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workpiece surface when machining aerospace
materials: From Macro to Nano studies”



Plastic defor mations induced on the wor kpiece surface when
machining aer ospace materials. From Macro to Nano studies

DragosAxinte

Abstract

For particular aerospace components made of Ni or Ti based superalloys machining is regarded as a key
enabling technology to deliver surfaces at required geometrical accuracies and surface quality. An aspect of
particular importance, but often neglected, is the surface integrity resulting from machining operations; this
includes the metallurgical and mechanical property aterations of the machined (sub)surface with inherent
influence of service life of the components.

The presentation gives an overview of surface quality requirements and possible anomalies that might appear during
machining with defined cutting edges (e.g. drilling, milling, grinding) of aerospace superalloys. Particular importance is
given on how the process parameters/machining strategies should be conducted so that metallurgical/surface damages are
minimised while resultant mechanical properties (e.g. residual stresses, micro-hardness) are favorable for enhancing the
lifing of the components. Here, it will be presented not only standard surface examination techniques (e.g. SEM, XRD)
but also advanced material evaluation/testing methods (e.g. TEM, EELS, EBSD, Raman spectroscopy, SEM micro-pillar
testing), that are very seldom employed by machining community, to enable in-depth understanding of the governing
phenomena for the workpiece surface integrity formation. Particular attention is given on plastic deformations occurring

at different scales under the machined surface and link them with the physics of the cutting process.

1. Manufacturing Engineering, University of Nottingham, UK
# Professor and Chair, E-mail: dragos.axinte@nottingham.ac.uk
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Mechanical Property Evaluation of Aerospace Materials for
Ultra-High Temperatures and Need for National Support
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Prediction of wire surface roughnessin the drawing process
using finite element analysis

H. B. Hong, Raj Narayan Hajra, J. H. Kim, H. H. Cho

Abstract
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High-temper ature Compression behavior and Characterization
for Optimization of Wirerod - Hot rolling process for FDS and
FEW materialsfor Mechanical Joining

C.W.Hong, K.T.Youn, R.G.Lee, J.U.Kim, H.W.Jeon, C.H.Seo, D.M.Son

Abstract

AsAE 83 AxP AFe HF 5FE Y Aoz £% (Wdding, Laser Brazing),
A& (FSW), 717412 A2 (FDS, FEW, SPR, Rivet, REW) 52 B3 HZ xgo| o|H Xt} HZ
8 Abs A Aol mE xpFe] Awstel] F-aetr s ddaAl P FF ZYHETE o]F
2A7E de] 2ol o]FaAle] HFS A=A Aol s H-E&F (Spot welding) A S A
&3t7] e, st=slol ZIgke] ZAlA AAwA el AREEAL Jlow, o|FaAE T AEA
AEFstE o] Al Sed, BFAR 59 o]FaA 3F AAo 2FHE gId AT (AALRA
e A, AEE gd 54, Ad 34 B s)7F ASE Aok & AFeA = AsA &
HEAol A&Ha v v 7AH AATH T 7P dxHoZ A= FDS % FEW
& A s gotr At skl

FDS (Flow Drill Screw) #| 2§ &A1& 3%
et = A EAS ‘/P‘V}Oﬂ oJs] ¥%
AA Al AL 3o o) P A
a2 4, 94, 37‘4”33} =& AE (Hadness)”} Q7-¥t}h whHol FEW (Friction
Element Welding) #14-8& AAl= 2lWlS 3 dAA S A AFoA 7heiA = &
83l 7 (Soft mattenal)E HE8ta T Aol S (Hard material)2be] whzelo] ofd] w4 HEH
of AA st=9o] =9k A" HAAI FAL 7 e AdEkd AHGFA HE Al
o 93 np=Y wjFo, d3}l(therma degradation) = A s o stw, F Aol Abatyt 34 g
T HTACA HAsE AW E Ad A8 o AN At daste] 48 s
gk st=glo] Aol A|ofo] iAo R ET.

A 71AA AAd AHREE F=90] A= Ingot (£3l) - DA Wire rod (Billet €<) -
A A Wire (B9, 92 - st=Eo] HW (ARG 2/G A/ EAA /A7) 34 Z3 A

E rlr 0_u



b I Sl E Wirerod & AA 49 FA o Ay Ed duk dAdFAHYE dE] 12

o Al FAS AWl JhelA vig- =2 A9 ©HA A (Billet — Wire rod, 5.50 ~ 7.50)
of WE T34 AAA, EY =2 (Sub grain, deformed structure) A 2 = AW EE 7kl
ok @A olF Al AR =Sl AEE 100% el o Ed= AEoln, sid Wirerod (4 4)

FAERLZ oMHA wWell M FE3}, FFEE B Aol Ald st=dol 24 8 =4

[e]
2 WEse dgd Ao ARTH Al

2 g s}t
wEla], B A= FDS 2 FEW A ZEL Ao AA d7F g 24 HHSE 93 D
a2 4E As A @ Wire rod (AA)2] F3F A vAEzZ B8 AT VIM 22

43l¥l FDS 2 FEW A A& 24 (Billet)oll disl
1150, ME & £ X%(/s) : 0.01, 0.1, 1, 10)S A &3}
ANAG TR 9D ¥y ¥ (e §4S B8 1 4F AsS v B4 e, Wire
rod ¢ AA AzF 4 A/F v Al ZZ] (disocation-related sub-grain, precipitation) S -4 5} T},
AA E=e B4 (0.6~0.7wt%C)] Plain carbon steel A1 &3 €] (Austempering) = Lgﬂ
AAE B3] 71X %2 (Martensite, Bainite, Ferrite, Pearlite, Residual austenite) 2] A& Aol & T4
728772 St FDS A 2§ A9, $e B (0.2~03wt%nC)olH e EdA FRE %sﬂ
e3lE 34 949 Cr, Mo, V (1.5Wt%Cr, 0.6wt%Mo, 0.3wt%\V)o] H7}5o] ests A& 73t 4
AYA A FE Fs7)| 7R s FEW Al AE A 7 12 %‘% A& AolE 2‘%3}“
om, A7k kA /% wAFRF FAES S3 T4 AAAe] FukE dAdg Al AA

R =
97z 9 42E AES A

H LA =
1L 9 A (L%(C C) : 850, 950, 1050,
o

d

Keyword: Multi-Materials, Mechanical Joining, Hot rolling, Wire rod, Microstructure characterization
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Effect of steel sheet on the mechanical perfor mance of
aluminum-steel Friction Element Welding

Jae Hoon Kim, Woo-In Choo, Wonjung Ju, Seung Hwan L ee, Dong Hyuck Kam

Abstract

In the automotive industry, weight reduction has become a key factor due to its positive effect on the driving
range of electric vehicles (EV), as well as the gas mileage and emissions of internal combustion engine (1CE)
vehicles. To achieve weight reduction, the use of lightweight multi-materials such as high-strength stedl,
aluminum and carbon composites has become essential. However, joining dissimilar materials necessitates
highly efficient techniques, as conventional fusion welding methods are not applicable. Friction element
welding (FEW) is an advanced joining method used to join nonferrous materials and steel sheets. The FEW
process consists of four steps. penetration, cleaning, welding and compression. During this process, arotating
steel element is pressed through the aluminum top sheet, then friction-welded to the steel bottom sheet. This
study investigates the quality of FEW joints between aluminum (top) and high-strength steel (bottom), which
cannot be joined using flow-drill screw or self-piercing rivet. Steel sheets with various strengths and
thicknesses were tested, along with two types of FEW elements (8T and 10T). The penetration and cleaning
step parameters were optimized to minimize chip formation and to maximize shear load, respectively.
Compression step parameters were fixed, as they had minimal effect on joint quality. The parameters for the
welding step (force and RPM) were tested to analyze the shear strength of the FEW joint. The results
indicated that the welding step force had a greater influence on the mechanical performance than RPM during
the same step. Additionally, optimization tests with different strength steel sheets revealed that the strength of
steel sheets significantly affected the tensile-sheer test results. After parameter optimization, all aluminum-
steel combinations achieved an average maximum load of over 8 kN.

Keywords: Friction Element Welding, Solid State Welding, Shear Strength, Aluminum, High-Strength Steel
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A Study on the Joining Characteristics of M echanical Joining
Hardware for Electric Vehicle Body Applications

H. S Kim, W. Y. Chung, Y. J.Heo, J. M. Chai

Abstract
As2b Aol E B vE 5 :ayg Aol d-gak7] 913 w==ow tpddt v ey
of g AF7F o] FolAaL o, < ol A7) AsAke dlEE e FAR Qe A
b oS bkt A7) }Exu TAE e du) B ol FaAstsALdE o
A7) Wl A7) Agate] FAR Gug daN TEA A Bu ople), A

WoATE Aol HeEE O a5l dEl B/l 24 A% A, dad 1A%
A B ANRGoH, AFAF, BERA 52 Ba 2] B A8 g3 P 3T
54¢ BAaqT

Keywords: EV, Mechanical Joining, SPR, FDS
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I nvestigation of TM E Characteristics and Diffusion Coating
Analysisof FDS Screw Materials

J.N. Park, S. J.Kim, J. S. Choi, J. S. Park
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L ocalization of Robot-Based One-Way RFSSW System

Y.B. Choi, E. Y. Son, K. H. Jung, K. W. Lee

Abstract

7] Z}(Electric Vehicle, EV) Al1&2] Ao ulel BV wiE g &4 AT A% Bis)
v &7l F88HA vHEHA AL Aot AA| AESE St BV wiHEY 9 A AAlE
&FulE CFRP 9} o] vAFE Aol 8o Frlstar ).

thekgk AA7E o A&Hel we olet AAlY] FF Hv olF e thekek &3 R A
gl ARo] AEY I vt ZE 7] RFSSW(Refill Friction Stir Spot Welding) A1 =8 74
17} E AR x2A Ho|FaA ATt wsshs AP Aol V1S AR EHEH 7S
WA 74 dAE S5 7 e AAY 220F HEH EFHeR FETL Q) 53
SR, vl 2FEE 5SS HHT 24 e kA" A] AFES Fdsy] HsiAE
139 A7t 7bed £YE-A-FTHE 3 F AF, WY EA &5 F T8 34 WS gig
AR A D g e o] Fsol A ow QFETt 84 EFA wEA YA
= gHst7] faiA e vt S e T AL AR s HAsE T de A SR A
A, F5E FH4E dScta AvoR BT 7 e FAHRE A2H 59 Vo] THA
o= Zrrlojof g} o]Yd 84 V|EES v FHAN, 1 FH HARE FHE JHEEHA
st Axd oz AT M-S Al =Y 5 Utk B8, 833 T wAEE et
£ Ags] o=sta Aolslr] 9lalA= CFDIFEM 7]¥ke] AlEdo] Ay tAd E 7)uke]
A HA8 Al FFo] Dt ol AAIZE dlolE 7Nk Fd RUEH I} A Al 7|k
34 20 Fd L 23 dA 5 AeH &4 54 #AY V2 F4E 5

2 RRdAE AR ARSI ENEARS] dEo e 23 FQl «“ddE 300 B
fit 3= o agf‘sl 71 9 slolBEl= AR AAEE Ve & 23 719 dJd RFSSW
Al 2= )

Keywords: Refill Friction Stir Spot Welding, One-way System, Robotic, Localization, Monitoring System
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Development of RFSSW Tool L ocalization
and I nspection System

J. U.Hwang, Y. C. Jung, G. G. Kim

Abstract
2 Age @) A% e 7EEY AEAE AF 8o
(REFILL FRICTION STIR SPOT WELDING, RFSSW) 7]&<e] A 4424921
stttk 71 94t &9 aM| &Y g B S sastar, w4k 3 Al
A Z3E fleke] RESSW &= A&silv. 52 &0, 228, S92
FolA lom, a2 adts gAY WadAd e A S FEE] 9
d5 A&k, o], AZE RESSW =9

=
oxl
(e]
o
i
Jot
f
| =
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Development of welding tool material for RFSSW with
high toughness and high wear resistance
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Finite Element Analysis for Wear Reduction
in Refill Friction Stir Spot Welding of Aluminum

I.H.Koo,J.H. Jeon, S. M. Baek, Y. S. Leg, S. C. Cho, W. H. Tak, 1.J. Jin, C.H. Han, J. H. Cho

Abstract
g wpg wdk g 24 (Refill friction stir spot welding, RFSSW)2 ®H|ARA 34 FF
of i &S5 o] &3t H& 1 A RAQ S Adete Y &5 dAHoE, V&Y npE
b 274 (Friction stir welding)ol A9l 7]1& (Keyhole) ZA3HS A3 = 9lo] 83 2 2%

A Argel A BEET Fobda Qirk. elvh wE Al 4 ThgolA wAse Fe vhut

o
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b

el AL Wolmelw 3o Aol GBS Fo FF £ wEI ANY At
Qo] Wt B3 dFuE FF WP A, BT LB Sleeve) s WRH i3 FH, 3
A shgolA WS rhREst A $¥e] WFow A} nhwsh FPAI HFe)F 2ke 3
Aol og $3 vlml AR, old B AFAAE ol wAsE $HE f@ ax 4
2 B 4RO dFety, v APS A% 4Y dol ¥ W HEsh gL TR Wi
G BASGTh. F4 W wsel W o gt 744 U gie] dRE
Aol G-id WE ABS BAFoRA B v A 4T FA A5 9% A4 2
a7 FEIT

Keywords: Refill Friction Stir Spot Welding, Aluminum Alloy, Finite Element Method, Tool Wear, Solid
State Welding
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Welding of Ni-Cr-Al-based Alloy
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Structural Characteristic Analysis of an Inductive Proximity
Sensor for Detecting the Operating State of a Marine Exhaust
Valve Spindle under Environmental L oads

H.S. Jeong, D. H. Noh, S. M. Lee, J. R. Cho

Abstract
fFEd 2RANE Aol o) vy EE Axld AgEe], wy]En sus5e] 94
= A FAste] A Aof7le] AAZE "HolHE Alests 9 sk s AA=

Housing, Cover, Adapter, Capl® FAxo] 9lom Al F(Adapter, Cap)= PEEK AA=E,
Housing STS 316 A= A 2b¢t}. HAA e Azl sk FatEo] duk &4 A
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700 C NaxSO4+ V205 &
DSA7602 11
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Hot corrosion of DSA760
in 700 C NazxS04 + V205 molten salt mixture

L. Jeong, C. M. Kang, H. J. Jang

Abstract
DSA760 59 12 F2 AFS 700 °C2] 15 wt.% NaSOs + 85 wt.% V.05 &8 27 ol A
Nimonic 80A ¢} B 3le] ZAFSFITE DSA7609] vAlZ2A L v, vy A3 o-Cr Aoz A F 0o
gom, a-Cr g ehiliel 72 £ pAske JHE EASGT 889 xS 20 mglem?
= 3to] 196 Al7F FQF 12§24 ARS AAIG A3 DSA7T60 oA 4mgem? W 2lo] A
&Alo] HASH = o= Nimonic 80A°] F-21&Ql 7 mg/em?ith Hx A2 Fort. H-A &
DSA760 Al¥e] oA = AHA0 Al AtstE Fo] dEHAoH o]zlo] S5 Ao

A90¢l Aoz e,

Keywords: hot corrosion, molten salt, superalloy
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Development of high-Cr Ni-Cr-Al alloysfor high strength and
corrosion resistance

J.1.Lee" S.M.Yun? Y. S. Choi®
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Resear ch on Super-Heat-Resistant Alloy Exhaust Valve Spindles

Applied to Marine Engines

J.H.Cho, D.S.Cho, Y.Y.Woo, E.Y.Yoon, J.W.Shin
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Development of Hot Forging Simulation Technology for Railway
Wheels

J.Y.Lee E.-Y.Yoon, J.-H. Hong
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Flow behaviors of carbon steels to be cold-forged

N. H. Kim!, H. M. Lee!, M. C. Kim?, M. S. Joun

Abstract
Tensile tests of carbon steels of S10C, S20C, and $45C to be cold-forged are conducted under the same
conditions, and flow curves are obtained using the combined FEM and tensile test method. Theflow information
isused to express ageneral flow function for carbon steels to be forged, which can be used for any carbon steel
with a specific carbon content.

Keywords: Carbon steel (§+427)), Annealing (3 %), Flow behaviors (-5 54J)
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Tubetensiletest for characterizing the flow behavior s of
metallic materials

B. S. Hong, Y. B. Shin, S. M. Hong, M. S. Joun

Abstract
An efficient method for obtaining high-accuracy flow curves by linking tensile tests of tube materials and the finite element

method is presented. This method gradually reduces the difference between the tube tensile test predicted by the flow

function, which is a piecewise linear function of a couple of effective strains experiments of the tube tensile test and its FE

predicted, corresponding to sample points on the stroke-tube tensile load curve, and the experimental results.

Keywords: Tube tensile test(] A §), Snug-fitting plug(Z 7] 1 %% =] 71)
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Fillet rolling titanium alloy bolt fatigue life prediction

H. M. Lee!, H. M. Kwak?, J. M. Choi2, M. S. Joun"#

Abstract
Aircraft, satellites, and nuclear components require high fatigue life. To address this, we perform fillet rolling
on the corners of the bolt neck, which is vulnerable to fatigue failure and apply preloads under compression
conditions to improve fatigue life. In this study, we predict high-cycle fatigue life using the Haigh diagrams
found in the literature, resulting in a quantitative investigation of the relationship between fatigue life
improvement and fillet rolling.

Keywords: Fatigue test(3] 2 A] ), Ti6Al4V bolt(Ti6Al4V & E), Fillet rolling(Z 2 &), Fatigue life(]

2 471), Maximum principal stress(Z ] 5=-8-2)
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Obtain a standard tensile test curve from any tensile test curve
N.Y Kim!, M.S Joun'

Abstract
Cylindrical tensile testing is critically reviewed focusing on the gage length per diameter (GLPD) and its effect
on the elongation. Flow behaviors and patterns of representative cold forging materials are revealed focusing
on accurately predicting their tensile tests with various GLPDs using the combined elastoplastic FEM and
tensile test method. A novel analytical elongation calibration function is presented and numerically validated.
This function simply maps an experimental tensile test to the analytical tensile test of the specimen with
arbitrary GLPD.

Keywords: Tensile test($!7A] &), Elongation($1 A1), Room temperature(’d-)
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Flow characterization of ZF7B alloy steel and its application
H. J. Cho!, N.Y. Kim!, J. H. Choe?, H. K. Moon3, M. S. Joun !#

Abstract
The flow curves of ZF7B alloy were obtained through hot compression tests and applied to the flashless closed die forging
process of complex shapes requiring high-precision FE analysis. The flow curves were obtained from the hot compression
tests under the isothermal and homogeneous assumption and the effects of temperature and friction were compensated to
reduce the average error of the predicted stroke-compression load curve to less than 2.2% compared to the experiment.

Keywords: Alloy steel (¥ 7), Hot compression test (1L-2%5A] &), Precision hot forging (4 2 & 7Fek=)
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Fabrication of Flexible Energy Storage Films Using Roll-to-Roll
Process

T.H.Kim?, S. C. Jun?

Abstract

Recent advances in two-dimensional (2D) nanomaterials have opened new pathways for high-performance
energy storage systems. Among them, MXene has attracted significant attention due to its metalic
conductivity, tunable surface chemistry, and strong mechanical flexibility, making it a strong candidate for
integration into flexible supercapacitor electrodes. In this study, we employed aroll-to-roll (R2R) wet coating
process to fabricate M Xene-coated carbon cloth electrodes, whit a focus on the mechanical effects induced
during processing. The R2R process not only enables uniform and scalable coating but also introduces
mechanical pressure during processing, which plays a critical role in enhancing electrode quality. Particularly,
the mechanical pressure applied during the roll-to-roll process significantly affects the deposition behavior of
MXene and its integration with the carbon substrate. These mechanical effects contribute to the formation of
uniform, defect-minimized films, which are essentia for achieving stable and high-performance
electrochemical characteristics. We examined two different R2R application timings—before and after the
drying of the slurry—and confirmed that the mechanical interaction between the coating material and
substrate at different stages influences the electrode’s structural and electrochemical properties. These
findings highlight the importance of mechanical pressure in the roll-to-roll process and provide key insights
into process optimization for next-generation flexible energy storage devices.

Keywords: MXene, Roll-to-Roll Process, Mechanical Pressure, Carbon Cloth, Flexible Supercapacitor
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Advanced Wire Arc DED Process for High-Speed, High-
Precision, and High-Throughput Metal Additive Manufacturing

Y. T. Cho, H. J. Son, L. S. Jo

Abstract

To enable the practical application of additive manufacturing(AM) technologies in industrial circumstances,
it is essential to develop processes that can rapidly and precisely fabricate metal components. In particular, the
direct melting and deposition of metal wire has gained increasing attention for the production of large-scale
parts. Among such approaches, the Wire Arc Direct Energy Deposition (WA-DED) process, which utilizes arc
plasma as the heat source to melt the wire, has emerged as a promising technique. However, achieving high
precision in WA-DED is challenging due to the inherent instability of arc plasma with high current and voltage
levels. Additionally, attempts to increase deposition speed often result in problem of arc stabilization, further
limiting process control.

To overcome these limitations, Prime Lab. at Changwon National University has developed various
techniques to enhance the stability and accuracy of the WA-DED process. Notably, the integration of a laser as
an auxiliary heat source has been shown to significantly stabilize the arc plasma. This hybrid approach enables
consistent arc maintenance even at lower currents and allows for stable high-speed wire feeding. As a result,
the process achieves both high deposition rates and improved precision in metal additive manufacturing.
Furthermore, the research demonstrated enhanced control over molten pool dynamics, such as surface tension,
thereby increasing the geometric freedom of structures. These advancements culminated in the development of
anovel technique refered to as the “Metal 3D Pen”, which allows for freedom, high resolution metal deposition.

This presentation introduces and discusses the key innovations and outcomes of this approach.

Keywords: Metal 3D Printing, Direct Energy Deposition, High Throughput Additive Manufacturing
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Al-based prediction of microstructure and mechanical
propertiesin the tempering process of steel materials

J.W. Kang, H. Kim, Y.S. Oh, J. Yun, S. H. Oh, J. H. Kim, S. H. Kang

Abstract
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Constitutive Behavior of ZK60 Magnesium Alloysduring Hot
Defor mation: A Data-Driven M odeling Approach

Murugesan Mohanraj?, Hyo-Sun Jang', Jae-Hyung Cho'*

Abstract

Predicting the hot deformation characteristics of magnesium alloys in industrial forming processes
requires precise modeling of flow stress behavior. The present research work aims to examine the modeling
and prediction of high-temperature flow characteristics of solid solution heat-treated ZK60 magnesium alloys
under compression at various temperatures ranging from 298K to 698K, with strain rates of 0.0069s?! and
0.139s. The experimental data acquired from compression tests are used to develop and implement a
conventional artificial neural network (ANN) through two hybrid optimization agorithms—a genetic
algorithm (GA) and a constrained nonlinear function (Fmincon)—for better generalization and
hyperparameter tuning of the network to maximize its predictive performance. In addition, the model's
performance is evaluated using statistical measures, including coefficient of determination (R?), root mean
square error (RMSE), and average absolute relative error (AARE). By providing improved predictive
capabilities across the tested deformation conditions, comparative results show that ANN-Fmincon performs
noticeably better than the standalone ANN and ANN-GA models. The proposed ANN-Fmincon model
predicts flow behaviors of ZK60 magnesium alloys effectively during work hardening, dynamic recovery
(DRV), and softening due to dynamic recrystallization (DRX). The suggested hybrid modeling framework
offers a suitable method for capturing the complex nonlinear behavior of ZK60 magnesium alloy, giving
important insights for implementing process design and aloy development.

K eywords: ZK60 magnesium aloy, compression test, flow stress, artificia neural network, genetic algorithm, fmincon,

dynamic recovery, dynamic recrystallization, hybrid optimization
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Cryogenic high cycle fatigue behavior of extruded AA6082-T6

Jeong-Min Heo?, Jong-Hyeok Kwon?, Dae-Seo Kwon?, Dong-Kyu Kim?®

Abstract

In this study, tensile and high cycle fatigue tests were conducted on extruded AA6082-T6 at both room and
cryogenic temperatures to evaluate the changes in mechanical properties. The results of the tensile test
showed enhanced strength and ductility, primarily attributed to increased work hardening due to suppressed
dynamic recovery and more homogeneous dlip. In the fatigue tests, an improvement in fatigue strength was
also observed, particularly under tension-tension loading, where the material exhibited a lower fatigue
damage rate. Quantitatively, the fatigue strength increased by 45% and 75% under R = -1 and R = 0.1,
respectively, as the temperature decreased from 298 K to 173 K. Recognizing that high cycle fatigue failure
initiates and propagates from strain localization and dislocation accumulation at the microscale, the fracture
mechanisms were analyzed from a microstructural perspective. The analysis revealed that at cryogenic
temperature, dislocations were more uniformly stored within grains, increasing their storage capability. In
addition, reduced dislocation mobility promoted the formation of secondary cracks near localized stress
concentrations, which contributed to stress redistribution and effectively delayed the propagation of main
cracks, enhancing overall fatigue resistance. These investigations enhance the understanding of cryogenic
high cycle fatigue mechanisms in aluminum alloys.

Keywords: Aluminum alloy, Cryogenic temperature, High cycle fatigue, Stressratio, Strengthening mechanism
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Hybrid architectured metamaterial with balanced stretch-
bending defor mation modes

Haoyue Wu?, Jong-Hyeok Kwon?, Dae-Seo Kwon?, Jeong-Min Heo?, Kyung-Hwan Jung?, Ho Won Leg’,
Dong-Kyu Kim#

Abstract

As additive manufacturing technology advances, lattice structures with complex topological shapes can be
fabricated. This study presents a new hybrid lattice design strategy aimed at enhancing both structural
strength and energy absorption. The design incorporates five stretch-dominated | attices as load-bearing units
and five bending-dominated lattices as energy-absorbing units. After performance evauation, three high-
strength lattices and one high-energy absorption lattice were selected and combined to form the hybrid
design. Modifications were applied to the high-energy absorption lattice to improve the overall stability of
the hybrid structure. The design integrates two key strategies:. failure path reinforcement and microstructure-
inspired design, resulting in seven distinct unit cell configurations. Quasi-static compression tests were
performed on 316L stainless steel samples fabricated using laser powder bed fusion (LPBF) technology. The
finite element model was validated by comparing experimental and simulation results. The findings
demonstrate that the hybrid lattice structure significantly enhances mechanical performance, with the
improvement becoming more pronounced at lower relative densities. This work provides a comprehensive
analysis of lattice behavior at various relative densities, offering valuable insights into hybrid lattice design
and the optimization of mechanical properties.

Keywords: Lattice structure, hybrid design, mechanical properties, laser powder bed fusion, finite element

analysis
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Recovery of Mg-Zn-Nd-Y-Zr alloy: experimental observation
and analysisvia crystal plasticity

Youngung Jeong, Jose Victoria-Her nandez

Abstract
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Development of High Performance Commercial Vehicle Wheel

Hyuk Sun Kwon

Abstract
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Effect of Texture on r-value and Formability with Correlation
Analysis in Magnesium Alloy Sheets

S. Yu, Y. J, Y. M. Kim, S. H. Park, B-C, Suh

Abstract

The relationship between r-value and formability is well-established in commercial structural materials such
asFe, Al, and their alloys, where ahigher r-value generally correspondsto improved deep drawability, enhanced
isotropic deformation characteristics, and superior formability. These favorable properties make such materias
essential for industrial sectors requiring excellent formability performance. In contrast, Mg aloys deviate from
this conventional trend. Despite often achieving relatively high r-values, Mg aloys typicaly display poor
formability at room temperature. This paradoxical behavior arises from two primary factors: the intrinsic

limitation of available dip systems and the development of a strong basal texture during thermo-mechanical

processing. Given this unique behavior, the present study focuses on a detailed investigation into how r-value
correlates with formability in Mg aloy sheets. A systematic approach was employed, analyzing critical
parameters including initial texture, the role of alloying elements, Schmid factors(SFs) across different dip
systems, and their collective influence on deformation behavior. Through these analyses, this research clarifies
the complex interactionsthat govern the mechanical response of Mg alloys, particularly under room temperature
conditions. Furthermore, the study provides strategic insights into optimizing both alloy composition and
texture control to overcome formability limitations, thereby contributing to the advancement of magnesium

aloys for applications where enhanced mechanical properties and improved formability are essential.

Keywords: Magnesium alloy, Texture, r-value, Formability, Rolling sheet
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Integrated UNSM-Electropulsing Treatment for Tailoring
Microstructure and Mechanical Properties of Magnesium Alloy
Sheet

W. P. Hong, H. J. Kim, T. K. Lee, S. H. Park

Abstract

This study investigates the effects of ultrasonic nano-crystalline surface modification (UNSM) and
subsequent electropulsing treatment on the microstructure and mechanical properties of a rolled AZ31 Mg sheet
with bimodal microstructure. The UNSM process induces severe plastic deformation on the material surface
through ultrasonic impacts, refining surface grains to the nanoscale and enhancing hardness and strength.
However, the excessive dislocation density generated by UNSM significantly reduces ductility. To address this,
electropulsing treatment was applied as a post-processing method, converting electrical energy into thermal
energy to provide rapid heating, thereby reducing residual stress and dislocation density. The UNSM-treated
material exhibited a gradient microstructure to a depth of approximately 600 pm, characterized by nanoscale
grains and a high density of {10-12} twins. Upon subsequent electropulsing treatment for 2 min, static
recrystallization occurred in the nanoscale grain regions, while grain boundary migration and dislocation
recovery were observed in the twinned regions. This combined treatment resulted in a new gradient
microstructure with low internal strain energy, leading to simultaneous improvements in tensile strength and
elongation. These findings demonstrate that the combined UNSM and electropulsing treatment offers a

promising approach for enhancing both strength and ductility of Mg alloys.

Keywords: AZ31 Alloy, Ultrasonic Nanocrystalline Surface Modification, Electropulsing Treatment, Bimodal

Microstructure, Mechanical Properties
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Fabrication and Characterization of Y.0s-Dispersed Ti-6Al-4V
Alloys

W. H.Kim, U.J. Ko, H. K. Park, H. S.Kim, T. G. Leg, J. H. Kim

Abstract
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NOVEL SURFACE ACTIVATION TREATMENT FOR
ENHANCED DIRECT BONDING BETWEEN ALUMINUM
8079 AND CAST POLYPROPYLENE USING TRIAZINE
DERIVATIVESAND THEIR MIXTURES

Emmanuel Appiah, Byoung Jun Han, Jin Woong Park, Jung Hyun Kang, Jeoung Han Kim*

Abstract

The growing need for precise and reliable adhesions in electronic applications has increased interest in
studying and developing interface bonding and direct adhesion between different materials. This study
focuses on a direct adhesion method for bonding polymer and metal using triazine derivatives or their
mixtures for developing lithium-ion battery pouches. In this research, cast polypropylene (CPP) and
auminum (Al) 8079 are bonded polymer and metal, respectively. A comparative analysis was conducted to
assess the impact of the individua triazines on the bonding strength of Al-CPP. The selected triazines were
mixed with special chemicals and used for bonding. The results showed that the individual triazines had a
limited effect on the initia tensile strength of the Al-CPP bonding, with a maximum of 22MPa. In contrast,
their mixtures had a stronger effect, reaching approximately 30MPa. These effects were also evident in
various environmenta resilience tests, such as humidity and thermal shock, where the mixtures maintained
higher tensile strengths. The sufficient mixture with highest bonding effect was used to study its effect on the
bonding between Al 8079 and different derivatives of CPP and nylon to determine the most effective
derivative for the pouch application. Pouch film. The surface characteristics of the aluminum before and after
the triazine treatment at the nanoscale were studied using Scanning Electron Microscopy (SEM), Confocal
Laser Microscopy, X-ray photoelectron spectroscopy (XPS), contact angle analysis, and Fourier Transform
Infrared (FTIR) analysis. The SEM analysis revealed the formation of nanopores with diameters ranging from
25 to 30nm on al the treated aluminum samples, aiding in mechanica adhesion. XPS analysis indicated that
the triazines formed covalent bonds on the aluminum, enabling molecular adhesion with the polymer matrix.

Keywords: Triazine derivatives, environmental resilience, direct adhesion, tensile strength

1. Department of Material Science and Engineering, Hanbat National
University, Dagjeon, Republic of Korea
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Forgeability assessment of CHQ steel wires by
acoustic emission-based top-hat compression test

Dae-Seo Kwon?, Jong-Hyeok Kwon?, Jeong-Min Heo?, Hyun-Seung Park?, Ho Seon Joo®,
Young-Seok Oh¢, Seong-Hoon K ang®, Dong-Kyu Kim®

Abstract
This study presents an acoustic emission (AE)-based top-hat compression test as a reliable method for

quantitatively evaluating the forgeability of cold heading quality (CHQ) steel wires under high negative
stress triaxiality, a critical stress state in bulk metal forming. Finite element simulations were performed to
analyze the deformation behavior of top-hat specimens and to identify key dimensional parameters that
promote localized plasticity and fracture initiation. Based on the simulation results, an optimized specimen
design was selected and applied experimentally to four types of CHQ steel wires. During the test, a gradual
load drop was observed, indicating the onset of micro-cracking and progressive damage. In situ AE
monitoring effectively captured early-stage damage evolution with greater sensitivity and temporal resolution
than conventional load-based detection methods. Thus, the integration of AE with the top-hat compression
test provides a robust and sensitive approach for forgeability assessment under complex compressive stress

states.

Keywords: Forgeability assessment, CHQ steel wire, Negative stress triaxiality, Acoustic emission, Top-hat

compression
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Intelligent Design of Forging Processes for

Gas Turbin Engine Components

N. Kim, J. Park, |. Kim

Abstract
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S. C. Oh, S. U. Hwang, H. J. Kwon, J. Y. Kim, |. S. Son
Abstract

Overview of Forged Componentsfor Aero Gas Turbine Engines
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Forging Technologies and Applications for High-Perfor mance
Aeroengine Components
H.J. Kwon, S. U. Hwang, S. C. Oh, J. Y.Kim, |. S. Son
Abstract
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Design of Hot Defor mation Process Using Processing Map

J.Y.Kim, H.J. Kwon, S. U. Hwang, S. C. Oh, |. S. Son, J. H. Park
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A Study on Forging Processes for Grain Refinement of Inconel
718 Alloy for Aerospace Engines

J.S. Kim,G. J. Ju, Y.H.Kwon, B. K. Geum, K. Y. Lee

Abstract
Inconel 718 alloy is a nickel-based aloy widely used in the aerospace industry due to its mechanical
stability at elevated temperature. Delta processing is a method that distributes the 6 phase in the grain
boundary, acting as a pinning point to prevent grain growth during hot deformation (e.g., cogging). In this
study, delta processing was applied to domestically developed aerospace-grade Inconel 718 aloy to achieve
grain refinement between cogging process, and microstructural changes and mechanical properties were
evaluated.

Keywords: Superalloy, Inconel 718 Alloy, Grain Refinement, Delta Processing
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Optimization of Forging Process for Nickel-based Superalloy
Componentsfor Aerospace Enginesvia Delta Phase Control

Abstract
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Analysis of The Forging Process for Waspaloy Alloy

I.K.Lee, S. Y. Lee, J. S.Ahn, S. K. Hwang, H. J. Kwon, J. Y. Kim, S. K. Lee

Abstract
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Forging Process Design Based on Grain Flow Integrity and
Mechanical Properties
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J. C.Yuk, S. H. Park
Hol# 35-t] W= 8§ (Laser powder bed fusion, LPBF) 42 H=

powder bed fusion process
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Multi-agent reinforcement lear ning-based region-wise process
parameter optimization for mitigating thermal deformation in
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Development of Deposition Technology and Remanufacturing
Technology of M echanical Part Using a DED Process

K.K.Leg D.G.Ahn
Abstract
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Keywords: Directed Energy Deposition, Deposition Process, Process Parameter, Remanufacturing
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Real-time war ping detection in 3D printing process using
conditional LSTM-VAE model with extrusion force data

S.M. Lee, S H. Park

Abstract

PEEK(polyether ether ketone)® 53 ZHZ¢ U
engineering plastic®® &5 3l o8 of FolA F5&
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Thermal performance evaluation of additively manufactured
lattice structures with airfoil-shaped struts
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Prediction of residual stress mitigation in additively
manufactured 18Ni300 maraging steel using deep learning

Seyun Kim" 2, Dong-Kyu Kim?, Seong-Hoon Kang', Ji Hoon Kim?, Young-Seok Oh'>#

Abstract

A5 Al WA 9] el Laser Powder Bed Fusion (LPBF) 11&% o] A& o]&3] F4
= AdgAo®w §gotil gHste] THE A 55 F2E FAskE Wlolth. o] A A
HAet= 4% 44 e FE W ARsEs e odd 4F8&¥S LPBF 3 4x%
Ao J&gFS wom olF ststr] 9@l A dg A A (Post-Heat Treatment, PHT) &4 o] &
g3ttt 2 AFdAE | HYdS 8t FAAGE A Y, 20 2FE, od¥y 2k,
A A|ZH)S aelslte] LPBF A& A% 18Ni300 nhzlo]ld 7ol dxlg A, o AHpsy B
Z oA E =gt TAZRAE FAe S B3 AAE 45709 FFLE BE oln
AL dFAE dA SFHolHE ARgsglen, SFdde ded ¥ F sl conditional

StyleGAN2-ADAE AR&3IQit) 2 mele 3 9 HAE dolHoA ZAARAF(RY) = 7t
99.93%, 96.34%, TZ4 A% A 4=(Structural Similarity Index, SSIM)+ 2+ 99.93%, 98.35%% %
H F3 Ho HFSH

o
22 (P=510W, V=590,

= =
=] =]
¥4 A45e Fasdon A1 34

Keywords: Laser powder bed fusion, Residual stress, Deep learning, StyleGAN2-ADA
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Study on Thermal and Wear Propertiesof Cermet Coatingsin
High-Temperature Environments Using Directed Ener gy
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| nvestigation of the Influence of Deposition M aterials and Cell
Typeof TPMS StructuresApplied CNT Coating
on Electrical Resistance Performance

S.H. Han, J. C. Beom, D. G. Ahn
Abstract

4 =M (triply periodic minimal surface: TPMS) < WH-7F 7% =

ps|
2)
o] A}, TPMS T+Z7F A& 7+ (electromagnetic interface: EMI) ZFd A]HA
_O,__
721

AA oA o WAL (multi-reflection) S of7|AA A7 A A
T UdS FHoe=E AlRHET. o AFAME &8 FA AT £ (fused
deposition modeling, FDM) 2 3734 A %3 (stereolithography: SL) &= TPMS
NS AAsEtk. FDM 2 SL &8l AFRE Ase 242 2gido] ghad dgdE 3 oA
A lo)ck. Azt TPMS 3ol W #¥ (dip-—coating) W2& &3] ©AUxFH (carbon
nanotube: CNT)E IEEATE. W7 A 5 54 A3, 45 As 2 2 FFd wap @7
A o] 5T ztolE B,

Keywords: Carbon Nanotube, Triply Periodic Minimal Surface, Electric Resistance Performance
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Evaluation of Microstructural Integrity and Mechanical
Properties of Al-5356 Alloy Fabricated by WAAM Process

M. S. Jeon, Y. J. Huang, M. S. Oh, D. H. Kam, K. A. Lee

Abstract

al
o, dFuyE &5 golol2k EAR A& ¥ T stuolth AR &R e
=2 WRAMS Y =R Qd B 7R 435 Al Z=(Powder Bed Fusion, PBF) & 7oA+ 713
rg/do] WolA| i, ddst AFo] offrh= FAHA A ko] FA|gTE. ool whel oA TP
TE = WAAM(Wire Arc Additive Manufacturing)> ¢}o]o] & ofF dYoz &§3le H53dl=
WAl om oy FF Alxol At A @H7F 4 Aol stk el Slo] H
o OFe A7 A A Qo
BoATol e Al-5356 S WAAM TAHOR AF Axd T, A5 vAzdTE, 4
=5, 449 A7 oF AE, A2 9% 545 Frkesith CT 4 Ad H Ve A7)=
°F 5221 ROH, o]= WAA g a3k A

=
m, 7] ¥ == 0.02%Z $ Fe S Hon, TAS
TS AALSTE HA R AE Aol = Hd oF 824 HVosE LFERSL
3 Aol TEE A ekl AR o1 A =

3
& A% 292 MPa, A21E 40.8%, 4 WA= & 3= 102.7 MPa, 17 73= 232.9 MPa,

AxE 16.4%= VFEFSETE
A}

16
3 ANE PO E WAAM FHS o1& ALSIS6 249 1AF 54 24 D WY
st skl

Keywords: Wire Arc Additive Manufacturing, AI-Mg alloy, Anisotropy, Tensile property
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Fig. 1. CT image of Al-5356 manufactured by wire arc additive manufacturing
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Fig. 2. Measured Vickers hardness on the SD and TD planes of the Al-5356 specimen.



Study on the process optimization and properties of nickel—
aluminum bronze fabricated by directed energy deposition

C.L.Yao! K.Y. Shin% D. S. Shim*

Abstract

Directed energy deposition (DED), a prominent metal additive manufacturing (AM) technique, has
garnered significant attention due to its numerous advantages and rapid devel opment in recent years. Nickel -
aluminum bronze (NAB), known for its low density and high strength, is widely used in components such as
landing gear bearings and seawater valves. In this study, NAB components were successfully fabricated
using the DED process with gas-atomized NAB aloy powders. Firstly, a highly dense deposited layer was
obtained by optimizing the DED process parameters. The height and internal defects of the deposition varied
significantly with changes in laser power and scanning speed. At high energy densities, large-sized pores
were more likely to form, while excessively low energy densities resulted in a substantial reduction in
deposited height. By selecting appropriate parameters to adjust the energy density, an optimal process
window was established. Additionally, the microstructure of the deposition showed significant variations
with the differences in the melt pool, which was caused by the unique deposition paths and thermal inputs of
the DED process. The interior of the melt pool primarily consisted of a f matrix and precipitated
Widmanst#ten o phase. Along the outer boundary of the melt pool, abundant a phase precipitation was
observed, which is attributed to reheating effects from subsequent layer deposition that promoted
microstructural coarsening. Compared to as-cast NAB, the deposited NAB exhibited a much finer
microstructure, likely due to the rapid cooling rate of the DED process suppressing the element precipitation.
Furthermore, the average microhardness of deposited NAB is 342 Hy, significantly higher than that of as-cast
NAB (210 Hv). This study provides a new perspective on producing high-performance NAB components via
metal AM technologies.

Keywords: Directed energy deposition, Nickel—-aluminum bronze, Process optimization, Properties
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Development of a multi-sensor system and machine learning
algorithm for orbital weld defect prediction

Y. H. Jeong, S. B. Jang, V. D. Troung, J. H. Yoon

Abstract

This study investigates the application of advanced machine learning agorithms for the real-time
prediction of welding defects in multipass orbital welding processes. To facilitate accurate and continuous
monitoring, the welding process is observed in real time using an integrated system consisting of an Infra-red
(IR) camera, aline scanner, and an acoustic sensor. These sensors are employed to collect various physical
and thermal parameters that are crucial for defect detection and prediction. The IR camera and line scanner
work together to capture detailed thermal profiles and geometric characteristics of the molten pool, such as
its width and depth. In paralel, the acoustic sensor captures real-time sound signals generated during the
welding process. These signals undergo Fast Fourier Transform (FFT) analysis to extract frequency-domain
features, which are then used in another machine learning model designed to interpret acoustic signatures and
predict defects along the weld bead. This acoustic signal processing method enhances the model’s ability to
detect issues that may not be visible through thermal imaging alone. To improve predictive performance, an
ensemble machine learning model is proposed. This ensemble model integrates the outputs from multiple
sensor-specific models using a voting mechanism based on the random forest agorithm. The fusion of
predictions alows for a more comprehensive classification, identifying not only the presence of defects but
also categorizing them into specific types, such as lack of fusion or porosity, and estimating their locations
within the weld bead. To validate the model’s effectiveness, a confusion matrix is generated based on the

prediction outcomes from the ensembl e approach.

Keywords: Orbital welding, real-time defect prediction, multi-sensing system, ensemble machine learning
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strain path with extruded aluminum alloy
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Material characterization for ductile fracture modeling in
E=3

machining simulation considering anisotropy, strain-rate, and
H.B. Sim, Y.W. Shin, C .W. Jung, SK. Oh, H.l. Park, M.Y. Seok, D.J. Lee, Y.N. Kwon, H.S. Choi"
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Effect of Plastic Anisotropy and Strain Rate on Fracture
Behavior of Extruded Aluminum Alloys

H.SKim? S. J. Hong!, J. Y. Won?, J.S.Kyeong?, M.G.Lee?

Abstract

Driven by the increasing demand for high-performance and environmentally sustainable materials,
lightweight aluminum alloys have gained significant attention, particularly in the form of extrusions for
complex geometries. This study examines the effect of plastic anisotropy and strain rate on the ductile
fracture characteristics of 6xxx aluminum extrusions. A hybrid experimental-numerical approach was
employed, combining ductile fracture experiments with finite element simulations to calibrate a Hosford—
Coulomb ductile fracture model. To evaluate the influence of plastic anisotropy, three yield criteria—von
Mises, Hill1948, and YId2K-3D—were implemented. Strain rate sensitivity was incorporated through a
modified Johnson-Cook hardening law and a rate-dependent Hosford-Coulomb fracture model. The results
show that each yield function produced a distinct fracture locus, with the Y1d2K-3D model predicting
fracture displacement with up to 18 % higher accuracy than the other models. Regarding strain rate effect, the
rate-dependent model improved prediction accuracy by up to 7% compared to its rate-independent
counterpart. However, the strain rate sensitivity parameter (y) was found to be minimal, suggesting a
negligible impact on fracture behavior. These findings highlight that, for 6xxx aluminum extrusions, accurate
fracture prediction requires consideration of plastic anisotropy, while strain rate sensitivity plays a limited

role, primarily affecting plastic deformation rather than fracture itself.

Keywords: Aluminum extrusion, plastic anisotropy, strain rate, fracture
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Principles and Applications of Profilometry-Based | ndentation
Plastometry (PIP) in Metallic Materials

J. B.Kwon, Y. N. Kim

Abstract
This study presents an in-depth overview of profilometry-based indentation plastometry (PIP), a novel
method for determining the mechanical properties of metallic materials through the analysis of plastic
deformation induced by indentation. PIP leverages high-resolution surface profilometry to capture the
residua imprint geometry, from which stress—strain behavior can be accurately extracted. This approach
offers significant advantages over conventional mechanical testing methods by being efficient, non-
destructive, and applicable to a wide range of material forms, including small and complex geometries.

In this research, PIP was applied to conventional stainless steel and metallic components produced by
additive manufacturing (AM) to assess its applicability to different types of metalic materials. The
experimental results demonstrated that PIP can reliably capture the mechanical response of these materials,
providing stress-strain data that is consistent and reproducible. These findings highlight the growing adoption
of PIP in various industrial sectors, where rapid, localized, and accurate material characterization is
increasingly critical. Furthermore, PIP shows strong potential for broader implementation in future
applications across diverse fields such as aerospace, automotive, and advanced manufacturing, supporting
enhanced quality assurance and performance optimization.

Keywords: Indentation Plasometry, Inverse FEM, Metalic Materials, Plastic Deformation, Stress-Strain
Curves
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Micro-Scale Tensile Char acterization of Local Plastic Defor mation
Behavior in Paint-Baked 3rd Generation Steel Resistance Spot Welds

Donghyuk Cho' - Du-Youl Choi?- Jeong Whan Yoon3#

Abstract

This study investigates the influence of the paint baking treatment on local mechanical properties and
localized plastic deformation behavior in resistance spot welds of third-generation advanced high-strength
steel. Despite negligible changes in hardness after PB, macroscopic mechanical testing revealed increases in
tensile-shear and crosstension strengths (up to 30%) as well as significant enhancements in energy
absorption (up to 99%). To understand this phenomenon at the micro-scale, micro-tensile tests were
conducted combined with Digital Image Correlation (DIC) analysis. Local strain measurements clearly
showed increased local ductility and toughness in PB-treated welds. The localized congtitutive relationships
constructed from DIC data confirmed that paint baking enhances the local plastic deformation behavior
significantly. Additionaly, fracture surface and computed tomography (CT) analyses demonstrated altered
fracture modes toward more ductile characteristics following PB. The results provide critical insights into
local deformation mechanisms and underscore the importance of evaluating weld performance based on
localized mechanical properties, offering valuable data for modeling and optimizing advanced steel joining
processes.

Keywords: Micro-digital image correlation (micro-DIC), Resistance spot welds (RSW), Micro-scale Testing,
Congtitutive properties, Localized deformation
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Study on incipient plasticity of potassium-doped tungsten

Jeongseok Kim?, Guensik Mint, Phu Cuong Nguyen?, Sungmin Lee?!, Yeonju Oh!, Hwangsun Kim?, Hyoung

Chan Kim?, 11l Ryu'#, Heung Nam Han#
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Analysis of the Effect of Gauge Length on Strain Ratein High-
Speed Tensile Test Using Digital Image Correlation (DIC)

S. Lee J. Kim, W. Kim, S. Hong
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-+ 23l A (FEA, Finite Element Analysis)e] *

ki3

_?4

3}7]

Njo
!

el
of
Jjo

ze)

7A
o
o

™

o

—
o

<
g
el

i

0

7

Aol A

3

2]

g3l A

5}
=

tx g oju] x| ¥ (DIC, Digital Image Correlation)<

L
R

A

e

BK

o|Z7t¥} DIC 7]

A4r

Keywords: Digital Image Correlation, Gauge Length, Highspeed Tensile Test, Sheet Metal, Strain rate

]

o oI% AT

2]

A3 R&D 1A %A (P0023726) 14| A

ol

Ho

oo, o]At

E-mail: smhong@kongju.ac.kr



HAZ|HE #8351 MR J|ANY =4S AAlZE SHT|
£ H o[& 7|ttez 3t £4TIE AEHM=E 7|s

Real-Time M easurement of M echanical Properties Using
Electromagnetic Fields and Autonomous M etal For ming

Technology

E.H.Lee

Abstract
A2 Az Aol E A P vlg AR g8 T8t 2 Agst J)Eel qF da
dol F7betm Utk AARIES TANY] e A o)A dlolEE A&eta A
H4 A HHaka, $4S weketu, olF Aold F e FEdojet axZE )V} Bad
o ol2ld Alzwlo] A&l bR oR YT £ ARF dofety, nEstE ATE o9}
drdolg f714o2 Bietel £4ate 1% Gurt 94 AR P m gk B A7
A Xd_ﬂZ}%x} 2 FAAFES] Azl DA G BEate] 2Ale MAH B A
Nrez Z4ste 937142 2T okge, AN B4 dolHE e AFA%E

A
Feoel FAE Bun Al A% AT AES ANB. AW dedlel B AxEg
of e ANAER A D wE P FH A8, @ wdo] EFE YA A
Z Aol A%eel AaAzE A2Re FAR QS B, Ax AL T A
o _

Keywords: Atonomous metal forming technology, Electromagnetic field-based sensing, Real-time
measurement, Intelligent manufacturing, Cutting Force
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Unveiling micromechanical damage mechanism in BsC/AA6061
composite by in situ acoustic emission and neutron diffraction

Jong-Hyeok Kwon?, Jeong-Min Heo?, Dae-Seo Kwon?, Ho Won L ee?, Seungchan Cho®,
Hobyung Chae®, Wanchuck Woo¢, Dong-Kyu Kim®*

Abstract

This study presents the micromechanical analysis of damage evolution in BsC-reinforced AA6061 metal
matrix composite (MMC) under tensile loading using the integration of in situ acoustic emission (AE)
analysis and neutron diffraction. Compared to unreinforced AA6061, the composites exhibited significantly
higher and sustained AE activity during deformation, reflecting progressive damage mechanisms including
interfacial friction, decohesion, and particle fracture induced by the B4C reinforcement. Wavelet packet
transform (WPT) analysis enabled a more systematic and quantitative identification of damage modes by
decomposing AE waveforms into frequency bands. To support AE-based interpretations, in situ neutron
diffraction was employed to track lattice strain evolution in both the matrix and reinforcement phases,
revealing phase-dependent stress partitioning and constraint effects unique to the composite materials.
Fractography using scanning electron microscopy (SEM) further confirmed the presence of multiple damage
features, including interface separation, void coalescence, and brittle particle cracking. These findings
highlight the effectiveness of combining in situ AE and neutron diffraction to reveal complex, phase-specific
damage mechanisms in particle-reinforced MMC.

Keywords: Metal matrix composite, B4C reinforcement, Micromechanical damage mechanism,
In situ characterization, Acoustic emission, Neutron diffraction
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Alloy design and mechanical properties of AIMoV medium-
entropy alloys

Abstract

SW. Leg, S. Son, S.-J. Hong, H.S. Kim
refractory high-entropy alloy (RHEA)&= i
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H 7 FF APl FEEAL Qs
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RHEAE= 74 9459 & dUE= A8 oux] a&s =
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Analysisfor effect of Ultrasonic Nanocrystal Surface
M odification process on Friction Welded Dissimilar Nimonic
80A/SNCrW Joints
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DED(Directed Energy Deposition)a& 2 o| &8t
Inconel 625 ¥ Ti64 7| = Ak Al.O3; HE Hs &4
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Analysis of Al203 deposition behavior on Inconel 625 and Ti64
substrates using DED(Directed Energy Deposition) process
T.H.Kim%, J. S Lee!, S.I.Kim?, S. H. Bae', S. Y. Kim#

Abstract

Directed Energy Deposition(DED)S- T3k A8 S B33 o AZsAyg RES F4,
ool A Ax e, a2 B AR G40 AR E = TEAEN Beol=y &
FEI 22 &8 ZokellA FEEL vk ZFAERL SHel=y e R ARgHE 5%
#xWol| DED 2 Mgty F”S H&ato] AUe AbstuS FAFoEN FAG EHo] Yy g
A gaH o w Add = Qv webA 2 ATt A= DED & o]&ste] WdAd B WiakstAd
of #-% AlOsE 7FAHR FeEol=e] 2 ARSH = Inconel625 o &g Tl FREt s
B FE AFEHE TieA(Ti-6Al-4V) ol AZFatazxt sttt o]lFAA A A% BEAS Yl
ol =8, 27 S, 2% o5 FE 37 gAMsE Aofsiglan, A5 24, 1
ATz, A5 I8 5 B4R AT A4S Fdoteta olgad Y dAUES A

Directed Energy Deposition (DED) is an advanced additive manufacturing technique suitable for
fabricating complex geometries using various materials, as well as for the repair and maintenance of
components. It has gained significant attention in applications such as gas turbine blades and aerospace
components, which are exposed to high-temperature and highly corrosive environments. By applying
ceramic coatings via DED onto metal surfaces used in these components, it is possible to form dense oxide
layers that effectively prevent the inward diffusion of corrosive species. Therefore, in this study, AL.Os—
known for its excellent heat and oxidation resistance—was deposited using the DED process onto Inconel
625, commonly used in gas turbine blades, and Ti-6Al-4V (Ti64), a lightweight alloy frequently used in
aerospace parts. To analyze the deposition behavior of these dissimilar material systems, three key process
parameters—Ilaser power, scanning speed, and powder feed rate—were systematically varied. The
composition, microstructure, and deposition integrity of the fabricated layers were analyzed to identify
deposition trends, and a bonding mechanism for the metal—ceramic interface was proposed.

Keywords: Directed Energy Deposition(DED), Al>O3, dissimilar material deposition, process parameter
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Formation Behavior of Thermally Grown Oxide and Mixed
Oxidein NiCoCrAlY Powder and Thermal Spray-Coated
Specimens

S. 1.Kim%, T.H.Kim?, B. S. Han%, J. S. Lee!, S. Y. Kim*

Abstract
ZF2ERlE G108kl bR R dE I HAUAE Y (EFT8) e A7lduyA 2
)2 W s 7)ot |l 7LéE1Eﬂ% 1,600C ©]/de] oA #ssn, -

NE B33 el Ext9 2= (TBC, Thermal barrier coatings) 7]&<

L R A-BC(Bond coat)-TGO(Thermally grown oxide)-TC(Top coat) T

AAst= FAol A BC/TGO 2 TGO/TC Aol A =¥l z7|vte]E f

st &3 2kslE (MO, Mixed oxide) S Ao, 2 AFolAw 7] &$17]1-1,100C Z7do A
el

NiCoCrAlY ZAE& ZH= BC 2% 2 SAZEAAS A48t §2Esg o, NiCoCrAlY e
AL ShFo] 328 B-NiAl Aol A5 2R ol Mo7h I, Atshkad FA Afold Aol
7Ikste] 7p o] A9l Atst AsS SRStk Wb NiCoCrAlY AR A B-NiAl o] &+
Al Bpeta Eunck wE Al N0 FAsgen, BudA #EHA g 553
AstAEol AAHATE. 2L Ate Bl NS SAATE R SALEE A vlals)
i, SArEP A ] M0 B4 AEE Tt s

A gasturbine is a rotary engine that converts thermal energy from high-temperature and high-pressure gas
into either mechanical power (for aviation) or electrical energy (for power generation). Modern gas turbines
operate at temperatures exceeding 1,600 °C and employ thermal barrier coating (TBC) technology to protect
the underlying substrate. A typical TBC system consists of a substrate, bond coat (BC), thermally grown
oxide (TGO), and top coat (TC). During oxidation, mixed oxides (MO) can form at the BC/TGO and
TGO/TC interface, which may lead to premature delamination of the coating. In this study, NiCoCrAlY-
based bond coat (BC) powder and thermally spray-coated specimens were subjected to oxidation tests at
1,100 °C in an air atmosphere. In the case of NiCoCrAlY powder, MO formation was observed only after the
B-NiAl phase, which isrich in Al, was completely depleted, and the overall oxidation behavior aligned well
with the predicted thermodynamic stability based on oxide formation free energy. In contrast, the thermally



sprayed specimens exhibited earlier MO formation despite the presence of the B-NiAl phase, and showed
distinct oxidation behavior that was not observed in the powder. This study elucidates the formation behavior
of MO in NiCoCrAlY powder and compares it with that of the spray-coated specimens, providing insight
into the differencesin oxidation mechanisms between the two.

Keywords: Thermal barrier coating, Bond coat, Thermally grown oxide, Mixed oxide, Thermal spray coating
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Thermal and Mechanical Properties of Inconel 625 / Al:Os
Functionally Graded Material Fabricated by Directed Energy
Deposition

Hyeon Yong Yu', Jin Yeong Yu?, Soung Yeoul Ahn?, Tae Kyung Lee*, Hyoung Seop Kim?®, Jung Gi Kim®*

Abstract
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== T
Power, Scan Speed, Powder Feed Rate S W 3}A]7|H Ao 34 21 =&3 2y, ¢ 4E 2
ule] @ato] W AElx] ko HEE = Z710] 150 W, 900 mm/min, 2 g/minY S &2l3k3A . o] &=
HIE o 2 A ZE Inconel625/AL0; A5 &S Hdl o)A A4 &4 2 w3 AdES S8 ¢
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Keywords: Thermal Barrier Coating, Functionally Graded Material, Electron Beam Physical Vapor Deposition,
Directed Energy Deposition, Laser Flash Analysis
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Post-heat treatment effect on the microstructure and
mechanical properties of directed energy deposited IN738LC
alloy

Ho Seoung Kang?, Ye Chan Sung?, Gideok Park?, Hyungsoo L ee®, Hyoung Seop Kim?, Jung Gi Kim#

Abstract

7AW fARSE 2 %Oﬂ(Maintenance Repair, and Overhaul; MRO)-& &7]% &80
74l gholng Wy ARl w9 Fastth 2y, T e &4 38 &340l
FdAoz 3% As3 N7 éﬂ%%ﬂ_@ ot HEx= AV EASEE, HAHE§SE
(Directed Energy Deposition; DED) &4 7|9ke] 27|« 7ol &3] s vt & A
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Numerical I nvestigation of Flow and Combustion
Characteristics of Hydrogen-Enriched Fuel in a Micromix
Combustion Chamber

S. Tamang*- H. Park?

Abstract
This research introduces a micromix multi-nozzle combustor specifically designed for the stable and

efficient combustion of hydrogen gas. The design incorporates a nozzle that facilitates cross-flow mixing of
air and hydrogen, mitigating early flashback issues. Additionally, this configuration substantially reduces
thermal NOx emissions by decreasing the residence time of reactants within the flame regions of muiti-
nozzle micro flames. In this study, three primary investigations were carried out. Firstly, an experimental
analysis was conducted to examine the velocity characteristics of the specialy designed combustor model
under isothermal conditions. Secondly, a numerical simulation was investigated, and its vaidity was
ascertained using various turbulence models. Lastly, hydrogen combustion simulations were performed under
different air-fuel ratio conditions. These simulations offered valuable insights into the microflow, mixture
fraction, temperature, and thermal NOXx distribution within the combustor.

Keywords: Micromix, Isothermal thermal flow, Hydrogen, Combustion, Numerical simulation

1. Changwon National University, Smart Manufacturing Engineering, Graduate Student
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Enhancement of Gas Turbine Combustor Liners Cooling
Perfor mance through Double-Wall Cooling Sturtures

D.H.Kim, H. S. Park

Abstract

Efficient cooling of the combustor liner in gas turbine applications is essential to maintain operational
stability and ensure the durability of high-temperature components. To improve the thermal performance of
gas turbine engines a double-wall cooling structure combining impingement and effusion cooling is utilized.
This study experimentally investigates the flow characteristics and cooling performance of the proposed
structure under various blowing ratios and cooling configurations. The experiments use a low-speed wind
tunnel to replicate the thermal and flow conditions of a gas turbine combustor liner. Flow characteristics are
measured using a traverse system to obtain qualitative and quantitative pressure data. The cooling
performance of the double-wall cooling structure is evaluated by collecting qualitative and quantitative
temperature data using an infrared thermographic camera. Key parameters include the blowing ratio the
shape of the effusion cooling plate holes and the compound angle. Results show that variations in the shape
and compound angle of the effusion cooling plate significantly affect both flow characteristics and cooling
performance. The cooling efficiency shows high sensitivity to these geometric factors emphasizing the
importance of precise design to achieve optimal thermal management. This study provides insights into the
thermal management of gas turbine double-wall cooling components and contributes to the optimization of
cooling structure design. Future work aims to correlate experimental data with numerical simulations to
enhance predictive accuracy.

Keywords: Gas turbine, Combustor liner, Blade, Double-wall cooling, Compound angle
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Prediction of Burring limits for Hot-rolled steel based on
fracture forming limits in strain space

K. J. Kim, Y. C. Park, J. J. Hwa, G. J. Shin, S. C. Yoon

Abstract

This paper is concerned with modeling of fracture-based forming limit criteria for anisotropic materials in
sheet metal forming to predict the sudden fracture in complicated forming processes. Three different kinds of
fracture based forming limit criteria are suggested and investigated with an assumption that the stress state is
under the plane stress condition with proportional loading. To determine the parameters of the model proposed,
the three-dimensional digital image correlation (3D DIC) method is utilized to measure the strain histories on
the surface of three different types of specimens during deformation and the measurement results are
investigated to identify the anisotropy effect on the equivalent plastic strain at the onset of fracture. The
comparison of HER(Hole expansion ratio) and burring operation fracture predictions with the FLC(Forming
Limit Diagram) results demonstrates that the proposed FFLC(Fracture Forming Limit Diagram) can predict the

instant of ductile fracture initiation in Ultra high strength steels with good accuracy.

Keywords: Ultra High Strength Steel, Fracture, Necking, Finite Element Method, Forming Limit Diagram
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Crack Resistance Evaluation for Advanced High Strength Steel

Y.C. Park,J.Y.Kim, G.H.Yim, K. J.Kim, B. K. Jin, J. H. Jeon, H. K. Park, Y. H. Jo, J. S. Yoo

Abstract
ZaEe] A& Asak FES OE 4y A4 T 7ty Al e EFolaUr F
7¥staL vk, AEAk H-E LS A e e, AF A 59 Global formability ¥
Aol g A4 HEZF iAoz Fau i glvh. shAvt AP Ao Ae] =52 3¢
ol 23t Edge crack® 2 Local formability oA HAHEA Hrr) A8 ojof 211
AE7d B e wredo] H 4= v}, Local formability 719 &HF 2% Hole Expansion

Ratio (HER), True Fracture Strain (TFS), True Thickness Strain(TTS), Fracture Toughness
b oglov], B owReAE 156 2udEde d4oR sues g 59 ww A9 2
B A v fls J-integral H7HE sl

Keywords: Globa Formability, Local Formability, Edge Crack, 1.5G Advanced high-strength steels, Low-
temperature heat treatment, Fracture toughness
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Development of an Al-Based Defect Detection M odel for
Assembly Processes Using Synthetic Torque Data

B. S. Kwak, J. W. Park, M. S. Kim

Abstract

This study aimsto develop an Al-based defect detection model using torque data to determine whether the
bolting process has been performed correctly. Since real bolting torque data were unavailable, synthetic
torque data were generated to simulate a typical bolting process, where torque remains stable until the snug
point and then increases rapidly. The data were structured as time series, consisting of 3,000 datasets (1,000
each for training, vaidation, and testing). Key extracted features include threading time, time to reach
maximum torque after the snug point, maximum torque value, and torque gradient from the snug point to
maximum torque. Using these features, an MLP-based detection model was developed to evaluate the
conformity of the bolting process. Evaluation metrics, including accuracy, F1-score, precision, and recall,
demonstrated high detection performance, achieving an accuracy exceeding 96%. The results highlight the
feasibility of Al-driven defect detection in bolting processes and provide a foundation for real-world
autonomous assembly applications.

Keywords: Al-based defect detection, Synthetic torque data, Bolting process, Machine learning, Time-series feature

extraction
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Design of M otion-Adaptive Skin Patches with Tunable Adhesion
for Wear able Electronics

S.M.Kim, G. J. Chai, J. 1. Kim, H. J. Lee, H. J. Jang, H. E. Jeong

Abstract

Recent advancements in skin-interfaced electronics have opened new possibilities for personalized
healthcare applications. However, existing skin patches often face difficulties in achieving a balance between
strong adhesion, flexibility to accommodate body movements, seamless integration of bulky electronics, and
the ability to detach without causing damage. To overcome these limitations, this study introduces an
innovative hybrid approach that incorporates al of these critical featuresinto asingle, flexible patch platform.
The design makes use of shape memory polymers (SMPs), arranged in a tessellated configuration, which
combine both rigid and flexible SMPs. This arrangement enables exceptional deformation, superior
adaptability to motion, and strong, repeatable adhesion to the skin, while offering precise control over the
adhesive properties. Additionally, this system supports the integration of large el ectronic components without
compromising the adhesion strength. By embedding various electronics, including signal acquisition circuits,
sensors, and a battery, the proposed tessellated patch has been demonstrated to securely adhere to the skin,
accommodate dynamic body movements, accurately measure physiological signals with a high signal-to-
noise ratio (SNR), transmit data wirelessly, and be easily detached when required.

Keywords: Shape memory polymer (SMP), Tunable adhesion, Skin-interfaced electronics, Tessellated array,
Motion adaptability
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Ministry of Trade, Industry & Energy (MOTIE, Korea).




gk g 7ba8hs] 20250 ' At S 25

HMOlE" - Soumyabrata Basak® - EMEf? - =&3" *

Prediction of phase fraction in laser-welded DP stedl using
machine lear ning-based hierarchical clustering method

M. J. Cheon®-Soumyabrata Basak 2-S. T. Hong ?*H. H. Cho *#

Abstract
DP(Dual Phase)’)2 H2to] ES} w2 RIXLO|E Q] 24 o7 FAF o] glom 1980 the] 7
Eo] folA] Ak AddolA AFH 0w AMEH 7] AlZHEnh. o] ZFe] ZIAA §EAE FE

23] E&ol oEd, BE st 2 dAg Folls 2o w80l A AdolstA €

U B AellA s dolA &% DP590del A 24 AEES YA 7S ol &8 :‘T':@'
stazb sk, -4, A5k s] A (Electron Backscatter Diffraction, EBSD) 47|15 o] &3] &

A, AT 2 T AR &5 mAxdE #Fedtk. 549 image quality(1Q) &
ol ga ARELS BAsAm, v wHI duE = A=A 13 7)Ho) sbE Qe
FEE BA A34E el dlolA &M E AEE rtEdAtelE 8 S e
e AS glsglon, 4 A7 §45-9 nREAolE E85 v AS gelEdl
t}.

Keywords: DP stedl, laser welding, microstructure, machine learning, hierarchical agglomerative clustering,
image quality
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Analysis of the microstructure, mechanical, and electrochemical
~ propertiesof 6xxx seriesAl alloys N
according to Cu addition and artificial aging conditions

H. B. Hong, Raj Narayan Hajra, E. J. Shin, J. K. Kim, J. S. Lee, J. H. Kim, J. H. Kim, H. H. Cho

Abstract

AAA o2 A7 viES Fol7] 918 weo] A&Ea glom, o2 ls] Y] A7}
AEE I A Aol U ast 27EE Aot T % 6xxxAl Al S A oy =
< AR Thed, WA e RE A 9 U)o AR AR g AMEEAL vk Abg 2
g3 7] o] &9 tHAE f3l Cus Hrtetd A 5SS A7 A7 JdEJAou W
2] Ast AT gl vk weA], B Ao A= AL Uade] HASE fdE th
et dAT 2 2 Cu #H7F 2ol WE 6xxxAl Al Fa9 vAxz2 9@ d7|s8eA Ass
A gkt Cuol H7F of Fol @& Al S Al#sta, J1E Ala 2108 st AAgsksitt.
771348} Al 7] (Potentiostat) & AHE-ste]l A713848t4 A58 SAsI oM, Q3 A& AlZto]
S/HETE & 74 S5 B0y Curt 7 4% vt s Bl 33 dAvA
(Optical Microscope, OM)S. 2 F-21¥ Al TS #g3ste] oA o] 2 Fejeh zlo]
E 3Feldton). A2 A %A (Differential Scanning Calorimetry, DSC)E A}g&3Fo 7+ %

A 9 AHY MEE Ass B4R, 53 dA dn) A (Transmission  Electron

= =
Microscope, TEM)3} A7} S AFgk #x](Small Angle Neutron Scattering, SANS)2 A3
o
%y

Keywords: Al aloys, Cu addition, artificial aging, electrochemical behavior, precipitation behavior
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Perturbing texture componentsvia Gaussian dispersion and its
effects studied via crystal plasticity ssmulations

Euichan Jeong, Youngung Jeong
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Simulation of Outer Ring Process for Hub Bearings and
Experimental Verification of Forming L oad

H.K.Moon, S. M. Jang, J. G. Eom, J. H. Cho, J. K. Kim M. S. Joun

Abstract
This study presents a finite element analysis incorporating temperature effects to simulate the outer ring
components of hub bearings. In hot forging, temperature variations in the material significantly influence the
prediction of the final shape and forming load. The forming load predicted by the simulation was compared
with experimental data from the actual process to evaluate the accuracy of the simulation.

Keywords: Hub Bearing(3] E. o] &), Non-isothermal(H]5-2), Hot Forging(®& 7+t+%), Finite Element
Analysis (g9 4231 4)
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Effect of Elastic Modulus, Strain | ncrement, and Strain Rate on

Numerical analysis based on Elasto-Visco-Plastic

Self-Consistent Polycrystal M odels

Juhong Kang, Youngung Jeong
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Study on the width and thickness measurement system of real-

timerolling process using YOL Ov8 and PRC for mula.

Gwangyu Lee, Jingu Kim, Hotaek Kwak
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Develop of an On-Build Plate Milling Process for | mproving
Post-processing Efficiency in Additive Manufacturing and
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Finite Element Analysis of Hot Forging Processfor Track Link

S. M. Jang, H. K. Moon, B. O. Kim, M. S. Joun

Abstract
In this study, non-isothermal finite element analysis was conducted to simulate the hot forging process of

track link components. The simulation considered temperature variations induced by die contact before and
after forging, thermal changes during deformation, and heat loss during inter-stage transfer. Accurately
accounting for the temperature evolution of the workpiece is crucia in hot forging, as it significantly

influences the prediction of the final geometry and forming load. The presented analysis demonstrates the
effectiveness of the simulation in validating and optimizing the forging process design.
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Multiscale Crack Control Adhesive Patch based on
Microstructures and Nonlinear Cutsfor Programmable
Adhesion

H. Song, S. Park, D. K. Kang, H. E. Jeong

Abstract
Precise regulation of crack propagation at bonded interfaces is essentia for the development of high-

performance smart adhesives. While prior research has largely focused on controlling crack dynamics at
either the microscale or macroscale, our study introduces a hybrid adhesive system that combines microscale
microarchitectures with macroscopic nonlinear cut designs. This multiscale structural integration enables
conformal contact and concurrent crack trapping across different length scales, leading to more than a 70-fold
enhancement in adhesion strength. Additionally, the macroscopic architecture guides crack propagation along
predetermined directions, allowing for programmable detachment and high reusability. With spatially tunable
adhesion strength and directionality, the system enables the fabrication of skin-adhesive patches that are
simultaneously breathable, non-irritating, robust, and easily detachable. These features are demonstrated
through a skin-mounted patch integrated with electronic components capable of detecting human motion and

wirelessly transmitting data, thus enabling real-time avatar control in virtual reality environments.

Keywords: Programmable adhesion, Crack control, Adhesive patch, Nonlinear cut, Microstructure
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for High-Pressure Hydrogen Applications

Effect of Manufacturing Processes on the M echanical Properties
and Hydrogen Embrittlement Resistance of 316L Stainless Steel
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Forming Simulation-Based Optimization
of Press-Fit Nutsfor Casting

S.R.Yeom, S.M. Kang, K. H. Leg, J. Y. Kim, M. C. Kim

Abstract
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Study on the manufacturing of flexible busbar using Cu/Al/Cu
clad metal

J. S. Song, K. T. Youn, D. H. Kim, K. H. Jeong

Abstract
H 2 vh(busbar) = 71 AFEAF, AUAAGA| 28 FolA A4S giAEiA & d7]82FS o
77| (secondary battery) ZF-8 HdFECR HAHS Fushes 4 FFoZ itz oz

CCA BlZihi= AlS] €]%o] CuZ Hste] WMo Wi, zzbe] wahs HEste] s
AR ARGoEA & TReA T, Cust AIZ FAH] 71E9] Cu mFH W
20% ool AFest etk w9, B AA3 @ Wewd dojwIw 4
Fsatel SAECE AET 5 vk ), CCA 2Al9 S84 Folst WY
EIPAPS

old] E A= CCA uHdt Flexible W =1LE A %3817 &4 CCA =S 93 utgt F
Aot e 218 HAgs o, wEHAE/AAY o 7AH 5A
YAt = 74 EA 3t HuE Addte] 7PHa fAEAAE =7
CCA Flexible W 2n}o] A 27} 7hsdS &Rlsaith

O

Keywor ds: Busbar, Copper Clad Aluminum (CCA), Flexible

T B AFE FANAYAE TAVIQ7ENEA DALY (HAH S S3047960)S F
u-g-olu, olel #A R o2 A=Y

o,
l-«O
-
ot

L (AT AFFATE 2AFF
2.7 AF-FATE 2AFF
3. Zalgiga gFAn A sk, wg

4. AASTEH 71&d T4, BF

# WA AR A AFEATE, AL AT, E-mail: jssong@dmi.re.kr

el
ozi e
-
o

e 2
-z 0o



A Study on the Process Design of Actuator Housing Partsfor
Differential of Electric Vehicle

S.G.Lee, W. H. Song, T. W. Rho, D. H. Chin

Abstract
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Effect of hierarchical microstructure on exceptional
strength-ductility combination of medium-carbon tool steel
manufactured by direct energy deposition

J. H. Park®, M. S. Jeon?, D. J. Kim?, J. B. Jeon®, Y. M. Koo? K. A. Leel#

Abstract

H, A T 2AE 55 AT AxwH H&ete] FEom Axsty] A At
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Fig. 1. EBSD image of as-built G6#1 and G6#2 sample manufactured by direct energy deposition
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Analysis of high temperature defor mation behavior of high

corrosion resistance Ni-Cr-M o alloy

J. H. Cho, Y.Y.Woo, J. H. Hong, E. Y. Yoon

Abstract
2 7hme) Abgol ufe

2ol o

of w2 a2

s}

t12 o™, Ni-Cr-Mo#A Hastelloy C-22

7}3

=
€]

87

s

SF—L
=

7—131

’d Ni-Cr-MoAl Y

Fod

5

wokell ©e] AREH AL Sl ARTIRA] Aol ARt A7 sl o=

A A7) WAS 7 a3k AAfolt) Hastelloy C-22

el

ke
T

I

—_—
o

el

BK

i
ol

0

il

0

S

ol

ToR

Iy

—

O

G
o
A
M
el
AO
0

=
umO
il

)

W

ol ol s

1
R

5

s

P ESES

5|
pul

H] Al

o
el
v
3r

ol

Nfo

7
o}
_!1_

o)

=7/ Hastelloy C-229 2A1¢ mAzxZd A4 FH

L A R

w2} A

o]

}o] Dynamic model®] w&}h

%8s

23] Processing

=
=

A = (Deformation processing map)

o, DRX(&4 A we 249 vAstet

E 1.2 o4, 1,050°C~1,150°CellA v 2 HE 11.33m= =7] 2A

63.6um thE] 82.2% 7HAdE WA %3

0

el

)= =

=3 [

Keywords: 7] Al

E-mail: chojoohyeong2000@naver.com



M easurement and Simulation of Bolster Defor mation for Press
Characteristic Visualization and Forming Accuracy Calibration

H.W. Kang, G. Y. Park, J. B. Jung, J. Y. Choi, D. O. Kim
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A Study on Cold Forming of High Strength Spring Sheet for
Electric Vehicle Shock-up Shock-bar With Induced L ocal
Heating

CT

T.H. Kwon, C. H. Suh, H. W. Jeon, H. Song, E. Y. Kim, H. J. Jang

Abstract

The spring seat of the automobile shock-up shock-bar is a part that offsets the measurement force applied
to the shock-up shock-bar spring and prevents the spring from flowing, twisting or buckling by the
measurement force, and requires high strength and high durability. Since electric vehicles have a heavier
battery weight than internal combustion engine cars and must be responsible for a higher load than internal
combustion engine cars, the spring seat of the variable shock-up shock-bar is required to be made of high-
strength materials and requires a deep molding depth, so the molding difficulty is very high. In general, parts
of spring sheets and chassis modules are produced by press molding using steel materials. Residual stressis
generated on the broken surface and the edge portion with a rough surface when shear is performed in the
first blank process. As for the broken surface and residual stress, as soon as aload is applied in the secondary
process work such as forming, drawing, and bending during post-process work, cracks are easily generated
on the broken surface, leading to poor molding, resulting in many problems, so it is necessary to develop a
new molding technology that can solve this problem.

Therefore, in this study, a study was conducted on the method of manufacturing induced local heating that
controls tissue and ductility by rapidly heating the local part using induced heating.

Keywords: Electric Vehicle, Induced Local Ductility Control., Induction Heating, High Strength Steel, Local
Ductility
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A study on microstructure and mechanical properties of MgLi
alloys by cold rolling and heat treatment

Y.Y.Jo,M.S. Kang,H.J.Kim,H.J. Lee, S. Leg, H. T. Jeong

Abstract
dofe s - 2utd 7171 & &% IT 717]e digh a9 side] Zgahax A% Al o
g JhS dEo] opd H4Tt QOMIL Atk MgLi $52 1.5 g/er 39 4% F5% 724
2, 1963 NASACIA #S& A7lE o= AA7tA Lo FE5ET28 A8 5 7MY 71He
TxA It 53] WgAdo]l g AMYETRBCOR] B-MgLig &3l 4= 2447kl o
g A7 dskA ey, Ao vt we wWEek Ao R st FHToE at+ e
ol Mglis WAooz du AAY 34 /M 55 &3 =4 Pl dgd d4-E50]

s .
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Tensile Property and Strengthening M echanism of
Cold-Rolled Co-Based Materialsfor Diaphragm Valves

N. G. Songt, J. H. Park?, J. H. Choi?, D. H. Kang?, K. A. Lee"

Abstract
tlojojxal Wiu = Wt Az FAHNAH nex 7t 2 3eEdo F5S Alofsry] 98l
= A" e ¥y Adge] a9 F
Al 71 AHEEAY AEQlE A
al 9tk o] F Co-Cr-NiZl¢t Co-Ni-Cr7l &35 %53 7| A4 54

rtEHI Aol E WEE F3F HCP o] #&Eglew, Z}2F 0.76 + 0.57 um, 0.42 + 0.21 pm 7] 9]
Mo-rich A& &5°] &2tk SPRON 510 2 -9 asrolled, DA A EF FCC @ A&

Yebdon 77} 0.93 + 031 pm, 0.65 + 0.31 um =17]12] Mo, Nb, Ti-rich 2 & &E50] At
DA & ¥ 42 a9 Alg A3, Egloy 2A1¢ <14 Zx, 38 ZFx 2 dNge 747
2152.6 MPa, 1828.4 MPa, 0.9 %= o] x 2™ SPRON 5102 249 J4 A=, a5 = 2 Azl
&2 ZH7F 20158 MPa, 1920.7 MPa, 1.6 %= ¥ AT &7 AIES vt S 2 Elgiloy 2
SPRON510 7+ Stdafe]l DA €xle] § Wy 8 33 7|45 ¥ staat spalvk

Keywords: Diaphragm valve, Co-Cr-Ni, Co-Ni-Cr, cold rolled, microstructure, tensile property, deformation

behavior
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Fig. 1. EBSD/EDS mapping of initial microstructure Elgiloy and SPRON 510 Co-based superalloy materials.
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Fig. 2. Tensile properties of Elgiloy and SPRON 510 Co-based superalloy materials in as-rolled and direct aging
heat treatment conditions.
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Strength Change of Aluminum Plate Weld Jointsfor Salt Water

H.B.Choi,S.H.Lee, S W. Lee, S H.Lee

Abstract
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Evaluation of Tensile-Bending Characteristics of 4D Structures
Based on Shape Memory Polymer Materials

M. S. Kim, K. Park

4D YL 3D ZAY ] o] Az
2 Wyste] AREAE et dEe] A
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QA E (Auxetic) 54S 2ZHE AZ1 Y (Re-entrant) ?LES’Jr LY F=, A F2E AAE o
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Deter mination of Post-necking Stress-Strain Relationship using
Digital Image Correlation (DIC)

J.H.Moon, D. G.Kim, M. G. Lee, J. H. Song

Abstract
AW o7 FEgHade A A ZFd wet sks-®e] HolHE =5 ols ¥4
E= SY-HEE HolHE Wdlste d& F Ak 2y Ao A EE 29eke B
7H3E G A S ke w g Wk WAls HEste e dtgol b we A FErt
oA EBddz Wehr] uZed HEsrlel dAZE o] FE HASHXA AnE

AA =

Hollomon, Swift, Voce 2.2 2|Atslo] A& L AFe = olgld ylF] o] F 7ol A

of Uiy EA4S 47 f% WHew Yyxdg O]U]X] AAEA(DIC)O 7IWkste] AA AlA o

Hol Mals HAHslaL, o] HolHE AMESle] UF & 3

A Ato]=9] TH AEAE EYste] HAQl Mg S
| =3

g wlast, ol eld E2

2e-WAE FAL THIE P v
el A gate] AT} MwFOoRA T &

Keywords: Digital Image Correlation(DIC), Virtual Extensometer, Area Reduction Method(ARM), Local
Property Method(LPM), FE Simulation, Tensile Test
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Simulation-based Stamping process design of the aluminum
cover plate pressfor EV battery

G.M.Kim,S. O.Lee, S. S.Lim, G. H. Bae, G. W. Noh, J. H. Song

Abstract

The manufacturing of electric vehicle battery partsis a complex process that requires precise shapes using
lightweight materias such as auminum, which are difficult to form, and precise mold design is essential for
efficient and high-quality parts production. In this study, analysis-based mold design was conducted to
optimize the press molding process to prevent wrinkles or fractures in electric vehicle battery parts. To this
end, the finite element analysis (FEA) technique was utilized to predict the peripheral strain and thickness
reduction rate that may occur in the early stage of mold design, and the plastic deformation and flow
characteristics of the material were modeled to change the shape of the part where cracks are expected to
occur during molding, thereby improving the molding quality. In addition, a design that improves shape
precision was derived through springback analysis and mold compensation based on this. Through this study,
it was confirmed that the molding quality can be improved through the analysi s-based mold design process
for mass production of electric vehicle battery parts, and various problems that may occur during the
production process can be prevented in advance. Through this battery parts press mold design, important
productivity and cost reduction effects can be expected industrially.

Keywords: Electric Vehicle, Battery Module Component, Stamping Process, Formability, Mold Design

Acknowledgement
o] = ARIEAALN] A oA LA AEE el - oA A
] A-&% wiEE

2~

-— A [e)

o 9] c}oél‘%}—"f% A - AS7IE NS Ade ol A E A5 (Al F- A
il

asta 7 AF e, st

S A7l EA T At rled T FAANARE £ d
astal 7| AFEE Fag

# ﬂﬂ?*ﬁ"}ﬂz"ﬂ?% A3 7| ad T4 FARAARE REA Emal: jhsong@kitech.re. kr

AT ST AFHRY ) EDTE FAVHARE FPATL
?_

-h.wl\’!—‘



el x| 2527

H
il

o

5t

0k
B0
oF

¥

-

A 2ste] o

L

R

3

°©

3}

Al
f

o=

M.H.An,Y.S Lee SH. Park, Y.Y. Woo
Abstract
el
S|

Formability lmprovement in Non-heat-treatment steel for cold
forging via | sothermal Heat Treatment

i
)

i)

Ho

H] 22 7} (non-heat-

18] 4=

&

J
=

ol &= ZZA(Quenching & Tempering)

T
N

N

ﬁO
W

o EAE A

QT &4 A=

ke
T

treatment steel)

A9, E-mail: yywoo@kims.re.kr

Wash W3k A

Al
Al

w] A Z

=

R

9]
K eywords: Non-heat-treatment-steel, Multiphase-steel, Heat treatment, Microstructure, Mechanical property

Annealing 2o uw}

H] A %



T2 uot ZHE AIN AZE o ME Mo 54 B}

HEI|'- StEj A

Characterization of AIN Shafts and Bonding Materials for
High-Temperature Thin-Film Applications

J. K. Chung, T. K. Ha

Abstract
In this research, focuses on the localization of 650°C ultra-high temperature AIN shafts and bonding materials
for CVD and PVD semiconductor processes. An optimal composition was developed to achieve low thermal
conductivity, low thermal expansion, and high strength. The bonding process was also optimized to ensure
reliable high-temperature joining. The final product showed excellent properties, including 89.277 W/m-K
thermal conductivity and 323 MPa flexural strength.

Keywords: Aluminum Nitride (AIN), AIN shaft, Sintering, Thermal conductivity. Bonding material reliability
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Fig. 1. SEM images of AIN sintered at 1900°C with additives of Y203, Sm20s, and SiO:
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A Study on Boil-Off Gas Behavior in Double-Pipe LNG
Transport Systems Using CFD Analysis

J.H.Yoon, M. G. Jeong, J. B. Park, S. H. Ji,H.W. Lim, J. Y. Han, S. J. Kim

Abstract
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Keywords: Boil-Off-Gas(BOG), LNG(Liquefied Natura Gas), Double-Pipe, Evaporation Modeling,
V OF(Volume Of Fluid), Numerical Simulation
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Abstract
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Numerical Analysis of Nozzle Geometry and Substrate Edge
Effects on Conductive Ink Coating for Micro LED Panel

J.Y. Park, S. G. Kwon, J. W. Kim, B. C. Kang, J. S. Kim

Abstract

This study aims to realize uniform film formation of conductive ink (IPA + Ag 50 wt%) on substrates used
in micro-LED packaging processes by quantitatively evaluating the effects of nozzle shape parameters (dope
angle, effective flow channel length) and substrate edge geometry (chamfer or curvature radius) on flow
behavior. The conductive ink was modeled as an incompressible Newtonian fluid, and CFD-based flow
simulations were conducted to compare filling patterns, velocity distributions, and turbulence formation. The
results show that a nozzle slope angle of 5° ensures flow stability, whereas edge features with a chamfer or
curvature radius of 0.1 mm or more tend to induce flow stagnation and turbulence, leading to increased filling
non-uniformity. These findings can serve as preliminary design guidelines for optimizing coating nozzle
geometry prior to experimenta verification.

Keywords: Conductive Ink Coating, Micro LED Packaging, Nozzle Geometry, Substrate Edge Configuration,
CFD Flow Simulation
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High Shear Viscosity Behavior of Thermoplasticsin I njection-
Based Rheometry: Causes of Underestimation and M aterial
Comparison

J.Y.Park, J.1.Son, E. G.Yun, J.H. Lee, J. E. Soun, S. Y. Kim, G. S. Yoon

Abstract
With the miniaturization and ultra-thin trend of smartphone camera module components, the melt viscosity
at extremely high shear rates exceeding 100,000 s has become a critical parameter in determining the
moldability and dimensional stability of injection-molded parts with thicknesses below 0.3 mm. In this study,
a custom in-mold rheometric system integrated into an injection molding machine was developed to evaluate
the high-shear-rate viscosity of COC, COP, and PC-based resins for fabricating optical lens molding. The
measured viscosities at equivalent shear rates were significantly lower than those obtained from conventional
rotational and capillary rheometers. This discrepancy was attributed to several factors, including insufficient
pressure sensor response time leading to missed peak pressures, interfacial dip behavior of nonpolar resins,
thermal softening due to shear heating, unrecorded elastic stress overshoot in high-shear rate. Comparative
analyzes of polarity, surface energy, contact angle, and shear stress profiles across resin types provided
further insight into their distinct high-shear flow behaviors.

K eywords: High-shear-rate viscosity, In-mold rheometry, Optical lens molding, Polymer melt rheology, Flow
instability at high shear rates
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M. Kim, S. Hong

Multi-Objective Structural Optimization of a Pin-less Cable
Chain Considering Assembly Stress and Joint Strength
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Study on the mechanical properties and microstructure of pure
Ta under hydrogen charging at elevated temperature

M. H.Kim,H.B.Hong, M. C.Jo,K.H. Lee L.J.Park,S.Y.Lee, J.H. Shin,H.H. Cho

Abstract
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Analysis of Mechanical and Microstructural Characteristics of
Al6061 under Varying Friction Stir Welding Conditions

S. Byun, K. Lee, O. Park, S. Hong

Abstract
AA A AdgeAe AFEE A% ¢FE g 5o A Al
ole we} o]lHg AmE AAAHS
gy 71EY] BHES AL
g 4 otk olyg EAlE A il
Stir Welding, FSW)©] F5&1a1 Qlth FSWi= 3] 38}

g A4 gelz wEel PEse THow

o}

= o o=
3 AR 54E Hrretd o, FAAAAR A (SEM)S o] &35te] 859 mAzAS #E
sk, 22 WstE EA ST AR A, I HERTE SEeE g Aalgo] S
7tete A Btk E3 3 AEE 1000 pm 7oA 53 7)1 A A
EEEE 400 mm/min ©] 8t W QA QL A gto] o] FolA = Alow EAHEH B ATE Tl
Al6061°] FSW &4 e wa 7[A14 54 Wt 43S gtetd 4= dow, tAAl e
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M achine L ear ning-Based Prediction of Recrystallization in
Extruded ZK60 Alloy

S.Cheon,J.Yu,S.H.Lee T. Lee

Abstract
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Validating athermal contribution of electropulsing treatment
via asymmetrical specimen

J.H.Song, S.Y. Lee, S.Cheon, J.Yu,S.H.Lee, D.J. Park, J. Lee, S. H. Park, T. Lee

Abstract
A F2 A7FH(Electropulsing Treatment, EPT)& w4 AAle] AR/E 2= FH=E A7}

3te]l & 719 @ (Joule Heating Effect)o] wE THS F&, olF T3 7= A g
(Furnace Heat Treatment, FHT) giv] Hold oA a&dy 7tEAdS AlFshes Tt
o Aol M= EPT7F @t € @ (thermal effect)E @o] WY & ¥ (athermal effect)
Tk 3 G gl B Q» ouv, F AHE WEe] FEste] AFAoR FA sk W
< obA AYHEA &gt oo & AFolA = v Fde] AlAS &85k EPT A olA
ettt d 2 Hd a3E AEHeE 77 B4 AR HHES Atk 548 F
¥t AF7E SHStESs AAS B AlHES AFSEoEA, sdet 4 21 SdAE &
I vg ga3rt sAdd #gehe d99 o4 d maHv A&t d9S Hlud F RS
shlvh. gk, olgfdt A HAAE 7o ® 22k F3 8484 (2D FE S Fdste &% #
X 9 7tE FEE d5sta, A3 dHelHE 8 RdS Aot AF A3, EPT A
Al 5 Frel A el e Al Wy HXES dlsion, FAAoEE 60%
& EPTE A-&3 A3, AA" A% oF 40%p S7F, &8 AA & °F 20%p P&, A7 A
Al EE oF 28%p Tradte ARA WEE #EE ¢ AT olE Sl EPT HAA vE &
N7 EAGE W gFEidet. B ASde 71 W SHAE SEsta, EPTY & - H|d
a23E Bo Ao 4T e AR ASHS AAEIT
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Effect of Heat Treatment on the Carbide Microstructure and
| mpact Toughness of Steel for Nuclear Containment Vessels

D.J.Park,J.Yu,S. Cheon,S.H.Lee, J.H. Song, S. Y. Lee, J.Lee,J. M. Lee, C.H. Leg, T. Lee

Abstract

171+

H8-7]o AFE5+= SA3S0LF3 FAE S 2, quenching 34 /\]ﬁ

AAA o2 FAsH . Al 7HA A g
ta, Z+2+e] AN#Ho| gis] AL drop weight test & F3ste] It oJFE L5
t}. wA %A W3E  scanning electron microscopy(SEM) &} electron backscatter
diffraction(EBSD)S =3 Aoz HAsPTE. @3l drop weight test, tensile test,
nanoindentation A& FTste], G X1 Wt e wvsE 4 A5y od wE F
A A Azt MAYUES stz sl o] A& F3l Ad87] AAe Exy HA g
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Al-Enhanced ML-DIC Imaging Analysis of
Fatigue Crack Propagation Behavior in Aluminum Alloys

under Overload Conditions

D.H.Kim, Y. W. Chai, Pius. Jwa, S.H. Lee, H. S. Choi, M. Y. Seok, D. J. Lee, Y. N. Kwon

Abstract
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Process Design for Electropulsing-Assisted Healing
of Fatigue Cracksin Metallic Materials
Abstract

Beom-Rak Hong, Hyunsung Choi, M oo-Young Seok, Dongjun L ee, Yongnam Kwon and Hyeonil Park
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Fabrication and M echanical Char acterization of
Titanium Alloy Sheet-Based Sandwich Structuresvia

Diffusion Bonding and Blow For ming

Seung-hyeon Ban, Hyunsung Choi, Hyeonil Park, M oo-Young Seok, Yongnam Kwon, Dongjun Lee
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Analysis of Hot Defor mation Behavior and M agnetocaloric
Propertiesof La-Fe-Co-Si Alloys

S.Y.Yang, M. J. Kim,W. S. Yang, J. H. Kim, D. S. Shin

Abstract

La-Fe-Co-Si a2 A2 F-LolAe =7 d%F a3 (Magnetocaloric effect), 2H2 3] ~H 2] A] 2=
(Hysteresis), H-fr=74d 74 ¥4E Atgom 373 ¥zt 7=l 2] 34 LAzA g 3
Ae WA ok A7) B A A dddE 285 P77 fE A B A e = F
5 Wo] yolok shul, ojo] uwhel @Al L Stolo} Fejze] A HY sl el B
otk el 1Al F7 AAY nAE AYOE A At FPOT ATT 5 dE WY
FRAA e @At 9

2 AFolA = LaFeCo-S w9 12 WY vAYUSEES 48 41t bd T4& Sal
°F 157 mm F719] LaFe-Co-Si 7|t #AE Al=silet. dfshs 7|utem Ao w2 AJH
L& Aste] La(Fe Co, S)is (L13) o] Huistd & e 240w HAAE It &3,
AEE okl A&l dwmQddEold 2 izt b4 3488 3% g 2AY EAAS
AAM R FAstlen, ol& 7|Who R A3t 4 #4& st oF 67% dFES ZA4
ek 47 e ol F wlAzEA W 113 4 W) 24 Wa 2 WAzAY 4% 5ol g o
7l 4% S4ol A5E stk A 4F 54 A=) A oA 249 TS =

gatel plAEA AolE B FPE A/ 4 54 FusAY

Keywords: La-Fe-Co-Si aloy, Magnetocaloric effect, Hot rolling process, Multi-step heat treatment
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Artificial Intelligence-Based Analysis of Fatigue Crack
Propagation in Aluminum Alloys Using ML-DIC I mages

Y.W. Choit, PiusJwa, D. H. Kim?, Y. W. Shin!, S. H. Lee?, H. S. Choi?, H. |. Park?, M.Y. Seok?
D.J.Lee? Y. N. Kwon*

Abstract

The materials used in aircraft structures are crucia for maintaining both the safety and performance of the
aircraft, requiring strict compliance with essential criteria such as strength, weight optimization, durability,
and resistance to internal environmental conditions.

Common structural materials used in aircraft manufacturing include titanium alloys, composite materials,
specia aloys, and auminum aloys. Among them, 7xxx-series aluminum alloys are widely utilized in the
aerospace industry due to their exceptiona strength-to-weight ratio, superior fatigue life, outstanding
corrosion resistance, stress corrosion cracking resistance, and high fracture toughness.

In aerospace structures made from aluminum alloys, a deep understanding of fatigue crack propagation
characteristics is essential, based on damage-tolerant design principles. This understanding is a critical
component in evauating and enhancing structural integrity, providing the foundation for fatigue damage
analysis and assessment.

ML-CNT films, composed of mechanoluminescent (ML) materials, are engineered to emit light in response
to mechanical forces such as tension, compression, shear, and vibration. The intensity of this luminescenceis
directly proportional to the applied stress and the resulting material deformation, allowing for precise
detection of crack tips and lengths. Additionally, the incorporation of carbon nanotubes (CNTs) within these
films replicates the speckle patterns used in digital image correlation (DIC) techniques, enhancing the
application of advanced DIC methodologies.

This study introduces an innovative approach to the safety diagnostic evaluation of structural components
by leveraging ML-CNT films in fatigue crack propagation tests. Through this method, we aim to precisely
estimate AK values associated with fatigue cracks, thereby enhancing predictive maintenance strategies for
aerospace structures.

Artificial intelligence plays a crucia role in detecting, monitoring, and predicting fatigue cracks. In
particular, machine learning algorithms excel at identifying patterns within large datasets and constructing
predictive models. In this research, we utilize stress and strain visualization data obtained from ML and DIC
imaging techniques to develop an automated model for predicting AK values and fatigue crack growth rates.
This approach not only facilitates early detection and prognosis of fatigue cracks in the aerospace sector,
contributing to accident prevention and improved safety, but also reduces maintenance costs and enhances



the operational efficiency of aircraft.

Keywords: Mechano Luminescence, Aluminum Alloys, Digital Image Correlation (DIC), Fatigue crack
propagation, Artificial Intelligence (Al)
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Analysis of filling characteristicsin long-length flexible printed
circuit boards based on roll lamination process parameters

C.W. Lee'? E. J. Gwak'? D. S. Choit, J. S. Han 12 #

Abstract

A4 3= 7] (Flexible printed circuit board, FPCB)-> 2} F3% 1+
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A Semi-Analytical Approach for Numerical Analysis of Residual
Stressin Oxide Scale Grown on Hot-Rolled Steels

Y.-J. Jun, J.-G. Yoon, J.-M. Leg, S.-H. Kim, Y.-C. Kim, S. Nam, M .-G. Lee, W. Noh

Abstract

In this study, we developed a semi-analytical approach for the numerical analysis of residua stress in
oxide scales formed on hot-rolled steels. The oxide scale, formed during the hot rolling process, experiences
complex interactions due to thermal and mechanical influences, significantly affecting the material's integrity
and performance. Our research focuses on integrating various stress components such as thermal stress,
growth stress, and creep behavior to predict the residual stress within the oxide layer. The semi-analytical
method combines analytical expressions for each stress component with numerical integration to account for
their cumulative effects. Validation through instrumented indentation tests confirms the reliability of our
model, which considers thermal expansion coefficient (CTE) differences, scale growth, and creep-induced
stress relaxation. Our findings indicate that thermal stress resulting from CTE differences significantly
impacts the overall residual stress, with growth stress contributing a compressive component during cooling,
and creep behavior playing a minor role in stress relaxation. This comprehensive approach enhances the
accuracy of residua stress prediction, facilitating the optimization of material design and processing
conditions for hot-rolled steel products.

Keywords: Semi-Analytical Method, Residua Stress, Oxide Scale Growth, Thermal Expansion, Hot-Rolled
Steel
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A Study on the Microstructural Evolution of LZ91 Alloy
during Cold Rolling

W. G. Seo, K. M. Ko, E.S. Leg, K. Thool, S. H. Choi
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Compressiveresidual stressrelaxation and crack propagation
behavior under cyclic loading in Shot-Peened Aluminum alloy

Y.J. Cho, SH. Lee, H.S. Chai, H.l. Park, M.Y. Seok, Y.N. Kwon, J.H. Hong, D.J. Lee

Abstract

Compressive residual stress plays a critical role in delaying fatigue crack propagation (FCP) by reducing
the effective tensile stress at the crack tip. However, under cyclic loading, residua stress progressively
relaxes and redistributes due to the accumulation of plastic deformation—an effect that has not been
sufficiently addressed in many conventional analyses. Traditional approaches that treat residual stress as a
static average or initial condition fall short in capturing the dynamic nature of stress fields during fatigue. To
address this limitation, fatigue crack propagation (FCP) tests, high-cycle fatigue (HCF) experiments, and
digital image correlation (DIC) analysis were conducted on shot-peened Al2124-T851 specimens. The HCF
results revealed that residual stress relaxation becomes significant at applied stress levels exceeding 70% of
the yield strength, leading to the formulation of a nonlinear empirical model correlating stress ratio with
residual stress reduction. Strain fields near the crack tip, measured via DIC, were converted into externally
applied stress fields (capplied) using uniaxial elasticity assumptions. These were then combined with the
redistributed residual stress fields (6RS) to construct the effective stress field (ceffective). The resulting
oeffective distribution demonstrated a reduction in stress concentration and plastic zone size, contributing to
delayed crack opening and slower crack growth. This study proposes an integrated modeling framework that
incorporates residual stress relaxation and dynamic stress field interactions, offering a practica and
physically meaningful method to analyze fatigue crack behavior under cyclic loading.

Keywords: Residual stress relaxation, Fatigue crack propagation, Al aloy, Shot peening
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Deep Drawing Tool Design and Forming Study of Steel
Cylindrical Secondary Battery Case with 46mm Diameter.

K. C. Park, K. Ahn
Abstract
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Optimal design of multistage deep drawing process using an
integrated artificial neural network evaluation function

S.S. Han, H. K. Kim
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Comparative Study on the Determination
of GISSM O Damage Parameters Using Optimization Models

M. Oh, S. Park, S. Hong

Abstract

B2 AP A 24 g dSWa ol ¢d EE R4 ﬂé% Agal west] o
3l divAl 2ol wdo] ggETh AP AMREHE T8 v
GISSMO: &4 AFE dZ5d Z&H9, 293 4o exE Fol” z
gt 71 Aol s GISSMO RE] ek H A3} Abdle SASHA N, thFdk # 4 st
&3 7 A Mud d7e Ayron ¥Ead. w2 AT GISSMO
S ARt Bl e AH3 7MS vasts] 918 Ansys optiSLangS 251l
stz 3o AT Hrte 9 &S5, 4 7)bt
A=

o flo ofo

o rlr

pul

i A o e HER Y] aﬂfjtﬂolEi crack
2 1T01 fﬂr Oﬂ?m% o= ol (uni-axial tensile) A]Holl T3l Q1A
Al on], AAMFE GISSMO £3AFe F8 4T mAE a7l 47
to] &AL /\Esg;}o:]p} PR !
AN 3T

Z9S 483t F 5007

-

N o
= >
oX,

I e S
N
FN

o M

TR AA e gl e =S
s AAdslen, ol 288t Krlglng
€

2

4 o)
9l

ﬁd
>

T P o VO S
LCT il
il

of
o,

> ol e B & 2 MR g N b N rhog@onl

[> b
o 1
tio
-4
H

?L'

»

°
:L

L BFoshal v g sta, AuakE ey

2. ANz o}, B

3 wrot v AAEAE A ST, B
# Corresponding Author: Department of Future Automotive
Engineering, Kongju Nationa University, E-mail:
smhong@kongju.ac.kr



=13
Abstract

F7Vele A7) 20 23 EV(Electrical Vehicle) 2% 7lwro] 2=

SRS
Ki-Seok Nam, Sang Cheon Park, Sung Min Cho
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using Roll Forming and 3D Bending
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Development and application of
1.8 GPa hot-stamped steel sheets for automotive bodies

S. C. Yoon, K. J. Park, J. M. Park, J. Y. Kong, K. J. Sohn

Abstract

The tightening of collision safety regulations and increasing demand for electric vehicles necessitate
developing high-strength, lightweight automotive body components to protect passengers and battery systems.
Consequently, the use of advanced high-strength steels (AHSS) has become crucial for enhancing fuel
efficiency, reducing CO, emissions, and improving crashworthiness. However, conventional cold forming
processes encounter difficulties in ensuring adequate formability and precise dimensional control due to the
high strength and limited elongation of these steels. Hot stamping technology, involving heating materials
above 900°C followed by forming and rapid cooling in dies, allows the production of components with strengths
exceeding gigapascal levels. This process simultaneously achieves vehicle weight reduction, improved crash
safety, and precise control of component shape and dimensions. In this study, the hot stamping strength level
was successfully increased from 1.5 GPa to approximately 1.8 GPa through optimized alloy design and tailored
process conditions ensuring adequate weldability and hydrogen embrittlement resistance. Customized hot
stamping processes applying cooling rates above 25°C/s effectively controlled formability, weldability, and
hydrogen embrittlement characteristics. The developed 1.8 GPa-grade automotive components achieved
approximately 20% higher strength and over 17% improved crash resistance compared to conventional
components, thus significantly enhancing collision energy absorption capabilities and aligning with eco-

friendly vehicle advancements.

Keywords: 1.8GPa, Hot stamping, High strength vehicle
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Case Study of Extrusion Screw Failure and Coextrusion
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Abstract

3z
™

w2

of wet A
A& 23] Extruder W %

el
w
e
<

—_—

=

17 22149

of 7}s

A5

]

aig
J))

Mo

hbel thel(@)2

S

=0
=

o

KN
T

%= (Coextrusion)

o
;ﬁ
1%0
Ho
K

i AFEH ol skEuUY ey

2 s

)51—

63:

o)
Th
o))

-

o))
o

oF

s
1o®

wr

o
il

of
T

olo

e

X

K
2
i

)
A4r

)

ol

rvzel

ofp

o

o)

i

ol

<0

}-

=E F S

i

T

ol

B
o

K
<0
oesd

pr
fite)
o)

—_
o

i
ofp

Gl

0
o

Keywords: 275 (Screw), 3 %+ (Coextrusion)

oo

B

CompuplastA}2]

L
L

Acknowledgements. 2 Al

1. DFMA Korea &



=2
o

Moldex3D DT &

51

9l

. Joe Wang?

RS

A
(i)

A =4

Application of Moldex3D DT for Reliability of Material
Properties
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A Study on Ramp-Up Process Improvement Using Injection
Molding Simulation-Based XR/AI Application Software

S. H. Hwang, J. H. Oh, S. J. Hwang, J. H. Lee, Y. S. An, D. H. Kang

Abstract
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Applications of Additively Manufactured M etamaterials for

| mprovement of Cooling Efficiency in Injection Molding

K.Park,S. H.Oh,J.H. You
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Analysis of the mechanical behavior of CP Ti sheet using crystal
plasticity finite element method and in-situ EBSD

A B AT 32 Q&AM Z K| F4#

Abstract

Commercialy pure titanium (CP Ti) exhibits significant anisotropy and asymmetry at room temperature.
Although various studies have been conducted to explain this unique behavior, the deformation mechanisms
causing asymmetric yielding and hardening have not been clearly identified. In this study, micromechanical
analysis was performed using electron backscatter diffraction (EBSD) and crystal plasticity finite element
modeling (CPFEM) to predict the microstructure-based hardening behavior of CP Ti. Representative volume
elements were generated based on EBSD experimental results of CP Ti Grade 2 and 4, and crystal plasticity
model parameters were derived by comparing uniaxial tension/compression tests with CPFEM results. By
comparing CPFEM results with measurements of in-situ EBSD analysis of tensile deformationin RD and TD
directions, it was demonstrated that CPFEM could effectively capture the local micromechanical behavior as
well as macroscopic anisotropic and asymmetric behavior of CP-Ti by reflecting the major dip and twin
modes at room temperature. Using the derived CPFEM model, the relationship between yield functions of
each deformation mode and the overall material yield function predicted was shown, and deformation
mechani sm-based approach was proposed for plastic constitutive equation modeling of CPTi.

Keywords: Crystal Plasticity, CP-Ti, Mechanical testing, Anisotropic material, Twinning, multi-surface

FAbg e 71 A sk, A Ak

8ol B Al CTO

SgAEATY, AYdATY

# BAEa 7 A FEE w4, E-mail: kimjh@pusan.ac.kr

W



HHES|L. CarlosN Tomé2. Laurent Capolungo?#. MY 213.#
Rever se engineering using Bayesian inference and Finite

Element Analysis: application to deter mining hoop properties of
nuclear cladding material

Bohye Jeon, Carlos N Tomé, Laurent Capolungo, Youngung Jeong

Abstract
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Development of Transparent PMM A Component Forming
Process and Finite Element Analysis M odeling

H. Choi, M. J. Baek, Y. W. Shin, H. PaZ}, D. Lee, M. Seok, Y.N.Kwon, D.H.Jeong

Abstract

Stretched acrylic (PMMA) materials, produced by biaxial stretching of cast acrylic, are widely used for
fighter jet canopy due to their excellent optical transmittance, impact resistance, weatherability, heat
resistance, and lightweight characteristics. These canopy is normally manufactured by vacuum forming
PMMA sheets at temperatures below the glass transition temperature. Process parameters such as
temperature, vacuum pressure, forming time, and clamping force are known to significantly affect the
thickness uniformity of the final product. In this study, the issues arising during the transparent forming
process using PMMA acrylic materials were analyzed from the perspective of process variables. Additionaly,
finite element modeling was conducted to support efficient design and optimization. The behavior of PMMA
during high-temperature vacuum forming is associated with temperature- and strain rate-dependent plastic
deformation, as well as time-dependent creep deformation under constant temperature and stress conditions.
To accurately simulate these behaviors, a temperature- and strain rate-dependent viscoplastic model was
proposed, and the time-dependent creep behavior was modeled using the Norton-Bailey creep law. The
proposed viscoplastic model was implemented through a user-defined subroutine (UHARD) and validated by
single-element tensile ssimulations. The forming process was modeled as a three-stage process based on the
commercia software ABAQUS/VISCO solver.

Keywords: PMMA, Viscoplastic model, Creep model, Canopy
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Development of Intelligent Sheet Metal For ming Technology
Based on Process M onitoring

G.H.Bae, J.H. Song,J. S. Leg |.J.Jang, T. H. Kim, K. H.Kim, J. E. Leg, B. |. Kim, Y. S. Jung
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Prediction of cutting force and cutting energy using physic
informed neural network

S. Maeng, B. M. Kim

Abstract

During milling, cutting forces arise in the process of chip formation caused by plastic deformation. These
cutting forces vary depending on multiple factors, including tool geometry, machining conditions, machine
tool precision, and the lubrication between the tool and the workpiece. Accurately predicting these cutting
forces is important for extending tool life, improving the efficiency of machine tool design, and selecting
optimal machining conditions. Meanwhile, as climate change becomes more severe, efforts to reduce carbon
emissions continue, and the machine tool industry is aso working to save energy. Accordingly, research is
underway to predict cutting energy and find methods to reduce energy consumption during cutting.
Analytical and experimental models for predicting cutting forces and cutting energy have been actively
studied, but analytica models have limitations in accurately capturing the complex, nonlinear nature of
cutting processes, and conventional experimental methods struggle to efficiently handle large and diverse
data sets. Recently, with advances in machine learning techniques and computing power, there has been arise
in research on machine learning—based approaches to predict nonlinear and complex cutting forces and
cutting energy. However, gathering extensive experimental data and dealing with overfitting remain
challenges. To address these problems, this study proposes an experimental strategy that can effectively
extract data under various conditions from aminima number of experiments, and verifiesits validity through
milling experiments by comparing it with traditional methods. Additionaly, to mitigate the overfitting
problem in cutting force and cutting energy prediction models, a Physics-Informed Neural Network (PINN)
is applied, and its performance is evaluated in comparison with existing machine learning models such as
ANN and SVM.

Keywords: Cutting force, Cutting energy Cutting coefficient, milling experiment, PINN
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| nvestigation on M achine lear ning-based Tool Condition
Monitoring in Milling Process

M. Ramella, H. T. Yun

Abstract

In the past years, Tool Condition Monitoring (TCM) has emerged as one of the most
innovative technologies aiming to revolutionize production as known so far. However, his
ground-breaking technology has until this moment been limited to the need for a
considerable amount of data. This ongoing research aims to produce an easier and less
computationally requiring model that uses public data by PHMZ2010 challenge: force and
vibration measurement obtained from a 6mm ball nose tungsten carbide milling cutter to
extrapolate the remaining useful life of the tool by looking at the wear that the component
is subjected to. In particular, the model is based on deep learning structures, by combining
both Convolutional Neural Networks and Long Short Term—Memory. In addition,
Generative Adversarial Network is also used to increase the number of data available
allowing better training and more complex models reducing the risk of incurring in

overfitting.

Keywords: Tool Condition Monitoring (TCM), Tool wear prediction, Milling processes, Machine learning
(ML)
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Multi-fidelity data based training of latent diffusion model for
inverse microstructure design

J. Jung, S. Oh, H.Kim, J. Na, S.-J. Kim, HW. Lee

Abstract

Microstructure optimization is central to the development of advanced structural materials, as
microstructural features critically influence mechanical and functional properties. While traditional trial -and-
error methods for microstructural design are time-consuming and costly, recent advances in data-driven
approaches have significantly accelerated this process. In particular, generative models have emerged as a
promising aternative for inverse microstructure design because these models allow for one-shot generation
of microstructures that satisfy target properties. Despite their potential, training the generative models
remains challenging due to the need for large and diverse high-quality datasets. To address this limitation, we
propose a multi-fidelity data driven strategy to train a 3D latent diffusion model that can generate 3D
microstructures that satisfy target stress-strain curves. This approach leverages abundant low-fidelity finite
element simulation data for pretraining and a small amount of high-fidelity data for parameter -efficient fine-
tuning (PEFT) the latent diffusion model. Our results on training 3D latent diffusion model to design dua
phase microstructures with target stress-strain curves demonstrate that the pretrained model achieves
reasonable accuracy, and further fine-tuning the model with limited high-fidelity data yields significant
performance improvements. This study underscores the potential of adopting multi-fidelity data-based PEFT
for large generative models in inverse microstructure design.

Keywords: Multi-fidelity data approach; Deep learning; Generative model
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Effects of key processvariableson drawingin a

multi-pass drawing process

Y. B. Shin!, B. S. Hong!, D. S. Jung?, M. S. Joun'!

Abstract

A parametric study was conducted on the effects of friction, die angle, and number of passes on the virtual metal flow lines
and residual stress in multi-pass unidirectional and bidirectional drawing processes. The results revealed the influence of
each key factor on the drawing process. It is shown that the two drawing processes, unidirectional and bidirectional, have a
negligible effect on the residual stress, but have a close relationship with the virtual metal flow lines.

Keywords: Multi-pass drawing(TFHF<1 %), Unidirectional (YF-8F), Bidirectional( %%} 3F), Virtual metal
flow lines (7} TH74d)
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Optimization of the thick tube drawing process considering the
circumferential residual stress

M.S. Kang!, Y. Heo', K.H. Lee?, M. S. Joun"*

Abstract
In this study, the thick tube drawing process is optimized to minimize the residual stress in the circumferential
direction using a combined elastoplastic finite element method and optimization technique [1]. The angles of
the drawing die and plug and their relative position are dealt with as process design variables. The optimized

process design is compared with the initial design to reveal its superiority.

Keywords: Thick tube (%), Drawing (913, Residual stress (+-5-2]), Optimization (3] % 3})
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Defor mation Behavior Analysis of Surface Cracks During Wire

Drawing Using Finite Element Method

S.E.Lee Y.S Lee
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Keywords: Wire drawing, Surface crack, Finite element analysis, Plastic deformation
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Optimal process design in the tube drawing process

Y. Heo!, M. S. Joun'#

Abstract

Drawn tubes should meet the tight tolerance and quality homogeneity of residual stress. High forming energy

leads to the fracture of the material. In this study, an optimal process design was proposed in terms of forming

energy and residual stress homogeneity in the tube drawing process.

Keywords: Residual stress homogeneity (H7-5-2 32 4J), Tube drawing process (77 5. 1 34)
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Predicting Extrusion Defects Using QForm UK Extrusion:
| nnovative Approaches and Solutions

Ivan Kulakov, Changsoon Jang, Hotaek Kwak

Abstract

Extrusion tool sets are intricate and rather sensitive mechanical tools that require thorough testing in real
production environments to ensure optimal performance and quality in extruded profiles. Even skilled tool
manufacturers may overlook issues that could impact product quality and the lifespan of dies. Traditionaly,
die design has been based more on experience than on scientific principles. However, the introduction of
reliable, precise, and user-friendly extrusion simulation software represents a significant shift in the industry.

This research presents a comprehensive approach to the design and optimization of aluminum extrusion
technology, covering the entire process from initial concept to quenching. The study begins with the design
of an extrusion die for aluminum profiles, followed by virtual process simulation in QForm software to
analyze materia flow, identify potential defects, and optimize tool geometry. The QForm UK Extrusion
software provides a detailed simulation of the entire process, enabling the virtual evaluation of tool
performance before physical trials. The simulation accurately predicts critical aspects such as material flow
balance, profile quality, die stresses, and tool deflection, ensuring improved die life and production efficiency.

Furthermore, the approach extends to the simulation of the quenching process, optimizing cooling
parameters to achieve the desired mechanical propertiesin the extruded profiles. By integrating extrusion and
guenching simulations, the proposed methodology minimizes trial-and-error in real production, reducing
both time and costs. Recent advancements in extrusion simulation and die optimization allow for the
assessment of newly designed dies in a virtual environment, significantly decreasing the need for physical
testing.

The results demonstrate that a systematic approach combining die design, extrusion simulation, and
guenching optimization leads to higher product quality, extended tool life, and enhanced process efficiency.
This methodology not only bridges the gap between empirical knowledge and scientific analysis but also
establishes a robust framework for the development of high-performance extrusion tools. QForm is now able
to provide a comprehensive analysis of the whole production process: starting from tool design and extrusion
itself and ending with the possibility to ssimulate profile behavior during the quenching process including the



prediction of mechanical properties of the final product. This makes it possible to design and optimize the
whole technology in the virtual world (technology development 4.0). This leads to zero-trial projects (first
time right) that significantly increase the on-time delivery (OTD) index and provide the user with decisive

commercia benefits.

Keywords: Profile extrusion; quenching; underfilling; welding quality; streaking lines; simulation; defect;
QForm; ALE approach; quality; FEM, aluminium
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Fabrication of Bioresorbable Mg Microtubes via Two-Step
Extrusion: Effects of Extrusion Ratio and Mn, Sr Additions

J. S.Kim, J.Y Kim, C.D.Yim, B. C. Suh,H. S. Kim, S. E. Leg, J. S. Suh
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Prediction of material cross-sectional shape and physical
quantitiesacting on rollsin wirerod rolling process considering

elastic deformation of rolls

K.T.Kim,Y.Lee
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Development of yield strength prediction model based on
tructure analys

micCros

H. J. Song, S. W. Park, Y. J. Kim, G. W. Park, D. H. Lee, J. H. Jang, J. B. Jeon
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Analysis of the effect of process variables on mandrel wear in
seamless pipe manufacturing

Y.S.Yoon, J.H. Lee, E.Y. Cho, SM. Hong, K. Lee

Abstract
deles sholmi w2tk w0y G Agate] AxE, o] g fl HolxE whE
glol &4 sholxel Hs] Ak WA sbsAe] Wik o Folxi me, 1
Aol e sE BYAA F2 ARSE Fu] FAR AW WEAe 1 g
A AFow odd R chusk WA, ol sl wed WAk ol @ A
dzswt glo gAeA wete WEl FAN SEE dFer] s Hx wde
Ha B wEd v g ] 9 B ka o JYEE Bt

Keywords: Mannesmann, Seamless Pipe, Damage, Wear
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Analysis of interface interaction and residual stress considering
plasticity and creep in hybrid bonding

H.Jeon, S. E. Kim, H. Jang, M. G. Lee

Abstract
B AFo| = Hybrid Bonding 348 £ #5Cwd A5 AR 5

k5] =
g mAg Atk Cu AW AFe 2%, ¢E, ARkl whg wAss w4

freba s 7Rk B3 e . e,

a2 2 oFE A4 W (plasticity) ¥} T g Z(creep) AES A I on, dAF
7 ARE AW A wskd mE v Eds A AE vime s ST 7 Al REE
ME &g 7Rk Asow AHoHen, o] heating-holding—cooling o] & Ate]E A -3t
Ax A&HHo 2 &4 bt s FEM Zd Yz Sdsdu. 53 34 AddAE 34
ZAd W& 28 HZF(stress concentration), F-& 3 (residual stress) ¥3¥, 281l EY
AE H o] 2o A o] AIZE o)E A4 WP E FA S AT At Rde 29 2 Wl
2 A3 UAEE AAYdeR BAT & e /e AFsh, 1AFA 3D 71 AAE
Agk AA =4 71Nk A AFE AAE S AoE dETh

Keywords: Hybrid bonding, Interfacia mechanics, Finite element analysis (FEA), Residual Stress, Bonding reliability
prediction
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71Ee] WAE 244 o FA1A (Radial Flux Permanent Magnet, RFPM) R.Ejo] H] 3
4 of 214 (Axia Flux Permanent Magnet, AFPM) %.E]

J. Kim, E.-Y. Yoon, Y.-N. Kwon, J.-H. Hong
A}

Bendability Evaluation of Flat-Wire Winding Process for Axial
Flux Permanent Magnet M otor using Finite Element Method
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Optimization of Multi-Step Deep Drawing Process for
4680 Battery Cell Can with Nickel-Plated Steel Sheets

Y.C. Seo, S. M. Ji, S.D. Lee, H. S. Seong, E.-Y. Yoon, J.-H. Hong

Abstract

A7 252 wiEle] Zlse] wAdghed wet afF WS 2bE 98 wiH v S
Ak = wiE ] AXGAES BE FFI F2 FEE A% ugd oA HH
LAskal gln o] Aol M= 4680 wiE Y A e AEES e, #3284 4 (Finite
gdement anaysis, FEA)S &83lo] UYAZFAHS HE3 g o =29 FAH(Multi-step deep
drawing process)S 7ltalgith B Aol = JidE tu Y =82 g =

FdFEe A= 229 EH%M, UH7HL oW(Parametric study)E A@sklth 2 & el of

7

S,
ol
N

Keywords: 4680 Cylindrical Battery Cell Can, Multi-Step Deep Drawing Process, Nickel-Plated Steel Sheets,
Finite Element Analysis (FEA), Process Optimization
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FE Analysis of Induction Heating Process of Bearing Raceway

J.W. Song, S. H. Kang, Y. S. Oh, J. H. Kang

Abstract

9 d71e] &% F7kl wet diE £7 wlojReA BAstE SR FE e
2> 35 (HERTZIAN CONTACT) wlAUZel o3 4000 MPA o]/del o5 4= Sltk. ol#fgh =3 =
A& AY7] 98 dolxdols F23] 2 4dstsS d.R I, 43 2ol Hrlehs W
W T skl aFy A e S A AM = AR SFH vt e
w7 o] Aoy, AlSEvig 2xio] Adolstal HER £AE V] ddH R ofY
& AV EAZE. ol # AyelAs VIE #AS vINter vishasE dAsta sy 3}
e AAgeks | 2dE T 2 dlAels Ha 5.9 e A3} ols Sreky] 93]
AFae 20,000 A= AAste] Held 7] iARSsE & 6749 20 el s 3
Ak = he] JAYHE wiAstaL, g Ao 2¢E A&kl FTasdds AP
th. A3 dolo} 2% ko] AL 42CRM04 AL FIEHIALE A 2EE V|FoR &
L oefAnke 28sto]l 24siglen, o5 Fa SiA ARte 5T 5 Ay, 24 A, 2
Lol mE oS AE ol A 0.01 o2 Al F3E zlolek Aol dAste], &5 ¢
Aol SR ASEE BT 5 J&5S sl =3, | 49 7IHe 485t &
¥ RELUSH A3} hare]s ADAE A83tal, 5 22709 o5 dHolH S 7Iwtew vgsd
A 230A el B3t zolg dSadint. st 23, s wolE st 24 A5 99.5%9 H+t
Aw 23 0.026, A5 dHolee AA A 99.3%¢F B AFE 23k 0.029] ¥ IS
Uepth 53], 3 WA AEE e 8,000 A, 7 Al AEE o] 11,000 AE A7FE A7, 3
A A E el 9,000 A, F WA HE ] 11,000 AS A7FE oA FEadq S F3l
EEE dS A5 el A3 Aot 18 dALRE Ko, dF VIR fFade 4S8t

ol A= 1FEH A A4 WEFE 5T A, FEesdMT Helde 2
T AZE AIUE S8 A A vES AR e aEAA AA EE AN
ATt

Keywords: Slewing bearing(Z+% ®o¥), Finite element simulation (3t 2.4 34]), Induction
heating (2253} <& %] 2]), Deep neural network( 5217 ), Skin depth(7 &} Zl o))
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Simulation and Experimental Validation of the Drop Behavior
of a Water-Filled Container Usingthe ALE Method

S.J. Hwang, S. Hong

Abstract
FAZE 28E FEREY Y3t 2 FE AsS AY3] AFste] ol

3 A
s BAIE A PASE Ao Fad FIAE He=w

= = vk 53 FxE 45 L
= A5 §A-7% 7 435 A8 (Fluid-Structure Interaction, FSI)S 3] AA 7o 2 F 9 9o)
doAget Wglele BEs ndd ddS [T davt ok mEkA EAdgelAE FA
7F &7 a2 9l Al fAlgh e TAEE AsS AAte R s AgetE dMS §

d #Asste o) olu Yot ' HAolA HAstE fAle

=
[€)
TEE gbe] 53R AR A8 uHd dde A 9% WRoe® ALE(Arbitrary
P X

Lagrangian-Eulerian) 719t f-3te 4 S ¢ 2 S F3
Sl

o A Agsr WASE ABS d5F & ATk 2 14 AnE A3 A9
UG 2 ool AA AW Adstgon, 2uk etz ool a4 1% U A
ABS S4ssth 4 Aot 4PAAE Ba A5 G4 AL ww BasHGon T
Ak Abol7k A e HAAAL. ol Bl FA £FH TxB G5 L FE A%
2 oZste] ol WASE EAE Ade) WA A5F Aoz AEd

K eywords: FEM(Finite Element Method), ALE(Arbitrary Lagrangian-Eulerian) method. FSI (Fluid-structure
interaction), Drop experiment simulation, Solid-fluid coupling analysis
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Computational material design based on dislocation plasticity

I Ryu

Abstract

Didlocation is known as the source of plastic deformation in most crystalline metals. In this study, we
employed a newly developed mesoscale defect dynamics model coupling dislocation dynamics (DD) and
finite element modeling (FEM) to investigate mechanica behavior of metals, focusing on the role of
dislocation plasticity. Using the coupled model, we could keep track of the dynamic motion of dislocations
under complex loading and environmental conditions, as well as predicting macroscopic mechanical response.
In contrast to continuum based phenomenological models, our model could provide a unique opportunity to
investigate detailed dynamic evolution of defect microstructure, which could alow us to obtain fundamental
understanding of deformation mechanisms. Finally, new computational design guidelines for enhancing
mechanical properties of metal aloy will be presented especially for nano-structural metals.

1. Department of Materials Science and Engineering, Seoul National
University, South Korea
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Manufacturing Innovation through Digital Twinsand Al

M. S. Moon

Abstract
As an industrial tool, digital twins are used in various fields to virtually predict the outcomes of

manufacturing processes. Additionally, various application technologies, such as utilizing existing data

through Al and machine learning, are being attempted.

These two concepts are complementary technologies that will be key drivers in the thin sheet
manufacturing sector, enabling productivity improvement, cost reduction, quality enhancement, process
optimization, and predictive maintenance. Especialy, Al is expected to play a crucia role in building a more
intelligent and efficient thin sheet manufacturing system by enhancing the data analysis capabilities and real-

time control functions of digital twins.

AutoForm Group aims to explain the application of digital twins and Al, the features of the technologies
they can provide, and the products and services used in their application, based on their experience in
introducing and maximizing the use of innovative digital product lines in existing metal manufacturing

jprocesses.

Keywords: Artificial Intelligence, Smart Production, Press Stamping, Digital Twin, Digital Transformation

1 SEZFAA Y|P Ao} AdGRR, 7
# LEFAA Y R se]ol A" L, 4, E-mail:
myungsoo.moon@autoform.kr

59

A



gk g 7ba8hs] 20250 = At E S 25

e MR 2
£ 9

QoL REM!. 2FML. YHE.

2lolE{o] & =435t
EETTET

|Z22. AR|SH. QM

%02t
=2
X
[l

+ o

Ir
[ Ll

[e]

Deep lear ning-based prediction of crater formation in alarge
pulsed electron beam (L PEB) irradiation process

Mingi Oh, Junseok Yoon, Young-Seok Oh, Seong-Hoon Kang, Ho Won L ee, Jisoo Kim, Sehyeok Oh

S e Axstele o4 W A5 2

THOR gydEY. ojdd dApie]l 2AHNSE W 2k FXU 8839 o] T& 5S¢
= AT olFol Hou, AHHem Aoy AEE d=dhs AL ofgdlth. ¥ ATl
M ddd A e fgeh A 236 wE Adoly IS 5T+ e A
Al AAZE 7] ¢S BEls Ak UEM Aoz AAR TAHAA AL =
AA 2AE Sl ARgE e A 2o RE 47H gHa (SKD11, SKD61, NAK8O 2 KP1)<]
240, a9 deite ghe ARgskelh. BEle] 232 A 2Abie] FerEn| A ofv]
Aojtt. o SEo]l AR olu A= W] A X Sty RS T AolE et 1 9 w7
& AR sk S ARG oofA o= AlA HAH S AL oA s A A
& w8kl Al ojwA 9} O%li Zlo] A ojux] Zte] AwelEe] P4 B B} AA
ﬂ%xl Hlaskek. Hla 72 AdolHEY] Hd AF, F Ay A, A me £
Eoltt. 97fe] HAE Hl°1E1~ ol&ste] Qotes WuyE w, Ae 1E194 Aol ek

=

T S 84.5 %, W AUk 23k= 3.7 pm 2 SRJAFAT. o]ojM F Aol Tl

a4 93.8 %9 RS R om Al mE By fAEE= Jensen—Shannon divergence&
o]-& A4S w 83.9 ¢ = SAHATE. o]Ed HH B AIE vFoR oS R0

3 =74
AA 34 Adet FAREE AdolH i7} UEtHEE ojuA & A3t ASS g91E
UATH. BF A Qo ¥4 =1 T TF erzqoﬂ/ﬂ AHEE S Aol = X”zi %k%
Asl 7k olmAE AAdee AY 3
o ©=3] sty dlolHE ®mIkEA

c NS
AFA AASHEA A7) Gl A3



S AbolE ol5% w FH olmAE ST FA A kel wWatel wel ojmx %A
AAMoR Wake AL HAdGom olF i & muo] ojnxe] i gl met 4A ol
MAE ARSI Aee HAT Atk S olMAS AyehE £ AR 0.22
22 Fe A el olmA Mol bsRuE HY d% mug i) AMstE ¥ We
BAe] S A7) g2 AGF £ YS Ao et

Keywords: Metals and alloys, Mechanica properties, Computer simulations, Large pulsed electron beam
(LPEB) Craters, Deep learning
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Study on Synthetic Data Generation Using Al for Development
of Surface Defect Detection System of Aluminum Sheet

Jingu Kim, Gwangyu L ee, Hotaek Kwak

Abstract
A71xF R 22 AA] b4 o] Ao m uEd dFvg wte] 871 S7hse] wef, 33
E4 A7 FoA4 w3k AXa gt} ols FA #AYE Yl Al 78k v A A FEou
I glo, AA Az dFA e A9, 5" 5 T8 Ase] DA Ev) vtol sk Agt
|

olE] shmol ol gol EAFTE B Q7 el A4 A vl
Hk ojul X Ay = 3

7] A2 1E%Z ARINe] g Fo 2 YOLO 7Y

A BA mdS g5ste] A3 7Eo] 7hed Al RAS et AL HEE I A W
HE G olm et AA AT "HolEE FH3 -, g} FJHE BASE A AT onA
S bgsiAl sk, YOLOv12 BEs &8st 8h5S Fasisih. =3 A4 dolge #4
S FID, SSIM, LPIPS 59 X %2 #7161, {5 wde Az gAE onxz AsS A%

st & ATE Fa AE doly $AANAE AL Tted AEF EEo vheAS AAlE
a1, Az @ F4 HAF Asste 71ofstaat gt

Keywords: Aluminum Sheet, Diffusion Model, YOLOv12, Synthetic Data, Data Augmentation

7] (Acknowledgments)

o] ATE 2025 % AYEAALE 2 2 7E7) GG IFY(KEIT) ATH] A Lol o AT
A(AEF-ZHE 600HY, AHF3HE 10% o4 o]F2A X3 o= 7, RS-2024-00430258, A
AE A

1 @MddololHaEelA], AdAT4d
2. @AdololHl A=A, AMY

3. @A dololH A= x|, txolAt
# WA A A} E-mail: jgkim@caetech.co.kr



13, 2ot RS wE

International Session

- Material

- Process



Bstol=FAglC|2lXtE] 1. - Hakt

Simulating Spheroidization Kinetics during Heat Treatment

M. K. Razali, S. H. Chung, M. C. Kim, M. S. Joun

Abstract

This study examines the spheroidization kinetics of cementite in Fe-0.8%C steel through numerical
simulation using the metal forming software AFDEX. By replicating time-temperature profiles derived from
prior experiments, the ssimulation models the evolution of cementite morphology during heat treatment
involving repeated thermal cycling. The analysis quantifies changes in the spheroidization ratio over time,
demonstrating a consistent increase with each cycle. The simulated results closely match experimental trends,
validating the approach and showcasing the potential of simulation tools in predicting cementite
transformations during heat treatment processes.

Lamella
cementite

Fragmentation of
lamella cementite

Formation of
spheroidal cementite

Spheroidized
cementite

Fig. 1 Spheroidization kinetics of cementite [1]
Keywords: Spheroidization Kinetics, Cementite, Heat Treatment, Numerical Simulation

1. Introduction transformation of lamellar cementite into a

spheroidized form, enhancing mechanical

Cyclic heat treatment has been shown to
significantly the spheroidization
behavior of cementite in high carbon steels.
According to previous studies, alternating rapid
heating and isothermal holding can accelerate the

influence

1 @ ZdH 7EdT 4
# WA = Al 7] A g s, e,
E-mail: msjoun@gnu.ac.kr

properties and processability. Building on this
approach, the present study uses numerical
simulation to analyze the kinetics of this
transformation under repeated thermal cycling.



2. Heat treatment and spheroidization

kinetics

Figure 1 shows the heat treatment cycle applied
in this study. The corresponding prediction of
cementite spheroidization Kinetics is presented in
Figure 2, quantitatively illustrating the change in
spheroidization ratio over time.

800+
500

400 -

Temperature [°C)

200+

T T T T
4000 G000 aooo 10000

Time (s)

T T
0 2000

Fig. 2 Heat treatment cycle

0.4

0.2~

Volume Fraction: Spheroidized cementite

0-le ¥ o
0.0 3,000.0 6,000.0

Time

Fig. 3 Spheroidized cementite

T
9,000.0

3. Conclusion

In this study, the spheroidization kinetics of
cementite under cyclic heat treatment conditions
was predicted and quantified using numerical
simulation. The simulation results showed trends
consistent with experimental data, demonstrating
the effectiveness of simulation tools in predicting
microstructural changes during heat treatment.
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A fully coupled VPSC-dDRX(CA) model for predicting
microstructure evolution during thermo-mechanical
deformation of magnesium alloys

Wenjie Wu?, Wenzhen Chen?, Myoung-Gyu Lee”

Abstract
This study presents a fully integrated multi-scale modeling framework, VPSC-dDRX(CA), which
combines a viscoplastic self-consistent crystal plasticity model with a physically based dynamic recr
ystallization (dDRX) scheme and cellular automaton. The model is designed to simulate the microstr
uctural development of AZ31 magnesium aloys subjected to hot deformation, with particular attentio
n to texture evolution influenced by dDRX mechanisms. Calibration was performed using isothermal
uniaxial compression tests across a broad range of temperatures (523-673 K) and strain rates (0.001
—10 s™), from which constitutive expressions for dislocation hardening and recrystallization kinetics
were derived. Model validation against experimental results demonstrated strong agreement, achieving
less than 5% error in grain size prediction and below 10% deviation in texture orientation. At elev
ated temperatures and reduced strain rates, simulations revealed an increased activation of prismatic
<a> dip and intensified dDRX, resulting in the attenuation of the <0002>//CD texture and the emer
gence of ring-like <0002>2TD30° textures. In the case of multi-directional forging, aternating strain
paths triggered non-basal dlip, producing multi-component basal texture and promoting grain refinem
ent, with an average size of 6.2 pm due to high nucleation efficiency and limited grain boundary m
obility. For conical-die extrusion, heterogeneity between center and edge regions was closely linked t
o variations in local deformation paths, which altered the prevailing dip systems and dDRX respons
es. Overal, the proposed model offers a predictive and scalable approach for analyzing microstructur
e-texture interactions and guiding process design in magnesium aloy thermo-mechanical processing.

Keywords: Polycrystal plagticity, cellular automaton, Dynamic recrystallization, Thermo-mechanical,
Microstructure, Magnesium alloys
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Shear strain evaluation under nonideal ssmple shear
deformation

G. F. Han, J. W. Yoon

Abstract

Simple shear tests are extensively adopted to reveal the stress-state-dependent mechanisms of material
microstructure evolution with their corresponding mechanical properties, to develop sophisticated
constitutive models capturing complex mechanical behaviors, and to precisely characterize the failure limits
for shear-dominated or large-strain deformation processes. It has become a topic of growing interest because
of its various digtinctive capacities. In the current stage, the community lacks a widely-accepted and
standardized procedure to conduct tests and to evaluate results, which makes the interpretation and
comparation on experimental results to be indirect and difficult. Shear strain is commonly used to
characterize the degree of deformation, but the method to estimate shear strain in experimental mechanicsis
often different from one to another, and uncertainties will appear due to the inconsistence. In this work, some
representative methods to evaluate shear strain will be compared analytically and numerically. The
influence of nonideal simple shear deformation (that is, the emergence of normal strain and rotation in ideal
simple shear deformation, which is common in experiments due to the difficulty to reproduce ideal simple
shear experimentally) will be investigated, and it was indicated that some specific shear strain estimations
will lead to a certain degree of error at large deformation levels. The results provided are expected to enhance
the understanding of experimental mechanics of simple shear test.

Keywords: Simple Shear Test, Nonideal Simple Shear Deformation, Shear Strain Evaluation
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Stress-Awar e Graph Neural Network for Springback Prediction
Considering Material Variations

H.Wang, H. Lim, J. W. Yoon

Abstract

Accurate prediction of springback values is imperative in the cold forming process of Advanced High
Strength Steel (AHSS) to determine the compensation coefficient. However, the inherent challengesin AHSS
fabrication arise from notable variations in material properties influenced by process parameters. This study
addresses the impact of material variation in AHSS and strives to enhance the efficiency of springback
prediction through a synergistic application of Finite Element (FE) analysis and machine learning techniques.
Initialy, an accurate FE model was developed using LS-DY NA software, incorporating the Yoshida-Uemori
(Y-U) kinematic hardening model to capture the Bauschinger effect. The material variation effect was
accounted for by fine-tuning Y-U parameters to accurately reflect variations in material properties. Based on
the FE simulation results, a graph neural network (GNN) was built and trained to predict the cross-section
shape as well as stress distributions of the specimen. This integrated approach not only considers the material
variations in AHSS but aso leverages both FE analysis and GNN to provide a more robust and efficient
springback prediction methodol ogy.

Keywords: Springback, Graph Neural Network, Material Variation, Finite Element Methods
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L ode-dependent stress-invariant-based yield function for
anisotropic-differential hardening of pressure sensitive
materials

S. C. Wang, J. W. Yoon

Abstract

Accurate characterization of strength difference covering full typical stress states, anisotropic hardening
and strength differential effect is important for reliable numerical simulation of forming process of metal
components, such as bending and deep drawing. Two stress-invariant-based functions are additively coupled
by a weight function about stress triaxiality to accurately characterize the differential hardening behaviors
from plane strain compression to equi-biaxia tension. The comprehensive experimental data of AA2195 are
obtained, including uniaxial tension, uniaxial compression, plane strain tension and plane strain compression
along rolling direction, diagonal direction and transverse direction as well as equi-biaxia tension and three-
point bending, to evaluate the performance of the proposed model in terms of both theoretical prediction and
numerical simulation. The experimental results show that AA2195 shows obvious plastic anisotropy and
strength difference of different stress states. Theoretically, the proposed model combines the advantages of
two coupled stress invariant-based functions and can accurately describe the plastic evolution of six typical
stress states. Additionally, the deformation profiles and mechanical responses of different stress states and
three-point bending simulated by the new model are consistent with the experimental values for AA2195.
These evauations illustrate the reliability and effectiveness of the new model in describing differential
hardening behavior.

Keywords: Lode-dependent Anisotropic-asymmetric Frame, Stress-invariant-based Yield Function,
Differential Hardening, Plastic Anisotropy, Strength Differential Effect
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Anisotropic Compression Behavior of 316L Stainless Steel at
Room and Cryogenic Temperatures: The Influence of
Twinning and Transformation M echanisms

Saurabh Pawar?, K. U. Yazar .2, Khushahal Thool?, Wi-Geol Seo?, Chang-Gon Jeong?, Y oon-Uk Heo?,
Shi-Hoon Choi*?!

Abstract

This study investigates the microstructural evolution and deformation behavior of 316L stainless steel (SS)
fabricated via the direct energy deposition (DED) technique under controlled compressive loading. Compression tests
were conducted at both room temperature (RT) and cryogenic temperature (CT), along with the scanning direction
(SD) and the transverse direction (TD) of the material. A combination of experimental techniques electron backscatter
diffraction (EBSD), transmission electron microscopy (TEM), and electron channeling contrast imaging (ECCI)
alongside dislocation density-based crystal plasticity modeling (DAMASK), was employed. Microstructural analysis of
the as-fabricated DED samples revealed columnar grain structures with cellular substructures, where 3-ferrite cell
boundaries enriched in Cr and Mo were observed due to elemental segregation. At RT, deformation in the SD samples
was primarily governed by didocation glide and twinning in [001]-oriented grains. In contrast, TD samples
predominantly deformed via dip. A marked difference in yield strength between SD and TD samples at CT was
observed, indicating significant mechanical anisotropy. This anisotropy is attributed to variations in grain morphology,
local stress heterogeneities due to variant selection, and the activation of martensitic transformations (y — ¢ — o’ and y
— o). Simulations incorporating transformation-induced plasticity (TRIP) and twinning-induced plasticity (TWIP)
mechanisms revealed that grains oriented near [110] and [111] relative to the loading direction (LD) exhibited higher
deformation resistance. This correlates well with the experimental observation of reduced twinning and martensite
formation in such orientations. Overal, the deformation mechanisms were strongly influenced by the loading
temperature. At RT, twinning dominated the deformation process, accompanied by dislocation slip primarily mediated
by screw dislocations. At CT, the mechanical response anisotropy was governed by the interaction between hard and
soft phases, with martensite variant selection playing a key role in the overall deformation behavior. Furthermore, the

activation of TWIP and TRIP mechanisms was found to be highly dependent on crystallographic orientation.



Keywords: 316L SS, Direct energy deposition, Cryogenic deformation, Crystal plasticity, Phase transformation.
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Evolution of Microtexturein the Friction Stir Processed
AABxxx Sheets using Visco-Plastic Self Consistent Simulations

Preetham Alluri?, Lalit Kaushik?, Kushahal Thool, Aman Gupta’, Abhishek Kumar Singh?,
Shi-Hoon Choi*#

Abstract

The transformation of microstructure and microtexture in the stir zone (SZ) of friction stir processed (FSP)
AA6xxx sheets was investigated using electron back scatter diffraction (EBSD) analysis, transmission electron
microscopy (TEM), and polycrystal modelling. EBSD analysis revealed fine equiaxed grains with grain size
average (GSave) 2 um in the SZ regions. TEM results supported the dynamic recrystallization (DRX) phenomena
in the SZ by revealing the presence of fine dislocation free grains. Finite element analysis (FEA) was used to
track and extract the thermomechanical history data at different material points (Retreating Side (RS), Center,
Advancing Side (AS)) in the SZ during the FSP simulation and fed as an input to the visco-plastic self-consistent
(VPSC) polycrystal model. For the evolution of microtexture evolution in the SZ, a DRX scheme was
incorporated into the VPSC model that featured Zener-Hollomon parameter-dependent microscopic hardening.
The shear components of velocity gradient L,; and L»; were found to be prime contributors for the texture
formation in the RS and Center regions, while L,i, L3 and L3 were the prime contributors for the texture

transformation in the AS region.

Keywords: AA6xxx, VPSC, EBSD, FSP, DRX, FEA.
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M agnetohydrodynamic effects on melt pool dynamics and defect
reduction in laser powder bed fusion

Dac-Phuc Pham?, Zhengtong Shan?, Kyung-Hwan Jung?, Dong-Kyu Kim*#

Abstract

Laser powder bed fusion (LPBF) utilizes a laser beam to melt specific regions of a metal powder in a
layer-by-layer manner to fabricate specimens with intricate geometry. Porosity formation that negatively
impacts the part quality is one of the challenges presented by LPBF. An external magnetic field has been
discovered to be useful in controlling melt pool behavior and porosity defects. Thus, in this study, a
multiphysics numerical model considering magnetic field effects, heat transfer, and fluid flow was devel oped
to investigate melt pool behavior under an external magnetic field. Simulation results indicate that the
application of a 0.4 T magnetic field increases the melt pool volume and controls the pattern of fluid flow.
The Lorentz force, specifically, smooths out the flow field and prevents vortices from forming within the
melt pool. This change in flow dynamics causes a reduction in porosity by up to 80%, avoiding lack-of-
fusion defects. Additionally, the study indicates that the effectiveness of pore suppression depends on the
relative orientation between the direction of laser scanning and the magnetic field. This relationship governs
the direction of the Lorentz force due to the thermoel ectric effect. Whereas Marangoni forces create flow asa
result of surface tension, the Lorentz force can augment or counter this flow as a function of applied
magnetic field orientation and polarity.

Keywords: Laser powder bed fusion, Magnetic field, Porosity, Melt pool dynamics, Computational fluid
dynamics
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A novel asynchronous double-sided underwater friction stir
processing for enhanced strength-ductility synergy in hetero-
structural duplex steel

Renhao Wu?", Fujun CaoP, Peihao Geng®", Zaigham Saeed Toor?, Hyoung Seop Kim®d

Abstract

The friction stir welding and processing (FSW/P) of high melting-point structural materials present several
challenges in manufacturing, equipment, and application. Submerged FSW/P offers a cost-effective
manufacturing solution by inducing dynamic recrystallization, which achieves fine-grain strengthening in
steels. However, the strength-ductility trade-off in the processed region remains an issue, limiting the
application of this technique in related structures. This study introduces an asynchronous double-sided
underwater friction stir processing (DUFSP) technique. Through integrated experiments and multiscale
simulations, including the Coupled Eulerian and Lagrangian method and crystal plasticity modeling, the
thermo-mechanical behavior and microstructural evolution were thoroughly analyzed. The results revea
distinct dynamic recrystallization mechanisms in a-ferrite and y-austenite grains, which are crucial for grain
refinement and structural stability in two-pass DUFSP. The simulations show that DUFSP can effectively
control heat input, and the accumulated plastic strain on two overlapping layers increases significantly and
uniformly. Additionally, the resulting bimoda heterostructure, with ultrafine gradient grains and retained
nearly equal dua-phase ratio, significantly enhances the material’s strength and ductility. This work
demonstrates the potential of DUFSP for producing high-performance duplex stainless steel, with
applications in industries.

Keywords. Underwater friction stir processing; Duplex stainless steel; Bimoda heterostructured grains;
Multiscale modeling; Enhanced strength-ductility synergy
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sheet metal forming, and other metal forming processes with unmatched accuracy

and efficiency.
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