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Definition
Vibration-Assisted Ball Burnishing is a ﬁnishing processed based on plastic deformation by means of a
preloaded ball on a certain surface that rolls over it following a certain trajectory previously
programmed while vibrating vertically. The dynamics of the process are based on the activation of the
acoustoplastic eﬀect on the material by means of the vibratory signal transmitted through the
material lattice as a consequence of the mentioned oscillation of the ball. Materials processed by
VABB show a modiﬁed surface in terms of topology distribution and scale, superior if compared to the
results of the non-assisted process. Subgrain formation one of the main drivers that explain the
change in hardness and residual stress resulting from the process.

1. History: From Ball Burnishing to the Vibration Assisted Version of
the Process
This Encyclopedia entry deals with the main aspects and details related to the ball burnishing process
assisted with a vibratory signal (namely, vibration-assisted ball burnishing or VABB henceforth). Ball
burnishing is based on deforming plastically with a preloaded sphere the irregularities of a surface that
has been previously machined, so that its roughness or texture features are reduced while hardness is
increased due to cold deformation (Figure 1a). However, this interaction is three-dimensional and is very
much inﬂuenced by the friction between the ball and the material. The main physical vector to achieve
that deformation is the preload force with which the ball is preloaded and the number of passes by which
the target surface is covered. By assisting the process with vibrations, a vibratory component of the force
Fv is overlapped to the preload Fp, resulting in the overall vibratory burnishing force Fb, as shows Figure
1b.

Figure 1. (a). General overview of a vibration-assisted ball burnishing process. (b). Components of the
burnishing force (Fb).
The process must be understood as the upgrade of a classical operation complemented with an extra
layer that introduces new dynamics and modiﬁes the way the tool interacts with the material of the target
surface. The oldest references related to ball burnishing itself refer to the processing of certain parts of
the automobilistic industry in the sixties

[1].

The process was described simply as a means whereby the

motion of a ball or roller displaces the peaks of the surface roughness proﬁle into the valleys. Today, we
know that this apparently simple description does not account for the very complex mechanisms that are
put at stake when this kind of process is deployed to provide a certain workpiece with a desired ﬁnishing
state. The phenomenon whereby the material surface is modiﬁed is more likely to be compared to how

the wavy surface of calm waters on the sea are smoothly moved by the eﬀect of the wind, changing their
direction, but keeping a very similar pattern all the way through.
Ball burnishing has been often cited because of its direct eﬀects on the surface texture. The actual
description of this modiﬁcation can be described as a triplet:
The surface texture features are reduced to a lower scale.
The material that composes the surface is redistributed to a Gaussian distribution of heights.
If enough plastic deformation is exerted, the surface features can be reoriented along the ball
burnishing direction.
As the last of the described eﬀects is only observed if the proper force and number of passes are
combined to obtain the desired surface ﬁnishing, it could be said that the original explanation of ball
burnishing in which material peaks were introduced in the valleys is not totally accurate.
Besides the topological eﬀects of the process, the material also embodies other transformations that
deﬁne its state after ball burnishing. Speciﬁcally, by experiencing cold deformation, the material is
ultimately cold-hardened, providing the ﬁnal workpiece with a reinforced outer layer with enhanced
performance. Furthermore, a higher compressive residual stress proﬁle is formed in the subsurface layers
of the material. This change of mechanical state of the material is also often observed in the change of
the microstructural state of the outer layers of the material itself, if a cross-section of the processed
surface is observed.
The assistance of ball burnishing in the mid-twentieth century responded at the time to an extended trend
in the manufacturing innovation ecosystem based on providing classical operations with extra functions
that enhanced the outputs of these processes. This is how hybrid processes such as vibration-assisted
machining

[2]

or laser-assisted ball burnishing [3] were born and are still today used in many

manufacturing companies. Speciﬁcally, VABB was brought into play into the ﬁnishing operations industry,
incorporating a vibratory movement to the burnishing ball simultaneous to its rolling over the surface
irregularities while it runs the programmed trajectory. VABB was for the ﬁrst time reported during the
1970s, designed as ultrasonic burnishing. It was assisted by 41.5 kHz vibrations and a variable amplitude
from 5 to 10 μm

[4].

The ﬁrst detailed academic bibliography dealing with VABB dates from the 1980s [5],

although some references could be found in previous years focusing on the comparison of the friction
coeﬃcient, wear rate or load bearing capacity of VABB-treated surfaces with regards to surfaces ﬁnished
through other processes such as boring, grinding or even simple ball burnishing. However, these
references did not focus on the phenomenology behind the results or their relation with the descriptive
parameters of the surfaces themselves.
This entry is divided in three sections. The ﬁrst describes the overall results observed on diﬀerent
materials after VABB. The second oﬀers an insight into the physical origins of the vibratory assistance.
Furthermore, ﬁnally, the hardware and physical systems reported in literature are explained.

2. Eﬀects of VABB on Materials
In general, the aﬀectation of surfaces after VABB can be described very similarly to the one resulting from
the conventional process, namely as a comprehensive eﬀect on the material at the surface on the
topology or roughness, microhardness and residual stress with a higher aﬀectation of the surface. The
references that are included in this section show that VABB does not necessarily enhance all properties
simulatenously, hence the importance and need to know the process and decide whether to use it or not
and to distinguish its adequateness according to the desired surface characteristics.
The ﬁrst results reported after VABB by Marakov (1973) [4] found a relevant interaction between the
vibration amplitude and the obtained surface roughness. Indeed, the anticipated positive eﬀect of higher

force values on the resulting surface roughness was only observed on those mild steel specimens treated
with a 2 μm amplitude. A reduction in the friction coeﬃcient between the burnishing ball and the recipient
material was also reported in those conditions. Later on, Pande and Patel (1984)

[5]

reported results on

low-frequency (10 to 70 Hz) vibratory burnishing in contrast to the high-frequency assited process.
Results provided evidence for an inverse interaction between the preload and the amplitude of the
assistance, obtaining lower surface roughness values for amplitudes lower than 0.5 μm. They also found
that the vibration-assistance was remarkably positive with regards to the residual hardness obtained after
the tests, as an assistance with 60 Hz vibration allows the lowest preload to be successful in increasing
these values compared to the unassisted process.
No other relevant research sources about ultrasonic burnishing can be found until the 2000’s, when new
references to the process start to be found on diﬀerent materials. Bozdana et al. (2005)

[6]

applied the

process on Ti-6Al-4V specimens assisted with 20 kHz and 6.75 μm vibration on a milling machine. It was
proved that there is a critical value from which surface roughness is harmed when the VABB process is
applied, and should be deﬁned. For the ultrasonic process, that point is at a much lower preload level,
probably because transient softening due to the transmission of the vibratory signal through the material
favours the in situ plastic deformation. Consequently, the eﬀects of vibration-assistance can ﬁre back by
deforming excessively the material at the surface, and should be carefully selected

[7]

. However, residual

stress and hardness results were much more promising, as the ultrasonic process resulted in higher
values with half the preload required for the non-assisted process. Therefore, it can also be stated that
the process seems not to be neatly positive in aﬀecting the surface under diﬀerent perspectives, i.e.,
some aspects might be improved while others are harmed.
The references related to VABB since the 2010s have increased considerably, including few references
applied on a lathe on diﬀerent materials

[8][9]

. The VABB applied on milling machines clearly dominates

the state of the art in this sense. A 2-kHz assistance was reported to improve the surface roughness of
AISI 1038 [10] and EN AW 7078

[11]

with regards to the non-assisted process (NVABB), although the results

in terms of microhardness were questionable. Extensive experimental research has been performed to
analyze the impact of VABB on diﬀerent ball-end milled surfaces of AISI 1038
based Udimet 720 alloy

[14]

and AISI 306

[15].

[12]

, Ti-6Al-4V [13], nickel-

In all cases, following the same research pattern by applying

Taguchi experimental design, the authors conclude that VABB proves its eﬀectiveness to modify
eﬀectively the surface topology of all surfaces, and redistributing the material to a Gaussian state. Other
works on the AISI 316L steel has also been conducted

[16].

Furthermore, the threshold value of the

preload from which the surface is harmed was identiﬁed, being diﬀerent for each of the tested materials.
It was also noted that it seems that in applying the VABB process, the eﬀect of the original surface is of
upmost importance, as it deﬁnes the improvement potential of the surface itself. The authors conclude
that the vibration-assistance should only be selected to improve surface topology if the original Sq
descriptor of the surface is 5 μm or less; but on the other hand that topological improvement can be
accompanied with a lower level of compressive residual stress [13].
The nanoscopical level also shows information about how the material at the surface is modiﬁed after
VABB. It has been found that the process succeeds in reﬁning the grain structure at the subsurface on
many alloys such as aluminum 6061

[17]

or AISI 1045

transformation in materials such as Ti-6Al-4V

[19],

generation of martensite by cold plastic strain)

[18]

, and is even able to promote the phase

or austenitic metastable AISI 306 [15] (by forcing the

[20]

. This translates into a higher residual hardening and

stress. In biocompatible materials, investigators have succeeded in generating subsurfaces that favour
cell adhesion, and can, therefore, increase the biocompatibility of materials [21]. Grain reﬁnement on 174PH stainless steel surfaces also resulted in a wear and corrosion resistance of the material, compared to
the conventional unassisted version of the process

[22]

. In all cases, new research seems to show that the

correct direction to continue with investigations about VABB is to consider how the microstructure is
changed.
Pros, Cons and Capabilities of VABB

The development of the VABB throughout the years and the very positive results obtained in research
have positioned VABB as a potential process to be implemented in many kinds of industries. Although no
works comparing VABB with other ﬁnishing processes have been reported, its non-assisted counterpart
has proved to be superior in terms of residual stress and topological improvement if compared to it direct
competitors, such as laser shock peening or shot peening

[23]

. If it is assumed that VABB is an upgrade of

NVABB, the general superiority of VABB with regards to other competitive ﬁnishing processes can be
inferred by extension.
The capabilities of the process do not only result from the eﬀects on the material itself, but also the ease
with which it can be introduced in a manufacturing routine through numerical control has to be
highlighted. The authors work, for instance, with a company that is substituting their manual polishing for
moulds for the automotive industry by this automatised process. The introduction of VABB in their routine
not only has reduced the processing time of each part but has also allowed the owners of the company to
exploit their machine tools overnight with the automatised process.
Companies from the aeronautical industry are also eligible to implement VABB in their routines. This
industry is on the search of processes that can help them improve the conditions of selective surfaces
that are subjected to fatigue stress. The target of VABB does not have to be a whole surface but speciﬁc
sectors of the part that engineers have identiﬁed as critical, what makes the process still more interesting
in comparison with other ones that cannot be so selective, such as sand blasting or laser shock peening.
The process also demonstrates disadvantages, as the equipment required to execute it is based on an
external circuit that has to be branched to the VABB tool so that it can work. This wiring could be a
handicap to automatise the process, or at least could be a conundrum for production engineers willing to
guarantee the security of the process itself. Furthermore, it would require more space to install the
external power circuit.
Theoretical models of VABB are scarce but have arisen the fact that the simultaneous improvement of
texture and residual stress cannot always be possible with VABB

[24].

The solution to that is to adjust very

thoroughly the burnishing parameters to achieve this simultaneous eﬀect. Therefore higher preprocessing
and preparation time can also be cited as a drawback of the process and introduces a new challenge for
industries willing to implement it in their routines.
The authors consider that these disadvantages cannot overshadow the evident advantages of the process
itself, as it has been presented above, not only in practical terms but also in material modiﬁcation and
performance after being ﬁnished through VABB. It is true that the time required to deﬁne a correct
selection of VABB parameters (explained in subsequent subsections) is long, but it can deﬁnitely pay oﬀ
later on once the process is eﬀectively implemented in the manufacturing routine of the adopters.

3. Physical Principles behind VABB
Originally, the introduction of vibration assistance was brought into the industry just by following the
hypothesis that a vertical movement of the burnishing ball, simultaneous to its longitudinal feed
movement, could have a similar eﬀect on the material as if successive impacts were applied on the
surface, i.e., due to a hammering eﬀect on the material that composed the interface of the workpiece.
The results obtained after VABB, and that shall be described in the next section, evidence that the
process leads to diﬀerent results compared to its original counterpart. However, it is not clear today what
the phenomenological explanation is that accounts for the process results. This is caused by the fact that
it is impossible to visualize how the actual engagement of the ball with the surface material is modiﬁed
due to the vibratory movement, and how stress is transmitted into the material subsurface layers.
Regardless of this limitation, research during the last few decades has allowed the scientiﬁc community to
obtain new insights of the technology itself. The evidence found demonstrate that there are two main
causes whereby VABB oﬀers diﬀerent results with regards to it conventional counterpart, namely:

Due to the fact that it activates the acoustoplastic eﬀect on the material.
Due to the fact that it modiﬁes the engagement dynamics of the ball and the material during rolling.
3.1. The Acoustoplastic Eﬀect
Acoustoplasticity consists of the decrease in the quasi-static stress to which a material must be subjected
to be plastically deformed by means of overlapping a vibratory signal over the physical force that causes
that strain. As ball burnishing is based on plastic deformation, it is, therefore, eligible to be enhanced by
this eﬀect. Acoustoplasticity was reported for the ﬁrst time by Blaha and Langenecker in 1955

[25]

on pure

zinc crystals radiated by a 800-kHz ultrasonic wave. Hence its alternative designation as Blaha eﬀect. It
was proved later on that it can be universally observed in metals

[26]

, although the degree of aﬀectation

varies according to the properties of the materials. For instance, the higher the acoustic impedance and
the higher elastic modulus of a material, the higher its sensitivity to be aﬀected by acosutoplasticity
The acoustoplastic eﬀect has proven to be independent of the vibration frequency

[28]

according to the vibration amplitude although the source of this inﬂuence is not clear

[27].

but its eﬀects vary

[29][30]

.

The consequences of acoustoplasticity are dual because it can cause residual softening but also residual
hardening [31]. Gindin et al. (1972) [32] concluded that the residual hardening is only present if an intensity
threshold is surpassed. This observation is interesting to justify the assistance of ball burnishing with
vibrations because it could facilitate plastic strain during the process while provoking a residual hardening
of the target surface.
Despite the fact that acoustoplasticity has been experimentally observed on a high variety of materials,
its actual physical source is still controversial. The conundrum is based on the fact that there is no
agreement on whether acoustoplasticity has an intrinsic or extrinsic causes, i.e., whether it is provoked by
a reaction inside the material’s microstructure to the external source of vibrations, or by the increase of
the power deployed into the system without change of the material behaviour. Ultimately, the reader shall
ﬁnd that acoustoplasticity has a polyhedral nature.
The intrinsic approach to the issue is based on the hypothesis that ultrasonic energy was preferentially
absorbed by defects in the metal lattice (e.g., dislocations or grain boundaries). The intrinsic approach is
based on the idea that these defects are actual responsible for the mechanisms of plastic deformation,
hence its potential to explain why acoustoplasticity works and can be observed at a macro level. This idea
was deﬀended by Blaha and Langenecker

[25][33].

Later on, Mason (1955) [34] argued that as the lattice

defects absorb the vibratory energy, dislocation mobility is enhanced and this eﬀect allowes the metal to
deform under lower loads. Based on this theory, Gindin et al. (1972)

[32]

justiﬁed the residual hardening

observed on materials deformed through acoustoplasticity because of dislocation loops on the material
lattice and the new stable vacancies accumulated in it. Pohlman and Lechfeldt (1966) [35] reinforced this
intrinsic approach by observing that the force drop during ultrasonic strain was only observed during the
plastic strain phase, and not in the elastic one, as plastic deformation mechanisms are related to metal
lattice dynamics. Langenecker (1966) [31] proposed that the ultrasonic energy at lattice defects caused a
microheating eﬀect, facilitating the material strain. Imperfections in the metal lattice tend to look for
minimal energy positions, provided that a certain threshold value of energy is exceeded. Therefore, they
defended that the increase in dislocation mobility must be a thermally activated process, meaning that
acoustoplasticity would only happen if a certain activation energy was surpassed. Although they
contributed to the understanding of acoustoplasticity, intrinsic theories could explain why other
mechanisms related to energy absorption by lattice defects such as resonance or hysteresis based on
ultrasonic do not have the same eﬀect as acoustoplasticity, and, therefore, evidenced limitations.
Chronologically simultaneous were the works undertaken by Nevill and Brotzen (1957) [36], who defended
extrinsic theories. They proposed that the observed stress decrease through acoustoplasticity was
independent of the temperature. Therefore, they explained the acoustoplasticity phenomenon as a result
of macroscopic superposition of steady and oscillatory stresses. Kirchner et al. (1985)

[37]

developed an

extrinsic model by a set of experiments performed with a universal testing machine on aluminium
specimens, by programming diﬀerent overlapped sinusoidal forces on the deforming forces at low,
medium and high frequencies. However, as this model lacked total correspondence with experimental
observations, the role of internal friction was introduced eventually in the system, assuming its
responsibility for the equilibrium of forces that need to be satisﬁed during the quasi-static deformation of
a material

[38][39]

. Still, results were not exactly consistent with experimental observations. Therefore, a

purely extrinsic approach to the topic did not seem to be suﬃcient to explain satisfactorily the sources of
acoustoplasticity.
The recent advances in microstructural analysis has allowed researchers to revive the discussion about
the roots of acoustoplasticity. Vickers microindentation tests performed with a vertical 30-kHz vibrating
indenter were conducted in 2011 by Siu et al. on pure aluminium

[40]

, copper and molybdenum [41] proved

that the diamond-shaped indentations for the ultrasonic-indented prints were bigger. This conﬁrms a
decrease in the hardness experienced by the material during the application of the ultrasonic plastic
deformation. It was conﬁrmed later on that this is due to dislocation annihilation

[42]

promoted by

acoustoplasticity, as the positive vibratory cycle promotes dislocation travel to further places, and the
negative cycle slows them down to favour that annihilation. Furthermore, SEM observations evidenced
that subgrains are formed after indentations performed with a vibration assistance unlike the results
evidenced by specimens indented quasi-statically. That explains residual hardening, as subgrains act as
secondary boundaries which increase the required energy to move the dislocations because of the
increase in heterogeneity in the direction of slipping planes inside the material lattice. That is associated
to hardness increase. On the other hand, that strain hardening is highly unbalanced, what derives in
higher residual stress

[43]

.

This explanation that combines dislocation annihilation and subgrain formation by means of
acoustoplasticity is actually a fusion of extrinsic and intrinsic theories and is so far the explanation that
accounts more accurately for acoustoplasticity. Indeed, neither is acoustoplasticity just a stress addition
eﬀect, nor the preferential absorption of vibratory energy by lattice defects. It also supports the nondependence of the softening results on the frequency

[44].

In contrast to that, it seems tha the vibratory

amplitude does inﬂuence the residual hardening results, as observed in 2015 by Cheng et al. (2015). In
fact, this author remarked that the eﬀect of acoustoplasticity is only conspicuous if an amplitude
threshold value is surpassed

[45]

. This result is in line with the mid-20th century acoustoplasticity

experiments explained above.
3.2. Modiﬁcation of the Engagement Dynamics Ball-Material
The previous subsection has shown that the usefulness of vibration-assisted ball burnishing can be
justiﬁed with the resources that material science is able to deliver. However, focusing on how the material
is modiﬁed during deformation assisted with a vibration is not enough to explain why ball burnishing
happens. Indeed, there is a second relevant mechanism that explains the change of the eﬀects of ball
burnishing due to vibrations related to the fact that the interaction of both solids changes as the ball
moves or is moved by a dynamic mechanism. That is, the frictional behaviour of the ball and the material
must be of great importance to the results, because it is that contact that enables vibratory transmission.
The described eﬀect has been formulated guided by the extensive experimental observation and out of
intuition, as it is not possible to actually see what is the interaction between the ball and the surface
during the process. It is still more complicated to visualise what the impact of the vibratiory movement is.
For this reason, researchers are incipiently working on ﬁnite element model that can show in detail what
are these interactions and predict eventual results of the process

[46].

Shen et al. (2019) have developed a

3D FE model of VABB that shoes that a forced vibration overlapped on a static force (preload), the
alternative force can be understood as a dynamic hammering that derives in a higher penetration of the
residual stress. They also highlight that the compressed layer will be saturated at a certain static load and
that, therefore, the room for improvement after VABB is not inﬁnite.

This line should be higher explored in the future, to better understand the dynamics of the process.
Lacking the possibility of actually observing the interphase between ball and surface, numerical models
are a clear alternative to understand the phenomenology of the process and know how the engagement
of the ball and the material occurs during VABB.

4. Equipment to Deploy of Vibration-Assisted Ball Burnishing
To date, in this text, VABB has been explained as a single process. However, there are numerous ways
whereby the vibrations can be introduced in the system and how they are technically deployed:
Vibrators based on electromagnets that were designed to produce a certain peak-to-peak force during
their movement, and that were attached to the machine where they were executed

[5].

This kind of

systems are the oldest ones and their speciﬁc functioning has not been reported in the bibliography
with enough detail as to understand how the system works.
Alternative deﬂection of plates subjected to variable magnetic ﬁelds, as shown in Figure 2a. The source
of vibration is caused by the positive and negative deﬂection of the thin plate to which the ball is
attached as a consequence of a variable magnetic ﬁeld created by a coil excited with an external
circuit. Therefore, these kind of systems have a true limitation of the frequency at which they can work
because the thin plate is not able to follow an excessively high frequency for reasons of inherent
stiﬀness. For this reason, these kinds of systems are not capable to arrive to the ultrasonic level.
Although these systems exists at the experimental level, they cannot be found in the industrial level.
However, their importance lies in the fact that the results that can be obtained by them can be used to
establish a comparison point with the VABB process assisted with ultrasonic frequencies. For instance,
Gomez-Gras et al. (2015)

[47]

reported asuccessful 2.1 kHz assisted system that proved to introduce the

acoustoplastic eﬀect in the system and allowed the researchers to ulteriorly report very positive eﬀects
of the process itself

[10].

A sonotrode attached to a piezoelectric stack, which forces vibration by the expansion and contraction
of a sonotrode thanks to an external power circuit that transmits an oscillatory signal

[48][49]

. This kind

of systems is shown in Figure 2b.

Figure 2. Schematic representations of VABB systems. (a). Systems based on deﬂective plates. (b).
Systems based on sonotrode deformation.
The readers must take into account that all the described systems are based on the general idea of
precharging the burnishing tool on the surface and then activating the vibratory system. As a
consequence, the free oscillatory movement of the plate or sonotrode are restricted. That is, their normal
free movement when they are excited without contact with the workpiece is dampened according to the
elastic properties of the material that is being treated. As a consequence, the actual mechanical system
that represents VABB is evidently complex and must be understood as a version of how the tool moves

and vibrates when it is not constricted. For this reason, the correct functioning of VABB equipment should
be checked to conﬁrm that the vibratory signal originated by the vibrating tool is successfully transmitted
though the material lattice. Direct dynamometric measurements or acoustic emission sensors could do
the job if installed properly

[48].

The challenge in this case would be to have accessibility to acquisition

systems that have a high enough sampling frequency to reconstruct the signal, if the assistance is
ultrasonic.
VABB Conditions
The numerous factors that can be chosen to apply the process makes it very easy to design a particular
application of VABB for a certain material. Of all these parameters, some of them are directly related to
the productivity of the process and the other are responsible for its technical implementation and the
actual eﬀectiveness of VABB on the target material. The reader shall ﬁnd a description of all of the in the
next paragraphs:
Preload
. This parameter is related to the static force that the VABB tool exerts once it makes contact with the
target surface and is further pressed on it. For a correct execution of the process, it should be the mean
value of the actual burnishing force
. Its deﬁnition is the same one for the VABB process both executed on a milling machine or a lathe.
Number of passes
. It makes reference to the number of times the process is applied on the target material. Along with the
preload, it deﬁnes the degree of plastic deformation applied on the surface after the whole operation is
performed.
Trajectories. Refer to the path that the burnishing ball follows to cover the target surface. In VABB
processes programmed on a milling machine, these trajectories can either overlap, or not, and also
refers to an eventual change of the feed movement along the x or the y axis. In lathe operations, it
cannot be changed, as in this case VABB can be assimilated with a turning strategy that has no room
for change. It has also been observed that the directionality of the passes can deﬁne the orientation of
the ﬁnal texture and residual stress anisotropy

[12].

Lateral oﬀset b. Separation between adjacent burnishing lines to cover the target surface. This value
corresponds to the feed in a lathe VABB operation and the actual coordinate that the ball is laterally
displaced between one pass and the next one in a milling VABB routine. It must be small enough as to
gurantee that the original surface texture is covered by the process and therefore, must be deﬁned
according to the eﬀective area of contact of the burnishing ball with the surface texture features.
Therefore, it is normally deﬁned in a preliminary assessment phase before applying the actual VABB.
Furthermore, this parameter has a direct impact on productivity, as it is directly responsible for the
number of adjacent passes required to cover a certain target area.
Feed f. It is the linear velocity by which the ball is displaced on the material. Thus far, no infulence on
the actual VABB results have been reported in literature, and is therefore a mere productivity
parameter.
Amplitude of vibration A. This parameter is deﬁned by the vibration-assistance system and cannot
usually be changed. However, at sight of the previous explanation about acoustoplasticity, it seems
that it has to be high enough as to cause a change of the material by means of that eﬀect and
guarantee the transmission of the vibratory wave through the material lattice.
Frequency of vibration

. As was explained before, it seems that the eﬀects of vibration assistance should be independent of the
frequency used in the system to implement it. However, most systems do not allow the user to change
this frequency, especially if it is based on resonating principles. For this reason, it is considered a
parameter just for those VABB toolings where it can be adjusted, although it should be just kept
constant in all cases.
From the explained parameters, the combination of preload, number of passes, trajectories and lateral
oﬀset must be deﬁned in the NC routine implemented to apply VABB on the target surface. The former is
actually the linear coordinate the ball has to be positioned at to guarantee a certain pressure on the
material surface before starting the routine, whereas the three others are programmed through
interpolation functions in the ISO code.
The need to deﬁne all these parameters before implementing the process is a challenge for those willing
to use VABB to improve the ﬁnishing routines inside their industries. For this reason, it is necessary to
follow a certain strategy to deﬁne Jerez-Mesa (2018)

[50]

deﬁned after extensive work with diﬀerent

materials that a certain protocol has to be deﬁned, and it depends on the alloy that has to be treated and
its original surface state. Figure 3 is an extension of what can be consulted on the referenced Thesis
Dissertation and it summarizes that protocol. The frequency and amplitude of the system are normally
ﬁxed by the VABB tool. Therefore, to apply the process, the user has to take into consideration what is the
target material and what is its current topological state. That deﬁnes the actual preload and number of
passes to be chosen to modify the topology, residual stress and hardness of the surface. On the other
hand, the deﬁnition of the trajectories and the lateral oﬀset between passes must be decided to deﬁne the
desired directionality of the surface texture and preferential residual stress component. By deﬁning these
parameters, the user shall be able to master the conditions under which VABB must be executed to
maximise its results. It should also be note that, in case the VABB process leads to stress relaxation, then
the non-assisted process should be considered instead, although probably the adjustment of the
processing conditions could lead to an eventual improvement of the eﬀects of VABB.

Figure 3. Recommended protocol to be followed to design the VABB processing conditions.

5. Conclusions and Prospects
The VABB process featured in this Encyclopedia entry has proved to be a procedure of interest for the
industry and researchers during many decades and is starting to be more prominent now with the
development of new research activities and the proliferation of practical tooling systems that are easy to
manufacture. The best way to technologically implement the process in an actual environment requires a
previous testing phase in which the most convenient parameters should be ﬁxed to increase the potential
of the process as much as possible and achieve simultaneous eﬀects on texture, residual stress and
hardening of the material.
VABB has all the ingredients to be the ﬁrst option to be adopted as ﬁnishing technology in numerous
manufacturing environments. However, the prospects of the technology are associated with certain
challenges to be tackled that are related to understand the phenomenology behind the physical driver of
plastic deformation under the acoustoplastic eﬀect. Extensive experimental research has proved that the

results of the process are highly dependant on the interaction of the ball and the original texture. Indeed,
the interaction of the vibratory deforming body and the target material is micrometrical, and has proven
to be highly inﬂuential on the actual results of the process. Increasing the theoretical knowledge of the
process not only would lead to the deeper understanding of VABB—utterly important in the academic
ﬁeld– but could also reduce the timespan of the previous assessment phase referred to previously to plan
the actual implementation of the process.
The innovation of the tooling systems to apply the process are also another innovation line to be explored
in the future. The most extended systems reported in the literature to apply the actual process have been
explained in this entry. However, the high frequency that these instruments vibrate at, and the dynamics
of the mechanical system composed by the long tool pressed on the target surface, makes it diﬃcult to
monitor de process with conventional acquisition systems. VABB tooling must, therefore, be explored with
diﬀerent techniques so that the eﬀectiveness of its systems are ratiﬁed.
All in all, VABB has proven to be an interesting process with some drawbacks in comparison with other
direct competitors such as shot peening, but its capability of being applied selectively on speciﬁc areas of
industrial parts and the easiness of integration in a manufacturing routine have earned it a prominent
position in the present and future of ﬁnishing techniques.
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