense region 

containing the inclusions is removed after the production of the casting. 

This will create a finished part of pure, dense material. 

 

 

Figure 114 - Casting removed from mold 

 

 
Figure 115 - Final manufactured cast part of only pure  

dense material 
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