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Abstract: Innovation products from historical cultural architectural have widely adopted 3D printing
technology in recent years. To study the applicability of existing 3D printing materials, it is necessary
to analyze the performance indicators of 3D printing materials and carry out material science exper-
iments. Step 1: the material performance index composition of cultural innovation products was
derived by integrating the literature of cultural heritage, product design, quality system, and material
science. Step 2: The columns of Chengs’ Miyake in Huizhou were taken as the creative source. Its
geometric shape model was obtained through 3D scanning, and the design of the cultural innovation
products was completed. Step 3: Photosensitive resin, nylon, and stainless steel, three commonly
used 3D printing materials, were used to make samples, with one sample of each material. Finally, we
carried out material science tests according to the material performance index. The experimental data
of three materials were obtained and compared. The properties of the three 3D printing materials,
photosensitive resin, nylon, and stainless steel, have advantages and disadvantages. Still, they all
struggle to meet the needs of cultural and creative products in historical buildings. It is necessary to
integrate the three materials’ properties to develop new 3D printing materials.

Keywords: historical architecture; cultural innovation products; 3D printing; material research

1. Introduction

In 1972, the 17th session of the UNESCO General Conference in Paris adopted the
“Convention for the Protection of the World Cultural and Natural Heritage” [1], proposing
that historical buildings belong to the cultural heritage of all humankind. The cultural
values contained in historical buildings are usually maintained and managed in museums
in most countries around the world [2]. Since the 1950s, museums in Europe and the
United States have begun to raise funds by developing and selling museums derivatives. In
1955, the United States established the Museum Store Association [3]; American marketing
scientists Philip Kotler and Neil Kotler edited and published “Museum Strategy and
Marketing” [4]. Since 2010, world-renowned museums represented by the British Museum
in the United Kingdom, the Metropolitan Museum in the United States, the National Palace
Museum in Taipei, and the Palace Museum in Beijing have promoted the development of
cultural innovation products of various historical buildings by authorizing images and
brands of cultural relics and developing derivatives of cultural relics [5].

To preserve the cultural authenticity of historical buildings [6], the development of
cultural innovation products for historical buildings primarily uses 3D scanning technology
to obtain digital models of building components [7], then carries out the creative design
based on the digital models, and finally uses 3D printing for production. For example, in
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2014, the British Museum cooperated with Sketchfab to launch a 3D printing service for
14 collections, including the Caesar Marble statue [8].

Three-dimensional printing technology is increasingly used in the construction indus-
try. Scholars Nils O.E. Olsson, Emrah Arica, Ruth Woods, and others from the Norwegian
University of Science and Technology conducted research and analysis on the project man-
agement of 3D-printed concrete in building construction [9]. Scholars Max Adaloudis
and Jaime Bonnin Roca from the Eindhoven University of Technology in the Netherlands
analyzed the carbon footprint and sustainable development benefits of 3D concrete print-
ing technology [10]. Scholars Richard Buswell, Jie Xu, and Daniel De Becker from the
University of Sheffield in the United Kingdom researched the measurement benchmarks
and tolerances of 3D-printed concrete parts for construction [11].

As an additive manufacturing process, 3D printing can achieve many forms that
subtractive manufacturing processes cannot complete. Direct production can be reached as
long as there is a digital model. It has almost no restrictions on materials; plastic, metal,
wood, and ceramics can all be used. In the process of using 3D printing to develop historical
buildings’ cultural innovation products, the choice of materials is essential [12].

From various references [2-11], the current research on historical buildings” innovation
products mainly focuses on museum marketing and product design. In contrast, the
research on 3D printing materials primarily focuses on the physical and chemical properties
of 3D printing materials, the preparation process, etc. However, there is insufficient research
on the cultural properties and the combination of cultural and practical properties in
cultural innovation products. This paper carried out the following study: (1) According to
the existing literature on cultural heritage, product design, quality systems, and materials
science research, we discussed and analyzed the material index composition of historical
buildings’ cultural innovation products. (2) We collected the original morphological data
of historical building components through 3D scanning, developed digital models of
cultural innovation products, and then used three different 3D printing materials to make
experimental samples. (3) We carried out material science tests, obtained test data of three
materials, compared the data, analyzed the performance of materials according to the
requirements of material performance indicators, and received research conclusions.

2. Materials and Methods
2.1. Research on Material Indicators of Historical Buildings’ Cultural Innovation Products

Because the development of historical buildings’ cultural innovation products needs
to consider the cultural value of historical buildings and the practical properties of physical
products at the same time, the paper adopted the three levels of “design theory level-
quality system level-performance indicator level” and the two dimensions of “cultural
dimension—practicality dimension”. Documents in many research fields, such as cultural
heritage authenticity [13], Kansei engineering [14], TRIZ contradiction solution [15], and
so on, deduce the material index composition of historical buildings’ cultural innovation
products, as shown in Figure 1 below.

2.1.1. Design Theory Level

At the design theory level in Figure 1, the design theories related to historical buildings’
cultural innovation products include cultural authenticity theory and product design the-
ory. Cultural authenticity theory includes architectural heritage authenticity [16] and user
experience authenticity [17] (Cultural Tourism), which belongs to the cultural dimension.
The field of product design can be divided into two parts: perceptual design and practi-
cal design, among which product design theories such as design semiotics [18], Kansei
engineering, and design psychology [19] take into account cultural aspects dimensions
and practical dimensions, while theories such as function-behavior-structure mapping [20],
QFD quality house [21], and TRIZ contradiction solution belong to the practical dimension,
and theories closely related to 3D printing materials research are shown in the figure with a
purple background callout.
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Figure 1. Material index derivation of historical buildings’ cultural innovation products.

2.1.2. Quality System Level

In Figure 1, from the design theory to the quality system, the product quality of the
cultural dimension refers to the sensory and aesthetic quality of the product, including
product shape, outline, and quality indicators such as material, color, and surface texture. In
contrast, the practical dimension of product quality refers to product function, performance,
strength, and life, including product power, energy consumption, accuracy, response time,
product assimilability, usability, product life, contact safety, structural strength, ergonomic
dimensions, and so on, among which the relevant quality indicators closely related to 3D
printing materials are marked with a purple background in the figure.

2.1.3. Performance Indicator Level

In Figure 1, deriving from the quality system to the performance indicator, the cultural
dimension material index refers to the visual and tactile index of the material, including
the surface texture and color of the material surface; the material index of the practical
dimension refers to the material’s physical properties, as well as chemical, mechanical
and technological indicators. Among them, the material indicators related to 3D printing
materials are distinguished by the dark grey background in the figure. The material process
forming inaccuracy in Figure 1 refers to the geometric error of the finished product and
the design model caused by different 3D printing materials (processes) for the same 3D
digital model. The smaller the forming inaccuracy, the closer the material’s surface texture
is to the historical building relics, and the more the authenticity of the historic building
can be preserved. Historical buildings’ cultural innovation products, as practical products,
will constantly contact with environmental media such as skin, moisture in the air, and
acid and alkali during prolonged use, resulting in product wear and corrosion, affecting
product life and contact safety.
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2.1.4. Material Performance Indicator

According to Figure 1, three material performance indicators for cultural innovation
products of historical buildings were finally deduced and used as the basis for carrying out
material science experiments. The first material performance indicator is the surface texture
of the material. The closer the surface texture of the material is to the historical building
relics, the better the visual authenticity of the historic building can be preserved. The
second material performance indicator is the forming inaccuracy. The smaller the forming
inaccuracy, the more authentic the shape of the historic building can be preserved. The
third material performance indicator is the wear resistance and corrosion resistance of the
material, which can ensure the product’s service life. The above three material performance
indicators were used as the basis for conducting 3D printing material experiments.

Forming inaccuracies are caused by different materials’ physical and chemical proper-
ties and the corresponding 3D printing process. Material surface texture refers to the visual
and tactile texture formed by a specific material after the 3D printing and post-processing
processes. Material wear and corrosion occur when the product interacts with people and
the environment during use. The three typical materials of nylon, photosensitive resin,
and stainless steel were selected according to the inorganic (metal) and organic (plastic)
dimensions; the three conditions of smooth, moderate, and rough; and the requirements of
technology and process commonly used in the market for experiments later in the paper.

2.2. Three-Dimensional Printing Material Experiment of Cultural Innovation Products in
Historical Buildings

In order to verify the correctness and feasibility of the three material performance
indicators proposed in Section 2.1.4, three common 3D printing materials, namely, photo-
sensitive resin, nylon, and stainless steel, were selected. The material science experiments
were carried out according to two steps: (1) test sample preparation and (2) 3D printing
material test, to obtain experimental data and conduct research.

2.2.1. Experimental Sample Preparation
Historic Building Components—Plinth

In the wooden frame system of traditional Chinese buildings, wooden columns set off
the weight of the upper beams and roofs of the building. To prevent water from eroding
wooden columns, stone plinths are installed at the bottom [22] to connect the ground
and the plinth. The structure is shown in Figure 2a. The figures in Figure 2 were drawn
based on photographs taken in the field by the author. The plinth has two parts that are
hidden underground and protrude from the ground. In general, the plinth refers to the
part that protrudes from the ground. Because the plinth is located at the focus point of
sight, it is often decorated with patterns such as an auspicious animal, lotus, flowers and
grass, a dragon, and a phoenix. The stone plinths studied in this paper come from Cheng’s
Miyake [23] Museum during the Chenghua period of the Ming Dynasty (1465-1487 AD),
as shown in Figure 2b, which is national fundamental cultural relics protection unit, now
located in Huangshan City, Anhui Province, China. The plinth material was carved with
contemporary indigenous tea garden stone [24] and Huizhou stone carving [25] techniques.
The building structure on the upper part of the plinth includes wooden columns, shuttle-
like columns, and railings (on the second floor).
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(a) (b)
Figure 2. (a) Structure of stone plinth; (b) foyer and patio of Cheng’s Miyake Museum.
Plinth Data Collection

Data collection method: Cultural innovation products of historic buildings need to
retain the cultural authenticity of the original building components as much as possible,
especially the decorative patterns in the form of curved surfaces. For this reason, in the
Cheng’s Miyake, complete stone carving plinths are selected for 3D scanning to obtain
stone carvings. The original geometric data of the plinths are shown in Figure 3 below
(hand-painted by the authors).

(b)

08.31-13:59  Handheld Fine Scan

Automatic hole filling

(d)

Figure 3. (a) Stone plinth cultural relics; (b) scanned point cloud data of stone plinth; (c) patching
point cloud data; (d) plinth digital model.
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Technical parameters of data collection: The equipment used for 3D scanning is a mul-
tifunctional handheld 3D scanner from China Shining 3D Technology Co., Ltd. (Hangzhou,
China). The equipment model is EinScan Pro 2X Plus, the light source is white LED,
and the scanning speed is 20 fps, 1,100,000 points/second. The scanning accuracy is
0.05 mm, the spatial point distance is 0.2 mm~3 mm, and the single-sided scanning range
is 208 mm x 136 mm ~312 mm x 204 mm.

The experimental process of data acquisition is as follows:

1.  Use a handheld 3D scanning device to collect data at Cheng’s Miyake field and
synchronously transfer it to the workstation of the laptop, as shown in Figure 3a;

2. Select the fine scan mode and start scanning. Figure 3b shows the scanned point cloud data.

3. Convert the point cloud data into three-dimensional data in the form of three points,
where each three points form one surface, and then use software to repair the deep
holes or corners that have not been scanned, as shown in Figure 3c;

4. Use the software EXSCAN pro [26] to complete the data repair of the lotus petal
column foundation, as shown in Figure 3d.

It can be seen that the digital model of the column foundation after the repair is
very delicate, and the weathering damage and carving marks on the plane are genuinely
preserved. The digital model of the column foundation is compatible with OB]J, STL, ASC,
PLY, P3, 3MF, and other formats and can be directly exported to Rhino, 3DMAX, Zbrush,
and other 3D modeling software.

3D Printing Production of Plinth Cultural Innovation Products

Experimental sample design: To preserve the cultural authenticity of the stone carving
plinth, the geometric shape of the lotus-patterned surface of the plinth needs to be preserved
in the design. Therefore, the digital model of the plinth is cut by one-fourth, and the face
pieces are converted into entities. Figure 4a below shows a desktop paperweight product
formed with four planes + one lotus petal curved surface. The dimensions of the product
length x width x height are 89.19 x 84.24 x 86.24 (mm), respectively.

|

Nylon (PA2200)

Photosensitive Resin
(Somos imagine8000)

—_—

Front View Right View Stainless-Steel(SS-316L)

@) (b)

Figure 4. (a) Design model of stone plinth cultural innovation products; (b) 3D printing experimen-
tal samples.
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According to the criteria discussed in Section 2.1.4, three commonly used 3D printing
materials were selected. For each material, one sample was made with corresponding
processes. The production process is as follows: (1) Nylon [27] (model PA2200)—produced
by a laser sintering process, with the following process parameters: average grain size of
56 um (ISO 13320-11), layer thickness of 0.12 mm, and scanning speed 15 m/s. (2) Photo-
sensitive resin [28] (model Somos imagine8000)—produced by a photocuring process, with
the following process parameters: scanning speed of 8 m/s, spot size of 0.10 mm, and layer
thickness of 0.15 mm. (3) Stainless steel [29] (model S5-316 L)—produced by a powder
melting process, with the following process parameters: layer thickness of 30 pm, spot
diameter of 70 um, scanning speed of 5 m/s, and molding speed of 15 cm?/h, as shown in
Figure 4b.

2.2.2. Comparative Experiment of 3D Printing Materials

After obtaining the three samples shown in Figure 4b, we rconsidered Figure 1 and
the three material performance indicators proposed in Section 2.1.4—(1) material surface
texture, (2) Forming inaccuracy, and (3) wear resistance and corrosion resistance. The
following three material experiments were carried out in sequence.

As the creative prototype, the stone carving plinth is a national cultural relic that
cannot be transported, and surface texture testing cannot be carried out directly. After the
preparation of the experimental samples, the comparison of the surface texture indicators
in Figure 1 can only be made through vision and touch. Visual and tactile experiments of
surface texture were carried out on the samples of the three materials shown in Figure 4b.

Forming Inaccuracy Experiment of 3D Printing Materials

Experiment principle: To compare the forming inaccuracy of the three materials in
Figure 4b, three-dimensional scanning technology was used again to scan the experimental
samples, and the geometric data were obtained in the three-dimensional inspection soft-
ware. Compared with the design data of Figure 4a [30], the forming inaccuracy of different
materials (processes) was checked.

Experimental process:

1.  Three-dimensional scanning to collect data: put three experimental samples of differ-
ent materials on a rotatable worktable and use an industrial-grade high-precision 3D
inspection scanner (model OKIO 5M) for data sampling and to obtain the 3D geometric
data of the three experimental samples, as shown on the left side of Figure 5a.

2. Three-dimensional data inspection and comparison: Import the 3D geometric model
of the experimental sample obtained by 3D scanning into Geomagic® Control X 3D
inspection software and analyze the difference between the imported geometric model
and the geometric model of the initial design, as shown in Figure 5. The colored model
in Figure 5b represents the geometry of the experimental sample obtained after 3D
scanning. By comparing the size of the uniformly distributed sampling points on the
surfaces of the two models, the geometric dimensions of this model and the design
model in Figure 4a are compared. Since the 3D printing process will produce forming
inaccuracies, the dimensional errors on the experimental samples are visualized in
different colors. The green area indicates that these sampling points’ inaccuracies
range (within 0.1 mm) is reasonable. Yellow and red indicate a positive error in these
sampling points, where Figure 5b is larger than the design model size of Figure 4a; on
the other hand, light blue and dark blue represent negative errors at these sampling
points, where Figure 5b is smaller than the design model size of Figure 4a.
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Figure 5. (a) Three-dimensional scanning of experimental samples; (b) experiment sample forming
inaccuracy detection.

Wear and Corrosion Resistance Test of 3D Printing Materials

Experiment principle: In the laboratory environment, zirconia ceramic balls, acid,
alkali, and salt solutions were used to simulate samples” wear and corrosion resistance of
three different materials—photosensitive resin, nylon, and stainless steel.

Experimental process:

1.  The wear resistance experiment was carried out regarding the method in the liter-
ature [31,32]: zirconia ceramic balls were used to roll friction on the surface of the
experimental sample. The duration was 30 min, the frequency was 2 Hz, the load was
5N, the ambient temperature was 25 °C, and the ambient humidity was 60%;

2. The corrosion resistance test mainly investigates the stability of the samples in acid,
alkali, and salt environments. It was carried out concerning the method in the litera-
ture [33,34]: the samples were respectively immersed in HCI dilute solution (0.25%)
and NaOH dilute solution (0.1 g/mL), and soaked in NaCl dilute solution (0.1 g/mL)
for 72 h. Before and after the experiments, the surfaces of the samples were cleaned
and observed with a microscope.

3. Result
3.1. Results of Surface Texture Experiment

As shown in Figure 1, the material’s surface texture is a material performance index
belonging to the cultural dimension. Comparing the surface textures of the three 3D
printing materials through vision and touch, it can be concluded that the surface textures
of nylon and stainless steel are relatively rough, which is closer to the original texture of
the stone plinth in Figure 3. On the other hand, the photosensitive resin is delicate and
smooth, which is closer to the texture of contemporary organic materials (plastics). The SEM
morphology [35] of the three materials shown in Section 3.3. can also illustrate this point.
The texture of stainless steel is closest to the mottled surface texture of historical building
components (stone, wood, etc.) that have been weathered for a long time. Therefore, from
the cultural perspective of preserving the authenticity of historical buildings, stainless steel
is better than nylon, and nylon is better than photosensitive resin.

3.2. Validation of Inaccuracy Levels

According to Figure 5, the frequency distribution diagrams of forming inaccuracies of
three different 3D printing materials can be obtained, as shown in Figure 6 (supplied by the
three-dimensional inspection software Geomagic® Control X). The abscissas in Figure 6a—c
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-0.6229 Average 0.0536

(a)

represents the error distribution between the test sample and the design model, that is,
the size difference of the sampled data points between Figures 4a and 5b. The middle of
the abscissa is the average error value. The positive and negative values symmetrical to
the left and right sides are not the maximum and minimum errors but are used to better
express the value of the frequency distribution interval. The maximum and minimum
errors are shown in Table la—c. The unit of abscissa is mm. The ordinate in the figure
represents the frequency corresponding to the size error, but the specific frequency value
is not given in the figure. Still, the frequency distribution’s statistical percentage (%) is
shown. That is, the sum of the frequencies of a specific size error interval accounts for the
percentage of the total sum of frequencies. This drawing method is more intuitive than
giving specific frequency values. Corresponding to Figure 6a—c, the specific statistics of the
forming inaccuracies of the three experimental samples are provided in Table 1a—c. The
minimum, maximum, average value, root mean square (RMS), and standard deviation in
the table are all generated for the size errors of sampled data points that are uniformly
distributed on the surfaces of the two models in Figures 4a and 5b. The unit is mm.

0.6229 —-1.9682 Average 0.3875 1.9682 -0.5419 Average—0.0118 0.5419

(b) (c)

Figure 6. (a) Stainless steel forming inaccuracies frequency distribution diagram (frequency per-
centage); (b) photosensitive resin forming inaccuracies frequency distribution diagram (frequency
percentage); (c) nylon forming inaccuracies frequency distribution diagram (frequency percentage).

Table 1. (a) Stainless steel forming inaccuracies statistics; (b) photosensitive resin molding inaccura-
cies statistics; (c) nylon molding inaccuracies statistics.

Stainless-Steel (a) Photosensitive Resin (b) Nylon (c)
Minimum(mm) —0.8093 Minimum (mm) —-1.113 Minimum (mm) —0.7576
Maximum(mm) 0.818 Maximum (mm) 2.3501 Maximum (mm) 0.7548

Average (mm) 0.0536 Average (mm) 0.3875 Average (mm) —0.0118
Standard Deviation (mm) 0.1897 Standard Deviation (mm) 0.5269 Standard Deviation (mm) 0.1767
Discrete (mm) 0.036 Discrete (mm) 0.2776 Discrete (mm) 0.0312
Within Tolerance (%) 47.2202 Within Tolerance (%) 26.5679 Within Tolerance (%) 47.2897
Out of Tolerance (%) 52.7798 Out of Tolerance (%) 73.4321 Out of Tolerance (%) 52.7103
Above Tolerance (%) 31.7399 Above Tolerance (%) 66.3077 Above Tolerance (%) 26.4588
Below Tolerance (%) 21.0399 Below Tolerance (%) 7.1245 Below Tolerance (%) 26.2515

In-tolerance, out-of-tolerance, above-tolerance, and below-tolerance values refer to the
percentage of the frequency distribution of dimensional errors, and the unit is percentages.
Figure 6 and Table 1 show that the forming errors of the two test samples made of nylon
and stainless steel are not much different, but the various inaccuracies of photosensitive
resin are more significant than those of nylon and stainless steel. From the two indicators
of above-tolerance (%) and below-tolerance (%) values, photosensitive resin’s deformation
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generates a positive error, stainless steel also mostly generates a positive error, and the
positive and negative inaccuracies of nylon material are basically equal. As shown in
Figure 1, the material’s surface texture is a material performance index belonging to the
cultural dimension. Comparing the surface texture of the three 3D printing materials by
visual and tactile sense, it can be concluded that the surface texture of nylon and stainless
steel is relatively rough, which is closer to the original texture of the stone carving pillar
in Figure 3. On the other hand, the photosensitive resin is delicate and smooth, which is
closer to the texture of contemporary organic materials (plastics). The SEM morphology of
the three materials shown in Figure 7(al,b1,c1) can also illustrate this point. The texture of
stainless steel is closest to the mottled surface texture of historical building components
(stone, wood, etc.) that have been weathered for a long time. Therefore, from the cultural
perspective of preserving the authenticity of historical buildings, stainless steel is better
than nylon, and nylon is better than photosensitive resin.

Stainless-Steel Photosensitive Resin Nylon

Figure 7. (al-c1) Surface morphologies of stainless steel, photosensitive resin, and nylon; (a2—-c2) Ma-
terial surface morphologies after wear resistance tests; (a3—c3) Material surface morphologies after
0.25%HCI dilute solution corrosion test; (a4—c4) Material surface morphologies after 0.1 g/mL NaOH
dilute solution corrosion test; (a5—-c5) Material surface morphologies after 0.1 g/mL NaClI dilute
solution corrosion test.
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3.3. Experiment Results of Wear and Corrosion Resistance of 3D Printing Materials

After the rolling friction of the zirconia ceramic ball, the pattern on the surface of the
photosensitive resin sample appeared discontinuous, indicating that the surface was worn,
as shown in Figure 7(b2). In contrast, the degree of surface wear of the nylon sample is not
apparent, as shown in Figure 7(c2).

After being immersed in 0.25% HCI dilute solution for 72 h, the surface texture of the
photosensitive resin sample becomes lighter or even disappears intermittently, as shown in
Figure 7(b3); the surface of the nylon sample also appears to be damaged to a certain extent.
Multiple blocky plaques appeared on the surface, as shown in Figure 7(c3); in contrast,
there was no apparent corrosive damage on the surface of the stainless steel sample, as
shown in Figure 7(a3).

After soaking in 0.1 g/mL NaOH dilute solution for 72 h, the surface of the photosen-
sitive resin and nylon samples showed no apparent damage, showing better stability, as
shown in Figure 7(b4,c4). The surface of the stainless steel sample showed noticeable color
change, which may be caused by the corrosive damage of the alkaline solution, as shown
in Figure 7(a4). After being soaked in 0.1 g/mL of the NaCl diluted solution for 72 h, the
surface texture of the samples made of stainless steel, photosensitive resin, and nylon did
not change significantly, showing good stability, as shown in Figure 7(a5-c5).

As shown in Figure 1, wear resistance and corrosion resistance are the material per-
formance indicators that belong to the dimension of product practicality. As practical
products, cultural innovation products of historical buildings will be in constant contact
with environmental media such as skin, moisture in the air, acid, and alkali during use,
resulting in product wear and corrosion, affecting product service life and safety of skin
contact. It can be seen from the experimental data that the wear resistance of nylon material
is good, while the corrosion resistance of stainless-steel material is also good, but the two
material performance indicators of photosensitive resin are not ideal.

4. Discussion and Conclusions

With the development of cultural heritage protection and digital technology, 3D print-
ing technology is widely used in products such as historical building cultural innovation
products, museum cultural innovation products, and tourist souvenirs. Therefore, the
performance of 3D printing materials has become one of the critical factors affecting the
quality of cultural innovation products. The current research on historical buildings cultural
innovation products by researchers mainly includes research from the perspectives of (1)
museum operation and management, (2) development of cultural innovation industries,
and (3) design of souvenirs authorized by historical buildings. Historical buildings’ cultural
innovation products are a relatively new research angle.

The current research on 3D printing materials in the construction industry mainly
includes (1) construction technology and quality of 3D-printed concrete; (2) economic,
social, and environmental benefits of 3D-printed concrete; and (2) construction project
management of 3D-printed concrete to analyze 3D printing in construction from these
perspectives. However, there is insufficient research on the cultural properties of 3D
printing materials and the wear resistance and acid and alkali corrosion resistance during
use. This paper combines the two fields of historical building culture, practical product
needs, and materials to put forward a new research perspective.

Under the dual needs of cultural authenticity and product practicability, starting from
the literature on cultural heritage, product design, quality systems, and materials science,
the authors summarize and deduce three material performance indicators, surface texture,
forming error, and wear resistance and corrosion resistance. These three material perfor-
mance indicators are not complete and can be expanded and revised with the development
of subsequent 3D printing processes and materials.

Nylon, photosensitive resin, and stainless steel are currently widely used materials.
The comprehensive material experiment results show that stainless steel is better than
nylon and photosensitive resins, but stainless steel has a high density and insufficient wear
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resistance and is mainly used for mechanical parts rather than consumer goods. Therefore,
none of the above three materials can perfectly meet the material requirements of cultural
innovation products. It is necessary to integrate the properties of these three materials to
develop new 3D printing materials for cultural and creative products.

The experimental research on the surface texture, forming inaccuracy, and wear resis-
tance and corrosion resistance of 3D printing materials integrates the research paradigms
of the three disciplines of design art, mechanical manufacturing, and materials science
and has the characteristics of interdisciplinary research. The depth of research ideas and
experimental methods is slightly insufficient. However, the research has corresponding ref-
erence value for related disciplines such as art design, 3D printing, and materials science. It
enriches and develops research fields such as museology, product design, and 3D printing.
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