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Introduction
As da-result . of the high effidiency

and simple implementation of
ultrasound, 1t has been wlidely
accepted in the fields of
biomedicine, chemistry, metal
forming and metallurgy. The
principle underlying the effect of
vilktragseund saco Tt halt o wherno g i sotinid
wave propagates tﬁuxnxﬂl a substance,
the acoustic enerqgy 1s being

scattered and absorbed by the
Maltenlidd . rhes Soundswaves sunitterfore
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ulbrg ¥eEefPormation
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by ' Fig. Two
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Question

From the short review of experimental results above,
the conclusion cannot be escaped that, at least In
terms of experiments considered, the metals with high
SFE, such as, e.g., aluminum, are inclined to _
ultrasonic residual hardening. In contrast, metals with
low SFE (titanium, copper, gold) manifest the
phenomenon of ultrasonic residual softening.Many
researches have attempted to explore a realistic
mechanism caused to change mechanical behavior
(acoustic softening or residual _
softening / hardening) whenever the ultrasonic
vibration is Imposed on metal, but its accurate
underlying mechanism was still not so clear. The
residual effect caused by ultrasonic vibration
IS quite contrary between some metals, what is the
reasons? 4




Step

R@ﬁ@ﬁedeveloped an analytical
model which i1introduced a new term,
ultrasonic defect intensity, 1nto
the synthetic theory of plastic
deformation. This model described
the ultrasonic temporary softening
and the ultrasonic hardening when
ultrasound acts alone and did not
consider the residual 'softening /
hardening after ultrasonic-
assisted plastic deformation.

The plan was to develop a model

accounting for the pheneomenon ‘of)
armlietio " olgetyortsr atieh 3




Ultrasonic Temporary Softening And
Residual Hardening In Terms Of The

Sgntheti
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model o~¢ curves 1n the compression
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bel low which -1s plotted via Egs.
(1,2), shows good agreement with
experimental data. Next step 1is
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Modelling of ultrasonic temporary and residual effects

This work is step forward in our
research of modeling the effect of
ultrasound on the plastic deformation of
metals. here we discussed a more
complicated case obtained by Zhou et al.
[Influence of ultrasonic vibration on the
plasticity of metals during compression
process] which, in addition to acoustic
temporary softening, involves the
residual softening for Ti and the residual
hardening for Al.

Since, so far, there is no enough
experimental data on the effect of SFE
upon the post-sonicated deformation for
a wide range of metals, we proposed a
linear relationship for f(y) related to the
value of SFE for Al:
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 The first step was to select the appropriate value of r to match the ordlnary 0~€
diagram to the experimental one. The theoretical o~¢ curve plotted using equ.:

7T/2 Al

4
i —Z j j [(0 sin B cos 1)? — 6] sin B cos A cos B dAdB = a,®@(b),
B1 O

 we plot o~¢ diagrams under the action of US using equ.:

Os

ey = ag®(by), by = - >
\/05 +3 (A0 (2 - eP1))

 Finally plotting the deformation of post-sonicated material, which is calculated via Eq.:

2 3
TONr = 3 [(0 sin B cos 1)? — 5 [4;50,,%41]% — 052] :
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4 Modelling of ultrasonic temporary and residual effects

Jai

Andrew Rusinko, Ali H. Alhilfi

Obuda University, Nepszinhaz St. 8, Budapest, Hungary, H-1081, ruszinko.endre@bgk.uni-obuda.hu
Misan University, Iraq, alihameed@uomisan.edu.iq

JOURMNAL OF THEORETICAL AND

APFPLIED

MECHANCS

Journal of Theoretical and Applied Mechanics is a quarterly
publication of the MNational Committee of Theoretical and Applied
Mechanics at the Bulgarian Academy of Sciences. It publishes original
research papers and invited survey articles in all areas of Mechanics.
The Journal is sponsord by the Insitute of Mechanics at the Bulgarian
Academy of Sciences.

Subscription:

Subscription rate per volume (4 issues). 80 EUR

Checks, money orders etc. should be made out to the Institute of
Mechanics, Bulgarian Academy of Sciences and should be sent to the
address of the Editorial Office.

Library exchange:
All inquiries about library exchange should be addressed to the Editorial
Office.

Useful links:
Bulgarian Academy of Sciences

NOW INDEXED IN

L ]

-
.,
LI L

w

THOMSON REUTERS

Institute of Mechanics

Journal of Theoretical and
Applied Mechanics...

Computational
Mechanics

SR 2019
0.28 4



Creep deformation of metals in the ultrasonic field

This work 1s aimed to plot strailin~time
curves for copper 1in terms of the
synthetic theory for the following
cases: (1) ordinary creep, (11) creep 1n
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Creep deformation of metals in the ultrasonic field
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Evolution Of Loading Surface In The Ultrasonic Field

This study discusses the evolution of loading surface associated with the phenomena of
ultrasonic temporary softening and ultrasonic residual hardening and residual softening
registered in the experiments for plastic deformation of Al and Ti in the ultrasonic field. The
aim was to model these phenomena in terms of the synthetic theory of irrecoverable
deformation.

The conclusion cannot be escaped that, at least in terms of experiments considered, the metals
with high SFE, such as Al, are inclined to ultrasonic residual hardening. In contrast, metals
with low SFE (Ti, Cu, Ag) manifest the phenomenon of ultrasonic residual softening.
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Evolution of loading surface in the ultrasonic field
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The next
step

The next steps 1S 1O
develop a mode l for
ultrasonic-assisted

stress wwithe a ' Shoundary
problem.
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