
 

 

 

 Some pages of this thesis may have been removed for copyright restrictions. 

 

If you have discovered material in AURA which is unlawful e.g. breaches copyright, (either 

yours or that of a third party) or any other law, including but not limited to those relating to 

patent, trademark, confidentiality, data protection, obscenity, defamation, libel, then please 

read our Takedown Policy and contact the service immediately 

  









TilE UNIVERSITY OF ASTON IN BIRMINGHAM 
~partment of Production Technology and Production Management 

THE MECHANICS OF ULIRASONIC TUBE BENDING 

Submitted in fulfilment of the requirements 
for the degree of Doctor of Philosophy 

Author: IBRAHIM NAIR.OUZ IBRAHIM Year: 1983 

Summary 

The technology of precision bending of tubes has recently increased 
in importance and is widely demanded for many industrial applications. 
However, whilst attention has been concentrated on automation and 
increasing the production rate of the bending machines, it seems that 
with one exception very little work has been done in order to understand 
and therefore fundamentally improve the bending process. 

A new development for the process of draw-bending of tubes, in which 
the supporting mandrel is axially vibrated at an ultrasonic frequency, 
has been perfected . A research programme was undertaken to study the 
mechanics of tube· bending under both vibratory and non-vibratory 
conditions. For this purpose, a conventional tube-bending machine was 
modified and equipped with an oscillatory .system. 

Thin-walled mild steel tubes of different diameter to thickness 
ratios were bent to mean bend radii having various values from 1.5 to 
2.0 times the tube diameter. It was found that the application of 
ultrasonic vibration reduces the process forces and that the force 
reduction increases with increasing the vibration amplitude. A 
reduction in the bending torque of up to 30 per cent was recorded and a 
reduction in the maximum tube-wall thinning of about 15 per cent was 
observed. The friction vector reversal mechanism as well as a 
reduction in friction account for the changes of the forces and the 
strains. Monitoring the mandrel friction during bending showed, in 
some cases, that the axial vibration reverses the mandrel .mean force 
from tension to compression and, thus, the mandrel is assisting the tube 
motion instead of resisting it. 

A theory has been proposed to describe the mechanics of deformation 
during draw-bending of tubes, which embodies the conditions of both 
"with" and "without" mandrel axial vibration. A theoretical analysis, 
based on the equilibrium of forces approach, has been developed in which 
the basic process parameters were taken into consideration. The 
stresses, the strains and the bending torque were calculated utilising 
this new solution, and a specially written computer programme was used 
to perform the computations. 

It was shown that the theory is in good agreement with the measured 
values of the strains under vibratory and non-vibratory conditions. 
Also, the predicted bending 'torque showed a similar trend to that 
recorded experimentally. 
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