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Abstract 

This study explores the design and performance evaluation of PLA (Polylactic acid) lattice structures, 
with a focus on understanding the eventuality of UV (Ultraviolet) radiation exposure on their mechanical 
properties. Utilizing Siemens NX software, we designed a 40mm cubic lattice structure with 8mm 
squared perforations, for optimal performance. With the use of compressive tests, the properties and 
structural integrity of the 3D printed lattice structures were put to the test. Comprehensive analysis of 
the stress-displacement data revealed critical insights into the modes of failure as they were aged. 
Results indicated that UV exposure increased the brittleness of the PLA structures, as evidenced by 
higher Young's modulus and enhanced compressive strength over time. However, prolonged aging 
also led to increased displacement and compressive strain, suggesting progressive material 
deterioration. Findings from this study add to a deeper perception of the behavior of PLA under 
environmental stress, informing future design and material selection for improved durability and 
performance in engineering applications. This work underscores the importance of integrating 
advanced design software, additive manufacturing, and rigorous testing methodologies to innovate and 
optimize material performance, providing valuable knowledge for the development of sustainable, high-
performance lattice structures. 
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1. Introduction 

Additive Manufacturing constructs parts by sequentially layering material from a digital model, enabling 
the creation of intricate designs that are often unachievable with traditional manufacturing techniques. 
Techniques such as Fused Deposition Modeling (FDM) are widely used for producing PLA(Polylactic 
acid) components due to their cost-effectiveness and accessibility.Lattice structures in Additive 
Manufacturing are used to optimize features such as lightweight design, increased energy absorption, 
heat transfer, insulation, and material reduction [1]. Lattice structures consist of interlinked permeable unit 
cells that are organized in a regular and periodic pattern. They provide a suitable environment for cell 
attachment and colonization in tissue engineering applications [2]. Tao and Leu [3], review that the 
mechanical characteristics of Lattice Structurescan be analysed through experimental tests, numerical 
simulations, and analytical models. A comprehensive overview of lattice structures in Additive 
Manufacturing, including their features, applications, and manufacturing methods, is still lacking. 
However, reviews on specific applications of lattice structures in fields like tissue engineering have been 
reported [4]. 

PLA is an eco-friendly thermoplastic derived from renewable sources such as sugarcane or corn starch. It 
is popular in Additive Manufacturing due to its ease of printing, good mechanical properties, and 
environmental benefits. However, PLA's mechanical performance can be influenced by environmental 
factors, necessitating thorough analysis for applications requiring durability. This reinforcement can be 



 

 

achieved by incorporating bio-derived fibers or nanoparticles into the PLA matrix [5]. PLA composites 
have been successfully processed into filaments suitable for FDM (Fused deposition modelling) 3D 
printing. For example, PLA composites enhanced with regenerated cellulose fibers (lyocell) have been 
employed in 3D printing, resulting in higher Young's modulus of the filaments.  

According to Muthe, Pickering and Gauss [5], PLA is extensively used as a filament material in FDM 3D 
printing because of its low melting point, high tensile strength, minimal thermal expansion, and excellent 
layer adhesion. However, it should be noted that PLA displays limited heat tolerance unless subjected to 
annealing. The addition of fillers or nanofillers to PLA composites has been investigated to improve their 
properties. For example, the addition of carbon black has been shown to influence the properties of 
plasticized PLA composites [6]. PLA composites reinforced with cellulose fibers and polyethylene glycol 
(PEG) as an additive have been studied for 3D printing applications. The use of nanocellulose as a filler 
in PLA composites has shown promise in improving mechanical properties [7].  

Factors such as relative density, types of unit cells, and arrangements of cells impact the mechanical 
characteristics of lattice structures, including stiffness and strength. Different unit cell types, including 
simple cubic, body-centered cubic, and truncated octahedron, have been studied for lattice structure 
design [8]. The integration of lattice structures with functionally graded materials has been explored to 
enhance their performance in applications like orthopedic implants [9]. Design optimization frameworks 
combining modeling, finite element analysis (FEA), genetic algorithms, and optimization techniques have 
been proposed to tailor the mechanical behavior of lattice structures.  

 

1.1. Literature Review  

1.1.1. UV Radiation Exposure 

UV exposure can lead to the degradation of composite surfaces and chemical alterations, potentially 
affecting the overall performance of the material [10]. The alterations in the chemical and physical 
properties of PLA/TiO2 nanocomposites over time verify the photocatalytic activity of TiO2. Exposure to 
UV radiation can induce chain scission in PLA, resulting in reduced molecular weight and diminished 
mechanical properties [11]. Studies have shown significant mass loss and molar mass reduction of PLA 
within a relatively short period of UV exposure. The incorporation of light-responsive nanoparticles or 
nucleation agents can enhance the photodegradation process [12]. Kalwiket al's. [13], research paper 
examines the effects of accelerated UV aging on polymer substances structural properties such as 
PP30T, PE, and POM. The study employs DSC (Differential Scanning Calorimetry) to evaluate the 
structure of these materials before and after UV ageing, particularly examining the surface layer where 
the most significant changes were noted. Kalwik et al. [13], states that solar radiation intensity in Europe 
is approximately 120 kLy per year, with 1.33 W/m² radiation intensity, which is equivalent to 100 hours of 
laboratory aging tests. At a lower radiation intensity (0.89 W/m²), the total test duration was 600 hours 
which is equivalent to 4 years of natural aging conditions. The research paper by Wang et al. [14], 
investigates how UV radiation affects the mechanical and physical properties of three-proof polyurethane 
coatings and polyurethane resins. The study assesses changes in mechanical properties and gloss levels 
of the materials over time under UV exposure. Techniques such as scanning SEM (Scanning electron 
microscopy), FTIR (Fourier Transform Infrared spectroscopy), TGA (Thermogravimetric Analysis), and 
DTG (Differential Thermogravimetry) were employed to analyze the structure of the materials. Wang et al. 
[14], reports that protective coatings' shine deteriorated more than that of individual resins under aging 
conditions, with significant reductions observed following 1200 hours of exposure to irradiation. 
Additionally, the tensile strength of resins consistently falls with aging, while the elongation at break 
initially falls, then rises, and finally falls again after prolonged exposure. 

 



 

 

1.1.2. Mechanical Properties 

Compressive testing evaluates the lattice structure's ability to withstand loads without deformation or 
failure. Compression test affects the mechanical characteristics such as strength, modulus and energy 
absorption [15], also affect the aging time and impact position [16]. Milodinet al. [17], studied the 
mechanical properties of lattice structures produced via additive manufacturing, examining topologies 
such as diamond, octet, and cubic geometries. They fabricated five specimens with 60% porosity and 
varied dimensions, considering building orientation and layer thickness. Compressive tests demonstrated 
similar behavior in two geometries, while the third geometry exhibited a distinct response, highlighting the 
impact of design and manufacturing parameters on mechanical properties. Predicting the compressive 
strength of composite lattice structures for space launch vehicles, emphasizing the importance of 
lightweight yet strong structures. Jeon et al. [18], introduced a method involving compression tests on 
sub-element specimens to establish a failure criterion for predicting compressive strength. This technique 
accounts for the results of bending deformations both in and out of plane of the structure's ribs on 
compressive strength, aiming for a prediction error margin of 5%. The study found that stress levels 
varied across different lattice cell geometries, with the Diamond cell exhibiting significantly higher stress 
values compared to the Dode Thin cell geometry, highlighting structural differences [18]. Compression 
tests were conducted to evaluate the energy absorption capacity of lattice structure at high-impact 
velocities, crucial for their performance as energy absorbers. Plastic deformation observed during 
compression tests indicated the structures' ability to absorb energy, with cracked surfaces revealing 
deformation patterns [19]. 

The research paper by Syrlybayevet al. [20], focuses on the compressive behavior analysis of pilar 
octahedral lattice structures, which are renowned for their high strength-to-weight ratio. Additive 
manufacturing technologies have facilitated the fabrication of complex lattice structures, spurring 
increased interest in their mechanical properties. Syrlybayev et al. [20], specifically investigates lattice 
structures with varying strut diameters (1.5, 1.75, and 2 mm) made from Tough PLA) plastic. The results 
indicate that increasing the strut diameter enhances strength and elastic moduli, while specific 
mechanical properties remain relatively constant. Both experimental and numerical analyses by 
Syrlybayev et al. [20], reveal that lattice structures fail due to the formation of diagonal shear bands. 

The quest for sustainable solutions necessitates the development of materials that can increase 
efficiency, minimize environmental impact, and withstand operational stress and strain. Lattice structures, 
with their distinct mechanical properties and design flexibility, present a promising alternative to solid 
materials. However, the practical deployment of these structures in sustainable energy applications 
requires extensive research into their manufacturing processes, material selection, and performance 
under a variety of conditions. Despite the overwhelming benefits of lattice structures and additive 
manufacturing, there is a need for comprehensive research into the suitability of different materials, such 
as PLA (as used in this report), as well as the impact of environmental factors, such as UV (Ultraviolet) 
radiation, on the long-term performance of the structures.  

The aim of this work was to investigate the effects of UV-induced aging on the mechanical properties of 
3D-printed PLA lattice structures. This study specifically focuses on understanding how prolonged 
exposure to UV radiation impacts the compressive strength, Young's modulus, displacement at maximum 
compression force, and compressive strain of PLA lattice structures. By systematically analyzing these 
properties over different aging durations, this research aimed to provide insights to inform the design and 
application of PLA materials in environments with significant UV exposure. 

 

2. Methodology  

The design of this lattice structure with focus on the capability for additive manufacturing was done using 
Siemens NX Software tool. These design that aimed at enhanced mechanical properties such as weight, 



 

 

stiffness, strength, impact resistance, deformation, durability, scalability and complex geometry with 
specified dimension of 40mm cube and each workpiece having 8mm2 perforation as shown in figure 1 is 
geared towards optimum performance when subjected to test.  

 
Figure 1. Desired 3D Lattice structure ready for printing 

 

2.1. Printing of Lattice Structure 

PLA filament with a lower melting point between 1800c and 2200c is used as a printed material for the 
development of the 3D lattice structure using additive manufacturing. The additive manufacturing process 
with the precise nozzle diameter and the specified layer height can generated a complex geometry and 
lattice configuration that would normally be challenging to manufacturewith the use of traditional 
manufacturing process with large printed infills. For optimum printing, there is usually a preliminary test to 
calibrate the printer settings. Twelve (12) different sets of the lattice structure were printed with each 
weighing 39.93g, the mass of the infills manually removed from each piece was about 13.72g as shown in 
figure 3 to give the desired output as shown in figure 2. 

 



 

 

 
Figure 2. 3D printed copy of the lattice structure 

 

 
Figure 3. Manually removed Infills 

 

2.2. Aging Test 

The aging test was carried out to evaluate the lattice structures’ performance over a period when 
simulated in different environmental conditions. This test determines the behavior and performance of the 
lattice structures. The BGD 852 Bench UV Light Accelerated Aging Test Chamber shown in figure 4was 
used to subject the lattice structure to varying exposure under the high UV radiation to test the tolerance, 
resistance to degradation, color fading, brittleness and overall structural integrity over time by simulating 
years of exposure to sunshine in a fraction of days.  

The UVA-340 lamps used in the accelerated weathering chamber have a wavelength range of 365 to 295 
nm, which is remarkably similar to the short-wave ultraviolet radiation of solar spectrum. 



 

 

Photodegradation is the alteration of a material caused by photons, particularly those present in the 
wavelengths of sunlight which offer about 0.7 W/m2 of irradiance. Three sets of 3No pieces were 
subjected to radiation of temperature 450c and a relative humidity of 65% for a period of 4, 6 and 8 weeks. 
The resultant lattice structure is further taken to another compression test. 

 

 
Figure 4. BGD 852 Bench UV Accelerated Cabinet with first sets of cubes under UV Light 

 

2.3. Compression Test 

To determine the mechanical strength and percentage deformation of the lattice structure, the 3367 
Series Dual Tabletop Testing System is used to apply controlled compressive uniform force to the lattice 
structure as shown in figure 5. Lattice structure was placed centrally on the lower compression plate for 
uniform load distribution, the upper plate is set to gently contact the top of lattice structure, the machine is 
then set to compress at a constant rate while the force and displacement data are monitored and 
recorded for analysis until maximum displacement is reached. The result can be used to plot the force 
displacement curve while the lattice structure is then removed and inspected for deformation features. 

 



 

 

 
Figure 5. Deformation of a compressed 3D lattice structure 

 

3. Result and Analysis 

Table 1. Control compression test data 

 

 

 

 

Prototype  Max Force  
(kN)  

Compressive 
Strength  

(MPa)  

Young's 
Modulus 

(Automatic)  
(MPa)  

Displacement at 
Max 

Compressive 
Force  
(mm)  

Compressive strain 
(Displacement) at 
Max Compressive 

Force  
(%)  

A  15.72  9.82  212.21  2.40  6.00  
B  15.06  9.41  118.07  2.27  5.67  
C  17.53  10.95  283.71  3.50  8.75  
Mean  16.10  10.06  204.66  2.72  6.81  
Standard 
deviation  1.28  0.80  83.07  0.68  1.69  

Mini  15.06  9.41  118.07  2.27  5.67  
Max  17.53  10.95  283.71  3.50  8.75  
Range  2.47  1.54  165.63  1.23  3.08  



 

 

 
Figure 6. Control stress-displacement graph 

 

Table 2. 4-week compression test data 

 

 

 
Figure 7. 4-week stress-displacement graph 

Prototype   Max Force  
(kN)  

Compressive 
Strength  

(MPa)  

Young's 
Modulus 

(Automatic)  
(MPa)  

Displacement at 
Max Compressive 

Force  
(mm)  

Compressive strain 
(Displacement) at 
Max Compressive 

Force  
(%)  

A  17.35  10.84  276.64  3.38  8.46  
B  16.08  10.05  276.18  3.35  8.38  
C  15.68  9.80  274.37  3.38  8.46  
Mean  16.37  10.23  275.73  3.37  8.43  
Standard 
deviation  0.87  0.54  1.20  0.02  0.05  

Mini  15.68  9.80  274.37  3.35  8.38  
Max  17.35  10.84  276.64  3.38  8.46  

Range  1.66  1.04  2.27  0.03  0.08  



 

 

 

Table 3. 6-week compression test data 

Prototype   Max Force  
(kN)  

Compressive 
Strength  

(MPa)  

Young's 
Modulus 

(Automatic)  
(MPa)  

Displacement at 
Max 

Compressive 
Force  
(mm)  

Compressive strain 
(Displacement) at Max 
Compressive Force  

(%)  

A  15.76  9.85  266.49  2.82  7.04  
B  16.28  10.18  281.64  3.30  8.25  
C  18.65  11.65  288.74  3.93  9.83  
Mean  16.90  10.56  278.96  3.35  8.38  
Standard 
deviation  1.54  0.96  11.37  0.56  1.40  

Mini  15.76  9.85  266.49  2.82  7.04  
Max  18.65  11.65  288.74  3.93  9.83  
Range  2.89  1.81  22.25  1.12  2.79  

 

 
Figure 8. 6-week stress-displacement graph 

 

Table 4. 8-week compression test data 

Prototype   Maxi Force  
[kN]  

Compressive 
Strength  

[MPa]  

Young's 
Modulus 

(Automatic)  
[MPa]  

Displacement at 
Max 

Compressive 
Force  
(mm)  

Compressive strain 
(Displacement) at 
Max Compressive 

Force  
(%)  

A  18.21  11.38  304.14  3.07  7.67  
B  15.26  9.54  262.66  3.58  8.96  
C  17.93  11.20  291.25  2.97  7.42  
Mean  17.13  10.71  286.02  3.21  8.02  
Standard 
deviation  1.63  1.02  21.23  0.33  0.83  

Mini  15.26  9.54  262.66  2.97  7.42  



 

 

Maxi  18.21  11.38  304.14  3.58  8.96  
Range   2.95   1.84   41.48   0.62   1.54  

 

 
Figure 9. 8-week stress-displacement graph 

 

In the foremostphases of compression, the stress-displacement curves for figure 6, figure 7, figure 8 and 
figure 9 exhibit a linear relationship, which shows indication of elastic deformation, and an extensive 
analysis of the data leveraged by data visualization on Power BI (Business Intelligence) reveals the 
transformation in the PLA’s mechanical properties. 

The Young's modulus as shown in equation 1, a measure of a material's stiffness, is a critical parameter 
in understanding the mechanical properties of the PLA lattice structures. 

,ݏݑ݈ݑ݀݋ܯ	݃݊ݑ݋ܻ (ଶ݉/ܰ)	ߛ = 	 ஼௢௠௣௥௘௦௦௜௢௡	ௌ௧௥௘௦௦,ఙ	(ே/௠మ)
ா௡௚௜௡௘௘௥௜௡௚	ௌ௧௥௔௜௡ ,ఌ

     (1) 

 

From table 1, the control prototypes, which were not subjected to UV aging, had a mean Young's 
modulus of 204.66 MPa. This baseline value reflects the initial stiffness of the PLA lattice structures, 
indicating its ability to resist deformation under an applied load.For 4 weeks of accelerated UV exposure, 
the mean Young's modulus increased to 275.73 MPa as shown in table 2, whichshows that the material 
became stiffer due to the UV aging process. The mean Young's modulus further increased to 278.96 MPa 
as shown in table 3for 6 weeks of accelerated UV exposure. Although the rate of increase slowed 
compared to the initial 4 weeks, the continued rise in Young's modulus indicates ongoing changes in the 
material's internal structure, likely due to prolonged exposure to UV radiation.For 8 weeks of 
acceleratedUV exposure, the mean Young's modulus reached 286.02 MPa as shown in table 4. This 
continued increase confirms that prolonged UV exposure progressively makes the PLA lattice structures 
more brittle and stiffer. The trend as shown in figure 10 suggests a significant alteration in the material 
properties, which can be attributed to the cumulative effects of UV-induced degradation, asUV radiation 
typically leads to the photo-degradation of polymers, causing chain scission and cross-linking, which can 
result in increased brittleness and stiffness.This behavior is typical of polymer degradation, where UV 
radiation causes changes in the molecular structure, leading to increased rigidity. 

 



 

 

 
Figure 10. Mean Young's modulus 

 

The compressive strength of a material as shown in equation 2, which measures the ability of the material 
to withstand compressive loads, is a crucial property for evaluating the mechanical performance of PLA 
lattice structure. 

(ଶ݉/ܰ)	ߪ,ݏݏ݁ݎݐܵ	݊݋݅ݏݏ݁ݎ݌݉݋ܥ = 	 ி௢௥௖௘,௙	(ே)
஺௥௘௔ ,஺	(௠మ)

       (2) 

 

Analysis of the compressive strength from control prototypes to those subjected to the accelerated UV 
exposure for 4, 6, and 8 weeks provides insights into the material's behavior under prolonged 
environmental stress. From table 1, the control prototypes, which were not subjected to the accelerated 
UV aging, exhibited a mean compressive strength of 10.06 MPa,which represents the baseline value of 
the initial load-bearing capacity of the PLA lattice structure before any degradation.For 4 weeks of 
accelerated UV exposure, the mean compressive strength increased slightly to 10.23 MPa as shown in 
table 2. This modest increase suggests that the initial stages of the accelerated UV aging might have led 
to some degree of hardening or embrittlement, which could enhance the material's ability to bear 
compressive loads in the short term. From table 3, the mean compressive strength further increased to 
10.56 MPa for 6 weeks of accelerated UV exposure. This continued rise indicates that the material's 
internal structure changed due to prolonged UV exposure, which led to additional hardening effects. For 8 
weeks of accelerated UV exposure, the mean compressive strength reached 10.71 MPa as shown in 
table 4. This trend of increasing compressive strength with extended accelerated UV exposure as shown 
in figure 11 suggests that the material continues to undergo changes that enhance its load-bearing 
capacity. However, it's important to note that this increased strength is due to its increased brittleness, as 
indicated by accompanying Young's modulus. 

 



 

 

 

 
Figure 11. Mean compressive strength 

 

Displacement at maximum compression force is a crucial parameter for understanding how much a 
material deforms under its maximum load bearing capacity.The control prototypes, which were not 
subjected to UV aging, exhibited a mean displacement at maximum compression force of 2.72 mm as 
shown in table 1, which reflects the initial deformability of the PLA lattice structures under peak load 
conditions.For 4 weeks of accelerated UV exposure, the mean displacement at maximum compression 
force increased to 3.38 mm as shown in table 2. This increase indicates that the material becomes more 
deformable with initial UV exposure, suggesting changes in the internal structure that reduce the 
material's resistance to deformation under load. From table 3, the mean displacement further increased to 
3.93 mm for 6 weeks of accelerated UV exposure. This continued rise in displacement suggests that the 
material is undergoing significant structural changes, likely due to the prolonged effects of UV 
radiation.For 8 weeks of accelerated UV exposure, the mean displacement at maximum compression 
force decreased to 3.21 mm as shown in table 4. This decrease may indicate a complex interaction of 
factors affecting the material's behavior. While the material continues to degrade, increased cross-linking 
or other structural changes might be contributing to a reduction in displacement.Figure 12 shows the 
overall trend of increased deformability with accelerated UV exposure, which highlights the potential risks 
to structural integrity and load-bearing capacity over time. 



 

 

 
Figure 12. Mean displacement at maximum compression force 

 

Compressive strain at maximum compression force is a measure of the deformation of a material relative 
to its original dimensions when subjected to its maximum load-bearing capacity.The control prototypes, 
which were not subjected to UV aging, exhibited a mean compressive strain at maximum compression 
force of approximately 6.8% as shown in table 1. This baseline value indicates the initial deformation 
capability of the PLA lattice structures under maximum load.For 4 weeks of accelerated UV exposure, the 
mean compressive strain at maximum compression force increased to approximately 8.5% as shown in 
table 2. This increase suggests that the material becomes more deformable with initial UV exposure, 
indicating structural changes that reduce the material's resistance to deformation.From table 3, the mean 
compressive strain further increased to approximately 9.8% for 6 weeks of accelerated UV exposure. This 
continued rise in compressive strain indicates significant structural changes within the PLA lattice 
structures due to prolonged UV exposure, leading to increased deformability.For 8 weeks of accelerated 
UV exposure, the mean compressive strain at maximum compression force decreased to approximately 
8.0% as shown in table 4. This decrease suggests a complex interaction of degradation processes.Figure 
13 shows the overall trend of increased compressive strain with accelerated UV exposure, which 
highlights the potential risks to the mechanical performance and durability of the PLA lattice structures, 
indicating that the PLA lattice structures become progressively more deformable under maximum 
compression force with accelerated UV exposure. 



 

 

 
Figure 13. Mean compressive strain at maximum compression force 

 

The increased stiffness and brittleness suggest that while the PLA's ability to bear compressive loads 
may improve slightly, its overall durability and resilience to impact or dynamic loading conditions may be 
compromised, because brittle materials are more prone to cracking and failure under stress, which is an 
important consideration for long-term applications. Understanding these changes are crucial for 
applications where PLA lattice structures are exposed to environmental conditions, and Engineers must 
account for the potential increase in brittleness and adjust their designs accordingly to ensure long-term 
reliability and performance. 

 

Conclusion 

The study successfully demonstrated the design, manufacturing, and testing of PLA lattice structures, 
providing valuable insights into their mechanical properties and performance under various conditions. 
The accelerated aging tests, simulating UV radiation exposure, revealed significant changes in the 
mechanical properties of the PLA prototypes. As the exposure duration increased, the material exhibited 
increased brittleness, higher Young's modulus, and enhanced compressive strength, indicating an 
improved resistance to compression at the expense of flexibility. The compression tests further validated 
these findings, showing that prolonged UV exposure leads to increased displacement and compressive 
strain at maximum compression force, highlighting the material's progressive deterioration and increased 
deformability over time. 

These results provide critical insights into the aging behavior of PLA, demonstrating that environmental 
factors such as UV radiation significantly impact its mechanical properties. The research underscores the 
importance of considering these factors in material selection and design for applications requiring long-
term durability. The findings will guide future design iterations, material selection strategies, and 
engineering decisions, contributing to the development of more resilient and efficient lattice structures. 



 

 

Overall, this study highlights the effectiveness of combining advanced design software, additive 
manufacturing, and rigorous testing methodologies to innovate and optimize material performance in real-
world applications. The knowledge gained from this research will be instrumental in advancing the field of 
material science and engineering, particularly in the context of sustainable and high-performance lattice 
structures. 
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