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Damping characterisation for 3D-printed
polymeric structure with different
geometric parameters
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Abstract

This paper presents an experimental investigation into the influence of infill patterns and geometric angles on the damping
properties of polymeric structures fabricated using fused deposition modelling (FDM). It quantitatively modelled the impact
of geometric attributes of infill patterns on structural damping behaviours for the first time. The application of FDM
highlights the ability to artificially control material damping without changing structural dimensions. Therefore, it has the
potential to be used to fabricate customised polymer structures for energy absorption and vibration suppression ap-
plications. In the presented research, impact tests were conducted to assess the fundamental damping ratios of 3D-printed
Polylactic acid (PLA) cantilever beams featuring various infill patterns (grid, triangle, and hexagon) and geometric angles.
Notably, the triangle infill pattern with a filament angle of 60° exhibited the highest damping ratio, reaching up to 0.0163.
Furthermore, an empirical model was developed and validated to establish a relationship between infill angles and fun-
damental damping ratios. The grid and hexagon patterns demonstrated promising results during the model validation phase.
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Introduction

3D printing was developed in the late 1980s. Nowadays, it
plays an important role in a wide range of industries after
more than 40 years of development (Aimar et al., 2019;
Baqasah et al., 2019a; He et al., 2021; Joshi and Sheikh,
2015). Compared to traditional manufacturing methods, 3D
printing technology can not only rapidly fabricate the
product with complex and fine structure but also realise
efficient manufacturing with different materials to meet the
requirements of the functions and performance (Baqasah
et al,, 2019b; Francese et al., 2023; He et al., 2022).
Meanwhile, since the rapid progress of technologies such as
automotive (Narang et al., 2024), aerospace (Kaushik et al.,
2023), high-speed delivery vehicles, and atomic energy has
put forward higher requirements for the damping resistance
of materials, as a new manufacturing technology, 3D
printing has provided new ideas for improving the damping
resistance of parts (Li et al., 2023). Therefore, academia and
industry are interested in improving 3D-printed products’
structural performance (Asli et al., 2024; Azouz et al., 2023).

Comprehensive studies investigated the effect of dif-
ferent materials and processing parameters on static

mechanical properties such as stiffness and strength of
printed products (Abusabir et al., 2022; Almutairi et al.,
2023; Deswal et al., 2024; Hassanieh et al., 2021; He and
Khan, 2021; Torrado et al., 2015; Vanaei et al., 2022). Some
papers focused on surface dimensional accuracy (Atwah
et al., 2022; Atwah and Khan, 2023; Chan et al., 2023; He
et al., 2023; Kaushik and Garg, 2023; Shams et al., 2021a,
2021b). However, there is relatively less research on the
damping properties of 3D-printed products. Damping is a
physical phenomenon of energy dissipation over time due to
the obstruction of an oscillating or vibrating system
(Fundamental et al., 2024). As a new functional material,
high-damping materials have wide applications in fields
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such as energy absorption, vibration reduction, and buff-
ering (Treviso et al., 2015).

For 3D-printed damping properties, many studies have
worked on different materials. Among them, Polylactic Acid
(PLA) is widely used in FDM technology nowadays (Lau
et al., 2023). In research (He et al., 2023b), the FDM-3D
printed pure PLA and ABS underwent dynamic mechanical
analysis, and the storage functions of PLA material show
reasonable ranges of decent energy absorption character-
istics. Besides, it also possesses characteristics like biode-
gradability, biocompatibility, and mechanical properties to a
great extent (Bhayana et al., 2023; Kumar et al., 2022;
Rodriguez-Reyna et al., 2022). K. Arunprasath et al. con-
ducted dynamic mechanical analysis on FDM-3D printed
PLA and Acrylonitrile Butadiene Styrene (ABS) and
studied their interventions. The storage functions of both
polymeric materials show an excellent range of decent
energy absorption characteristics (Arunprasath et al., 2021).
Ge et al. compared the damping behaviour of 3D-printed
Tango Black Plus resin with traditional cushioning mate-
rials, such as polyethene, under impact loading. The resin
showed extreme damping and could absorb almost 100% of
the impact energy and recover to the original dimensions
after multiple platen drop tests (Ge et al., 2021). Zhang et al.
developed a Magnesium-Nitinol (Mg-NiTi) composite us-
ing a selective laser melting technique by infiltrating
magnesium melt into a 3D-printed Nitinol scaffold. The 3D-
printed Mg-NiTi exhibits great damping capacities and
exceptional energy absorption efficiency (Zhang et al.,
2020).

On the other hand, some studies focused on the influ-
ence of printing parameters on damping performance.
Previous research has widely investigated that mechanical
properties would be influenced by different printing pa-
rameter settings (Almutairi et al., 2020; Alshammari et al.,
2021; Asif et al., 2019; He et al., 2021b; Mazzanti et al.,
2019; Wang et al., 2021). Meanwhile, they also affect
damping performance. Leodn-Calero et al. employed
compression tests to investigate the specific energy ab-
sorption (SEA) and specific damping capacity (SDC) of the
3D-printed thermo-plastic polyurethanes (Ledn-Calero
et al., 2021). Francisco Medel et al. proved that natural
frequencies of first and second bending modes allowed
computation of the corresponding equivalent elastic
moduli and identified significant influences of process
parameters (raster angle, nozzle temperature, etc.) on
mechanical behaviour (Medel et al.,, 2022). In another
paper (Mo et al., 2022), the panels’ flexural behaviours and
vibration-damping capabilities produced in different infill
patterns (grid, cross, and trihexagon) and different infill
ratios were investigated. The flexural tests showed that the
highest damping capability was obtained on cross-pattern
specimens. Similarly, in another research, the effect of
different process parameters (nozzle size, infill density, and
pattern) on the damping properties (damping ratio and loss

factor) for the FDM ABS cantilever beam was also in-
vestigated (He et al., 2023a).

Most of the above studies showed that infill patterns
could significantly affect the damping properties of the FDM
parts. The experimental investigation was performed ex-
tensively. However, most of these studies considered dif-
ferent infill patterns as a qualitatively categorised variable.
They lacked any discussion on the chosen quantitative
geometric features of the pattern and their distinct influence
on the obtained damping characteristic. In order to fill the
gap, the presented paper aims to work on the effect of the
infill pattern’s geometric parameters on damping properties.
The grid, triangle, and honeycomb infill patterns were in-
vestigated with different geometric angles by the experi-
mental works. The experimental results were then used to
develop empirical models representing the relationship
between the damping properties and infill pattern
parameters.

Material and methods

Specimen fabrication

PLA was selected as the raw material for specimen fabri-
cation in this study due to its widespread availability in
FDM technology and favourable performance in dynamic
mechanical applications (Bhayana et al., 2023; He et al.,
2023b; Kumar et al., 2022; Lau et al., 2023; Rodriguez-
Reyna et al., 2022). Specifically, PLA offers higher printing
stability and lower warpage compared to ABS, ensuring
consistent specimen quality. In addition, previous studies
have shown that PLA exhibits competitive damping be-
haviour under dynamic mechanical analysis while main-
taining adequate stiffness (Anwer and Naguib, 2016;
Ferreira et al., 2021; Pavon et al., 2022), making it par-
ticularly suitable for investigating vibration and energy
dissipation characteristics in 3D-printed structures.

The specimen was designed as a cantilever beam with the
geometry in Figure 1, which is easily printed. It was de-
signed in reference to ASTM E756-05 (2017), which
specifies a base beam configuration for vibration-damping
measurements. The standard also allows flexibility in beam
dimensions and thickness depending on the damping ma-
terial properties and frequency range of interest. The can-
tilever structure was used in many studies to simulate some
actual applications, such as wind turbine blades and aero-
plane wings (Kamei and Khan, 2021; Zai et al., 2019, 2020).
It provides an easy-to-measure free vibration response under
the impact force. The CAD model of the specimen was
designed in SolidWorks and imported into Ultimaker Cura
to set the printing parameters. Except for the infill pattern
parameters investigated in this work, other printing pa-
rameters were set using the same value to ensure the printing
quality, as shown in Table 1.
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Figure 1. Geometric dimension of the specimen (unit: mm).
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Figure 2. Schematic diagram of the infill line angles in three infill patterns.

Infill pattern determination

Three different infill patterns were investigated in the tests,
as shown in Figure 2. The previous paper has proposed that
grid and triangle infill patterns affected the damping results
(He et al., 2023a). Therefore, these two were selected and
tested in specific angle sizes. At the same time, a honey-
comb, also called a hexagon infill pattern, was investigated.
As one of the advanced structure geometries with light-
weight, high stiffness, flexural strength, material utilisation
and damping efficiency, it has been widely used in aero-
space, the construction industry, shipbuilding, packaging,
transportation, and other fields (Wang et al., 2018).

As a quantitative parameter, the angle between the infill
lines was investigated for each pattern. There were five
levels of angle 6 for each pattern from 30 to 150° with a 30°
interval. Therefore, the research used a total of 15 structure
combinations. For each infill setting, three specimens were
printed and tested to ensure the robustness of the results.
Figure 3 shows the physical printed specimens.

Experimental setup and procedures

The damping properties of specimens were tested using the
impact test following Standard E756 — 05 (2017) (ASTM,
2005). As a cantilever beam, the sample has infinite free-
dom, which means that there are infinite damping coefficient

Table I. Printing parameter settings.

Printing parameters Default settings

Layer height 0.1 mm
Wall thickness 0 mm
Nozzle size 0.4 mm
Nozzle temperature 205°C
Nozzle travel speed 40 mm/s

C; and damping ratio ¢; for /™ mode. However, this research
only focused on the fundamental damping properties.
Therefore, the logarithmic decrement method was applied to
measure the damping ratio. The testing system is shown in
Figure 4, which consists of the accelerometer, the clamp, the
data acquisition card, and the chassis.

The beam-shaped specimen was horizontally installed on
a test bench. A full constraint condition was applied on the
beam’s fixed end. One accelerometer (PCB 352A21 model,
PCB Piezotronics, US) was fixed on the beam’s free end,
which can monitor the acceleration value. During the ex-
periment, a slight impact force was applied to the beam.
Meanwhile, the data was transferred from the accelerometer
to the computer by the DAQ card (NI 9234) and DAQ
chassis (NI 9174) (National Instrument, UK). The accel-
eration sensor is connected to the channel signal acquisition
analyser through a data cable, and the signal acquisition
analyser is connected to a computer equipped with the
software SignalExpress through a network cable for re-
cording and displaying vibration measurement signals.
SignalExpress saves the acceleration data at each point in
time as a text file, which is then imported into MATLAB for
processing and analysis.

Data process

The free vibration attenuation method, as an intuitive and
simple method, can be used to calculate the damping ratio.
When the system vibrates freely, it attenuates exponen-
tially. The attenuation rate J is defined as the natural
logarithm of the ratio of adjacent peaks x,, x,,+1, as shown
in equation (1). The fundamental damping ratio ¢ is shown
in equation (2).
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Figure 3. Schematic of the printed specimens with the different
infill patterns and infill line angles.
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Multiple cycles are usually taken into consideration in
order to reduce errors. Therefore, the damping ratio can be
calculated as shown in equation (3).

5m _ ln(xn/xn+m)
2mm 2wm
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The calculated damping ratios were then investigated
further by one-way analysis of variance (ANOVA) for each
infill pattern to assess whether the variations in damping
ratio across different infill angles were statistically signifi-
cant. The ANOVA method evaluates whether the means of
multiple groups differ beyond what would be expected by
random chance, thereby validating the role of geometric
configuration in influencing damping behaviour.

In addition, the research developed the empirical fitting
model to estimate the damping ratio for different infill
patterns and angles. The performance of the models can
be analysed through the following series of evaluation
indicators. The p-value serves as a marker of sample
confidence. Generally, it is believed that when p<=0.05
(which significance level is generally chosen), there is a
chance that the model’s signal or the model’s results are
reliable. R? represents the percentage degree of expla-
nation for the relationship between variables and can be
used to test the goodness of fit of the overall regression

equation. The result is better for R close to value 1 (Zhang
et al., 2021).

Results and discussion

Although both the natural frequency and damping ratio can
be extracted from the free vibration response, the present
study specifically focused on damping behaviour as the
primary parameter of interest. The fundamental damping
ratios were calculated after the impact tests. Table 2 and
Figures 5—7 show the experimental results for the different
infill patterns and line angles. All fundamental damping
ratios are distributed within the range of 0.008 to 0.02. Both
the infill pattern and infill line angles significantly influence
damping behaviours.

Influence of the infill pattern on the damping ratio

Even though the distribution range of damping ratios is more
consistent across the infill patterns, the average value for
each pattern is slightly different. The damping of the tri-
angular structure specimens reaches 0.01162, which is
relatively high compared to the other two types. The sec-
ondary is the hexagon infill structure, which is 0.01148. In
contrast, the average experimental damping ratio of the grid
pattern is 0.00951, the lowest among the three.

It suggests that the triangular structure has the best
damping performance. Meanwhile, if a better vibration
elimination ability is wanted, it is supposed to try to avoid
relatively unstable quadrilateral structures. Similar results
were also demonstrated in a referenced study (He et al.,
2023a).

This result might be possible because triangles are the
most stable structures in polygons. This is mainly because
the lengths of all three sides are given, and the shape of a
triangle is unique. Meanwhile, fewer edges provide a greater
concentration of support points. Consequently, the vibration
stays on the edges for a shorter time, which may lead to
faster stabilisation of the overall structure and higher
damping performance. These findings are consistent with
previous studies indicating that internal geometry and ori-
entation significantly affect damping performance in FDM-
printed cellular structures. Rajpal and Gangadharan (2018)
reported that triangular cores exhibited the highest damping
ratios compared to grid configurations due to their ability to
redistribute stress and enhance deformation paths within the
structure.

Influence of the geometric angles on the
damping ratio
The statistical significance of geometric angle on damping

behaviour was examined using one-way ANOVA, con-
ducted independently for each infill pattern. The results in
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Figure 4. Experimental setup. (a) DAQ card. (b) DAQ chassis. (c)
Clamp. (d) Accelerometer.

Table 3 confirmed that the damping ratio differences across
different angles were statistically significant in all three infill
configurations (p < 0.05). Notably, the hexagon and triangle
patterns exhibited highly significant p-values (on the order
of 10"° to 107"), indicating a strong dependence of
damping characteristics on infill orientation. The grid pat-
tern also showed a statistically significant effect with a
comparatively lower F-statistic, 11.73.

The trends significantly differ between the three printing
patterns when considering the geometric angles’ influence
on the damping ratios. One of the critical reasons for this is
that the infill density also varies across the geometric angles
at the same infill pattern. To illustrate this kind of change,
Figure 8 depicts the relationships between the infill density
and geometric angles.

In theory, the infill density affects the damping ratio in
three ways. Higher infill densities tend to result in an in-
creasing stiffness. It also increases the structure’s mass. The
internal friction that occurs during the vibration of the in-
creased solid part also dissipates more energy. The com-
bination of these three aspects makes the effect of infill
density on the damping ratio particularly complex. This

Table 2. Damping ratios for different geometric angles with
different printing patterns.

Geometric angle (°) Grid Triangle Hexagon
30 0.01015 0.009883 0.015717
60 0.009317 0.0163 0.012317
90 0.008317 0.010183 0.010467
120 0.009467 0.01195 0.009317
150 0.0103 0.009783 0.0096

complexity is then coupled with structural differences due to
different geometric angles, which influence the final
damping ratio together.

Grid infill pattern. In the case of the grid infill pattern, which
is commonly chosen as the preferred configuration, a dis-
tinct trend is observed concerning the damping ratio in
Figure 6. Specifically, when considering 90° as the
boundary angle, the damping ratio initially decreases from
0.102 to 0.0083 as the angle increases. However, this
downward trend shifts, and the value gradually ascends from
90° to 150°. The damping ratio reaches its lowest value of
0.0083 when the grid angle is 90°, the default printing
setting.

Meanwhile, it is easy to find that the infill density has the
same trend as the outcome with geometric angles changing,
which can be observed in Figure 8. The infill density is
lowest when the grid’s angle is 90°. Previous research (He
et al., 2023b) has proved that infill density does have an
impact on damping properties. This viewpoint will be
discussed quantitatively in [Section 3.2.4], concentrating on
the effect of infill density as well.

From a structural mechanics perspective, the sharp de-
cline in the damping ratio at 90° can also be attributed to the
internal alignment of printed filaments. At this angle, the
grid structure aligns orthogonally with the principal loading
directions, resulting in straighter load paths, reduced inter-
layer shear deformation, and minimal filament junction
rotation. This limits the activation of energy dissipation
mechanisms such as interfacial friction and micro-sliding.
Conversely, at oblique angles (e.g., 60°, 135°), the inter-
secting load paths introduce more internal deformation
zones, frictional interfaces, and filament reorientations,
thereby enhancing energy dissipation.

These geometry-dependent damping behaviours are
conceptually aligned with Zhang et al. (2015). They dem-
onstrated that optimal damping arises when a structure
activates both shear deformation in compliant regions and
stress transfer across stiff interfaces. The grid structure
disrupts such balance at 90°, leading to minimal energy loss
and reduced damping.

Triangle infill pattern. The trend in Figure 5 displays greater
fluctuations, particularly regarding the triangle pattern. The
damping ratio peaked at 60° when the designs were exactly
equilateral triangles, reaching 0.0163. However, contrary to
the outcome of the grid pattern, it shows less correlation
with the infill density, which demonstrates that geometric
angle does affect the damping properties.

The observed diminished relevance in the results could
be attributed to the fact that, compared to the other two
patterns, the triangular structure incorporates multiple
parallel lines aligned with the specimen’s wider edge. In
research (Zhang et al., 2021), Zhang Heng et al. investigated
the damping behaviours using a similar structure with only
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Figure 5. Damping ratios for the grid pattern.

parallel lines. The structure’s frequency response gradually
decreases with the increase in the damping material’s vol-
ume fraction. After reaching its minimum value, it gradually
rises as the volume fraction increases. This is mainly be-
cause the structure’s frequency response is related to both
the stiffness and damping. Obtaining greater damping at the
cost of sacrificing the structural stiffness cannot effectively
reduce the structural response. Therefore, for composite
structures, there is an optimal stiffness and damping that
minimises the structural response.

Applying this concept, it is possible that in the context of
the current research, the 60° configuration of the triangular
pattern represents an equilibrium point where an optimal
balance between stiffness and damping is achieved.
Therefore, the fluctuating test results of triangular specimens

may be due to the combined effects of angles, similar truss
structures parallel to the wide edges, and infill density
simultaneously.

Hexagon infill pattern. As shown in Figure 7, the damping
ratio trend for the hexagon is similar to the grid pattern,
while the trend shift occurs at 120° this time, which is also
the default setting angle. The damping ratio also initially
experiences a decrease from 0.0157, reaching its minimum
value 0f 0.00932 before a slight increase takes place at 150°.

Compared to the grid, the hexagon pattern exhibits an-
gled intersections and multi-directional connectivity even at
default settings. At 120°, the filaments are highly ordered,
resulting in lower shear activation. As the angle shifts to
150°, oblique paths increase internal shear and micro-
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©
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Figure 6. Damping ratios for the triangle pattern.
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friction, explaining the partial recovery in damping ratio.
This behaviour is consistent with the underlying mecha-
nisms described by Zhang et al. (2015), where a staggered,
geometry-driven distribution of deformation can optimise
the balance between stiffness and damping. In the hexagonal
pattern, the energy dissipation is governed by the degree to
which filament paths are redirected and shear deformation
zones are activated — a strongly angle-dependent effect.

This trend also corresponds to the infill density change in
Figure 8, which is discussed in detail in Section 3.2.4.
Therefore, for honeycomb infill structures that do not have
parallel lines in the same direction as wide edges, there is a
high possibility that the infill density remains the dominant
factor affecting damping performance.

Influence of the infill density on the damping ratio. As the
geometric angles of each filling pattern change, the coverage
of the infill density changes within the range of approxi-
mately 25% to 70%. In the case of the grid infill pattern
structure, with the geometric angle progressively increasing
from 30° to 90°, the infill density of the specimen drops from
46.85% to 32.97%. This reduction contributes to a decrease
in stiffness. Subsequently, as the angle continues to increase,
the density rises, leading to a subsequent recovery in
stiffness. This dynamic interplay has a corresponding in-
fluence on the trend observed in the damping ratio.

The infill density of hexagonal structural specimens
also changes with a similar variation process. The value
decreased from 40.20%, reaching the lowest value of
26.35% at an angle of 120°, and finally increased slightly
to 28.46%. This trend also aligns with the damping ratio
change.

However, the damping ratio of the triangle pattern’s
structure performs a highly non-linear relationship with the

infill density. 60° geometric angle introduces a slightly
lowest infill density 42.96%, which is similar to 90° geo-
metric angle’s 43.24%. However, these two specimens have
a significant difference in the damping ratio results. From
another perspective, this phenomenon demonstrates that the
infill density and the geometric angles have a combined
influence on the damping performance.

Empirical modelling and validation

Empirical model development. Since the relationship between
the damping ratio and the geometric angles for the grid and
hexagon patterns is significant, this research assessed their
interaction using a quadratic polynomial regression model
shown in equation (4). The fitting coefficients and R-square
values are shown in Table 4.

& =pox’ +pix+ps 4)

To quantify the reliability and stability of the polynomial
regression models, 95% confidence intervals (ClIs) were
computed for all model parameters. All fitted coefficients
exhibited narrow confidence intervals that did not include
zero, confirming their statistical significance.

Table 3. One-way ANOVA results.

Pattern F-statistic p-value

Triangle 41.57 1.07 x 10°'°
Grid 11.73 1.68 x 10
Hexagon 105.66 2.78 x 107'®
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Table 4. Model coefficients and R-square value. Values in parentheses indicate the 95% confidence intervals for each parameter.

Infill pattern  p, P P, R?
Grid 4352%107 (2.91%107, 5.80%107) —7.683%10"° (—1.03%10%, —5.04*10°)  0.01212 (I.11¥102, 1.32¥10%)  0.8682
Hexagon 6.402%107 (4.95%107, 7.86%107)  —1.66%107 (—1.93%10°%, —1.39%10%)  0.02009 (0.0190, 0.0211) 0.9429

Validation. The fitting curve has been derived for each
pattern, utilising experimental data as a basis, as depicted
in Figure 9. To validate them, specimens at four distinct
angles (45°, 75°, 105°, and 135°) were printed and
subjected to identical testing procedures. These angles
were not included in the original model fitting dataset to

ensure independent validation. The validation data
points, marked in red, have been incorporated into the
figure.

The errors of four validations can be obtained by con-
trasting the model results with the experimental data, shown
in Table 5. Figure 9 and table indicate that the validation

,3 b
{45518 0.017 ®) -
° —Empirical Model|
11+ 0.016 2 : sa‘f"‘d?ta
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105+ 0.015
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® 2 5
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Figure 9. Experimental results and empirical model: (a) Grid pattern and (b) hexagon pattern.
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Table 5. Model estimations and their differences with the experimental validation results.

Printing pattern Geometric angle (°) 45 75 105 135

Grid Test results 0.0100 0.0094 0.0093 0.0104
Empirical model results 0.00954 0.00880 0.00885 0.00968
Relative difference —4.75% —6.36% —4.87% —6.52%

Hexagon Test results 0.0122 00111 0.009833 0.008917
Empirical model results 0.0139 0.0112 0.00971 0.00934
Relative difference 14.04% 1.23% —1.22% 4.77%

experiment results of both grid and hexagonal infill patterns
are also comparatively ideal.

In the grid pattern case, it is worth mentioning that even
though the model trend is reasonable, it has underestimated
results compared to the practical damping ratio for all
validations. Further dataset is still required to investigate the
phenomenon. On the other hand, except for a relatively large
deviation of 45° filament angle, the experimental and model
results of the remaining hexagonal specimens are relatively
close.

Conclusions

This research investigated the effect of structural and geo-
metrical infill pattern parameters on the FDM PLA’s damping
properties. It proposes the quantitative study for geometric
attributes of infill patterns and assessing their impact on
damping behaviours for the first time as a new dimension to the
analysis of FDM polymeric material damping performance,
which filled in the gap that previous research only focused on
investigating the effect of the default infill patterns.

Both infill patterns and geometric angles affect the fun-
damental damping ratios. The extreme values of the damping
ratio all occur at the default pattern angles. 60° triangle infill
pattern reaches the highest damping ratio, 0.0163, in all tests. In
addition, infill density change due to various geometric angles
also plays a vital role in damping properties. The damping
ratios are linearly related to the infill density in the grid and
hexagon infill pattern. Therefore, the empirical damping ratio
prediction model for the grid and hexagon infill patterns was
developed and validated based on the experimental data. The
regression yielded high R? values of 0.8682 and 0.9429, re-
spectively, which statistically confirms the strong dependence
of the damping ratio on infill line angle. These relationships
provide a basis and guidance for selecting and manufacturing
specific damping ratio structures.

The significance of the research reveals that without
altering external dimensions, the adjustments to FDM
material’s infill parameters enable the tailored control of
damping characteristics to meet specific needs. The out-
comes provide a tool for designing customised damping
materials. Future work could explore the generalisability of
the observed geometric-damping relationships to other
polymeric materials, including flexible or viscoelastic fila-
ments such as TPU, which may exhibit higher damping

capacity — as well as to more complex or bio-inspired infill
structures, to enhance vibration control capabilities further.
In addition, future research could integrate structural me-
chanics principles and material constitutive behaviour into
modelling, enabling better physical interpretability and
improved damping behaviour predictive capability across a
wider range of design configurations and materials.
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