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Abstract
Stereolithography (SLA) enables the fabrication of polymer components with 
exceptional dimensional accuracy; however, their resistance to impact loading is 
highly sensitive to material and processing parameters. In this study, the impact 
behaviour of SLA-printed polylactic acid (PLA) specimens was systematically 
investigated by evaluating the combined effects of Shore A hardness, layer height, 
and post-curing time. Specimens with hardness values of 50 A, 60 A, and 70 A 
were fabricated at layer heights of 20, 30, and 40 μm and subjected to post-curing 
durations of 30, 45, and 60 min. Charpy impact testing revealed that lower material 
hardness and finer layer resolution significantly enhance impact energy absorption, 
while extended post-curing improves interlayer bonding and fracture resistance. 
The highest impact performance was achieved at 50 A Shore hardness, 20 μm layer 
height, and 60 min of post-curing. In addition, fracture patterns indicated a semi-
ductile failure mechanism characterized by progressive deformation and delayed 
crack propagation.

Keywords  Impact performance, Shore A hardness, Post curing, Layer height, Additive 
manufacturing

1  Introduction
 The role of resin composition, characteristics, and processing methods in relation to 
the mechanical properties of stereolithography-printed polymers is now much bet-
ter recognized through recent advances in polymer research and additive manufactur-
ing methods. In particular, the literature shows that proper resin proportioning, along 
with techniques such as hardness testing, is important for a high-performance material 
to exhibit consistent impact strength. There is a great degree of variation when review-
ing SLA-printed polymers for their mechanical properties, according to some studies on 
SLA-printed components [1, 2].

Stereolithography (SLA), popularly known for its ability to produce accurate poly-
mer parts [3] with a better surface finish compared to other additive methods of 
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manufacturing, has been employed for functional applications demanding a predefined 
mechanical specification [4]. In agreement with this notion, it has been stated by Liam et 
al. [5], that the tensile and flexural modulus of printed polymers by the SLA method are 
generally higher compared to FDM materials, but the impact resistance of the printed 
materials is inferior [5]. A study by Garcia et al. [6], established that graphene oxide was 
incorporated into a commercial-grade SLA resin with loadings of 0.2, 0.5, and 1% by 
weight, after which the printed specimens were subjected to mechanical testing regard-
ing tensile, shear, and combined loading, with the resulting failure behaviour examined 
on the basis of the Drucker-Prager model [6].

The mechanical behaviour of SLA-printed polymers is strongly dependent on photo-
polymer resin formulation and homogeneity during mixing. Adjusted SLA resins include 
particulate reinforcements namely glass powder have been disclosed to represent con-
centrated tensile and compressive features as a result of optimize load transfer mecha-
nisms [7]. As well, adding of metallic fillers into methacrylate-based photopolymers 
has represented advancement in shock resistance, highlighting the key part of material 
composition in energy absorption while dynamic loading [8]. Ahmad et al. (2024) final-
ized that the mechanical and viscoelastic properties of a commercial SLA resin were 
enhanced by the insertion of graphene nanoplatelets [9].

Many studies finalized that printing parameters like layer thickness, build orientation, 
and exposure conditions significantly influence the mechanical integrity of SLA-printed 
parts. Build orientation has been represent to affect anisotropy and fracture behavior, 
with horizontally oriented specimens often exhibiting higher strength and toughness 
than vertically printed counterparts [10]. Relative recognition from SLA, DLP, and LCD 
invention further represent that SLA prints basically exhibit higher level curved strength 
at optimized performance metric are implemented [11]. Wang et al.[12] indicate that 
inequality in build orientation towards printer axes notably effect of tensile, compres-
sive, and flexural behavior of SLA-printed resins, marking the role of build angle in 
identifying mechanical performance [12]. Altarazi et al. (2022) examined the effects of 
print orientation and post-curing time on a 3D-printed denture base resin, indicating 
that vertical orientation enhanced mechanical behaviour, during curing beyond 30 min 
gave no advantages. According to Asim et al. [13], SLA process parameters such as build 
orientation and layer thickness significantly influence mechanical performance of bio-
medical raw materials, with vertical orientation improving tensile, flexural, and impact 
strength. Regression model was also invented to communicate these characteristics to 
the printing conditions [13]. Oliveira et al. [14] estimate the result of post-curing time 
and printing direction on the mechanical behaviour of water-washable SLA resins, using 
experimental tests and numerical modeling to enhance material characteristics [14].

The Tensile, flexural, and impact examination are extensively preferred in mechanical 
evaluation of SLA-printed polymers to evaluate structural dependability. As a result of 
these variables control crack initiation and energy dissipation mechanisms, impact per-
formance is especially sensitive to crosslink density, print orientation, along with post-
curing conditions [15]. Functional polymer components study has also indicate that 
conditioning and subjection to the environment might affect impact resistance, high-
lighting necessity of controlled testing environment [8]. This study found that whereas 
traditional and milling specimens showed no discernible strength changes, thermal 
cycling significantly reduced flexural and impact strength as well as Weibull reliability 
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in 3D-printed samples. After thermal exposure, hardness rose in conventional materi-
als but fell in milled and 3D-printed groups. Cheadle et al. [16] evaluated the effect of 
orientation and post-curing on mechanical properties (tensile and flexural) of SLA resin, 
highlighting how process factors influence mechanical strength [16].

Shore A hardness is basically experienced to characterize the elastic hardness of 
polymeric and elastomeric materials and has been shown to highly influence their 
mechanical output [17]. Last research finalized that Shore A values range from very 
soft elastomers (≈ 20–30 Shore A) to semi-rigid polymers (≈ 90–100 Shore A), covering 
exercise from sealing and damping to load-bearing parts [18]. It has been demonstrated 
that higher Shore A hardness has better wear resistant qualities, tensile strength, and 
indentation resistance [19]. Conversely, hardness adversely affects material elasticity, 
specifically the material’s elongation at fracture, due to increased stiffness resulting from 
restricted elastomeric chain motion. Although increased Shore A hardness is a desir-
able material property for structural integrity, research by Reff (2010) indicates that it 
causes an increase in the elastic modulus properties due to material stiffness [20]; on the 
other hand, material hardness can negatively impact material fatigue properties, espe-
cially for materials under constant cyclic loading [21]. However, the correlation between 
Shore A hardness and the mechanical attribute is affected by the level of crosslink den-
sity, filler, and curing steps, thereby reflecting that the level of hardness is unable to accu-
rately determine the mechanical property in the absence of the material composition 
[22]. Thus, the influence of Shore A hardness on the mechanical properties is crucial in 
identifying the optimization of enhanced polymer materials in the mechanical engineer-
ing field, which requires the interaction of hardness and flexibility [23].

The suggested work aims to generate samples with varying hardness levels by utiliz-
ing machine variables and post-processing time for lightweight impact applications. This 
study aims to fabricate SLA-printed specimens and investigate the effect of key process-
ing parameters on their impact performance, with additional comparison to pure PLA 
material.

2  Materials and methods
This section outlines a discussion on the criteria for choosing materials, process vari-
ables, manufacturing method, post-processing of three-dimensional printing samples, 
and testing method. In this research work, there were three types of PLA photopolymers 
with varying Shore hardness values (50 A, 60 A, and 70 A) and three layers with heights 
(20, 30, and 40 μm), along with three post-curing times (30 min, 45 min, and 60 min) 
to examine in a combined manner the individual effects on impact behavior of stereo-
lithography SLA. Figure 1 shows how work is performed with a flow process on a prior-
ity basis right from material selection to testing of samples.

2.1  Material selection and additive manufacturing

Three PLA-based photopolymer resins with distinct Shore A hardness values of 50 A, 
60 A, and 70 A were selected to systematically investigate the effect of material hard-
ness on the impact performance of stereolithography (SLA) additively manufactured 
components. These materials were procured from Siraya Tech, USA, and represent 
a broad range of elastomeric to semi-rigid behaviour within the PLA resin family. The 
selected hardness range enables a comprehensive evaluation of the relationship between 
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resin flexibility, energy absorption capacity, and fracture response under impact loading. 
Standardized impact test specimens were fabricated using a stereolithography process, 
ensuring consistent processing conditions to isolate the influence of Shore hardness on 
mechanical performance.

In this study, CAD models of lattice samples were designed using nTopology software. 
To obtain the gcodes, the planned model is saved in stl format and imported into the 
slicer program Halot Box (Creality). Moreover, the software gives the weight of the sam-
ple, total cost, printing duration, and material used. Before giving the print command to 
the SLA 3D printer, several pre-processing steps were carried out to reduce the chances 
of failure of the samples. During the pre-processing stage, the first step was the orienta-
tion of the sample in the machine platform, whether vertical, horizontal, or inclined. In 
our research, horizontal build orientation is used. The build orientation can be respon-
sible for layer adhesion, accuracy in terms of dimension, and anisotropy of the printed 
sample. The second step carried out in pre-processing is cleaning and levelling of the 
build platform. Filtration of resin to remove particles and appropriate tensioning of FEP 
film.

Creality HALOT Mage S 14 K SLA Printer is used to print the specimen, where the 
maximum printing range of 8.78 × 4.96 × 9.06 inches, printing speed of 150  mm/h, 
and maximum resolution for surface polish are used. Siraya Tech FAST ABS-Like 3D 
Printer Resin 405 nm UV-Curing is the parent material Providing the non-brittle high 
precision, low volume shrinkage, high tensile strength, and suitable modus of elasticity. 
Tensile strength and elastic modulus of the material is 32-52 MPa, and 1.0 to 2.65GPa 
respectively. Density of the resin is 1.05–1.25  g/cm³, shrinkage is around 3.72–4.24%, 
EBG (Electromagnetic Band-gap) varies highly from 3.0% to 150%, depending upon the 
testing process, and melting temperature of the resin ranges around 150°-162 °C. G-code 
input is used in the process where four samples are prepared at one time. The total time 
to print the four samples is 37  min, requiring 201 layers for completion. The printed 
samples did not utilize the support system during the printing process. The machine 
has maximum printing resolution of ultra-high 14 K (16.8 × 24.8 μm). Three PLA-based 
resins with varying Shore A hardness values were utilized as the base materials for the 
experimental investigation. Nine impact specimens were fabricated for each Shore A 
hardness level (50 A, 60 A, and 70 A) of PLA resin, yielding a total of 27 samples.

Fig. 1  Targeted Work flow for SLA manufactured impact samples
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Following sample printing, post-processing was used to remove, clean, and cure the 
samples in order to obtain the necessary dimensional accuracy, mechanical impact 
performance qualities, minimizes flaws, premature failure, and enhances surface fin-
ish. At first, the printed parts are meticulously removed off the build platform with a 
scraper. Avoid distortion or damage, particularly for fragile or thin-walled components. 
The extracted samples were subsequently cleaned with isopropyl alcohol in automated 
washing stations. Appropriate washing duration is upheld to avert surface tackiness 
or swelling. Washed components are air-dried, followed by UV curing to finalize the 
polymerization of the printed resin (see Fig. 2). This study examines the efficacy of three 
curative durations: 30, 45, and 60 min.

2.2  Charpy impact testing

Charpy pendulum impact testing was carried out using a Tinius Olsen impact testing 
machine (Easton Road, Horsham, PA 19044, USA) to evaluate the impact energy absorp-
tion of the SLA-manufactured samples (see Fig. 3a). The pendulum impact tester is a 
versatile and reliable instrument designed to measure the energy absorbed by materials 
during fracture and fully complies with ASTM E23, EN 10045-2, and ISO 148 standards 
[24]. The tests were conducted using a basic pendulum with a maximum energy capac-
ity of 406 J, a drop height of 1.052 m, and an impact velocity of 5.47 m/s. The overall 
machine dimensions were 2108 × 508 × 1854 mm, with a gross weight of 736 kg. Rectan-
gular specimens were prepared in accordance with the specified standard, with dimen-
sions of 10 × 10 × 55 mm³ and a 45° V-notch geometry. Figure 3b shows the standard 
mechanism used to clamp the sample in test machine. Additionally, the impact tests 
were conducted at room temperature using a pendulum impact testing machine that 
was calibrated to apply a specific impact force to the specimen. Furthermore, the impact 
strength of the specimen was determined based on the impact absorbed energy and the 
cross-sectional area of the specimen. Upon conducting the impact testing of the speci-
men, the deformation and fracture occurred in the specimen around the notch section 
as shown in Fig. 3c.

Fig. 2  Illustration of work from design to development, (a) Adopted standard for impact sample, (b) Stereolithog-
raphy additive manufacturing technique for printing the samples, and (c) Applied post processing
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2.3  Determination of Taguchi method

This research employed the Taguchi experimental design method utilizing the L27 33 
orthogonal array matrix, which comprises 27 experiments with three factors, each at 
three levels. The full factorial Taguchi experimental design was implemented to mini-
mize the number of trials, reduce costs, and attain optimal results in a shorter time-
frame. The Taguchi method offers a systematic and efficient approach for optimizing 
system parameter designs with significantly less impact than conventional optimization 
techniques necessitate. As indicated in Table 1, the outcomes of SLA 3D printed impact 
test samples will be influenced by three control factors and three levels of each factor: 
Shore A value is the first factor, layer height is the second, and curing time is the third 
(Table 2).

3  Results and discussion
This study attempts to quantitatively evaluate the impact performance of SLA-fabri-
cated specimens by systematically examining the influences of Shore A hardness, layer 
height, and post-curing duration on impact energy absorption during fracture. A sys-
tematic experimental approach was utilized to assess the individual and interactive 
effects of Shore hardness and curing duration. The relationship between hardness-layer 
height and layer height-curing time on the fracture behaviour of specimens subjected to 
Charpy impact loading. The experimental results from the 27 studies assessed through 
impact testing are presented in Table 3.

The Charpy impact test results demonstrate a clear enhancement in impact energy 
absorption with increasing incorporation of lower Shore hardness PLA into the base 
PLA matrix (see Fig. 4a). Relative to pure PLA, the absorbed impact energy increased 

Table 1  Factors and levels for manufacturing the impact samples
Control factor Level 1 Level 2 Level 3
Shore A value (%) 50 60 70

Layer height (µm) 20 30 40

Curing time (min) 30 45 60

Fig. 3  Schematic representation of impact testing, (a) Charpy testing setup, (b) mechanism to clamp sample, and 
(c) initial stage potential energy with fractured samples
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marginally by approximately 1.37% for the 20% mixed sample, indicating a limited 
toughening effect at low modification levels. However, a relatively significant improve-
ment of 23.36% was seen in the case of the 30% mixed specimen, indicating effective 
stress distribution and energy absorption during fracture. The largest elevation of 44.10% 
was seen in the case of the 40% mixed specimen compared to that of pure PLA, clearly 
indicating significant improvements in the toughness and strain ability of the samples 
before fracture. It is clear from the above observations that increasing the content of 
low Shore hardness samples tends to ensure effective improvements in impact resistance 
properties by lowering brittleness and increased resistance to crack propagation in SLA-
produced PLA samples.

3.1  Effects of Shore A value, layer height, and curing time

The Shore A hardness has a major effect on the impact behaviour of the fabricated 
specimens (see Fig. 4b). As the Shore A value rises from 50 A to 70 A, there is a steady 
decrease in impact strength, with 50  A showing the highest mean impact strength. 
Because harder materials are stiffer and have a lower capacity to absorb energy under 
impact loading, this trend supports the negative impact performance impact of rising 
hardness. Experimental specimens with a Shore hardness of 50  A demonstrated con-
sistently superior impact performance, with impact strength values between 56.92 and 
73.42  kJ/m² and a maximum energy absorption of 7.342  J, correlating to an impact 
strength of 73.42  kJ/m², signifying improved energy dissipation capacity. Conversely, 

Table 2  Design matrix of orthogonal array L273 for the experimental runs
Trial number Shore A value (%) Layer height Curing time
1 1 1 2

2 1 1 2

3 1 1 2

4 1 2 1

5 1 2 1

6 1 2 1

7 1 3 3

8 1 3 3

9 1 3 3

10 2 1 1

11 2 1 1

12 2 1 1

13 2 2 3

14 2 2 3

15 2 2 3

16 2 3 2

17 2 3 2

18 2 3 2

19 3 1 3

20 3 1 3

21 3 1 3

22 3 2 2

23 3 2 2

24 3 2 2

25 3 3 1

26 3 3 1

27 3 3 1
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specimens exhibiting elevated Shore hardness (50 A and 70 A) shown a gradual decline 
in impact strength, with average values diminishing from roughly 64.1 kJ/m² at 50 A to 
60.5 kJ/m² at 70 A. The decrease is ascribed to heightened material stiffness and dimin-
ished molecular chain mobility in more rigid materials, which constrains plastic defor-
mation and limits energy absorption during impact loading.

Layer height had a significant effect on the impact behaviour of the specimens (see 
Fig. 4c); lower layer heights consistently produced higher impact energy absorption and 
impact strength for all combinations of Shore A hardness and curing time. The highest 
average impact strength of ~ 64.8 kJ/m² was recorded for specimens fabricated at 20 μm 
layer height, while increasing the layer height to 30 μm and 40 μm resulted in a gradual 
deterioration of the impact performance characterized by a reduction of the average 
impact strength to about 62.2 kJ/m² and 59.9 kJ/m², respectively. For instance, at 50 A 
Shore hardness and a curing time of 60 min, the impact energy decreased from 7.342 J at 
20 μm to 6.661 J at 40 μm. This is explained by poorer interlayer bonding and increased 
populations of interfacial voids at higher layer heights, which act as stress concentrators 
and promote crack initiation during impact loading [25].

The significant positive correlation between the curing time and impact perfor-
mance is evident. Increasing the curing time from 30 min to 60 min showed a constant 
enhancement in terms of both impact energy absorption capacity and impact strength 

Table 3  Impact performance of SLA 3d printed samples according to runs
Run Input parameters Output parameters

A: Shore A B: Layer Height 
(µm)

C: Curing Time 
(min)

Impact Energy Ab-
sorption (J)

Impact 
Strength 
(KJ/m2)

1 50 A 20 30 6.113 61.13

2 50 A 20 45 6.865 68.65

3 50 A 20 60 7.342 73.42

4 50 A 30 30 5.823 58.23

5 50 A 30 45 6.396 63.96

6 50 A 30 60 6.908 69.08

7 50 A 40 30 5.692 56.92

8 50 A 40 45 5.911 59.11

9 50 A 40 60 6.661 66.61

10 60 A 20 30 6.019 60.19

11 60 A 20 45 6.635 66.35

12 60 A 20 60 6.833 68.33

13 60 A 30 30 5.702 57.02

14 60 A 30 45 6.199 61.99

15 60 A 30 60 6.701 67.01

16 60 A 40 30 5.611 56.11

17 60 A 40 45 5.718 57.18

18 60 A 40 60 6.588 65.88

19 70 A 20 30 5.713 57.13

20 70 A 20 45 6.335 63.35

21 70 A 20 60 6.502 65.02

22 70 A 30 30 5.593 55.93

23 70 A 30 45 6.188 61.88

24 70 A 30 60 6.448 64.48

25 70 A 40 30 5.379 53.79

26 70 A 40 45 5.922 59.22

27 70 A 40 60 6.401 64.01
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for all Shore A hardness and layer height combinations (see Fig. 4d). The average impact 
strength increased from approximately 57.4 kJ/m² for 30 min to 62.4 kJ/m² for 45 min, 
denoting a rise of about 8.7%, and further increased to 67.1 kJ/m² for 60 min, indicating 
a total increase of 16.9% compared to the 30-minute curing time. This can be attrib-
uted to the high cross-link density and increased interlayer adhesiveness, contributing 
to high resistance to sudden impact loading conditions. For Shore hardness 60 A and a 
layer height of 30 μm, the impact energy increased from 5.702 J for 30 min to 6.701 J for 
60 min, denoting a rise of about 17.5%. Alongside, the impact strength increased from 
57.02 kJ/m² to 67.01 kJ/m², denoting an increase of 17.5%.

3.2  Combine effects of Shore A value, layer height, and curing time

The Charpy impact test results for pure PLA and PLA-based materials with varying 
Shore hardness values (50, 60, 70, and 80 Shore A) are summarized in terms of total 
energy absorbed. Pure PLA exhibited an impact energy absorption of 5.0960  J. With 
the incorporation of softer Shore A materials, a gradual increase in impact energy was 
observed. The sample containing 20% Shore-modified PLA absorbed 5.1658 J, indicat-
ing a marginal improvement over pure PLA. A more pronounced enhancement was 
recorded for the 30% mix, which absorbed 6.2862  J, while the 40% mix demonstrated 
the highest impact resistance with an absorbed energy of 7.3423 J. The results indicate 
that increasing the proportion of lower Shore hardness material significantly improves 
the impact energy absorption capability of PLA, suggesting enhanced toughness due to 
improved energy dissipation during fracture.

3.2.1  Combine effects due to Shore A hardness and curing time

Figure 5a shows that the samples’ energy absorption varied significantly, from about 5.3 J 
to 7.34 J, according to the findings of the impact tests. Sample 3 had the greatest impact 
energy absorption (≈ 7.34  J), which indicates that it is very good at dissipating energy, 

Fig. 4  Impact test results for all SLA printed samples and effect of Shore A value, layer height, and curing time
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whereas samples like 25 had lower values (≈ 5.38 J), which means that they are signifi-
cantly less resistant to impact.

The Fig.  5b clearly demonstrates a strong synergistic interaction between Shore A 
hardness and curing time; at a Shore hardness of 50 A, extending the curing duration 
from 30 min to 60 min elevated the mean impact strength from roughly 58.8 kJ/m² to 
69.7 kJ/m², representing improvement of relatively 18.6%. This propose that softer mate-
rials derive the highest advantage from prolonged curing, resulting in greater cross-
linking and superior energy dissipation capacity. towards Shore hardness of 60  A, a 
comparable movement was noted, with impact strength rising from around 57.8 kJ/m² to 
67.1 kJ/m², reflecting enhancement of almost 16.1% when the curing time was increased 
from 30 min to 60 min. Correspondingly, for 70 A Shore hardness, Shock resistance rose 
from roughly 55.6 kJ/m² to 64.5 kJ/m², amending in an enhancement of generally 16.0%. 
To summarize, the highest impact strength was collected at 50 A hardness with 60 min 
of curing, as the lowest results was seen at 70 A hardness with 30 min of curing. Finally, 
fluctuation between these two utmost circumstances was across 25.3%, representing 
that prolonged curing duration can somewhat mitigate the negative consequences of 
heightened Shore A hardness impact, evidenced by the notable enhancement in impact 
strength with prolonged curing time.

3.2.2  Combine effects due to Shore A hardness and layer height

The Fig. 5c depicting connection between Shore A hardness and layer demonstrates a 
persistent, virtually parallel decline, giving opinion that while both elements substan-
tially affect impact strength, their interaction effect is lesser. throughout layer heights, 
impact strength diminishes like Shore A hardness escalates from 50 A to 70 A. Speci-
mens produced at a reduced layer height of 20 μm frequently indicate superior impact 
strength similar to those produced at 30 μm and 40 μm throughout every hardness lev-
els. Peak mean impact strength is listed at a 50  A Shore hardness and a 20  μm layer 
height, whereas the lowest values are found at 70 A and 40 μm, endorsement the signifi-
cant adverse impacts of material rigidity and interlayer lack of consistency.

Fig. 5  a Impact resistant/Energy absorbed by the samples during fracture, b Combine effect of Shore A value and 
curing time, c Combine effect of Shore A value and layer height, and d Combine effect of layer height and curing 
time
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3.2.3  Combine effects due to layer height and curing time

The presence of a strong influence on the impact performance from the Fig. 5d, the plot 
of layer height and curing time, is evident from the differences in the patterns of the 
interaction plot and the % variation in the impact strength. While the average impact 
strength decreased from about 59.5 kJ/m² at a layer height of 20 μm to 55.6 kJ/m² at a 
height of 40 μm in a 30-minute curing process, it shows a variation of about 6.6%, where 
the impact strength decreased with the reduced curing times due to the poor interlayer 
adhesion.

On the other hand, when the curing time took 45 min, there was a decrease in the value 
of impact strength from around 66.1 kJ/m² for a layer thickness of 20 μm to 58.5 kJ/m² 
for a layer thickness of 40 μm, indicating a decrease of approximately 11.5%, thus again 
establishing the synergistic effect due to increased height and Significantly, at a curing 
time of 60 min, the reduction in impact strength with the increment in layer height was 
remarkably mitigated. The impact strength dropped slightly from approximately 68.9 kJ/
m² for the 20 μm layer height to 65.5 kJ/m² at the 40 μm layer height, reflecting merely a 
slight reduction of about 4.9%. This clearly shows that the longer curing time enhances 
the adhesion between the layers and counters the adverse effects associated with larger 
printed layers. Ultimately, the Percentage Test confirms that the longer curing times sig-
nificantly reduce the impact strength dependency on the increased height of the layers, 
while improper curing exacerbates the negative impact of increased thickness.

3.3  Relative improvement over pure PLA material

The optimized SLA-manufactured samples performed significantly better in terms 
of impact performance compared to the pure PLA material. The maximum absorbed 
energy of 7.342  J recorded under the conditions of 50  A Shore hardness, 20  μm layer 
height, and 60 min of curing was almost 44.1% higher compared to pure PLA, whose 
absorbed energy is 5.096 J. The impact strength of 73.42 kJ/m² reflects a value increase of 
approximately 44.1% with respect to the pure PLA impact strength of 50.96 kJ/m². Based 
on the high value increase, it has been confirmed that regulated hardness and refined 
layer production, plus sufficient post-curing, greatly enhance the energy dissipation 
capacity. The fracture response shifted from brittle behaviour in pure PLA to a semi-
ductile mode in the optimized specimens, signifying enhanced molecular mobility and 
increased interlayer adhesion under Charpy impact loading.

4  Conclusion
In this study, attention is devoted to the preparation and assessment of the impact per-
formance of charpy impact specimens made by resins containing different hardness val-
ues of thermosetting PLA. The thermosetting PLA resins with Shore A hardness ranging 
from 50 A to 80 A were prepared by SLA-based additive manufacturing. Key processing 
parameters, including layer thicknesses of 20, 30, and 40 μm and post-curing times of 
30, 45, and 60 min, were systematically varied. Charpy impact tests were conducted to 
investigate the influence of PLA Shore A hardness and processing parameters on impact 
performance, with particular emphasis on applications related to automotive headlight 
and taillight housing com ponents.
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 	• The findings from the experiment indicated that curing time had the most significant 
beneficial effect, followed by layer height, however hardness negatively impacted 
impact performance.

 	• The most effective impact performance was attained at 50 A shore hardness, 20 μm 
layer height, and 60 min of curing time.

 	• Impact strength increased by 44.1%, from 50.96 kJ/m² for pure PLA to 73.42 kJ/m² 
for optimized SLA material, demonstrating superior resistance to sudden loading.

 	• Fracture characteristics indicated a semi-ductile failure mode in optimized 
specimens, whereas pure PLA is dominated by brittle behavior with limited energy 
dissipation.

 	• The material is appropriate for lightweight structural or functional applications due 
to its demonstrated moderate toughness and sufficient resistance to quick impact 
loads.
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