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Epithelial-Mesenchymal Transition (EMT) is a biological phenomenon where epithelial cells
transition into mesenchymal cells, losing their polarity and cell-to-cell adhesion properties
while acquiring migratory and invasive capabilities. This process serves as a critical
mechanism in cancer metastasis, enabling tumor cells to invade surrounding tissues and travel
through the bloodstream to form secondary tumors. Additionally, EMT plays an essential role
in physiological processes such as wound healing and fibrosis. Early detection of EMT allows
for therapeutic interventions before cancer cells acquire metastatic characteristics, effectively
preventing cancer progression.

This study proposes a novel approach for early detection of EMT by leveraging Fast Fourier
Transform (FFT) to analyze subtle morphological changes in cells. FFT transforms cell image
data into the frequency domain, enabling the quantification and visualization of spatial
periodicity, orientation, and anisotropy in cellular arrangements. Unlike traditional segmentation
techniques, this method effectively captures features such as spatial periodicity and directional
patterns, offering real-time, label-free, and non-invasive analysis.

Preliminary findings demonstrate that FFT-based analysis sensitively captures the
morphological differences between epithelial and mesenchymal cells during EMT progression.
For instance, epithelial cells exhibit high periodicity and alignment, with distinct frequency
peaks visible in FFT images. In contrast, mesenchymal cells display irregular patterns, reduced
alignment, and increased high-frequency energy, indicating disordered arrangements. These
results were quantitatively validated through comparisons of normalized intensity distributions
and spatial periodicity across various regions of interest (ROIS).

This research underscores the potential of FFT-based analysis as a robust tool for the early
diagnosis of EMT. By enabling quantitative and sensitive detection of cellular morphological
transitions, this method paves the way for advancing early cancer diagnostics. Future studies
will focus on integrating FFT-derived features with machine learning models to enhance
predictive capabilities and extending the application to real cellular data and larger datasets.
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Polyvinylidene fluoride (PVDF) based nanocomposites polarized with alumina nanoparticles
have tremendous potential in energy harvesting applications due to their excellent
piezoelectric properties. This study investigates the polarization behavior of PVDF matrix in
the presence of the alumina nanoparticle under an applied electric field using classical
molecular dynamics (MD) simulations. The results demonstrate that electrostatic interactions
between the nanoparticle and PVDF chains induce spatially distinct polarization characteristics
due to selective adsorption. Thus, the region of PVDF matrix where the interaction vector
aligns with the electric field vector effectively maintain strong polarization density. The
electrostatic selective adsorption and the spatial constraints imposed on chain mobility by the
nanoparticles create spatially distinct responses to structural changes of PVDF chains.



@ 2025 SEHHHUA / 2025.01.14.(3})

ABSTRACT

SHK(CHSHR) 7| A EA St nt g/ Sttt 1 27]
oY olm
== 1D AlZ20|M 7|=2 0|&%t LPG ME} QIFIol s o=
= 3w
= 1L
= = Performances prediction of a LPG marine engine using 1D simulation
o=

technology

d AAA] S ZA

b
o
Mo o N
oo
12
2
o
ftlo
N
fu
_|>_‘
ofo
QL
s
Ao
Og{:."
>
=
T
i

X & ol
>

2 E Jo o
% g
o

¥ (%
o2
o
@)
Z.
Q
i
=
g
Q
ofl
i)
M)
flo
=
i_"‘
2
k
it
>
oo
ol
ol

i
AT
2
>,
rr

AMESim (advanced modeling environment for simulation) 1D-Simulation &
g oA AL Wl AR NEF LPG AWE Awetr] 2, ABH oA 4
AFEARl Aes ddstr] 913 AdS JAFskAth. AMESImS &3t A5

>
ofo
p‘h
e £
™ ol
L g

> o o
of
ol
ok

2
o

je‘_&
ol
o

o~

_&ol:o

146 L¥ V& 87]1% LPG d5 AlxHo ALH oz ndS MHA Yo,
2 FAF] B A SeprHE 4 FAF ALsidn =28 F7] 2
A17] (open—closed timing) W3}o] g Az A5 zolE FAslr] 913t

AAstR o™, Type A, B, CE2 EF/F3t Izl 1D =dol| 28313

=

o M

tlo o

ol
=

Hj 7] B sz
MNH A7) 37k

)

—
Al

#
r_u N
m[o

AF A EFYOIAL &%= 1,800 rpm, AF3} (full-load) =3 oA HPFF o, HsHA|
71 €90 7ME 2 A, 3dAvlE 533 (ich) 272 AAs9 Y. O o, A% A
5ol #3 AE2l =7 (brake mean effective pressure, BMEP), 914 ¥, A& A4 S
(mass fraction burned, MFB) 50% A4, &7] wjyZ= H28 (boosting) &4& L Hj7] 4,
a8 7] HEl dd 2 e vyt 250 WHIkE Elsith



@ 2025 SEHHHUA / 2025.01.14.(3})

In order to respond to global environmental issues, research is being continuously
conducted to improve the fuel efficiency of transportation vehicles and reduce exhaust
pollutants by improving internal combustion engines. Heavy-duty vehicles and marines mainly
use diesel engines, and environmental problems are emerging due to harmful substances such
as particulate matter and nitrogen oxides emitted during operation. As a solution to these
problems, research is being conducted to modify existing diesel engine fuel systems to
systems which use alternative fuels such as CNG or LPG.

In this study, before developing an LPG engine based on a heavy-duty diesel engine
using the AMESIim 1D-Simulation tool, a simulation was conducted to predict the overall
performance of the engine. A 14.6 L V-type 8-cylinder engine model with a turbocharger
system was designed using AMESim, and parameters for the geometry of engine components
were applied to each component for analysis. In addition, in order to confirm the engine
performance difference for open-closed timing variants of intake and exhaust valves, three
candidates for open-closed timing were designated and classified into Type A, B, and C and
applied to the engine 1D model.

Engine simulation was performed under the conditions of speed 1,800 rpm, full-load
operation, spark timing was set to the point with the highest power, and air-fuel ratio was
set to rich condition. Then, the engine performance indices such as power (brake mean
effective pressure, BMEP), combustion pressure, MFB (mass fraction burned) 50% point, intake
manifold boosting pressure, exhaust pressure, and turbocharger turbine front and rear exhaust
gas temperature were confirmed.
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150% 150 mm?, [0], 150% 150 mm2, [0], 150% 150 mm?2, [0/90/0/90] 150%150 mm2, [0/90/90/0)
1.2 kPa, 220 °C, 10 min 1.2 kPa, 210 °C, 10min 1.2 kPa, 210 °C, 10 min 1.2 kPa, 210 °C, 10 min
Vacuum Non vacuum Vacuum Vacuum

150% 150 mm?, [0], 150% 150 mm?, [0], 150%150 mm?, [0], 150% 150 mm?, [0],
2.2 kPa, 210 °C, 10 min 3.2 kPa, 210 °C, 10 min 1.2kPa, 210 °C, 30 min 1.2 kPa, 210 °C, 50 min
Vacuum Vacuum Vacuum Vacuum

Fig. 1. GFRTP cross-sections produced under different conditions.
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1. Introduction



@ 2025 SEHHHUA / 2025.01.14.(3})

Throughout human history, composite materials all play an important role. Compared to steel,
aluminum, etc., composite materials have many advantages, including light weight, high
strength, excellent shock absorption performance, corrosion resistance, and wear resistance.
Because Glass Fiber Reinforced Thermoplastics (GFRTP) is applied in various fields due to its
advantages, the thermoforming process of GFRTP has been studied.

In this study, the thermoforming process of GFRTP was optimized by changing variables such
as temperature, pressure, vacuum, stacking angle, and heating time. Characteristic parameters
such as fiber content were extracted through Python image processing. The experimental
results show that various process parameters have a significant effect on the material
performance and provided theoretical and practical guidelines for GFRTP’s industrial
application.

2. the main subject

2.1 Analysis of process variables:

In the manufacturing process of GFRTP, temperature, pressure, vacuum, stacking angle, and
heating time are variables that have an important influence on the performance of the
composite. The internal microstructure and mechanical properties of GFRTP can be improved
through the control of each variable. In this study, the cross-section of GFRTP was analyzed
under a microscope by systematically adjusting the changes of these variables. Through this,
basic data to find the optimal manufacturing conditions were secured.

2.2 Evaluate with Python:

The quality of the composite material was quantitatively evaluated using image processing
technology. Fiber content, which is a characteristic extracted from images, was used as an
important predictor.

3. Results and Evaluation

3.1 Microstructure Analysis:

The GFRTP specimen prepared under various conditions was cut in a direction perpendicular
to the fiber to form a resin model, polished with a polishing machine, and observed under a
microscope. The observed cross-sectional image of GFRTP is shown in Fig. 1.

3.2 Derivation of optimal variables:

Since  GFRTP manufactured under vacuum and non-vacuum conditions has very different
porosity, a vacuum is a prerequisite. Since it was not molded when manufacturing at 200° C,
Figure 1 shows that 210° C~220° C is the optimal manufacturing temperature. When it
exceeds 230° C, the matrix material starts to be decomposed, resulting in lower mechanical
properties and lower surface quality. [0/90]2 has better tensile and bending prevention
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performance, while [0/90]s has better shear prevention performance. The GFRTP produced at
3.2 kPa has no clear layer, indicating that the fiber and matrix are well fused. Therefore, a
pressure of 3.2 kPa or higher is the best. Finally, whether heating for 30 minutes or 50
minutes, there is no significant change, so the heating time is best between 10 and 30
minutes.

150% 150 mm?, [0], 150% 150 mm2, [0], 150% 150 mm?, [0/90/0/90] 150%150 mm2, [0/90/90/0)
1.2 kPa, 220 °C, 10 min 1.2 kPa, 210 °C, 10min 1.2 kPa, 210 °C, 10 min 1.2 kPa, 210 °C, 10 min
Vacuum Non vacuum Vacuum Vacuum

150%150 mm?, [0], 150% 150 mm?, [0], 150%150 mm?, [0], 150% 150 mm?, [0],

2.2 kPa, 210 °C, 10 min 3.2 kPa, 210 °C, 10 min 1.2 kPa, 210 °C, 30 min 1.2 kPa, 210 °C, 50 min
Vacuum Vacuum Vacuum Vacuum

Fig. 1. GFRTP cross-sections produced under different conditions.

4. Conclusions and future tasks

This study systematically analyzed the effect of process variables on the performance of
materials in the manufacturing process of GFRTP, and based on this, optimal manufacturing
conditions were derived. The optimal manufacturing conditions are 220° C, 50 min, [0/90]s,
3.2 kPa, and vacuum. In the future, the above variables may be used as ANN models to
derive more accurate optimal production conditions. It is necessary to examine whether these
optimization methods can be applied to other fields through research on more diverse
composite materials.
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This study presents the development of a simulation-based framework to accurately and
efficiently evaluate the driving ranges of battery electric vehicles (BEVs) under various
thermal conditions. Existing certification methods predominantly rely on experimental testing,
which is both time-intensive and costly, rendering it insufficient to meet the growing demand
for BEV certifications. To address this limitation, the proposed framework integrates critical
parameters such as battery performance, motor efficiency, aerodynamic resistance, and
heating energy consumption to predict driving ranges. The model’s validity was confirmed
using real-world test data, demonstrating strong correlations with actual results, where over
90% of vehicles met acceptable error margins under ambient conditions and over 80% under
cold conditions.

A Kkey aspect of this study is the incorporation of average heating power consumption
into the simulation to reflect the energy loss due to heating under cold temperatures. This
allows the framework to account for a broad range of operational conditions while
maintaining high accuracy. Moreover, this framework provides a robust tool for certification
authorities to streamline BEV certification processes.

The novelty of this research lies in its tailored approach to BEV evaluation, leveraging
parameter estimation methodologies specifically designed for electric vehicles. Unlike
traditional certification processes developed for internal combustion engine vehicles, this study
emphasizes thermal variability and energy flow analysis unique to BEVs. By integrating
manufacturer specifications with real-world test data, the framework is capable of rapidly
analyzing certification applications for numerous vehicles. This approach significantly enhances
the efficiency and reliability of BEV certification procedures, supporting the sustainable
development of South Korea’s electric vehicle industry while providing valuable insights
applicable to global markets.



@ 2025 SEHHHUA / 2025.01.14.(3})

ABSTRACT

R Zsicys) LIS HAL 17
o9 o|H
Lo B2 72l MI MEAE 018 B MR LSt B2IOICFRPY B 7lE
=1
M= of o Joining Technology of Carbon Fiber Reinforced Polymer (CFRP) Using Copper
o

Wire and Adhesive

Keywords : CFRP, Joining, Adhesive Bonding, Shear Strength
1. Introduction

This study explores the challenges in joining carbon fiber reinforced polymers (CFRPs). Conventional
mechanical joining methods, such as bolts [1], can damage carbon fibers and increase stress concentration.
Although adhesive joining is crucial, it often lacks sufficient strength and durability in highly stressed
environments. This research examines the combined use of wires and adhesives to enhance the single lap
shear strength of CFRPs.

2. Experimental set up

2.1 Material: Polypropylene-based T700-grade CFRPs supplied from Keun-Young Industry Corp. And the
adhesive (DP-460, 3M) were utilized to develop the joining technology. The copper wire whose diameter was
0.25 mm was also used to enhance the joining properties. All the CFRP specimens were polished with
150-grit-sandpaper and rinsed with an acetone solution before the joining.

2.2 Sample Preparation: In these experiments, 3M's DP-460 off-white adhesive was used in combination with
€ 0.25 mm copper wires. The samples were subjected to different curing conditions: room temperature for 24

hours, 60 "C for 2 hours, and 170 *C for 15 minutes. Another variable was copper wires: no wires, parallel
wires in width-wise and those in length-wise. Moreover, the applied pressure ranged from 11.99 N to 54.79
N. The cooling after the heating for all cases was a slow cooling sustaining the pressure applied. According
to the ASTM(D5868) the Single Lap Shear Testing speed of 2 mm/min.

3. Results and Discussion

The interfaces after the single lap shear testing are shown in Fig. 1. The different joining methods with the
adhesive represented cohesive failure, adhesive failure, and fiber pull-out. The combination of adhesive and
wires showed the similar maximum load. However, the significant increase in the maximum failure
displacement was observed. Additionally, the arrangement of wires in both width- and length-wise increased
the maximum failure displacement. With an aid of the adhesive, not only the maximum shear forces but
frictional forces generated at the contact points between the wires and CFRP further increased in the
maximum shear load.

[ Avg diax Load
ail Dis

[ Fant

Fail Dis (nm)

Avg Max Load (N)

Fig.1. The photos for the interface after the failure Fig. 2. The maximum load and failure displacements
during the single lap shear testing
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4. Concluding Remarks

The joining combining adhesive and wires demonstrated superior mechanical performance in terms of
maximum load capacity and the failure displacement. The oven-cured samples exhibited the stronger adhesive
joining, indicating that temperature is the most critical variable enhancing the maximum joining strength.
Moreover, since both the copper wires and CFRPs are conductive, this provides significant potential for
Structural Health Monitoring (SHM) in future applications [2]. Further research will continue to explore the
interaction between adhesive and wires.
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