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Abstract
Background  The background of this work is the classification of the broadband properties of particle dampers (PDs). This 
broadband characteristic has experienced little systematic investigation in experiments.
Objective  So the primary objective of this paper is to find a measure to quantify the broadband damping properties of PDs. 
Also the demonstration of applicability to technical structures is a desired goal and the experiments provide a sound basis.
Methods  The methods for evaluating the performance of particle dampers and tuned mass dampers target the reduction of 
vibration amplitudes over the frequency range. The test bench consists of a mechanical frame structure with multiple eigen-
freqencies up to 200 Hz harmonically excited with an electrodynamic shaker. From the differences in the dynamic behaviour 
the performance metric will be derived and evaluated.
Results  As a result, a dynamic structure is set up as an effective test bench for different damper configurations. Differences 
of the tested concepts in regard to the dynamic behaviour over a wide frequency range are observed. From the experimental 
data a performance metric is deduced to quantify these differences.
Conclusion  The conclusions drawn from this paper are, that PDs provide high damping over a wide frequency range. Fur-
thermore, with a suitable performance metric this broadband damping properties can be quantified for the use in further 
development of PDs.

Keywords  Particle damper · Tuned mass damper · Damper applicability · Broadband damping · Multi-frequency damping · 
Performance metric

Introduction

Particle dampers (PDs) and tuned mass dampers (TMDs) 
have shown to be beneficial to reduce undesired vibra-
tions in technical systems. Improving the performance of 
a vibroimpact damper mounted on a beam through the 
usage of many particles in a bean bag was proposed in 
[1]. Further studies on a similar experimental setup were 
performed in [2] and an elementary analytical model for 
the PD was developed. The performance of a PD and the 
parameters influencing it have later been subject to numer-
ous experimental and numerical investigations. Various 
experimental investigations showed the manifold parame-
ters influencing the performance of PDs. A more extensive 

study on particle materials, sizes, and mass ratio on a can-
tilever beam was conducted in [3]. Also the combination 
of particles and liquid in a PD was analysed in experiment 
and numerical simulation in [4]. In addition [5] studied the 
filling ratio, [6] showed the influence of the particle sur-
face through simulation and experiment, in [7] the depth 
to diameter ratio for the PD cavity was investigated under 
various excitation levels. Complex shapes like tetrapods 
in addition to liquids as filling for PDs were considered 
in [8] and have proven great benefit through simulation 
and experiment. Elaborate experiments were performed 
in [9] to eliminate the effect of gravity on particle damp-
ing. In addition a broad review on different approaches on 
PDs was given in [10]. The current literature shows the 
manifold influences on PD performance. These influencing 
parameters, combined with the highly nonlinear behaviour 
of PDs still hinders their applicability. Particle movement 
in vertically vibrating PDs was studied for different exci-
tation frequencies and amplitudes, e.g., in [11]. There, a 
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damping contour plot was used to analyse the PD behav-
iour under different moving conditions of the particles. In 
[12] an approach was presented to combine two different 
strategies of PD analysis. This includes namely the focus 
on the particle movement leading to energy dissipation 
and the general influence of a PD to its host structure. 
The beneficial effects for vibration problems in different 
scales and under different conditions was seen. However, 
most of the experiments in the mentioned literature use 
relatively simple host structures like a cantilever beam. 
To ensure adequate transferability of the obtained results, 
here a more sophisticated structure is of interest. Also 
for practical application a systematic design procedure is 
desirable. Great potential to fulfil this task can be found in 
experimentally validated numerical simulations as shown 
in [13]. This gives the ability to test various parameters 
independently without the need for an elaborated experi-
mental setup during the design process. In order to achieve 
these goals, a test bench suitable for validation is neces-
sary. A main requirement is, to ensure transferability of 
the gained insights to a wide range of structures in prac-
tice. Generalisation is more difficult, the more a structure 
serves a specific task. At the same time, a basic setup may 
neglect some effects relevant for practical application. This 
calls for realistic and complex dynamics in the frequency 
domain far exceeding that of a single degree of freedom 
system (SDOFS) as introduced in [7], but not as specific 
as for instance given in [14].

The desire for optimisation of particle dampers through 
simulations leads to the need for quantification of PD prop-
erties. One of these is the frequency depending damping 
characteristics. Statements on this attribute can often be 
found in literature, as for example in [5, 14] or [15]. This 
property is especially interesting, as the ability to cover a 
wide frequency range increases applicability significantly. 
Therefore, a structured investigation of the broadband 
damping characteristic of a PD is of great interest. Espe-
cially some kind of performance metric seems desirable 
for numerical optimisation. To derive such a performance 
metric from experimental data, devices with significantly 
different properties are to be examined.

In literature comparisons of different damping devices 
with a PD can be found. A TMD was compared to a PD for 
a SDOFS in [16]. A well structured detailed analysis for 
various excitation methods was performed in [17]. With a 
different setup, as a suspended pendulum on a SDOFS, a 
comparison of TMD and PD was performed in [18]. From 
such promising results the motivation for further studies 
is drawn. These investigations still lack a structure with 
multiple eigenfrequencies and a suitable quantification 
of the broadband damping properties. So in particular 
extending this comparison for a wider frequency range 
and in the process investigating the broadband damping 

characteristics seems promising to achieve the motivated 
research goals.

The novel contribution of this paper is an experimental 
comparison of PDs and TMDs for a structure with multiple 
eigenfrequencies over a relatively wide frequency range. 
This paper is organized as follows: In “Experimental Setup” 
the experimental setup is described and in “Experimental 
Results” some experimental results are presented. The paper 
ends in “Conclusion” with some conclusions.

Experimental Setup

To study the broadband damping properties of a PD, a weakly 
damped frame structure as shown in Fig. 1 is designed. This 
frame structure exhibits multiple vibration modes even in 
the lower frequency range. When excited with a shaker, the 
frequency response of the host structure with a PD allows a 
systematic investigation of the broadband damping effect of 
PDs. The central aspect of the experimental setup, as shown 
in Fig. 2, consists of the weakly damped host structure of 
dimensions shown in Fig. 1. Also the locations of the forcing 
point (input) and the velocity measuring point (output) at the 
host structure are given. In Fig. 3, the lab setup used for the 
experiments is shown. The host structure is suspended by 
kevlar cords to replicate a free-free boundary condition. This 
gives the opportunity to study the dynamics of the structure 
independently from clamping to a surrounding suspension. 
To aid quick setup changes and to improve repeatability of 
the measurements, hooks as shown in Fig. 4(a) are provided. 
Moreover, the hooks are covered with rubber tubing to pro-
vide some vibration reduction between the host structure and 
the surrounding support structure.

The host structure is excited using an electromagnetic 
shaker, which is driven by a power amplifier Brüel & Kjær 
Type 2706. The driving signal for the shaker is controlled 
using a Tectronix AFG2022B signal generator. A PCB 
288D01 impedance sensor situated between the shaker and 
the host structure is used to measure the force and accelera-
tion at the forcing point (input). The forces and accelerations 

Fig. 1   Geometry and dimensions of the host structure. All dimen-
sions in mm
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at the input vary, but are in a range up to 55 N and 40 ms−2 
peak values, respectively.

The shaker is coupled to the host structure using an 
elastic stinger and a magnet, see Fig. 4(c). The stiffness 
of the stinger is carefully chosen to provide an optimal 
coupling between the shaker and the host structure and 
thereby improve the repeatability of the measurements. 
The velocity of the structure at the measuring point (out-
put) is measured using a Polytec VibroGo-200 Laser Dop-
pler Vibrometer. A transient-data recorder OROS OR35 

real-time multi-analyser is used to record the experimental 
data and Matlab is used to perform the post processing.

To couple damping devices to the host structure, an 
adapter plate is build, see Fig. 4(b). This is then bonded 
to the host structure by applying a thin layer of two-part 
epoxy which can be separated by heat. Using this tech-
nique, the damping device can be mounted anywhere 
on the host structure by simply moving the adapter 
plate to a desired location and repeating the bonding  
procedure.

Fig. 2   Schematic representa-
tion of the forced vibration 
experimental setup used to 
systematically analyse the multi 
frequency damping properties 
of PDs

Fig. 3   Lab apparatus consisting 
of the host structure hung using 
kevlar cords. The host structure 
is excited using an electrody-
namic shaker. A Laser Doppler 
Vibrometer is used to measure 
the structural response. A close-
up view of the red boxes can be 
seen in Fig. 4

1571Experimental Mechanics (2022) 62:1569–1578
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Experimental Results

Frequency Response of the Host Structure

First the frequency response of the host structure without 
any damper device is measured. The force signal is meas-
ured using the impedance sensor and the velocity signal is 
measured using the LDV. As the velocity characterizes the 
kinetic energy the mobility of the structure is an adequate 
representation for its dynamical behaviour. In addition, 
using signals that are directly measurable with high preci-
sion reduces potential sources of error. The corresponding 
experimental frequency response is shown in Fig. 5.

The first five response peaks are observed at 53 Hz, 62 
Hz, 83 Hz, 128 Hz and 136 Hz. Similarly, the first 5 natural 
frequencies predicted using finite element analysis (FEA) are 
51.2 Hz, 61.5 Hz, 80 Hz, 121 Hz and 134 Hz. This demon-
strates a reasonable agreement between numerical analysis 
and experiment. It is also clearly seen that from the first five 
frequencies the frequencies at 62 Hz and 83 Hz are domi-
nant. This is because at these frequencies the measuring 
point lies at a vibration antinode. This fact is clearly seen 
in the corresponding mode shapes predicted from FEA, see 
Fig. 5. Similarly, at 53 Hz, 128 Hz and 136 Hz, the host 
structure exhibits natural frequencies where the measuring 
point lies at a vibration node, see Fig. 5.

It is clearly seen that the measuring point for the 2nd 
natural frequency shows a very high response. As a con-
sequence, the measuring point, for this particular mode 
shape, exhibits large displacements for small input forces, 

thus making it an ideal location for mounting a PD as it pro-
motes vigorous collisions and friction between the particles. 
For the following investigations, the PD is mounted at a 
location as shown in Figs. 2 and 6(b). At the mounting point 
of the PD the structure only exhibits horizontal movement. 
Subsequently, the effects of rotation of the PD or movement 
in the direction of gravity can be neglected.

Investigated Damper Configurations

In order to understand the broadband damping behaviour 
better, the damping performance of a PD is compared with 
that of a tuned mass damper (TMD). As the TMD only 
attenuates the vibration amplitudes for a small frequency 
band around the tuning frequency, it has only very limited 
broadband damping behaviour in contrast to a PD with better 
applicability over wider frequency ranges. These differences 
in the damping characteristics are here examined system-
atically and described through performance metrics. This 
provides numerical access to the broadband damping behav-
iour of such devices based on numbers and facts instead on 
impressions alone. Here, a design frequency of 60 Hz is 
chosen for the TMD because the host structure exhibits an 
antinode at the measuring point at this particular frequency. 
Moreover, to provide a fair comparison between PD and 
TMD, the total mass of the corresponding device is set to 
be 134 g each, which represents about 6 % of the total mass 
of the host structure. In addition to the two damper configu-
rations, for comparison a third configuration is included in 
which a ballast mass (BM) of 134 g is attached to the host 

Fig. 4   Experimental enhance-
ments to improve the quality of 
measurements. (a) Cup hooks 
with rubber isolation tubing for 
quick setup changes and better 
repeatability. (b) Two-part 
epoxy bonded adapter plate for 
flexible mounting of damping 
devices. (c) Suitably stiff stinger 
for optimal coupling between 
shaker and host structure
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structure. This is done to compensate the effect of added 
mass intrinsically introduced by the damping devices.

Considering the mentioned design parameters, an opti-
mal tuned mass damper is designed according to the proce-
dure outlined in [19]. The corresponding TMD consists of  
a dynamic mass of 90 g attached to a long beam (58 mm x 12 
mm x 2 mm) using screws. The length of the thin beam L and 
in turn the tuning frequency of the TMD can be varied dur-
ing the experiments, see Fig. 6(a). The resulting parameters  
for the TMD are specified in Table 1.

The investigated particle damper is proposed for the 
design frequency of 60 Hz and a vibration amplitude of 1 
mm. To design an optimal PD cavity, several simulations 
similar to the ones performed in [20] are carried out but 

should not be described here. The total mass of the PD 
is mainly governed by the mass of the particle filling. In 
combination with the expected weight of the container this 
determines the number of particles of a given diameter. The 
influence of the particle diameter is investigated in [3] and 
it is suggested there that for a given mass using more par-
ticles with smaller diameter provides often better damping. 
The diameter of the PD container was chosen to achieve a 
compact PD with moderate filling ratio of about 60 %. This 
value was selected from previous experience. On the other 
hand, variation of the container length and evaluation of the 
damping properties by simulation provides the final design 
for the PD. Of course, also an optimization procedure can 
be used to automatically select these parameters instead of 

Fig. 5   Experimental frequency 
response of the host structure 
(reference) without any damper 
device. The corresponding 
mode shapes are obtained using 
finiteelement analysis

Fig. 6   The damper configura-
tions under investigation: (a) 
the tuned mass damper (TMD), 
(b) the particle damper, (c) the 
ballast mass

1573Experimental Mechanics (2022) 62:1569–1578



1 3

doing manual variations. The PD consists of a transparent 
acrylic cylindrical container of inner length 21 mm and an 
outer diameter of 42 mm. The PD enclosure alone weighs 
40 g. Additionally, the PD container is filled with 94 g of 
spherical steel particles 2mm in diameter. A total of around 
2950 steel balls are used. This corresponds to a fill-ratio of 

about 60%, see Fig. 6(b). All the relevant PD design param-
eters are outlined in Table 1.

Influence of PD on the Host‑Structure

In order to investigate the influence of a PD on the host struc-
ture, the steady state frequency response functions (FRFs) 
of the three different configurations are measured first. The 
three configurations are: host structure without a PD, host 
structure with an added ballast mass (BM) and host structure 
with a PD. The ballast block is in the same location as the 
PD and its mass is equal to the static mass of the particle 
damper. The FRFs for the three configurations are generated 
by driving the shaker with a frequency sweep signal from 25 
to 200 Hz. To make sure that a quasi-steady state is reached, 
a relatively long frequency sweep time of 500 s is chosen.

Figure 7 shows the frequency response of all three con-
figurations. As expected, it is clearly seen that the added 
ballast mass does not change the damping properties of the 
host structure, that is the height of the resonance peaks. The 
ballast mass merely shifts the resonance frequencies of the 
host structure to the left, especially the frequencies at 62 Hz 
and 83 Hz.

The most interesting aspect of Fig. 7 is the influence 
of the PD on the host structure. Significant damping is 

Table 1   Most relevant parameters for the experiments

device parameter value

TMD moving mass (kg) 9.0 × 10−2

stiffness (Nm−1) 1.56 × 104

beam width (m) 1.2 × 10−2

beam length L (m) 5.8 × 10−2

beam thickness (m) 2.0 × 10−3

beam density (kgm−3) 7.85 × 103

total mass (kg) 1.34 × 10−2

PD container inner diameter(m) 4.2 × 10−2

container inner length (m) 2.1 × 102

particle content mass (kg) 9.4 × 10−2

particle radius (m) 1.0 × 10−3

particle density (kgm−3) 7.85 × 103

fill ratio (-) 60%
total mass (kg) 1.34 × 10−2

Fig. 7   Experimental frequency 
response of the host structure 
without a PD, with an added 
ballast mass and with a PD. A 
significant and simultaneous 
reduction in resonance peaks 
at multiple eigenfrequencies is 
observed using a single PD

1574 Experimental Mechanics (2022) 62:1569–1578
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observed in multiple resonance peaks when using a PD. For 
instance, there is 91.2%, 90%, and 88.78% reduction in the 
resonance peaks at 60 Hz, 80 Hz, and 190 Hz when using 
the PD, see the enlargements in Fig. 7. This is a substan-
tial finding since the PD was initially just developed for a 
design frequency of 60 Hz. However, it exhibits a simultane-
ous damping effect at multiple frequencies far higher than 
the design frequency. Another interesting aspect is that the 
PD does not help in reducing the resonance peaks at 52 Hz 
and 136 Hz, see Fig. 7(a) and (b). This is because at these 
frequencies, the PD mounting point is at a vibration node, 
where the displacement amplitudes are drastically lower, see 
the mode shapes shown in Fig. 5. Due to much lower ampli-
tudes at these frequencies, there is negligible relative motion 
between the particles which in turn leads to drastically lower 
energy dissipation.

Nearly no shift of eigenfrequencies towards the left is 
observed for the host structure with a PD compared to the 
one with a ballast mass. The small shift is because some 
particles within the PD container spend some of their time 
airborne, resulting in fewer particles in contact with the PD 
container. As a result, the apparent mass of the PD observed 
during FRF measurements is lower than its static mass result-
ing in a slightly lower eigenfrequency shift compared to the 
ballast mass. The apparent or dynamic mass of the PD not 
only depends on the excitation parameters (frequency and 
amplitude), but also depends, in a highly nonlinear way, on 
many other parameters such as fill-ratio, particle size, shape 
and material, container geometry among others [10, 21].

Using this experimental study, already two important par-
tial conclusions can be drawn: Firstly, it is demonstrated that 
a single PD can be deliberately designed to dissipate energy 
of a relatively complex host structure in a high accelera-
tion amplitude scenario (acceleration higher than 20 times 
that of gravity). Secondly, it is shown that particle damping 
is fairly insensitive to the vibration frequency and highly 
sensitive to the vibration amplitude. Therefore, in order to 
achieve a calm and smooth frequency response, it is not only 
important to choose the best PD parameter combination (fill 
ratio, particle size and shape, materials, inclusion of a liquid, 
obstacle-grids among others), but also the location of the PD 
on the host structure should be chosen carefully. That is, the 
PD should be located where the host structure exhibits maxi-
mum vibration amplitudes. It is known that different regimes 
lead to a different damping behaviour, e.g. sometimes a wild 
nearly chaotic motion is optimal while sometimes a block 
like motion of the particles is better, see [22]. Here, a block-
like motion of particles (bounding bed) is advantageous.

Particle Damper versus Tuned Mass Damper

Now, the damping performance of a PD is compared to a 
conventional TMD to see the intrinsic differences in their 

damping characteristics. The devices which are compared 
here and the most relevant parameters are shown in Fig. 6 
and Table 1, respectively. For the purpose of this study, the 
host structure with the corresponding damping device is 
externally excited by providing the shaker with a frequency 
sweep signal from 25 Hz to 100 Hz within 375 s sweep 
time. Similar to the investigation in “Influence of PD on the 
Host-Structure”, the host structure with a BM is the refer-
ence configuration.

Figure 8 shows the frequency response of the host struc-
ture with a TMD, with a PD and with a BM. It is clearly 
seen that near the design frequency of 60 Hz, the TMD pro-
vides superior vibration suppression compared to a PD. This 
behaviour is expected, because a TMD works by introduc-
ing a vibration node at the point of attachment to the host 
structure exactly at design or operating frequency. There-
fore, a conventional TMD actually does not directly dissi-
pate the vibrational energy but rather transfers the energy 
to the vibration of the attached auxiliary mass. The move-
ment of this mass functions as a kinetic energy reservoir 
and also leads to dissipation through material damping of 
the deflected TMD beam, friction in the joints, etc.. Further-
more, a TMD introduces an additional degree of freedom to 
the host structure and thus, adds additional resonance fre-
quencies. This is clearly seen in the additional resonance 
peak at 70 Hz for the case where the host structure is fitted 
with a TMD, see blue dashed curve in Fig. 8(a).

Additionally, the introduction of a TMD lowers the natural 
frequencies of the reference host structure that are below the 
design frequencies. For instance, the natural frequency at 60 
Hz is now lowered to 45 Hz. On the other hand, the resonance 
frequencies of the reference host structure that are higher 
than the design frequency, for instance the frequency at 80 
Hz, are raised with the introduction of a TMD, see Fig. 8 for 
high frequencies. On the whole, the TMD, even though it 
does a very good job in reducing vibration near the design 
frequency of 60 Hz, drastically alters the frequency response 
of the host structure and creates trouble at other frequencies. 
Another aspect of the TMD is, that its vibration attenuation 
property is highly sensitive to changes in stiffness and mass 
of the auxiliary system. In other words, changes in the TMD 
configuration, for instance due to fatigue, lead to a detun-
ing of the TMD which could result in a sudden unwanted 
increase in vibrations. Therefore, care has to be taken when 
designing a TMD and it should only be used for a system that 
is subjected to a constant frequency excitation.

On the other hand, PDs provide considerable vibration 
damping not only at 60 Hz but also at other frequencies as 
discussed in detail in “Influence of PD on the Host-Structure”. 
Unlike a TMD, PDs due to inter particle collisions and fric-
tion, actually dissipate the vibrational energy of the host struc-
ture and convert it to other energy forms (for instance heat). 
As seen in Fig. 8, the energy dissipation in the PD is relatively 
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insensitive to the excitation frequency and highly sensitive to 
the external motion at the attachment point. Consequently, 
the PD affects the host structure only where the host structure 
shows high vibration amplitudes and induces no alternation 
elsewhere, see Fig. 8.

Towards Quantifying Broadband Dissipation

The experimental investigations shown have opened up two 
crucial questions which are yet to be addressed. To what 
extent does a particular damping device influence the fre-
quency response of the host structure? Moreover, how can a 
damping device be rated according to its broadband damping 
property? In order to answer these questions two additional 
quantities are introduced.

Firstly, the dynamic influence factor Sdev is introduced, 
which is the ratio of the mobility of the host structure with 
the damping device to the mobility of the host structure with 
a ballast block having the same static mass of the device. 
The factor Sdev is defined as

where Mdev,f  is the mobility (velocity/force) of the structure 
with the damping device at the frequency f and Mref ,f  is the 
mobility of the host structure with an equivalent mass block. 
The factor Sdev helps to quantify the effect of the particular 

(1)Sdev,f =
Mdev,f

Mref ,f

,

damping device on the host structure. For instance, a high 
dynamic influence (greater than 1) indicates vibration ampli-
fication and a low value (smaller than 1), indicates vibration 
reduction.

The dynamic influence factor Sdev applied to the investi-
gated host structure with a PD and a TMD is shown in Fig. 9. 
It can be seen that the dynamic influence factor for the TMD 
has a very low value near the design frequency of 60 Hz, 
meaning vibration attenuation is only observed around the 
design frequency. Apart from the design frequency, espe-
cially at 49 Hz, 68 Hz, 91 Hz frequencies, the dynamic influ-
ence factor for the TMD case has high positive values, indi-
cating even a vibration amplification at these frequencies, i.e. 
a worsening of the dynamic behaviour. From a practical point 
of view these vibration amplifications observed only in the 
TMD case are disadvantageous. This is because the TMD, 
apart from providing the vibration attenuation at the design 
frequency, fundamentally alters the frequency response of the 
host structure elsewhere. Interestingly, the dynamic influence 
for the PD case is relatively smooth compared to the TMD 
case. The SPD for the PD case attains values smaller than 
one (meaning vibration reduction) at frequencies where the 
host structure exhibits high vibration amplitudes. Usually, 
the value of SPD is close to one. This means that the PD is 
a passive damping device which smoothens the resonance 
peaks without fundamentally altering or shifting the natural 
frequencies of the host structure.

Fig. 8   Experimental frequency 
response of the host structure 
with a BM, TMD and PD. Near 
the design frequency of 60 Hz, 
the TMD provides superior 
vibration attenuation compared 
to a PD. However, the PD 
provides considerable vibration 
damping at multiple resonance 
frequencies at the same time
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Secondly, to analyse the broadband damping property of 
a device, another quantity namely the mean influence devia-
tion �dev is introduced. The deviation �dev is defined as the 
squared deviation of the dynamic influence factor from its 
mean behaviour of a particular damping device. This can 
be defined as

where S̄dev is the average dynamic influence factor of the 
host structure equipped with a particular damping device. In 
other words, �dev indicates the extent to which a device devi-
ates from its mean response over frequency. A high value of 
�dev means, that the device changes its behaviour to a large 
extent. A perfect broadband damping device would have a 
value of zero, even though such a device would be imprac-
tical. Figure 10 shows the curves for �TMD and �PD com-
puted for the host structure equipped with a TMD and PD, 
respectively. It is clearly seen that the deviation �PD for the 

(2)𝜎dev,f = (Sdev,f − S̄dev)
2

,

PD case has a much lower numerical value over the entire 
frequency range when compared to a TMD. This means that 
the behaviour of a PD does not drastically deviate from its 
mean performance compared to a TMD. For the TMD case 
in can be seen that the vibration amplification around 49 Hz 
and 91 Hz are prominent in the influence deviation as well. 
However the attenuation around 60 Hz leads to no observ-
able peak. This is due to numerically small numbers of STMD 
from which the constant S̄dev is subtracted. The formulation 
of �dev,f  in equation (2) especially highlights positive devia-
tion from S̄dev which leads to undesired vibration amplifica-
tion caused by the damping device.

Therefore, the value Sdev provides quantitative insights 
on the extent to which a device influences the host structure 
and �dev provides insights regarding the broadband damp-
ing property of a damping device. So, Sdev and �dev together 
provide the right tools to quantitatively investigate damping 
devices or parameter changes systematically.

Fig. 9   Dynamic influence factor 
computed for the host struc-
ture equipped with a PD and a 
TMD. The S

PD
 shows that the 

PD influences the host structure 
only for high vibration ampli-
tudes, whereas S

TMD
 shows that 

the TMD fundamentally alters 
the frequency response of the 
host structure

Fig. 10   Mean influence 
deviation computed for the host 
structure equipped with a TMD 
and a PD. The �

PD
 has smaller 

values compared to �
TMD

 
indicating that the PD does 
not drastically deviate from its 
mean behaviour compared to 
a TMD
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Conclusion

From the experimental investigation conducted in this paper, 
it can be concluded that a TMD should be used only if the 
excitation frequency is constant and is know a-priori. For all 
other cases, where the excitation frequencies are not known, 
a PD with its proven wide band damping capability provides 
a viable alternative. The accomplished percental reduction 
of the PD almost matches that of the TMD for its tuning 
frequency. Additionally the PD also reduces the vibration 
amplitudes for all other eigenfrequencies. In the experimen-
tal investigations shown here, the steady state response of 
the host structure with a PD is considered. This allows an 
independent evaluation of the influence at different frequen-
cies. Therefore, a harmonic frequency sweep signal with a 
relatively low frequency sweep rate is used. The defined per-
formance metrics give a descriptive for broadband damping 
properties of a damping device. This is a basis for problem 
specific handling of these broadband characteristics.
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