
GLOBAL	
  MANUFACTURING	
  
ARAUJO, Anna Carla 
AUG, 2015 

Mechanical Engineering Department – POLI/COPPE/UFRJ 



Casting Processes [#4] 



“Globalization is the integration and interdependency of world markets and 
resources in producing consumer goods and services” 

Metal Solidification – Casting Processes 

•  How metal solidifies?  
•  What are the types of molds? 
•  What are the types of furnaces? 
•  How many pieces can be produced by Casting? 
•  How is the final process like? 



Casting – Recycling Process 
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Heating the Metal  

The heat energy required is the sum of: 
1.  the heat to raise the temperature to the melting point,  
2.  the heat of fusion to convert it from solid to liquid,  
3.  the heat to raise the molten metal to the desired temperature for pouring. 

Problems in the equation: 
(1)  Specific heat vary with temperature, especially in phase change. 
(2) Most casting metals are alloys, the heat of fusion cannot be applied so simply as 

indicated above.  
(3)  The property values required in the equation for a particular alloy are not readily 

available in most cases. 
(4) Heat losses to the environment during heating. 

H (Total heat required to raise the temperature of the metal to the pouring temperature), ρ density, Cs . weight 
specific heat for the solid metal,  Tm: melting temperature of the metal; To: starting temperature—usually 
ambient; Hf . heat of fusion, Cl: weight specific heat of the liquid metal, Tp . pouring temperature, V: volume of 
metal 



How pure metal solidifies? 

Pouring temperature: the 
temperature of the liquid metal when 
it first enters the mold. 

Superheat: is the difference between 
the pouring temperature and the 
freezing temperature of the material. 

Cooling rate: the rate at which the 
liquid or solid is cooling and can be 
viewed as the slope of the cooling 
curve at any given point.  

Thermal arrest: is the plateau in the cooling curve that occurs during the 
solidification of a material with fixed melting point. At this temperature, the energy 
or heat being removed from the mold comes from the latent heat of fusion that is 
being released during the solidification process. 



Nucleation and Crystal Grow 



Nucleation (Gibbs Free Energy) 



Grain Boundaries 





Crystal Structure of Metals 





Solidification Time (CHVORINOV’S RULE) 

“The amount of heat that must be removed from a casting to cause it to 
solidify depends on both the amount of superheating and the volume of metal 
in the casting. Conversely, the ability to remove heat from a casting is directly 
related to the amount of exposed surface area through which the heat can be 
extracted and the environment surrounding the molten material”. 

 

Solidification time: 

The mold constant, B, incorporates the 
characteristics of the metal being cast (heat 
capacity and heat of fusion), the mold material 
(heat capacity and thermal conductivity), the 
mold thickness, initial mold temperature, and 
the amount of 
superheat. 

What is the shape 
that solidifies 

faster? 



Shrinkage  





Shrinkage 

 
How to design a mold? 

 



Directional Solidification / Segregation / Gases  



Rising/Mold Design 



Casting Processes (Classes as a function of mold type) 



Capabilities and Advantages of Casting 

•  Casting can be used to create complex part geometries, including both 
external and 

internal shapes. 

•  Net Shape / Near Net Shape 

•  Casting can be used to produce very large parts. (100 tons!) 

•   The casting process can be performed on any metal that can be heated to 
the liquid state. 

•   Some casting methods are quite suited to mass production. 

 

Disadvantages: 

•  Different disadvantages for different casting methods!  

•  Mechanical properties, porosity, poor dimensional accuracy and surface 
finish for some casting processes, safety hazards to humans when 
processing hot molten metals, and environmental problems. 



Sand Casting 







Shell Molding 





Investiment Casting 





Evaporative pattern (full-mold and lost-foam) casting 



The basic permanent-mold process 





Die Casting (fundição por pressão) 



Centrifugal Casting 



Continuous Casting 



Furnaces 

The types of furnaces most commonly used in foundries are: 

1.  Cupolas,  

2.  Direct fuelfired furnaces,  

3.  crucible furnaces,  

4.  electric-arc furnaces, and 

5.  induction furnaces. 



1. Cupola 

Cupolas are used only for 
melting cast irons, the largest 
tonnage of cast iron is melted in 
cupolas.  
It consists of a large shell of 
steel plate lined with refractory. 
The ‘‘charge,’’ consisting of 
iron, coke, flux, and possible 
alloying elements, is loaded 
through a charging door located 
less than halfway up the height 
of the cupola.  
The iron is usually a mixture of 
pig iron and scrap (including 
risers, runners, and sprues left 
over from previous castings). 





2. Direct Fuel-Fired Furnaces  

“A direct fuel-fired furnace contains a small open hearth, in which the metal 
charge is heated by fuel burners located on the side of the furnace. roof of the 
furnace assists the heating action by reflecting the flame down against the 
charge. Typical fuel is natural gas, and the combustion products exit the 
furnace through a stack. At the bottom of the hearth is a tap hole to release the 
molten metal. Direct fuelfired furnaces are generally used in casting for 
melting nonferrous metals such as copperbase alloys and aluminum.” 



3. Crucible Furnaces (Indirect Fuel-fired furnaces) 

These furnaces melt the metal without direct contact with a burning fuel mixture. 



4. Electric Arc Furnace - Forno a arco elétrico 
In this furnace type, the charge is melted by heat generated from an electric arc that 
flows between two or three electrodes and the charge metal. 
Power consumption is high, but electric-arc furnaces can be designed for high 
melting capacity (23,000 to 45,000 kg/hr or 25 to 50 tons/hr), and they are used 
primarily for casting steel. 





5. Induction Furnace 



How is the final process like? 



How many pieces can be produced by Casting? 



Global Manufacturing – Casting Process 

JIT : Just In Time 

Molds? Suppliers? World Dependance? Logistic? 





Home Work #2 – Casting 

•  Answer questions from class #2 applied to Casting in group of 
2 students. 

•  Local Suppliers of Casting parts in your home country 

Addictional activities in class: 

- Visit to a COPPE Laboratory 


