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ARAMIS - Optical 3D measurement technology for shear testing

16:00~16:15 | KSTP_2024A017 | ) 16 Grubes(Carl Zeiss GOM Metrology GmbH)
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10:40~11:00
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11:20~11:40
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13:00~13:15
13:15~13:30
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14:30~14:45 | KSTP_2024A_148 | z|x3}
SF2+(Fr=71AATY), JA S, HOQl, HeF, old&
- 4515: BEY TAYL A Ay 2ENz HEAE A7
14:45~15:00 KSTP_2024A_067 x| ghe(A 2 alohr| ST st ), vpdel, ub
. : RA71%-8 2-way QNS o] &35t A 5|9 & W3} o4
15:00~15:15 KSTP_2024A_041 sl nl«(Z e LACsHD), o]Alol, BAE
15:15~15:30 Coffee Break

Olnternational Session - Process

zt F 2AE (mE=d

1
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Fok

15:30~15:45

KSTP_2024A_089

Determination of friction factors with Ti-6Al-4V alloy under different
lubrication conditions in warm forming
F. Jiang*(Seoul Nat'l Univ.), Z. H. Zheng, S. D. Zhao, M. G. Lee

15:45~16:00

KSTP_2024A_092

Electrically assisted solid-state spot joining of cast aluminum alloy
A365-T6

Van Cong Phan*(Univ. of Ulsan), Su Hyeon Choo, Thanh Thuong Do,
Changjoo Lee, Ki Seok Nam, Sung Tae Hong

16:00~16:15

KSTP_2024A_114

Prediction of Microstructure Evolution in Additively Manufactured 316L
SS during Cryogenic Compression using Microstructure-Based Crystal
Plasticity Modeling

Rohit Raj*(Sunchon Nat'l Univ.), Shi-Hoon Choi

16:15~16:30

KSTP_2024A_115

Constitutive modelling of the electroplastic effect in a crystal plasticity
framework
Jai Tiwari*(Seoul Nat’l Univ.), Minwoo Park, Heung Nam Han

16:30~16:45

KSTP_2024A_153

Enhanced stretch-flangeability of advanced high strength steels
through non-conventional forming techniques
Kali Prasad(POSTECH), Eun Seong Kim, Hyoung Seop Kim
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2718 ) o HT
09:15-09:30 | KSTP-2024A.057 St 93, o8 ol 398 Vi olds. Bey
ECAP 3% A€ 29259l 34 714 54
09:30~09:45 | KSTP_2024A_009 | ZA7]+ (mh}a:ﬂs E’_), Mg, 79z, UM, M. Abramova, @A, N.
Enikeev
F719101s] 44 G0l THE Deformed Ti Y2 TAEA @ 7IAR 750
et Be A7
09:45~10:00 | KSTR-2024A-029 | o) 5 v mrghwchotin), ofjur 41, 5192, wols, ol2a, U1, 054,
B, 5
010, RBN 47 #4112 olget At £471E
10:00~10:15 KSTP_2024A_005 F =™ «(0}o| A2 ATX EE), IHL
10:15~10:30 Coffee Break
Oyt WE - AHSE 2 3 2 ZAY ERN2EPY)
SQ2T Q1YL 5 7122 o18F Zn-Al-Mg U2 ololo]
10:30~10:45 KSTP_2024A_128 | OlqI=A] AA
F A E+(ZH &AM ern), Khushahal Thool, Preetham Alluri, 8714, 492

Mg-10Gd 9EA19 %7] B3 FTEAS L3t /A4 54 Bt

10:45~11:00 | KSTP_2024A_087 | P4 2% ndo] g
oA (=H LU w), HFF

11:00~11:15 | KSTP_2024A_083 ggigﬁ;;ﬁ;ﬂjﬂg;g ‘7% 1 ;‘%;6'%;“3 e

11:15~11:30 | KSTP_2024A_019 ggfi%ﬁﬂi?iigggﬁfgggi TH3E A5

11:30~11:45 | KSTP_2024A_152 Zegi I(O’Z}iﬂﬂi;fj 23-5237117]%%%;%9; 24 97t
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Olnternational Session - Material
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Finite element simulation of ductile fracture mechanisms in AlSilOMg
processed by laser powder bed fusion

09:00~09:15 KSTP.2024A_030 Xuan Minh Nguyenx*(Konkuk Univ.), Dang Hoang Cong, Minh Tien
Tran, A Ra Jo, Sun-Kwang Hwang, Dong-Kyu Kim
Evaluation of anisotropic fracture in AA1050-O sheet using Hosford
09:15~09:30 KSTP_2024A_088 | Coulomb fracture model with CQN plasticity model
Aishwary Gupta*(Seoul Nat'l Univ.), Yong Hou, Myoung-Gyu Lee
Utilizing Machine Learning to Determine AHSS Springback
09:30~09:45 KSTP_2024A_097 | Compensation Parameters Considering Material Properties Variations
H. Wang*(KAIST), H. Lim, J. W. Yoon
A new failure criterion for predicting forming limit of composite metal
09:45~10:00 KSTP_2024A_106 | foils
L. H. Zheng*(KAIST), J. W. Yoon
10:00~10:15 Coffee Break

Olnternational Session - Material

I AR

A 223 (FYHLTYSR)

Fob
ol

A Study on the Influence of RPM on Microstructural Inhomogeneity
and Mechanical Properties of Friction Stir Processed AA5083 Sheets

10:15~10:30 KSTP.2024A_116 Aman Gupta*(Sunchon Nat’l Univ.), Preetham Alluri, Tae-Hyeon Yoo,
Shi-Hoon Choi
Mesoscale defect dynamics model for plasticity in nano-architectured
10:30~10:45 KSTP_2024A_126 | metals
I Ryux(Seoul Nat'l Univ.)
The Plastic Deformation Mechanisms in 316L stainless steel at 4.2 K: A
. . Multiscale Plasticity Analysis
10:45~11:00 KSTP_2024A_132 M. Ishtiag*(Gyeongsang Nat’l Univ.), Y. K. Kim, S. Tiwari, Y. S. Na,
J. B. Seol
Enhanced High-Temperature Plasticity while Maintaining Strength in
11:00~11:15 KSTP_2024A_136 Modified Cobalt Nickel-Based Superalloy

S. Tiwari*(Gyeongsang Nat'l Univ.), H. J. bae, M. Ishtiag, W. H. Jo,
C. H. Lee, J. E. Jung, J. B. Seol
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Integrated process design of bending/diffusion bonding for
titanium alloy sheets

Hyeonil Park, Yongnam Kwon, Dongjun Lee, Moo-Young Seok, and Hyunsung Choi

Abstract
A Y WAACrEE, KSLV-IDS] WA A 8 3 284 AR (KF-21)0 A

oft

T gJe], st ThEe A 2 FA|s e U g TRoF oy T Ee
HAA o] SUFEI Juk 2% ElolElg e 44, MR, Y24 2 YdAd so] Holv
A FoRES AZsted o] Al AEEHM, olF o]§ste ALe T8 HEES
ERA gEE aF
Asbolgts 54 dAS 2 59 S sy sk dFE VAV S S5k
Az =], olu A2 FAISHHA ARFsES =ol7] fd A AHHeE JdFgs T
Q)= A} Hadhe] wh(Rib) H7]a AAN e EE, DA o7 O Buy-To-Fly (BTF) HZ
Zr=t}

E Ao M= 53 EAS AU AT w 9rtE 2 oy 59 BTFHIE &
FAIZ171 Y8l F e Elolely e BAE d2olA wd AY¥ste LERAA FE HF
FAs gHs 52 2 HJEs HFS A BFES AT 5 e 3 539/E84HA
3 23 FAS AosY). Y AL 2.0mm FA 2 Ti-6Al-4V FHAjo] HLsle] AL
AAEFS AFHo2 Azt Sabdste] GAdE dHolA e A H v M x4S 335}
dAnl 7 9 HdAdn A o] EBSDE E-&3te] #2451l Single lap joint Al ¥ S Felste] AT}
S5 Hriskginh Ed A &4 A ATS 1He feteas s &8sk GAbEE
Al A A X AsS w4 HAFH oz, AlftE AlAIEY BTRHIE 71& 7 AI7FS
o7 AZE REo BTFH|9 Hlw BEA o zn A7 Fa/aAds 28 34 He 7154
o N—yliiy_ 2= o]oh;],
= = = T AMAK
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Development of ultra-high-strength aluminum alloy and die
forging process technology for aircraft forging materials

Hyeok-gon Kwon, Seong-keun Park, Seung-ick Lee, Dong-hyun Lee
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Manufacturing technology for aluminum heavy extrusions for

aircraft wing structures and status of parts localization

C. U. Jeong, S. K. Oh and Y. -N. Kwon
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Micro-scale DIC and Experimental Methods for Characterizing
Local Mechanical Properties in Resistance Spot Welds

Donghyuk Cho?! - Hassan Ghassemi-Armaki? - Blair E. Carlson®
-Thomas B. Stoughton* - Jeong Whan Yoon*

Abstract

This study advances understanding of dissimilar aluminum-steel (Al-Steel) resistance spot welds (RSW)
through the development of three novel experimental methods: micro-scale tensile testing, gradient testing,
and micro-scale shear testing. These methods, combined with the micro-digital image correlation (micro-
DIC) technique, enable measurement of localized deformation and mechanical properties across different
regions of the weld, such as the base metal (BM), heat-affected zone (HAZ), and fusion zone (FZ).
Comparative analysis of the results from these methods demonstrates good compatibility, highlighting their
individual strengths and limitations. The synergistic use of these techniques provides a robust framework for
assessing constitutive properties, facilitating a deeper understanding of localized deformation patterns. This
comprehensive approach not only refines the understanding of weld material characteristics but also supports
the enhancement of welding methodologies and the precision of numerical models.

Keywords: Micro-digital image correlation (micro-DIC), Resistance spot welds (RSW), Gradient samples,
Constitutive properties, Localized deformation
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Utilization of Digital Image Correlation in the
Automotive Industry

J. Y. Kim, W. S. Kim, J. K. Park
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Keywords: Automotive Industry, Digital Image Correlation(DIC), Finite Element Analysis(FEA), Optical
Measurement Equipment
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Insight on the serrated flow behavior and tensile properties in
commercially pure titanium under extra-low temperature
conditions

Mahdi Aghaahmadi , Hadis Esmaeilpour !, Soo Yeol Lee?, Young Sang Na %, Jeoung Han Kim*

Abstract

The mechanical properties of metallic materials at extremely low temperatures are critical for ensuring
structural integrity in various applications, including fuel tanks, pressure vessels, and aerospace components.
Microscopically, these properties are governed by the formation and migration of extended defects such as
stacking faults and dislocations. At cryogenic temperatures, the reduced intensity of thermal activation poses
challenges to defect activity, affecting the competition between dislocation glide and deformation twinning as
primary deformation mechanisms. One well-known phenomenon observed at low temperatures is serrated
flow behavior, which has intrigued scientists for decades. Titanium, especially pure titanium, is notable for
exhibiting this behavior and holds significant importance in cryogenic applications. Despite its importance,
understanding the underlying mechanisms of serrated flow in titanium remains elusive. This study aims to
address this gap by investigating the deformation behavior of commercially pure titanium at extra-low
temperatures. Employing diverse mechanical testing methodologies alongside advanced characterization
techniques such as electron microscopy and in-situ neutron diffraction analysis, the research endeavors to
provide a comprehensive understanding of this complex phenomenon. Digital image correlation will be
utilized to observe deformation behavior down to 15 K, facilitating a detailed examination of microstructural
changes and deformation mechanisms.

Keywords: Serrated flow behavior, Extra-low temperature, Commercially pure titanium, Neutron diffraction
analysis, Electron microscopy, DIC
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Analysis of sintering characteristics according to silver powder
compaction conditions
Y. S. Oh, D. Y. Hwang, S. H. Kang
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Designing a Profile Ring Rolling Process Using
Finite Element Analysis

B. J. Choi, H. C. Lim, S. H. Chun, C. H. Choi

Abstract

The profile ring rolling process allows for the implementation of various ring shapes unlike traditional
rectangular cross-section ring products. In this paper, an analysis was conducted on the Unfilled defects of
the bottom surface and flange portion of L-shaped ring products. Finite element analysis was employed in a
case study to identify causal factors for the Unfilled defects, including initial weight, Die spacing, and Die
speed. The results indicated that the initial weight had the most significant impact. Consequently, setting the
initial weight, a case study was performed to analyze the effects of semi-die and upsetting amounts. It was
observed that as the cavity of the forging Die decreased and the upsetting amount increased, the area of
incomplete filling decreased. Moreover, there were more Unfilled on the upper part of the ring compared to
the lower part, and the quantity of Unfilled varied depending on the remaining forming amount at the contact
point between the main roll's slope and the material. The results suggested that a smaller Unfilledarea led to a
closer match with the target cross-sectional shape.

Keywords: Profile ring rolling, Case study, L-shape, FE Simulation , Unfilled
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According to Preform Ratio
Abstract

Seon-Ho Jung, Minsu Kim, Gunwoo Jung, Seogou Choi, Jongsup Lee

A Finite Element Analysis of Predicting Ring Rolling Defects

of

Az Ay 19

s

Py FEE Y

e 9

o

ojn

Gl

il
s

A

}

9
yul

. o7

Ho] WA

H 59 A

3+

=

2~
T

A

X

ST
=3

7t Al

o

=

ks

o X
=

7] AR g

==

1

L

ofp

2 Mg mE

fof =

S

29 Forge NxtE A&

H)

791, jongsup@Kkitech.re.kr:

o
R

e

i

k)

Bl R

pud

Keywords: Ring rolling, L-shaped, Preform, Forge Nxt

4.
#



OlAI! . 2EIM1. B4 B

Development of Automation Process for Die Design and Analysis
for Hex Head Bolt M10

S.Yi, M. Oh, S. Hong

Abstract
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Tribological phenomenon in aluminum forging

M. S. Joun, Y. Heo, H. M. Lee

Abstract

Aluminum has the characteristic of having less strain hardening than steel. In the forging of
materials with low strain hardening, the phenomenon of increasing friction effects has been
reported in several cases. In this study, various cases are introduced to show the relationship
between the state of friction and that of the contact surface, and the problems of constant friction
conditions are highlighted through application examples. The importance of considering varying
friction conditions with the contact interface conditions for precision forging simulation is

emphasized.

Keywords: Low strain hardening material (413 & #] &), Friction (7}°2), Precision simulation (g 2
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Numerical predictions of burr formation during round-to-half
circle drawing

Y. Heo, J. W. Nam, I. G. Jeong, M. S. Joun

Abstract
During shape drawing of high-strength materials, the temperature increase is a significant matter.
It causes the deteriorated lubrication and increased die wear. It can also affect much on the plastic
deformation of the material near the contact interface. Here, a round-to-half circle drawing of a
stainless steel, SUS304, is studied, emphasizing the burr formation caused by the skin temperature
increase by the friction.

Keywords: Drawing (21'2), Friction heat (7} <), Burr formation (8] & 4)
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Finite element analysis of ductile fracture during bolt heading
using normalized Cockroft-Latham damage model

B.S. Hong, K.M. Kim, S.M. Hong, M.S. Joun

Abstract

A ductile fracture occurring during bolt heading is simulated using the implicit elastoplastic finite element
method along with the Cockroft-Latham damage model. The critical damage is found from the information
about the experiments and predictions of the tensile test. The predictions are compared with the experiments,

showing a good agreement with each other.

Keywords: Ductile fracture, Bolt heading, Normalized Cockroft-Latham damage model
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acquiring true stress—strain curves over a large range of

strains using a tensile test and finite element method,
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Comparison of flow characteristics using tensile test prediction
results

N.Y. Kim, M. S. Joun

Abstract
In the tensile test, the strain up to the necking point is small, but the strain in the subsequent necking
region is quite large. Flow characterization method was developed using this phenomenon. Using this flow
curve acquisition technology, flow stress can be obtained at a relatively large strain. A lot of useful
information can be obtained analyzing the tensile test using the flow curve. This study presents an
application case for systematic flow information from tensile testing.

Keywords: Tensile test (217341 3), Flow information (&4 1.), Predicted tensile test (¢l = <1441 3)
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A study on the removal of decarburized layer on cold forging
Yield-Ratio-Control-Steel by applying UNSM

S.H. Kim%2, Y. Y. Woo!, Y. S. Leel, S. Y. Lee? E. Y. Yoonh#
Abstract
(Quenching & Tempering)2] A eFo] 7}&3k H| %
of AAHE getse Wi 9dx T A x|
s
o] 2XE7Y] wjio] MAE e A

7R ol
oA gEeE AAE 93 yHesr xSy =% A (Ultrasonic  Nanocrystal
Surface Modification, UNSM) 7]% S #A|¢tetth. UNSM2 3l5o] B7te B8 283 AFoly

AR T4 EWel 20,000 Hz ooz EfAste] W x4 st WAt el 4
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Keywords: cold forging, vyield ratio control steel, ultrasonic nanocrystal surface modification,
decarburization

1. A5 AF+Y
2. TESHE s
# WA AL S ARATY, AAATY Email: eyyoon@kims.re.kr



Construction of ductile fracture locus depending on stress
triaxiality of CHQ steel wires via unsupervised learning of
acoustic emission signal

Jong-Hyeok Kwon?, Jeong-Min Heo?, Nhat-Tam Nguyen?, Minh Tien Tran?, Ho Won Lee®,
Dong-Kyu Kima*

Abstract

This study employed a hybrid experimental-numerical approach to assess the formability of cold heading
quality (CHQ) steel wires across diverse stress triaxiality levels. The study evaluated various specimen
shapes and loading conditions to identify fracture strains under various deformation modes. Uniaxial tensile
tests were conducted on cylindrical specimens with notches of diverse radii, while torsion tests utilized thin-
walled hollow specimens. Unsupervised learning to analyze acoustic emission (AE) signal data enabled the
accurate detection of ductile fractures in V-notch compression tests. Elastoplastic finite element analysis was
executed to determine both the average stress triaxiality and the fracture strain at critical fracture points,
allowing for the construction of a comprehensive fracture locus under various deformation modes. The
fracture loci of four distinct CHQ steel wires were compiled, revealing a reversal in formability trends due to
stress triaxiality dependence and illustrating how deformation modes significantly influence ductile fracture
behavior. This investigation enhances the comprehension of material formability and offers an in-depth view

on the selection of materials for complex manufacturing processes involving CHQ steel wires.

Keywords: Ductile fracture locus, Cold heading quality steel wire, Stress triaxiality, Acoustic emission,

Unsupervised learning
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High Strain Rate Superplasticity in Nanostructured High-
Entropy Alloys

H.S. Kim

Abstract

Superplasticity describes a material’s ability to sustain a large plastic deformation in the form of a tensile
elongation to over 400% of its original length but is generally observed only at a low strain rate (~10-4 s-1),
which results in long processing times economically undesirable for mass production. Superplasticity at high
strain rates in excess of 10-2 s-1, required for viable industry-scale application, has usually only been
achieved in low-strength aluminium and magnesium alloys. Here, we present a superplastic elongation to
2,000% of the original length at a high strain rate of 5x10-2 s-1 in an AI9(CoCrFeMnNi)91 (at%) high-
entropy alloy nanostructured using high-pressure torsion. The high-pressure torsion-induced grain refinement
in the multi-phase alloy combined with limited grain growth during hot plastic deformation enables high
strain rate superplasticity through grain boundary sliding accommodated by dislocation activity..

Keywords: Superplasticity, High Strain Rate, High Entropy Alloy, Nanostructure
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The Simulation of the Notched Tensile Fracture Behavior of
Twinning Induced Plasticity Steel

H. B. Moon, K. Lee, K. T. Park

Abstract

TWIP(Twinning Induced Plasticity)d2 L%, =2 A4 2 U&ddo] & x3HEo] 9l
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Keywords: Twinning Induced Plasticity Steel, Notch Tensile Fracture, Effective Strain, Stress Triaxiality, Finite
Element Method
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Accident Tolerant Fuel Cladding Technology for
Nuclear Power Plant

H. G. Kim, J. D. Hong, H. R. Oh, K. T. Park
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7

Z M gh# .o0}SC|t. Mehrdad Ghiasabadi Farahani?- Sakari Pallaspuro®- Leo Pentti Karjalainen*

DSA-induced twinning in a Fe-Mn-Al-C low-density
duplex steel

Jeoung Han Kim# -Mahdi Aghaahmadi'- Mehrdad Ghiasabadi Farahani?- Sakari Pallaspuro®- Leo
Pentti Karjalainen?,

Abstract

It is widely accepted in the literature that, in the case of ferritic steels, the occurrence of dynamic strain aging
(DSA) would deteriorate the tensile properties of those alloys. However, in the present study, it is reported
that DSA is capable of triggering the deformation twinning in a high SFE Fe-Mn-Al-C ferrite-base low-
density steel, and as a result, a higher amount of DSA at a specific temperature range could result in a higher
amount of the uniform elongation of the subjected steel. The obtained stress-strain curves, from room
temperature (RT) up to 400 °C, exhibit significant serrated flow behavior, while the serrations disappear at
500 °C. It is shown that these serrations signify the occurrence of DSA in this alloy based on three well-
known signs: the serrated flow behavior, the plateau in strain-hardening rate, and the negative strain rate
sensitivity in the specified temperature range (RT to 500 °C). The frequency of fluctuations in the stress-
strain curves, which is accepted evidence of the intensity of DSA occurrence, was increased from RT to
200 °C. Surprisingly, however, not only the total elongation was not decreased, but also it was increased from
20% at RT to 36% at 200 °C, which is an unexpected behavior due to the higher amount of DSA phenomena
at 200 °C, resulting in the formation of stable stacking faults in such a high SFE alloy. A detailed discussion
on the strain-hardening mechanisms is presented in using electron backscattered diffraction (EBSD) and
transmission electron microscopy (TEM) analysis.

Keywords: Low-density steel; Dynamic strain aging; Twinning; TWIP; Transmission electron microscopy
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Strain Hardening Mechanisms of Austenitic Steels

Kyung-Tae Park

Abstract
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Keywords: Austenitic Steels, Plastic Deformation, Strain Hardening, Dislocation, Deformed Microstructures
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Development of Additive Manufacturing Process for Radio-
Frequency Cavities for Particle Accelerators

1. Y. Moon, M. J. Ham

Abstract
FA7IE Al EE Eeld Foke] VxdAT AH el wAlel AFHa Aok AR
%7] (Particle accelerator)= 17k =e]sh Bl FAFqst 9] A ZAtoln, s JATHET
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QHND) ANEFE =29 9 AANEH(EBW) & 7IE AxUHS F8 wEoxin. 1
ooleld Al g AR o] vta FAFA A7 EwdAe] BAsE S
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Keywords: Cavity, Radio-Frequency, Particle Accelerator, LPBF, Additive Manufacturing
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Applying Contactless Supports for Overhang Structure
Implementation in the L-PBF Process

S. H. Ahn, J. H. Kim, S. W. Kim

Abstract
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Cracking mechanism of L-PBF additive manufactured
CM247LC alloy and effect of HIP post heat-treatment

K. U.Won, K. A. Lee

Abstract
CM247LC Ni-based superalloyt %2 oy Xxo] AL ALE3t= laser 7|HF A= A)x 34
Al e gdo wAo R ola] tE Al laser 7R AE A X dAY Stgor BERE 9

1

t}. B Ao A= Laser Powder bed fusion (LPBF) &#S& o]&3te] CM247LC &< 21]5’:6
Fom FA W9l scan speed®t laser powerE A|o]3to] VED(Volume Energy Dens1ty) =4
H AR = Al AdS BAEte] HA Y VED 27S AASe AlEE Az As-
built AlHS] HlAx2 2 A= 24 23 columal structured] A2 o] F2 3z
How 1 AWE wat hot cracking® €£9l solidification CrackEo] th #aE St
wot A HAe Eglo] dendrite arme] ¥ E = liquiation cracke] 374 Z7eo] weh &
ZE Aok, Az AH wAZzAR FEo AloE 98] HIP SEAE Fapqion, mlA

2 B Ay y ' AEde] AdENeH, dF i Ao Al (Hf,Ta)C carbide”}
HEEAT. Y EA A3 2 VA B ARES VISR LPBF A3 AlxE (M247LC §F
w9 mAlzA o] ZIAA 543 A BAE Fetsta, wE G 7T FEAT Y JF
< T
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Keywords: Laser Powder Bed Fusion, Ni-based superalloy, Crack formation mechanism, microstructure
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A study on the effect of volumetric energy density on surface
roughness of Ni-based superalloy fabricated with EB-PBF

H. J. Lee, B. S. Lee

Abstract

The optimization of the side surface roughness of the as-built part is one of great interest in the additive
manufacturing field because of the post-processing difficulty. In this study, the generation mechanism of the
side surface in the powder bed fusion electron beam melting process was investigated using newly designed
Ni-based alloy under different volumetric energy densities. The dimensional inaccuracy of the as-built part
mainly attributes to part diameter variation rather than part height variation, and it was increased with the
volumetric energy density owing to the elevated heat accumulation. The side surface roughness of the as-
built part was increased with volumetric energy density owing to the formation of wavy bulges. The multi-
physics model was developed to investigate the side surface generation in the electron beam melting process.
The right-angled stair edge was relaxed at high volumetric energy density owing to the increased molten pool
dimension. The molten pool convection via the Marangoni effect was increased at high volumetric energy
density because of the large difference in temperature and low viscosity. The formation of wavy bulges on
the side surface originated from the severe heat accumulation at the last solidified region in each melting path
under high volumetric energy density. Therefore, it was confirmed that the side surface roughness in the
powder bed fusion electron beam melting process can be improved by optimizing the volumetric energy
density to restrict the formation of wavy bulges and coarse particles.

Keywords: EB-PBF, Surface roughness, Computational fluid dynamics, Ni-based alloys, VOD
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Research on optimization of Al alloy L-PBF process for additive

manufacturing of heat dissipation fins for power

semiconductors

D. U. kang!, S. H. Park?, B. S. Lee?, K. H. Jung? H. J. Lee?, Y. H. Song?
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Alloy Design of a Low-Cost, High Temperature Crack Resistant,
High fraction y’ Ni superalloy for Additive Manufacturing

C.H. Lee, T. G. Kim, B. S. Lee, H. J. Lee, H. U. Hong

Abstract
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Origin of the enhanced pseudo-elasticity of additively
manufactured Fe-Mn-Si based shape memory alloy

D. Kim, W. Lee, T. Kim, I. Park, W. Kim*

Abstract

In this study, the origin of the enhanced pseudo-elasticity of additively manufactured Fe-Mn-Si based
shape memory alloy is investigated. Two samples with different heat-treatment condition, one directly aged
from as-built state and the other aged following solution-treatment, were prepared. The latter is to imitate
conventional wrought alloy. The directly aged sample had typical solidified microstructure of additively
manufactured metallic alloys, such as molten pool structure, elongated grains along build direction and
cellular structure. On the other hand, the sample aged following solution-treatment had fully recrystallized
polygonal grain structure, indicating the microstructural characteristics inherited by additive manufacturing
had been lost. When the pseudo-elasticity of the two samples after bending with 4.26% of pre-strain was
measured, directly aged sample showed higher pseudo-elasticity than the sample aged after solution-
treatment. The main difference between two samples in microstructure are precipitation behavior, solute
segregation and average grain size. Through comparing the pseudo-elasticity of the before and after aging
treatment with two different starting condition, precipitation do not have significant impact on pseudo-
elasticity, implying that the different precipitation behavior is not a major contributor for the difference in
pseudo-elasticity. On the other hand, elemental segregation on the cell boundaries was observed in directly
aged sample. The elemental segregation led to increase of fcc-y stability on the cell boundaries. The cell
boundaries with high phase stability of fcc-y could let the ongoing deformation-induced hcp-¢ phase back-
transform to fcc-y, resulting in enhanced pseudo-elasticity. Furthermore, the smaller grain size of the directly
aged sample might further increase the fcc-y phase stability. The results of this work may offer fresh
perspectives on how to develop alloys for additive manufacturing that have high levels of pseudo-elasticity
or damping capability.

Keywords: Laser powder bed fusion, Fe-based shape memory alloy, Thermodynamic, Aging treatment
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A study on the quantitative measurement of single melt pool
area according to parameters in the SLM method polymer 3D
printing process

E. J. Shim?!, K. H. Kim®¥

Abstract

The purpose of this study is to examine the formation mechanism by producing and quantifying a single
molten pool by parameters, which directly affects the additive manufacturing process. It is confirmed that the
single melt pool prepared for each parameter was divided into MZ, HAZ and LBZ by observing the shape
through FE-SEM. For each region, a length measurement standard is prepared and the length is measured,
and this is quantified numerically. In the case of MZ observed based on the cross section of a single molten
pool, it is confirmed that it increased as the energy density increased, but slowed after energy density(ED)
0.77 Jimm3. And HAZ did not show a clear trend after the ED 0.3 J/mm?, and it is confirmed that LBZ
steadily increased with the ED. Based on the observed results, the process of a single melt pool becoming a
multi melt pool is explained, and the effect of ED on product formation reproducibility by observing the
shrinkage rate of cubic specimens is investigated.

Keywords: Single Melt Pool, Melting Zone, Heat Affected Zone, Laser Beam Zone, Formation Mechanism
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A Study on Pressure Drop Characteristics of Sandwich Type
Filter with Primitive Inner Structures

H. Kim, K. K. Lee, D. G. Ahn, S. Y. Jung, J. Y. Kim, J. B. Lee

Abstract
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Analysis of Flow Characteristics of Air in the Sandwich Type
Filter with Primitive Inner Structures

J. C. Beom, K. K. Lee, D. G. Ahn

Abstract
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Quantitative Characterization of the Microstructure for an
Induction Heat-treated Low Alloy Steel Gear Sample using
EBSD

S. Kang, E. Kim, S. C. Shim, Y. Kang

Abstract
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3 A A 7o) AMEL vAFx AolE AFH R Hriste Bloltt. Y AT E
ol 1T A AEY 24 B4 7IHEE OE S FoE diddn. A3 AMeH
MES 173 dAelE SNOM 439 & 7]o] AER Fstdn 4 AR 2 3 A= A3%E E3)
of A FAF, AAF, FAF 37 F9eE UFoxE= A & dnk Al 49 ul H
A% ko] image quality(1Q), kernel average misorientation(KAM), misorientation

angle(MA) #hs& 283 571 #1#19] EBSD w415 S8l Agde= H7tEAv. a53 I3

AGFS A3 WA e FAPE 27] extolE YA U AL we 2Ho sprx
o]
P

7b EeldlE RS #EE e 34 2dS aHskd o §HE © ddE F5dd
F= gk dAeel osf fresh martensite 2ol M= Ao o5 sz
719k 271

Keywords: Induction hardening, SNCM 439 Steel, Electron Back Scattered Diffraction (EBSD), Martensite,
Gear, Surface Hardening
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(The effect of surface treatment with electro—polishing of SUS316L tube for

semiconductor process gas applications)
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Study on Improvement of Dynamic Stiffness Computational
Analysis of Package Tray with Lightweight Multi-layer Clad
Material Applied

S.Y. Park, S.A.Yun,B. R. M. Oh, T. Y. Kim, M. J. Kim

Abstract

Around the world, aluminum, carbon composite materials, and cladding materials are being applied to

body parts to reduce the weight of electric vehicles and improve parts functionality. Domestic automakers are

also applying aluminum materials in large numbers, but recently, clad metal materials and carbon composite

materials are being applied to improve parts functions such as strength and dynamic stiffness.

In this study, we will improve dynamic stiffness computational analysis of package tray with lightweight

multi-layer clad material applied by verifying the moldability of the parts of package tray with lightweight

multi-layer clad material applied and securing the surface treatment technology of mold for molding.

Keywords: dynamic stiffness, lightweight, multi-layer, clad material, package tray
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A Study on Application Technology of Integrated Car Body
Parts for Lightweight Multi-Layer Material.

B. R. M. Oh, S. Y. Park, T. Y. Kim, M. J. Kim

Abstract

Recently the most important issues in automobile manufacturing technology trends are electrification and
securing stability. Due to the electrification of automobiles and carbon emission issues, weight reduction is
required. And securing the safety of passengers is the most important goal. The application of lightweight
materials (such as Aluminum) and high-strength materials is a method for realizing light weight and safety of
vehicles. The application of aluminum parts is increasing for lightweight. Using aluminum parts have
problems cost increase, poor formability and dissimilar joining.

In this Study, application (welding assembly) technology was developed to integrate car body parts
through the application of lightweight multi-layer materials. The effect of applying lightweight multi-layer
materials is that, formability is improved compared to existing lightweight materials, so that parts can be
integrated, and resistance spot welding technology with the other parts can be applied.

This study will be a solution that can replace existing lightweight materials.

Keywords: Lightweight, Multi-Layer, Clad Metal, Car Body Parts, Press, Resistance Spot Welding
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A study on welding conditions for tray modules using
Lightweight multi-layer clad material

T.Y.KIM, S. Y. Park K. M. Bae, M. J. KIM

Abstract

Strengthening international environmental and fuel efficiency regulations and rising energy resource prices
are acting as incentives to promote the development of eco-friendly and lightweight vehicles. However, as
vehicle weight inevitably increases due to strengthened safety regulations and convenience features, various
efforts are being made to minimize it. This phenomenon is considered a bigger problem in electric vehicles,
where it is urgent to offset the increase in vehicle weight caused by the battery and improve the driving range
on a single charge. In previous research, lightweight multi-layer clad metal was applied to make it lighter
than existing parts and to reduce costs by integrating the two parts. The existing invariant spot welding
technology was improved considering economic feasibility. In this study, resistance spot welding conditions
(time (ms), current (kA), applied pressure (KN)) were compared and optimal welding conditions were derived
through load tests on fractured specimens. Based on the research results, we plan to provide solutions for
welding and joining technology of clad materials.

Keywords: Lightweight, Multi-Layer, Clad Metal, Integration, Resistance Spot Welding

F 7

ATE AIERAANS] A AT A A H H AR (A B PO025503)¢] A 1S ot e

37 7EdTa, ATLE

A A 7|E=ATa Adqed, g3

AE A, 7ledTFa Agsde, Addrd
g E ey led A, oAk

Aol el =, o3&, E-mail: kimtyc@naver.com

IPP
2
NS

@

®OUAWN e
:Tﬁ
1o,

Sh



do A 7haehs] 2024 EASETE] 251

AMA CIE5 2= MEL H=EMAL

a

Zoist. gpEnl. ghabg2. wl7|ER. 222l el 2835
Research on Manufacturing characteristics of
AMA Multilayer Clad Metal

M.J.Kim, C.M.Park, S. Y. Park, K. M. Bae,
B.R.M.Oh, T.Y.Kim, Y. H. Yoon

Abstract

In recent material development, environmental problems due to lightweight, development of materials for
electrification, and reduction of carbon emissions have become major issues.

Among these materials, aluminum plays a large part in lightweight, but it is facing new challenges in the
market due to its high carbon emissions. Here, the development of aluminum/steel/aluminum clad metal
materials was undertaken as a challenge to reduce the amount of aluminum used and meet the required
strength. Joint research, such as plastic processing and welding, of developed materials is being carried out
by a joint research institute, and this study aims to examine the reduction amount and characteristics
according to material composition in the manufacture of aluminum/steel/aluminum materials.

Keywords: AMA, Multilayer, Clad Metal, Lightweight, Rolling
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Crack detection in three-point bending of advanced high-
strength steels with surface profile

K. C. Jeong, Y. H. Jeong, J. W. Lee, J. H. Yoon

Abstract
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Keywords: bending failure, high-strength steels, local formability
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Development of an Advanced Incremental Sheet Forming

Process for Sharp Edge Forming

H.W. Youn, M.J. Park, H.J. Oh, S.J. Jeong, N. Park*
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Investigation of liquid CO: lubrication and quenching for
sustainable hot stamping of aluminum-magnesium-silicon alloys

L. H. Cai, J. C. Kim, M. L. Geng, V. L. Tran, D. Kim, S.-T. Hong

Abstract
Hot stamping for aluminum alloys has been developed recently for forming heat-treatable aluminum alloys with the
advantage of improved springback and formability. In aluminum hot stamping, liquid CO: is considered to be a promising
sustainable lubricant to reduce friction and a coolant for quenching. For proper lubricating and quenching performances, an
additive manufactured die with microholes is designed to directly supply liquid COz. In the present study, the injection
characteristics of liquid CO2 are experimentally studied using spray tests through additively manufactured dies. In the
injection process, the liquid CO2 converts to dry ice for lubrication, and the subsequent vaporization of CO2 from the solid

state to the gaseous state absorbs the heat for quenching.

Keywords: Hot stamping, Liquid CO», Lubrication, Quenching
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Optimization of Ultra-sonic welding process for micro-fluidic
chip by bolt type piezo stress sensor

Y.-E. Yoo, J.H. Jin, D.I. Kwon, O. D. Kwon, K. H. Lee

Abstract
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Additive Manufacturing of Ceramic Composites Using
Photopolymerization 3D Printing

J. W. Kang, S. H. Park, K. Park

Abstract
1. o191 DLP(Digital Light Processing) 433 Z#8 7]%S AL83t9 2o Agtq =7}
A7tE A9 k3t AZE AR o] AEte Zgwe] 7 AA Oél, =4 wae] n]x=
o thato] orolH gt DLP T E L AFg3te] AlZF 7bsd Ha A 2= PUMASSIO & MR
Sston, A BhEA GE Gy QTS AW A YA FA9 AGaLeols
UOMA) A0l AP AN A1) HaAE AL DLPE )43 DTAY o
Al m AR Vate s 27 2 UVE A A S
SAZ 21 2 At el w2 71AA 54 dig » avE

:I:’;

wd 2 A AF S VA AEES Fdsdth B2g d3iE HAES d FRHEA
(TGA)S &3l PUMA/SIO; H3taAle] €4 54 WstE EA eIt AdA oz 744 24
A7 E MRS 1A SleiAe Aevt IRl =2 2SS HA Aes Hole
Ao Z YelEth 7 7HA ZHg vy g wE zpole ASAIZERT VateEe] whE WD

A Aol AstEm wrEA] o mel vt

7 A dEpgen A & ol A s 7
AL 3

& st
Keywords: Additive manufacturing, Ceramic printing, Digital light processing (DLP), Silica composites,

Mechanical property

This research was financially supported by the National Research Foundation of Korea (NRF) grant funded by the
Ministry of Science and ICT, Republic of Korea (Grant number: 2022R1A4A1032030).

i}

1. AEgsr)|adsn 3DEZTAE G Ed T4, Add+
7, AdaAd

3. Agger|edgga 7] AA = YR

# Agder|edu, 7 AA =T A

8},

% L
|
F38ta}, W47, E-mail: kpark@seoultech.ac.kr



Error Correction Study for Enhanced Precision in 2D DIC
Measurements Using Mobile Phone Camera

S. J. Hwang, C. Lee, S. Hong

Abstract
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Determination of friction factors with Ti-6Al-4V alloy under
different lubrication conditions in warm forming

F. Jiang, Z. H. Zheng, S. D. Zhao, M. G. Lee

Abstract

The forming method of Ti-6Al-4V alloy is usually hot forging above the B transformation point. However,
more and more researches are currently focusing on warm forming due to its advantages of hot and cold
forming. In order to determine the friction factor under this working condition, hot ring compression test
were conducted on Ti-6Al-4V alloy at warm forming temperatures (500 °C, 600 °C, and 700 °C) and
different lubrication conditions (dry, glass, water-based graphite, and copper-base grease). the heat transfer
coefficient (HTC) was considered in using finite element (FE) simulations to obtain the friction calibration
curves. The results show that the forming temperature and degree of deformation have a great impact on the
friction factor. The glass lubrication is recommended at 700 °C, and its friction factor value is 0.28. As the
temperature increases, the friction factor values are 0.21,0.29 and 0.33 respectively under graphite lubrication.
The lubrication performance of copper-based grease is relatively stable under different forming conditions,
and its friction factor value is approximately 0.3. We are currently using the friction factor to verify the
titanium alloy thread warm rolling process.

Keywords: Ti6Al4V alloy, hot ring compression, heat transfer coefficient, calibration curve, FE simulation,
Friction factor



Electrically assisted solid-state spot joining of
cast aluminum alloy A365-T6

Van Cong Phant! - Su Hyeon Choo! - Thanh Thuong Do?! - Changjoo Lee? - Ki Seok Nam? - Sung Tae
Hong!#

Abstract

Electrically assisted solid-state spot joining (EA-SSJ) of cast aluminum alloys A365-T6 is studied
experimentally. In this work, two plate specimens (3 mm thick each) with identical geometry undergo
compressive force and electric current simultaneously to produce a spot joint. EA-SS joints indicate a
superior shear tensile strength compared to its resistance spot welding. Microhardness mapping is employed
to characterize joint areas. The optical microscopy (OM) and scanning electron microscopy (SEM) of joint
cross-section reveal successful fabrication without macro-defects. The results of this study indicate that the
EA-SSJ is feasible for solid-state joining of cast aluminum alloy for automotive materials.

Keywords: Electrically assisted solid-state spot joining, cast aluminum, shear tensile strength, microstructure
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Prediction of Microstructure Evolution in Additively
Manufactured 316L SS during Cryogenic Compression using
Microstructure-Based Crystal Plasticity Modeling

Rohit Raj*, Saurabh Pawar?, Yazar K.U.2, Khushahal Thool*, Wi-Geol Seo?, Shi-Hoon Choi**

Abstract

316L SS is widely used for its excellent combination of superior mechanical properties and corrosion resistance. Its very
low ductile-to-brittle transition temperature makes it an ideal candidate for cryogenic applications such as storage tanks in
space applications. Although the mechanical characteristics of conventionally processed 316L SS are well understood,
studies on the anisotropic mechanical behavior of additively manufactured 316L SS are scarce. In this study, 316L SS
material was fabricated using the Direct Energy Deposition (DED) technique. The very high cooling rates and thermal
cycling in the DED process resulted in unique morphological and crystallographic textures in the DED specimens. The
microstructure was examined using optical microscopy, scanning electron microscopy, and electron backscattered
diffraction techniques. The microstructure of the DED specimens comprised columnar grains with cellular structures, and
the texture was predominantly <110> || Build Direction. Compression specimens were extracted along and perpendicular
to the scanning direction to evaluate the mechanical anisotropy. The results showed that the strength of the DED
specimens significantly increased under cryogenic deformation. This increase in strength was attributed to the formation
of deformation-induced martensite at cryogenic temperatures, following two pathways: y— ¢—a’ and y —a. The inverse
transformation technique was used to understand the orientation relation between v, €, and o'. The results showed that
y—-e follows the Shoji-Nishiyama (S-N) orientation relationship, while e—a’ follows the Burgers orientation relationship.
Direct y—o' transformation obeys the well-known Kurdjumov-Sachs (K-S) orientation relationship. However, at room
temperature, twinning and dislocation glide were the dominant deformation mechanisms. The micro-mechanisms
responsible for the anisotropy were examined using dislocation and temperature-based crystal plasticity model to
incorporate transformation-induced plasticity and twinning-induced plasticity model to predict the strain hardening and
deformation behavior. The predicted e-martensite and o'-martensite phase fraction show good agreement with the

experimental results.



Keywords: 316L SS, Direct energy deposition, Cryogenic deformation, Crystal plasticity, Phase transformation.
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Constitutive modelling of the electroplastic effect in a crystal
plasticity framework

Jai Tiwarit, Minwoo Park?, Heung Nam Han*

Abstract

The beneficial aspects of improved formability and reduced springback using electric-assisted forming
(EAF) have been well established. These advantages of EAF are linked to the interaction of the electric
current with the material’s microstructure, termed as electroplastic effect, in addition to Joule’s heating effect.
There have been numerous attempts to model the electroplastic behaviour in the literature. However, it has
been observed that the dislocation density-based constitutive model can best describe the electroplastic
behaviour. Typical challenges in modelling the said effect involve incorporating the thermal and electrical
effects and identification of related material parameters to describe the overall mechanical behaviour. In the
present work, a modified dislocation density-based model with the concept of effective temperature is used to
model the electroplastic behaviour of an aluminum alloy. This model is implemented in a commercial finite
element software using the crystal plasticity framework. The experimentally observed mechanical behaviour
in pulsed and non-pulsed conditions is used to identify the modelling parameters. The identified parameters
are found to match the experimental data with reasonable accuracy.

Keywords: Electroplastic effect, Joule’s heating, Constitutive model, Effective temperature, Dislocation
density
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Enhanced stretch-flangeability of advanced high strength steels
through non-conventional forming techniques

Kali Prasad?, Eun Seong Kim?, Hyoung Seop Kim?*2

Abstract

Advanced high strength steels (AHSS) present a promising strength-to-weight ratio for
sheet metal forming applications; however, their poor stretch-flangeability, particularly
concerning edge cracking, poses a significant challenge. In recent years, interrupted
loading has emerged as a notable approach to enhance formability. Yet, existing studies
predominantly focus on uniaxial tensile deformation, overlooking the multiaxial stress
states characteristic of typical sheet metal forming processes. Additionally, the interaction
between the punch and sheet metal profoundly affects formability. This study investigates a
novel non-conventional forming technique involving interrupted loading during
deformation. Two distinct punch motion modes, namely attach-hold (AH) and attach-
detach (AD), are systematically examined to evaluate stretch-flangeability. The findings
reveal that implementing interrupted loading modes (AH, AD) effectively delays failure,
consequently improving stretch-flangeability. Comprehensive failure analysis and
metallurgical characterization techniques elucidate the mechanisms underpinning the
enhanced stretch-flangeability. The microstructural mechanisms contributing to improved
formability are thoroughly discussed, leading to pertinent insights crucial for designing
optimized forming processes in typical flanging operations.

Keywords: Stretch-flangeability, Advanced high strength steel, Microstructural Characterization, Sheet
Forming

1. Graduate Institute of Ferrous and Eco Materials Technology, Pohang University of Science and Technology, South Korea

2. Department of Materials Science and Engineering, Pohang University of Science and Technology, South Korea
Corresponding Author, E-mail: hskim@postech.ac.kr



00
m__m

N



SHE AL050YFo[EEE2 MEd Hs uF
TR oM. olHY, HaMl UK E?
Recrystallization behavior of cold-rolled A1050 thin sheets

J.-H. Cho, S. -H. Lee, G. Y. Lee, H. -S. Jang, J. -H. Kim

Abstract

Recrystallization behaviors of cold-rolled A1050 thin sheets (100 um thick) used for heat exchangers were
examined in detail. Severely cold-rolled A1050 thin sheets with a reduction area of 98.3% mainly possessed
typical p-fiber (Brass-S-Copper) texture components. The thin sheets consist of the banded microstructure
along the thickness direction, which implies that large grains were elongated during rolling. Under various
annealing conditions, each texture component revealed different annealing behaviors. In particular, copper
texture component usually recrystallized more quickly than other texture components including Brass. Based
on electron backscatter diffraction (EBSD), microstructural features such as misorientation measures of the
banded structure were characterized. The bands with dominant copper textures possessed greater
misorientation measures of kernel average misorientations (KAM), or grain average misorientation (GAM).

Keywords: Carbon Fiber, Cutting Force, Carbon Fiber, Cutting Force
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Cryogenic mechanical properties of the equal-channel angular
pressed high-Mn steel

Y. H. Jeong, B. J. Kim, H. S. Kwon, M. Abramova, H. S. Kim, N. Enikeev, J. G. Kim

Abstract
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A Study on the Microstructure and Mechanical Behavior of
Deformed Ti Alloys After Electrochemical Hydrogen Charging

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

Abstract

In this work, hydrogen is introduced into deformed Ti alloys via cathodic electrolysis under various
charging conditions, and the microstructures and mechanical properties of the specimens are examined. The
presence of hydrides is verified using X-ray diffraction, scanning electron microscopy, and electron
backscatter diffraction analysis based on a rescanning approach using local pattern averaging. Vickers
hardness tests are then performed to assess the extent of hydrogen penetration in the Ti alloys. Compression
tests are conducted to further understand the impacts of hydrides on the mechanical reliability of hydrogen-
charged Ti alloys. To reinforce the experimental findings, numerical simulations are conducted utilizing
experimental data to comprehend hydrogen diffusion in the Ti alloys. Subsequently, the hydrogen diffusion
mechanism in the hydrogen-charged specimens is verified through the obtained results.

Keywords: Ti alloys, electrochemical hydrogen charging, hydrides, microstructure, mechanical properties,
hydrogen diffusion
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Cutting Machinability of Aqueous Metalworking Fluid of hBN

D. C. Choi, Y. J. Kim, S. Y. Jung
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Design of Microstructure in Zn-Al-Mg Alloy Wires using
Integrated Finite Element Analysis and Deep Learning
Techniques

Khushahal Thool ¢, Preetham Alluri ?, Ki-Seong Park 2, Wi-Geol Seo?, Shi-Hoon Choi*

Abstract

The Zn-Al-Mg (ZAM) alloy wires are renowned for their superior mechanical strength, corrosion resistance, and
electrical conductivity. Nonetheless, their propensity for cracking due to microstructural heterogeneity presents a
significant hurdle in their development. There is, therefore, an urgent need for methodologies that can decode the
microstructural impacts on mechanical properties to aid in the refinement of ZAM alloy designs. This study introduces a
novel integrated method that combines finite element simulation (FEM) and deep learning via convolutional neural
networks (CNN) to shed light on the interplay between microstructural heterogeneity and ductility in extruded ZAM alloy
wires. A specialized machine learning (ML) model—a UNet-based CNN architecture with a ResNet-34 backbone—has
been meticulously trained on an extensive dataset of extruded ZAM microstructures. This dataset encompasses over eight
hundred unique image patches and has achieved an impressive accuracy rate exceeding 93%. The model performs
semantic segmentation on various phases within more than 350 images, deriving key morphological attributes, including
phase fraction, aspect ratio, and inclination. A dataframe is compiled and continuously updated with segmentation and
morphological features derived from each image. Furthermore, a custom-developed meshing algorithm simultaneously
transforms the ML model's segmentation results into a batch file compatible with ABAQUS for further FEM analysis.
The maximum effective strain value—a marker of the material's ductility—is then extracted at the conclusion of each
simulation and added to the dataframe. This enriched dataset offers the potential to train diverse neural network models to
forge strong correlations between morphological characteristics and ductility predictions, thereby enhancing the body of

knowledge and development strategies for ZAM alloys.

Keywords: Zn-Al-Mg alloy, Microstructural heterogeneity, Image segmentation, Deep learning, Finite
element simulation
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process-structure-property relationships
J. W. Kang, H. H. Kim, J. H. Kim, S. H. Kang

Development of a deep learning-based method for establishing
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Effect of Fe and Al addition on microstructure Cu-Zn alloy

J.-W. Bang, D. Kim, G.-S. Cho, M.-J. Kim

Abstract

Brass alloys (Cu-Zn) are extensively utilized in various industrial applications due to their superior
properties. These alloys are tailored by controlling the alloying elements to enhance mechanical properties
such as hardness, strength, and corrosion resistance. Despite ongoing research to identify the most effective
alloying elements for improving brass alloys' mechanical properties, there is still progress to be made,
especially for their widespread use in automotive and electronics industries. This study investigated the
variances in microstructure and mechanical properties of brass alloys with varying amounts of Fe and Al
additions. Thermodynamic calculation was conducted to analyze the effect of Fe and Al addition in brass
alloy. From EBSD analysis, it was confirmed that the fraction of o phase and B phase is significantly affected
by the amount of Fe and Al addition. Increasing the content of Fe and Al influences a rise in hardness. To
improve the mechanical property of brass alloy, the amount of Fe and Al addition should be carefully
considered.

Keywords: Brass alloy, Alloying element, Hardness, Microstructure
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Finite element simulation of ductile fracture mechanisms in
AlSi10Mg processed by laser powder bed fusion

Xuan Minh Nguyen?, Dang Hoang Cong?, Minh Tien Tran?, A Ra Jo?, Sun-Kwang Hwang?, and
Dong-Kyu Kim?® *

Abstract

This study investigated the effect of Si phase morphology on the ductile fracture mechanisms in AlSi10Mg
processed by laser powder bed fusion (LPBF) using an experimental numerical approach. The in-situ
scanning electron microscopy (SEM) measurement was conducted to observe the deformation behavior
during uniaxial tension. Then, finite element analysis employing a microstructure-based model via
representative volume elements (RVE) was carried out. Results reveal that the deformation heterogeneity in
LPBF AISi10Mg obtained from the digital image correlation (DIC) analysis of in-situ SEM measurement
results is accurately captured by the simulation. This enables further exploration of the effect of the Si phase
morphology on the ductile failure mechanisms in LPBF AlSi1l0Mg. Depending on the Si phase morphology
characterized by coarse melt pool (CMP), fine melt pool (FMP) and heat affected zone (HAZ), the ductile
fracture mechanisms classified by the strain localization in Al matrix, Si cracking and Al/Si interface
decohesion in LPBF AISi10Mg are well discussed.

Keywords: AISil0Mg, Laser powder bed fusion, Finite Element, Strain partitioning, Ductile fracture

mechanism
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Evaluation of anisotropic fracture in AA1050-O sheet using
Hosford Coulomb fracture model with CQN plasticity model

Aishwary Gupta', Yong Hou?, Myoung-Gyu Lee!

Abstract

Uncoupled ductile fracture models have gained popularity for accurate prediction of fracture in ductile
metallic sheets due to their ease of implementation. Accurate description of anisotropic fracture behavior is an
active research field for sheet metal forming. In the present study, Hosford-Coulomb fracture model has been
evaluated for an O-tempered aluminum alloy (AA1050-0) sheet. The plastic anisotropy is modeled with CQN
non quadratic plasticity model. To verify the models, experiments are conducted for a 1.2 mm thick AA1050-
O sheet under various loading conditions, such as uniaxial tension, in-plane shear, and plane strain tension at
room temperature. For evaluating the anisotropic ductile fracture, tensile tests are carried out in 15° intervals
to the rolling direction using digital image correlation technique. The predicted fracture limit strains by
Hosford-Coulomb model with CQN plasticity and with Hill-48 plasticity are compared with experimental

results to evaluate the accuracy of these models.

Keywords: Ductile fracture, Stress triaxiality, Lode angle, Uncoupled damage model, anisotropy

1. Seoul National University
2. Technical University Dortmund
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Utilizing Machine Learning to Determine AHSS Springback
Compensation Parameters Considering Material Properties
Variations

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

Abstract

Accurate prediction of springback values and determine the compensation strokes are imperative in the
cold forming process of Advanced High Strength Steel (AHSS). HoSwever, the inherent challenges in AHSS
fabrication arise from notable variations in material properties influenced by process parameters. This study
addresses the impact of material variation in AHSS and strives to enhance the efficiency of springback
prediction through a synergistic application of Finite Element (FE) analysis and machine learning methods.
Initially, an accurate FE model was developed using LS-DYNA software, incorporating the YU kinematic
hardening model to capture the Bauschinger effect. The material variation effect was accounted for by fine-
tuning YU parameters to accurately reflect variations in material properties. Based on the FE simulation
results, machine learning models were trained to predict compensation strokes. The accuracy of the machine
learning model was evaluated in detail by FE simulation results and experimental data. This integrated
approach not only considers the material variations in AHSS but also leverages both FE analysis and
machine learning to provide a more robust and efficient springback compensation methodology.

Keywords: Springback, Machine learning, Finite Element, Material variation.
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A new failure criterion for predicting forming limit of composite
metal foils

L. H. Zheng, J. W. Yoon

Abstract

To design robust and reliable micro forming processes for composite metal foils, it is crucial to accurately
forecast their forming limit under various strain paths. To date, however, there are few criteria that can
effectively predict the forming limit of composite metal foils influenced by size effect. To solve this problem,
a new uncoupled failure criterion is developed in this study, which considers the effects of interfacial layer,
free surface roughening, grain size and strain path of heterogeneous materials, based on the deformation
characteristic and failure mechanism of composite metal foils. Subsequently, it is presented the methodology
for calculating the material constants of the proposed failure model. Additionally, the experimental forming
limit strains of Ni/Cu clad foils with various grain sizes are utilized to show the prediction capability of the
proposed model. To further confirm the application capability of the new failure criterion in practical micro
forming, the finite element method incorporating the proposed criterion is employed to predict the failure
behavior of Ni/Cu clad foil micro-channels in rubber pad forming. Comparisons indicate that the proposed
model can accurately capture the forming limit of the composite metal foils influenced by size effect. This
work provides a new scientific basis for determining the forming limit of composite metal foils.

Keywords: Composite metal foil, forming limit, ductile failure criterion, free surface roughening, interfacial
layer effect, size effect
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A Study on the Influence of RPM on Microstructural
Inhomogeneity and Mechanical Properties of Friction Stir Processed
AA5083 Sheets

Preetham Alluril, Aman Gupta?!, Tae-Hyeon Yoo?, Shi-Hoon Choi*
Abstract

In the present investigation, AA5083 (Aluminum Alloy) sheet was subjected to friction stir processing (FSP) at two
different tool rotation speeds, i.e., 800 and 1200 RPM (rotations per minute). Electron backscattered diffraction (EBSD)
results revealed a grain transition from approximately 19 um in the base metal (BM) to around 2 um in the stir zone
(SZ) of the FSPed samples; however, the grain size (GS) was relatively higher for the 1200 RPM sample. EBSD data
was used to understand the softening behavior in the SZ and the thermo-mechanically affected zone (TMAZ).
Additionally, the advancing side (AS) and retracting side (RS) regions were also considered for microstructural
comparison. A heterogeneous microstructure evolved in the thickness direction from surface to bottom, and similar
inhomogeneity was observed from the AS to RS region. The 800 RPM sample exhibited higher kernel average
misorientation (KAM) and geometrically necessary dislocations (GNDs) than the 1200 RPM sample in all regions.
The occurrence of dynamic recrystallization (DRX) in both FSPed samples caused softening in the SZ and nearby
regions. A fine and uniform equiaxed microstructure in the SZ inferred the occurrence of continuous dynamic
recrystallization (CDRX) phenomenon. Dynamic recovery (DRV) and formation of subgrain structure were observed
in TMAZ. The 800 RPM sample exhibited higher micro-hardness than the 1200 RPM sample. The tensile test results
showed improved yield strength, tensile strength, and ductility after FSP treatment on the BM. A higher strength in

the 800 RPM sample than other conditions was explained in terms of hardening mechanisms.

Keywords: AA5083, EBSD, FSP, CDRX, DRV, mechanical properties.

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



Mesoscale defect dynamics model for plasticity
in nano-architectured metals

1l Ryu?

Abstract

Nano-architectected metals can exploit the combination of resilient architecture with size-dependent
enhanced properties at nanoscale to achieve exceptional mechanical performance. To obtain a mechanistic
understanding of plastic deformation in these materials requires an integrated computational model which can
capture the relation between the dislocation microstructure characteristics and the macroscopic mechanical
response. Recently, we have developed a mesoscale defect dynamics model to concurrently couple
dislocation dynamics (DD) modeling with finite element method (FEM). The DD simulation could keep track
of dynamic motion of dislocations and computer the accompanying plastic strain, while FEM simulation
solves for the stress field to satisfy the equilibrium condition. By integrating these, our model could provide a
unique opportunity to investigate fundamental deformation mechanism based on dislocation plasticity and
corresponding macroscopic mechanical response. In this study, mechanical response in nano-architected
metals has been explored both macroscopic properties and microscopic defect mechanisms. The model shows
architected structures could exhibit increasing strength with decreasing unit cell size, which agrees with
experimental observations. Closer examination at the dislocation microstructure shows plasticity is localized
at the structures’ nodes due to high stress concentration. In addition, we employ a dislocation-based damage
model using the developed multiscale defect dynamics model. In contrast to continuum based
phenomenological models, our model could provide a unique opportunity to investigate detailed dynamic
evolution of microstructure. Especially, the collective motion of dislocations could be correlated with the
macroscopic damage behavior of the materials in various loading conditions and extreme environments.

1. Department of Materials Science and Engineering, Seoul National University, South Korea



The Plastic Deformation Mechanisms in 316L stainless steel at
4.2 K: A Multiscale Plasticity Analysis

M. Ishtiag?, Y. K. Kim?, S. Tiwari, Y. S. Na%, J. B. Seol®>”

Abstract

Investigating the plastic deformation behavior of 316L stainless steel at extreme cryogenic temperatures is
crucial for advancing the storage and transportation of future fuels like hydrogen. While stainless steels are
favored for their strength and corrosion resistance, their performance at 4.2 K remains poorly understood.
The aim of this study is to enhance the understanding of plastic deformation mechanisms of 316L stainless
steel tensile deformed at a liquid helium temperature of 4.2 K, a crucial temperature range relevant to
hydrogen storage and transportation applications. We observed substantial enhancements in yield strength,
ultimate tensile strength, and elongation at 4.2 when compared with higher temperatures, such as liquid
nitrogen (77 K) and room (298 K) temperature. These enhanced mechanical properties are attributed to
serrated induced plasticity. Through advanced microscopy techniques, including SEM, EBSD, and TEM, we
aim to elucidate the nanoscale microstructural features driving these plastic deformation mechanisms.

Keywords: 316L Stainless Steel, Plastic Deformation, 4.2 K, Nanoscale Microstructural Analysis

1. PhD Student, Department of Materials Engineering and Convergence Technology, Gyeongsang National University,
Jinju 52828, Republic of Korea

2. Researcher, Korea Institute of Materials Science (KIMS), Changwon 51508, Republic of Korea

3. Researcher, Department of Materials Engineering and Convergence Technology, Gyeongsang National University,
Jinju 52828, Republic of Korea

4. Professor, Korea Institute of Materials Science (KIMS), Changwon 51508, Republic of Korea

5. Associate Professor, Department of Materials Engineering and Convergence Technology, Gyeongsang National
University, Jinju 52828, Republic of Korea, E-mail: jb.seol@gnu.ac.kr



Enhanced High-Temperature Plasticity while Maintaining
Strength in Modified Cobalt Nickel-Based Superalloy

S. Tiwarit, H. J. bae?, M. Ishtiag® W. H. Jo*, C. H. Lee®, J. E. Jung®, J. B. Seol™"

Abstract

This study used a compositionally modified conventional Ni-based IN738LC superalloy, reducing costly
Co content and increasing more economical Mo content. This modification yielded a higher density of y'
precipitates with uniform distribution than the conventional alloy, resulting in a twofold increase in high-
temperature (750°C) tensile elongation while maintaining similar strength levels (~1.1 GPa). The improved
ductility of the modified alloy was primarily attributed to a transition in the deformation mechanism from
multiple intersecting slip bands to unidirectional microtwins, emphasizing enhanced plasticity. The
augmented Mo and diminished Co content facilitated coherent y' precipitate formation in the annealed state
and a high density of microtwins in the deformed state. This led to stress delocalization and improved
plasticity, concurrently maintaining strength. These findings show significant inferences for developing cost-
effective superalloys with enhanced mechanical properties for high-temperature applications.

Keywords: IN738LC alloy, Mechanical properties, Microstructural modifications, High-temperature
applications

1. Researcher, Department of Aerospace Systems Research Center, Gyeongsang National University, Jinju 52828,
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4. Student, Department of Materials Engineering and Convergence Technology, Gyeongsang National University, Jinju
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Deep Learning-Based Analysis of Indentation Test Data for
Predicting Material Properties

S.E.An,Y.Kim, Y. S.Oh, J. H. Kim, H. W. Lee

Abstract
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Development of a Forming Limit Diagram Prediction System
based on Crystalline Texture using 3D Residual Network

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

Abstract
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Assessment of forming limit diagrams for ultra-thin CP-Ti
sheets: Non-standard specimen design using FE simulations

K. J. Kim, C. Y. Kim, K. M. Min, J. H. Kim, H. J. Bong
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Finite element simulation of steel plate deformation after hot

rolling and cooling

J. M. Koo, K. M. Min, S.Y. Jo, S.C. Lee, J.H.Kim M.G. Lee
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Prediction of tensile strength after multi-axial pipe forming

processes using a distortional hardening model

S. W. Kim, S. H. Choi, S. C. Kang, M. G. Lee
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Finite Element Analysis of Welded Ball Stud
Manufacturing Process

Y.S.Yoon, J. H. Lee, S. Y. Lee, K. H. Lee

Abstract
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FE Analysis of Induction Heating, Quenching and Tempering
Processes for Cold-Rolled Sheet Metal

H. C. Lim, C. H. Choi, S. H. Chun, B. J. Choi

Abstract
This study was conducted to interpret the heat treatment processes of cold-rolled steel sheets. The heat

treatment process consists of induction heating, oil quenching, and tempering processes. The materials used
in this study were cold-rolled steel sheets of three types: STC82M, SM45C, and SCM415.

The induction heating process is divided into two stages: the preheating stage (LF process) and the main
heating stage (TF process). In this study, research was conducted on the input parameters of the induction
heating equipment for each process to derive the optimal heating conditions that satisfy the target temperature.

Following the induction heating process, research was conducted on the exposure time in the air and the
heat transfer coefficient between the oil and the material during the quenching process to derive the cooling
process that can obtain martensitic steel plates. Additionally, tempering process analysis was conducted to
predict the hardness variation of martensite according to the holding temperature and duration in the

tempering process.

Keywords: FEM, Cold-Rolled Sheet Metal, Induction Heating, Quenching, Tempering
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Simulation technology for metal forming of solid mesh using the
PAM-STAMP program

I.S.Oh

Abstract

Currently, simulation technology is rapidly advancing in various fields including automotive, electronics, machinery,
and aerospace. Many companies are already engaged in the 'Hybrid twin (digital twin)' project, aiming to fully simulate
real-world phenomena. In the domain of metal forming processes, Shell elements have been predominantly utilized,
partly to enhance the efficiency of simulation equipment. However, limitations have been encountered in representing
bulk shapes such as plates, molds, and wires, underscoring the growing need for simulation accuracy. With the progress
in simulation technology and the enhancement of simulation equipment performance, phenomena previously deemed
impossible to simulate are now within reach. This study encompasses case studies and technological trends in metal
forming simulations using PAM-STAMP, with a specific focus on sharing insights into simulations extending to various

processes and materials leveraging solid mesh.

Keywords: Pam-Stamp, solid mesh, forming simulation, press process, metal forming
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Analysis of Bending and Springback of Metal-Polymer-Metal
Sandwich Laminates

J. S. Park, K. H. Jung, J. H. Kim

Abstract

There are growing need for sandwich laminates for the weight reduction and vibration damping of vehicles.
Sandwich laminates exhibit complex bending and springback behavior due to the differences in properties
between the skin and the core materials. We performed several experiments to simulate the properties of
materials composing the sandwich laminates. Through the loading-unloading test and stress relaxation test,
we considered the change in the elastic modulus and viscoelasticity in each material. Additionally, various
bending experiments and FEA were conducted to be compared in bending, springback behavior, and
simulation methods. While a simple composite shell is effective for the prediction of bending loads, the
results indicated that simulation methods excluding solid core elements did not accurately predict the
thickness variation and the shear deformation of the core. Furthermore, it was observed that considering the
viscoelasticity of the core material leads to a more accurate prediction of springback.

Keywords: Springback, Sandwich Laminates, Viscoelasticity, Finite Element Analysis, Simulation Methods
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FEATROM: A Computer Software for Finite Element Analysis
of a Total Rolling Mill

S. M. Hwang

Abstract

For process setup and control in a rolling mill to enhance product quality and productivity, it is imperative
to acquire a capability for accurate prediction of the thermo-mechanical and metallurgical behaviors of the
strips and plates throughout their being processed on the entire production line. The behaviors are inherently
transient, three dimensional, and intertwined with each other, rendering it indispensible to develop a
complete system on the basis of a state of the art FEM or FDM. However, considering the enormous number
of elements and very small time step size to be adopted, it is not diffcult to draw a conclusion that such a
complete system is impractical. In this paper, we present a novel FEM based computer software, FEATROM,
which resembles a complete system in light of the prediction accuracy but takes much smaller computation
time, often less than the real time required for actual processing in the mill. Demonstrated are evolution of
temperature, strip profile, residual stresses, and phase transformation in the strips and plates obtained from
FEATROM as applied to processing occurring in an actual mill. Discussions are given regarding new
perspective it will shed on mill setup and control and on developing a new product.

Keywords: Flat Rolling, Temperature, Strip Profile, Residual Stresses, Phase Transformation, FEATROM
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Comparison of the Performance of Machine Learning Models
for Predicting Rolling Force in Final Pass of H-beam Rolling

S. G. Kim, H. S. Jung, C. H. Wee, J. E. Lee, K. H. Seo, Y. S. Lee

Abstract
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Prediction of dynamic material spread for real-time diagnosis of
mass flow in continuous rolling process
G. H.Nam, D. Lee, Y. Lee
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Analysis of Microstructural Evolution Behaviors and
Deformation Mechanism of Hot-Rolled Ti-5Mo-xFe Alloys

H. M. Kim, D. G. Lee

Abstract
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Keywords: Metastable beta Ti-5Mo-xFe alloys, Fe content, thermomechanical processing, deformation
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Strong yet strain-hardenable equiatomic CoCrFeMnNi alloys by
hot rolling-induced dynamic heterostructuring

J. Lee, H. Park, S. Son, H. S. Kim

Abstract

Heterostructuring gives solutions to achieve better mechanical performance of metallic materials. For
instance, partial static recrystallization by short-term annealing induces bimodal grain size distribution.
Distinct from the well-studied ‘static heterostructuring’ by cold rolling followed by annealing, this study
introduces ‘dynamic heterostructuring’ by hot rolling. Dynamic recrystallization (DRX) during the hot rolling
as a softening mechanism leaves room for dislocation accumulation. With the expectations of enhanced strain
hardening of the as-rolled materials with the aid of the DRX, we monitored tensile responses of the as-hot-
rolled equiatomic CoCrFeMnNi high-entropy alloys (HEAs). Among the hot rolling temperatures from
800 °C to 900 °C with a thickness reduction ratio of 78.6% for the HEAS, the hot rolling at 850 °C results in a
bimodal grain size distribution, i.e., partial DRX. It comprises relatively fine DRXed grains and coarse
unrecrystallized grains: the latter is harder than the DRXed ones with relatively low dislocation density. The
microstructural heterogeneity results in uniform elongation of ~13% due to the accumulation of dislocations
at the grain boundaries inside the soft DRXed grains. This endows the as-hot-rolled single-phase HEAs with
strain hardenability without the aid of phase transformation, deformation twinning, or precipitates. In addition,
the hot-rolled HEAs with high dislocation density have doubled yield stresses of those of conventionally
cold-rolled and annealed counterparts. Considering the industrial benefits of the simplified thermo-
mechanical control processes, this work extends the academic and practical value of DRX by dynamic
heterostructuring through annealing-free hot-rolling.

Keywords: Dynamic recrystallization, hot rolling, grain boundary, mechanical properties, dislocation
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Magnetocaloric Effect of Pure Gadolinium Severely Deformed
by Drawing Process: A Microstructural Effect Study

Hadiseh Esmaeilpoor !, Da Seul Shin?, Kwang Seok Lee® and Jeoung Han Kim#

Abstract

Magnetic refrigeration emerges as a promising cooling technology rooted in the principles of the giant magnetocaloric
effect (MCE), offering a temperature range spanning from ultra-low to those conventionally employed in household
refrigerators. This effect, a magneto-thermodynamic phenomenon, prompts temperature change in magnetic materials
upon alterations in applied magnetic fields. Rare earth (RE) metals such as Erbium (Er), Dysprosium (Dy), Terbium (Tb),
and Gadolinium (Gd) exhibit pronounced MCE behaviors. Among these, Gadolinium, recognized as a classical
ferromagnet, uniquely showcases magnetic ordering near ambient temperature, attributed to its curie temperature (T¢)
approximately at 293 K (20 <) and notable MCE under moderate magnetic fields. Consequently, Gadolinium serves as a
reference point for comparing the magnetic and thermodynamic characteristics of magnetocaloric materials. To optimize
heat transfer efficiency within the fluid, magnetic materials utilized in magnetic cooling systems necessitate shaping into
tailored geometries like plates, wires, or rods. Consequently, severe plastic deformation (SPD), such as rolling, drawing,
etc., finds widespread application in the production of innovative functional materials. However, it is important to
highlight that the strain hardening resulting from plastic deformation could impact the magnetocaloric properties of well-
studied bulk materials. Despite researchers conducting thorough investigations, the precise correlation between
microstructural alterations caused by plastic deformation and their impact on the magnetocaloric effect remains uncertain.
In this study, we aimed to establish a correlation between changes in the MCE and microstructural characteristics in
various forms of 99% pure Gd alloys. Our results unveiled novel microstructural features, characterized by lenticular-
shaped morphology and Widmanstatten laths within the matrix, which we termed the "Widmanstatten-like phase”. Our
findings indicated that these phases, exhibiting a face-centered cubic (FCC) crystal structure with a lattice parameter of
5.14 A and a specific orientation relationship (OR) with the hexagonal close-packed (HCP) crystal structure of the Gd
matrix, correspond to gadolinium hydrides (GdHx). Furthermore, we demonstrated that the presence of these
Widmanstatten-like hydrides significantly enhances the MCE of deformed samples through heat treatment which

thoroughly discussed in this study.



Keywords: Rare earth metals; Gadolinium hydride; magnetocalorimetric effect (MCE); Magnetic
refrigeration, sever plastic deformation
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Study on Yield Improvement of Drawing Process for Aluminum
Valve Spools Considering Residual Stress and Microstructure

W. S. Yang, K. M. Kwak, W. Y. Choi, M. J. Kim. S. Y. Yang, K. S. Lee

Abstract

In this study, the microstructure, residual stress, and mechanical properties were analyzed at various
reduction ratios of drawn aluminum rods to enhance the cold drawing process for manufacturing aluminum
valve spools used in hybrid vehicle automatic transmission. Using the finite element method, the effects of
die angle and reduction ratio were investigated. The results indicated the possibility of implementing a
continuous drawing process. Tensile tests were conducted to determine reduction ratio conditions that satisfy
the required yield strength. With respect to microstructure and residual stress analysis, effect of plastic
deformation was analyzed at different reduction ratio. Based on the results, process improvements were

implemented, leading to cost savings.

Keywords: Cold drawing process, Finite elements method, Aluminum, Residual stress, Microstructure
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Research for the Determination of Forming Limits by Fracture
in Sheet Metal Forming of Ultra High Strength Steel

K. J. Kim, S. C. Yoon, Y, J. J. Hwa, J. S. Hyun, Y. D. Jung, G. J. Shin, J. H. Park, M. G. Lee

Abstract

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

fracture initiation in Ultra high strength steels with good accuracy.

Keywords: Ultra High Strength Steel, Fracture, Necking, Finite Element Method, Forming Limit Diagram
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A study on the influence of heat treatment and Cu addition on
microstructure and electrochemical behavior of Al-Mg-Si alloys

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

Cho
Abstract
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Optimal Design of Automotive Inner Tie Rod using a DNN-
Based Finite Element Surrogate Model

D. Han, H. K. Kim, S. Kim

Abstract

The inner tie rod is a joint component that connects to the rack, knuckle, and others, playing the role of
transmitting the steering load to the wheel. It is manufactured through a cold press forging process. The
rotational torque of the inner tie rod is determined by the press distance, which affects the steering feel and
durability aspects. If the rotational torque of the inner tie rod is too high, it can lead to early wear and tear or
damage to the component. Conversely, if it is too low, there is a potential for vibration and noise due to
looseness. Therefore, in this study, a DNN-based FE surrogate model development was conducted to find the
optimal design parameters and process distance that satisfy the required torque. Initially, a finite element
model of the inner tie rod was created, and a surrogate model was trained based on the dataset obtained from
finite element analysis conducted within the range of parameters. The model was improved through Bayesian
optimization and k-fold cross-validation. Subsequently, predictive values were obtained for one million
datasets within the range of frame design parameters using the trained model. Based on this, design
parameters that satisfy the required torque while minimizing weight were derived. As a result, it is expected
that the optimal parameters satisfying the required torque and lightweighting for the tie rod can be effectively

derived in the process of new car development, accelerating the design process.

Keywords: Tie Rod, Deep Neural Network, Finite Element Analysis, Surrogate Model
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A Study on the Variation of Material Free Surface Profile
according to Asymmetric Roll Arrangement in Groove Rolling

S. E. Lee!, D. Lee!, Y. Lee”
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A study on aluminum trepozoidal wire drawing for increase the
fill factor of overhead distribution lines

J. S. Song, K. T. Youn, J. K. Choi

Abstract
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A study on the variation of metal flow in the final pass of H-
beam rolling according to process conditions and size

K. T. Kim, H. S. Jung, H. K. Mun, C. H. Wei, K. H. Seo, Y. Lee

Abstract
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Investigation of Microstructural Development Behavior of
Metastable Beta Titanium Alloy by Hot Forging Process
Parameters

l. K. Jint, J. G. Leel, VY. J. Lee!, D. G. Leet!

Abstract
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Finite Element Analysis of Actuator Housing Components
for Electric Vehicle Differentials

S.G. Lee, C. M. Song, Z. Y. Lee, J. H. Jang, S. M. Jang, J. G. Eom, M. S. Joun

Abstract
Actuator housing parts are components that make up the differential system inside the transfer case of
hybrid or electric SUVs and pickup trucks. These parts were previously manufactured through casting and
various machining processes. In this study, however, the process development was conducted using plate
forging method. Additionally, elastoplastic finite element analysis was performed to verify the design of the
actuator housing forging process.
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< Restriking > < 1strough machining > < 2" rough machining > < Notching & Piercing > < CAM Piercing >

Fig. 1 Simulation results of the development process (Effective strain)
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Process Simulation of Lightweight Aluminum Bushing
for Automotive Suspension System

J. W. Lee, M. S. Jung, S. M. Jang, H. K. Moon, M. S. Joun

Abstract
The automobile market is pursuing many changes toward eco-friendly vehicles. In general, bushings of
current internal combustion engine vehicles are made of steel. Many parts are being replaced with aluminum
to make vehicles lighter. The bushing parts has been formed using a total of 12 plates so far, but in this study,
the new process development was carried out using an 8-stage process with an aluminum pipe-shaped
material. In the process of die development, theoretical verification was conducted through elastoplastic
finite element analysis.

Keywords: Finite Element Analysis (3F2.43]4]), Aluminum Bushing (&5 "5 4-7J), Suspension
System (& 7}43])

1. B

71Ee] W71 Ap=Fe] H2d(Bushing) 32 dubA o ® ~ElR Aztwo] gt Apsak A 184
AEAz A B2 Wss Feta Jon, B REEe dFnwor Az ot wEka 7)Ee]
292 AFEE B FES 4T golXE & S WAsH AN Bk oy A A
st7t 7hsstth ol @Alet Mo AEAk Al sEel Fakerial & 5 9l

7144 (Suspension system) F-4-2 2FFHEQ0 AEEZE < (Control arm), *ﬂ}t‘]?/} 1A (Stabilizer), & =
Q1E(Ball joint), E}e] Z=(Tie rod), ¥ wl&E(Damper mount), 1%l v}&-E(Engine mount) 5 thbet 4
QAhEe] AZAR F2 ARET XE, 29, B T4 T8 F9Fe d7PEA 9 dARE T SR

I Axzegol digte] gAad fFasdlds sy, 2).

2. HIIEAIE TNy RFHEES O 3T fetesdy
71E] 12 @ Bux FHOR

A4
ekl 71 A&, w4E, E-mail: msjoun@gnu.ac.kr
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< Initial > < 1t expanding > < 2" expanding > <3 expanding > < 18t shrinking >
< 2" shrinking > < Forming > < Restriking > < Piercing >

Fig. 1 Predictions of the forging process (Effective strain)

o] A FTAaWA Y Y ( AN E: $3364105, HE7 ¢ TAVIG7EHRATY)
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. G. Park, J. S. Lee. S. M. Jang, M. S. Joun, 2023, Elastoplastic finite element analysis of a plate forging process of
a high-strength raceway bearing part, Proc. Kor. Soc. Tech. Plast. Conf., pp.158-159.
[2] N. A. Razali, S. H. Chung, W. J. Chung, M. S. Joun, 2022, Implicit Elastoplastic Finite Element Analysis of Tube-
bending with an emphasis on Springback Prediction, Int. J. Adv. Manuf. Technol., Vol.120, pp.6377-6391,
https://doi.org/10.1007/s00170-022-09073-8.
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Elastoplastic Finite Element Simulation of Progressive Process

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

Abstract
The progressive process is one of the press forming methods that sequentially transfers a workpiece
through many forming processes and performs continuous operations. The progressive process is a forming
method that can improve product quality. Compared to production in the existing simple press process, the
progressive process can be automated and can stably increase production. In this study, the progressive
process of wheel hub bearing seal parts for vehicles was simulated using elastoplastic finite element analysis.

Keywords: Elastoplastic Finite Element Analysis (§F44 -3t 2 4~3l4]), Progressive Process (Z 21|
A1 B F7), Driving Device (- &), Wheel Hub Bearing (2 32 1), Seal (%)

1. MB
Z 3|8 H|o] ¥ (Wheel hub bearing)> #5275 7] (Driving device)2] A F-3% Fol 3slfolt}. B
HE oy A FEF 15 QA9 H(Lip)@ a5 A2 < F(outer plate/insert) 2t UlH(inner plate/flinger)
o] A% TEE FHH woyoR {FYHE oEHS WHu s FAS wxFoEn dde T3
T 289 Fu3E HHoR g

A S delmy W PF el FY Aol nF BYo] YYPOR 7Y AN F4e A
Lipel 92 AREe] 2 G2 vAch web] @ Hu woly A RE W wloj W RE FA
o A3 olti1l. 1 e FHel A JYol AA @ AFLOR AZTH vhstel

2. 8 32 HOEE 4 BF2 3 A=d0o|M
71E9 & 5B wojy A REGFE 2 AZ: JIS G3141 SPCC-S)L HF FAFHQl SwolM #3 7Y
o] PFifo] FAMSE 2 FEEAZ Q] FAH TAZF LA, o5 MAEY] st T3 A
HAES T3l dYFAAE AAsith
2 H oy A FEo] AYFge 13 43,23 4, Io, ETYY F 4T 342
2 o] Hm, NS 1, 2 2 AF FAANA AF AP APH R At a3 EAE 799 2
1. @ERigels 7|EAF 4, ATEE
2. AP Z A T=dTa, AdATY
# WAL A h ot 7] Al s, 14, E-mail: msjoun@gnu.ac.kr
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oA ERbEel 23 59 Wabel Z1E AA wa AdE AL d & 5 Ut
3. z&

of AL B Fn woly AYRE Ae] FAH FAZ A% 34 % 7Y ANS skl 2 &
3 FHel e Aggoy F4 ANl

(a) Before (b) After
Fig. 1 Comparison of simulation results before and after improvement (Effective strain)
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CNN Based Nut Defect Inspection Algorithm
Using Polarization Camera

J. Yoon, S.Yi, S. Hong

Abstract

AEak ArdelA UE Axk Al ket 344 aclel wet YE Eo] Bt &% &
e F4 fEld Ao, 7E AE AP A9AY AAxd 9 vRee] ne &
F AE A8t dASA §aL, o2 Qs Az B g EAlZF A o]o] =l v
71EE ol &% AsstE A B Al2HE TEst QS AT R ES And &
AE AT A w3 gk wepA] B =EelAls Ha sl olwx] A 1elal H
IEE &83td, BF H1E AFEE A HAlgd7Iv HE B9 dE daugss At
ek | ghvete] Ab&o] B HEd advh dvke RS gQlsty] A8 W WAL e
& YEZ giaoz Ade st nn d3E Agsgon, AF s B AE A
STt 747%=E AbdE FhdEr div] 21.6% ESS st ol % AF3e Fds flE B
¥ & F=3F= ROI (Region of Interest) 9 #1743, BZ o3 845 Qlois w=ol= AA 2 o
etsl2 23sE flattening ©l P X A S s o, original ©]W] A oH] wxEk A g

flattening Al ol 4] 25.3% A& =7} AT 712 Intensity, Direction of Polarization 2 DoLP

(Degree of Linear Polarization) 37}4] 33 IHE &3 % A& AL E vlustglon, ojul]

Axe] @Al A 37k4] W e A& Al HA 15%A Hof 28.8%7HA] A vt 7 H A

th & =wol A Atk daEls YERT ofyel W viALRE Q1e FA7F st v
A

‘_.
- =
A~ Y 3L 5 2=
T4 FEFE 483 4
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A study on optimal upsetting conditions and mold design for

large hot forged products using AISI 4340 material

J.W. Jeon, S. Y. O, J. S. Park, S. W. Seo

Abstract
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Robot-based Automation of OCR Resin Dispensing and
Molding Process for Manufacturing Transparent Signage
Displays

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

Abstract

o Az ool Bl AR & T ol FHe AR d9s st g 2
°of FHE FH e "HiaFeol AllUAZE S8 vk £ HAEEe] Aelux| e 4g-
W fred7)wel LEDAA} ool Fez R Hol glo] 4% BIGANE FHRL F
#)5}7] 918kl OCR(Optically Clear Resin) S &-&3&to] 3714l & 4ol Z3dth OCR &4 2
A% AR fEadol QY] wEel, A ELL FU] sl OaAY kol ¥ HE 5F
4 AAES FYSA fASE Aol T, Al B B ok} By o))
A FAgor AP glol W /X, AF kold o T FA Al wAT & vk
& AgelM= ol OCR =X A &9 4R ofF ¥4 2is Eshs 29 ¥
4 A Agtata, oo e HiEN= 213G gl take] 2Askuxt Fhk.

Keywords: Optically clear resin(OCR), Robot automation, Dispensing, Molding, Loading/unloading process
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Simulation of Coupled Forming-Structural Analysis
Considering Press Elastic Deformation
H. W. Kang, Y. J. Choi, D. O. Kim
Abstract
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Evaluation method of fracture strength in dissimilar material
joints connected by FDS

D.H. Park, J.Y. Jung, D.G Kim, M. Kim, S.H. Kim, J.H. Song

Abstract

H gt wel A AR R IBHAEAE] Fart Srkeka vk wekA Abs At
o] FAE FolWA zFe] FE <hHAe] Fry AFaAE AAS] i g 23
o] F ATt ARG HETE o]F AT AR = AHA FFol SUEHEA o]F A 3T
7HE A7F DA AEelth 3o SdEAS Hrlelr] fsiAE e sksd 2ol
A Sl RS AQste] HdskTo] ZEats HFH-E EARoF )

B =idAs 2 FAe S5 Al AR Agste Hdstsd o A EE 574
7] flal FHsksa Wakge] v&e] dAA FAEE A2E AT ARE A1l
FDS= 717414 Fjte] ¢bm ¥ o]FaA Al@HS “Asto] Cross-tension 3 Lap-shear B3-S %
gato] H54S Frlekdvh 28 F3e s RHES A&kl Al oA FDSE 74
A ATE o)FTaA A AFAARE Z mAE e BaE 7yl g Al

Keywords: FDS(Flow-Drill-Screw), Dissimilar material, Cross-tension test, Lap-shear test, Loading path
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Effect of HIP Process on Microstructures and Mechanical
Property of Haynes230 fabricated by Laser-Powder Bed Fusion

H. Lee?, D.-H. Kim?, J.-H. Sung?, K. Ahn?, G. Kim?B. Lee”

Abstract
L-PBF &4 F45E0S 104 ~ 10° Kis 2 W¥Z1sl7] ujio] F-33o] dAs ustk 4= glon E3)

Lack-of-fusion, Gas-entrapped-pore, 2 keyhole’s- T}Fat @@Eﬁ ol PL?’—FJL S A7) dET
uwle}A], Additive manufacturing (AM) S 2 #| %3t BEE2 - Hot isostatic pressing (HIP) 3-8 0.2 Z3 4
=S WAL 7 5E 7IAA BAS 35dth HIP 3782 aL2olx S 7Isiste] a4 734
el FAEE s ATS A 8 2ol ARSEAL glom Haynes230 $-2 1100 °CollA] 4A17F
A F ek o) gl o A Utk HE HIP 37 $oll= o] 7% Poreso] ALl A
Poreso] Xslste] o Ztigh porei Wb thal BarE s gty 2 AgelAE Ni 7] 2344 L
PBF= A|2}elolomn o] 9 HIP 348 Fa3Iolth HIP 374 Al 2k9f Al7HS: thedstr] sto] Algdas xﬂ

E
B g B aE QA :i—"« 3 AN B

2519 S Ake ul S Es3 A 545 gelslit oedk, A5H8F (build direction)t =%
ok Wt ek ko & Alkste] mAEA A atelg ERISIGIE 12 AXFAIEL 1093°CollA] 1.2x10°
st 9] strainrate2 FEIICE AGAH Ao} njM|zA 2] JAAAE EAI519

Keywords: L-PBF, Ni-based superalloy, Hot isostatic pressing, Recrystallization, MC
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Effect of Barrel Polishing on Microstructures and Mechanical
Property of Haynes230 fabricated by Laser-Powder Bed Fusion

H. Lee!, D.-H. Kim?, J.-H. Sung?, K. Ahn3, G. Kim?3, B. Lee*

Abstract
L-PBER A|2HE 2aA] 2 K322 10 mmRa0] AX FHEREES 7HAaL Q7] wiitol] T34 2 7FgAle] H]

aste] g o g whe A BAS XAl k. ¥HEE BAE WAE] Qe vkt AtrEe] A
A= o) AgAel R o7 28% AlglE AYEtt) Barrel k= AlEbe] MediaS o] 8-ato] A4 &

=

=

Z3} 37 wpkete] TAZXEE Rk WPHOE Media 270l Wit AW THEXEE zH= A 2
= AFo] 7hssitt 12, Barrel AAvbE-S L-PBFoll 4-8-% AMl7F 9lom tiH-E Micro-blasting -2
gato] AFkekar Stk & AgrellA= L-PBFR AIAEE Ni7| §-552 o]-8ste] Barrel ks 3513l o
7NAA 33 mAlEE] WskE EA8IelT: el F38HA 2kolE 913 Round type 7 Plat type & A%}
39 o™ Barrel AvE 98l Media 715 10 pm, 5 pm 2 me.= Z}

Wl 291817] 9)8) 3D scanerS o] &8tk 3l B 2%

gt % 4o

_‘EL

ARE A GBI 7t BAEE 3
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Keywords: L-PBF, Ni-based superalloy, Hot isostatic pressing, Recrystallization, MC
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Microstructure and Mechanical Properties of Inconel 706 Alloy
as a Function of annealing Time

H. S. Kang!, H. G. Kim?, Y. C. Sung?, J. G. Kim*

Abstract
Inconel 706 &< thEHQ XE43E daoz Alg dAg s AEd F 3 v,
"Oﬂ «1‘5“11 AL Aol walso] et s e Aow dyA vk 2y, Z7ZE A

AEAE 7 HARS wel vAzZ 2 sAdRste] hd At opH A mRE dA el
1:‘r. °l°ﬂ = Aol M= ALA L T SASE ARkl WE Inconel 706 WAl WA x=A I} 7
A S54ustsE dstsialnh. Ao or, 1A AdA e A s 7 52 A EE
UER 91 © M (RT: 1225.9 + 9.1 MPa, HT: 1091.1 + 11.0 MPa), 2417+ Al DA 2] Alf A= 7hg w2
AFA=E HIATKRT: 1077.518.6 MPa, HT: 8615 + 13.4 MPa). 1| AlZ2 ¥4 Ay}, AdH e A
Zbol dojgdel] whel a2 wmFol o3k 0 &&fol mE 28 das #ET 5+ A, ek

—_

|

rl

Al (v — m) BEETE EAske] A A AR 4 He AS EAAH & 23E
oll, n A Gl wE FuR A4 st 2 I Al whE I B89 Zelvt A
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Keywords: Inconel706, Heat treatment, Microstructure, Mechanical properties
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Shot-peening time effect on mechanical properties
of AISI 4340 steel for harmonic drive

Y. H. Jung, B. J. Kim, H. G. Kim, S. H. Kim, M. J. Baek, S. Y. Shin, S. G. Lee, D. J. Lee,
I. C. Choi, J. G. Kim

Abstract
A 54E A7) 98 ARe s 2uA Y] e Waes 4 ek AR Sl wek @
o] GEth, olo] R Aol A= AISI 4340 steel®] FF3 4 HA o] dis] Aatax Aue KE
¥]'d (shot-peening) AlFtel wh2 wAZ=F B A S4& EAEI A A, 2 AlRke] St
s Frrh S7rsksloy, v AYHA ¥ 230N M wE VA s melth o= v
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High-temperature oxidation resistance properties of Ti-6Al-4V
alloy manufactured by wire arc additive manufacturing

S. B. Kim, D.H. Kam, K. A. Lee

Abstract

Wire arc additive manufacturing( WAAM)2 =2 52k &% FHA4%e] A8 9], Ti 3
et FHAS Asel e A Zol e oHdS ATste] ¢S 54 A
= Axd= 793 7)otk B A E WAAMS o] &3t Ti-6Al-4V =S Alx3d)
A Uikt 548 Frkekelr. a2 WAksk 54 HU7HE 918 24413 E<F 700, 800, 900 %
1000°Ce] &%o| A G55 FA)(Thermal Gravimetric Analysis, TGA)S &ttt 1 A3},
= Z7kel wel WAAM built Ti-6Al-4V 52 1.64, 10.62, 24.84 2 4566 mg/cm?e] T HZ7=2
eRlth, Atsl xS #Es Ay F2 Tioh Ale® A AbskEo] A 4bs wd
S #ES Ay ol AstEo] wulEz T o|FE FHE HIY. AV AYE vigoe=
WAAMO & AlZH Ti-6Al-4V e 1 b8l 7]9-9F djatshg g wetel dis] =<3
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Keywords: Wire Arc Additive Manufacturing, Ti-6Al-4V, High-temperature Oxidation; Microstructure,

Oxidation Mechanism
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Laser Powder Bed Fusion =28 & O]
H= 2 1 o[M=x==z|7}
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Manufacturing of SA508 Gr.3 Steel using the Laser Powder Bed
Fusion process and the influence of process variables on its
microstructure and mechanical properties

Yuanjiu Huang?, H. J. Ryu?, K. A. Lee?

Abstract

SA508 Gr3 Mn-Mo-Ni AfFa4E 53 544, AL & *éX} A HAA el AR B
s A EAS 77 "ol dA AR 4H87], Ve, F 71 Fel AH&EI St
Teiv xR e8] gadelsg 3 BE Fx FES AEEA Alxste 3ol a1
9o, ol 7|E AFX FHOREO o] o A AM(additive manufacturing) CAD
modelS 7|WFO. 2 layer-by-layer® H-#FS A Zdhe FAHSR FATH AFEIF Fol EFTE S
7}A &= B-ES near-net shape® A% 7Fsatth. AM A E % Laser Powder Bed Fusion (LPBF) 34 -&
P Az 2 A AAE st 45 EokdlA g AMgste AM Fgoltt 2 Aol A= Laser
Powder Bed Fusion &4 W4 % 8% 72 (Hatch distance)S 0.04mm, 0.06mm= Ao 3le] (ZHzF LPBF-0.04,
LPBF-0.06°.2 1) SAB08 Gr3 Steels AT Axsow, wAz23 7|44 5o wx|i= Hatch
distance®] @3kl thal wlw BAstth 2 79 LPBF A3 Ax A¥# 7]5& OM (Optical microscope)
=74 A3} LPBF-0.04: 0.63+0.28%, LPBF-0.06: 029+0.07%= =A% o] &% 7t70] Zr}sld 7] &8&o]
ZFadte] A7l F=vatgd . 7] v A %28 EBSD(electron backscatter diffraction) &2 213 A3} Lath
martensite  99%°] o= EAfstar e, sfA HAeol Fristw AAY AVIVE FUbeke o=
HEEAT E, VA 5SS A 98] 7] MEE 10° st 2o w Q1 A@e A3, LPBF-
0.049] &8 = 082 GPa, A 914 ZEE 1.1 GPa, AN &S 56 %2 o5 o, LPBF-0.069] 35
L 078 GPa, Hu] A% P 1.07 GPa, dAES 101%2 AU ol X 1HFel oA
718l E&3 uA Ao Fv|e 7|1% Az Al Hu A7) AFES WUEOZ Laser Powder Bed
Fusion 345 o] &3l SA508Gr.3 Steel?] A% 7154 2 2 & 7l5Ad diste] 7 zsiadct.
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Keyword: Additive manufacturing, Laser Powder Bed Fusion, SA508 Gr.3 Steel, Hatch distance, Mechanical Property
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Fig. 1 Microstructure observation results (OM, EBSD) of the 0.04 and 0.06 specimens
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Fig. 2 The tensile stress—strain curves of the as-printed specimens with different Hatch distance
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Abstract

technology fir car body parts using ultra-high strength steel
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Development of real-time intelligent mold control press forming
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D. I. KIM, S. W. NAM, J. H. LEE, J. Y. KIM
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A Study on Side Crash Analysis of AL BatteryPack Case
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A study on the influence of reduction ratio and annealing
temperature during cold drawing on DSS mechanical properties

D. Y. Kwak, S. K. Hwang, J. Y. Jeon

Abstract
FEEs 2HY s 2YDS)S 4 Bt A, WAHoR QlE A% A R A
ot 4blE o] AT B & YAl e rHE AAEY 8444 A4 $HE B3 A4
U 22y FEj® Jhe s o] ARSE A . oluf DSS Al VIAH 54 T A EE A
T4 F 949 E WE f7) vl

m UNS No. $32205 532 DSS AAE A5 0.9 mm7tA] F 23] A4
SEATH 12k A2 7HE& 81 %, 66 %= ZHZt @E]ste] AE 2.4 mm, 3.2 mm7bA] A A]E}S] o™
12k AR F ZZbe] Wk AMAE 1100 °C, 1000 °C 7 2 o2 bFe] &ES AAESIT &

A & 86 %, 92 %= Zt7} gEste] A5 0.9 mm7bA] 2x AldS A A

3L
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A QA gz A A A e s B vAx242 EBSDE
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0.1 %, 33.3 %, 16.6 %olT}. o)== Aldo = Qs y7} HAstHA] ool 3
o &0 TUtEE S & & Ak

7} 1100 °C, 1000 °Cl Al AiEgh A3 o,y w8 2 AZAEE 7
7} ok 46.0 %, 54.0 %, 936 N/mm2 2 452 %, <} 54.8 %, 976 N/mm?o] ™, & 3.2 mm 12} 214 7 €]
749- ZF7ZF 1100 °C, 1000 °CollA] &iEdt AY) o, y B8 2 A== 747 oF 485 %, 51.5 %,
903 N/mm? = °F 46.6 %, 53.4 %, 944 N/mm2= LERSETE 9] B Z=71ol A 1100 °C tHH] 1000 °C
N 2ESAS Wy B8 2 AFAET A EA YERR

ol
N
12k A1 31100 °Coll Al Aw3E A A o] 22k A4 7hEEo] 86 %l A5 AW oy, o

to
o
M o



& 9 A9AAEE 22 oF 46.1 %, 12.3 %, 41.6 % 2 1,924 N/mm?2o]™] 2z} A4 7}a-80] 92 %2l
A ANHY 0,7, 00 B8 D AT ZH2E oF 48.2 %, 6.2 %, 45.6 %, 2,114 N/mm2Z 2] ¥ 9]
o 13k A1 F 1000 °Coll Al AEd Ald Al 22k A 7FEEo] 86 %l A9 A q, v, o

g 2 3T s 77 oF 454 %,11.9 %, 42.7 % 1,998 N/mm2o] ™, 23} A4 7Fg-80] 92 %
A ABe A a,y, 00 TE R G == ZH2E oF 46.8 %, 5.8 %, 47.4 % R 2,145 Nmm2=
A= AT

2 29 A3} UNSNo. S32205 559 DSS AAe A5 AA 2d 7138 2 &A% 2544 1
A At y HES SN F B 52 A 7}%%& 22} A Al Zreol] g3k WA
= WY f7] v2EALolE E&o] FuEo] Hu 953 7AH EAS R 4 IS

Keywords: Duplex stainless steel, Drawing, Strain-induced martensite, Annealing, Microstructure

1 A AT, stATY
2. DSR&), "Iy A
# WJW}. S 7|2 AdTY, ST, E-mail: jyjeon0156@kitech.re.kr

_2_



4r =

R1%
R
T3k

Numerical Study on the Multi-stage Drawing Process Design of

the Metallic Bipolar Plate for Fuel Cell

G. H. Bae, H. Y. Kim, J. H. Song, G. R. Kim

Abstract
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Keywords: Numerical Analysis, Fuel Cell, Metallic Bipolar Plate, Multi-stage Forming
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Precision forging simulation of an automobile wheel nut using
rigid-plastic and elastoplastic finite element methods

N. A. Hamid, W. J. Chung, M. S. Joun

Abstract
Numerical or mechanical volume changes, etc. during precision forging simulation are tracked and
compared using rigid-plastic and elastoplastic finite element methods to verify the numerical accuracy of the
results of the cold forging process of automobile wheel nuts. This study focuses on quantitatively analyzing
the volume change, which is directly related to the numerical inaccuracy of the analysis results, along with
flow information and friction information. The results will provide inspiration to engineers in verifying the
analysis results.

Keywords: Precision forging simulation (4% wx A& do]4), Volume change (3% 3}), Rigid
plastic (7 44), Elastoplastic (§+4~4d)

1. M8 3. &8

Chx AlZ2foldel HE ZRSE 24 F ol 7oA =Alet Rul#st ol Zodo
A% Rowst RSYE, ObEEH Solof, $XX  ME 0|2 %ol ZH3 0.00%E LIEHED, B
FrHstel Heke Xoistct $AA FuHEts MollM= Ol2at 068% =T St= 0.64%2 FulH
F2 2ouNSNol gae won Axe Y sph Lsiqch
ZHE XM2|7|H, AEAO|=(step size) ST FAIE
= gich o] AFoME MY thx Al oMo
dazdel X% Huj#sto| 2+5t0{ aFgho)
2. E8

Fig. 12 sl ez &2 XS EHES W
ZHEEE B[]S 23 AERIo|Ae AN |
stes o SZIOICEFig. 2= S48 X 24 7 Fig. 1 Elastoplastic FE prediction at final stroke
steAs|A DiMolM Fmel Hab olz{e LiEtY
2 Aot

*= NP
B oo
Mo ox
£ oA
~ 1% o
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—Rigid Elastoplastic

01 0.01 - 3 0.04

Volume change [%]

Time [s]

Fig. 2 Volume change during forging simulation

ARAL
B oATE RS R AN Vs N-A
TR 2] 7]$2(20003950) % ol 14 A Q1 A AFY (2021400000
0520)9] A& ol e Al

Hoesl

[1] J. B. Byun, N. A. Hamid, G. S. Cho, W. J. Chung, S. M. Kang,
K. H. Lee, M. S. Joun (2024) Effect of shearing on production
stability and die life in automatic multi-stage cold forging of an
automobile wheel nut. Int. J. Adv. Manuf. Tech. 131(1), 329-341.
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Injection molding of thermoplastic fluoropolymer with
microstructure for mass production of triboelectric
nanogenerators

J. H. Lee, Y. S. Ra, D. H. Choi, K. J. Cha

Abstract

H vpRA 7] Y= 7 (triboelectric nanogeneraotrs)= Ol A GA DS £ = v A
AUAE A7) YA R wpFE fHet VeR FEwa gty B, Jdd EATHA Z2s
g qWe FxE xAste] nRH7] yeddr)e] A7) A8 £68 =9 7 Ue AeE ¢
H2] Aok sHANE EATHEA 5T B wtRE Qs Frol ke AV Ao st
of olgl&o] Qth old i AT HEFLEYITA GTHPFA)FTAE ©]&3ste] wlo]a=
TZo HES AFEAEE] g vAFEES Aol APAEHS d85te] PSS A
olE Fa HAA wAT F Y AFLEF F de= A

Keywords: Microstructure, Fluoropolymer, Injection molding, Triboelectric nanogenerators

1 THAAEE7E, S2EASEAAG Y, dddT4

2. Asldista, 7)1 AE e, BALEA T

3. 43 dista, 7]74]%14 EAS

# AL EdTY, 2AYEREE TS, FAATYD E-mail: kjcha@kitech.re.kr



ol
0gk
1
0
fjo
K
ird
ot
i
m
1]
o
|H
10
>
o
ALl
il
ok
N
i
H

Improvement of Process Design in Automatic Multistage Cold
Forging of a Nut-Pipe

S. W. Jeong, S. M. Kim, C. Y. Lee, M. S. Joun

Abstract
In this study, an automatic multistage cold forging process for a nut-pipe was simulated focusing on the die
structural analysis. The process design modifications with numerical verification are conducted to increase
the life-span of the ejector pin, which experiences large stress during forging.

Keywords: Assembled die structural analysis, Automatic Multi-Stage Cold Forging, Nut-pipe

A2
1 -I . _ - Unit: MPa
AUdz )ge] AT wEl AU 59 200 1300 o
gz AEdeld Adee 1d VsE e
ek Avbg @ 2438 AA A4 A& B8 RO pEE
gte] YE-vho]xz FAo tigh A7t 1= AL aooffl 36000 s
H[1] 4 o] AE Hof| gt wS SHS A
A7 ATE 2@ 200 1700
2. 24328 12st =EUFE 7N
g 12 s aEE 2HaEY x4
= T3 d5¥ 539 Yot 40 TR £119
A Ao, 7|E T4 o|FAE H FHd 4700 ©) o
MPa Fr&E-§Ho] A& om /M T ok 20%9 Before After
& 9ol AstE At
Fig. 1 Assembled die structural analysis
3. 828 = 7]
= 7
o] A YUY LRIHA BEAL Ed FA R ~
A el daae geage, ) EEE 2229 SR MEAa A
w (¢} [e) -
= o= moe A HFALS} (A 50 $3313237) 9] A 79l
eIt
=)ol o]] 3L o) &= < = ==
; E:;;‘;]:}é”‘] e [1] S. W. Jeong, H. D. Kim, S. M. Kim, M. S. Joun,
_TM?]TLL. N . Assembled die structural analysis considering the
# JL_Lﬁ Z_}. 3 stal 7] AE e shrink fit during automatic multi-stage cold forging
E-mail: msjoun@gnu.ac.kr of a nut-pipe. 2023, KSTP Autumn conference.
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Optimal Design of 3D Chiral Meta-structure for Improvement
of Torsion Compliance

Minjung Ji, Keun Park

Abstract

Zbo]F(Chiral) 7F+ &9 FolFulE 7IA = A4 WeEde 3 T/F=Z, 3D 7told +
ze FATS 7HEs W F HFe IH AFE HoFE Ao

2% 3D 7told %< vt 2 (Gammadion) TXE AAea AA e

LA (FEM)S AH83te b5

Aok £33 A2 Arir 9

2 goe §g v

H,

]
9 Aol xol, & WF Af, &

J|m
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i
Lo
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| (Slenderness ratio)s WIAIA wf 739 A&
ARt 5 W3 gololo JigE FIHATI ]
Ae ARgste] T2 A 2
T %%+ DLP(Digital Light Processing) %
a1, AFF] e CUKTO5B A2AE Abgate] A8, 3d-uEd 7% %4
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Keywords: Mechanical metamaterial, 3D Chiral, Addictive manufacturing, Digital light processing (DLP),
Finite element analysis, Compression-torsion coupling
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Effect of high temperature solution nitriding on the mechanical
properties of STS 304L

Young-Je Kwon, Jee-Hyun Kang

Abstract

304L ZEII =4S AFE 7hy, o &), 4] ol FF AREEHE AAEA WA,
WA, 7heA 2 g8 0l 9-Falt A §AF Y A™I Sy B R YiEriF
dol Holdh QaEH Vol EA ~EIRIE A7 A A B ool wid B FEFEow &g T}
/g0 FHERAL Qlth. 304L ZEH|QIE ~7Fe] - 316Lol HE] HEE -EekAR WE Al A
AE e mtEEAolER QlE] FAFH A FHefstrh e aEHUolEA AHQIE A4 AAE A
7ot afA o R FEAL, AL, WAES AT LAHUolEY HEE Y
T U] WFEaHAES 2 174" FES 4 F Uk 2 AFdAAE FA7F 0.8 mmel
304L ~E|¢le] ~7Fo] 2@ 3kA e (High Temperature Solution Nitriding) S % 83lo] oo <)%k
n 22, e A3 B4 ®gE B48%lth 1200°Col Al 3AIE Bt e A E AAES
u, Aol s}t Hdoyt g Aol o8 FEAES} =S 5 120 MPa, F =

Keywords: Austenitic Stainless Steel, Nitriding, Nitrogen, Hardness, Tensile properties, Austenite stability




Mechanical Properties of Ti Strip for Separator of Fuel Cell

M. S. Choo, H. C. Shin, T. K. Ha

Abstract
A series of cold rolling has been conducted on Ti strips of Gr. 1 to reduce the thickness from 0.5 mm to 0.1
mm, which is required to be applied for separators in fuel cells. Heat treatment was successively carried out on
the cold rolled strips at temperatures ranging from 680 to 750°C for various durations from 1.6 to 30 min to
obtain an optimum microstructure for the forming process of separator. Very small grain size of 5 pm and and
high elongation over 30% were obtained by annealing the cold rolled strip at 680°C for 1.6 min. With increasing
temperature and duration time of annealing treatment, grain size appeared to increase and elongation to decrease.

Strain rate effect on the mechanical properties of Ti strip was negligible under 1073 ™!,

Keywords: Ti Strip, Cold Rolling, Tensile Test, Elongation, Anisotropy

5
FAgS 348 44 3 48 5% FuolAd T Relwd oE Fat
A&EHom Fod Agelth ols B Ao FUHE L AuFIS Ad) A=A
A stackl 1SS D A BLAE EHR gonz $58 A3, AN 3
=, 47 A4 2 W4 B Aol aTHI gk B ATAE ode aTx
AL VRS S T IS GAAAS Fa Axstn w4 54




2. A

2 A A &A= CP Ti (Gr-1l) dAZ %7] 774 05 mm, & 300 mm St}
AEE AA7IE FA 0.1 mm7bA] YA d $ 680~750°C = =R 9ol A 1.6 ~ 30+7F
AAe] st wAZRAS e IEAEE APsnh AEAFEY B9 HIAE
£59 FFs ety st 104 10% st H Lol A sttt A oA =
Hrtslzl fste] Ao AR (R) 2 FWEMe=E AlAS 7Heekdla, A4S
ASTM E3455 uwgith dXxg] Algbed mE wA|zze] Wl Fdu|Zdo=
s, R W T ek XS FEE v skt

3. 29 4 nF

Agd 2 gt A FEodA WExstdsS Es 100um FAS] Tio BHEES
Aoz ATt oo 680~750°C == Yol A 1.6 ~30%3F A E T3 ohSst
A A717F dojxl=dl, 680°Coll Al 1.6 A& ste] 5.65ume] wAlg AAHYH A7 &
BS 7 AL 29} Agho] FUHRkel wet AW AVIE FUFsheE S HS
ARY A717F Sl wep EAWER) 2 FHEHT)Y dAES BEF fHAeks
s Hvd, dudA 2w AFS fs Zad 30% o] dAES R
Wkt T ekl sAlel FHsH] fsiA = 680°C =ollA 10 ~ 20 REOE
L5 g AT MY E SR S7HEel wet AAEe fAste AEgS Holer
10-2 s-1 ©o]3te] HEoA = 30% oS dS F AU 10-3 s-1 o]t A= HETF

[1] S. J. Laine, K. M. Knowles, 2015, {1124} deformation twinning in commercial
purity titanium at room temperature, Phil. Mag., Vol. 95, pp. 2153-2166.
https://dx.doi.org/10.1080/14786435.2015.1051157.
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Effect of Superheating Treatment and T6 heat treatment on the
tensile properties and thermal conductivity of Fe-bearing Al-
10Si-Mg casting alloy

T. H. Kang, J. H. Jang, K. J. Euh, Y. H. Cho, K. A. Lee

Abstract

Aol = Fe $HF AI-10Si-0.35Mg &= % 3+ 89 34 A& (superheating treatment)
& A&oto] Auk 5402 4zl VA4 BN EAEEE SAl FAA 7L, T r A A
Q1 S mAl= Te dAlele] W3l dial AFSATE Fe ¥ Al-10Si-0.35Mg e
T8 FRYoR ol&sly T wF Fx HAoH, &% 2EE 720CHA fFAg 720-F
g, 2% 39 AHElE g8 % 25E 820TC A% 820-F o w PRI T6 A g
= 98 7 F2AE 535TAA 1AF FAAA &ASE A 2lstqlom, 190 Tl A 6A17F Q15 A
E AYE 3 Te 9AYZ FFsAT (720-T6, 820-T6= ™). F T6Ae 27| wA|x4
Z A3t 3A sie d¥gow Wslda, siel B8-S 77 720-T6E 12.49%, 820-T6: 7.7% %
S A 3, 720-T64 2 820-T6A1 2] =5 AlFeSiZl Fe-rich intermetallic compound”} 54
o7 BAEYow, 1 7S =AI A3} 820-T6A7F 4 m 720-T6A 7} 12 m= &8 3}<d A
2= 38 wet vAs g3 Ak TEM @2 Ay Te Exlg o]F F 2A 2%
MgSiAl M &= AZEHAT 71A4 545 Hrtshr] g A2 A AE 10°%st o] My E
25 274 sl A FE ATt 720-T6 T2 A o A3 A3} 240.2 MPa (YS), 313.3 MPa

3 %(EL)E JEFH O, 820-T6 T2 265.3 MPa(YS), 340.3 MPa(UTS), 8.1 %(El)
= Ho] §7 3 AgE A&l wet 0 5o FAHAN. A, 7
720-T6A) 7} 162 W/m-K, 820-T6A4)7} 175 Wim-KZ A EE =3t 85 7
T U Ay A3ES 7]9ro 2 Fe S+ AI-10Si-0.35Mg % o ZIAA &
Ao mx&= 88 Ad A 2 T6 G2l ol sl zZssict.
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Laser Powder Bed Fusion 2822 H|=Fl Inconel 718
AKX FxA| 2| o|[M=ZF, A2 7[AHH EM

ZEf #Z! - Yongho Sohn? - 0] 7] ok#

Microstructure, Room and High Temperature Mechanical
properties of Inconel 718 Lattice Structure Manufactured by
Laser Powder Bed Fusion Process

T. H. Kang, Yongho Sohn, K. A. Lee

Abstract

B2 Ao A= laser powder bed fusion(LPBF) 345 ©]&3}9] Inconel 7185 A3 A|Z3tal v
Az A2 2 50T 2 4F EA dial 2AFsATh 4ol A %A (BCC, FCC,
BCCZ, FCCZ, o17]elA z+= A% W&} sdst wFoz AdH strutS 53HE 3mm unit cell
7|2 YAt Axd Az FA Sl i &As Ay 2 Al A =3 FRE
o} (SA). 470 AR At U= (relative density)S 5733 23} 14% ~ 17%<2] M (bulk
density: 8.9g/cm3)E 7IX = Hoz FAHIUL Ala & %7] vAZFE FE-SEM¥ 1 Zu]
525 EBSD(electron backscatter diffraction) & 283k 418+ Z ¥} melt pool?} columnar structure
2oy, y', 6, B EEEo] AT A2 % 650T il FF AES WYFE £ 10%s
ZdA4 FAFJY. 4F SH-HEE A4 Y= A A lattice structure s A YEN =
eleastic-plateau-densification®] 3 TAIZ &5+ JEIE YeEHY 540 o= BCCzZF 7f
2 = AYEEE Hoo g FEE FCCZt AL (FCCZ:120.4MPa, BCCZ:73.6MPa in SA)
2 650°C (FCCZ:111.3MPa, BCCZ:79.6MPa in SA)¢] 2% AL A 714 53tk A& Add
AR} F2A 9 A9 as-built AR F2AE tH] P 20%0] A= o] FAHAT A T
ZAEY] 724 SAH mAxAA EAS dAASte] A2 B 650CeA LPBF 0% Ax
| Az Ao oF Wy dis] sk
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Development of drawing quality prediction system based on
sheet metal draw-in measurement

I.J. Jang, J. H. Song, J. S. Lee, Y. H. Seo, M. H. Hwang, G. H. Bae

Abstract

In the metal processing industry, quality prediction through vision detection have become increasingly
important, particularly with the emergence of the Fourth Industrial Revolution and the advent of smart
factories. In sheet metal forming processes, the draw-in of material serves as a key factor in evaluating quality.
However, real-time measurement and quality prediction face challenges due to various factors such as mold
shape and vibration during the process. This study focuses on developing a system to predict quality by real-
time measurement of draw-in and extracting outlines during press forming process. To measure the draw-in
in real-time during the process, a laser displacement sensor was utilized, and the performance of draw-in
measurement was analyzed through oil pan forming test. Additionally, a vision-based draw-in measurement
device was developed, optimizing the backlight brightness conditions to enhance outline extraction
performance. Ultimately, an algorithm for extracting the outlines of formed products was developed, and a
drawing quality monitoring system was established.

Keywords: Drawing quality prediction, Laser displacement sensor, Process monitoring, Draw-in

measurement
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Effect of C and Ni contents on Hydrogen Embrittlement of

Tempered Martensitic Steels

M. S. Jeong, S. H. Shin, H. C. Shin, S. G. Kim, B. Hwang
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A Study on Hydrogen Embrittlement of Two High-Strength API
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A Study on Wear behavior of Cr Coated Steel for Gun Barrels

W. G. Seo, S. H. Jung, S. B. Jeon, S. H. Chio
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Superior Tensile Property and Formability of Inverse-gradient
Heterostructure via Laser Surface Treatment

J.H. Kim, R. E. Kim, G. H. Gu, Y. T. Choi, J. A. Lee, H. S. Kim

Abstract

HHZ Fx3= 7 Y A4S g5 F de dHeRE g AUt ofFoAaL 9l
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Low-Cycle Fatigue Behavior and Dynamic Strain Aging
Manifestation of FeMnAIC Lightweight Steel for Low-Pressure
Turbine

Si-Yeon Kim?, Ui-Seok Ko?, Chi-Won Kim?, Seong-Jun Park* and Hyun-Uk Hong®

Abstract
AR WL e EEFFI AT Aztoleke AME A, AAA aqte] Igly anF e
el gk A o] XA low, FH AR FeMnAIC @Al Aol
aHEHAL vk S AYEN Edol=e] A& S nHT uw, g 54 d5FoR
[7EH. o] gt 2 AT E #dE AYEN o= AE&E& 9% FeMnAIC
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3} QIAFQ] k-carbide®] AES& F:otlvh 1 A3 PAEAL Q2EHUOlE Z[Ae] °F 10nm
o] wAsH *—1%9 Kcarbldei FAHAG. AL AF EAe = (818 MPa) oF
% 1051 MPa® ¢k 7ha SRk ofuEl 46%9 & dAlES YERATE TEMS
DR L R %é} 73} Shear-band Induced Plasticity & 7]5-7} A ujzel Aoz
Aok oz A o+ 549 A2/200°0C A F7] A% A} (total strain range, Ast =
8~2.0%), <oA= Cyclic softeninge] A ujz o= HHAISIaL, 200°Co| A= Cyclic hardening®]
§5}°ﬂi} w3 ALy ©hg] 200°Co A= Hysteresis loopoll serrated flow”} #=%%It}h. DSA2)
£ Cyclic hardenings 78 st7]1 98] F7H4 0w ofg oA (RT~400°C) AF7] &
18& 2&sk35L, Cyclic softenings T4 at7] S8l A-2olx AF7] 3= o] 5000
Cycles?] total strain range, Ast = 1.4% =714 1,000 cycles, 3,000 cycles A3} v & ulekE 5000
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Study on the High-Temperature Stability and Mechanical

Properties of RAFM Steel Weldments for Nuclear Fusion

Reactor Structures with Ti Addition

J. Y. Han, Y. H. Jo, C. W. Kim, C. H. Lee, S. J. Jung, H. U. Hong
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Study on Process Parameters Influencing the Cr/Fe Ratio
in Electrochemical Polishing Process of Stainless Steel

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

Abstract

In this study, the Cr/Fe ratio according to various variables of EP to increase the ratio of Cr/Fe oxide layer
on the inner surface of stainless steel tubes during electrochemical polishing (EP) is evaluated. Process
variables such as electrolyte composition, EP voltage, polishing time, and electrolyte temperature were
adjusted. According to the comparison of |-V polarization characteristics depending on the electrolyte
composition, it was observed that as the phosphate ratio in the electrolyte increased, the range of EP current
density decreased, and the EP voltage decreased due to the increased electrolyte conductivity. After
passivation treatment under the same conditions, there was no difference in the Cr/Fe ratio according to the
electrolyte composition. Utilizing a mini-tab experimental design for EP voltage, polishing time, and
electrolyte temperature variables followed by passivation treatment after EP, it was confirmed that higher
applied voltage and electrolyte temperature led to an increase in the Cr/Fe ratio. This is attributed to the
enhanced interaction between Cr and Fe ions at high voltage and the increased chemical reaction rate at high
temperature.

Keywords: Cr/Fe ratio, Electrochemical polishing (EP), Electrolyte composition, Passivation

Acknowledgement: This research was supported by funding from the Ministry of Trade, Industry and Energy
and the Korea Evaluation Institute of Industrial Technology (KEIT) in 2020 (20009937).




07
HI
00
HI
1z

HOIZE" - Sam Yaw Anaman' - Soumyabrata Basak® - SAEf? - =&3|" *#

Phase identification in laser welded DP steel using hierarchical
agglomerative clustering

M. J. Cheon!- Sam Yaw Anaman!- Soumyabrata Basak?- S. T. Hong?- H. H. Cho%#

Abstract
DP(Dual Phase) 72 | 2fo] Eo} wi=dlAlo] Ee] 24 2l o7 Aol glem, 1980 el 7}
wo] FPAM AR Aol AFH o AHEHY] A, o] Ze] JAH 4L F2
2] Bg lEdH, nE TAY F& AAY Folt 24e) Bgol v Folapl @
U B Aol A e oA &% DP590ClA 2] AEES IASHs VIS ol&d &

farzl shoh, 94 A xF5kakek 8] A (Electron Backscatter Diffraction, EBSD) 41715 o] 8-

1%

i

A, SRR 8 S AR S viAzgs BEeith. 544 image quality(1Q) wl&
olg3l EES BASUL, TF 2HE FudF F ASH 298 /el Y 49
Aeg B4 A7 Jech. dold SERelAE YT v2dAelE $5 /) Ue
e A BRlEgen, $1 dAl §HTe) vl2EAE 288 REE AL S8
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Keywords: DP steel, laser welding, microstructure, machine learning, hierarchical agglomerative clustering,
image quality
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