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Abstract

This study presents the mechanical characterization of a thermoplastic polyurethane (TPU) pow-
der (FlexaBright™, Sinterit, Poland) fabricated by selective laser sintering (SLS). Despite its
growing use in applications requiring elastomeric and rubber-like mechanical behavior, its char-
acterization under finite tension and compression loads, as well as different print orientations,
has not been thoroughly documented. To address this gap, we conducted uniaxial tension and
compression tests on specimens printed in multiple orientations. The experiments included pre-
conditioning cycles, measurement of force relaxation, and the estimation of equilibrium force
using exponential decay fitting. Full-field strains were obtained using 3D digital image corre-
lation (3D-DIC), and micro-CT scans were employed to accurately determine the specimens’
cross-sectional areas. Elastic material parameters were estimated by fitting stress-strain data for
the tension tests and by inverse finite element analysis of the compression data, for each print
orientation. Although the Poisson’s ratio remained similar across all tests, the results revealed
clear anisotropy in the stiffness: horizontally printed specimens exhibited a Young’s modulus
that was 29% smaller in tension and 15% larger in compression compared to vertically printed
specimens. These findings highlight the influence of print orientation on mechanical properties
and provide essential material parameters for various engineering applications. Future research
will explore the fitting of more complex anisotropic and viscoelastic models, as well as examine
additional deformation regimes.
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1. Introduction

Additive manufacturing (AM) technologies offer new opportunities to fabricate structures
with complex shapes and topologies that are difficult or impossible to achieve with conventional
manufacturing methods, allowing unprecedented flexibility in design and fabrication across var-
ious applications and fields [1]. Among the various AM technologies, selective laser sintering
(SLS) is an advanced AM technique that uses a high-power laser to fuse fine particles of pow-
dered material into a desired three-dimensional (3D) solid structure. An SLS 3D printer typically
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spreads a thin layer of powder onto a build platform, which is then selectively sintered by the
laser according to the cross-sections of the 3D computer-aided design (CAD) model and selected
printing parameters. Once a layer is completed, the platform is lowered, and the next layer of
powder is spread, repeating the process until the entire object is formed. SLS is particularly well-
suited for producing complex geometries like porous and lattice structures, as it does not require
the printing of support structures. The surrounding powder provides support for any overhang-
ing parts during the printing process, and once the process is finished, the unsintered powder is
removed and can be reused [2, 3, 4].

SLS is generally considered to produce parts with more isotropic mechanical properties com-
pared to other AM methods, such as fused deposition modeling (FDM). However, several studies
have reported noticeable levels of anisotropy in SLS printed components [5, 6]. Among the con-
tributing factors, the orientation of the print has been identified as one of the most significant
influences on anisotropic behavior [7].

Recently, a growing number of commercially available SLS systems have expanded the range
of powdered materials they can process, moving beyond relatively stiff materials like Nylon
or Polypropylene, to include softer, elastomeric materials such as thermoplastic polyurethane
(TPU). TPU is widely used in biomedical devices, soft robotics, and smart polymer applications
for its high elasticity and flexibility, making it ideal for creating parts that mimic the behavior of
rubber-like materials [8].

FlexaBright™ (Sinterit, Poland) is a TPU powder designed for use with SLS printers, such
as Lisa Pro (Sinterit, Poland), to fabricate flexible prototypes in a variety of applications. For
example, Chick et al. [9] employed this material to produce complex knit-inspired geometries,
and Capellini et al. [10] used it to generate clinically realistic 3D printed heart models for sur-
gical planning. The mechanical properties reported by the manufacturer include tensile strength
(10.3 MPa), elongation at break (318 %), and shore hardness (79 A). However, its elastic stiffness
in the finite regime has not been reported by the manufacturer nor in the literature. Furthermore,
the mechanical properties have not been reported for different printing orientations and differ-
ent loading modes. Therefore, our objective is to characterize the mechanical properties of this
material in tension and compression in different print orientations in the finite-strain regime and
characterize these stress-strain relations by fitting them to appropriate constitutive material mod-
els.

2. Materials and Methods

This study investigates the mechanical properties of FlexaBright™ material (Sinterit, War-
saw, Poland) fabricated using Lisa Pro (Sinterit, Warsaw, Poland) SLS printer, under tension
and compression large-deformation loadings. Uniaxial tension and compression tests were per-
formed based on standard methods, as outlined in Section 2.1. Full-field displacement measure-
ments were obtained using 3D digital image correlation (3D-DIC), as discussed in Section 2.3.
Micro-CT scans were performed to obtain measurements of the cross-sectional area and internal
microstructure, as described in Section 2.4. Finally, constitutive modeling and computation of
material parameters from experimental data are detailed in Section 2.5.

2.1. Uniaxial tension and compression tests

The test specimens were modeled using Creo Parametric 8.0 (PTC, Inc., Boston, MA, USA)
and processed with the Sinterit Studio Advance (Sinterit, Warsaw, Poland) printing slicer soft-
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Figure 1: Print orientations and numbering of dumbbells (a) and cylinders (b) specimens. The layers of the printed
specimen are built vertically along the Z direction. The X and Y directions are horizontal, while the Y direction is the
direction in which the printer recoater is moving.

ware. The default parameters, including a layer height of 0.2 mm, were used to generate the
g-code for the printer.

The geometry of the printed test specimens for uniaxial tension was based on the ASTM
D412 Type-C standard [11]. The dumbbell specimen is suitable for tensile tests because it leads
to homogeneous uniaxial stress and strain at the center of the specimen. To study the effect of
printing orientation on mechanical properties, we printed specimens in three different orienta-
tions - one vertical and two horizontal, relative to the layer print directions. For convenience,
we mark the specimens printed vertically as group A and the specimens printed horizontally as
groups B and C. Multiple samples were printed for each group. In groups A and C, the specimens
were printed with a thickness of 3 mm and 4 mm. Group B specimens were printed with a 3 mm
thickness. The dumbbell specimens orientations and numbering are illustrated in Figure 1a.

The compression tests printed specimens geometry were based on the ISO 7743 standard
[12]. For these tests, we printed cylindrical specimens with a diameter of 17.8 mm and a length
of 25 mm in two printing orientations (horizontal and vertical). Three specimens were printed
in each print orientation. We mark the cylinder models that were printed in the vertical direction
as group A and the models that were printed in the horizontal direction as group B, as shown
in Figure 1b. The density of the printed material was estimated by printing a solid cube and
measuring its volume and weight.

The experiments were carried out using an eXpert 8000 horizontal planar biaxial testing
system (ADMET, Inc., Norwood, MA, USA) with a 200 N load cell for the tension test and a
2000 N load cell for the compression test. The dumbbell specimens were mounted to the machine
using eccentric roller grips, which self-tighten when the specimen thins under large elongation.
The flat ends of the cylinders were glued to aluminum adapters that had a circular recess to which
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the compression platens attached. The experimental setup configurations for uniaxial tension and
compression are shown in Figure 2.

The structural properties of elastomers typically change during the first several times the ma-
terial is exposed to stress, resulting in a reduction in stiffness. This behavior is commonly known
as Mullin’s effect [13]. If an elastomer is loaded to a set strain value, followed by complete
unloading to zero stress several times, the change in structural properties from cycle to cycle,
as measured by the stress-strain curve, will diminish. When the stress-strain curve no longer
changes significantly, the material may be considered to be stable for strain values smaller than
that particular set strain maximum. For this reason, the tensile and compression test specimens
were pre-conditioned by performing 10 cycles of engineering strain between 0% and approxi-
mately 20% at a constant displacement rate of 0.25 mm/s, after which the force-displacement
curve has stabilized. After the pre-conditioning cyclic loading, we performed the uniaxial ten-
sion and compression tests with 7 and 5 equally spaced displacement steps, respectively. At each
displacement step, the test was paused for 450 s, which was long enough to estimate the stable
force. During this time, force measurements were taken every 1 s. As expected for a viscoelastic
material subjected to constant strain, the measured force exhibits relaxation over time, and over
a sufficiently long period, it asymptotically approaches a constant value [14]. Therefore, for each
displacement step, the corresponding equilibrium force can be determined as the force predicted
at infinite time, based on a chosen exponential decay model, as explained in Section 2.2. The
dimensions of the samples were measured before and after pre-conditioning and before and after
the tests to assess whether any plastic deformations occurred during the tests.

Figure 2: (a) Experimental setup for measuring the mechanical properties of FlexaBright™ material. (1) Two cameras
in a stereo configuration. (2) test specimen (3) load cell. (4) horizontal planar biaxial testing system. (b) Compression
cylinder specimen painted with random speckle pattern mounted at planer test machine gripers. (c) Tension dumbbell
specimen painted with random speckle pattern, mounted with eccentric roller grips.
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2.2. Force data processing
To obtain the equilibrium force from the force measurements that exhibit viscoelastic relxa-

tion, we used MATLAB’s curve fitting tool (The Mathworks Inc., Natick, MA, USA), to fit the
experimental force measurements to an exponential function with two terms:

F(t) = C1e−k1t +C2e−k2t + F∞ (1)

where F(t) is the force value at time t, C1 and C2 are the amplitudes of the two exponential terms,
k1 and k2 are the decay constants for each term, representing the rate at which the corresponding
exponential terms decay, and F∞ is the constant value that the force asymptotically approaches
as t → ∞, which is considered as the equilibrium force.

2.3. Full-field displacement and strain measurements
To obtain accurate strain measurement during the tests, we utilized 3D-DIC, a non-contact

optical method that provides full-field measurements. These measurements allow for direct de-
termination of both axial and transverse strains, allowing for the calculation of the Poisson’s
ratio, as well as the detection of local variations in strain.

The 3D-DIC test setup is shown in Figure 2a and exemplary full-field displacement results
are shown in Figure 6. The 3D-DIC setup consists of two Blackfly BFS-U3-51SM-C cameras
(FLIR LLC, Wilsonville, OR, USA) featuring a 5-megapixel monochrome Sony IMX264 sensor
each equipped with a FUJINON HF25SA-1 lens with a focal length of 25 mm. The cameras
were configured in a stereo arrangement and were synchronized to capture simultaneous images
of the test specimens at each displacement step. The images were acquired and stored using
QS-GRABBER software (MatchID Nv, Ghent, Belgium).

One camera was positioned perpendicular to the specimen’s measured surface, and the sec-
ond was placed at a stereo angle of 23 degrees. The standoff distance (SOD) between the cameras
and the specimen was 350 mm. The specimens were manually painted with a random speckle
pattern of average size 2.5 mm using black ink, as shown in Figure 2 (b) and (c). The intrin-
sic and extrinsic parameters of the cameras were calibrated using a calibration target measuring
9×12 cm with a grid of 9x12 5 mm diameter dots, using the MatchID stereo calibration software.

Next, the images were processed using the MatchID STEREO software to obtain full-field
displacement maps within the selected region of interest (ROI). The following processing param-
eters were used:

• Subset size: 21 pixels

• Step size: 10 pixels

• Subset shape function: Affine

• Filtering: Gaussian kernel size 5

By spatially differentiating the displacement fields, the local strain fields were computed, using
the following processing parameters:

• Strain window: 5

• Strain tensor: Logarithmic strain

• Interpolation: Bilinear quadrilateral
5



2.4. Micro-CT scans
We conducted micro-CT scans of the dumbbell and cylinder specimens using an N80 micro-

CT scanner (NeoScan, Mechelen, Belgium). The scans were utilized to obtain an accurate mea-
surement of the cross-sectional area of the specimens, since we suspected that their dimensions
deviated from those specified in the CAD model. Obtaining an accurate measurement of the
cross-sectional area is particularly important for computing the stress from the measured force.

This was accomplished by converting the DICOM image data into a MATLAB .mat file
using the dcmFolder2MATobject function from the GIBBON toolbox version 3.5.0 [15]. The
boundary contour of the cross-section was then extracted using the imx function, which identifies
the contrast between the background and the specimen, as shown in Figure 3 and Figure 4 for
dumbbells and cylinder specimens, respectively. The area of the specimen was calculated from
the boundary contour using the polyarea function in MATLAB. For each specimen, three CT
images were obtained, and the cross-sectional average area, A0, was computed as the mean of
the measurements from these images.

2.5. Computation of material parameters from tension and compression test data
The computation of material parameters from a set of experimental data involves choosing

a material model with a set of material parameters and determining the set of parameters that
minimizes the differences between the model’s predictions and experimental results. To per-
form this optimization problem, we used the PolymerFEM MCalibration software [16], with the
Nelder-Mead simplex optimization algorithm [17, 18].

The results of the uniaxial tension test in each (ith) displacement step include the equilibrium
force Fi predicted by fitting the exponential decay function in (1), and the logarithmic (”true”)
strains in the tensile direction, εi, and transverse direction, εt

i, obtained from the 3D-DIC mea-
surements by averaging the strains across the region of interest. The uniaxial engineering stress
is calculated by dividing Fi by the initial cross-sectional area, A0, of the central region of the
dumbbell specimen:

σi = Fi/A0 (2)

The compression tests do not yield homogeneous uniaxial conditions due to the adhesive
bond between the cylinder and the plates. As a result, the force-displacement results cannot be
used directly to obtain the stress-strain relationship. Instead, we use inverse finite element anal-
ysis (iFEA) to estimate the material parameters. This process involves constructing a simulation
of the compression test using ANSYS Mechanical 2023 R2 (ANSYS, Inc., Canonsburg, PA,
USA) and iteratively modifying the material parameters in an optimization loop within MCali-
bration software, until a convergence is reached between the experimental measurements and the
simulation results. The FEA cylinder models were meshed using quadratic 20-node hexahedral
elements (type SOLID186). Boundary conditions were prescribed to mimic the experiment. The
flat ends of the cylinder were prescribed with displacements along the cylinder’s axis, while fixed
conditions were imposed in the other directions. To simplify the process, a single simulation was
performed for each print orientation, based on the averaged force–displacement results from the
experiments.

The objective function for minimizing the difference between the experimental values e, and
the simulation-predicted values p was taken as the normalized mean absolute difference (NMAD)
criterion, which is expressed as:

NMAD [%] = 100 ·
⟨|e − p|⟩

max(⟨|e|⟩, ⟨|p|⟩)
(3)
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Where ⟨·⟩ and |·| indicate mean and absolute values, respectively.
Selecting the most appropriate material model can be a challenging task, as it requires bal-

ancing between the model’s accuracy and its simplicity. While a more complex model with
numerous parameters may provide a better fit, it runs the risk of over-fitting and may lack phys-
ically meaningful parameters. In this work, we opted to fit a linear elastic model to each set of
experiments, prioritizing model simplicity. Nevertheless, we openly share the experimental data
to allow other researchers to attempt fitting other models to this data.

3. Results

3.1. Specimen dimensions

Table 1 and Table 2 present the dimensions of the dumbbell and cylindrical specimens, re-
spectively. For the dumbbell specimens, each specimen has three different cross-sectional areas,
based on: (1) the nominal CAD model; (2) measurements taken from the outer dimensions of
the specimens using a caliper, and (3) computations derived from processing the micro-CT im-
ages, as detailed in Section 2.4. Similarly, the cross-sectional area of the cylindrical specimens
is given based on capliper and micro-CT measurements, and their length is measured only us-
ing calipers. During the experiments, several specimens were damaged or failed unexpectedly.
Therefore, only the results from intact specimens that demonstrated the expected behavior are in-
cluded, maintaining their original numbering. The measured density of the printed TPU material
is 1.07 g/cm3, compared to the manufacturer’s declared value of 0.95 g/cm3.

Notably, the dimensions of the 3D-printed specimens differ substantially from the dimensions
of their CAD models. For the dumbbell specimens printed in the vertical direction (group A),
the cross-section area is not rectangular but concavely rounded, as demonstrated in Figure 3.
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Figure 3: Micro-CT images of the dumbbell specimens 3D printed from FlexaBright™ TPU powder using SLS. The
figure shows typical cross-section scans obtained for each print orientation (A, B, and C). The green boundary contour
was used to calculate the cross-sectional area enclosed within it.
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Figure 4: Micro-CT images of the cylinder specimens 3D printed from FlexaBright™ TPU powder using SLS. The figure
shows typical cross-section scans obtained for each print orientation - A and B. The green boundary contour was used to
calculate the cross-sectional area enclosed within it.

3.2. Exponential decay fitting

The relaxation behavior of the bulk material under constant strain was analyzed using the
exponential decay model described in Section 2.2. The force at infinite time (F∞) for each dis-
placement step was determined by fitting the measured force relaxation data to (1). Figure 5
illustrates the adjustment process for a representative displacement step of the A2 dumbbell. The
experimental force relaxation data points are shown alongside the fitted curve and the coefficient
of determination (R2), demonstrating excellent agreement between the model and the experimen-
tal results. The same fitting procedure was applied to all displacement steps of all specimens to
obtain the values of F∞, for which the elastic material parameters are fitted.

8



Table 1: Cross-sectional areas of dumbbell specimens as modeled and measured using caliper and micro-CT.

Group No.
Nominal

area
[mm2]

Caliper
measured area

[mm2]

Micro-CT images
measured area

[mm2]

A

2 18.0 12.3 9.4

3 18.0 10.5 8.0

4 24.0 17.9 14.0

6 24.0 18.1 14.1

B
1 18.0 16.4 16.4

2 18.0 16.9 16.8

3 18.0 16.7 16.7

C

1 18.0 14.2 13.3

2 18.0 14.2 13.1

3 18.0 14.4 13.3

4 24.0 20.4 19.0

5 24.0 21.0 19.6

Figure 5: Force measurements of A2 dumbbell uniaxial tension test. The inset shows a zoomed-in view of the relaxation
behavior observed during the first displacement step, and its fitting with the exponential decay function described in (1).

9



Table 2: lengths and cross-sectional areas of cylinder specimens as modeled and measured using caliper and micro-CT

Group No.
Caliper

measured length
[mm]

Caliper
measured area

[mm2]

Micro-CT images
measured area

[mm2]

A
1 25.08 234.2 233.0

2 25.16 234.0 231.5

3 25.09 234.8 232.0

B
1 24.47 245.2 240.0

3 24.44 243.0 238.0

3.3. Uniaxial tension and compression results
As detailed in Section 2.3, the strains in the uniaxial tension test were derived from the DIC

measurements. Figure 6 illustrates the computed displacement and strain fields, showing that
the dumbbell specimen exhibits homogeneous strain distribution, in contrast to the non-uniform
strains observed in the cylindrical specimen.

The strain fields measured during the uniaxial tension tests were averaged for each displace-
ment step. The results of tensile stress versus strain and transverse versus tensile strains, for
dumbbell specimens from groups A, B, and C are presented in Figure 7 and Figure 8, respec-
tively. The force-displacement results of the compression test on the cylindrical specimens from
Groups A and B are shown in Figure 9.
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Figure 6: Displacement and strain maps obtained from DIC measurements. (a) horizontal displacement and (b) tensile
true strain distribution in the ROI of the dumbbell specimen, showing a homogeneous strain field. (c) horizontal dis-
placement and (d) compressive true strain distribution in the cylindrical specimen, showing non-homogeneous strains.

10



3.4. Fitting linear elastic material parameters to the experimental data

For the tension tests, the experimental data were fitted up to strain values of approximately
10%. In the compression tests, the fitting was performed for displacements up to 2 mm, which
correspond to compressive strain values of approximately 10% relative to the specimen’s initial
length. Within this range, the stress-strain relationship exhibits approximately linear behavior.
Therefore, we chose to fit the parameters according to a linear elastic constitutive model, for each
print direction and loading mode.

The constitutive equation for a linear elastic material, also known as Hooke’s law, is written
as:

εi j =
1 + ν

E
σi j −

ν

E
σkkδi j, (4)

where the Young’s modulus E and the Poisson’s ratio ν are the material parameters to be fitted,
the indices i, j,k take the values 1, 2, and 3, and δi j is the Kronecker delta function defined by:

δi j =

 1, if i = j,
0, if i , j.

(5)

As explained in Section 2.5, since the tension experiments result in homogeneous and uni-
axial loading conditions, the parameters are fitted directly to the stress-strain curves computed
from the experiment. In contrast, the compression tests yield inhomogeneous loadings, and the
force-displacement results are used to fit the material parameters in an iFEA procedure.

Figure 7 and Figure 8 present the parameter fitting for the results of the tensile tests of spec-
imens from group A and groups B and C according to tensile stress-strain and the transverse-
tensile strain relationships, respectively. Figure 9 presents the FEA-based predictions against the
experimental measurements for the compression test of groups A and B. These results demon-
strate the adequacy of the linear approximation within the specified strain range. The fitted
parameters and the NAMD fitness results for all print orientations are summarized in Table 3.
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Figure 7: Uniaxial tension response of the dumbbell specimens. The plot shows tensile engineering stress versus true
tensile strain for different specimen groups varying by their print orientation. The yellow and black solid lines are linear
elastic model predictions, for group A and groups B and C, respectively, fitted up to strain values of approximately 10%.
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Figure 8: Transverse strain (E22) versus true tensile strain (E11) obtained from uniaxial tension tests for different spec-
imen groups varying by their print orientation. The yellow and black solid lines are linear elastic model predictions, for
group A and groups B and C, respectively, fitted up to strain values of approximately 10%.
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(printed vertically) and B (printed horizontally) are plotted in red and blue, respectively. The yellow and black solid lines
are linear elastic model predictions, for group A and group B, respectively, fitted up to a displacement of 2 mm.

Table 3: Elastic modulus (E), Poisson’s ratio (ν), and NMAD values for different deformation modes and print orienta-
tions

Print
orientation

Test
deformation

E
[MPa]

ν

[-]
NMAD

[%]

Vertical Tension 27.5 0.42 16.4

Horizontal Tension 19.4 0.40 16.9

Vertical Compression 15.0 0.42 0.95

Horizontal Compression 17.3 0.40 6.66

4. Discussion

This study characterized the mechanical response of the TPU material, FlexaBright™, addi-
tively manufactured using SLS, under tension and compression loadings, in multiple print orien-
tations. This was important since signing and fabricating parts using SLS with this material often
requires detailed knowledge of its mechanical properties, which was absent in the literature. The
first step of this study involved fabricating dumbbell and cylindrical test specimens in multiple
printing orientations. Next, we conducted tension and compression experiments to determine
their elastic response. Finally, we characterized their elastic properties by fitting the data to a
linear elastic model.

The measured dimensions of the specimens differed substantially from the nominal dimen-
sions of the 3D models. A dimensional reduction is observed in the X and Y directions, whereas
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an expansion occurs along the Z direction. This discrepancy is likely due to the specific condi-
tions and parameters of the 3D printing process. As previously reported for other SLS printers,
temperature gradients in the build chamber and differential shrinkage between adjacent layers
contribute to dimensional deviations [19, 20, 21].

Notably, measurements obtained from micro-CT scans indicated that the cross-sectional ge-
ometry of some specimens, particularly those printed vertically (group A), deviated from the
expected rectangular shape and presented substantially smaller cross-sectional areas than those
specified in the 3D model. These artifacts can be mitigated by optimizing the printing parameters
[22]. However, in the context of this study, which aimed to characterize the printed material’s
mechanical response, we did not attempt to manufacture specimens with more accurate dimen-
sions. Instead, we accurately measured cross-sectional areas using micro-CT and 3D strains
using DIC to obtain accurate data for fitting material parameters.

In the uniaxial tension tests, the material exhibited approximately linear stress-strain response
within the tested deformation range, supporting the choice of fitting a linear elastic model for this
range. The relatively large values of the NMAD fitness (16.9 and 16.4 for the vertical and hor-
izontal orientation groups, respectively) are owed partially to the variability between the speci-
mens and partially to the nonlinear response of the materials. Notable differences were observed
between group A specimens, which were printed vertically along the layers’ Z-axis, and groups
B and C, which were printed horizontally, in the X-Y and X-Z planes, respectively. The fit-
ted Young’s moduli present a 29% smaller stiffness for groups B+C relative to group A. These
variations are attributed to the inherent anisotropy of the SLS printing process. This finding
aligns with previous works that reported orientation-dependent tensile response for polyamide
12 (PA12) parts printed by SLS [23, 24, 25]. Xu et al. (2020) [26] reported that the Young’s
moduli of SLS-printed TPU vary with print orientation, with a higher stiffness observed in hori-
zontally printed specimens (19 MPa compared to 29 MPa), contrary to our findings. In addition
to differences in experimental conditions, such as the SLS machine, printing parameters, and
type of TPU powder, the tensile stress was calculated using the nominal cross-sectional area.
In contrast, in our work, the actual cross-sectional areas of the fabricated specimens were mea-
sured. Since we measured substantially smaller cross-sectional areas than those specified in the
3D model for group A (vertical), computing the stress using the measured area rather than the
nominal one, substantially impacted the Young’s moduli. As illustrated in Figure 3 and described
in previous studies on PA12 [25, 27], the microstructure of the printed layers, and particularly
the porosity level and morphology, varies with orientation. This phenomenon is likely the main
contributor to the observed discrepancies in the mechanical response. Despite these differences
in stiffness, the Poisson ratio was found to be similar in all cases, ranging between 0.40 − 0.42.

In the compression tests, group A (vertical) also displayed distinct behavior relative to group
B (horizontal). However, in contrast to the behavior in tension, the stiffness of group A was
smaller than in group B. Despite these differences, all groups maintained an approximately linear
relationship within the tested range, as indicated by the small NMAD values resulting from fitting
a linear elastic model. To the best of our knowledge, no previous studies have been published on
how compressive properties are influenced by print orientation.

Future work may extend the mechanical characterization of FlexaBright™ and other TPU
powders by analyzing their time-dependent behavior to fit viscoelastic models [28], by fitting the
orientation-dependent response to anisotropic constitutive models, or by fitting experimental data
over a larger deformation range to nonlinear constitutive models. Furthermore, the experimental
tests can be extended to include additional deformation modes such as shear and biaxial loadings
[29]. Moreover, the investigation of the microstructure contribution to the anisotropic responses
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can be performed by analyzing the porosity levels and the pore morphology [30]. Investigat-
ing the effect of various printing parameters on these measured values can further enhance our
understanding of the mechanical properties of parts manufactured from TPU powder using SLS
[31].
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