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Analysis for Crushed Death using Psychological Discrete
Element Method : Number Density and Force

T. Kim, S. Lee, J. Park

Abstract
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The R&D trends in automotive body materials and processes for
reducing carbon emissions throughout the entire life cycle

M.K. Bae, C.Y. Yoo, J.Y. Jeong, S.G. Son, C.H. Park, Y.R. Kim, B.R. Lee, H.M. Kwon, Y.I. Jeong

Abstract
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oA W AIE 45K BRaof stma, od] slue] Wi xAe] Adw 2 24 o
@ FoAw Us 2xHs Al

gk, olelel JlEEe] gst 2 P A= kg @A EAEE, FF A&H AT
ko] 2 e stk
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R&D trends in the automotive body development
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Research on Shear Mold Manufacturing Technology for Hot
Stamping Parts Using Additive Manufacturing

M. P. Hong

Abstract
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Keywords: Additive Manufacturing, Direct Energy Deposition, Trimming Die, Hot Stamping,
Heterogeneous Material
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Application of Roller Leveler in Cut-to-Length Line for
Reducing Residual Stress in Steel Sheet

K. C. Park, J. B. Nam

Abstract
< Y FHE IJAHE ojFH o] Zhzte] HF AREA ] A Fd
3 FAL} Zo] Fe FAR wEo XA A}, Hers A= ZAAE Y Roller Leveler oA
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A Study on Forming Technology of Ultra-high-strength Upper
and Lower Rotation Plates for Electric Seat Rotation Module in
Autonomous Vehicle

C. H. Suh, S. G. Oh, T. H. Kwon, H. W. Jeon, H. T. Kim

Abstract

Seats for autonomous vehicle must be able to rotate in order to utilize interior space. Since the rotation
module must have high strength and high rigidity, ultra-high-strength steel is applied. In order to secure high
rigidity, the parts that make up the rotation module have complex shapes and are difficult to form. In this
study, the forming technology of the upper and lower rotation plates applied with ultra-high-strength steel,
which are core parts of the rotation module, was studied. The upper rotation plate was formed in one process
by applying the hot stamping method. The lower rotation plate was formed by applying the cold multi-step
forming method. The finite element analysis technique was applied to predict the formability of the hot
stamping and cold multi-step forming processes, and the accuracy of the analysis was verified through
prototype production.

Keywords: Autonomous Vehicle, Electric Seat, Rotation module, Rotation Plate, Ultra-high-strength
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Prediction of Mechanical Properties in Consideration of
Process-Microstructure Relationship

M. G. Lee, K. M. Min, J. H. Park, H.N. Han

Abstract

Advanced metals often present complex mechanical responses due to their microstructure characteristics
induced from manufacturing process. The mechanical behavior of complex microstructured metals includes
anisotropic hardening in flow stress, and enhanced or reduced formability/fracture under multiaxial loading.
For example, advanced high strength steels (AHSS) featured with multi-phases exhibit considerable
Bauschinger effect and anisotropic hardening under strain path changes, and sometimes they present strength
differential between tension and compression. Therefore, for accurate description of the complex mechanical
behaviors of advanced materials, appropriate constitutive modeling and numerical implementation should be
applied in the stage of process design and optimization. In this presentation, recently developed constitutive
models are presented in the context of process-microstructure-mechanical properties relationship.

Keywords: Mechanical properties, Microstructure, Constitutive model, Anisotropy
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Research Trend on Evaluation of Material Properties
for Hot Stamping Simulation considering Process History
of Mass Production Line

M. K. Ji, K. S. Oh, H. H. Bok, H. G. Kim, H. S. Son

Abstract
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Unified mathematical modeling of multiphysical
(electromagnetic-chemical-thermal-mechanical coupled)

systems

E. H. Lee! %,

Abstract
ALAFAAE dAote] OFEALAAI)-S LI A Al dE olde gL w-
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el dejst 12 WHE WEY S Qi AwstE 514 B9 ANSAT (Lee, EH, 2021,
A model for irreversible deformation phenomena driven by hydrostatic stress, deviatoric stress and an
externally applied field, International Journal of Engineering Science). T3 o] X dlS- &-8-3lo] 3}
N5 ANFGEA S A2Y A AT (4713 wE dolHa, WEA package
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Keywords: Multi-physics (Electromagnetic-chemical-thermal-mechanical coupled) modeling, Irreversible
process, 1% thermodynamics law, 2™ thermodynamics law
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Numerical Simulation of Phase Transformation Behavior during
Hot Press Forming Process

G. P. Kang, H.B. Moon, K. Lee

Abstract

gme~x Y tFE B B 4THor HEHolgrt. o Y FHL A
Y T RS FAFANE FHFo] V1 YAHIERY A% gadien . B ATl
e gEdsy 24 F s AN AS fesaue Bu Bastud a6
g dEgele) Bs whestet mARA Fuel vy 39S Agst. 34 F 24
s Adg, o A%, 938 2 e ANS A4t A4 ST, FA )4
g sdsten Wod B4l gu 34 Holw, HF ~xYul A%} peste] YAz}
Hlaste], A Rdel A Welagel wel 5l ¢F AR FES P

Keywords: Hot Press Forming, Phase Transformation, Finite Element Method, Transformation Plasticity,
Spring Back
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Effects of Deformation Stress Mode on Twin Activation of CP-Ti
Wire during Cryogenic Non-Circular Drawing Sequence

J. S.An, A. R. Jo, M. S. Jeong, S. K. Lee, Y. H. Moon, S. K. Hwang

Abstract
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Keywords: Cryogenic Deformation, Digital Image Correlation, Titanium Wire-Drawing Process,
Microstructure, Twining
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Design of permanent magnet solenoid valve of
normal close valve for electric vehicle ESC

H. S. Lee, Y. S. Kim

Abstract

The Electronic Stability Control (ESC) of an electric vehicle has a solenoid valve for brake operation. The
solenoid valve consists of a normal open valve and a normal close valve. The normal open valve is designed
to be always open so that brake oil can pass through the flow path when hydraulic pressure is applied for
brake operation. When power is applied, the flow path is blocked to prevent brake oil from passing through
the flow path. The normal close valve is a valve in which the flow path is normally closed. Unlike normal
open valve, this type opens the flow path when power is applied. In this study, the normal close valve of the
ESC of an electric vehicle uses only the minimum power to open and close the flow path using a permanent
magnet. In addition, in the maintenance section, power was cut off using a permanent magnet. To this end, it
was possible to design a normal close permanent magnet solenoid valve by determining the location and
specifications of the permanent magnet in the solenoid valve.

Keywords: Electronic Stability Control, Permanent Magnet Solenoid Valve, Normal Open Valve, Normal
Close Valve, Electromagnetic Force
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Analysis Mechanism of Roll Forming Manufacturing Process
using HIP (Hot Isostatic Press) Process

W. Kim

Abstract

One of the processes that produces construction and facility industry materials, such as steel bars, structural
steel, and steel plates, is the rolling process, which includes casting, forging, and rolling. In terms of productivity,
the rolling process is advantageous as a continuous process and is still being utilized as an important
manufacturing process in the industry. In particular, the performance of rolls is a crucial factor in productivity
and the quality of rolling process products.

This study comprehensively verifies the analysis mechanism applied to the manufacturing process of rolling
rolls made through a Hot Isostatic Press (HIP) process that differs from traditional casting and forging methods.
The study explains how to apply and verify the analysis for each step, such as the powder-based rolling roll
manufacturing process, roll wear according to material, and material validation. Specifically, regarding the most
important function of rolling rolls, wear resistance, the Archard Wear Model is used to compare and verify the
experimental and analytical results in the process of the actual use of rolling rolls. As a result, it is judged that
the manufacturing and application of rolling rolls are possible.

In general, rolling rolls suffer severe wear due to continuous contact with hot metal billets during the rolling
process. This wear can cause significant damage to the rolls, leading to decreased roll quality and increased
maintenance costs. The wear analysis of rolling rolls analyzes the roll wear characteristics under actual rolling
conditions using two different materials with different wear resistances (H&F Material) and verifies the
experimental results through metal-tissue analysis, high-temperature wear resistance, surface roughness tests,
and analysis validation. These results can be applied to various rolling roll manufacturing processes to optimize
the rolling process and improve product quality.

A5 2 A A 2ZAA T shu] AAGRHA(HE, B4, A 5& AAste 3Ad =
Fx, 9x, 4A T Y7 FA4o] Adnk. AR HNA oA FAHL AFT Aol FHL
Z dAAe = 7 A FAAE T8 Alx FHow F8HIT Yy, dAFH T 53] =
gk o] A 2 odd 3 AFY E-o T8 84 Fo shuoltt.

2 AFdAE T2, FF Y FEHQA 4d F AxTA G &, YulERAdo] gy =
HIP(Hot Isostatic Press)& el olgt ¢t &5 W= Alx 4o A&ste 34 WAYS
= AAFog AFst}, S-S o] 83 U4 E Az FA, Al mE = v, AQAE AF
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of tigte] Zt Al A S A8t ATeeAE e,

53] oA 29 7% T 7P S8 dnRAddd disiA = Archard Wear Models AF-&-3ho],
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Effect of V content on the microstructure and mechanical
properties of VC-based tool steels

S. M. Park, D. H. Kim, H. T. Im, K.S. Park, B. S. Seo, H. K. Park

Abstract
314 5377 (high speed tool steels)> A3 9 58 SO 2ole ¥} oE 53] 15 4
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Keywords: Powder metallurgy, High speed tool steels, Vanadium carbide, CPM-9V, Nano-indentation
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Development of high-quality rolling roll material
manufacturing technology and evaluation of characteristics
using gas atomizing and canning-HIP methods

D. H. Kim, B. H. Moon, S. Y. Kim, W. H. Rhee
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Development of a program for rapid prediction of process
parameters in bar rolling

D. Lee, G.H. Nam. J. H. Lee, C.H. Wee, H.G. Moon, Y. Lee

Abstract
We developed the analytical model-based program that quickly calculates mass balance for each pass by
using roll rpm data that changes in real time in bar rolling process. In addition, the surface defects index
(SDI) model based on FE analysis and bar rolling test was also developed and coupled with this program to
quickly predict the possibility of surface defects occurring during bar rolling. Therefore, with this program, it
is possible to establish rolling conditions that can avoid occurrence of surface defects by quickly analyzing
the results for changes in diverse rolling conditions.

Keywords: Bar rolling, Analytical model, Rapid calculation, Platform
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w2 A 4F&3}= computing sequence algorithm S 7l -3} T}
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Rolling test Sampled specimens OEM picture-taking Analyze surface defects
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Part II . Develop SDI Asalytical model
SDI of contact surface - Iroll M material!
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3D plot 2D contour
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SDI of free-stress surface L
> Roll gap: 6mm Roll gap: 4mm
3D plot Verifieation nf rclmhilil.y.hy comparing
FEA and EXP.
Roll groove design Input pass schedule visualize material's Analyze data
cross-sectional profile
Fig. 1 Four steps used to develop the program
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[1] Youngseog Lee, Rod and Bar Rolling: Theory and Applications, 2004, Marcel Dekker, Inc, New York, USA. ISBN: 0-

8247-5649-5
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Multi-Layered Gradient Structured Materials
by Single-Roll Angular-Rolling

Hyoung Seop Kim
Abstract

o] =% SRAR(Single-Roll Angular-Rolling)®]gtal 3l= T AlEo] digh A4l
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Process in Electric Vehicle Motor Casing

H. K. Moon, B. G. Chung, M. D. Cho, S. W. Jeong, M. S. Joun

Abstract
In this study, defect formation in hot ring rolling is revealed by computer simulation of non-symmetric hot ring

rolling processes. The rigid-plastic finite element method is employed for this study. Owing to the geometrical features of

ring rolling processes, it is almost impossible to employ the finite element mesh system, which can deal with the friction

or friction hill in the rolling direction. An analysis model having relatively fine mesh system and a penalty stabilizer to

prevent overspreading is applied. The outer diameter inclination defect and shape defect in non-symmetric hot ring rolling

of a motor casing has been simulated. It has been seen that the results are qualitatively good with actual phenomena.

Keywords: Non-symmetric Ring Rolling, Finite Element Analysis, Electric Vehicle, Motor Casing, Spread
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Finite Element Analysis of Twin Roll Casting using ALE Method

Y. S. Yoon, Y. G. Kim, K. Lee

Abstract

BE FEHE T2 GAHEERYH U2 A F55 S8 Al d3F gt F3b
TAGel & AAE AT 7 e aRA] FAolth FASA A Aol A= A a4
= B agefof sk I Aol Y SRR s 84 WE o]l wi IesiAl vEhd
Sox ARkAel HaFARt VMo mE Ao wlg ofEy FA oIt I AN AEbA Y A
s 47 geiAE wg 2W A B o] st

ol Aol A= el A o Hig frsol wE W4 ®stE sy oE APstr] 9s)
ALE 7192 283kch goln] ndo el Auelg nesta R 9, $u 18w ¢
Zo) ML R BT & o 4 /N 4Ra Telw g9 ex W 4
Z0le] Af&e ol g3tel WA ANFo M aRor J4 FUE S

Keywords: Twin roll casting, Arbitrary Lagrangian-Eulerian(ALE), Finite Element Method(FEM)
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Finite element analysis of thermo-mechanical stress fields
in work rolls during the hot strip rolling process

D. Park, N. Kim

Abstract

This work presents a precise and efficient approach for the estimation of the stress, strain, and temperature
field variations in the work rolls during the hot strip rolling process. The main process boundary conditions,
thermal and mechanical interactions between the rolling mill, the rolled strip, and the surrounding
environment have been considered and allowed to account for the non-steady phase and the transition to the
steady phase. The proposed model can predict temperature evolution with an accuracy equal to 4.4 °C (9.1%),
compared to real production measurement, while granting a computational time reduction from 26 hours (full
3D analysis) to 5 hours. The proposed algorithm has been utilised to investigate the effect of the process
settings on the temperature and stress fields in the cross-section of the work rolls, with the aim of reducing
the risk of thermal fatigue cracks in the rolls.

Keywords: Work roll, Hot strip rolling, Thermo-mechanical stress, Finite element analysis
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A study on forming rolling materials for reducing downtime
of mill operation in slitting rolling

K. T. Lee

Abstract

In this study, various problems that occur during the rolling process are addressed, and the validation of
reducing the downtime of the miss-rolling in the slitting rolling material forming process is conducted.

In the slitting rolling machine, there are excellent effects on improving the rolling operation, such as
standardizing the rotation direction of the rolling material after slitting, preventing accidents caused by the
reduction of protrusions due to entry roller trough passage, reducing the frequency of repairs due to the wear of
the trough, maintaining the necessary roller spacing by adjusting the distance between the rollers, and improving
roller rotation with a lubricant supply device.

It can be widely used for optimizing the rolling process and improving the quality of the rolled products in
subsequent processes.

The cause of miss-rolling is the protrusion on the side of the rolled material that passes through the splitter
during the rolling process, which affects the next rolling process. The first cause of square trough miss-rolling
is that the material is not held at all as it rotates due to the square box shape, which leads to miss-rolling due to
accidents. The second cause is that the protruded part of the rolling material after slitting collides with the guide
roller of the next rolling machine, causing miss-rolling due to accidents.

The third cause is that simple friction caused by the square box-shaped trough can cause significant damage
to the rolling material, leading to decreased product quality, increased costs of trough replacement and
maintenance of the rolling equipment.

The study experimentally verifies that installing the No. 1 Splitter exit side Entry Roller Trough can
significantly reduce miss-rolling, as well as reduce downtime and maintenance costs, leading to significant cost
savings and improving product quality.
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A Study on the Change in the Rolling Force of the Upper and
Lower Rolls at the Rear of the Material in H-beam Rolling

S. G. Kim, H. S. Jung, C. H. Wee, H.G. Moon, K. H. Seo, S. M. Byon, Y. S. Lee

Abstract

In the final pass(U/F pass) of H-beam rolling, the rolling force is an important factor affecting the quality of
the finished product. This study identified the cause of the increase in the rolling force of the upper and lower
rolls at the rear end of the material in H-beam rolling through FE analysis. In addition, the FE model was
verified by comparing the results of the FE analysis rolling force with the actual rolling force results in the field.
The reason why the rolling force of the upper and lower rolls increases at the rear end of the material is that the
dimensions of the radius of curvature of the junction and the web in contact with the upper and lower rolls
change as rolling progresses.

Keywords: FEA, H-beam rolling, Universal finishing pass, Rolling force, Web, Flange, Junction
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Fig. 1 Rolling force(FEA)
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Recent development and trends of Rolling oil in high
strength steel sheet

Sim woo, So kwang chul, Kwon gu jun, Kim eung ki
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New Developments in Low-Temperature Hot Stamping
Technologies and case study on Direct Hot Stamping of
Automotive B-Piller

Y. K. Kang, K. Hwang, Y. S. Kim

Abstract
St 28 A AAE Tk vES E0lal HF FEe] A B IR SA4S idEe
g gz sko] stEyth ool w3 Fa H WAL A4 AN Ee dFE Y w2 259
A Fdete eyt B =R s 22 Sds ﬁﬂ%o}@] AL g A2 Tles AA
s A A8% Ay % Aol 719 o 28 B/ ag A, v 5 4dd 2
zEloEstrh BEA e e 2w AW, 48 £Rh R g 2w, & AL
st ~RR(LTHS) S A, 2ol 28k 57k van LTHSe] 583 & Q= aw S 9
o) 434, 5 LTHS 71%9 /Add A7e 248 FAFUt 28 484 542 /1 B
olo] A 4TS AA APAY IR FEF S FEOR PPN 2xy wg

Abstract

Improvement of the hot stamping process is important for reducing processing costs and improving the
productivity and tensile properties of final components. One major approach to this has been to conduct all or
part of the process at lower temperatures. The present paper reviews the state of the art of hot stamping
techniques and their applications, considering the following aspects: conventional hot stamping and its
advanced developments; warm stamping approaches in which complete austenitisation is not attained during
heating; hot stamping with a lower forming temperature, i.e., low-temperature hot stamping (LTHS);
advanced medium-Mn steels with lower austenitisation temperatures and their applicability in LTHS.
Prospects for the further development of LTHS technology and the work required to achieve this are
discussed. Hot forming of the B-pillar with tailored properties is an attractive alternative because it can
improve global formability and local strength to a high level, as well as reduce spring back.

Keywords: low-temperature hot stamping; hot stamping; warm stamping; low heating temperature; low forming

temperature; medium-Mn steel; cost-saving; productivity; mechanical property; monolithic B-pillar.
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Patent strategy of high cleanliness 316L stainless for
semiconductor industry

W. R. Cho, J. J. Lee, T. Y. Kim

Abstract
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Fabrication of Porous Metal Powder Filter by Pellet-Pressing
Process

J. Y. Yun, M. J. Kim, S. J. Yun, H. J. Kim and M.H, Park

Abstract

ARk om Foly FAHCE FHIAYHE AT we AFA Y FEE FASH7] A8 v

AEE 23 wtn A% FH7Fsl7] wiZol, vl o e s 24 9 AFAEE FAs

A +3 9 A= S8 opygt 7T A A

249 dTS T F JEF vy Y FHFE F7MAA aHEEY vlg vt 28 dEaE

S Axg b E 2 B9 T8S AAAN JEAES g5 Ayl 44E Av)e
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Keywords: Porous Metal, Filter, Porosity, Permeability, Semiconductor
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Back bead Characteristics of STS316L welded by TIG

H.S. Lee, G.S. Kim, S.H. Han, S.Y. Chang

Abstract

Fe A Az
=

= heat affected zone

AL OMS Eal #HES Ad 14204 WAHS 7 AA2 A[RUF S
(HAZ)®] Z o] 166 ymol A 355 ym= 57F38hQlar, WAL 350um?el A 720um? o= Z7}3F AT,
1716912 WAL 712 Al#HE HAZY Zo]7} 0.9mmol A 0.5mm=E A3 a2, WAL 1.3mm2ol

A oemmio® astdth ZEE HA~ FEAS Bal S4stdov, HAZY FEE AF
25 547/ QRaWS Ba Hus
q

gholl #AIglol <F 140 HVE #Hol7h itk W
= S48t

ARA7NE FHsY AF Wt s AAVE
AES ¥ XPSE o] &3lo] vlul 43kt

=
Atk EF, g om g R Wzt

Keywords: VOD (Vacuum Oxygen Decarburization), TIG welding, STS316L, Microstructure, Surface

properties.
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Analysis of residual stress and mechanical properties of
linear friction welded Ti-6Al1-4V alloy

S. G. Lee, H. S. Choi, H. I. Park, M.Y.Seok, D. J. Lee, Y. N. Kwon

Abstract
Ti-6A1-4V =2 53 T v 2= v&, 313 Cﬂ*é, yaz4d 2@ 53 yads
7HAH AbgH = 2E gloleby dE e oF 50%2 AT wdk vlwd 1e<l 300C 7t
29 4 Qo g7 2 FF AAR g AEEHI ok EME}H 718k stgo] 84

A

=

G AAN A A Tl YHOE B AFTo| WAFL >
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Fatigue crack evaluation on Al alloy of ML-DIC images based

S. H. Lee, H. S. Choi, H. I. Park, M. Y. Seok, D. J. Lee, Y. N. Kwon

Abstract
Al TxxxZ e e vAE, EaE, WA, SYFRATE A, A8 we
Ak =@ AXol @ WAEsl Wob Al BAR AZo] goldth webd FFeF o
AR 72 RF 242 de AR Yok

TERE A7 AHA & e F714 rddgGS

Tgsty] Ao Hd g » AAEE Blol dasitt. webA] gxH I2ade] dAl aK
@ g oo wE AAEE B ogk olyg, AEd vRgd EAS

closure -5l 2Jgt A AAFE wiAlgt S 2dE 542U aAKer & A5 oF S}

B oAqto| A= 7] AE3F(Mechanical Luminance, ML) §2~U% - H (Carbon Nano Tube, CNT) Z &
< ol&d WEE FS FAstE 7IWHS AASTE ML-CNT 252 7|24 o= A%, =

Ae A% So) A grelo] el W G AJS AAe BAS A wy =he b
o™, ML-CNT ZEol Z&% CNTE LF9 speckle pattern© 2 IFFEo] tix|d A} A
DICO] 48 7Fodh S 2u Slch AT S BEehe]l hrulk Tox FE9 927
A5 AmelAe] AT D piC Awe] MRE 4o AT, ol o Wz A
45 9 AK I AKeft 58 S2HG. AnHon, FAS B U BAGE 7B obd

S
=
A 7kell AAIRE ML-CNT 24 79| 4§ 7S Ak

Keywords: Al alloy, Digital image correlation, Mechano-luminesce, Fatigue crack propagation
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Numerical simulation for predicting the microstructure of
electron beam melting process

W. J. Lee, Y. H. Jeong, S. B. Jang, S. J. Kim, H. K. Lim, H. W. Lee, S. H. Kang, Y. T. Hyun, J. H. Yoon

Abstract

Titanium and its alloy are widely applied in a variety industry field such as aerospace, automotive, and
biomedical because of the excellent mechanical properties and corrosion resistance. In a pure titanium, an
allotropic transformation takes place at around 1155 K. The pure titanium composes of beta phase with HCP
structure above the transformation temperature and alpha phase below the transformation temperature,
respectively. Since the cost for producing titanium ingots from raw materials is relatively high, the many
research has been conducted in effort to recycle of the titanium scrap with electron beam melting (EBM)
process. Furthermore, impurities in recycling titanium scraps need to be refine during the solidification
process to guarantee the mechanical properties of titanium ingots. It is well known that the microstructure of
Ti-6Al1-4V via EBM process is mainly affected by thermal processing by resulting the various mechanical
properties. This paper mainly considers the /o transformation of Ti-6Al-4V alloy with lattice Boltzmann
method — cellular automata simulation. Particularly, the effect of cooling rate on microstructures such as 3
grain size, o colony size, and o lath thickness was examined as well as overall morphologies. The validation
of the proposed method was conducted to compare the simulation results with the experiment trends for
microstructures of Ti-6Al-4V from the other literature.

Keywords: Solidification, Microstructure, Dendrite, Computational simulation
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Back side defect analysis on ML-DIC images
of A7xxx aluminum alloy

Youn Woo Shin, Hyunsung Choi, Hyeon Il Park, Dong Jun Lee, Moo-Young Seok, Yong Nam Kwon

Abstract
Al-Zn-MgE 7] 3t 7xxx/ SFUE FES e AR 92 54 283 2xxx
A gl vl TT—@ A 54 gor dwrle VAl 728 AR de AR 9
1% Al7050-T74512 7 =e} 4?4%“301 Fom, T74 A= s &9 F4 ALl #al,

Ho A 200mm7HA] kbl BAER AR = Qlo] FEv] 7A FREoR uggFstA A8
AT
Aok e Anz ALE %‘%714 A FRES WY WREdSs Ay olE e HA
Al kgl B Tl AFaLE ojold 4= Utk o] 2Rk Abgel whgske]l W muhd] ARG
]

% 717l 33 (mechanoluminescence) | 55 A& 6}‘: ol AelEq Q) 714 g AEE 3
5 upE
1

FAY dFom 0, 5, HEH, HE o VIAA Aol o) wHEA o R fFiE= He
e sHor Wgd ¢ glon, $HE BAATRE U WHIER WHEd 5 o &3
ML A%} CNT 245 £33t 258 A o+ gon, 59 CNT Y& 842 digital
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o

image correlation(DIC) % S o]
W EAlo] Thsekal, S714R1 RS o ® Qlete] ARt it whete] sbs it

ek 2 Aol A= A7050-T74512 A2k Q1% AlHo| ML-CNT &% ?7'46 a1 A e}
FARSHA FAbel el 914, 2, A71E e AdS A S 2
u| 2 E #935t9th FEM simulation f3F Q14A1E A|A 7 e A3ES w2 o) 3}01 B AFA
a1, FEM simulationol] Al -2 oju]x| ¢} AFA oA I ojmx2 T 2
=

Keywords: Al alloy, Non-Destructive Testing, mechanoluminescence, DIC, defect
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A machine vision-based system for welding bead profile and
melting pool geometry measurement during welding process

Van Doi Truong, Seungbeom Jang, Yunfeng Wang, Hyeonwoo Ju, Wonjoo Lee,

Jangwook Lee, Jonghun Yoon

Abstract

Intelligent welding plays an important role in modern manufacturing in various fields such as shipping-
building, nuclear power plant, pressure vessel. The inspection of welding beads and melting pool is necessary
to automatically control the path planning, evaluate the quality of welding process. In this paper, we
proposed the real-time visual monitoring of the weld bead and melting pool in welding process based on
structured light and thermal camera system respectively. The combination of segmentation and RANSAC
method is developed to find weld bead profile. As a result, the weld bead parameters including weld width,
height and layer profile are extracted. Besides that, the temperature distribution is extracted to investigate the
effect of welding parameters on welding quality. Finally, a series of validated experiments are conducted to

demonstrate the efficiency of the proposed method with high accuracy.

Keywords: Intelligent welding system, machine vision, welding bead extraction, melting pool measurement.
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Development of Lightweight Commercial Vehicle Load wheel
using Advanced High Strength Steel

Hyuk Sun Kwon
Abstract

A vl, 87 ol R A% APt AHSEw Qe FAlolr], 58 AniolE B3 247 v
Fride Z&ste]l A Ast 2 HaE AEstel A8 Al=H v 2 dFeME Edde, EY,
W2 Fol ARREE AEAE RS AR gt ARsE fd 94 VE AdE o 3
= 7Ivtew Y HAASE FsL, wAEGY Aeow Q% T A&, A A dElE Ade
A%S A8l 74 A5g e AZE 474 B9 vla AR w9 Uaa 4P 9 2oy
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e gAsidlen, V& HASH I8 9l 55 oY Ass dEhdt
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Effect of ultrasonic-nanocrystalline surface modification on
mechanical property of additively manufactured materials

D. Bae, S. Park, D. J. Lee, A. Amanov, J. G. Kim

Abstract

Because the surface roughness after additive manufacturing affect to the mechanical properties of metallic
materials, mechanical surface treatment become one of interesting strategies for improving the performance
of additively manufactured parts. Thus, the role of ultrasonic nanocrystalline surface modification (UNSM)
treatment on the mechanical properties of additively manufactured 316L stainless steel was investigated.
Large shear stress from UNSM not only induces severe grain refinement, but also makes crumbled traces at
the surface of additively manufactured 316L stainless steel that causes strength enhancement compare with
the as-built specimen. Also, the UNSM treatment removes unmelted particles that relived strain localization
at the surface of tensile deformed additively manufactured 316L stainless steel. Meanwhile, UNSM treatment
in the machined sample reduces surface quality including micro-cracks, which causes ductility degradation.
This result shows the mechanical properties changes of surface treated additively manufactured materials
depend on the initial surface morphology.

Keywords: Additive Manufacturing, Ultrasonic-nanocrystalline Surface Modification, Mechanical Property
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Investigation of microstructure and mechanical properties
improvement mechanism of pure AlI/GO composites
made by FSP

H, G Yoo, S. Basak, M. Mondal, S. Y. Anaman, P. Guha, E. J. Shin, D. H. Kwon, S. T. Hong, H. H. Cho

Abstract

Hod3e waz ZsbAel Akl 12 9 (Graphene oxide, GO)o] @ & mhEuwwkA] g
(Friction stir processing, FSP)%2 W= 43155 7]#] 534l (Aluminum matrix composites, AMCs) 2]
A2 B AR 54 Al 93-S 2AREH GO EFFo ol Fgle] FSP ¥ Al @
oA 2 A oef HdFEd AAYH vAS L HAHT. AMC Wel 2AEG0oY EA=
SR, 23t 2 AFEAY L T A4 AV AHge] HeAagich FSPES GO &
Al AL 71X 9ke] e Ag o R AMCE BA 5 FSPRE RSk Al e RG SpR VAA 5
e vt nAZE BEE QA wupe A% Z71 9 AR Ay Jus

pehd ey,

it

Keywords: Friction stir processing; Aluminum matrix composites; Graphene Oxide; Microstructure;
Mechanical properties
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Heat treatment deformation analysis for bearing raceways
considering phase transformation

S.P. Lee, S. J. Lee, K. T. Cho, J. G. Choi, S. R. Kim

Abstract

Holg & 3dE ddsta Fe A&ste g AAS= 8% 7|48
(inner ring), <] (outer ring), ~L2] 3L Z‘j%iﬂ(raceway)i TET ol 3 HE gy A=,
9F7 AERe] BEonachd Foho] AwHv], FEe] J5a} FPBFE Aokl AR
FE= s o)gk d A 2 (induction hardening heat treatment)E 3t o] Lt ot} 37
TA Al F5329 W (phase transformation)”} ZASIH, o] A2 YHEIH 5o WY
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wol @A) WAL ANHoR sk WU Adsich W 94 A4S Aste] TIT
IM 3} CCT A4S 74]*}01'5’— O]%— 01%3}04 HE-dde-dHgE 183 d S '/Fago]'oﬂr/}
7 staL, 1 Ay &

afFFoR, WE
o
&

Keywords: Bearing, Heat treatment, Phase transformation, Deformation, Heat transfer
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Comparison of ring rolling analysis effect according to SUJ2
high temperature property evaluation

Y. R. Choi, M. K. Kim, H.Y. Kim, Y. H. Seo, T. B. Kim, J. H. Song

Abstract
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The effect of chromium content on shot peening-surface
hardening of alloy steel.

Andrew Choi, S. M song, T. B Kim, Y.H Song, J. Y Jeon, S. E Shin, K. T. Choi

Abstract

Alloying elements such as Cr are commonly used in the production of alloy steels due to their ability to
enhance wear properties by creating chromium carbide. However, Chromium carbide can have negative
effects on the steel's ductility and toughness, which can lead to reduced resistance to cracking and fracture.
To address this issue, surface hardening treatments such as coating, nitriding, and shot peening are used to
increase surface hardness. Of these, shot peening is preferred due to its simplicity and affordability. Although
many studies are focusing on improving the hardness of the surface by shot peening, Studies on the effects of
Cr on the shot peening mechanism are insufficient depending on the Cr content.

In this study, Three specimens were prepared with varying levels of Cr: 1. (0.4%C), 2. (0.4%C, 5%Cr), and 3.
(0.4%C, 10%Cr). Using a Micro Vickers hardness tester, an increase in hardness was observed with higher
Cr contents. Optical and scanning electron microscopy revealed a severely deformed surface layer, and X-ray
diffraction detected peak broadening and shifting, indicating grain refinement and severe deformation. The
results indicate that higher levels of chromium content could enhance surface hardness, potentially attributed
to the strengthening effect of dispersed chromium carbide and refinement of the grain size.

Keywords: Shot peening, Chromium, Surface Hardening
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Microstructure formation behavior of Inconel 706 alloy

according to pressure load in rotary forging process

S. W. Jo, H. G. Kim, Y. S. Lee, E. Y. Yoon, Y. S. Lee, S. Y. Lee’' Y. Y. Woo

Abstract
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Practical Approach to Flow Simulation of a Shape Rolling
Process of a Steel Bar Considering Dynamic Recrystallization

M. K. Razali, A. Abd Ghawi, S. H. Chung, J. M. Choi, M. S. Joun

Abstract

Dynamic recrystallization (DRX) during hot shape rolling significantly affects its microstructure and
mechanical properties. In this study, DRX of 15V38 steel at various strain rates and temperatures is
investigated. DRX-related parameters can be determined directly using the direct method (DM), including
peak strain and strain at 50% recrystallization, improving practicality of DRX kinetic predictions. This
method then employed into two-dimensional finite element method (FEM) subroutines for the shape rolling
of a round bar accounting for DRX. In the applied example case, FE predictions and experiment were well
correlated. Thus, the DM improves accuracy, reliability, and practicability of DRX FE predictions.

Keywords: Dynamic Recrystallization, Shape Rolling, FEM, Flow Parameters

1. MB

Fig. 1 illustrated the microstructure evolution of
metallic materials that determines their properties
which strongly influence industrial applications [1].
Hence, FEM simulations to predict DRX kinetics
evolution during hot forming processes Wwas
implemented [2].

The aim of this work is to improve the accuracy and
practicability of DRX kinetics prediction by providing
a DM for characterizing essential flow-related DRX
parameters, including the peak strain and the strain at

50% recrystallization [2]. These parameters need not

rerel e, A5l
EREL R T
F) PN ZdH AL
PG NEDTFR, 3T
WA AT R AT TR, W
-m

ail: msjoun@gnu.ac.kr

re
!
U J“>“
o,
>

be modeled separately and are treated as functions of

state variables.

Rolls

Dynamic

— recrvslallvzabon Static
ST recrystalhzatlon Vi

C u‘_ﬁ qu'?'w- T T ~ -
o ﬂligﬁ a3 1 ,‘ \H‘. A
Ans!l nite t B =AY
grains  “Pancaking” Strip Gr.m\ growth »,\

\\ / X

Fig. 1 Microstructure evolution schematic diagram |[2].

2. 20t 2 HE

Avrami kinetic model and the DM are used to
investigate the DRX behavior of extruded 15V38 steel.
Fig. 2 presents the FE model for round bar shape
rolling that accounts for the DRX [2].

The DM's validity is validated by demonstrating
how to acquire the constants in practice. The greatest



strength of this method is its ability to incorporate state
variables into its key parameters to adjust flow stress
and eventually DRX
simulation results in Fig. 3, DRX occurs throughout

evolutions. According to
the bar and has a positive correlation with equivalent

plastic strain.

Symmetry plane cross section Effective strain

Fig. 2 FE modeling.
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Fig. 3 Comparison between fraction of DRX and

equivalent plastic strain.
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Our
fraction and grain size of DRX kinetics and greatly

methodology accurately predicts volume
enhances DRX microstructural predictions since it
eschews mathematical modeling of peak strain and
strain at 50% recrystallization in Avrami kinetics
model. Accordingly, simulation accuracy is heavily
dependent on flow curve and microstructural models
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Development of Flexible Shape Die System for Hot Forging

D. J. Cha, Y. H. Ma, H. C. Lim, S. H. Chun, J. W. Lee

Abstract

This study proposes a flexible shaped smart die that can change the shape of the mold used in conventional
hot die forging according to the shape of the product. First of all, the concept of a mold that can freely
change the shape of the mold according to the shape of the product was proposed. The mold consists of an
individual mold collection in charge of forging and an individual mold support. In this study, the optimal
mold structure was proposed by reviewing the structure of individual molds and the structural stability of the
entire mold that the proposed shape-variable smart mold can serve as molds in harsh environments of high
temperature and high load. In order to evaluate the applicability of this technology, a computational
simulation analysis was performed on the possibility of manufacturing a complicated large-sized steam
generator for nuclear power plants with a nozzle attached to a dome shape.

Keywords: Flexible Shaped Die System, Hot Die forging, Nozzle Integrated Dome, SMR

A typical hot forging process requires a mold for each product to obtain the desired shape. Due to these
characteristics, products that can be manufactured by hot die forging are limited to large-volume products due
to high mold manufacturing costs. Therefore, it is a common thought of process designers so far that the hot
die forging process is not suitable for small quantity and many kinds of products. In particular, large and hot
forging parts, such as core parts for nuclear power, had problems with increased manufacturing costs and
longer delivery due to mold manufacturing costs and duration.

As a result of this study, the concept and structure of the proposed shape variable smart mold can implement
the target shape and secure structural stability suitable for application to a large hot forging process. In
particular, in the case of SMR (Small Module Nuclear Power Plant), since the size and shape of core parts
vary depending on the manufacturer and power generation capacity, the application of this technology is
expected to reduce delivery times and reduce manufacturing costs.
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Experimental and Numerical Study of Hot Forging of an
Aluminum Lateral Arm

J. H. Park, N. A. Hamid, J. B. Byun, M. S. Joun

Abstract
A hot forging process of an aluminum lateral arm for a passenger’s car is experimentally and numerically
studied. The accurate flow information is employed for the non-isothermal analysis of the process.
Comparison between the experiments and predictions in Fig. 1 shows that they are in a good agreement with
each other.

Keywords: Hot Forging, Aluminum, Flow Behavior
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(a) Experimental (b) Prediction

Fig. 1 Comparison between the experiments and predictions
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Manufacturing Technology Development for TiAl Blade of Gas
Turbine (Phase 1)

D. K. Kim, K. H. Lee, J.R.Cho, H.S.Jeong

Abstract
A e JhaEdo] AAgE I e nFEo] Niv] 2UddE Edo=2 Ao TiAl
Edol=2 giAsH] fs 7lsEs 1 % Joh. 2o A Aol F-=3 TiAl Edlol=
S Azxst] fste], d2axGAE FAzd e AR, dAs HF T gds Y5
a2} sk}, o] 5 913k Mg Udstow kAR ?—12 AR, ARElo gz
Aol 3t HEES F33Y. o]E 7vtoe g 2 VX9 dxI¥AS &5 oY ol EYR
Al6061, Ti6AI4V, Pb & &-83t A S AAstozH 3o TiAl & AAjd] gk o

’

2492 FAT 5 Qe W)ee FRs,

Keywords: Turbine Blade, Isothermal Forging, Gas Turbine, Hot Forging
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Evaluation of stress triaxiality-dependent formability for cold
heading quality steel wire

J. H. Kwon, H. S. Joo, H. W. Lee, K. H. Rhee, S. S. Park, Y. G. Jung, D. -K. Kim

Abstract
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Keywords: CHQ wire, Stress triaxiality, Formability, Fracture locus, Finite element analysis
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Effect of internal finite element density on the predictions
of a cold forging process

J. B. Byun, K. H. Lee, M. S. Joun

Abstract
To maintain accurate contact condition at the material-die interface during forging simulation without loss
of computational efficiency, relatively coarse internal mesh density is inevitably utilized, which may damage
some solution accuracy. Here, effect of internal mesh density of a tetrahedral finite element mesh system is
investigated using the rigid-plastic finite element method with the automatic multi-stage cold forging process
of a nut. Almost uniform and internally coarse finite element mesh systems (See Fig. 1) are tested to reveal

the effect of mesh density on the die stresses at the

final stroke of a forging stage. It has been revealed that it

is very difficult to distinguish one from the other in terms of the deformed shape, whereas the die stresses,
sensitively affected by the plastic deformation of the material, exhibit distinct difference.

Keywords: Cold Forging, Mesh Density, Tetrahedral Finite-Element, Automatic Multi-Stage Cold Forging
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(b) Internally coarse
Fig. 1 Mesh systems tested
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Study on the flow behavior during cold forging of
an aluminum alloy

J. H. Park, N. A. Hamid, J. B. Byun, M. S. Joun

Abstract
A hot forging process of an aluminum lateral arm for a passenger’s car is experimentally and numerically
studied. The accurate flow information is employed for the non-isothermal analysis of the process.
Comparison between the experiments and predictions in Fig. 1 shows that they are in a good agreement with

each other.

Keywords: Hot Forging, Aluminum, Flow Behavior
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t Up = 2.26mm

(a) Experimental (b) Prediction

Fig. 1 Comparison between the experiments and predictions
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Mat. Process., V. 28, 2019, pp. 115-122
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Analyses of Mechanical properties of Yield-Ratio-Control-Steel
according to initial microstructure control

G.H.Kim, Y. Y. Woo, Y. S. Lee, S. Y. Lee, E. Y. Yoon'

Abstract
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Key Words: Hot rolling process, Yield-Ratio-Control-Steel, Non-Normalized Steel, Microstructure control,
Mechanical properties, finite element analysis

R ET R
= gek oot

1.
2.
# DA AL A EATYE, AIdAFY E-mail eyyoon@kims.re.kr



X

SI3t CtEM ApBol

B
ret

Ml £ B RQJ KO E| £ oH. R4E B Ol ElO1 PST B4

Optimization of design parameters of porous interlayer for
electrically assisted pressure joining

H. S. Choi, T. T. Do, T. A. Bui-Thi, S. H. Choo, M. T. Tran, D. K. Kim, S. T. Hong

Abstract

A study to overcome a drawback of an additive manufactured (AMed) porous interlayer (PIL) with closed
cell pores for electrically assisted pressure joining (EAPJ) is conducted. The goal of the present study is to
efficiently design an AMed open cell structure PIL without the flaw of trapped metal powders during AM,
which frequently occurs in an AMed PIL with closed cell pores. While the finite element simulation of EAPJ
of cylindrical specimens in axial direction (an AMed open cell structure PIL between the cylindrical
specimens) has been conducted, EAPJ experiments also have been conducted to validate the effectiveness of
selected simulation results. The experimental result shows that with the newly designed open cell structured
PIL, the pores in the AMed PIL are nearly completely removed after joining without trapped metal powders.

Keywords: Solid-state joining, Electrically assisted pressure joining, Additive manufacturing, Porous
interlayer, Finite element method, Optimization
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Machining Mold and Injection Molding for Mass Production of
Plastic Micro-fluidic Chip

Y.-E. Yoo, D. 1. Kwon, J.H. Oh, J.H, Jin, J.S. Yoon, K.-O. Kim, D.H. Kang

Abstract
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Development of biomimetic-based Nano/Micro Hierarchical
structures on Metallic surface for underwater anti-biofouling

S. M. Kwon, J. H. Lee, J. U. Lee, S. Kang

Abstract

Biofouling is the undesirable biological growth of micro/macro-organisms on surfaces dipped into
underwater. Their growth increases the drag forces due to rising hydrodynamic volume and friction, and it
can negatively affect the lifespan and performance of the surfaces through corrosion phenomena. Thus,
designing and fabricating underwater structures on their surface is an essential aspect of anti-biofouling effect.
While ordered hierarchical metallic structures can provide underwater anti-biofouling, producing such
structure remains challenging.

In this study, we fabricated an anti-biofouling surface composed of nanostructures orderly superimposed on
curved micro-riblets using the top-down method. To confirm the fidelity of the surface, we used
SEM(Scanning Electron Microscopy), AFM(Atomic Force Microscopy), and CA(Contact Angle)
measurements. Additionally, the bacterial adhesion experiment confirmed that nanostructures and hydration
layer dramatically reduced the adhesion of micro-organisms, and the micro-riblets prevented the attachment
of macro-organisms. This development of a functional metallic surface with hierarchical structures provides a
promising solution for anti-biofouling in underwater structures.

Keywords: Anti-Biofouling, Metallic engineered surface, Nanoimprinting, Hierarchical topography,
Biomimetics
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A Numerical Simulation study of new sheet metal forming
process for Springback reduction by changing the stress path
for Ultra High Strength Steel

K. J. Kim, S. C. Yoon, Y. J. Jung, J. M. Park, J. S. Hyun, Y. D. Jung

Abstract

This study proposes reducing the springback of Ultra High Strength steel (UHSS) sheets in the Double
Bending Forming process (DBF). It consists of three steps: (1) Binding of a sheet between an inner corner
setting punch and upper die, (2) Forming under an upper die and press RAM, (3) Over-bending under a constant
lower holder. A great advantage of this technology over other HAT Forming processes, such as draw bending
and PAD forming, is that perfect hat-shaped are easily obtained for any type of UHSS just by determining One
controllable process parameter. An accurate finite element simulation allows us to determine these process
parameters prior to the experiment. The validation for this process was shown by performing the hat-shaped
DBF simulations.

Keywords: Ultra High Strength Steel, HAT shape, Finite Element Method, Springback
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Lightweight design of battery pack for electric vehicle using
steel-based multi-material design concept

C. G. Jung, S. K. Wee, J. P. Kong, H. J. Oh

Abstract

Battery packs for electric vehicles are mostly made of aluminum alloy because of the extreme demand for
lightweight. POSCO is responding by developing GIGA Steel with a tensile strength of over 1 GPa, but it is
still heavier than parts made of aluminum alloy. POSCO developed its own battery pack concept as a multi-
material design strategy that mixes aluminum alloy in some parts based on a steel battery pack. In this study,
the basic frame of the battery pack is made of various GIGA steel, including the recently developed low-
manganese 150kgf-class martensite steel. In addition, by partially combining aluminum extrusion profile, it
achieved a weight reduction of about 10% compared to steel battery packs. The result means a weight level of
new design is similar to an aluminum battery pack with same energy density. In addition, the synergistic effect
of steel and aluminum alloy significantly improves crashworthiness. Through this, it was proved that POSCO's
steel-intensive multi-material design strategy is sufficiently competitive in terms of weight, safety, and price
compared to aluminum alloy parts.

Keywords: electric vehicle(EV), battery pack, multi-material, lightweight, crashworthiness
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Finite Element Analysis of the Lancing of
SOFC Current Collectors Using the Cohesive Zone Model

S. Lee, F. Rickhey, S.Yi, S. Hong

Abstract

=ol7] A& ©@& T AFo] At weh A YAl g A7}
21T}h. SOFC(solid oxide fuel cells)= ABAA] 7|5 F YR, F49 2o
714 oy A 2 HEAI7|H, 80~95%2] FI] TR A& E& odux] a&S Y
. SOFC & o]F& H# % A= FHvulolA TS AFE LeHOE oA AHFH,
AR =o] Fu o2 YA st §2 JTE ot FFoE V] dEA 9 T80l &
FafloF 3tH, FAldl SOFC ~¥l9] 3tFS Aty7] 98 s Frof gt} o]g g 7th=&
e oa HAA AA Al B T AZE F H]Eo] AREEH, £ dAolAeE fEes
A Bdgste] ol JAdstazt dh 7]EeE 3D ZHUEE o] &ty HAAE A
o, i gs w53 55 M) 9l #d(lancing) 3 S AME ST W2 A LN
s~ 7bE Wegstel dud AS AP ¢ e ol k. sk

A 74 2 B7AS gusty] e e day sk Al Aojrh BgE ook &

=
S, fRaLANS DY oleF FAE o3 B Fgd anAelth ge 35 Al

|mﬂv‘
ik O % fo

o
O, ol e
2,
)

& =5
gt cZzM o] ¥y 9 Aee olF d-7+4 S WA (traction-separation law), = 5254
I Al AGgHel e FA /Sl He, e HI Ay dekgge] BF AEeke Aol
=3 2= ¥ 2| (mixed mode formulation)©] AF&H™ wE i Hico] vl F& 5 AAE A
S 7 Ado] a&Holrt. ol CzZM ¢ visfHFE A 7l o AA s g5 vAdY
A-7r4 S HAS 7HgEt o g A9E 4SS AoE Ve

Keywords: Cohesive Zone Model, Current Collector, Finite Element Analysis, Lancing Process, Solid Oxide
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Heterogeneous-structure with enhanced mechanical properties
in monotonic and cyclic deformation modes

G. Kim, T. Lee, J. T. Yeom, J. H. Kim, Y. K. Noh, C. R. Lee, C. S. Lee

Abstract

This study aimed to develop heterogeneous-structured (HS) Ti-6Al-4V composed of coarse and fine grains
to enhance the alloy’s mechanical properties. This microstructure was induced by selective activation of
dynamic globularization by using water-quenching and subsequent rolling below the B-transus temperature.
Microstructures and mechanical properties of the HS alloy in monotonic and cyclic deformation modes were
compared with those of coarse-grained (CG) and ultrafine-grained (UFG) counterparts. HS Ti-6Al-4V had a
higher mechanical strength and better resistance to low-cycle fatigue (LCF) fracture without the loss of ductility
compared with commercial mill-annealed CG alloy, and HS alloy had an engineering advantage of low-cost
mass production in contrast to UFG counterpart, despite their similar mechanical properties under both
monotonic and cyclic deformations. The enhanced mechanical properties of HS alloy were attributed to the
presence of UFG region and the partial transformation of transverse to basal texture with a high intensity. Such
conditions gave rise to an active slip transfer, low internal stress, and high strain compatibility, thereby leading

to the high LCF resistance.

Keywords: Ti-6A1-4V, Low-cycle fatigue, Dynamic globularization, Grain refinement
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Aging hardening and precipitation characteristics of extruded AZ91-
0.3Ca-0.2Y Alloy

H.J. Kim, Y.M. Kim, J.H. Bae, J. Yoon, S.H. Park

Abstract

In this study, an AZ91-0.3Ca-0.2Y (SEN9) alloy having high corrosion and ignition resistance
characteristics is recently developed. This study investigates the aging hardening and Mg7Al» precipitation
characteristics of the extruded SEN9 alloy by comparing those of a commercial AZ91 counterpart. Both
alloys’ microstructures consist of equiaxed recrystallized grains and they have an intense basal texture.
Unlike the AZ91 alloy with a few Al-Mn particles, the SEN9 alloy contains numerous ALY, AlsMnsY, and
Al Ca particles. As the aging time increases from 0 to 8 h at 200 °C, the hardness increases from 63.6 to 95.4
Hv and 68.8 to 98.3 Hv for the AZ91 and SEN9 alloys, respectively. Although the hardness increments
during aging and the peak aging times are almost the same for both alloys, their Mg 7Al, precipitation
behavior considerably differs. During aging, the number of Mg7Al;, continuous precipitates formed in the
SENO alloy is less than that in the AZ91 alloy because of the lower amount of Al solute atoms in the former.
The nucleation and growth of Mg;7Al;> discontinuous precipitates (DPs) are also suppressed in the SEN9
alloy because of the combined effect by the reduced Al solutes, finer grains, Ca and Y solutes, and second-
phase particles. Consequently, the area fraction of DPs of the peak-aged SEN9 alloy is nearly half that of the
peak-aged AZ91 alloy. This study demonstrates that adding small amounts of Ca and Y to AZ91 alloy causes
drastic variations in the Mg;7Al;, precipitation behavior during aging.

Keywords: Magnesium, Aging, Precipitation, Microstructure, Hardness
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Inhomogeneous crystal texture in extruded Mg-10Gd alloy
considered in crystal plasticity finite element simulation

J. Lee, D. Steglich, Y. Jeong

Abstract

Due to their biodegradability and biocompatibility, magnesium alloys are considered promising for
cardiovascular stents. During surgery, the devices undergo irreversible deformations, which need to be
predicted and controlled for certification. In this study, we investigated an extruded Mg-10Gd sample, which
is a potential candidate for cardiovascular stents. Electron back-scattered diffraction (EBSD) scan was
applied to the as-received extruded sample, which revealed a significant texture heterogeneity from the
center to the outer regions. An averaged initial texture was measured by X-ray diffraction, with which the
Voce hardening parameters were calibrated by fitting tension and compression stress-strain curves in the
extrusion direction. Due to the geometrical limit, conventional mechanical tests such as uniaxial tension and
compression in the radial or the circumferential direction was not feasible. Instead, three additional
mechanical tests, i.e., C-ring compression, notched bar tension, and 3-point bending, were conducted. In each
test, not only inhomogeneous stress/strain responses were induced, but also sample regions with different
initial crystallographic texture were subjected to deformation. The predictive ability of a numerical model
that can replace intricate mechanical experiments was evaluated through finite element simulations using the
polycrystalline plasticity model with considering inhomogeneous initial texture.

Keywords: Anisotropy; CP-FEM; Mg-10Gd; Texture
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A Study on the Effect of Internal Residual Stress on Fatigue
Crack Propagation Behavior through Surface Severe Plastic
Deformation Process

Jong-Hwa Hong, Hyeonil Park, Moo-Young Seok, Hyunsung Choi, Yong Nam Kwon, Dong Jun Lee

Abstract

2 Ao A= WA (SSPD, surface severe plastic deformation) 574 & 3Fyel £E 34

(SP, shot peening) &% Fa Had ¥ ARsEo J=2 #E9 AA(FCP, fatigue crack

propagation) 715l W X|= ko] tisiA aze] Bt d= 44 A AFS 9EE WeE

Zbetoll = 7]5FslA el Ao R Qs #E Exte] AdAGo] EASHA H L, ol upEl Lo
3l ks 7

ol Ey AstA Ao shAN, WA AE TS 7 2AY A, sl oal R
o R X s dde A Awe] mAet depxith FabdE Wi 3RSl
o = 4 A ATs #FsH] fall, g sts 2109 IEAFES T Aol w
E P AF&Ee ®vstE S48t vd A 54 WEE X E $9 Y +X
= &8, =AY Al skl wE R R W AES do] dddd ol & Fal, f &
SHEEXS dolulo] WiF AFgEdl o mAjet 2l vm i A AEs oldd
AT =Y, SA4E IR £X S AHEA A BEFR(user subroutine) ©]-8-3ko], g
32 A H(X-FEM, extended finite element method)oll 283} 0w, o|& Falo] 5214, X%
Q1 W2AlE FAl o] &ate], W ARFSHSE AW AAe] A= dd G AsS oladlT
At

Keywords: Residual stress, Surface severe plastic deformation (SSPD), Fatigue crack propagation (FCP), X-
ray diffraction (XRD), Numerical simulation, Extended finite element method (X-FEM)



mailto:djlee@kims.re.kr

rok

HAIAIE 0|83 Wol SPM X Wt oA wslol| o3t of 7

02
0
ok

ot

Method for Implementing Uniform Elongation
in the Width Direction of Steel Strip
in Cold Rolling Skin Pass Mill by Using FEM

E. Y. Sim, J. A. Seon, H. S. Han

Abstract

Skin Pass Mill (SPM) is a facility for temper rolling, improving mechanical properties, surface properties
and the shape of strips. And non-uniform elongation causes a deviation of material properties and the shape
defects for strips. Therefore, it is important to procure a uniform elongation along with the entire width
direction. However, generally the elongation control comprises the mean of strip elongation value, so it is
difficult to secure the uniform elongation in the entire width direction using conventional control system
alone. In this paper, it is proposed to change the positions of Anti Crimping Roll (ACR) and Anti Cross
Breaking Roll (ACBR) of SPM as a solution for securing uniform elongation. The research process consists
of three stages. First, the effects based on the positions of ACR/ACBR on width-directional elongation were
observed via FEM. Next, optimum ACR/ACBR positions were calculated, using Response Surface
Methodology (RSM) and FEM. Finally, the verification of the results was performed with FEM.

Keywords: Skin Pass Mill, Anti Crimping Roll, Anti Cross Breaking Roll, Billy Roll
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The hot deformation behavior of SS400 steel and the extrusion
process parameter optimization using finite element modeling

Jung-Hyun Park, T. H. Kang, S. H. Bae, S. M. Choli, Y. C. Shin, H. J. Choi, K. A. Lee

Abstract
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Keywords: SS400 steel, Hot deformation behavior, Processing map, Finite element method simulation
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Fig. 1. True stress-strain flow curves of SS400 at different temperature (a) 700°C (a) 800°C (a) 900°C (a) 1000°C
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Microstructure, corrosion and mechanical properties of A13102
alloy flat tube manufactured via hot extrusion process

Yuanjiu Huang, T. H. Kang, H. J. Choi, Y. C. Shin, S. C. Lee, K. A. Lee

Abstract
A13102 (AI-Mn)Al Fa2 3w d47F vEeR Hrtyo 43 7S UER
TE A TR A FEow, ¢ WA, RS YEho] 3 FEH, 25X
w7 ol AREE I k. B AT E A13102 (Al-Mn) W (billets) S Al
42 ol &3t WAt (flat tube) &2 A3l o, el ‘a"%f&ﬁ n A 2], F2 23
ZIAA S2del Wl 2AFskih A13102 § E Rl 510°Cel A 10213 sk A st
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Fig. 1 Microstructure observation results (SEM, EBSD) of Al13102 alloy billets (a, ¢) and flat tubes (b, d)
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Fig. 2 (a) Galvanic corrosion test result, (b) Room temperature tensile test result of A13102 alloy billet and flat tube



The Study on Residual Stress Distribution of Cold Drawn
Aluminum Alloy Rods as a Function of Drawing Process
Parameters

S. J. Bae, J. H. Kim, G. M. Gwak, W. Y. Choi, K. S. Lee

Abstract

In this study, the effect of process conditions on changes in microstructure and residual stress during
continuous drawing of aluminum valve spool materials for hybrid vehicle auto transmission was introduced.
First, after securing the 3D shape through die reverse engineering, the optimal shape of the die for reducing
the drawing load was derived through finite element analysis after securing the 3D shape through die reverse
engineering. The distribution of residual stress of aluminum drawn tubes was investigated based on variables
of the drawing process such as different reduction ratios of 5, 18, and 25%. It was confirmed that the surface
tensile residual stress, which affects the quality of the drawn material, could be maintained at 20 MPa or less
even when the reduction ratio was applied up to 25%. At the same time, the required yield and ultimate
tensile strength were satisfied as above 315 and 345 MPa, respectively.

Keywords: Cold drawing process, Finite elements method, Aluminum alloy, Residual stress

A ERATY, Vs

CAgAA, Aa T

A 22l okF), A4

A el ok ), Q174

WA A RATY, HAAATY, E-mail: ksl 784@kims.re.kr

S N O R S



150
wo
_.wr_



S A 7tEsts] 20239 % FATSEUE 253

Research on Virtual Printing Technology for Digital Transformation in the Field
of Metal Additive Manufacturing

Lee Jae Wook!, Kim Kun Woo!, Kim Woo Sung!, Kim Da Hye', Sung Ji Hyun®>*

Abstract
HEA xS BraAst ol 2 A 2o nUE AU o g3 tAY BaL dolo] #F B3 Aol &
o 339 BRE AzsE slEolth A f94 T, ML A ©E, FT 0§ A AR A0 g 5 IE A
2 3ol ula) 2 oW AW WA AxrlEolth TP 4FA% e B Fue AxAZTE AE A
9 4, A3Ax g4 AANE RUEY, $A 39 9 AFY A Wk g Aus FE F A4 A
Bo) A 371 5 A 22 Aol 7%6% Az7) %ol e, ole] &

[e]

gAd 2= Aol 7hed Asd YA
H ok gAY dg-E 9 DIAM(Design
for Additive Manufacturmg) 7]%% %‘L} 7}’:}21%— A Z 7)< (Virtual printing technology for digital twin)< 7%
shlth. AlE# Ol 7Nk A A S, FEAA T AAsrE, ATAR Al B o U dF7sn §E AT WsE

o=
Sz 71 Foll Wal avhsklth

Abstract
Additive manufacturing is a technology that uses powder materials and high—density heat sources such as lasers and
electron beams to build up digital models layer by layer to create a 3D model. It is an eco—friendly manufacturing
that has great advantages over conventional cutting processes, such as improved design flexibility, reduced
development time, reduced tool costs, and reduced material consumption. In addition, additive manufacturing
technology is capable of controlling the entire process throughout the entire life cycle of a product, from raw
materials in powder form to digital design of the product, monitoring of design parameters in the additive
manufacturing process, post—processing process and product quality evaluation, and end—of—service disposal and also
an intelligent digital twin customized manufacturing technology capable of configuring such a digital thread. In this
study, virtual printing technology for digital twin was developed through DfAM (Design for Additive Manufacturing)
technology for digital conversion in the field of metal additive manufacturing. Simulation—based process prediction,
component performance optimization technology, component—level build prediction technology during additive

manufacturing, and technology to predict component performance change were introduced.

Keywords: DfAM, Additive Manufacturing, Digital Twin, Digital Thread, Virtaul Printing
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Temperature-Compensated Flow Behavior of Ti-6A1-4V Alloy

S. M. Ji, M. K. Razali, J. M. Choi, M. S. Joun

Abstract

The flow behavior of a Ti—-6A1-4V alloy in the temperature range of warm forming was characterized. The
experimental flow curves obtained by compression test of cylindrical specimens at the warm forming
conditions were fitted by a generalized C—m model and then temperature-compensated by the systematic
temperature-compensation scheme previously presented. Finite element analyses of the compression tests
were conducted at various sample temperatures and strain rates using the flow model, revealing that the
predicted compression loads and deformed shapes (Fig. 1) were excellently consistent with the experiments.

Keywords: Titanium Alloy, Flow Behavior, Temperature Compensation, Cylinder Compression, Non-

Isothermal Simulation
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Application of Coupled Analysis and Optical Measurement
Equipment for Digital Twin

S. H. Kim, D. T. Do, J. K. Par, Y. S. Kim

Abstract

H AsAGAE IT/SW 7|9ke] A A 22 A~ 7, 7= AlF 2 d9s 53 "UAdE E
HA(digital twin)e] 7F&EEE Uiw, A, AT U fARF TS Fofe] gAg W
SIS o] Fojula Qlth 53] AF/NE Fokde 7|9 AE viak @ AE AHS U] i
AAE dlolg 7iRke] txd EQS o] &3 /Y AARZ AT oR 7|Ee] Z4d 23S
Al 7Rl Bok i FEsHA gkt siA o2 tiAlsta vk AEE Qe sl
A7} FQsfA a1, FA ] DB(data base)TFS 93te] AlFol et e M o=ZR 12
a1, A B4 AN QAsel A Aste] AHAE Folt weS shu gon, wak Y
s} =4 M (optical measurement equipment)Q! 3 2 A~IfY 2 W9 S An|E F&35lo] 3
Al Aot A AFES] FAS vastogA A AEAg HE, A, A5 9 HAS AT &
g ZFoltt. oln FAW HFEH ket F3 SAH GuE &t s FE A ALHS
HAA AL, B Yobrt 3 siA I A aiA e A SRS 9 A%t 54 o &8

Wekg AT A B

Keywords: Digital Twin, Finite Element Analysis(FEA), Data Base, Optical Measurement Equipment
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Microscopic Behavior Evaluation of Materials by Different
Temperature Using IET Method

Y.S. Kim, H.C. Ryu, Y.B Kim, Y.K. Jung

Abstract

Arlel rdstel] wet theke 2k 34 oA AEEHe FF 9 FH|Eo] Wobx il Qlith
mEbA] BE 2 N5 F2Y hdAS FHE] E 2% A AEet AAE s
Aol Fastth ol flaiAe Al E4S AFs] Fotet= Aol dast, vheke HrF Uy
= Fsto] A4S g5s5te Aol Jhestth &4 WUk A A B HI 529 Bt
o E s F ded 53 242 H7F BH F sl IET(Impulse Excitation Technique)+=
Al qlolo] FAS Fol AR AR dxet A A Aol A= SR Al
TE Frohdle= WHOR A WAl ®ste] A WRebRAGe sRHAS, sAEAT
& 2Ldstd wet P53 & vk & Ao A= [ETE &8ste] 2kwstel wpe} e
A, sBRAT, sdGATE SAs0eH, AAFS T3l 53 JeddAs ¢ w4y
A AlFE vluste] SEdste] & LAY mAA Asae] FidS Hrkeksith

Keywords: IET, Internal friction, Modulus of resilience, Dynamic young’s modulus, Dynamic shear modulus
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Prediction of Curvature Forming of Medium and Large-sized
Sheet by Artificial Neural Network and Ensemble Learning

S.G. Oh, H.W. Jeon, C.H. Suh, T.H. Kwon, S.I. Lee

Abstract

Z2AYE, &, 1F FE2E T UYs Bofl HES 2 e Uy 3 AA 7 A8EHY
TUE 3 Hgx FE AFES A HHAAE FAVESA] AR SR o EFRE AFE
A BEdde] wAZE Aok B AFdAE FdE A7 FA 10 mm EFvE 3o oA
AYEFAS gz HAHYY AYsAS AAS HE I8 AP odF 2l gis] A+
sttt AT A4S F8 AAWTe} A Atold WEY AEE Hrbegldt dEE
17, &49% 270, 9% 112 7AYE 45 913217 W(Artificial Neural Network, ANN) 7]4ke]
gl & I 5 oS ZEdS J)iell A, Ensemble 8 2 alE]5 <9l XGBoosting(eXtreme Gradient
Boosting) &S F5Halglom oF R AoS ATl AdE mde] As HUE 4

(

F

o
N
=5
<

e}
AE(Mean Absolute Error), 2 A5 & #4833 21, XGBoosting &ilg]Fo] A3
=

¢}
A R AHED, AT 5 71 HAdd e 2y nlaste] -3 4
ds& HERTh

Keywords: Machine Learning, Artificial Neural Network, Ensemble Learning, Curvature Forming,
XGBoosting
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Development of Convolutional Neural Network for Predicting
Forming Limit Diagrams from Crystallographic Texture

H. J. Lee, D. K. Kim, J. H. Kim, H. W. Lee

Abstract

2 AFeAE Hed 7k HEWE T3 A8 AFA Bk S A= JAFEAY vE W
5 e RS ALty 71£2 A3 ehA %= (Forming Limit Diagram) <5 W A E
A HAgel @ AH AAA HEo] 2QEE AL ATk olel wel, & ATl = A 4F
AE w2A Frted g de "Jeld 7eke] A2 S AlAEiT

27 FEsARIS A 7MY AP AFRDE AREste] gl Hagh o]
HE Ao, 34 dHolHE 7wter HEgxZ H[Eo| wE W E¥X 84 (Orientation Distribution
Function, ODF)H|°]E| ¢} FLD tlo|ElE& A3kt o] & vE o= 3D Resnet 225 &-831o], ODFH | H
Z5H FLDE 9535t RAS /MEsidivh g5 23, ded BEdo] JFxdd ne Ane] 4¥4&

A5 + 982 FAUT

Keywords: Forming limit diagram, texture, deep learning, 3D ResNet
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Novel Incremental Sheet Forming Process in aid of a Movable
Support Stage with an Elastomer

H.W. Youn, N. Park

Abstract
B AFollA = st ol s AAUE AFRS FEd AIAY e dal ads AR
Ankd o 2w FH %A 3 (Single point incremental forming, SPIF)2] -9 A& 3st5 A A F-2
]ﬂ

Az FEAALE SR dAZE AT ol & disty] fla olF T 3314 ¥ (Two point
incremental forming, TPIF) =+ 4 S+ 5 %1/ & (Double-sided incremental forming, DSIF) 7] o]
AGE Aot TPIF= Hd @3] e & 59 7Feo] I8z 27499 DSIF= 4% &
Aol whep sk & 57134 Al A AY AR Ao digk A9 01?7} JOL??_
deolth. B ATl A B ol F AAE ol &% HINE TAS AStetod Fa5E IRke
AETHS 5 sA BAAE 2383 o KA 2EH A A AAE Sl AF T
ol Aol A& Q] sl AA YL Folahi= wekS HEIITH AL5052-H32 1t A5 AF&381o]
AR EE Fastal GOMite] ARGUS 4ulE #&3te] oAl WE SA4S &4
A9 & 3 vpERAS el AsAE AL AGW-30 1) 2R A &St HEFAH o
=AY AdE 7 vl E4s Fal A Y fFads dsdrh

Keywords: Incremental sheet forming, ARGUS, Support stage-assisted, dicless
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Digital Transformation Efforts and Challenges for the Press
Stamping Industry Based on Maturity Index of Industry 4.0

C.H. Lee
Abstract
4z} Ak o] HF EXERE olop7|¥al Q= Smart Factory= ©sed| A u]e] 2L 3hnkS
ometA] gFom ZEA A ke fAEAZS FIA G4 Ak AsAF AAH e A5
ol g YAY ke == oln QLHHFE thgFe FokollA AlEo] gfow W ARE
i = Ao ARt} s Awk YA oA A7 Abs k=] §A% wske e A 9
Y OES AL FA9 gt A T g Qe Zul s e Fof Fgk A
AR gxgEdste] o] a4 oy I HEE FdAoR =gA A = A
T ARdolh, 28 Fofdd A fAHEYS 7o R 3 AnfE xYolg el sl o]y

o

sk Oy d3 fA oA HE=A] Fedol sl H4AQl LR Aol we =Y
OEMEF T~ 23 AZFPAEo] FHslL Yv T 2AM| 20t} o WFolA s Ty A
ey Fofe] QlojAe]l WMelE o|Fojrta & YyAE M3 wga)l ooz o] Al A

=98l Bz} gho)

Keywords: Digital Transformation, Smart Engineering, Smart Press Shop, Industry 4.0, Process Robustness
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Formulation of Hyperelastoplastic Material Model Considering
Non-Associated Flow Rule with Directional Hardening

H. W. Lee

Abstract

The use of high strength steels in vehicle structural parts is on the rise due to stricter environmental and
crash regulations. Ultra high strength steels(UHSS) exhibits distinct plastic behavior compared to
conventional ones, necessitating new material models to capture their complexity. This study presents a
hyperelastoplastic material model that formulates large-deformation elastoplastic behavior, incorporating
non-associated flow rule(NAFR) and directional hardening(DH) to express behaviors that are challenging to
capture in conventional models. Consequently, the proposed model can be integrated with the conventional
associated flow rule-isotropic hardening model, enabling the description of more complex elastoplastic
behavior in a single formulation.

Keywords: Hyperelastoplastic Material Model, Non-associated Flow Rule, Directional Hardening
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Injection Characteristics of Liquid Carbon Dioxide as a Volatile
Lubricant for Dry Sheet Metal Forming

Jin-Cheol Kim, Lihong Cai, Meiling Geng, Sung-Tae Hong, Seung-bi Cha, Dong Kim

Abstract

Liquid carbon dioxide (CO>) is considered as a volatile lubricant for dry sheet metal forming. The liquid
CO; transforms to dry ice with the Joule-Thomson effect under adiabatic expansion conditions and then
evaporates without residue under atmospheric pressure. In the present study, the injection characteristics of
liquid CO; according to the internal shape of the additively manufactured nozzle with a micro-hole are
investigated. three different shapes of micro-hole are considered: straight, confusor, and diffuser, with the
fixed outlet diameter (0.6 mm) and hole height (10 mm). During the injection experiment, the liquid CO, was
sprayed at a pressure of 40 bar. The injection characteristics are investigated using the shadowgraph
technique and cooling rate. The result of the experiment suggests that the confusor micro-hole provides a
better performance as a micro-nozzle for the volatile lubricant than the straight and diffuser ones.

Keywords: Dry metal forming, Liquid Carbon dioxide, Dry ice, Micro-hole, Volatile lubrication
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A study on microstructure evolution
during extrusion process of Zn-Al-Mg alloy

W. G. Seo, J. D. Yang, S. H. Choi

Abstract
Ht Zn a2 Aol Tt JAAWlA wiadlgd Hol FF AL Ast Aso=

L= 9

sl whole AR Zgwm gtk @, A A WS FIE] A =5 2q=
T g8y . =8 dYgs x%J_o}ﬂ g Aoz 7o] 100 mme AZ 75 mme] Y=
Fo| ZnowhAl-lwisMg FEE FRAUT. T2 AW 24S 7Yy 9@ BHom
250°CI A 3A17E o #AS AA S SRR AANE 2ol dAA AR e 24
317] 98 XRD, SEMZ} EDSE €839t dAgld AAlE A 4E712 AHEstY] ram £ 5
7} 0.7mm/sec, £E=7F 300°C Z7AGA FE S A B 4E A mAzAe] was B

A}

7] 98 oEH Al n A %S SEMY EBSDE 0136}04 w412 F9343ltt. DEFORM

[e:

& FEA AT EYo]Z o] &3dle] Zn-Al-Mg 59 4= 34 FoF A Fgats S5 2 WA
FEY BEdYES olBHoRE dAsln o] A= oE Aol sk wAlxRA o] Eat

A4 dshed 28

Keywords: Zn Alloy, Mechanical properties, Casting, Extrusion, Simulation
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Development of 2-step piercing technology to improve burring
properties of ultra-high-strength steel

Y. C. Park, G. H. Yim, J. Y. Kim, B. K. Jin, S. C. Yoon, J. S. Hyun, S. H. Kim

Abstract

Edge cracks typically occur in press forming processes of the advanced high strength steel or ultra high
strength steel. While Prototype components are often manufactured by milling or laser cutting, automotive
parts are actually produced by shear cutting like blanking due to cost efficiency. Many researchers and
engineers are trying to solve the edge crack problems. This study focused on hole piercing process to reduce
the cut-edge damage in advanced high strength steel by applying 2-step shear process to suppress the
occurrence of micro-crack on fracture zone. To compare the difference between 1-step and 2-step shear
cutting for some hot-rolled steels, FE simulation, HER experiment and Test for Burring parts were carried
out. It was shown that 2-step shear process is effective to reduce sheared damage and to enhance formability

(burring, hole expansion).

Keywords: Hole piercing, cut-edge damage, Fracture, Hole expansion Ratio (HER), Burring part
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A Test Method for Determining Performance of Fragment and
Study on Penetration Characteristics by Fragment Material

M. K. Jang, J. K. Lee, D. Y. Park, J. Y. Kim, S. W. Seo

Abstract
sfe] Yo fadnel $3e F/IA BEE
Sz urel @ ERolt. olF 4nud HuuTe
FAAA @ AR fase Sge

=

Asle dAo = JiEyE HHE
Ak A = 9= Sls o

ARG wet JYsAs A4 ADe e
7] A3 A BE S Belee AR
BE olgdlel 4gdue] aAd #E 54L
& Hggon, B AFRL AU

’

Fan, B agAns Aadas = A
Q’Eo]—oﬂouq HE AY 3 ]
qErolth. AEopRel 2 P g

Keywords: Fragment Warhead, Performance of Fragment, Fragment material, Penetration Characteristics.
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Automatic Mechanical Property Identification Software for
Sheet Forming FE Simulation

G. J. Sim, S. Hong, C. Kim, H. Kim S.H. Hong, M.G. Lee

Abstract
FHRAHES o] &3t AEak HEe Ay 9 HE S5 dlde agAda A
AHgE AR -4 2 gd AFS HEgeA xdd F JdE FAdUAE A (constitutive
Z S AN HArEe d8How XF3)
=
L

7] A s 34
CEERFER LN SRR
shE-M9l HeleE we 317
24e Wy xadAe An 34
AR el $5E AR PYOR YEA
f

BN

(regression) el
Aoz fotasrsE]y Ayep Ay

1o
£
2L
kil
o
&
it
ik
o o
ol
N

o F3HH (inverse engineering)® 3 inite element updating (FEMU)®o] d# &85
3 k. o] Ao AbgAfe] Fho| oFE3sl= dlolE WA W], §3 49 FH, FEMU
w2l So wel Aoldk kS YEh7I % b, weba, B odgolME AW A A4
of o] AAGI aEHS FoluA 55 A 24 9 Id Bd A5 A4S AEsE
T e 2T E At S soletaat Aok @ AREARE Svift-Voce 43R H
9 o|x}/nlola} oA AEIFFE, dAAvdt RARE= Hosford-Coulomb EEo] 28w},
3, FEMU & 918 fabessld] Z2afe dEAel W freassfa Tzl ABAQUS,
LS-DYNA ¢} @ Z4h2x AT EO] WARPD & 83 4= A stden, thest LAjel sts =
As Fosto M Asds 2dA Asst AZEYO A5s ATstaA st

Keywords: Material constants, Constitutive model, Finite element modeling, Plasticity, Fracture
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Machine Learning Approach to Predict
Fragment Velocity Distribution under Explosive Loading Condition

D. Noh, P. Fazily, S. W. Seo, J. K. Lee, S. J. Seo, J. W. Yoon

Abstract

gl WA Ye Agee Haw Uael Wi he Gd S5 BEE o389
o E sFown sl 959 el Russl WA Hn, S HE PEE 9A A
5o WAt AR F shuelth. oHld BH £E PEE- 959 @F UA 4L v
Aoz dHA Q7] widl, ©F tAel Waer AA, T4, a8 dolE AAHI AL §HA
W oHAe) HE RIS Q7] s BF UAe A9 bt SEe A9 sAY &
foradde Sasol Ao oleld AAE Fua] Slste] MY e AgetaA s, o
AP e SE 2xe Pael W Aol #AE A B Haede faasa
4 AnE vhgow Al SR % ddste] #7449 fakasdA glol A&l o
A EE REES AW £ YE A29e THH

Keywords: Dynamic material behavior, Explosive loading condition, Fragmentation, Machine learning,
Velocity distribution
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Analysis of martensitic transformation of metastable austenitic
stainless steel during electrochemical polishing

J.Y. Chae, H.J. Gwon, C.W. Jeong, S.W. Lee, H.J. Cho, S.J. Kim, H.N. Han

Abstract
thoFsl 7] 51 ARV 2Ao Febd o aE|UolEA AH|QlE A oA A F
uf2dAlo] E HE|7E P E QT EBSD ¥ FHEe|EAIEE FI vfEHAIE 2&&

@ A, Be 27 ®W ARV e e AR Ak U2 AR 160r-5.0ND) A k2

AbolE WHEl7} oEF AT, nlEEIAOlE WHE] dAAS AEFHow BEASH] 9,

COMSOL Multiphysics AlE#old& &&ate]l #7] vhe 27 &W AV 2= Al 54

o= dstge At Atd X*o}a“’ HRo s, S48 dsirh 71AHQ 54 Wt

A= S dtetste Al A8 AXS FdsAT. dep Aoz e A}

g A71e] S9o] fEY, 2 27 249 A7 g& %‘t Al A S 7]

71w ZEe AW R 20% ol B2 &¥ 7] vEdAllE WH FEEs

et dshe], Thermo-Cale AAtE &3 WA ol wha A vhEdAolE Wi

Ae AR A3, A YA A g YA AJE(16Cr-6. INi) K.t} 25% o] $he &
°

=
flo 1

9 f7] vhEAlelE W EY SlAE Wk wAE S At AnHom, e
Aslint 2ol FeHd SsuUelEA AElelage] vhEuatelE wEl ezt AP

oz BAHJen, dadnt 7] viEdALo]E WE A o] 2o HIFH A

Keywords: Martensitic transformation, Electrochemical polishing, Electroplasticity, Multi-physics
simulation, First-principle calculation
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Abstract
Fe-Mn-ALCA ZAZFAZE ANSUAE 58 7144 B M 728 242 758w
I 9k B AFoA = AEEAGe Nty = VAA EAS 23S AAITAAE Asta
ZAL519I T FeMn-ALC S 2ElUol Al A A7) /AH B4l wgtEEe AZe] st
2449 g Utk AolA #Zgtate], Mot Si H7HE 727 H7bshe] Aolgh w-'EtE ] A Y

8¢ 84 A Mol elebe] BAT F = AR BEAS AEAL %] 98
FHAIE mAstel WFEEL AR MARY BN A" NP AR
B e Azl Ans wg BEEIF ALHgon, HIReIA ke WA L
oA E vhehb ROtk «BEE 4ES AAAIE Most FAAE sio gwEE 5
ol 71915e], HAA AFAYE MoALARE ¥} SiA/hnPE RO hrgleh B
v obuel, si A7FRelA Mo 7R CERate] dejul, HAFolA SRR cof FEI} A
Ao Frh PAe meow, ol e wuElRe] el A AAHow s
o AnA o cusiEe] YEd weh JEst Wase A2e ZA AR AR 5 9
91t
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Residual Stress-based hole expansion process optimization and
investigation of residual stress effect on fatigue crack growth

Min Jae Baek, Moo Young Seok, Yong Nam Kwon, Hyeonil Park, Hyunsung Choi, Dong Jun Lee

Abstract
G HEo] Ao A 2%
FgE /1AL FIRF A7E

__‘-tlc_)"
Ar 71 &37F ek oY e 3 SR

el
= H S M2 s FoFa, §
o AT 7IAFH SAS FHATIE &3 Ao Y Bl e e AReY AVE
ZAs7] 918 A Hole Expanswnjlé HA AA7 asith A Aoz HiEgA] AAS &S
A HE H AR SHoA HEEH )RR FFaAHAS T T8 WFe HA Outputit
q

7]

o a849l %L%jﬂ'ﬁ] Aol @ FEo Xt} E A+ A= Hole Expansion 34 FHA4AE <
3| 4] Insert Angle, Mandrel Diameter, Plate Hole Diameter 3714 A7 W42 AAHsle] 7858 A7]
3 ¥ 5tF 3 Mandrel Stress©] ”ﬂjﬂﬂﬂe =Aslth. =ad HA #4S o83k, Hole
Expansiond | Al Aol WA zHF-a-=Ho tis] 574 W 3714 (XRD, Hole Drilling, Contour)
5 o] &3t vl FAE L, olE FaEl R 7d A didt &S FA ST

Keywords: Hole Expansion Method(¥ 2H74%), Genetic Algorithm( 438} <312]5F), Compressive
Residual Stress(5 7+ -52)), Residual Stress Method(XH+-52 =7 W), Fatigue Crack
Growth(¥] 2+ < A4
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Anisotropic Modeling and Formability Evaluation of Lithium-
Ion Battery Pouch Film

T. J. Jang, C. Sagong, J. H. Baek, K. S. Kim, J. S. Oh, J. G. Baek, J. W. Yoon

Abstract
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Keywords: Lithium-ion battery pouch film, Anisotropy, Formability
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Preetham Alluri!, Lalit!, | A| &

Microstructure and texture influence on hemming performance
of AAS083 aluminium alloy

Preetham Alluri, Lalit Kaushik, Shi-Hoon Choi

Abstract

In the automotive industry, the hemming process is widely used to shape aluminum alloys by bending them
to a 180-degree angle without creating cracks or surface defects. However, the current AA5083 aluminum alloys,
which exhibit higher strength to weight ratio, are susceptible to failure during hemming. While textures in
aluminum alloys are known to affect deformation behavior and surface defects, the relationship between
textures and hemming performance is not well-established. Therefore, this study aimed to investigate the
influence of different texture components on the hemming behavior of AA5083 aluminum alloy sheets. We
have conducted hemming tests on samples taken along rolling (Bent RD) and transverse directions (Bent_TD).
The results of grain orientation spread (GOS) analysis, Taylor factor, and Schmid factor analysis with different
texture components from EBSD characterizations indicated that the texture components significantly contribute
to hemming performance.

Keywords: AA5083 alloy, Hemming process, Microstructure, Texture, VPSC simulation

1. Department of Advanced Components and Materials Engineering, Sunchon National University, ROK
# Corresponding author: Sunchon National University, E-mail address: shihoon@scnu.ac.kr



& HMEF 340BH ZAollM Y MFIF o|M=ZE 5}
Saurabh Pawar! - Abhishek Kumar Singh®# - 87| M1 . HA[Z1.#

Effect of welding current on the microstructural evolution and
lap shear performance of resistance spot-welded 340BH steel

Saurabh Pawar, Abhishek Kumar Singh, Ki-Seong Park, Shi-Hoon Choi

Abstract

In this study, we used experimental characterizations and finite element analysis (FEA) techniques to
investigate the effect that welding current exerts on the microstructural features and mechanical properties of
bake-hardened (BH) steels. Resistance spot welding (RSW) experiments were conducted using 5.0 and 7.0 kA
of welding current. The microstructure across the weld regions was analyzed using optical microscopy (OM)
and electron backscatter diffraction (EBSD). FEA was employed to simulate the RSW process, predict nugget
dimensions, and determine cooling rates. The results of the OM analysis showed that nugget size increased with
an increase in the welding current, and EBSD characterization revealed similar microstructures under both
levels of current, but significant variations were observed within weld zones. Lath martensite formed as a result
of rapid cooling in the fusion zone (FZ). Whereas, fine and coarse grains were found in the heat-affected zone
(HAZ). In addition, the formation of lath martensite in the FZ resulted in high hardness on a 2D map of
microhardness. The welding current had no substantial effect on microhardness, but it did impact the mechanical
properties under lap-shear test conditions, which resulted in significant changes in the fracture mode. The
deformation and fracture behavior of spot-welded specimens was studied using a lap-shear test coupled with
3D digital image correlation (DIC). The experimental results indicated a fracture in the 5.0 kA current samples
near the FZ/HAZ boundary, while 7.0 kA welding current resulted in base metal (BM) necking and tensile
fracture. FEA was also employed to elucidate the local deformation properties and fracture modes during lap-
shear testing. The results of this study show that nugget size has no effect on a failure site during lap-shear
loading, but size does affect the nugget load-carrying capabilities. The failure behavior was influenced by the
microstructural properties of the distinct weld areas.

Keywords: Resistance spot welding, Bake-hardened steel, Finite element analysis, Mechanical properties,
Microstructure, Fracture
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A study on the body material and processing technology for
carbon neutralization

T. J. Kim, K. B. Kim, S. C. Park, J. H. Seo

Abstract
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Friction based forming simulation for automotive outer panel

J. Y. Kim, B. K. Jin, S. C. Yoon, J. S. Hyun, M. G. Lee

Abstract

As the manufacturing process, material and shape of automotive parts continue to be more complex,
attentions to frictional properties during press forming processes have increased in the automotive and steel
making industries. For example, it has been well known that the formability of automotive sheet metals is
strongly dependent on variable friction coefficient as functions of tool pressure, diding velocity, tool strength
and microstructure etc. This study aims to investigate the practical application of variable friction analysis for
automotive outer panel by applying experimental values of variable friction coefficient measurement in
consideration of tool contact load and diding velocity. The preliminary result shows that for galvanized
coated outer plate parts with high friction variability, using a fixed friction coefficient results in decreased

consistency of the analysis results, particularly in the vicinity of high contact pressure and small R contact
conditions.

Keywords: Variable friction coefficient, Automotive outer panel, Metal forming, Tool contact load, Forming
simulation
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Strain path dependence of DP980 sheet
an analysis based on elasto-visco-plastic polycrystal simulation

Bohye Jeon, Shin-Yeong Lee, Jaeseong Lee, Youngung Jeong
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Analysis of Image-Based Prediction of Hot Stamping
Performance for Implementation of High-Strength Steel in
Vehicles

S. C. Yoon, J. Y. Kong, J. M. Park, K. J. Park, J. S. Hyun, Y. D. Jung

Abstract

The use of high-strength steel sheets with strength exceeding 1 GPa has become increasingly common in the
automotive industry to reduce car body weight and meet fuel efficiency regulations. However, ensuring the
stability of high-strength parts is important to meet enhanced crash requirements and ensure passenger safety
during collisions. Despite the growing application of advanced high-strength steel sheets in vehicle bodies, their
use in various parts is challenging due to limitations in forming and dimensional precision. This challenge can
be overcome using hot stamping technology, which involves heating the material to high temperatures for
improved formability, followed by in-die quenching to achieve a strength of 1.5 GPa or more. The objective of
this study is to predict welding and hydrogen embrittlement of materials by analyzing the color change that
occurs after hot stamping and predicting the process conditions based on image data. Predicting these
phenomena is important for ensuring the quality and reliability of high-strength parts. Additionally, the study
aims to develop technology for predicting the strength of components based on their shape, which will facilitate
the use of high-strength steel in various parts of the vehicle body. The proposed technology will enable the
design and production of high-strength car body parts that meet necessary safety requirements and fuel
efficiency regulations. This study will contribute to the development of more efficient and reliable hot stamping
processes, which can ultimately improve the safety and performance of vehicles.

Keywords: Hot stamping, High Strength Vehicle, Mechanical Performance, Machine Learning
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Analysis of Hydrogen Embrittlement Prediction
Based on Data-Informed Approach

S. C. Yoon, J. Y. Kong, K. J. Kim, H. J. Kim, J. S. Hyun, Y. D. Jung

Abstract

The use of hot stamping engineering to produce car body parts for weight reduction has become widespread.
As aresult, various research groups are actively investigating methods to improve its applicability. Hot stamping
involves heating the material to high temperatures to enhance formability, followed by in-die quenching to
achieve a strength of 1.5 GPa or more, and determining the optimal process to achieve various performance
characteristics. During the hot stamping process, a few coatings (Al-Si, Zn) are utilized to prevent oxidation
scale on the sheet's surface during the high-temperature austenitization in the furnace. The performance of hot
stamping applications can be affected by the process conditions, and vehicle body part properties can be
significantly influenced. Therefore, predicting and controlling the performance characteristics of hot stamped
parts is important. This study focused on developing a model to predict hydrogen embrittlement performance
that may occur as a result of the hot stamping process using data-informed analysis. Furthermore, finite element
analysis was utilized to predict phenomena that may occur at the component level in the vehicle body. Thus, the
results of this study could contribute to the development of more effective hot stamping processes and improved
quality control of hot stamped parts in the production of high-strength vehicle bodies. By accurately predicting
the performance of hot stamped parts, it may be possible to design and manufacture more reliable and durable
car body parts, ultimately improving vehicle safety and performance.

Keywords: Hot stamping, Mechanical Performance, Machine Learning, Hydrogen Embrittlement
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Numerical analysis with anisotropic hardening model of roll
forming process for advanced high-strength steels

K.C. Jeong, Y.H. Jeong, H.W. Joo, K.H. Kim, J.H. Yoon

Abstract
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(Anisotropic hardening model)©] % -&%ojof St} 2 Wy o| A= o]5 7 3} 2 2 (Kinematic hardening
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Keywords: Roll forming, Anisotropic hardening model, Advanced high-strength steels, Numerical analysis,
Bauschinger effect
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Stretch formability and cryogenic environmental applicability
of Fex(CoNi)90-xCrio ferrous medium-entropy alloys

Y. T. Choi, R. E. Kim, J. Kwon, D. W. Lee, J. W. Bae, H. S. Kim

Abstract
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Keywords: High-entropy alloy, Stretchability, Stretch formability, Biaxial deformation, Transformation-
induced plasticity, Cryogenic applicability
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Multi-stage Forming Process Design of Main Plate Part in Front
Strut Assembly Using the Numerical Analysis

J. H. Lee, J. H. Song, B. H. Kim, B. I. Kim, M. C. Huh, S. W. Park, G. H. Bae

Abstract
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Drawing quality prediction using the Siamese deep neural
network

I. J. Jang, J. H. Song, J. S. Lee, N. Park, S. Lee, S. W. Nam, G. H. Bae

Abstract

In recent years, the intelligent and artificial intelligence (AI) processing system industry is moving rapidly
towards the realization of the Internet of Things (IoT), Industry 4.0, and sensors are a very important element
in collecting digital information in the process. However, the limited quality data obtained through sensors in
the manufacturing process poses a limitation to the use of data-driven deep learning, which is currently
actively researched. In this study, we constructed a Siamese deep neural network to monitor deep drawing
quality using a small number of datasets obtained through numerical analysis. First, time-series data of punch
load according to various holding forces in the deep drawing process were obtained through numerical
analysis. Then, a Siamese network was constructed based on the contrastive loss function to learn similarity.
The embedded vector based on the trained network was clustered, and K-Nearest Neighbor (KNN) was
applied to utilize it in quality prediction classification. The constructed quality prediction algorithm was
validated by predicting bolt-type load data in the drawing experiment.

Keywords: Drawing quality, Machine learning, Siamese network, Process monitoring, Cup drawing test
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Prediction of mechanical property for friction stir spot welded
AA6061 sheets

D. S. Jo, Jong Hyun Kim, Parviz Kahhal, Ji Hoon Kim

Abstract

The objective of this study is to predict weldment property for friction stir spot welded (FSSWed) AA6061
sheets. Aluminum alloys are used in various industries. However, due to the poor weldability of the aluminum
alloy, it is difficult to weld the aluminum alloy using conventional welding methods. Because of these problems,
friction stir (spot) welding is used as an aluminum alloy welding method. First, for the optimization of the
friction stir spot welding process, the joint is confirmed using the solid-state bonding criteria based on finite
element analysis (FEA) results. Finite element analysis used the Arbitrary Lagrangian-Eulerian (ALE) and
Coupled Eulerian-Lagrangian (CEL) techniques of the ABAQUS software. In addition, process parameters
were optimized using an artificial neural network (ANN) and the results were verified by comparing with the
experimental results. The weldment properties of FSSWed AA6061 sheet using the derived process parameters
were predicted with indentation tests and reverse algorithms, and compared with the experimental results.

Keywords: Friction stir spot welding, Bonding criteria, Artificial neural network, Indentation test, Aluminum
alloy
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Optimization in Crimping Shape of Vehicle Terminal
Using Taguchi Method

K. H. Shin

Abstract
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Keywords: Terminal, Crimp cross section ratio, Nonlinear Analysis, Taguchi Method, Robust design, S/N Ratio
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A Study on the Effects of the Formation of Defect on Residual Stress
Characteristics of the Repaired Part by DED Process

S. H. Yim, K. K. Lee, D. G. Ahn

Abstract
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Surface defect detection of rolling products using Al algorithm

J. G. Kim, Hotaek Kwak

Abstract
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Automatic design of preforming die using QForm Direct

Hotaek Kwak, J. G. Kim

Abstract
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Keywords: Forging process, QForm Direct, Preforming optimization, Road eye
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The Development of 1.5GPa Grade Side Sill Inner parts For
Eco-friendly vehicles with Cold Forming Method

S. W. Nam, J. H. Lee, D. I. Kim, J. Y. Kim, C. R. Park

Abstract
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A study on reliability improvement of stamping analysis for
membrane of LNG ship

J. H. Lee, S. W. Nam, D. 1. Kim, J. Y. Kim, C. R. Park

Abstract
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A Study of impact analysis for battery-pack of Aluminum sheet

D. I. Kim, S.W. Nam, J. H. Lee, J. Y. Kim, C. R. Park

Abstract
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Process Analysis of TiAl Isothermal Forging for Gas Turbine Blade

H.S. Jeong, K.H. Lee, D.K. Kim and J.R. Cho

Abstract
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(3} Blade geometry (b) Flow stress of TiAl (KIMS) (¢) Strain distribution (Caze-1) (d) Strain distribution (Case-2)

Keywords: Isothermal Forging, TiAl, Gas Turbine Blade, Forging Simulation
= AT 2021 FAMA TGS AL T2V HANEAE (S312414) 0.2 3 E A
ol ofo] FHALEHUT,

H N =
o
e
o
ol o!

WA AR gars] g stal 7] Al S 1, E-mail:cjr@kmou.ac.kr



A Study on Topology Optimization for Lightweight Gear
Manufacturing Based on 3D Printing

1. Y. Moon

Abstract

Recently, as interest in the environment, safety, and economic feasibility of the international community
has increased, a high level of lightweighting of machinery and equipment is required. It is known that the
weight reduction of mechanical parts can improve the efficiency and performance of mechanical equipment,
and it is also a great help in improving the price competitiveness of equipment by reducing transportation and
storage costs. In addition, lightweight components have the advantage of lower carbon emissions and
reduced resource consumption as they conserve energy. Therefore, in this study, a lightweight design and
additive manufacturing method for gears commonly used in mechanical devices were developed. Prior to
additive manufacturing, a finite element analysis-based topology optimization technique was applied to
design a lightweight gear that can operate normally even under the load applied to the existing gear. Through
this, it was confirmed that the volume and weight can be reduced compared to the existing gear by removing
unnecessary materials under the given load and boundary conditions of the gear. In addition, by replacing
SCR420 steel, the material of the existing gear, with Ti-6Al-4V, the weight of the gear could be dramatically
reduced. The model that designed by topology optimization was fabricated into an actual gear through the
selective laser melting process, one of the additive manufacturing methods. In the future, research on the
post-processing such as heat treatment to adjust the mechanical properties will be conducted.

Keywords: Gear, Topology Optimization, Additive Manufacturing, Lightweight
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EEvaluation of shearing characteristics according to die design
factors

J. S. Song, K. T. Youn, K. K. Jeon, C. D. Park

Abstract
zH 2~ 7EY T AAE AGHFEAA HFHoZ A T E obr|ste] Hd, gAY
F(shearing)> YR o2 Aol HAXE shAste] A wHA HAFAA &
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A7t Fode w2t %"/gﬂ(blankmg) 3] o] % (piercing), 7] TH(shearing), Al|©]® (shaving) &
o FEHH, AdrtE § = H W (shear droop), AT (burnish), ¥ (fracture), 2 3 (burr)s 2l
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ANge sddd dadwe] g4 vjge] 31, Fert 52 AALFE Aol vls) ahdd e

B APt Ag gdel WA A4 F Feolus Wk me JFe Phkug dv
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Development of pre-processing and post-processing algorithms
for real-time prediction of material mass balance in bar rolling

G. H. Nam, D. Y. Lee, J. H. Lee, C. H. Wee, H. G. Moon, Y. S. Lee

Abstract

This study developed an algorithm for pre-processing and post-processing to analyze mass balance on each
pass in the continuous bar rolling process. The algorithm was designed using MATLAB's AppDesigner
feature, allowing users to input necessary values and intuitively view the results (material width spread,
cross-sectional shape, average strain, average strain rate, mass balance, surface temperature, average
temperature, and roll separating force) in 10 seconds. Therefore, it is possible for operators in the production
site to analyze the results and adjust the rolling conditions rapidly for stable operation and production of bars
with suppressed surface defects.

Keywords: Bar rolling, MATLAB, AppDesigner, Real time, Mass balance
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Variation of internal/external surface strain and residual stress
of pipe depending on the change of friction coefficient

W.T. Jung, H.C. Choj, Y. Lee

Abstract
This study calculates the strain distribution inside/outside the pipe depending upon the change in friction
coefficient. The strain distribution on the inner/outer surfaces of the pipe under heterogeneous lubrication
conditions were analyzed. The drawing conditions and the range of friction coefficient values that minimized
the change in the amount of deformation on the inner/outer diameter surface of the pipe were calculated by
calculating the amount of plastic deformation on the inner/outer diameter surface of the pipe and the
distribution of residual stress.

Keywords: Bar rolling, Analytical model, Rapid calculation, Platform
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Effect of deformation direction on aging behavior of
pre-deformed Mg-8AIl-0.5Zn-0.2Mn al loy
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Effect of deformation direction on aging behavior of pre-deformed Mg—
8Al-0.5Zn-0.2Mn alloy

H.J. Kim, S.H. Park

Abstract

In this study, extruded Mg—8AI-0.5Zn—0.2Mn (AZ80) alloy samples are tensioned or compressed to a
plastic strain of 5% along the extrusion direction (ED), and the pre-deformed samples are subsequently aged
at 200 °C to analyze their precipitation behavior. Although the amount of applied strain is the same, the
microstructure and texture of the tensioned and compressed samples are considerably different. The
tensioned sample has an initial basal fiber texture and twin-free structure, whereas the compressed sample
has a partially twinned structure containing numerous {10-12} twins and an ED-oriented twin texture is
formed in this sample. These differences in the microstructural characteristics of the two samples cause
different precipitation behaviors of Mg;7Al;» phase during aging. Moreover, the peak-aging time with the
highest hardness vale is significantly shorter in the compressed sample than in the tensioned sample, because
twinned regions in the former sample have a high driving force for precipitation. For the tensioned and
compressed samples, the variations in the formation and growth of both continuous precipitates and
discontinuous precipitates with aging time are analyzed, and the aging behaviors of the two samples are
compared on the basis of the difference in their internal strain energy accumulated by pre-deformation.

Keywords: Magnesium, Pre-deformation, Twinning, Aging, Precipitation
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Evaluation of the stress-corrosion behavior of solid-state joints
of dissimilar stainless steel alloys: a combined experimental and
numerical approach

S.Y. Anaman, S. Zhang, S. T. Hong, J. K. Kim, J. S. Lee, H. H. Cho*

Abstract

The effects of the uniaxial tensile stress on the galvanic corrosion behavior of a dissimilar joint of stainless
steel alloys is investigated in 0.5 M Na,SOj4 electrolyte solution at room temperature. The microstructural
features show a defect-free joint with some degree of grain refinement due to the solid-state joining
procedure known as electrically assisted pressure joining. The experimental stress-corrosion test results
reveal that application of uniaxial tensile stress causes a decrease in the corrosion potential as well as a
subsequent increase in the corrosion rate compared to the non-stressed specimen. Parameters obtained from
the mechanical and electrochemical stress-corrosion tests are implemented in a numerical model to further
assess the effect of the application of a variety of uniaxial tensile strains on the joint in a neutral environment.
The numerical results were validated using the results from the experimental stress-corrosion tests.
Consequently, a series of case studies is presented in this study using the proposed model to investigate the
galvanic corrosion behavior of the joint of the dissimilar stainless steel alloys, while under the applied tensile

strains with and without corrosion defects located along the joint length.

Keywords: Stainless steel alloys; Electrically assisted pressure joining; Stress-corrosion; Uniaxial tensile

stress; Simulation

References
1. Sam Yaw Anaman et al., Materials Characterization 154 (2019) 67-69

2. Sam Yaw Anaman et al., Materials Characterization 165 (2020) 110404
3. Sam Yaw Anaman et al., Journal of Materials Science and Technology 87 (2021) 60-73

Riladi s e

-mail: hhcho@hanbat.ac kr

Rl
2
2
N
o



Study on the Performance Estimation of the Modified Cold

Drawing Lubricant

J. Namkung, H. S. Kang, K. H. Yim, J. H. Park
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Abstract

23 HR19 AW PA RREE PR BERE Suy pel] 0F S} PR 2
AT BT FapEe] qRES A9 Ade] Esu o, A% AA4w A 2
s7 HA @2 Adstolt. 53], stEY #AET|dA A 2 FHe 8% BE T syl
Flex Spline oh, % 5 B@84e wan7] Wil 5w S1el 2] ek S0 ) 3
S-Hoh. 53], ¥UAY ¥4 F 3] Shot-peeninge s gz wEl W IFFHSH AR,
A5 S0 do] 0 A=A Fol Wabh wasA sl ool thd 4FA lo]eue]
FES Ee AN F2d 1240 U] FRWAL GAT Lesl Ak B ATFoIA
+ stRY 7E57]18 AA19] Shot-peening 710 whel zHF-gE Sl e WSt tiE] 4]
st7] f8l BH AR AT giEo mAxZ, 7AA 54 S vluskedth 1 Ay, &2
< 9 3ol Al Shot-peening EHA T FGAIZbo] FIMSFE JAGAIFAA FEAE D Hu)
VA EE S7 kAR AAl&S oFE A4S gt B3, AFSHETS 3L =
oAdrE AAe] SdHH, 3 FFTHS 54 oY oF=2E= 9 ol FUMSHA ¥a A3
7F RS #Eddt) 4J7] A3E F3) Shot-Peening TAHZA mE JF{F SHF WHIE
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Keywords: Harmonic drive, Shot-peening, Surface treatment, Residual stress, Mechanical property, Micro
structure
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A Study on Using Before and After Parts Evaluating the
Durability of a Pneumatic Valve in Semiconductor Industry

D. H. Han, H. S. Yang, H. C. Jung, W. C. Jung, M. S. Kong

Abstract

HEE A 2k oAl 39H24] M B (Pneumatic valve)™= THESH Alx A A sk 7h9f HA) 9
58 240 9 f8aTh wuA A B 2e AF A% EFdel 2 4T 74
T 7] wEel Al ARE AREshE Ao "“7‘4015} dubA o2 WhEA] A Zel ARE-E
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B AL B mnel q4 HAE A Bl 4 HEG 2 U 4 A 44 AE
of WA F Qi PRI g8 EUaE R4S 2959 B MnE Fe ool
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|3 A8kl Aol Bate] aEElgd

Keywords: Pneumatic Valve, PTFE(Polytetrafluoroethylene), Durability Test, Surface Roughness.
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Abstract
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Keywords: Additive Manufacturing, Metastable-Austenite Steels, Process Optimization, Response Surface
Design, Cryogenic Tensile Properties
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Finite-element analysis of an automatic multi-stage cold forging
process of a nut-pipe using a smart-coated material

J. G. Eom, S. W. Jeong, H. D. Kim, M. S. Joun

Abstract
Nut-pipes were conventionally manufactured by hot forging and there has thus been an inherent problem
of their poor rigidity. Research of cold forging technology for these kinds of products is being conducted
using an automatic multi-stage cold forging machine with an emphasis on the application of eco-friendly
lubrication technology, that is, smart-coating technology. Here, the effect of friction coefficient on the defect
formation that may occur during cold forging is numerically studied and discussed to check forgeability.

Keywords: Smart-Coated Material, Automatic Multi-Stage Cold Forging, Nut-pipe

L ME 1=0.03
U E mo|ZE A FAZR G dx2E F
s AR, o2 Adk Aol FAFe A S|
A& f8 Wirdx T4 Jide] xdEI gle A
o Gidx div] dPAde] "olxd A FE
AxE f3 A8 FAHS AAHoF 3= A7t §1=0.05
Ak, WExR A AFAE Folua ~ntE H
W AAE AEe AT JgE gler o
ToAME vz 42 24 {58 oS5t

2} gk}

2. AsCclotyzictz= 3™ R A6l Fig. 1 Comparison of finite element predictions
2utE I &A1 ALsH §8RFE AMES

A @) wEdl Hge ¥4 vEe ey 40 328

A7} Fasth. Fig. 1o wbzA4 0.03, 0.059] o] A= wEo] FAIE A AAE FI HE
e ANARE ek, mEASE 00390 Tl WRbEE TS 2l
A 4 FAAA ANGEHE A FA

oz BAZL AR 0.059 AfolE we dow  F

FAS BHo|A] HR Aste] WA= ROz d o] =E& 2022 FAVY WESNAY /&)
=y 9}, HhAbe] (FHAIM 50 §3313237) ] A3tel.

1. Gl XA 2172

2. BEdA e

4 A AR} AN 7] A g T [1T M. S.Joun, H. G. Moon, I. S. Choi, M. C. Lee, B. Y.

E-mail: msjoun@gnu.ac kr Lee, Effects of friction laws on metal forming



IZ4r Y E HodH FE Tokx 3H2|
EtAM FeEAGH A

I:_I|I-j|E.l. O[XjM1. AMO|2. Mol

Elastoplastic finite element analysis of a plate forging process of
a high-strength raceway bearing part

K. G. Park, J. S. Lee, S. M. Jang, M. S. Joun

Abstract
The inner and outer rings of raceway bearing components of the suspension system are in contact with the
bearing balls. The outer ring is fixed to the housing so that the bearing balls can roll smoothly while the inner
ring is fixed to the shock-absorber to rotate with it. Here, the plate forging process of the inner and outer
rings of the raceway bearing parts is simulated using elastoplastic finite element method to find the optimal
working conditions.

Keywords: Elastoplastic Finite Element Analysis (§t424 324 3]4]), Raceway (#]o]Z=99]),
Suspension system (& 7} 2]), Transfer molding process (E#2=3 A8 FH)
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Effects of strain rate on tensile behavior and deformation
texture of high nitrogen austenitic stainless steels

D. W. Kim, J. H. Kang

Abstract
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Keywords: High nitrogen austenitic stainless steels, Strain rate, Tensile behavior, Deformation texture
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Research on hot stamping patchwork forming crack prediction
analysis method
Y. J. Jung, K. J. Kim, J. S. Hyun, Y. D. Chung

Abstract
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A Study on Predicting Preform Temperature and Product
Thickness in Blow Molding Analysis Using a Reduced-Order
Model

E. C. Jeong, C. O. Gwon, S. K. Hong

Abstract

Non-isostatic heated blow molding analysis is a very complex non-linear analysis that can take tens of
minutes to hours to calculate a single case. In this study, a reduced-order model (ROM) was implemented in
blow molding analysis to instantly confirm the analysis results and predict the temperature of the preform
and the thickness of the final product. The ROM used singular value decomposition, which is one of the
proper orthogonal decomposition methods. The efficiency of blow molding analysis calculations was
improved by using a preconfigured ROM to restructure data, rather than reinterpreting physical phenomena
using the entire computational grid when analyzing new conditions. A reduced-order model for the entire
system was constructed using a set of basis vectors, and then basis vectors at desired analysis conditions
were obtained using ROMs. Calculation results at new analysis conditions were obtained by projecting them
back into high-dimensional space using mapping functions. The thickness of the preform was predicted by
obtaining a response surface through approximately 50 blow molding analysis results and predicting values
for new conditions from the response surface. As a results, approximately 3,000 artificial intelligence training
data sets were efficiently generated in a relatively short period of time.

Keywords: Blow molding, Reduced order model, Singular value decomposition, Artificial intelligence
training data, Thickness
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A Study on Optimizing the Shape Design of Rear Cross Member
Using 980MPa Cold-rolled Ultra High Strength Steel

J. Y. Kim, S. H. Kim, D. H. Choi, K. J. Sohn, S. Hong

Abstract
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1. 3Fdgtal 71 A28k, disted A

2. B TsdT A, FAATY, AT

3 AR s FEARA, AT

4. AAE AsAFE7IsH, AdAdTd

# WA A2F Tt v Y25 2kE-8k), WS E-mail: smhong@kongju.ac.kr



A Study on the Design of Cold Forging Process of Mono-block
with Back-Taper Tooth Profile

I. K. Lee, S. K. Lee, S. Y. Lee, A. R. Jo, M. S. Jeong, D. Y. Park, K. R. Kim

Abstract
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Keywords: Mono-block, Back-taper, Cold forging, Fatigue, Dual clutch transmission
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Worm fomability evaluation of A15083 according to FLLD and
LDR test

K. K. Jeon, J. S. Song, K. T. Youn, C. D. Park

i
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Keywords: AI5083, Worm Fomability, FLD, LDR
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A study on the hypersonic collision behavior of tungsten and
high-strength steel

T. G. Yun, W. K. Ko, J. S. Park, J. W. Yoon, S. W. Seo

Abstract
As research on hypersonic speed is actively progressing in the aerospace field, it is necessary to review the
collision phenomenon of fine fragments of hypersonic vehicles. In this study, the crash characteristics of each
material (tungsten, high-strength steel (AISI4340)) of the same weight and the crash characteristics according

to the weight difference of the fragments under hypersonic collision conditions were analyzed using LS-
Dyna, a finite element analysis program.

Keywords: Tungsten, High strength steel, Hypersonic collison
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Comparison of Crop Shear Amount Either Using Edger Rolling
or Not in Thick Plate by Using FEM

Y. S. Lee, S. C. Lee, H. S. Han

Abstract
AL JtERoA 71EE L£2HE 0|83} Roughing mill(RM)¥} Finishing mill(FM) ¥
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Fow wteE Zo] FHHolt} ANk oy FA A oA, =59 Edger 9
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Keywords: RM, Edger, Defrom-3D, Pass number
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Evaluation of structure and mechanical properties according to
the rolling pass schedule of Fe-based bimetals produced by
differential speed rolling

H. S. Yoo, W.B. Jo, J. Y. Jeon
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Evaluation of Local Material Properties of Metallic Material
Considering Strain Rate

Y. Chae and M. Kim

Abstract

This paper addresses evaluation of local material properties of a metallic material sheet considering the
strain rate based on the digital image correlation (DIC) analysis. The metallic material with a large grain size
was selected to investigate the local properties with regard to local strain rates. The metallic material shows
non-uniform deformation in the gage-section during tensile tests at the quasi-static state. Two different tests
were designed to confirm the change of the local properties under different loading conditions such as the
uniaxial tension and the uniaxial loading-unloading. Target strain rates were set to the quasi-static state
ranging from 0.001/s to 0.1/s. Based on the DIC analysis, local strain and strain rate data were measured to
be correlated with the load data from the load-cell in a universal material testing machine (UTM). The
obtained local flow behaviors were guaranteed with checking the strain path in the uniaxial tension. The local
properties were compared to the global one measured by a conventional method with an extensometer.

Keywords: Local material property, Digital image correlation, Strain rate, Uniformity, Strain path
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Microstructural Evolution and Mechanical Performance of Ti
Alloys Induced by Electrochemical Hydrogen Charging

H. J. Lee, S. Y. Anaman, J. M. Choi, L. J. Park, K. H. Lee, J. S. Park, H. H. Cho

Abstract
Ti a2 M E B8t 52 A= 53 744 545 7HA L o F39-F,
e, S ok ofol M g3 Atk el Tie FAo w-gAel ol

L
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el g Ti o vAx4 F AA Ass EA g
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Keywords: Ti alloys, hydrogen embrittlement, electrochemical hydrogen charging, mechanical properties,
microstructure
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Hot deformation behavior and microstructure changes with
initial heating temperature of 1.6 wt% C high carbon steel

Y. J. An, H. S. Yoo, S. E. Shin, J. Y. Jeon

Abstract
1.6 wt% C gk AAHAE weh 374 AlMElES AE53 Ent ofye, dejolE
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Effect of Strain Rate on Heterogeneous Strain Field in
Uniaxial Tensile Deformation

Y. Jung, J. H. Song, M. Kim

Abstract

This study is concerned with changes in strain field under uniaxial tension at different strain rates. An
aluminum alloy sheet was solution-heat-treated to observe heterogeneous strain field during the deformation,
so-called Portevin-Le Chatelier (PLC) effect. Since the PLC effect that induces the serration of the flow
stress is strongly related to movement of the dislocation, tensile tests were designed with different loading
speeds for identifying the strain rate effect. The uniaxial tensile tests were performed at the strain rates from
0.001/s to 0.1/s. To observe the heterogeneous strain field during the tests, a 3D digital image correlation
(DIC) system was employed so that it is possible to locally measure the strain and the strain rate. It is noted
from the experimental results that the strain fields are different from each other when the strain rate becomes
higher. To discuss this phenomenon in detail, types of the PLC band regarding the strain rates are compared
based on the strain hardening behavior and the heterogeneous strain fields at different strain rates.

Keywords: PLC effect, Strain rate, Heterogeneous strain field, Uniaxial tensile test, Digital image correlation
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Acceleration of aging behavior and improvement of
mechanical properties of extruded AZ80 alloy through
{10-12} twinning
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Acceleration of aging behavior and improvement of mechanical
properties of extruded AZ80 alloy through {1012} twinning

H.J. Kim, Y.J. Kim, J.U. Lee, S.H. Park

Abstract

The effects of pre-existing {10-12} extension twins on the precipitation behavior of an extruded AZ80
material during aging and on its mechanical properties after peak aging are investigated. The material
containing {10-12} twins—which are formed by compression before aging (twinned material)—has a finer
grain size and higher dislocation density than the extruded material. Although the peak hardnesses of the
twinned and extruded materials are almost the same, the time to reach the peak hardness is considerably
shorter in the former material than in the latter (4 h and 24 h, respectively). In the twinned material, the high
dislocation density of the {10—12} twins promotes continuous precipitation, which results in the formation of
numerous fine Mg;7Ali, precipitates within the twins in the early stage of aging. The formation of these
continuous precipitates reduces the driving force for discontinuous precipitation, which consequently
suppresses the formation and growth of coarse Mg;7Al;; precipitates at the grain boundaries. Despite its
shorter peak-aging time, the 4 h-peak-aged twinned material shows higher tensile strength and elongation
than the 24 h-peak-aged extruded material. These higher mechanical properties of the former material are
attributed primarily to the presence of more abundant fine continuous precipitates, which are effective in
strengthening the material, and less abundant coarse discontinuous precipitates, which can act as crack
initiation sites. These results demonstrate that the introduction of {10—12} twins into wrought Mg—Al-based
alloys can accelerate the Mg;7Al i, precipitation kinetics considerably and improve the strength and ductility
of the peak-aged alloys simultaneously.

Keywords: AZ80 alloy, Twin, Aging, Precipitation, Tensile properties
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The effect of prestrain on machinability and mechanical
properties of resulfurized free cutting steel

Abstract
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Study on friction stir welding parameters of 3000 series
aluminum alloy using finite element simulation

G. J. Choe, D. J. Myung, O. S. Seo, J. K. Park, M. G. lee

Abstract

Friction stir welding (FSW) is a well-known solid state joining technique for similar or dissimilar
materials including hard-to-weld light weight alloys such as aluminum and copper alloys. The aim of this
study is to find optimal FSW parameters of A3003 aluminum alloy using numerical simulations. Among
various numerical techniques for simulating FSW process, the coupled-Eulerian-Lagrangian (CEL) approach
implemented in the commercial software ABAQUS was used for designing the whole welding processes
consisting of plunging, dwelling, and linear welding steps. In this study, a fully coupled thermos-mechanical
3D FE model was established for the FSW simulation, in which the major welding parameters were feed rate,
rotational speed, and effect of the thread on the tool. By utilizing various simulation results, optimal process
parameters are suggested in terms of cost and productivity of FSW process to be applied to real industrial

process.

Keywords: Friction Stir Welding (FSW), Finite element simulation, Coupled-Eulerian-Lagrangian (CEL),

Welding parameters, A3003 aluminum
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A Study on the Forging Process for Aluminum Pipe Yoke using
Cooling Die and Sliding Die

I. K. Lee, S. Y. Lee, M. S. Jeong, D. Y. Park, S. K. Hwang, J. W. Park, W. S. Hwang, S. K. Lee

Abstract
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Prediction of extrusion exit temperature of aluminum alloy
based on FEA at various initial temperatures

J. M. Koo, K. M. Min, M. G. Lee

Abstract
This paper presents a finite element analysis (FEA) approach for predicting the extrusion exit temperature
of aluminum alloy at various initial temperatures using the coupled temperature-displacement in the
commercial software ABAQUS. The coupled temperature-displacement model in ABAQUS/Standard was
developed based on the heat transfer and thermomechanical behavior of the extrusion process. The analysis
was performed with different initial temperature of the Billet, including 350°C, 400°C, 450°C, 500°C, while
the die temperature was kept constant at 450°C. The temperature-dependent material properties were
considered to accurately simulate the material behavior during the extrusion process. The FEA model was
validated by comparing the simulated results with experimental data. The results showed that the FEA
approach using ABAQUS can accurately predict the extrusion exit temperature of aluminum alloy at
different initial temperatures. The proposed approach can be useful for optimizing the extrusion process

parameters and improving the quality of extruded products.

Keywords: Finite Element Analysis, Extrusion, Aluminum alloy, Temperature dependence, Exit temperature.
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Backward extrusion process design to reduce stress on the

material contact surface according to punch shape

S. G. Seong, Y. Y. Woo, Y. S. Lee, E. Y. Yoon

Abstract
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Abstract
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Development of machining technology and characterization of
machining properties of ultra-hard materials for plastic
products with micro-channels

E.-J. Gwak, J.S. Han, T.J. Je, and D.-S. Choi

Abstract
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The Study of Fatigue Crack Growth Rates on Spring Wire with
Surface Layer Modification

Y. J. Kim, Y. W. Lee, D. O. Kim, J. K. Shin, J. H. Seo, H. S. Kang

Abstract
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3D Laser Micropatterning Technology on the Surface of
Reinforced Glass Fiber PC

W. K. Jang, L. S. Choi, Y. H. Seo, B. H. Kim

Abstract
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Fabrication of ultra-thin PDMS-AAQO composite membrane for
gas membrane separation efficiency improvement

I. T. Hwang, S. W. Lee, Y. N. Cha, B. S. Kim, B. H. Kim, Y. H. Seo
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steel wire for cold forging
Abstract

J. H. Moon, Y. S. Lee, E. Y. Yoon, S. Y. Lee, Y. Y. Woo
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Evaluation method for friction condition of lubricant applied to
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Effect of electrically-assisted post-welding heat treatment on
microstructure and mechanical properties of laser-welded dual
phase steel

J. Y. Kim, S. Y. Anaman, H. G. Yoo, S. Basak, S. T. Hong, H. H. Cho
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Effects of Purity on Severe Plastic Deformation Behavior of
Pure Aluminum

S. H. Ha, Y. C. Shin

Abstract

Pure aluminum is extensively used in many fields such as thin deposition, semiconductor, display, LED
and photo voltaic devices, glass coating, etc. The purity of aluminum is important for the quality of
aluminum components. The forming behavior of pure aluminum can change depending on its purity.
Therefore, in this study, we investigated the effects of purity on plastic deformation behavior of pure
aluminum by applying severe plastic deformation. 2N and 5N aluminum workpieces were employed. As a
method of applying plastic deformation, a biaxial alternate forming (BAF) was used. The BAF was designed
to assess mechanical properties of materials depending on accumulated strain level. A desired amount of
strain can be applied to workpiece by repeated forging passes using the BAF dies with an octagonal cross-
sectional cavity. In this study, pure aluminum workpieces were forged 30 pass through the BAF dies in room
temperature. The microstructure formation depending on purity was examined by electron back scatter
diffraction.

Keywords: Pure aluminum, Biaxial Alternate Forging, Severe Plastic Deformation, Purity, EBSD
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