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a b s t r a c t
Power ultrasonic has been recently employed in a wide variety of manufacturing processes among which
ultrasonic assisted powder compaction is a promising powder materials processing technique with significant industrial applications. The products manufactured by the powder metallurgy commonly consist
of residual porosities, material impurities, structural non-homogeneities and residual stress. In this
paper, it is aimed to apply power ultrasonic to the hot consolidation process of Ti-6Al-4V titanium alloy
powder in order to improve mechanical properties. To do this, the effects of ultrasonic power and process
temperature and pressure were considered and then deeply studied through a series of experiments. It
was shown that the addition of ultrasonic vibration leads to a significant improvement in the consolidation performance and the mechanical strength of the fabricated specimens.
Ó 2017 Elsevier B.V. All rights reserved.

1. Introduction
Powder hot pressing is a well-established technology to create
complex shapes with desired mechanical properties. Residual
porosity, structural non-homogeneities and poor mechanical properties are the most challenging issues in the area of the powder
densification processes [1]. To date, a number of research attempts
have been carried out to overcome the problems mentioned above
thorough different ways. For example, increasing process temperature may result in a better inter-particle welding of the powders;
applying a great amount of mechanical forces may also help the
powder particles to deform plastically. However, the higher
extents of these two input parameters, i.e. heat and applied
mechanical forces/loads, have many drawbacks. Higher process
temperatures may cause thermal residual stresses and the higher
values of external forces may also lead to mechanical residual
stresses. Sometimes, there is no increase in final density with further increase in process temperature and hence higher values of
impurity are expected in final compacted parts [2]. Further, the
cost associated with the higher extent of forces and heat is very
important in all powder metallurgy processes. The mentioned
issue is even more critical while compacting high-strength high
cost powder materials like Ti-6Al-4V titanium alloy which is a
workhorse material for aerospace and medical applications. Hot
Isostatic Pressing (HIP) is commonly used for achieve fully dense
powder compact [3]. Ti-6Al-4V powder needs a temperature of
1200 °C and pressure of 100 MPa to reach its theoretical density
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(full density) in controlled inert gas environmental condition during 2 h of processing [4]. It should be noted that the HIP has very
low production rates, costly equipment and is dangerous to some
extent because of its very high working temperatures and
pressures.
Uniaxial Hot Pressing (UHP) is an alternative process of powder
consolidation which is usually simpler and inexpensive than the
HIP. However, effective stresses are lower in the UHP than the
HIP as the friction forces exist between the die wall and powder
particles. Moreover, there is a unidirectional powder particle
movement in the UHP process. As a result of lower effective stresses, lower densification rates and higher amounts of residual
porosities are expected in this technique. It can be inferred that
the UHP needs a relatively long pressing time for producing a fully
dense high performance compact.
During the UHP, densification can be further enhanced by various methods such as the application of low frequency mechanical
vibration [5], transformation mismatch plasticity [6], and ultrasonic vibration [7].
Ultrasonic vibration is widely being used as an assisting technology in most of conventional manufacturing methods [8]. Reduction in mean forming forces and frictional forces has been reported
in the countless research of different manufacturing engineering
sectors such as ultrasonic assisted machining [9], grinding [10],
welding [11,12], forming [8], compaction [13] and so forth. The
main parameters of ultrasonic processing are frequency, mode
shape, amplitude, imposing time and power intensity [14].
Blaha and Langerker first reported a significant reduction in
yield stress by applying high power ultrasonic vibration [15]. It is
believed that stress superposition, acoustic softening and vibration

