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Metal forming is a conventional manufacturing process whereby a material with simple form is 
subjected to plastic deformation and results in industrial end products. Reduction of forming forces and 
improving product quality has been a promising subject for investigators and artisans. For this purpose, 
primary methods such as increasing material temperature and modern methods such as use of high 
power low amplitude ultrasonic vibrations were introduced. In ultrasonic assisted forming, high power 
ultrasonic transducer produces low amplitude high frequency mechanical vibrations which were 
transmitted to material subjected to deformation and contacting surfaces of tool/workpiece. Results 
show reduction of forming forces and tool wear as well as improved surface integrity and dimensional 
stability that lead to increasing production rate and process efficiency. Considering the importance and 
capability of ultrasonic assisted metal forming, this paper is concerned with application of ultrasonic 
vibration on metal forming processes. To this purpose, fundamental principles and mechanisms of 
application of high power ultrasonic were introduces and discussed. Also, industrial future of this 
technology as well as its advantages, range of application and its restrictions were mentioned. 
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Fig. 1 The power ultrasonic system [4] 
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Fig. 2 Power Ultrasonic components: Converter, Booster and Horn [5] 
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1 Electrostrictive (Piezoelectric) transducer 
2 Magnetostrictive (Electromagnetic) transducer 
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Fig. 3 Ultrasonic applied to metal forming processes [9] 
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Fig.  4 Stress-strain curves of tensile tests of aluminum single crystals; 
(a) dashed curves indicate straining during ultrasonic irradiation at 20 
kHz, (b) solid curves indicate no irradiation in different temperatures 
[14] 
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Fig. 5 influence of ultrasonics on the forming force in deep drawing 
process [11] 
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Fig. 6 stress pulse transmission in ultrasonic peening [9] 
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Fig.  7 Fatigue curves for welded joint in steel Weldox 420 in the as-
welded and improved conditions: 1– as welded, 2– UIT treated using 
indenters of diameter 5 mm, 3– hammer peened, 4– shot peened, 5– 
TIG dressed, 6– TIG dressed and UIT treated using indenters of 
diameter 5 mm, 7– UIT treated using indenters of diameter 3 mm [24] 

7  1 -  
 2- UIT   5  3 -  4 - 

 5- TIG Dressing6- TIG Dressing UIT 
5  7- UIT 3   

  
Fig. 8 a- S–N curves of specimens with and without ultrasonic peening 
and b- Ultrasonic peening tool [25] 

8 - - 
  -    

 . 
200µm    

-4-4   

  .

  .
    

[27] 
 .

   

 .
 

 
 

  
[28] 

 .9-a 
9-b 
  

[30,29] 
 . 

   
   

[31]  

  ) 15 -25  (
  . 

3kW 
 .  

   

 -5-4 )   
  

  .       

  
Fig.  9 Wire drawing work. a- Experimental wire drawing setup and b- 
draw force on copper wire with on–off ultrasound [28]  
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Fig. 10 Different ways in which the pressing tool may be excited into 
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Fig. 11 (a) Linear shrinkage in hot pressing of iron powder under 
pressure of 130 kgf/cm2 (1) with and (2) without ultrasonic in different 
temperatures and (b) relationships between vibration amplitude of 
various 27 kHz dies and 20 kHz upper and lower vibration punches, 
and compact density of copper compacts 
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Fig. 12 Linear relation between apparent forming force drop and static 
forming force in ultrasonic cold forging [11] 
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Fig. 13 Effect of amplitude increasing boosters gain (1, 1.5, 2, 2.5) on 
changing the force required to obtain peak loading [5] 
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1      
Table 1 Summary of the applications, mechanisms, advantages and parameters of Ultrasound-Assisted Forming Processes 
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