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Metal Forming Processes [#8] 



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

Forming Processes 

•  How materials deforms permanelty?  
•  What are the differences from forming processes aplied to 

polymers and metals? 
•  What are the metal forming processes? 
•  What is the energy consuming in metal forming? 
•  How is the final process like? 
•  What is the production quantity? 



Bulk Deformation Processes 

•  Bulk deformation processes are generally characterized by significant deformations 
and massive shape changes, and the surface area–to-volume of the work is relatively 
small. The term bulk describes the workparts that have this low area-to-volume ratio. 
Starting work shapes for these processes include cylindrical billets and rectangular 
bars.  

 



Forging: In forging, a 
workpiece is compressed 
between two opposing 
dies, so that the die 
shapes are imparted to the 
w o r k .  F o r g i n g  i s 
t r a d i t i o n a l l y a h o t 
working process, but 
many types of forging are 
performed cold.  

Rolling: This is a compressive deformation 
process in which the thickness of a slab or plate 
is reduced by two opposing cylindrical tools 
called rolls. The rolls rotate so as to draw the 
work into the gap between them and squeeze it.  

Drawing: In this forming 
process, the diameter of a 
round wire or bar is 
reduced by pulling it 
through a die opening.  

Extrusion: This is a compression process in 
which the work metal is forced to flow 
through a die opening, thereby taking the 
shape of the opening as its own cross 
section.  



Metal Plasticity (Yielding) [Uniaxial stress] 
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Models for Plasticity 

•  Rigid Plastic 

•  Hardening 



Principal Stresses 



Plain Strain (ey=0;Sz=0)  





Failure Criteria (Isotropic Materials) 

Tresca maximum shear stress criterion:  
The simplest yield criterion is one first 
proposed by Tresca. It states that yielding will 
occur when the largest shear stress reaches a 
critical value.  
The largest shear stress is τmax = (σmax − σmin )/2 

Von Mises criterion: The effect of the 
intermediate principal stress can be included by 
assuming that yielding depends on the root-
mean-square diameter of the three Mohr’s 
circles. 



Friction (Coulomb and Sticking/Adhesion)  

Nominal Contact Area – An 
Real Contact Area - As 



Temperature (Hot and Cold Forming) 



RECRYSTALIZATION	
  IN	
  HOT	
  FORMING	
  





PROCESSOS DE CONFORMAÇÃO VOLUMÉTRICA 
(BULK PROCESSES) 

•  FORJAMENTO 
•  LAMINACAO 
•  TREFILACAO 
•  EXTRUSAO 





Forging – Open Die 



Forces in Open Die Forming 
Homogeneous Strain Method with Friction 



Contact / Pressure Distribution on the Die (N/mm) 
Coulomb Friction 



Contact / Pressure Distribution on the Die (N/mm) 
Adhesion/Stiking Friction and Partial Adhesion 











Rolling  

Draft: 

Reduction: 



Pressure along the contact length in flat rolling 



Rolling – Condiction to Pull the workpiece 

Beginning During rolling process 











WIRE AND BAR DRAWING  





Maximum Reduction per Pass in wire drawing 

“Why not take the entire reduction in a single pass through one die, as in extrusion? 
The answer can be explained as follows. From the preceding equations, it is clear 
that as the reduction increases, draw stress increases. If the reduction is large 
enough, draw stress will exceed the yield strength of the exiting metal.” 
Assuming a perfectly plastic metal (n = 0), no friction, and no redundant work. In 
this ideal case, the maximum possible draw stress is equal to the yield strength of the 
work material. 





Extrusion 



Extrusion Forces 









SHEET METALWORKING (next class) 



Home Work #6 – Forming 

•  Answer questions from class #2 applied to Extrusion. 

•  Local Suppliers of Extruded Aluminum parts in your home 
country 

•  Due to 21st September 


