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Enhancing Thermal Conductivity and Through-Thickness Reinforcement of Pitch-
Based Carbon Fiber/Epoxy Composites Using Stitching Process
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Optimization of Stamp Forming Process for CF/PPS Thermoplastic Composites Using

Finite Element Method
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Table 1 Process Parameters for Finite Element Method

S HT s
Tensioner Al<=(N/mm) 0.5,1.0,2.0,3.0
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7] 3 (N) 0, 10, 20, 30
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Evaluation of Process Parameter Effects in Induction Heating of Thermoplastic
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Fig. 1. Simulated heating behavior of CF/PPS
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exchange membrane fuel cell performance
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Fig. 1. (a) Structure and schematic of CP-GDLs, (b)
performance evaluation of PEMFC using CP-GDLs as
cathode GDL
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A study on composite material automated lay-up technology development and
properties using AFP process
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Fig. 1. AFP Equipment with Prepreg and Towpreg
Installed.
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[11 H, Pan. W, Qu. D, Yang. J, Li. Y, Ke., Analysis and
Characterization of Interlaminar Tack for Different Prepreg
Materials During Automated Fiber Placement, Polymer
Composites, 43, 4737-4748, 2022
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1. Introduction

With the rapid development of smart and highly
integrated electronics, EMI shielding components require
to be smaller, lighter, customizable, and efficient[1].
Polymer composites have advantages for EMI shielding
applications due to their high stability, processability, and
low density, but their shielding performance is still lower
than traditional metals. By integrating metastructures into
the design of EMI shielding components, it is possible to
achieve higher shielding efficiency through internal
reflections[2]. In this study, we propose a DLP-printable
resin with high conductivity, transparency, and low
viscosity, and enhance its shielding effect by printing of
the honeycomb metastructure.

2. Experiment

2.1 Preparation of polymer composite resin:

The MWCNT filler was functionalized by refluxing in
the acid matrix to improve dispersion in the polymer
matrix and the HEMA(2-hydroxyethyl methacrylate)
solution was added to the resin matrix as a diluent to
decrease the viscosity of composite resins. Polymer
composite resins were then synthesized with MWCNT and
f-MWCNT(functionalized-MWCNT) fillers via the
solvent-assisted mixing method at the filler content of 0.1,
0.2, 0.3, and 0.4 wt%.

2.2 DLP Printing of Metastructure:

Printing parameters were determined from the working
curve, which illustrates the relationship between curing
thickness and UV exposure time. Subsequently, printing
parameters of composite resins were optimized to ensure
the manufacturability and printing of the honeycomb
metastructure for subsequent characterization of EMI
shielding properties.

3. Results and Discussion

The FT-IR analysis confirmed the successful synthesis
of the -MWCNT filler. Characteristic peaks of -OH and
C=0 indicated the carboxyl group on the filler surface.

A cylindrical specimen with various composite resins
was used to measure electrical conductivity using a digital
multimeter.

on ca (o) 19*
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Fig. 1 . (a) FT-IR spectra of the fillers; (b) Electrical
conductivity at different -MWCNT contents.
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Fig. 2 . (a) Viscosity of different contents and types of
filler at a shear rate of 1 s™'; (b) Curing thickness of
composite resins with different time.

4. Conclusions and Future Works

The -MWCNT filler shows better dispersion in the
polymer resin matrix, resulting in higher electrical
conductivity and transparency of the composite resin. At
a filler content of 0.4 wt%, the composite resin with f-
MWCNT exhibits an electrical conductivity of 0.97 S/m.
For future work, we will optimize the printing parameters
and fabricate shielding components with bulk structure
and honeycomb metastructure. Subsequently, the
enhancement attributed to structural factors will be
investigated by characterizing EMI shielding properties.
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1. Introduction

The era of Internet of Things (IoT) has led to an
unexpected need for a large number of sensors [1],
resulting in a huge demand for batteries as power source.
Among the various energy harvesting methods so far,
triboelectric nanogenerators (TENGs) is rising as a
promising energy harvesting technology that can generate
electrical output with mechanical motion coupled with
electrostatic induction and triboelectrification [2]. In this
study, we suggest a spinning disk-type TENG (SD-TENG)
that can efficiently harvest biochemical energy.

2. Results and Discussion

2.1 Overview of SD-TENG

W e Worlon [ Conper H A

Fig. 1. (a) The schematic image of SD-TENG (b) The
mechanism of SD-TENG.

Figure 1a shows a schematic image of the SD-TENG,
which consists of two TENGs on each side. Figure 1b
shows a schematic diagram of the SD-TENG mechanism.
When a biomechanical input is given, the twisted string
unwinds, and the rotor starts to rotate. The PTFE layer with
a negative surface charge on the rotor slides over the
positive triboelectric layer consisting of TPU and copper.
This fast relative movement generated a high frequency
alternating current (AC) electrical output.

2.2 Theoretical study of spinning disk

a b [-
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Fig. 2. The comparison between theoretical and

experimental analysis with respect to (a) string radius, (b)
spacing between holes, and (c) string length

Figure 2a—c shows comparison of maximum theoretical
and experimental rotational speeds, which were
normalized to provide obvious comparison. Overall, the
theoretical and experimental results show the same trends,
but deviate from each other. In particular, theoretical and
experimental results were enhanced by 7 % and 16 %,
respectively, compared to their minimum values by
increasing the string thickness from 5 mm to 8§ mm. In
addition, they elevated by 13 % and 42 %, respectively,
compared to their minimum states by changing the string
length from 10 cm to 25 cm.

2.3 Electrical output of SD-TENG
a b

O Paper BOPP Nylon TPU

Fig. 3. The RMS output comparison by (a) positive
materials and (b) negative materials

Figure 3a-b shows the RMS output difference by
triboelectric materials. As shown in the plot, PTFE
exhibited highest electrical output among negative
materials. In the meantime, TPU assured its superiority
with the highest electrical output. PTFE and TPU are one
of the well-known materials with their excellent polarity
[3], so it is clear that they showed the best performance.
3. Conclusions

This study proposes an optimized geometric structure for
a hand-driven TENG with high rotational speed and
improved electrical output. Our experimental results
demonstrate an effective optimization method for a
spinning disk-shaped TENG operated by simple hand
movements, which improves its electrical output
performance and enhances its potential as a portable
power source..
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1. Introduction

Zinc-air batteries (ZABs) have gained significant attention
as promising energy storage devices due to their high
energy density, environmental friendliness, and cost-
effectiveness. However, challenges such as electrolyte
instability, electrode degradation, and side reactions hinder
their practical applications. Recent studies have
highlighted the importance of wettability-controlled
materials in optimizing electrolyte distribution and
improving battery durability. By tailoring surface
wettability, the electrochemical environment can be
precisely regulated, minimizing performance loss and
enhancing long-term stability.

2. Experimental Methods

2.1 Materials and Methods: Reagents were purchased
from Aladdin Reagent. The (304) stainless steel mesh
samples with an average pore diameter of approximately
100 um were used as substrates. [1]

2.2 Sample Preparation: The detailed fabrication process
can be described as follows. The stainless steel mesh
substrates were cleaned by water and then successively
ultrasonically washed in a hydrochloric acid (2 mol/L)
solution (10 min), acetone (5 min), ethanol (2 min), and
deionized (DI) water in order to remove oxidizing material,
organic compounds, oil, and other remnant dirt. Finally,
the mesh was immersed into ethanol solution containing
HCI with the concentration varying from 1 to 8 mol/L. [2]

3. Results and Discussion

The results demonstrate that controlled wettability
significantly influences electrolyte distribution, improving
reaction kinetics at the electrode interface. Hydrophobic
coatings reduced excessive electrolyte absorption,
preventing unwanted side reactions such as carbonate
formation and hydrogen evolution. Conversely,
hydrophilic treatments enhanced electrolyte retention in
critical regions, promoting uniform ion transport.
Electrochemical testing showed that optimized wettability
reduced overpotential, increased current density, and
extended cycle life. The durability assessment revealed
that batteries with wettability-engineered electrodes

15min WCA Figure

Hydrophabic I =

Hydrophilic

Fig. 1. After HDFS, stainless mesh became more
superhydrophobic  and contact angle improved
significantly.

retained over 85% of their initial capacity after 500 cycles,
compared to a 60% retention rate in conventional designs.
These findings suggest that surface wettability

modification is a viable strategy for enhancing ZAB
efficiency and longevity.

4. Conclusions, Significance and/or Future
Works

This study demonstrates that wettability-controlled
materials can significantly improve the electrochemical
performance and durability of zinc-air batteries. By
optimizing electrolyte interactions, unwanted side
reactions are minimized, leading to enhanced stability and
prolonged cycle life. Future research will focus on scaling
up these techniques for commercial applications and
further refining surface engineering strategies to maximize
energy efficiency.
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1. Introduction

Carbon fiber reinforced plastic (CFRP) offers a high
strength-to-weight ratio, and its properties are enhanced in
a sandwich structure with a low-density core. This
structure is widely used in aerospace and wind turbine
blades due to its stiffness and lightweight characteristics
[1]. With stricter fuel economy regulations, lightweight
design is also crucial in the automotive industry. Reducing
processing time, costs, and weight in sandwich composites
remains a key challenge [2].

2. Experimental program

2.1 Material properties

The materials used are carbon prepreg UD, 3K, 6K, and
12K, with a PVC core, as shown in Table 1.
Table 1. Material properties

Property CORE UD 3K 6K 12K

Density  80g/m’ 150 g/m®> 210 g/m® 416 g/m® 450 g/m?
Pattern Plain UD 2x2 Twill  2x2 Twill 2x2 Twill
thickness Smm  0.15mm 025mm 045mm 045 mm
Resin - 37 % 42 % 38 % 38 %
Each CFRP prepreg was laminated with the core at a

thickness of 0.9mm to Imm and co-cured using an oven
and hot press.

2.2 Test

The manufactured sandwich panels were machined into 5
sets per specimen using NC processing according to
ASTM C297 standards and bonded to the tensile test
fixture [3]. The tensile test was then conducted at a
standard tensile speed of 0.5 mm/min.

3. Results and discussion

Table 2. Tensile test failure mode results
Failure Mode (EA)

Specimen  Film

Skin failure and core failure (3)

ub X Core failure and adhesive failure (7)
3K X Core failure (10)
6K X Core failure and adhesive failure (10)
12K X Core failure (10)
19))) (0] Core failure (10)
3K (0] Core failure (10)
6K (0] Core failure (10)
12K (0] Core failure (10)

The tensile test results (Table 2) showed that the 3K and
12K samples exhibited sufficient bonding strength even
without the use of adhesive film, resulting in core failure.
In contrast, the UD and 6K samples experienced failure at
both the adhesive interface and the core interface.
Additionally, as observed in the tensile strength graph (Fig.
1), the 3K and 12K samples showed no significant
difference in strength regardless of the use of adhesive film,
whereas the UD and 6K samples exhibited a notable
difference. These findings indicate that while 3K and 12K
provide adequate bonding strength without adhesive film,
UD arld56K are significantly influenced by its presence.

. =Film
T4 =No-Film
=
g 35 ; : ; .
g
o 3
]
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15

ub 3k Bk 12k

Fig. 1. Tensile test strength results.

4. Conclusions and Future Works

The experimental results confirmed that 3K and 12K can
achieve sufficient reliability even without the use of
adhesive film. Additionally, eliminating the adhesive film
can contribute to weight reduction and cost savings.
However, for UD and 6K, modifications to the process
conditions or an increase in resin volume may be necessary
to ensure proper bonding without adhesive film. Therefore,
additional experiments will be conducted with adjusted
process conditions to determine the optimal bonding
conditions for UD and 6K without adhesive film, followed
by further validation through AU.
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1. Introduction

Carbon fiber-reinforced polymer (CFRP) composites are
widely used in aerospace, automotive, and civil
engineering due to their high strength, low weight, and
durability. However, conventional adhesive bonding often
exhibits performance limitations under high loads,
vibrations, and harsh environments [1]. This study
introduces copper reinforcement at the adhesive interface
to enhance bonding strength and durability. By leveraging
copper’s strength as well as its thermal and electrical
conductivity, this approach enhances CFRP performance

and expands its applications in aerospace, electric vehicles,

and structural energy storage.

2. Experimental setup

2.1 Material : The T700-grade polypropylene-based
CFRP composites used in this study were supplied by
Dezhou Carbon Fiber Composite Materials, while DP-460
epoxy resin was selected as the adhesive. To further
enhance the adhesive performance, copper reinforcement
was introduced at the bonding interface, leveraging
copper's high mechanical strength and its excellent thermal
and electrical conductivity. Additionally, the CFRP
specimens underwent surface treatment by sanding with
150-grit abrasive paper and cleaning with acetone to
ensure optimal bonding quality.

2.2 Sample Preparation : In this study, DP-460 epoxy
resin (3M) was used as the adhesive, with copper wires,
meshes, and films introduced at the bonding interface to
enhance CFRP composite adhesion. Specimens were
prepared under room temperature, elevated temperature,
and vacuum environments. The effects of copper
reinforcement type, size, and orientation on adhesive
strength were analyzed. Applied curing pressures ranged
from 11.99 N to approximately 0.054 MPa (atmospheric
pressure), followed by slow cooling to room temperature.

3. Results and Discussion

The results of the single lap shear tests are shown in Fig. 1.
Fig. 2 illustrates different failure modes of specimens with
various bonding methods, including cohesive failure
within the adhesive layer, adhesive interfacial failure, and
fiber pull-out. Compared to specimens bonded with
adhesive alone, those reinforced with copper exhibited a
significant increase in both maximum failure load and
failure displacement. In addition to the shear resistance
provided by the adhesive itself, frictional forces generated

at the interface between the copper reinforcement and
CFRP also contributed significantly to the overall shear
load-bearing capacity of the specimens.

Fig.1.
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Fig.2. Max1mum load during single-lap shear testing

4. Conclusions, Significance and Future Works
Specimens reinforced with copper exhibited notably
higher maximum failure loads and displacements
compared to those bonded solely with adhesive.
Additionally, the distribution ratio of copper materials and
adhesive under different curing conditions exhibited
varying effects on adhesive strength. Specimens utilizing
copper mesh demonstrated superior maximum failure
loads and displacements compared to those reinforced
with other copper forms. Furthermore, the inherent
electrical conductivity of copper and carbon fiber-
reinforced polymer (CFRP) composites offers significant
potential for structural health monitoring (SHM)
applications [2].
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1. Introduction

With IoT and Al advancements, self-powered sensors are
essential for reducing maintenance needs [1]. Triboelectric
nanogenerators (TENG) offer a promising solution, but
conventional designs suffer from material-dependent
issues [2]. In this paper, we purpose material-resistant
tactile-force triboelectric multimodal sensor (MR-TENG)
using a four-bar linkage for accurate, material-resistance
force measurement. Furthermore, by Al integration,
enables the sensor available for surface tactile sensing.

2. Results and Discussion

2.1 Design and mechanism

(a) ()

Switchable Spring

Pantograph Structure
Lubrication liquid o=
on PIFE film

Copper Rod
Interdigitated

electrodes on FRA

Figure 1. (a) Schematic image of MR-TENG (b)
kinematics of MR-TENG

MR-TENG has two main parts: force conversion and
signal generation. The force conversion part uses a four-
link structure and switchable spring to convert vertical
motion into linear displacement of a copper rod, triggering
signal generation. The signal processing part includes a
triboelectric layer, interdigitated electrodes (IDE), and a
copper rod. As the rod moves over each electrode,
electrostatic equilibrium breaks, inducing electron
movement via the freestanding mode TENG mechanism
[3], generating an AC waveform. The number of signals
corresponds to rod displacement, which is expressed as

x =Y, +/Y2 = 2X, X, — X? (1)

Since vertical displacement is constrained by spring
compression, counting signal peaks allows vertical
displacement calculation. Using Hooke’s law, the applied
force is determined by multiplying the spring constant.

2.2 Force measurement and Material-resistance

As shown in figure 2 a. The MR-TENG system accurately
measures force over a broad dynamic range by switching
spring constants (0.5-3 N/mm). Its four-bar linkage
converts force into horizontal motion, ensuring material-
independent output in figure 2b. Tests with various
surfaces confirmed that peak generation depends only on

force. This allows consistent force measurements while

also capturing tactile surface data.
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The MR-TENG system converts external contact signals
into digital data for tactile recognition using a 1D-CNN
algorithm, as shown in Figure 3a. With different rigidities
were tested, the 1D-CNN model achieved 92% accuracy
without overfitting, proving the reliability for tactile
recognition.

3. Conclusions

A material-independent triboelectric force sensor (MR-
TENG) was developed with an adjustable dynamic range
using a spring. The four-link mechanism was modeled
accurately, and measured force precisely with material-
resistance. For tactile sensing, 1D-CNN model achieved
92% accuracy in contact material recognition without
external power, highlighting the potential of system for
tactile sensing and force detection.
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1. Introduction

Fused deposition modeling (FDM) has attracted
considerable attention for its capability to rapidly fabricate
complex structures from various materials. Cellular
structures, widely recognized for their lightweight, high
strength, and excellent energy absorption properties, pose
significant challenges for traditional manufacturing
processes but can be efficiently produced via FDM
printing [1]. However, the layer-by-layer nature of the
FDM process introduces anisotropic mechanical behavior
[2] and tension-compression asymmetry [3], complicating
accurate performance predictions. This study aims to
comparatively evaluate elastoplastic constitutive models
that address these specific material behaviors.

2. Materials and Methodology
2.1 Fabrication and testing methods:

An Ultimaker S5 3D printer with black tough PLA
filament was used to fabricate tensile test specimens
according to ASTM D638-1 and compressive test
specimens according to ASTM D695 standards. An ST-
1002 universal testing machine equipped with digital
image correlation (DIC) and strain gauges was employed
to measure the elastoplastic properties of the FDM-printed
materials along three typical printing directions (0°, 45°,
90°).

To characterize the anisotropic mechanical behavior
and tension-compression asymmetry of FDM-printed
materials, transversely isotropic elastic models and Hill
anisotropic yield models were developed based on tensile
and compressive test data, respectively. Additionally, a
bimodular elastic model considering both tensile and
compressive moduli was established. The evaluated
material models are summarized in Table 1.

Table 1. The developed elastoplastic material models.

Material Models Material behavior
MI Isotrapic elastic model and vield strength (Tension, 8 = 90°)
M2 Isotropie elastic model and yield strength (Compression, 8 = 90°)
M3 Transversely isowropic elastic model and Hill's yield criterion (Tension)
M4 Transversely isotropic elastic model and Hill's vield criterion {Compression)
M3 Bimodular elastic model and Hill's yield cnterion (Tension)
M Bimodular elastic model and Hill's vield criterion (Compression)

2.2 Representative cellular unit cell:

To assess the accuracy of the elastoplastic constitutive
models, four representative cellular unit cells were
designed (as shown in Fig. 1). Finite element analysis
(FEA) simulations were conducted using Abaqus 2022,
applying the developed constitutive models to predict the
compressive elastoplastic performance of these cellular
structures. Corresponding experimental tests of the printed

cellular unit cells will be performed, and the experimental
data will subsequently be used to validate the accuracy of
the developed material models.

R 90 =%

: ’.'./"b“ 2 ]
JINAY. T ‘ ;

Strakght-typed 2D unit cell: ~J
H =518 mm SE unit cell SR unit cell
t=4.8 mm (L= 40 mam} (€= 4.5 mm)

Strafght-curve hybrid 2D
unit cell:

H=328mm

=48 mm

a=45

Fig. 1. 4 types of representative unit cells for simulation.

CE unit cell CR unit cell
(L = 40 mm) (e =48 mm)

Printing direction

3. Results and Discussion

The elastic moduli of FDM-printed tough PLA from
tensile tests along the 0°, 45°, and 90° printing directions
were 2622 MPa, 1763.5 MPa, and 2238.6 MPa,
respectively, while the corresponding 0.2% offset yield
strengths were 40.6 MPa, 27.4 MPa, and 33.9 MPa,
highlighting clear anisotropy. In compression tests, the
elastic moduli for the same printing directions were 1485.4
MPa, 1535.2 MPa, and 1512.8 MPa, indicating negligible

anisotropy. However, the compressive yield strengths (0.2%

offset) were 47.1 MPa, 43.8 MPa, and 37.5 MPa, revealing
significant anisotropic characteristics.

The finite element analyses of cellular unit cells using
the developed constitutive models are currently underway.

4. Future Works

Future research will focus on comparing the simulated
elastoplastic behavior of the cellular structures with
experimental results, analyzing discrepancies, and
exploring potential causes of deviations. This study aims
to provide practical guidelines for optimizing the design of
FDM-printed cellular structures.
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Fig. 1. Schematic diagram of experimental setup.
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1. Introduction

The Very Low Earth Orbit (VLEO) environment extends
from approximately 160 km to 450 km above Earth's
surface. Compared to Low Earth Orbit (LEO), lower
altitudes in VLEO offer reduced radiation exposure and
access to a broader range of frequency bands, minimizing
interference from rainfall while enhancing launcher lift
capability [1]. These characteristics make VLEO a
strategically significant orbit for satellite systems [2].
Furthermore, with the growing demand for stealth
satellites in military applications, nations are intensifying
efforts to monitor adversary satellites and respond to their
space missions [3]. However, the VLEO environment
poses extreme challenges, including high atmospheric
drag (~10"" kg/m?), severe thermal cycling (-150°C to
150°C), intense ultraviolet (UV) radiation (100400 nm),
and material degradation caused by atomic oxygen (AO)
exposure, with a flux of 10*~10'¢ atoms/cm?‘s and kinetic
energy of 5.3 eV. Zhang et al. proposed improving the
stealth performance of satellite radomes by incorporating
a sandwich-type artificial electromagnetic structure [4].
Nam et al. The silver-coated aramid/epoxy composite
demonstrated microwave absorption performance and
hypervelocity impact resistance, indicating its potential
applicability for stealth satellite protection [5]. Similarly,
Laifei et al. evaluated the AO resistance of carbon/graphite
composites by applying a SiC coating. When AO interacts
with the SiC coating, Si atoms in the CVD SiC layer
preferentially react with AO particles. Additionally, AO
contributes to stress redistribution within the coating,
leading to improved surface stress resistance and enhanced
bending performance [6].

This study evaluated the stability of an oxide/oxide
ceramic matrix composite under harsh conditions that
simulate the VLEO environment using a space
environment simulation facility. Additionally, we
demonstrated that the developed structure exhibits
excellent  broadband  electromagnetic  absorption

performance, confirming its potential as an ideal stealth
material for the VLEO environment.

2. Materials and methods
2.1 Materials

In this study, we developed an electromagnetic wave-
absorbing structure for the VLEO environment using
oxide ceramic fibers and an oxide ceramic matrix. The
oxide ceramic fibers provide excellent mechanical strength
and chemical resistance, making them highly suitable for
atomic oxygen (AO) exposure [7]. To enhance
electromagnetic wave absorption, electroless-plated metal
was applied to the oxide ceramic fibers. The oxide ceramic
fiber/oxide ceramic matrix composite was fabricated using
a hand lay-up process to assess its performance under
VLEO environmental conditions and evaluate its
electromagnetic properties. The composite was cured in an
autoclave at 100°C under 7 bar pressure for 24 hours.

2.2 VLEO space environment test

The VLEO environment simulation facility in our lab can
generate ultra-high vacuum, thermal cycling, ultraviolet
radiation, and atomic oxygen (AQO) exposure. AO is
produced using a DC high-voltage plasma source through
a reduction reaction, where oxygen ions gain an electron
and transform into neutral AO. An ion beam gun
accelerates the AO to simulate high-velocity particle
impacts.

Exposure tests were conducted for 24 hours under the
following conditions: ultra-high vacuum (~10° Torr),
thermal cycling (-80 to 150 °C, 90-minute cycles),
ultraviolet radiation (280-420 nm), and an AO flux of 1.35
x 107 atoms/cm?'s. The AO flux parameters were
calibrated so that 1 hour of exposure corresponds to 10
days of cumulative flux in the VLEO environment [8].
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To evaluate changes in mechanical properties before and
after VLEO exposure, tensile tests were performed
following ASTM C1275 standards [9]. The results
confirmed that AO exposure significantly contributed to
mass loss.

3. Results and Discussion

The complex permittivity of the composite before and after
exposure was measured using a free-space measurement
system. Based on the measured permittivity, an
electromagnetic (EM) wave absorber was designed,
incorporating the exposed composite material as the
outermost layer. To enhance atomic oxygen (AO)
resistance, a stealth wave-absorbing structure was
developed using ceramic foam, which exhibits excellent
durability in harsh environments. The EM wave-absorbing
performance was then evaluated using CST Microwave
Studio.

The oxide/oxide ceramic matrix composites demonstrated
excellent durability under simulated VLEO space
environment conditions. The reaction with AO resulted in
the formation of a protective layer, enhancing erosion
resistance. High-energy AO particles directly interact with
oxide/oxide ceramic matrix composites, initially
promoting surface oxidation and the formation of an oxide
layer. This oxidation process is accompanied by volume
expansion, leading to stress accumulation within the
material. Over prolonged AO exposure, grain growth
occurs, further influencing the microstructural evolution
and mechanical properties of the composite. However,
tensile test results revealed a slight decrease in mechanical
strength even after minimal exposure, attributed to
changes in surface oxidation, which affected the
microstructure and increased porosity. SEM, EDS, XRD,
and XPS analyses confirmed that the primary components
of the ceramic matrix reacted with AO, forming a
protective layer through phase transformation, thereby
exhibiting superior resistance to atomic oxygen.

A reflection loss analysis was conducted on the designed
ceramic foam structure. Despite its thin profile, it exhibited
excellent broadband electromagnetic wave absorption,
with peak absorption occurring in specific frequency
bands. The enhanced EM absorption performance can be
attributed to the unique structure of the composite, which
optimizes dielectric properties. Strong dielectric loss,
originating from multiple mechanisms such as interfacial
polarization, dipole polarization, and conduction loss,
contributes to efficient attenuation of incident EM waves
across a broad frequency range. This design effectively
balances lightweight construction with high absorption
efficiency, highlighting its potential for advanced stealth
applications.

4. Conclusions
This study evaluated the mechanical and electromagnetic

properties of oxide/oxide ceramic composites through
simulated space environment tests to assess their potential

for stealth satellite applications in the VLEO environment.
Microstructural analysis after VLEO exposure revealed
that the oxide ceramic components effectively mitigated
erosion caused by AO by forming a protective layer
through phase transformation. These findings were further
supported by tensile testing and mass loss analysis.
Additionally, the ceramic foam-based electromagnetic
wave-absorbing structure exhibited excellent broadband
absorption performance. Therefore, this study suggests
that the fabricated oxide/oxide ceramic matrix composite
is a strong candidate for stealth satellite applications in the
VLEO environment..
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Fig. 1. Composite Propellant Tank Layout.
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Fig. 2. Static and Buckling Analysis Result.
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Fig. 3. Test Matrix.
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Arc-jet Test of Low-Density Carbon/Phenolic Composite
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AlgETTH 2 B e AEYSw 1 Zgxu}
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FFEe W7 0.4emE AU E FBY AU 2A 47
2cm, 4 ©] 2.3cmo] t}.

ALbE =, & AEEY A9 oF 0.524 mn/s=

A= AT °l = PICAEH B %‘: 29 o]/
T2 daE2

Fig. 1. (a) Arc-jet test and (b) Specimen B/A
Table 1 Test Results
AL [mm] Recession Rate [mm/s]
5.24 (=22.9 - 17.66) 0.524
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eostal olE H 2 FRe] dads
SFAT gk

rnest V. Zoby. NASA-TN-D-4799. 1968.
.S. Milos et al. JSR. Vol. 47, No. 5, 2010.
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Evaluation of Heating Behavior of Conductive Susceptor Using Ag Powder and
Induction Welding Performance of GF/PEEK Composite Structures
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Experimental statistical analysis and hybrid approach for quantitative
contact pressure evaluation of gasket in polymer electrolyte membrane fuel cell
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Fig. 1. (A) Actual test conﬁguratlon (B) FEA model
(C, D) Experimental statistical analysis results: 0.15 mm
and 0.17 mm and (D) average contact pressure results.
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27

This work was supported by Korea Research Institute for defense
Technology planning and advancement(KRIT) grant funded by
the Korea government(DAPA(Defense Acquisition Program
Administration)) (No0.20-105-E00-005(KRIT-CT-23-010),
VTOL Technology Research Center for Defense Applications,
2025).

- 213 -

omposite Materials

Ho 4z

4n 44 ox Lo



20253 r==EA

=1
2025 Spring Conference of the Korean Society for Composite Materials

Hojold Type IV 2872 A st e et & o 435 It
Internal and Burst Pressure Resistance Performance of Braiding-based Type IV Lightweight
Hydrogen Vessels

CUEY, AR
“J.S.Kim ', W.S. Ji*

' gdtnsty| sy 7|AIS st

—
*E-mail:wsji@unist.ac.kr

Keywords: Hydrogen Pressure Vessel, Braided Composite, Finite Element Analysis, Extrapolation Method.

2. 28 &
21 78 2
= ATl A 4
stoleh. ole #W, &¥n, gy ZHAE A5
Heolg HgAR g FRE olFolA gluh
g2 ZEdEs Y,
Zholuv= PALL EdH Aol A5 Heold
B A= 657 =2 Axd gaif/
At o HAe] =42 30
ol SHE A9 HelEE nEoR RaHY.

.M
=
<

i |
S
=i
Glm

Braided Composite
| Tri-axial 65"

Sleeve
|AT60E1-T6]

¢ Fitting
\ " ISUS316L|
—

Full Model

Fig. 1. Materials and Boundary conditions
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Fig. 2. Simulation Results: (a) Type A, (b) Type B
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Effect of crystallinity and crystalline size on fracture toughness of thermoplastic
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Table 1 Characteristics of crystalline structures

AQOFC A10FC A10SC

Crystallinity [%] 9.0+15 252422 27.040.2
Spherulite size [um] 3.2%0.8 58%1.8 11.1+2.7
Transcrystalline size 1.6£0.3 24207 5219

[um]

Fig. 1> 5341 ¢] & o] H o] w}Z compact tension 4| 3
A3E HQtl A00FCS AlOFCE A AsS
LERA HHE) A10SCE HA AsS Euth 59,
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A vty e AA x| A7I7F A
7Vt AS Bl

N
it

| =i AQOFC (Gy¢ = 0.62 + 0.08 N/mm)
| A10FC (G, = 0.55 + 0. 11 N/mm)
4= A105C (G = 0.48 + 0,05 N/mm)
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Fig. 1. Result of compact tension test.
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Design and Analysis of an Active Radar Absorbing Structure Based on Fluted Core for
Electromagnetic Wave Absorption Band Control

Keywords: Stealth technology, Active Radar-absorbing structure, Fluted Core, Tunable Electromagnetic Absorption
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A Structural Analysis on Composite Rotor Sail Technology for Eco-Friendly Ship
Wind Propulsion System Development
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A = e 79 7|ER FE A Qi o]
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Rotor Sail®] 7fwte] HQ st} H A= 34
Rotor Sail®l %% <HAAS H7bslz] 96|
T3S R Y5

2. dd 3 A=A

2.1 81l ==

=34 Rotor Sail &4 m&2 ZF Zo] 3bm,
217 5m (o] 20m, 15m 9] Cylinder 27§)=
TAAE k. A=A FxRE FAAHY e
Rotor Sail®] A= Glass fiber, Foam cores
28313l T}
ANSYS ACP-Pre module & ©o]&3}e] A4 A=
FALE 3ot

X

Fig. 1. Composite Rotor Sail Modeling.
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Fig. 2. Boundary Condition of Rotor Sail
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50 points 1.48 5.65 30 0.19 7.86
1.49 5.56 30 0.18 8.04
2.97 7.63 30 0.25 11.68
100 points 2.99 7.61 30 0.25 11.79
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4.33 9.20 30 0.31 14.12
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Design of a high temperature (300 °C) broadband corrugated core sandwich
composite structure using a Ni-Plated glass fabric/Bismaleimide resin
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