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Abstract: - In tackling the artistic challenges inherent in ceramic sculpture design, we introduce a novel approach harnessing 3D printing
technology. Our methodology involves several key steps. Firstly, utilizing ANSYS ICEMCFD simulation software, we rigorously validate
the efficacy of our ceramic sculpture design process reliant on 3D printing. This methodological framework is denoted as experimental
group A, while two traditional design approaches are classified as experimental groups B and C, respectively. Subsequently, we undertake
a comprehensive comparative analysis, evaluating the outcomes, dimensional accuracy, and precision errors across the three design
methodologies. Through this scrutiny, we ascertain that our proposed technique yields ceramic sculptures characterized by high pattern
definition and minimal surface precision discrepancies. Notably, the relative size errors along the x-axis, y-axis, and z-axis remain
negligible, consistently below 1.0, ensuring uniformity in the final product's visual impact. Moreover, the resultant ceramic sculptures
exhibit low surface roughness, preserving their dimensional integrity without compromise.

Keywords: Ceramic sculpture art, Urban landscape design, 3D printing technology, Material properties, Sculptural
fabrication, Sustainable urban art.

I.  INTRODUCTION

3D printing, commonly known as additive manufacturing, is the process of 3D printing by a computer-controlled
printer [1]. First, build a model of the part data to be printed [2]. It is decomposed into several plane data, and then,
the print head of the 3D printer is controlled by the computer, using rollers to spread powder or other technology
[3]. Powder materials such as metals or ceramics are sintered into flat shapes according to flat data, turning multi-
dimensional manufacturing into a bottom-up two-dimensional layer-by-layer process, thereby forming a
multidimensional solid object [4]. 3D printing technology combines cutting-edge technologies in many fields such
as digital modelling, material technology, and information collection, it has profoundly changed the process and
method of object manufacturing and is known as “the most iconic production tool of the third industrial revolution,”
which has attracted more and more attention at home and abroad [5].

3D printing uses traditional 3D software to shape the 3D data of the design draft and then print the three-dimensional
data through a 3D printer, and the model of the three-dimensional data can be quickly converted into a solid template
[6]. The shape of the product is designed through the computer [7]. This not only saves a lot of cost and time but
also provides convenient modifiability, experimentation, and creativity to produce ceramic models [8]. It has a great
impetus for the future development of the industry [8]. In the context of ceramic sculpture art and 3D printing
technology, certain limitations exist regarding the materials available for direct ceramic printing and the cost
considerations associated with the process. As a result, a common practice is to first design the ceramic models
digitally and then produce physical prototypes using alternative materials such as metal or resin through 3D printing

[a].

Once the digital design is finalized, it is translated into a physical form using 3D printing technology. Metal or resin
models are commonly used for this purpose due to their compatibility with the printing process and ability to
accurately represent the digital design [10]. These models serve as prototypes that provide a tangible representation
of the final ceramic sculpture. After the metal or resin models are produced, traditional reproduction and casting
techniques come into play [11]. These techniques involve creating a negative mould of the model, typically using
materials such as gypsum. The mould is carefully shaped to capture all the intricate details of the original model,
ensuring fidelity to the digital design [12].
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Once the gypsum mould is prepared, the next step involves grouting, where the ceramic material is poured or
injected into the mould [13]. This process allows for the creation of multiple replicas of the original design with
consistent quality and precision. Grouting ensures that each ceramic piece retains the intended form and aesthetic
characteristics envisioned by the artist or designer [14]. Finally, after the grouting process is complete, the shaped
ceramic pieces undergo additional finishing touches and treatments as needed. This may include surface refinement,
glazing, firing, and other decorative or protective coatings to enhance the appearance and durability of the sculptures
[15].

In summary, while direct 3D printing of ceramics may present challenges in terms of material limitations and cost
considerations, a combination of digital design, alternative material prototyping, traditional reproduction, and
casting techniques enables artists and designers to realize their creative visions in ceramic sculpture art [16]. This
hybrid approach leverages the strengths of both digital and traditional methods to achieve the desired aesthetic and
technical outcomes in the final ceramic pieces [17].

Il. RELATED WORK

In today's rapid technological development, 3D printing and virtual reality technology rely on their own efficient
and convenient characteristics, and it has penetrated all fields of all walks of life. It is playing an increasingly
important role in the manufacturing sector. With the accelerated development of urbanization, the demand for
ceramic sculpture as a spiritual carrier is increasing day by day. At this time, the existing technical means are too
single. By analyzing the status of virtual reality technology and 3D printing technology and comparing the old and
new manufacturing methods, it aims to establish a digital intelligent sculpture system, combined with specific cases,
it demonstrates the rationality and effectiveness of new technologies in the design and manufacture of ceramic
sculptures [18].

3D printing technology has been developed abroad for a long time; it has been gradually applied in various fields
of the manufacturing industry. At present, the widely used materials on the market are mainly polymer resins and
metals, such as aerospace composite materials mainly printed with thermoplastic/short fibre materials. This stable
network cross-linked polymer has been widely used in many parts of aerospace optical remote sensors. The material
products prepared by 3D printing have the advantages of being lightweight and high strength, realizing the
integration of concept design, technical verification, and manufacturing. It greatly shortens the manufacturing time
and saves materials, and the printed parts with complex shapes can be directly used for the assembly and repair of
the whole machine, convenient. They showed that the traditional microfluidic chip manufacturing technology is a
labour-intensive industry, which is not conducive to the rapid iteration and rapid manufacturing of chip design in
the laboratory [19].

They proposed that the basic idea applies to almost all 3D printing methods, the main process is to first use the
CAD method to slice and divide complex three-dimensional components, convert them into computer-recognized
code instructions, and then print the ceramic powder to be moulded into a solid unit with the help of an output
device. took the lead in proposing a water-based colloidal slurry to prepare three-dimensional functional ceramics.
The advantage of this type of paste is that the viscoelasticity can be regulated over multiple orders of magnitude,
and lines with patterns and spans can be formed [20].

first used polyetherimide- (PEI-) coated monodisperse SiO2 microspheres with a diameter of 1.17 um as the raw
material. A suspension was prepared by dispersing it in deionized water. They proposed to combine the photocuring
moulding technology with the preparation process of ceramic materials, and the material used in the photocuring
moulding technology is a slurry composed of photosensitive resin and ceramic powder fabricated high-performance
porous B-TCP bone tissue engineering scaffolds by 3D printing technology. They prepared manganese-tricalcium
phosphate (Mn-TCP) bioceramic scaffolds with ordered macroporous structures by 3D printing method [21].

They prepared ZrO2—-Al203 ceramic samples by SLM technology, the density of ZrO2—-Al203 ceramic samples
can reach 100% without sintering and posttreatment, the bending strength is 500 MPa, and there is no crack [9].
They used the organic polymer precursor polycarbosilane to crack to prepare SiC ceramic fibres, creating a
precedent for the preparation of ceramics and composite materials by the transformation of precursors [10]. They
used conventional light curing technology (SLA) to obtain polymer ceramic precursors, and thermal cracking
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transformed the ceramic precursors into ceramic parts. They studied in detail the effects of dispersant, diluent
concentration, and other factors on the viscosity of ceramic slurry and determined the optimal component content,
a new water-based ceramic slurry based on silica sol was successfully developed, and a silica ceramic slurry with a
solid content of up to 50% was prepared [22].

Based on the current research, the author proposes a ceramic sculpture based on 3D printing technology, the
designed ceramic sculpture has high pattern definition and small surface precision error, the resulting relative size
error is small, and the error is maintained below 1.0, which is consistent with the effect of the finished product.
Therefore, the surface roughness of the ceramic sculpture designed this time is low, which will not affect the
dimensional accuracy of the ceramic sculpture [23].

I1l. METHODOLOGY

The methodology for studying the application of ceramic sculpture art in urban landscape design based on 3D
printing technology involves a multifaceted approach that integrates theoretical frameworks, practical
experimentation, and case study analysis. Firstly, the research will begin with a comprehensive review of existing
literature and theoretical frameworks related to ceramic sculpture art, urban landscape design, and 3D printing
technology. This review will provide the necessary background knowledge to contextualize the study within
relevant disciplines and identify key concepts, methodologies, and challenges.

Following the literature review, the research will proceed with a practical exploration of 3D printing techniques for
ceramic sculpture art. This phase will involve hands-on experimentation with various 3D printing processes, such
as extrusion-based and powder-based methods, to assess their suitability for creating sculptural forms. Factors such
as material properties, printing resolution, and post-processing techniques will be evaluated to determine their
impact on the aesthetic and structural integrity of the sculptures.
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Fig 1. 3D printing

In parallel with the practical experimentation, the research will conduct case studies of existing projects that
exemplify the integration of ceramic sculpture art and 3D printing technology in urban landscapes. These case
studies will involve site visits, interviews with artists and designers, and analysis of project documentation to gain
insights into the conceptualization, execution, and reception of these installations. By examining a diverse range of
projects from around the world, the research aims to identify best practices, challenges, and opportunities for
incorporating 3D-printed ceramic sculptures into urban environments.

Furthermore, the research will employ digital tools and techniques, such as parametric modelling software and
computational algorithms, to explore innovative approaches to design and fabrication. By leveraging digital design
methodologies, artists and designers can generate complex and adaptive forms that respond to the unique
characteristics of urban sites and engage with the surrounding environment in dynamic ways.
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Finally, the findings from the literature review, practical experimentation, and case studies will be synthesized to
develop a framework for the application of ceramic sculpture art in urban landscape design based on 3D printing
technology. This framework will provide guidelines and recommendations for artists, designers, urban planners,
and policymakers seeking to integrate 3D-printed ceramic sculptures into public spaces, fostering greater creativity,
sustainability, and cultural enrichment within the built environment.

IV. EXPERIMENTAL SETUP

To experimentally investigate the application of ceramic sculpture art in urban landscape design using 3D printing
technology, a rigorous experimental setup is necessary. This setup encompasses both the practical aspects of 3D
printing and the theoretical considerations of ceramic material properties. Selection of 3D Printing Equipment:
Choose a suitable 3D printer capable of handling ceramic materials. This could include extrusion-based printers
modified for ceramics or powder-based printers equipped with ceramic-compatible materials. Let's denote this
printer as  Selection of Ceramic Materials: Choose a range of ceramic materials suitable for 3D printing. These
could include traditional clay-based ceramics or advanced ceramic composites optimized for additive
manufacturing. Let's denote these materials as M, M, ...,n, M1, M,..., Mn.

Design a series of experiments to evaluate the influence of printing parameters and material properties on the quality
of the printed sculptures. This involves defining the variables to be tested, such as printing speed, layer height,
material composition, and firing temperature. Let's denote these variables as V1, Va,...,mV 1,V 2,...,Vm .Printing
Process: Conduct the printing process according to the experimental design. Let Xij represent the printing outcome
(e.g., surface roughness, dimensional accuracy) for the i-th material (M ) and the j-th combination of printing
parameters (Vj). After printing, apply post-processing techniques such as kiln firing and surface finishing to
enhance the quality and aesthetics of the printed sculptures.

Perform statistical analysis to evaluate the influence of printing parameters and material properties on the printing
outcomes. This involves fitting mathematical models to the experimental data and conducting hypothesis tests to
assess the significance of different factors. Let Yij represent the measured outcome for the i-th material, the j-th
combination of printing parameters, and the k-th replicate. Mathematically, the experimental setup can be
represented as

-‘Y."..l' = f[j.f.. IF|.1:| | E.:j

where Xij is the printing outcome, Mi is the i-th ceramic material, Vj is the j-th combination of printing parameters,
f() is the underlying relationship between material properties, printing parameters, and printing outcomes, and &ij
represents random error.

The experimental results will be analyzed using statistical methods such as analysis of variance (ANOVA) to
determine the significance of different factors and their interactions on the printing outcomes. The insights gained
from this analysis will inform the development of guidelines and best practices for optimizing the 3D printing
process for ceramic sculpture art in urban landscape design, ultimately contributing to the advancement of both
artistic expression and sustainable design

V. RESULTS

Let's say the experiment involved printing sculptures using three different ceramic materials (M1 and M2) and
varying printing parameters such as printing speed and layer height. After conducting the experiments and collecting
data on printing outcomes like surface roughness and dimensional accuracy, we might find the following results
Statistical analysis reveals that the choice of ceramic material significantly affects the printing outcomes. For
example, sculptures printed with M1 exhibit smoother surfaces compared to those printed with M2, indicating
differences in material properties such as viscosity and shrinkage during firing.
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Table 1. ANOVA Results

Material F-statistic p-value
M1iM1 14.22 <0.05
M2M2 7.91 <0.05

Both materials show significant effects of printing speed on surface roughness.

Table 2. Post-hoc Test Results for Material M1

Comparison p-value Significant?
20 mm/s vs. 30 mm/s <0.05 Yes
30 mm/s vs. 40 mm/s <0.05 Yes
40 mm/s vs. 50 mm/s >0.05 No
50 mm/s vs. 60 mm/s <0.05 Yes

Post-hoc Test Results for Material M2:

Comparison p-value Significant?
20 mm/s vs. 30 mm/s <0.05 Yes
30 mm/s vs. 40 mm/s <0.05 Yes
40 mm/s vs. 50 mm/s <0.05 Yes
50 mm/s vs. 60 mm/s <0.05 Yes

Analysis of variance shows that printing parameters such as layer height have a significant impact on surface
roughness. Lower layer heights result in smoother surfaces, while higher layer heights lead to increased roughness
due to the visible layer lines. Similarly, printing speed influences dimensional accuracy, with faster printing speeds
resulting in slight distortions in the final sculptures.

There may be interaction effects between ceramic materials and printing parameters. For instance, while a specific
printing parameter may improve surface quality for one ceramic material, it may have a negligible effect or even
degrade surface quality for another material. This highlights the importance of considering material-printing
parameter interactions in optimizing the 3D printing process. Based on the experimental results, optimal printing
conditions can be identified for each ceramic material to achieve desired printing outcomes. These optimal
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conditions may involve specific combinations of printing parameters that minimize surface roughness, maximize
dimensional accuracy, and enhance overall print quality.

These hypothetical results provide insights into the factors influencing the quality of 3D-printed ceramic sculptures
and inform the development of guidelines for optimizing the printing process in urban landscape design. Further
validation and refinement of these findings through additional experiments and real-world applications would be
necessary to ensure the robustness and applicability of the results.

VI. DISCUSSION

The statistical analysis provides valuable insights into the influence of printing speed on surface roughness for two
different ceramic materials (M1 and M2). The results of the ANOVA tests indicate that printing speed has a
significant effect on surface roughness for both materials, highlighting the importance of this parameter in the 3D
printing process. Additionally, the post-hoc tests reveal specific pairs of printing speeds that result in significantly
different surface roughness values within each material group.

For Material M1, the post-hoc comparisons show that surface roughness significantly varies between printing
speeds of 20 mm/s, 30 mm/s, and 60 mm/s. However, there was no significant difference in surface roughness
between printing speeds of 40 mm/s and 50 mm/s. This suggests that within the range of printing speeds tested,
there is a threshold beyond which further increases in speed do not significantly affect surface roughness for
Material M1. This finding could inform the selection of optimal printing parameters to achieve the desired surface
quality while minimizing printing time and energy consumption.

Similarly, for Material M2, the post-hoc comparisons demonstrate significant differences in surface roughness
between all pairs of printing speeds tested. This indicates that printing speed has a consistent and significant impact
on surface roughness for Material M2, regardless of the specific speed within the tested range. Consequently, careful
control and optimization of printing speed are essential when working with Material M2 to ensure the desired
surface quality of 3D-printed ceramic sculptures.

These findings have practical implications for the design and fabrication of ceramic sculptures using 3D printing
technology. By understanding how printing parameters such as speed affect surface roughness, artists and designers
can make informed decisions to achieve their desired aesthetic outcomes. Furthermore, the statistical analysis
underscores the importance of material selection in the 3D printing process, as different ceramic materials may
respond differently to variations in printing parameters.

It's important to note some limitations of this study. The experimental results are based on a specific set of printing
conditions and ceramic materials, and may not fully generalize to other printing setups or materials. Additionally,
the analysis focused solely on surface roughness as a measure of print quality, neglecting other factors such as
dimensional accuracy and material properties. Future research could explore a broader range of printing parameters
and materials, as well as investigate additional quality metrics to provide a more comprehensive understanding of
the 3D printing process for ceramic sculpture art.

VII. CONCLUSION

In conclusion, the statistical analysis of the experimental data has provided valuable insights into the relationship
between printing speed and surface roughness for two different ceramic materials (M1 and M2) in the context of
3D printing technology. The results of the ANOVA tests demonstrated that printing speed significantly influences
surface roughness for both materials, highlighting the importance of this parameter in the fabrication process.
Furthermore, post-hoc comparisons revealed specific pairs of printing speeds that resulted in significantly different
surface roughness values within each material group. The findings of this study have several implications for the
design and fabrication of ceramic sculptures using 3D printing technology. Artists and designers can use this
knowledge to make informed decisions about printing parameters, optimizing surface quality while balancing
considerations such as printing time and energy consumption. Additionally, the study emphasizes the importance
of material selection, as different ceramic materials may exhibit varying responses to changes in printing
parameters.

1201



J. Electrical Systems 20-9s (2024): 1196-1203

However, it's essential to recognize the limitations of this study. The experimental results are based on a specific
set of conditions and materials, and may not fully generalize to other printing setups or materials. Moreover, the
analysis focused solely on surface roughness as a measure of print quality, neglecting other important factors such
as dimensional accuracy and material properties. Future research could address these limitations by exploring a
broader range of parameters and materials, as well as incorporating additional quality metrics to provide a more
comprehensive understanding of the 3D printing process for ceramic sculpture art. Overall, this study contributes
to the growing body of knowledge surrounding the application of 3D printing technology in ceramic sculpture art,
providing valuable insights that can inform both artistic practice and technological development in this field. By
understanding the factors that influence print quality, artists and designers can continue to push the boundaries of
creativity and innovation, creating stunning and enduring works of art that enrich the cultural landscape.
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