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1. INTRODUCTION 

Additive Manufacturing (AM) or, more commonly, 3D 
printing is an emerging manufacturing technique, applied in 
several fields of Industry [1], [2]. It allows to achieve some 

important goals such as weight reduction, development of 
complex shapes and use of a wide variety of materials [3]. 
Currently, AM is applied to exploit the design flexibility of 
numerical topology optimization tools and to lead to the creation 
of innovative samples [4]. Moreover, AM is not only adopted to 
produce prototypes, but it can target mass production. The latter 

ABSTRACT 
Additive Manufacturing (AM) is becoming a widely employed technique also in mass production. In this field, compliances with geometry 
and mechanical performance standards represent a crucial constrain. Since 3D printed products exhibit a mechanical behaviour that is 
difficult to predict and investigate due to the complex shape and the inaccuracy in reproducing nominal sizes, optical non-contact 
techniques are an appropriate candidate to solve these issues. In this paper, 2D digital image correlation and thermoelastic stress 
analysis are combined to map the stress and the strain performance of an airless wheel prototype. The innovative airless wheel samples 
are 3D-printed by fused deposition modelling and stereolithography in poly-lactic acid and photopolymer resin, respectively. The static 
mechanical behaviour for different wheel-ground contact configurations is analysed using the aforementioned non-contact techniques. 
Moreover, the wheel-ground contact pressure is mapped, and a parametric finite element model is developed. The results presented in 
the paper demonstrate that several factors have great influence on 3D printed airless wheels: a) the type of material used for 
manufacturing the specimen, b) the correct transfer of the force line (i.e., the loading system), c) the geometric complexity of the lattice 
structure of the airless wheel. The work confirms the effectiveness of the proposed non-contact measurement procedures for 
characterizing complex shaped prototypes manufactured using AM. 
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purpose implies compliance with many restrictions due to the 
need to satisfy the production standards [5]. Functional quality is 
generally associated with the structural response during the 
application of static and dynamic loads. However, in 3D printed 
lattice structures, the mechanical response can be significantly 
different than expected [6]. The causes of this anomaly can be 
identified in the geometric complexity and in the inaccurate 
reproduction of the nominal shape by the AM process [7]. 

Although finite elements numerical analyses have been 
performed [8], [9], experimental measurement of the actual 
structural response of lattice components has a relevant interest 
for AM technology [10], [11]. Indeed, traditional techniques [12] 
are not suitable for investigating 3D printing lattice parts, for 
example, due to the complex structures, non-conventional 
material, and small size. Non-contact methods represent 
powerful alternatives, providing remarkable results despite the 
demanding technological requirements [13], [14]. The state-of-
the-art on this topic collects only few works, which often do not 
investigate in depth the mechanical behaviour of the product 
obtained. Despite numerical finite elements analyses provide a 
good overview [15], the experimental mechanical 
characterization has been generally limited to the estimation of 
conventional stress-strain curves, carried out by static and 
dynamic compression tests [16], [17]. Other ancillary analyses 
were performed for the evaluation of the porosity of the material 
by scanning electron microscopy [18] and for the investigation 
of the composition of the crystalline structure of the produced 
materials by means of backscattering electron diffraction [19]. 

One of the first examples of experimental mechanical 
characterization by non-contact methods was discussed by 
Brenne et al. [20]. They mapped the strain behaviour of a lattice, 
heat-treated titanium alloy specimen, subjected to both uniaxial 
and bending loads, using 2D digital image correlation (DIC) [21], 
[22] and electron backscatter diffraction. The results clarified the 
effect of the heat-treatment and the weaknesses of the structure, 
but, unfortunately, the quality of the 2D DIC images [23], [24] 
did not allow to investigate the performance of the individual 
beam and to carry out some quantitative results. A more detailed 
inspection was provided by Vanderesse et al. [25]. They 
investigated the strain behaviour of porous lattice materials with 
body cubic-centred reinforced, and diamond mesostructures 
subjected to quasi-static compression up to failure. The strain 
maps, obtained using DIC, showed the localization of the most 
strained areas before and after the sample failure, highlighting a 
diffuse distribution, strongly depending on the analyzed reticular 
structure. In fact, it was generally noted that some struts 
exhibited a critical behavior that quickly leaded to their collapse, 
while other ones were slightly strained. Allevi et al. [26] 
performed a feasibility study of the thermoelastic stress analysis 
(TSA) [27], [28] on a titanium based-alloy space bracket, made by 
electron beam melting. Their results showed the same load 
trends that can be identified on larger scales, but also especially 
small and unexpected peaks in the TSA output and theoretical 
outcomes calculated by finite elements analysis. Quattrocchi et 
al. [29] evaluated the mechanical behavior of a lumbar 
transforaminal interbody fusion cage implant, made by a 3D 
printing process adopting medical grade titanium. Although 
these devices have a trabecular structure, useful for bone 
development, TSA allowed to identify that at the small scale the 
complex geometry of the specimen determines local differences 
in the stress distribution with intensification of the loads at the 
trabecular knots. Finally, Allevi et al. [30], [31] developed 
experimental protocols based on advanced non-contact 

measurement techniques to qualify the full mechanical behaviour 
of lattice structures. They employed different techniques, such as 
2D vision systems, 2D DIC, TSA and laser Doppler vibrometry 
(LDV), to investigate morphological characteristics, to map local 
stress-strain fields, and to analyse the modal behaviour of simple 
lattice structures. 

This paper is the extended version of the one presented at the 
IEEE I2MTC 2020 [32] and focuses on the evaluation of local 
stress-strain mapping. Consequently, the aim of this work is to 
measure the mechanical behaviour of an airless wheel [33], [34] 
with a complex lattice structure, obtained through AM, by 
adopting non-contact optical techniques. Indeed, unlike 
traditional methods which are inefficient and even inapplicable 
in such conditions, non-contact optical techniques are an 
appropriate candidate for obtaining full-field information 
without altering the object of the study. Two airless wheel 
samples, which were manufactured using different printing 
technologies (fused deposition modelling, FDM, and 
stereolithography, SLA) and materials (poly-lactic acid, PLA, and 
photopolymer resin, PPR), have been investigated. A 
measurement procedure, based on DIC and TSA, has been 
applied to achieve combined full-field strain and stress 
measurements of the different wheel-ground contact 
configurations. Furthermore, the wheel-ground contact pressure 
(CP) has been mapped estimating the load transfer. Finally, a 
parametric finite elements model has been developed and 
compared to the results obtained from the experimental 
approaches. 

2. MATERIALS AND METHODS 

2.1. Airless wheel prototypes 

The airless wheel prototype (Figure 1) was specifically 
manufactured according to [4]. The geometry is designed 
following a regular pattern of fixed angular amplitude (36◦). The 
pattern is then extruded in the axial direction of the same wheel. 
The lattice structure is obtained by connecting the intersection 
points of four circular crowns of equal width along the diameter 
and ten circular sectors of the wheel through a “zig-zag” 
criterion. The thickness of each trabecula is always kept the same. 

While FDM allows to obtain a model by subsequent layering 
of fused material, SLA adopts a 3D printing method based on a 
photochemical process. A laser beam is focused on a liquid PPR 
to enable the wiring and solidification processes of the 
monomers on a building platform. The raw structure is washed 
in isopropyl alcohol; the supports useful for the realization of the 
product are removed and the grafting points of the same 
supports are smoothed. Finally, a post-cure process is performed 
to complete the solidification process and to improve the 

 

Figure 1. Frontal view of the airless wheel prototype with lattice morphology. 
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mechanical properties of the printed structure. The SLA sample 
(Figure 2 a) was realized by a Form 2 printer (Formlabs Inc., 
USA) with a standard PPR, while the post-cure process was 
performed by exposing the raw sample to UV light (wavelength 
of 405 nm) for 30 min at 60 °C (15 min for each side). Instead, 
the FDM sample (Figure 2 b) was obtained by Ultimaker 2+ 
printer (Ultimaker B.V., Utrecht; NL) with PLA. In this case, the 
post-cure is not necessary. Table 1 reports the parameters 
adopted for the 3D printing processes. 

2.2. Experimental setup 

The mechanical behaviour was studied using an experimental 
setup consisting of a loading system, a digital camera with 
lighting projectors for DIC measurements, an infrared (IR) 
camera suited to TSA measurements and an acquisition system 
with a piezoresistive sensor for wheel-ground CP estimation 
(Figure 3). A rubber tread was not considered yet for the tests 
performed and discussed in this paper. 

The stress and the strain fields were mapped employing 
specific load stages on the wheel. 2D DIC was performed 
applying a static load, while TSA was implemented by a dynamic 
load with harmonic trend. The load was transferred to the wheel 
by a dedicated apparatus (Figure 4), i.e., a shaft and a loading 

frame specifically designed and manufactured. The airless wheel 
was locked by a bolted connection. This arrangement prevented 
the rotation of the wheel around its axis. The load was then 
applied in the vertical direction (Y-axis). The loading condition 
was driven by an actuator and the effective load provided was 
measured through a load cell. More in detail, two slightly 
different loading systems were used: an electromechanical 
material testing machine (mod. ElectroPlus E3000, Instron 
Company, Norwood, MA, USA) equipped with a calibrated 5 kN 
load cell was employing during the tests on the SLA wheel, while 
an electrodynamic shaker (mod. LDS V650, Brüel & Kjær, 
Nærum, Denmark) with a dedicate power amplification unit was 
used for the tests on the FDM wheel. 

The morphology of the lattice structure of the airless wheel 
does not guarantee the same the wheel hub stress and strain 
distributions because these depend on the topology occurring on 
the angular portion of the wheel corresponding to the wheel 
contact patch. Consequently, three different contact 
configurations have been analyzed: mixed, rhombic and 
trapezoidal; this labelling refers to the frontal geometric topology 
of the lattice region. (Figure 5). 

2D DIC measurements required a preliminary preparation of 
the target surface (frontal view) of the wheel in order to create a 
suitable random speckle pattern [35]. This was done by spraying 
a matt white paint, hence obtaining a high contrast surface given 
the natural black colour of the wheel material. The images were 
taken using a Nikkor AF Micro 200 mm lens mounted on a 

  
a) b) 

Figure 2. 3D printed samples manufactured by means of: a) SLA and b) FDM 
technologies. 

 

Figure 3. Schematic representation of the experimental setup used for DIC 
and TSA measurements; CPS = contact pressure sensor. 

Table 1. 3D printing parameters used for the airless wheel prototypes. 

AM technique SLA FDM 

Material Black V4 PLA Red 

Support points size in mm 0.6 - 

Layer thickness in µm 50 100 

Printing time in h 9.15 23.33 

Number of layers 1003 258 

Material volume or weight 72 ml 56 g 

Orientation in ° 15 0 

 

Figure 4. Loading apparatus for DIC and TSA measurements. 

  
a) b) 

 
c) 

Figure 5. Frontal view of the wheel lattice structure for different wheel-
ground contact configurations: a) rhombic, b) mixed and c) trapezoidal. 
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Nikon D3100 digital camera (for the tests on the SLA-printed 
wheel) and a Canon EF 200m lens with Canon EOS 7D digital 
camera (for the tests on the FDM-printed wheel). The two 
imaging systems approximately ensure the same field of view 
(FOV) but with a different spatial resolution. A diffuse 
illumination was obtained by exploiting LED light. This was 
adopted to improve image quality and further increase contrast. 
Particular attention was paid to checking the image quality and 
to verifying that no saturation phenomena occurred in the image. 
DIC tests were carried out at different load levels synchronizing 
the frame rate to the load increase (i.e., 1 frame recorded every 
1 N load increase step). The post-processing of DIC tests was 
performed off-line, using the GOM Correlate Pro software 
(GOM GmbH, Braunschweig, Germany). Table 2 reports the 
details of the two image systems and the load configuration for 
the 2D DIC measurement. 

The wheel-ground CP was acquired during the DIC tests 
using a flexible, thin and piezoresistive sensor (mod. 5040N), 
wired to a specific acquisition system (Evolution™ Handle, 
Tekscan, South Boston, MA, USA) and opting for a sampling 
frequency of 1 Hz. The characteristics of the CP system are 
described in Table 3. 

TSA was carried out by working in lock-in mode, i.e. by 
synchronizing IR system frame rate to the harmonic load applied. 
A preliminary study was conducted to determine the correct 
excitation parameters. This made it possible to obtain quasi-

adiabatic conditions and a high signal to noise ratio (SNR) 
thermoelastic signal. These parameters are highly related to the 
thermal and mechanical properties of the printing material, more 
specifically to the heat capacity and stiffness. Consequently, the 
working parameters are slightly different for the SLA and the 
FDM prototypes. Tests were performed with specific pre-load 
and overload levels but employing the same sampling frequency 
of 100 Hz. The IR images were taken using a FLIR A6751SC 
camera (SLA-printed wheel) and a FLIR SC7600 one (FDM-
printed wheel). Both IR cameras have a spatial resolution of 

640  512 pixel and an InSb detector with a thermal resolution 
of 20 mK at the room temperature. Table 4 summarizes the 
characteristics of the two imaging systems and the load 
configuration used for the TSA measurements. 

3. RESULTS AND DISCUSSION 

3.1. 2D DIC measurements 

As an example, Figure 6 displays the full-field maps of the 

displacements for the airless wheels along the vertical direction 

(Y-axis). For the PPR sample (SLA-printed), the displacement is 

uniformly high on the beams and nodes of the angular portion 

of the wheel when the wheel-ground contact takes place in the 

Table 2. Details of the systems configuration used for 2D DIC measurements. 

AM technique SLA FDM 

Camera Nikon D3100 Canon EOS 7D 

Focus distance in mm 610 550 

F-Stop f/7.1 f/4.5 

Exposition time in s 1/40 1/30 

ISO* sensitivity 2000 6400 

Focal distance in mm 200 100 

Images resolution in pixel × pixel 4608 × 3072 1920 × 1080 

Loads in N 0 to 200 0 to 250 

* International Organization for Standardization (ISO) 

Table 3. Details of the measurement systems. 

CP technique SLA 

Software I-Scan 

5040N sensing area (L × W × D) in mm 44.0 × 44.0 × 0.1 

5040N sensing resolution in sensel/cm2 100.0 

Image scale (8 bit) in DL 0-255 

Images resolution in pixel × pixel 430×430 

Loads in N 0 to 200 

Table 4. Details of the systems configuration used for TSA measurements. 

AM technique SLA FDM 

Thermal camera Flir Titanium SC7200 Flir A6751sc 

Software Altair LI Flir Research IR + Matlab 

Images resolution 

In pixel × pixel 
640 × 512 640 × 512 

Filter Low-pass Median 

Load frequency in Hz 5 - 10 - 15 5 - 10 - 15 

Preload in N 20 - 50 - 80 50 - 75 - 100 

Peak-peak load in N 5 - 10 - 15 20 - 40 - 60 

  
a) b) 

  
c) d) 

Figure 6. Displacement along the vertical direction (Y-axis) for the airless 
wheel in different contact configurations: a) rhombic, b) mixed and c) 
trapezoidal for the PPR sample at 200 N and d) trapezoidal for the PLA one at 
250 N; specifically, c) and d) have two distinct scales, different by an order of 
magnitude. 

  
a) b) 

  
c) d) 

Figure 7. Strain along the vertical direction (Y-axis) for the airless wheel in 
different contact configurations: a) rhombic, b) mixed and c) trapezoidal for 
the PPR sample at 200 N and d) trapezoidal for the PLA one at 250 N; 
specifically, c) and d) have two distinct scales, different by a factor three. 
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rhombic and mixed configurations (Figure 6 a and Figure 6 b). 

The trapezoidal configuration (Figure 6 c) shows a displacement 

mainly concentrated on the external ring of the wheel rather than 

on the beams (i.e., the weakest region), considering the unloaded 

stage. Furthermore, for the rhombic and trapezoidal 

configurations (Figure 6 a and Figure 6 c), the displacements 

appear to be symmetrical if comparing the loading line with the 

other sectors that seem to be relatively unloaded. Finally, by 

taking into account the trapezoidal configurations of the two 

types of samples (Figure 6 c and Figure 6 d), they exhibit the 

same trend, even if the trend of the PLA one (FDM-printed) has 

a significant reduction. Indeed, even though the PLA sample was 

subjected to a greater load (25 % more with respect to the PPR 

sample) the maximum displacement is an order of magnitude less 

than that of the PPR wheel. 

Figure 7 reports the full-field maps of the measured strain for 
the airless wheels along the vertical direction (Y-axis). In each 
contact configuration investigated, the strain is well distributed 
on the lattice structure but concentrated in the nodes. The strain 
analysis demonstrates that flexural effects prevail, with maximum 
positive values (i.e. tensile strain) at the vertexes of the beams 
and maximum negative values (i.e. compressive strain) along the 
interconnecting segments. A marked symmetry can be 
highlighted on the trapezoidal and rhombic configurations 
(Figure 7 a and Figure 7 c). Only for the trapezoidal 
configuration, the most stressed region corresponds to the sector 
along the loading line. Specifically, for the PPR sample (Figure 7 
c), the external ring of the wheel shows a high strain value on the 
contact area. Indeed, it is also very clear the elastic behavior of 
the connecting beams of the lattice structure produced by 
relatively high loads. Contrarily, although the trend is similar to 
the one measured in the former case, the PLA sample (Figure 7 
d) shows a maximum strain greater than the one of the PPR 
sample. This could be a consequence of the specific material used 
for manufacturing and loading the wheel. Indeed, the shaker 
seemed to be more inefficient in transferring the load with 
respect to the electromechanical material testing machine, which 
appeared to be more rigid. The lower level of the effective load 
transferred to the wheel is reflected in a higher level of noise, 
which sometimes prevented an accurate identification of the 
strains. 

Figure 8 exhibits the trend of Y-strain along the trabeculae, 
from the external ring to the wheel hub, in the trapezoidal 
configuration for the PPR sample. 

As already discussed for Figure 7, Figure 8 highlights the 
flexural effects on the trabeculae. Indeed, the maximum positive 
values correspond to the intersections of the trabeculae (points 
B, D, F and H), while the maximum negative values (close to 
points C, E, G and I) to the centreline of the individual 
trabeculae. Furthermore, the considered trabeculae, two for the 
trapezoidal sector (B-D and D-F) and two for the rhombic sector 
(F-H and H-I), present approximately a similar trend. This can 
be sufficiently considered the same for all trabeculae of the 
wheel.  

3.2. TSA measurements 

In TSA measurements, the lock-in process allows the entire 
sequence of the recorded IR images to be condensed into only 
two images that represent the amplitude (Figure 9) and the phase 

 

Figure 8. Y-strain along the trabeculae (“white line” in strain map) for the PPR 
sample in trapezoidal configuration at 200 N. 

  
a) b) 

   
c) d) 

Figure 9. Amplitude of the TSA signal for the airless wheel in different contact 
configurations: a) rhombic, b) mixed and c) trapezoidal for the PPR samples 
and d) trapezoidal for the PLA ones (harmonic excitation at 5 Hz, with 15 N 
peak-to-peak load and 80 N preload). 

  
a) b) 

  
c) d) 

Figure 10. Phase of the TSA signal for the airless wheel in different contact 
configurations: a) rhombic, b) mixed and c) trapezoidal for the PPR samples 
and d) trapezoidal for the PLA ones (harmonic excitation at 5 Hz, with 15 N 
peak-to-peak load and 80 N preload). 
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(Figure 10) of the thermoelastic signal. As well known, the first 
one shows differential temperatures ΔT that are linked to the 
sum of the principal components of the stress tensor. Also in this 
case, as already highlighted for the strain measurements, the 
loading apparatus used for transferring the load to the airless 
wheel hub plays a key role in determining the effective stress level 
to which the structure is subjected to. However, for both the 
PPR and the PLA samples, TSA guarantees the correct 
identification of the most stressed regions, which are found to be 
located at the vertex connections of the beams and to be 
confined to the lower sectors of the wheel. TSA measurements 
were performed out of the frontal view of the wheel, i.e. by tilting 
the optical axis of the IR camera with respect to the wheel axis. 
More in detail, camera-wheel relative angles of 35 ° and 45 ° were 
used for the PPR and PLA samples respectively. This 
configuration was introduced because the frontal view was 
subject to large edge effects due to the thin shaped beams. 

Specifically, for the PPR sample, the rhombic and mixed 
configurations (Figure 9 a and Figure 9 b) exhibit a wide load 
distribution, marked at the vertex connections of the beams and 
at the sectors crossed by the loading line. Contrarily, in the 
trapezoidal configuration (Figure 9 c) the most stressed areas are 
reduced and concentrated in the lower sectors of the wheel. 
Comparing the trapezoidal configurations of the PPR with that 
of the PLA, the latter (Figure 9 d) presents a more limited load 
amplitude. Phase distribution (Figure 10) is in line with the 
expected distributions for all the wheel-test configurations. 

3.3. CP mapping 

The wheel-ground contact influences both the motion 
transfer and the wear of the rubber tread. Therefore, the 
evaluation of the CPs is useful for estimating both the 
functionality and stability of a vehicle. 

As an example, Figure 11 shows the increment of the CPs for 
the trapezoidal configuration of the PPR wheel. The CP maps 
show quite a good symmetry: the small dissimilarities are due to 
the connection of the airless wheel to the loading apparatus and 
the relative geometric tolerances. It is evident that the lattice 
structure has a decisive influence on the redistribution of the 
load. Indeed, the beams, as previously emphasized, are the most 
rigid part of the airless wheel, hence the greatest CPs are 
estimated in correspondence with their mark on the ground. This 
well matches the results obtained on the strain analysis when the 
wheel is tested in the same topology arrangement (Figure 7 c). 

Figure 12 compares the CP maps of the three different 
configurations at the maximum load (i.e. 200 N) on the PPR 
wheel. Also in this case, it is possible to identify a good symmetry, 
except for the mixed configuration. The largest contact area is 
that of the trapezoidal configuration, while the average CP is 
greater for the mixed one. Finally, the rhombic configuration 
shows the smallest contact area, but also the best symmetry. The 
maximum value of the CP is highlighted in correspondence with 
the beam of the mixed configuration. In both cases, mixed and 
rhombic configuration, the buckling effect would seem to be 
negligible due to the short arc of the external ring of the wheel 
between two successive beams. 

3.4. Finite elements analysis 

As a further analysis, a finite elements model (Figure 13) of 
the airless wheel was developed. This model was created to 
calculate the displacements and the strains of the wheel in ideal 
conditions (in terms of both geometries, loads and constraints). 

The structure was meshed with about 2.5 million of solid 
tetrahedral elements, considering a fixed support at the wheel 
hub and a vertical static force at the wheel-ground interface. 
Furthermore, to improve the computation resolution, the mesh 
quality was refined on those areas where stress and strain are 
expected to be more relevant (Figure 14). 

As an example, Figure 15 displays the maps relative to the 
computation of the Y-displacement and the Y-strain, for the 
PLA airless wheel printed in FDM. The numerical simulation 
highlights the same trends observed in the experimental results. 
The computed strain closely resembles the real one, showing that 
the interconnection segments of the lattice structure are mainly 
subjected to bending, exhibiting both tensile and compression 
stresses. Hence, the presented model might be used to analyze 
alternative configurations of the lattice geometry, laying the 
foundations for a structural optimization of the topology of the 
whole airless wheel. 

 

Figure 11. CP map of the trapezoidal configuration for the PPR wheel. 

   
 

a) b) c) 

Figure 12. Comparison between the CP maps for the configurations: a) 
rhombic, b) mixed and c) trapezoidal of the PPR wheel at 200 N. 

 

Figure 13. Finite elements model of the airless wheel. 
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4. CONCLUSIONS 

This paper addresses the applicability of non-contact 
techniques, such as DIC and TSA, to measure the actual stress-
strain field of complex lattice structures printed in AM. The 
chosen structure is based on the innovative airless wheel concept. 
This type of design could be widely applied for different vehicle 
models, taking advantage of its specific features. Globally, a 
puncture-proof wheel improves safety and reliability by reducing 
its replacement due to critical events and preventing the rapid 
decrease in vehicle stability. Furthermore, the mechanical 
response of a such structure could be enhanced by increasing the 
adhesion to the road surface and limiting the tread wear. 
Specifically, the use of an airless wheel could be heterogeneous. 
For example, it could be a good solution for skateboards, 
exploiting the high deformability of the lattice structure, or for 
aircrafts and aerospace vehicles thanks to the possibility of 
reducing weight maintaining the same performance. In summary, 

the airless wheel should be of great interest to the next generation 
of full-electric cars. 

An airless wheel prototype, manufactured by different 3D 
printing technologies (FDM and SLA) and made with different 
polymeric materials (PLA and PPR) has been tested by 
employing DIC and TSA techniques. The wheel-ground 
interaction has been studied by mapping the CPs. A parametric 
finite elements model of the same wheel has been developed. 
Furthermore, the experimental tests have been performed in two 
separated laboratories also using specific loading systems and 
instrumentation. 

The results achieved have demonstrated some critical aspects 
that should be considered in the characterization of such a 
system: the type of material used for manufacturing the sample, 
the loading system and the topology of the lattice structure. In 
this sense, considering a numerical model previously validated at 
least in terms of contact pressure distribution, can help in dealing 
with these issues. Indeed, the proposed model might be used to 
analyze alternative configurations of the lattice geometry, laying 
the foundations for a structural optimization of the lattice 
topology with specific objective functions (e.g., uniform stress 
distribution or minimum weight). According to these outcomes, 
the present study has then confirmed the effectiveness of the 
non-contact techniques (DIC and TSA) for measuring the spatial 
distribution of both strain and stress fields in functional and 
complex structures obtained from AM. Specifically, these 
investigation techniques have shown that the mechanical 
response of a lattice structure exhibits considerable complexity. 
In fact, although strain and stress are well distributed over almost 
all regions, concentrations have been identified in 
correspondence of the nodes of the trabeculae and in the lower 
sectors of the wheel. For example, this suggests moving towards 
a topological optimization that involves increasing the thickness 
of the trabeculae at the nodes and along the external ring, 
thinning the section of the trabeculae at their centerline and 
reducing the excess of material closer to the wheel hub. 
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