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5.1 Introduction

Vibration is an undesired phenomenon due to the detrimental effects on structural
stability, position control, materials performance, fatigue life, and noise reduction.
This topic is of concern to a broad range of structures from automobiles to tall build-
ings. Vibration damping is a special field of interest to suppress the vibrations acting
on the structures. Damping capacity and structural stiffness are desired to be
increased in vibration damping studies [1].

Vibration damping systems use passive or active solutions to suppress the vibra-
tional loadings on the structures. In passive solutions, materials with high damping
characteristics are included into the structures. These materials provide an enhanced
absorption capability to the vibrational energy acting on the structures. For exam-
ple, vibrational energy can be transferred into mechanical deformation or heat loss
on the damping materials, thereby providing passive vibration attenuation for the
structures. On the other hand, active systems require an external power for the sen-
sors and actuators that are used to counter the vibrations on the structures [1]. As a
major advantage of active systems over passive ones, resonances can be avoided by
tuning the damping systems, thereby preventing from structural collapses at natural
frequencies.
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Various materials are used in passive vibration damping systems. In general,
viscoelastic properties are demanded from the materials. Polymers and rubbers are
widely used for this purpose [2]. Vibrational energy is attenuated through heat loss
by the effect of viscoelastic characteristics of the materials. In addition to viscoelas-
ticity, microstructural defects in metal alloys such as dislocations, grain boundaries,
and secondary phases are benefitted in vibration damping systems. In metal-based
vibration damping systems, vibrational energy triggers the activation of defects
such as slip motions and plastic deformations in metal alloys and consequently lead-
ing to vibration damping through energy conversion in the structures [3].

Due to its unique rheological behavior, shear thickening fluid (STF) has been
adapted to different vibration damping systems in recent years. STF has low viscos-
ity properties under rest or low frequency conditions; however, its viscosity signifi-
cantly increases upper levels upon exciting by high-frequency loading. STF exhibits
excellent viscous damping behavior as well as good elastic stiffness capabilities,
and for this reason, it emerges as a passive dissipative material suitable for vibration
damping systems [4—6]. Unlike active damping devices, STF does not require an
additional power unit for activation because its rheological response naturally acti-
vates in case of an external stimulation [7, 8]. Tailoring the rheological response for
the desired damping properties provides excellent advantages for the users, thereby
eliminating the complexity as such in the fluid-based active damping systems
requiring magnetic or electric fields.

Vibration control is an essential issue for many fields. However, three main
application areas come to the forefront considering the STF-based vibration damp-
ing systems in the literature: structural components, machinery, and manufacturing.
In this chapter, STF-based vibration damping systems are discussed for the given
application areas.

5.2 STF-Based Vibration Damping
in Structural Components

In order to enhance the vibration damping properties of structures, STF is generally
merged into conventional components instead of using it as a single body because
STF is a fluidic material. For this reason, holes and channels are typically designed
in structural components to be filled with STF. Giirgen et al. [9] designed sandwich
panels having an extruded polystyrene (XPS) core material between aluminum face
sheets. A set of holes was drilled in the core material to contain STF. Modal analysis
method was employed to find out the damping ratios in the sandwich structures. In
this simple technique, structures are excited by hammer impacts to show their natu-
ral vibrations. An accelerometer is used to collect the free vibrations in terms of
displacement, and then mass, damping, and stiffness metrics are calculated for over-
all system. Complex systems such as STF-included structures show multi-degree of
freedom, which is transformed into a set of single-degree of freedom systems by
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this way. Consequently, complex problems can be modeled as linear superposition
of a number of single-degree of freedom systems in modal analysis. According to
this work, STF integration into the sandwich structures leads to a significant increase
in the damping ratios. Based on an early study [10], liquid addition into the struc-
tures contributes to the damping properties regardless of liquid rheology. Because
the liquid acts as a viscous medium in the system and thereby provides a damping
mechanism for the structures. Liquid sloshing lowers the vibrations acting on the
structures [11]. Despite the conventional viscous effect in any liquid, STF provides
an additional damping mechanism for the structures. When the STF-containing
sandwich panels are excited by vibrational loading, STF in the holes starts flowing
and particle interactions are observed in the microstructure. By the effect of vibra-
tional stimulation, hydrodynamic interactions grow up in the flow field and, conse-
quently, particles are forced to get close to each other. Particle contacts, which
support the shear thickening effect, may be observed depending on the loading
level. As particle contacts predominate the microstructure, shear thickening effect
grows stronger. For this reason, STF shows stiffer characteristics under vibrational
loading, thereby contributing to the damping properties of the structures [9].

Fischer et al. [12] investigated the vibration control properties of multi-layer
composites intercalated with STF. The aim of this work was understanding the
effect of STF inclusion on the stiffness and damping capacity of the composite
under dynamic deformation. In line with this purpose, a layer of STF was spread
between polyvinyl chloride (PVC) beams. The STF was fabricated by distributing
hydrophilic fumed silica in a polypropylene glycol (PPG) pool. In the vibrating
beam testing, one of the beam ends was fixed by a clamp while the other end was
exposed to forced oscillations by a vibration generator. A laser velocity transducer
was used for monitoring the displacement at the tip of the excited beam end. The
amplitude of the stimulation was adjusted instantly to keep the displacement ampli-
tude constant. A data recording unit was used to track the corresponding forces with
respect to frequency for different levels of displacement amplitudes. From the
experimental results, the relative motion of the PVC beam is heavily affected by the
shear thickening rheology. Above a certain amplitude, which corresponds to the
thickening point of STF, the natural frequency of the beam increases while growing
the vibration damping performance in the multi-layer structure.

A similar beam design was proposed by Wei et al. [13]. Aluminum face sheets
with an STF core layer were considered in this work. The dynamic characteristics
were theoretically investigated by considering an external forced excitation. STF
properties were taken into account while the governing equation for the beam was
derived from the complex stiffness method and Timoshenko beam theory. In the
calculations, the following were assumed: (1) the Euler-Bernoulli beam theory is
valid for face sheet deformations, (2) low mode vibration is considered for the
beam, (3) only shear deformations act in STF core, (4) all the layers (face sheets and
STF core) show identical transverse displacements, and (5) no slip and delamina-
tion conditions for the interfaces during deformation. Various parameters were
selected to understand their effects on the dynamic properties of the structure. These
parameters were excitation frequency, excitation amplitude, excitation location, and
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skin/core thickness ratio. According to the results, natural frequency is quite
dynamic by integrating STF core into the beam unlike traditional structures.
Moreover, natural frequency gets more sensitive at higher excitation amplitudes. In
addition, the sensitivity of the natural frequency is prone to increase at lower excita-
tion frequencies. On the other hand, the variation in the natural frequency gets big-
ger when the excitation location is near the mid-span of the structure. There is a
certain relationship between the skin/core thickness ratio and natural frequency.
When the skin/core thickness ratio increases, the natural frequency increases as
well. To sum up, STF inclusion in the aluminum-based beams leads to a reduction
in the vibration of the structures [14]. The non-Newtonian rheology of STF provides
a thickened texture in the core of the beam under loading. From this change, stiff-
ness and damping characteristics in the structures are enhanced and, consequently,
vibration attenuation behavior is enhanced.

In another study, STF was incorporated into carbon fiber reinforced polymers
(CFRP) tubes [15]. Although CFRP-based components are widely used in aero-
space, automotive, sport, and medical equipment applications, this material needs
an improvement in the vibration damping properties. The STF was made from natu-
ral products such as cornstarch and water. Three different cornstarch loadings (50%,
55%, and 60%) were used in the STF fabrication. After filling the CFRP tubes with
STF, the specimens were tested in modal analysis. Two different clamping configu-
rations were selected in the experimental setup as shown in Fig. 5.1. According to
the results, the tubes without STF exhibit the lowest damping ratio while damping
ratio increases by filling the tubes with higher cornstarch content mixtures. These
results indicate that STF addition leads to a gain of performance for damping behav-
ior. Moreover, vibration damping performance simply depends on the shear thick-
ening effect. To understand the role of shear thickening effect, thickening ratio was
calculated for all suspensions having different cornstarch amounts. Thickening ratio
is a performance metric for the better understanding of shear thickening intensity in
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Fig. 5.1 Vibration test setup for single-fix end and double-fix end [15]. Reprinted by permission
from Elsevier
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Fig. 5.2 Damping ratio vs thickening ratio [15]. Reprinted by permission from Elsevier

the suspensions. This metric is defined as the peak viscosity beyond the thickening
point over the viscosity at the critical shear rate [16]. Figure 5.2 shows the correla-
tion between the damping ratio of the tubes and the thickening ratio of the STFs. It
is clearly seen in the chart that shear thickening intensity has a direct relationship
with the vibration damping behavior of the structures. As the solid particle loading
increases in the suspension, thickening ratio increases and, therefore, peak viscosity
at the thickening regime reaches upper levels. Consequently, STF-included tubes
behave in stiffer manner and damping properties get stronger by this means. The
novel STF/CFRP design is suggested for unmanned aerial vehicle (UAV) structures
to enhance the vibration isolation properties against flutter and undesired vibrations
during flights.

The thickening ratio level regarding the particle loading aforementioned in the
previous paragraph can be associated with the clustering mechanism in the suspen-
sion. In denser mixtures, clustering mechanism quickly takes place due to the
increased hydrodynamic interactions. For this reason, lower critical shear rates are
frequently encountered in the rheological measurements, which means that the
onset of the thickening phenomenon can be easily observed at lower rate of external
stimulations. In other words, thickening threshold in terms of shear forces can be
reached at lower shear rates by adding more solid particles in the mixtures. This is
due to the decreasing inter-particle distances, which enhance the particle interac-
tions as well as overcoming the repulsive forces between the particles [17]. In addi-
tion to the hydrodynamic effect, dense suspensions are more prone to produce
particle contacts in their microstructures especially at higher shear rates. Because
small inter-particle distances lead to strong attraction forces between the particles
and consequently physical contacts inevitably take place in the microstructures.
From this formation, shear thickening effect gets stronger in the mixtures, thereby
increasing stress transfer both in the suspension and at the STF/CFRP interfaces. As
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a result of this process, vibration damping characteristics are enhanced in the STF-
included structures [15].

The key point in benefiting from STF in vibration damping is tailoring the thick-
ening phase to coincide with the structural resonance point. At the shear thickening
regime, the suspension shows increased stiffness and thereby provides strong damp-
ing behavior at that state. Regarding this important issue, Neagu et al. [18] proposed
a micromechanical approach to STF-integrated composite structures. In this work,
a block of silicone was reinforced by a set of glass fiber/epoxy rods. The interfaces
between the silicone matrix and reinforcing rods were nested for an STF made from
spherical silica particles and polyethylene glycol (PEG). The composites were sub-
jected to dynamic mechanical analyses to determine the dynamic properties.
According to the experimental results, STF presence at the matrix/reinforcement
interfaces significantly enhances the damping behavior of the composites. The
dynamic properties are heavily dependent on frequency and applied external load
amplitude. Damping peaks are observed at the shear thickening regime of the STF,
which clearly proves that shear thickening provides an additional damping capabil-
ity for the structures. In addition, the damping peak locations appear depending on
the onset of shear thickening rheology in the STF. In this sense, STF-integrated
composites are capable of stiffness/damping control for certain vibration frequen-
cies. To do this, STF rheology can be tailored in many different ways. STF rheology
depends on several factors, which can be manipulated for tuning the shear thicken-
ing behavior. Particle volume fraction, particle aspect ratio, particle size, particle
roughness, particle modifications, liquid medium, temperature, and reinforcing fill-
ers are the main factors providing an opportunity for rheological control [16, 19-21].

5.3 STF-Based Vibration Damping in Machinery

STF-based vibration control in machinery has been an interesting topic for two
decades. A damper is a simple solution in conventional applications. From this point
of view, researchers have made great efforts to integrate STF into a simple device
and ultimately propose a passive adaptive damper for machinery applications. The
first attempt about including STF in traditional dampers is replacing the hydraulic
oil with STF. The viscoelastic damping characteristics of the dampers gain an adap-
tive behavior by this way.

Zhao et al. [22] proposed an STF-based damper for adaptive vibration attenua-
tion in rotary systems. The STF was synthesized by distributing nano-size fumed
silica in PEG medium. Then this smart suspension was filled in a damper, which
was investigated in a rotary test setup as shown in Fig. 5.3. In the experimental
stage, two STF dampers were attached to a rotor system in x and y directions to
suppress the undesired vibrations generated by the rotary motion. Vibration fre-
quencies and vibration amplitudes were investigated in this experimental work.
Figure 5.4 shows the dynamic response of the rotary system. As shown in Fig. 5.4a
and b, there are quite large displacements in the no-damper cases. By attaching one
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Fig. 5.3 Structural design of STF damper and vibration test setup [22]. Reprinted by permission
from Elsevier

STF damper whether in x or y directions, the displacements are effectively restricted
to a small area. Moreover, the displacements show higher restrictions in the STF
damper installation directions. On the other hand, the displacements are signifi-
cantly reduced and, thus, the stability of the rotary system is highly enhanced by
using two STF dampers in both directions. From the chart given in Fig. 5.4c, it is
possible to state that the first-order resonance amplitude of the rotary system is
about 90 pm in x-direction for the no STF damper case. The resonance amplitude
greatly reduces to about 15 pm and 40 pm by using an STF damper in x-direction
and y-direction respectively. On the other hand, a significant reduction is obtained
in the two STF damper case that the resonance amplitude shows only 4 pm by the
effect of STF damping in both directions. Similar improvements are achieved in the
resonance amplitudes in y-direction as shown in Fig. 5.4d. As given in the graph, the
resonance amplitude of the system without a damper is about 400 pm, whereas it is
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Fig. 5.4 Dynamic response of the rotary system: (a) axis orbits with a frequency of 42 Hz, (b) axis
orbits with a frequency of 45 Hz, (¢) x-direction amplitude response nearby resonance region, and
(d) y-direction amplitude response nearby resonance region [22]. Reprinted by permission from
Elsevier

about 220 pm and 140 pm for the one STF dampers attached in x-direction and
y-direction, respectively. The highest suppression is achieved in the two STF damper
case, which yields a resonance amplitude of about 30 pm. There is an obvious
improvement in the vibration attenuation properties by using STF dampers in the
rotary mechanism.

STF dampers have nonlinear characteristics due to the rate-dependent behavior
of STF rheology and show large damping forces. For this reason, they provide
enhanced energy absorption capabilities at natural frequencies in comparison to the
conventional linear dampers. Furthermore, damping force in STF dampers can be
increased significantly depending on the frequency and amplitude and, therefore,
stronger vibration suppression properties are clearly obtained in these smart devices.
Unbalanced vibrations in rotary systems especially at natural frequencies can be
effectively attenuated by the nonlinear damping characteristics. STF dampers have
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a great potential to be integrated into adaptive or semi-active vibration control sys-
tems [22].

In another STF damper study, Wei et al. [23] developed a phenomenological
model for predicting the flow characteristics of STF. Then, an analytical model was
proposed to simulate the dynamic characteristics of an STF damper by the aid of the
developed phenomenological model for STF rheology. In the damper modeling,
force-displacement curves were investigated for various amplitudes and frequen-
cies. According to the results, peak damping forces greatly increase as the ampli-
tudes and frequencies increase in the system. Contrary to the magnetorheological
dampers, force-displacement curves in STF dampers do not follow stable character-
istics under increasing excitations. At significantly large amplitudes and frequen-
cies, damping forces are prone to get lower values beyond a critical point.
Furthermore, the reduction in damping forces becomes prominent by decreasing the
annular gap. For this reason, annular gap dimension is one of the key factors in STF
damper design, especially for large amplitude and frequency applications.

Lin et al. [24] designed a damper filled with fumed silica and PEG-based
STF. The damper was subjected to sinusoidal loadings while imposing different
frequencies. The dynamic behavior of this smart damper was investigated by con-
sidering the force-displacement and force-velocity curves. From the results, damper
forces exhibit a reduction by increasing the loading cycles for all frequencies. This
effect grows upon long-term loadings. The root cause is found as the heat genera-
tion in the damper system and consequently increasing temperature. Based on the
previous works [25-29], shear thickening behavior shows a degradation at elevated
temperatures due to lower rate of hydrodynamic interactions. For this reason, a
gradual reduction in peak viscosity develops as the loading is applied to the damper.
As a result, damping properties show a loss of performance for long-term opera-
tions. Although STF inclusion in damper systems provides an improvement for the
dynamic properties, temperature has a restrictive effect on STF performance. From
this point of view, an attempt is required to control the heat generation in STF-based
damping devices.

Apart from conventional damper devices, STF was brought together with a slid-
ing friction (SF) isolator to benefit from shear thickening rheology [30]. This device
is suggested for anti-seismic applications to keep the structures in a stable position
during cyclic loadings. The STF-based SF isolator includes a traditional SF material
and STF as well. Figure 5.5 shows the details of STF-based SF isolator. At low
excitation energies, the SF material protects the structure from large vibrations and
displacements. On the other hand, STF provides a large damping forces by dissipat-
ing the external energy acting at high excitation cases. Consequently, the relative
motion between the upper plate and the lower member is restricted to keep the
structure static. For better understanding of the concept, a mechanistic approach
was made by building an analytical model based on the flow momentum equations.
The system was subjected to cyclic loadings with various accelerations. From the
chart given in Fig. 5.6a, the upper plate shows excessive displacement with refer-
ence to the base member when the isolator is assembled without SF material and
STF. On the other hand, almost no displacements are visible in the STF and SF/STF
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Fig. 5.5 (a) Cross-sectional view of STF-based sliding friction isolator, (b) three-dimensional
view of STF-based sliding friction isolator, and (¢) STF-based sliding friction isolator after defor-
mation [30]. Reprinted by permission from Springer Nature
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Fig. 5.6 (a) General displacement response, (b) magnified displacement response, and (c¢) accel-
eration response of the isolators under a cyclic excitation acceleration of 0.01 g [30]. Reprinted by
permission from Springer Nature

cases. Figure 5.6b shows a detailed view of the displacement curves in the STF and
SF/STF cases. It is clearly seen that the average displacement for the SF/STF isola-
tor is about 0.01 m while the amplitude is only 0.001 m. On the other hand, average
displacement is about 0.005 m; however, larger amplitudes about 0.01 m are visible
in the STF case. From these results, it is possible to mention that the SF/STF isola-
tor provides more stable characteristics for vibration damping. The acceleration
response of each system is given in Fig. 5.6¢c. The system without SF material and
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STF exhibits large acceleration peaks during the cyclic loading. The accelerations
are varied in a range of 0.2 m/s%. In the STF case, the accelerations are suppressed
to a range of +0.1 m/s%. On the other side, the system with the SF/STF isolator
shows almost no accelerations, which means that the system is quite stationary
under the harmonic excitations. It can be stated that STF inclusion in the SF isola-
tors provides a gain of performance for suppressing the excitations; however, SF
sealing at the interface of the upper and lower members significantly enhances the
damping characteristics. It can be mentioned that STF inclusion in the conventional
SF isolators adds a value in terms of damping properties. Smart device concept is
introduced with the SF isolators by integrating STF into these devices. Although the
SF/STF isolator shows excellent properties, the design of the device can be enhanced
for gain of performance. As an example of improvement, the layered design of
columnar structure in the STF room can be optimized for increased shear thickening
formation.

Another vibration damping device for machinery is damping pads. In the con-
ventional applications, damping pads are generally made from elastomers to sup-
press the undesired vibrations through viscoelastic damping. Damping pads are
easy-to-use and cost-effective solutions for anti-vibration applications. These pads
are used as a support element in the installation of a wide range of large machines
such as machining centers, sewing machines, belt lines, rotary mixers, and shakers.
In recent applications, STF-based anti-vibration pads have been designed to take
advantage of the adaptive damping behavior of STF in vibration isolation.

Cork is a potential material for anti-vibration systems due to its excellent damp-
ing behavior. There are many applications with the usage of cork in vibration isola-
tion applications especially damping in machinery. One of them is incorporating
STF into cork panels to gain smart damping pads for machinery applications.
Giirgen et al. [31] designed multi-layer cork structures by applying STF as an adhe-
sive between the layers. The STF used in this work was based on nano-size fumed
silica and PEG. They constructed 20 mm thick cork pads with different numbers of
layers as shown in Fig. 5.7. Vibration attenuation properties of these novel pads

c20 C10/STF C4/STF C2/STF
1x20mm 2x10mm 5x4mm 10x2mm

Fig. 5.7 STF-included cork pads for vibration isolation [31]. Reprinted by permission from
Elsevier
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Fig. 5.8 Damping ratios for the multi-layer pads [31]. Reprinted by permission from Elsevier

were investigated by modal analysis considering the damping ratios. Figure 5.8
shows the damping ratios for the STF-included cork pads. From the results, there is
a slight improvement in the damping behavior from the C20 to C10/STF pad.
However, a clear jump in damping ratio is observed in the C4/STF and C2/STF
pads. By using the STF at the cork layer interfaces, vibration suppression is
enhanced and, furthermore, this effect is pronounced by increasing the number of
STF intercalated layers in the pads. This is simply related to the STF amount
increasing with the increased number of interfaces. For example, the C10/STF pad
includes only 1 g of STF, whereas itis 9 g in the C2/STF pad. Replacing the C10/STF
pad with the C2/STF one in a machinery application, shear thickening formation
takes place in an increased number of layers within the structure. As a result of this,
structural stiffness grows stronger in the C2/STF pad. From the microstructural
aspect, silica particles introduce with hydrodynamic loading upon vibrational exci-
tation. The particles are restricted in clusters within the liquid medium by the effect
of hydrodynamic forces, thereby forming particle groups in the flow fields. For this
reason, flowability is hindered and fluid viscosity increases as well. At this juncture,
we should touch upon the significance of particle morphology because hydrody-
namic effect gets bigger when the particles have complex morphologies as such in
fumed silica [32, 33]. Since fumed silica is composed of branchy particles, hydro-
dynamic forces drastically increase on these particles, thereby contributing to the
shear thickening formation in the suspensions. Furthermore, particle contacts are
commonly observed in the mixtures upon shearing at high rates. At these rates,
branchy particles lead to interlocking process in the mixtures and provide a booster
effect for shear thickening rheology.

It is also important to mention that shear thickening rheology is able to be acti-
vated at small excitations without needing high-level loadings. Based on previous
works [34, 35], shear thickening onset is visible even at quasi-static conditions,
where the stresses are on the order of 10 to 100 Pa. From the rheological measure-
ment results of an STF based on fumed silica and PEG [36], shear thickening onset
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is observed at about 10 Pa stresses, which exhibits compatible results with the
literature.

5.4 STF-Based Vibration Damping in Manufacturing

Vibration damping in manufacturing is quite a new field for STF; however, it pos-
sesses a good potential for smart manufacturing applications. Chatter is the main
problem based on undesired vibrations in machining operations; however, STF-
based solutions date back to only a couple of years. Hence, there is still a big gap to
take advantage of shear thickening damping in manufacturing operations.

The first attempt was made by Giirgen et al. [37] in 2020. In this work, STF was
integrated into a cutting tool by drilling a set of STF holes on the top and flank sur-
face of the shank as shown in Fig. 5.9. The holes were covered by a tape after STF
filling to prevent from spilling during machining. Modal analysis method was used
to determine the damping ratio in the cutting tools. In addition, a set of machining
tests was conducted by using different designs of cutting tools and then the surface
roughness of the workpieces was measured to understand the role of STF inclusion
into the cutting tool. Figure 5.10 shows the experimental setup for the machining
and modal analysis system. From the modal analysis results, the damping ratio of
the cutting tool increases by filling the holes with STF. However, the damping ratio
depends on the hole directions in the cutting tool. The damping ratio is 0.0174% for
the conventional tool, whereas it changes to 0.0392% and 0.0225% after STF filling

(a) 110

25

I 12 x @5
5 depth 20

110

12 x @5
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Fig. 5.9 STF holes on the (a) top and (b) flank surface of the shank [37]. Reprinted by permission
from Elsevier
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Fig. 5.10 Experimental setup for the machining and modal analysis system [37]. Reprinted by
permission from Elsevier

in the top holes and flank holes, respectively. The damping capacity of the cutting
tool increases for both STF cases. Figure 5.11 shows the surface topographies for
the workpieces machined with different cutting tools. As shown in the images, STF
integration leads to a smoother surface finish in comparison to the conventional
tool. According to the surface roughness measurements, machining with the con-
ventional tool yields Ra 1.27, while Ra 1.04 and Ra 1.20 are measured for the STF
in top and flank holes, respectively. Although STF integration improves both the
damping ratio of the cutting tool and the surface finish on the workpiece, hole direc-
tions have an importance in the applications.

According to Giirgen et al. [37], chatter-based vibrations act in the feed direction
in the machining operation and, therefore, STF in the top holes is excited in the
transverse direction, whereas excitation is realized in the longitudinal direction for
the STF in the flank holes. It should be noted that particle clusters are able to reach
the hole boundaries easily in the top holes compared to the flank holes. Because the
peripheral walls in the top holes provide large holding areas for the clustering par-
ticles, shear thickening formation grows stronger. In other words, hole boundaries
act as rigid bases for the particle clusters, thereby increasing the particle confine-
ment in the suspension. As suggested in previous works [33], particle confinement
produces increased shear thickening rheology because confined particle networks
are capable of bearing higher stresses without structural breakdown in the particle-
contacted microstructure. The mechanism related to this phenomenon is illustrated
in Fig. 5.12.
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Fig. 5.11 Surface topographies for the workpieces machined with different cutting tools [37].
Reprinted by permission from Elsevier
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Fig. 5.12 Particle clustering in STF for different cases [37]. Reprinted by permission from
Elsevier

Yuan et al. [38] proposed a novel concept regarding the STF-based vibration
damping system for the milling of thin-walled parts. Milling is one of the essential
operations for shaping the products into final sizes. However, chatter is a big chal-
lenge in milling especially for thin-walled parts. In this work, thin-walled parts were
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Room for STF

Fig. 5.13 Experimental setup for milling of thin-walled parts [38]. Reprinted by permission from
Elsevier

supported by an STF filler behind the machining face. The outer face was machined
by a two-edged carbide tool with 12 mm diameter and 55° helix angle. Feed rate,
rotational speed, and cutting depth were 400 mm/min, 5000 rpm, and 0.1 mm,
respectively. Five sensors were located at the vibration data collection points as
shown in Fig. 5.13. Milling tests were conducted for two cases: (1) without STF and
(2) with STF. Figure 5.14 shows the vibration amplitude results from the sensors
located at the points 1, 2, and 3. It is clearly seen that vibration amplitudes are sup-
pressed to a great extent by using STF support in the milling operations. At point-1,
the peak amplitude is about 30 g without using STF in the machining. The peak
amplitude lowers to about 10 g after STF support, which is only one-third of that in
the non-STF case. Similar results are observed at points 2 and 3. Another result is
the surface roughness on the workpiece after the milling operations. Machined sur-
faces show more stable surface finish in chatter-free operations. Figure 5.15 shows
the surface roughness profiles for different cases. As shown in the charts, milled
surfaces include sharp peaks and valleys in the non-STF operations. On the other
hand, smoother surfaces are achieved after the milling operations with STF sup-
ports. Considering point-5, surface profile varies in a range of 15 um without STF
support, while the variation range is within only 2 pm by using STF support in the
operation. For the same measurement point, average roughness is 1.352 um for the
non-STF case and it is lowered to 0.219 pm by adding STF support in the machin-
ing. It is also stated that STF provides a practical approach for chatter suppression
in the machining of thin-walled products, which exhibit highly complex vibration
characteristics. The product is subjected to different vibrational modes at different
locations based on the cutter position. However, STF rheology provides an adaptive
behavior for chatter suppression depending on the excitation level. As well as cutter
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Fig. 5.15 Surface roughness profiles at different locations [38]. Reprinted by permission from
Elsevier

position, cutting force frequency, and cutting force magnitude are determining fac-
tors of the vibration characteristics of the machining system. Based on this prelimi-
nary work, STF has a promising future in manufacturing applications especially for
developing smart adaptive damping operations.
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5.5 Conclusions

STF is one of the smart materials that shows adaptive rheological behavior for
vibration damping systems. For this reason, STF has been adapted to different
applications dealing with anti-vibration properties. It is possible to divide the STF-
based anti-vibration applications into three groups based on the studies in the litera-
ture. A large part of the works is about integrating STF into structural components
so that a self-damping behavior is obtained in the structures without requiring addi-
tional dampers. Another focus is modifying the conventional dampers by including
STF in machinery applications. In general, hydraulic oils are replaced with STF in
the conventional damper systems. The damper gets an adaptive damping character-
istic by this way. In addition to damper systems, anti-vibration pads are quite com-
mon products for vibration attenuation in machinery systems. The latest area for
STF-based vibration damping is manufacturing. Undesired vibrations and chatter
formation are the most frequent problems in machining operations. STF usage is
promising however, STF history is quite short in manufacturing that’s why there are
only two works in the literature. According to the literature survey conducted in this
chapter, STF rheology is suitable for vibration damping systems. STF has a rate
sensitive rheology, thereby providing adaptive stiffness and damping properties for
anti-vibration applications. Another advantage is that STF is a passive vibration
damping material that does not require external stimulation to activate the stiffness
and damping behavior. Despite the promising results, there are some drawbacks
regarding the STF usage in engineering applications. For example, temperature-
dependent rheology in STF restricts the long-term use in damper applications.
Nevertheless, STF has a great potential to be adapted to the vibration damping sys-
tems after a careful tailoring in the material properties.
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