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ABSTRACT: Additive manufacturing offers new opportunities to fabricate 

customized ultrasonic wedges for Non-Destructive Testing (NDT). However, 

the relationship between Stereolithography (SLA) printing parameters and the 

resulting mechanical and acoustic performance of printed wedges remains 

insufficiently understood. In this study, the effects of Layer Height (LH), 

Exposure Time (ET), and Light-off Delay (LD) on the mechanical and 

ultrasonic properties of SLA-printed polymer specimens were investigated 

using Response Surface Methodology (RSM) with a Central Composite Design 

(CCD). The compressive strength of the printed specimens ranged from 22 

MPa to 79 MPa, indicating a strong dependence on the printing parameters. 

Ultrasonic attenuation ranged from 0.04 dB/mm to 0.17 dB/mm and generally 

increased with mechanical strength, suggesting a trade-off between 

mechanical integrity and acoustic transmission. A scatter-based mechanical–

acoustic analysis further revealed that parameter conditions that produce 
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higher compressive strength tend to result in slightly higher ultrasonic 

attenuation, due to increased polymer cross-link density and internal 

scattering mechanisms. The ultrasonic wave velocity exhibited a relatively 

small variation across the investigated parameter space, ranging from 

approximately 1970 m/s to 2150 m/s (≈ ±4% variation). A stepwise regression 

model based on LH and LD was developed to estimate ultrasonic velocity, 

which may serve as an initial estimator for wedge calibration prior to final 

experimental adjustment. Overall, the results demonstrate that SLA printing 

parameters can be optimized primarily based on mechanical–acoustic 

performance, while ultrasonic velocity remains relatively stable and can be 

calibrated within a narrow range. These findings provide practical guidance 

for the design and fabrication of SLA-printed ultrasonic wedges for NDT 

applications. 

 
KEYWORDS: Stereolithography (SLA); Ultrasonic Testing (UT); Response Surface 

Methodology (RSM); Ultrasonic Attenuation; Ultrasonic Velocity 
 
 

1.0 INTRODUCTION 
 
Ultrasonic Testing (UT) has long been relied upon for structural 
integrity assessment in safety-critical industries. As Additive 
Manufacturing (AM) becomes increasingly embedded in engineering 
practice, ultrasonic techniques have also begun to play a greater role in 
evaluating printed components [1]. Unlike conventionally processed 
materials, additively manufactured parts often contain microstructural 
irregularities, layer interfaces, and directional features that can 
influence wave propagation. Consequently, ultrasonic velocity, 
attenuation, and scattering characteristics have become valuable 
indicators of internal consistency and structural reliability in printed 
materials [2]–[5].  
 
Notably, in practical ultrasonic inspection systems, the wedge is not 
merely an accessory component. It governs the beam entry angle, 
stabilizes the coupling, and controls the initial energy transmission 
path into the test specimen. Conventional wedges are typically 
machined from acrylic or engineering polymers. Although machining 
offers dimensional precision, it also restricts geometric freedom and 
slows down customization. With the rapid advancement of AM, 
particularly polymer-based technologies, it is now technically feasible 
to fabricate wedges directly through 3D printing. Early studies 
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demonstrated that polymer-based printed wedges can support 
ultrasonic wave propagation under controlled configurations [6]. 
However, much of this work has focused on thermoplastics produced 
via filament extrusion, while high-resolution photopolymer systems 
remain less explored in this context. 
 
Moreover, vat photopolymerization technologies, including 
Stereolithography (SLA), Digital Light Processing (DLP), and Masked 
Stereolithography (MSLA), provide finer surface finishes and higher 
dimensional resolution than extrusion-based methods [7, 8]. The 
process relies on spatially controlled light exposure to initiate polymer 
cross-linking, and subtle variations in Exposure Time (ET), layer 
thickness, and curing conditions can significantly alter final mechanical 
properties [9, 10]. Numerous investigations have confirmed that build 
orientation, interlayer bonding, and post-curing protocols influence 
tensile, compressive, and flexural responses of printed photopolymer 
components [11]–[15]. In many cases, anisotropic behavior was 
observed, arising from layer-wise fabrication and incomplete polymer 
network development [16, 17]. 
 
Post-curing, in particular, has been indicated to modify stiffness, 
hardness, and brittleness through additional cross-link formation [11, 
18, 19]. Studies examining solvent treatment and ultra-violet (UV) 
exposure duration have reported measurable differences in tribological 
performance and dimensional stability [20, 21]. On the other hand, 
calibration strategies aimed at compensating light-intensity non-
uniformity and exposure variability have significantly reduced 
dimensional errors in MSLA systems [22, 23]. These findings 
collectively suggest that mechanical reliability in vat 
photopolymerization is strongly dependent on process control rather 
than material formulation alone. 
 
Parallel to mechanical optimization research, a growing body of work 
has investigated the acoustic behavior of 3D printed polymers. 
Experimental measurements of phase velocity and frequency-
dependent attenuation reveal that photopolymer materials exhibit 
measurable dispersion and energy loss characteristics in the megahertz 
range [4, 24]. Other than that, ultrasound-based characterization of 
viscoelastic properties further demonstrates that both longitudinal and 
transverse wave responses are sensitive to subtle differences in curing 
conditions and material formulation [25]. More recent studies have 
emphasized acoustic anisotropy in additively manufactured 
components, revealing that directional elastic variations can influence 
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echo amplitude and inspection reliability [5]. Additionally, in-situ 
ultrasonic monitoring approaches have highlighted the direct coupling 
between curing evolution and acoustic response during vat 
photopolymerization [26, 27]. 
Nevertheless, despite these advances, two research streams have 
largely evolved in isolation. Mechanical studies typically optimize 
strength or dimensional accuracy without assessing acoustic 
transmission performance [12, 13, 16, 22, 28]. Conversely, ultrasonic 
investigations frequently characterize wave propagation without 
linking results to specific MSLA parameter regimes [24–26, 29]. For 
ultrasonic wedge applications, this separation becomes problematic. A 
wedge must withstand probe pressure and operational loading and 
transmit ultrasonic energy consistently and predictably. Note that 
mechanical adequacy alone does not guarantee acoustic suitability. 
 
Furthermore, the broader expansion of functional and smart 
photopolymer systems further underscores the need for integrated 
evaluation frameworks [30]. AM has already demonstrated its ability 
to tailor mechanical response through architectural design and 
material engineering [31, 32]. However, the translation of these 
capabilities into ultrasonic tooling applications has not been 
systematically examined. In particular, the combined influence of layer 
thickness, ET, and post-curing conditions on both compressive 
strength and ultrasonic transmission within wedge geometries remains 
insufficiently documented. 
 
Therefore, this study explores the feasibility of using MSLA-fabricated 
resin wedges for UT applications. By experimentally evaluating 
compressive mechanical performance alongside longitudinal 
ultrasonic transmission characteristics, the work establishes a direct 
link between process parameters and functional acoustic behavior. The 
objectives of this study are to investigate the effects of Layer Height 
(LH), Exposure Time (ET), and Light-off Delay (LD) on compressive 
strength, ultrasonic wave velocity, and attenuation, and to examine the 
relationship between mechanical and acoustic performance. These 
objectives aim to demonstrate printability while defining performance 
boundaries that determine the suitability of 3D-printed resin wedges 
for Non-Destructive Testing (NDT) applications. 

 
 

2.0  METHODOLOGY 
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2.1  Experimental Design and Statistical Framework 
 

A Response Surface Methodology (RSM) based on a face-centered 
Central Composite Design (CCD) was employed to evaluate the 
influence of MSLA processing parameters on the mechanical and 
acoustic performance of printed ABS photopolymer specimens. 
Specifically, three independent variables with three levels were 
investigated: Layer Height (LH), Exposure Time (ET), and Light-off 
Delay (LD), as given in Table 1. These parameters directly control layer 
formation, curing progression, and interlayer stabilization during 
photopolymerization. 
 

Table 1: MSLA printing parameter levels 

Parameter Symbol 
 Coded Value  

Low (−1) Center (0) High (+1) 
Layer height (mm) LH 0.01 0.105 0.2 
Exposure time (s) ET 0.001 0.0505 0.1 
Light-off delay (s) LD 0 0.025 0.05 

 
For a three-factor face-centered CCD, the experimental design 
consisted of eight factorial points, six axial points, and six replicated 
center points, yielding a total of 20 distinct parameter combinations, as 
presented in Table 2. The inclusion of replicated center points enabled 
estimation of pure experimental error and provided a basis for 
evaluating lack of fit in the regression model. 
 
In RSM, a second-order polynomial regression model was used for 
each response variable. Statistical analysis was conducted using 
Minitab 22.1. Analysis of Variance (ANOVA) was performed at a 95% 
confidence level to evaluate the statistical significance of linear, 
quadratic, and interaction terms. Only statistically significant terms 
were retained in the final predictive equations. Model adequacy was 
primarily evaluated using the adjusted coefficient of determination 
(adjusted R²), which accounts for the number of predictors included in 
the regression model. 
 

2.2  Specimen Fabrication 
 

All specimens were fabricated using an Anycubic Photon Mono MSLA 
printer with ABS Photosensitive Resin. The specimen geometry was 
developed in Autodesk Tinkercad and exported as an STL file prior to 
slicing in Chitubox Basic V2, where process parameters were assigned 
according to the CCD matrix presented in Table 2. Build orientation 
and placement were kept constant to avoid introducing uncontrolled 
geometric variability. 
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Notably, two specimen geometries were produced for different 
experimental evaluations. For compression testing, rectangular prism 
specimens with dimensions 25.4 mm × 12.7 mm × 12.7 mm were 
fabricated in accordance with ASTM D695 requirements for rigid 
plastics. This geometry provides a 2:1 aspect ratio, ensuring stable 
compressive loading. For ultrasonic evaluation, cubic specimens 
measuring 30 mm × 30 mm × 30 mm were printed to enable wave 
propagation assessment along the x, y, and z directions. 
The CCD generated 20 distinct parameter combinations. For 
compression testing, five replicate specimens were fabricated and 
tested for each parameter combination, resulting in a total of 100 
compression specimens. For ultrasonic evaluation, one cube specimen 
was produced for each parameter combination, yielding 20 ultrasonic 
specimens. 
 
Following fabrication, specimens were rinsed in isopropyl alcohol and 
post-cured under UV light at 400 nm and an irradiance of 
approximately 10–15 mW/cm² for 20 minutes. Note that the ambient 
temperature during printing was maintained at 23 ± 2°C. 
 

2.3  Compression Testing 
 

Mechanical properties were evaluated using a universal testing 
machine equipped with a 10 kN load cell. Consequently, compression 
testing was conducted in accordance with ASTM D695. Rectangular 
specimens were positioned concentrically between the compression 
platens to ensure uniform axial loading and minimize eccentricity. 
 
Specifically, the crosshead speed was 1.3 mm/min. Load and 
displacement were recorded continuously throughout testing, and the 
data-acquisition rate was maintained in accordance with ASTM 
guidelines to ensure accurate capture of the elastic region and the peak 
stress response. 
 
Compressive strength was calculated using Eq. (1): 
 

 𝜎𝐶 =
𝐹𝑚𝑎𝑥

𝐴
 (1) 

                                                   
where 𝐹𝑚𝑎𝑥 is the maximum recorded load, and 𝐴 is the original cross-
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sectional area of the specimen. For each of the 20 parameter 
combinations, five replicate tests were conducted. The average 
compressive strength for each parameter combination was used as the 
response input for regression modeling. 
 

2.4  Ultrasonic Testing and Attenuation Measurement 
 

The subsection headings should be numbered in Arabic numerals such 
as  2.1, 3.1, etc. The figures and tables should be numbered consecutively 
and inserted within the text. The captions for figure should be placed 
below the illustrations, whereas the captions for tables should be placed 
above the table content. Both captions should be typed in Palatino 
Linotype, font size 10. If the discussions need to be arranged in point 
form, Roman numeral format is preferred such as below. 

 

 
Figure 1: Acoustic characterization setup 

 
UT procedures followed the general guidance of ASTM E1065 for 
ultrasonic search unit evaluation and ASTM E494 for ultrasonic 
velocity measurement. Cubic specimens (30 mm × 30 mm × 30 mm) 
were used to evaluate wave propagation along the print build-up 
direction (x-axis). Correspondingly, the actual specimen thickness used 
for velocity calculations was measured using a digital calliper. 

 

Longitudinal wave velocity was calculated using Eq. (2): 

 𝑉 =
2𝑑

Δ𝑡
 (2) 

where d represents specimen thickness, and 𝛥𝑡 represents the 
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measured round-trip travel time. Specific attenuation was determined 

from amplitude measurements using Eq. (3): 

 𝛼(dB/mm) = 20log⁡(
𝑎0
𝑎𝑖
) 𝑑⁄  (3) 

where 𝑎0 represents the first backwall echo and 𝑎𝑖 represents the 

second backwall echo. For each parameter combination, ultrasonic 

measurements were repeated three times to ensure consistency, and 

the averaged values were used for regression modeling. 
 

3.0  RESULTS AND DISCUSSION 
 

The measured values of compressive strength (MPa), ultrasonic 
attenuation (dB/mm), and sound velocity (m/s) obtained from the 
twenty experimental runs are summarized in Table 2. These responses 
represent the key performance characteristics of the fabricated wedge 
specimens. Compressive strength reflects the mechanical integrity of 
the material, ultrasonic attenuation describes the acoustic energy loss 
during wave propagation, and sound velocity governs the calibration 
behavior of the wedge in UT applications. 
 
Thus, to examine the influence of SLA printing parameters on these 
responses, the experimental results were first analyzed using graphical 
response trends in main effects plots. These plots illustrate how the 
process parameters, LH, ET, and LD, affect the measured responses 
and provide an initial interpretation of the parameter influence. The 
interaction of the parameters on the mechanical and acoustic responses 
is discussed in Section 3.1. 
 
Since an effective ultrasonic wedge material must simultaneously 
exhibit high mechanical strength and efficient acoustic transmission, 
the combined mechanical–acoustic performance of the printed 
specimens was further evaluated in Section 3.2. Finally, the influence 
of the process parameters on ultrasonic wave velocity is discussed in 
Section 3.3 with respect to its role in wedge calibration and ultrasonic 
inspection performance. 
 

Table 2: Measured responses of compressive strength (MPa), ultrasonic 

attenuation (dB), and sound velocity (m/s) for all 20 experimental runs 

Run 

Layer 
Height, 

LH 
(mm) 

Exposure 
Time, ET 

(s) 

Light-off 
Delay, 
LD (s) 

Compressive 
Strength 

(MPa) 

Attenuation 
(dB/mm) 

Velocity 
(m/s) 
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1 0.01 0.001 0 49.82 0.0949 2107 
2 0.2 0.001 0 22.03 0.0403 2150 
3 0.01 0.1 0 23.72 0.0141 1962 
4 0.2 0.1 0 22.64 0.0384 2138 
5 0.01 0.001 0.1 40.57 0.0824 2112 
6 0.2 0.001 0.1 42.68 0.0647 1979 
7 0.01 0.1 0.1 47.42 0.0841 2105 
8 0.2 0.1 0.1 43.83 0.0649 2019 
9 0.01 0.0505 0.05 38.41 0.0399 2121 

10 0.2 0.0505 0.05 42.53 0.0647 2135 
11 0.105 0.001 0.05 52.63 0.1462 1995 
12 0.105 0.1 0.05 40.72 0.0920 1979 
13 0.105 0.0505 0 47.02 0.1330 1975 
14 0.105 0.0505 0.1 77.38 0.0937 1974 
15 0.105 0.0505 0.05 68.54 0.0909 2123 
16 0.105 0.0505 0.05 79.36 0.1100 2114 
17 0.105 0.0505 0.05 79.41 0.1741 1996 
18 0.105 0.0505 0.05 73.63 0.1121 1996 
19 0.105 0.0505 0.05 79.44 0.1535 2100 
20 0.105 0.0505 0.05 68.47 0.0580 2104 

 

3.1  Influence of Printing Parameters on Mechanical and Acoustic 

Properties 
 

The influence of LH, ET, and LD on compressive strength, ultrasonic 
attenuation, and wave velocity is illustrated in the main effects plots in 
Figures 2, 3, and 4, respectively. Specifically, these plots provide a 
direct visualization of how each SLA process parameter influences the 
mechanical and acoustic behavior of the printed specimens. 
 
For compressive strength, as depicted in Figure 2, both LH and ET 
exhibit nonlinear trends, with peak values near intermediate parameter 
levels. Increasing LH from 0.01 mm to approximately 0.10 mm 
improved compressive strength by enhancing curing overlap and 
stronger interlayer bonding between successive layers. However, 
further increases in LH reduce the effectiveness of interlayer fusion, 
thereby lowering mechanical strength. This behavior has been widely 
reported in SLA studies where layer thickness significantly affects the 
mechanical performance of printed parts by varying interlayer 
bonding quality [33]. 
 
Moreover, the attenuation response in Figure 3 illustrates a trend 
different from that of the compressive strength. The main effects plot 
indicates that LH had the strongest influence, with attenuation peaking 
near the intermediate LH level and decreasing toward both lower and 
higher LH values. This behavior is associated with the microstructural 
characteristics generated during the layer-by-layer fabrication process. 
Increased interlayer interfaces and internal heterogeneities can 
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enhance ultrasonic scattering and viscoelastic damping, thereby 
increasing attenuation [34, 35]. 
 
The velocity response in Figure 4 demonstrates moderate dependence 
on LH, with smaller variations observed for ET and LD. Ultrasonic 
wave velocity in polymeric materials is primarily governed by the 
elastic stiffness, density, and viscoelastic behavior of the material. 
Therefore, changes in curing conditions during SLA printing can 
slightly modify the internal microstructure and influence the 
propagation speed of ultrasonic waves [36]. 

 
Overall, the main effects plots indicate that LH is the dominant 
parameter affecting both mechanical and acoustic responses of the 
SLA-printed specimens. The intermediate LH region exhibited higher 
compressive strength and greater ultrasonic attenuation, suggesting a 
potential trade-off between mechanical integrity and acoustic 
transmission efficiency. These observations motivate the combined 
mechanical–acoustic evaluation using the MAI discussed in the 
following section. 

 

Figure 2: Main effects of Layer Height (LH), Exposure Time (ET), and Light-

off Delay (LD) on the compressive strength of the SLA-printed specimens 
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Figure 3: Main effects of Layer Height (LH), Exposure Time (ET), and Light-

off Delay (LD) on ultrasonic attenuation of the SLA-printed specimens 
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Figure 4: Main effects of Layer Height (LH), Exposure Time (ET), and Light-

off Delay (LD) on ultrasonic wave velocity of the SLA-printed specimens 
Figure 5: Relationship between compressive strength and ultrasonic 

attenuation for all experimental runs, grouped by Layer Height (LH) 

 

3.2  Mechanical–Acoustic Performance Trade-off 
 

For ultrasonic wedge applications, the material must provide sufficient 
mechanical integrity while maintaining low acoustic attenuation to 
ensure efficient ultrasonic transmission. The relationship between 
compressive strength and ultrasonic attenuation for all experimental 
runs is illustrated in Figure 5. A general positive trend is observed, as 
specimens with higher compressive strength tend to exhibit greater 
attenuation. 
 
This behavior is associated with the curing characteristics of 
photopolymer materials during SLA. The observed increase in 
mechanical strength with increased curing is consistent with the 

findings reported in [31], which attributed the improvement to 
enhanced interlayer bonding and increased cross-link density in the 
polymer network. However, the corresponding increase in ultrasonic 
attenuation is also consistent with the mechanism described in [34], 
where increased stiffness and internal microstructural heterogeneity 
can promote ultrasonic energy dissipation through scattering and 
viscoelastic damping during wave propagation. These findings 
therefore suggest that the observed mechanical strengthening with 
increased curing is accompanied by a moderate increase in ultrasonic 
attenuation. 
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The mean values summarized in Table 3 further highlight this 
mechanical–acoustic trade-off. The intermediate LH (0.105 mm) 
produced the highest average compressive strength (66.66 MPa) and 
resulted in the highest attenuation (0.116 dB/mm). Conversely, the 
largest LH (0.20 mm) yielded the lowest attenuation (0.055 dB/mm) but 
significantly lower mechanical strength (34.74 MPa). Notably, similar 
trends were observed for ET and LD, where increased curing 
conditions generally improved mechanical strength while slightly 
increasing acoustic attenuation. 
 

Table 3: Mean compressive strength and ultrasonic attenuation at each 

parameter level of Layer Height (LH), Exposure Time (ET), and Light-off 

Delay (LD) 

Parameter Level 
Mean Strength 

(MPa) 

Mean 
Attenuation 

(dB/mm) 

Layer height 
(mm) 

0.01 39.99 0.063 
0.105 66.66 0.116 
0.2 34.74 0.055 

Exposure 
Time (s) 

0.001 41.55 0.086 
0.0505 65.42 0.103 

0.1 35.67 0.059 

Light-off 
Delay (s) 

0 33.05 0.064 
0.05 62.31 0.104 
0.1 50.38 0.078 

 
From a practical standpoint, ultrasonic wedge materials must maintain 
sufficient mechanical integrity to withstand probe loading and 
scanning pressure while minimizing signal loss along the transmission 
path. In polymer-based inspection components, attenuation 
coefficients below approximately 0.10 dB/mm are generally desirable 
to maintain adequate signal amplitude during ultrasonic inspection 
[34, 37]. Based on these considerations, moderate curing conditions, 
particularly LH between 0.01 and 0.10 mm, combined with 
intermediate ET, provide a balanced compromise between mechanical 
durability and acoustic transmission performance. 
 
Overall, the results demonstrate that process conditions that maximize 
mechanical strength do not necessarily produce the most favorable 
acoustic transmission characteristics. Therefore, optimization of SLA 
parameters for ultrasonic wedge fabrication should consider both 
mechanical and acoustic performance simultaneously. 
 

3.3  Ultrasonic Testing and Attenuation Measurement 
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Ultrasonic wave velocity is a crucial parameter in wedge-based 
ultrasonic inspection because it directly determines the refracted beam 
angle and therefore influences probe calibration accuracy [36]. 
Additionally, the measured ultrasonic velocities of the SLA-printed 
specimens ranged from approximately 1970 m/s to 2150 m/s, 
corresponding to a variation of about ±4% around the mean (2050 m/s). 
This relatively narrow velocity range indicates stable acoustic 
propagation behavior of the printed polymer material. 
 
Subsequently, the influence of the printing parameters on ultrasonic 
velocity was evaluated using response surface regression analysis, and 
the resulting ANOVA is summarized in Table 4. The regression model 
was statistically significant (p=0.006) with a non-significant lack-of-fit 
(p=0.742), indicating that the model adequately describes the 
experimental data. 
 
The resulting regression model expressed in coded variables is given 
by Eq. (4): 

 𝑉 = 2048.8 + 86.8 𝐿𝐻2 − 66.0 𝐿𝐷2 − 54.7(𝐿𝐻 × 𝐿𝐷) (4) 

where 𝑉 is the ultrasonic velocity (m/s), and 𝐿𝐻 and LD represent the 
coded Layer Height and Light-off Delay. 
 

Table 4: Analysis of Variance (ANOVA) for the stepwise regression model 

describing ultrasonic velocity 
Source DF Adj SS Adj MS F-Value P-Value 

Model 3 48990 16330 6.06 0.006 

  Square 2 25082 12541 4.65 0.026 

    LH*LH 1 24106 24106 8.95 0.009 

    LD*LD 1 13958 13958 5.18 0.037 

  2-Way Interaction 1 23908 23908 8.87 0.009 

    LH*LD 1 23908 23908 8.87 0.009 

Error 16 43111 2694   

  Lack-of-Fit 11 25411 2310 0.65 0.742 

  Pure Error 5 17700 3540   

Total 19 92102    

 
The response surface depicted in Figure 6 illustrates the combined 
influence of LH and LD on ultrasonic velocity, with ET fixed at the 
center level. The surface demonstrates a mild saddle-shaped pattern, 
suggesting a nonlinear interaction between the parameters. However, 
the overall velocity variation remains relatively small (ΔV = 180 m/s) 
across the investigated parameter space. 
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Figure 6: Combined influence of Layer Height (LH) and Light-off Delay (LD) 

on ultrasonic velocity, with Exposure Time (ET) fixed at the center level 
 
Ultrasonic wave velocity in solids is primarily governed by the elastic 
modulus and density of the material [38]. Therefore, the observed 
velocity variation is likely associated with minor changes in curing-
induced stiffness and interlayer bonding within the printed polymer 
structure. Since the velocity difference across all experimental 
conditions is limited to approximately 180 m/s, the nonlinear response 
observed in the regression model does not significantly affect the 
practical calibration of the ultrasonic wedge. 

 
Consequently, the regression model obtained in this study can be used 
as a practical estimator of wedge velocity based on the selected printing 
parameters, allowing an approximate velocity value to be determined 
prior to final calibration using standard ultrasonic reference 
procedures [34]. 
 
The combined results from Sections 3.1–3.3 demonstrate that SLA 
process parameters influence both the mechanical integrity and 
acoustic transmission characteristics of the printed wedge material. 
Although intermediate curing conditions provide a favorable balance 
between compressive strength and ultrasonic attenuation, the 
ultrasonic velocity remains relatively stable across the investigated 
parameter space. Thus, this behavior indicates that SLA printing 
parameters can be optimized primarily based on mechanical–acoustic 
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performance. Simultaneously, velocity calibration can be reliably 
estimated within a narrow range using the proposed regression model. 
These findings provide a practical guideline for the design and 
fabrication of SLA-printed ultrasonic wedges for NDT applications. 

 

4.0  CONCLUSION 
 

The objectives of this study were achieved through the systematic 
evaluation of the effects of SLA process parameters on compressive 
strength, ultrasonic velocity, and attenuation, as well as the 
relationship between mechanical and acoustic performance. The 
results demonstrate that the investigated printing parameters 
significantly influence mechanical strength and ultrasonic attenuation, 
while ultrasonic velocity remains relatively stable within the 
investigated parameter range. The main findings are summarized as 
follows: 

• Compressive strength was strongly influenced by the printing 
parameters, ranging from 22 MPa to 79 MPa, with intermediate 
curing conditions providing the highest mechanical 
performance due to improved interlayer bonding. 

• Ultrasonic attenuation ranged from approximately 0.04 dB/mm 
to 0.17 dB/mm and generally increased with mechanical 
strength, indicating a trade-off between mechanical integrity 
and acoustic transmission. 

• Ultrasonic velocity remained relatively stable across the 
investigated parameter space, ranging from 1970 m/s to 2150 
m/s (≈ ±4% variation), indicating that SLA parameters have a 
limited influence on wave propagation speed. 

• A regression model based on LH and LD was developed to 
estimate ultrasonic velocity, serving as an initial estimator of 
wedge velocity prior to final experimental calibration. 

• Overall, the results demonstrate that SLA process parameters 
can be optimized primarily based on mechanical–acoustic 
performance. Ultrasonic velocity can be reliably calibrated 
within a narrow range, supporting the feasibility of SLA-printed 
wedges for ultrasonic NDT applications. 
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