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Hot—piercing technology for Ni-base superalloy seamless tube

J. P. Lee, S. M. Hong
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Study on the 740H alloy tube Fabrication by the Pilgering
and Cold Drawing Process.

J. H. Park, S. J. Kim, K. H. Yim, J. Namkung
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Improvement of Oxidation and Creep Properties of IN740H
through Composition Optimization
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Study on the Low Friction Lubricant and Surface Treated

Drawing Tool
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Microstructure-Based Heat Treatment Design to Improve Creep
properties of Inconel 740H Superalloy
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Progressed Wire Arc Additive Manufacturing Process for Ti-
6A1-4V Alloy to Improve Efficiency and Mechanical Properties

HAE!, olg'?, 245, Sang-Myung Cho®, N.S.Reddy?, &ZSE4!

English Title of The Paper (Times New Roman 16pt)

Abstract

Wire and arc additive manufacturing (WAAM) technique provided a new route to produce metric size complex parts of
Ti-6Al-4V. However, it produces undesirable large columnar prior 3 grains created by the directional heat flow along the
building direction, resulting in a strong texture and anisotropic mechanical properties. In this study, we have investigated
the new approach to refine the columnar § grain in the WAAM Ti-6Al-4V alloy using C-type filler wire with combining
shot peening at every deposited layer. The microstructural and mechanical properties were compared with existing round-
type filler wire with peening and without peening WAAM Ti-6Al1-4V. The physical nature of C-type wire can protect the
maximum energy density to go in previously deposited and deform layer, which minimizes the excessive melting and can
increase the efficiency of grain refinement. The C-type filler wire develop gradient macrostructure and contains fine o
lamellae, short columnar, and small equiaxed P grains in comparison to round type filler wire in peen WAAM Ti-6Al-4V.
The recrystallized equiaxed o grain was observed in the peen WAAM Ti-6Al-4V sample at the layer band, which formed
due to the presence of dislocations in the plastically deformed layer. So, the peen WAAM Ti-6A1-4V using C-type filler

show better mechanical properties as compared to round type filler wire sample.

Keywords: Wire arc additive manufacturing, Ti-6Al-4V, C-type filler wire, shot peening,  grain refinement
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Microstructural modification induced by welding parameter
variation in wire arc additive manufacturing Ti-6Al1-4V deposits

rek

M, Gua Xian, Cheepu, =AW HZEH 2

S. W. Hwang!, Xian Guo!, Murali Mohan Cheepu?, S. M. Cho?, J. T. Yeom® and N. H. Kang"#

Abstract
Due to the requirements of high strength-to-weight ratio for the products, titanium alloys have been widely used in the
aerospace industry, astronautics industries and steam turbine blade. A representative titanium alloy, Ti-6Al-4V, owning a
market share of 50% to date, has obtained the most extensive research and application in AM. However, in AM Ti-6Al-
4V inevitably yields long columnar grains throughout the deposit, causing anisotropic property of mechanical property.
This impedes the application and dissemination of AM in manufacturing some industrial parts, such as centrifugal
impeller and aerospace brackets. The transform from long columnar B-grains to equiaxed B-grains is a priority objective
to achieve isotropic mechanical properties in AM titanium alloys.
In this work, We demonstrate microstructure and mechanical property improvements in specimens made of Ti-6Al
-4V manufactured by WAAM treated by various methods (Various current, Various Feed rate). 260A of current
show optimal results from 180 A to 500 A that area fraction of equiaxed grains. Alternating Feed rate of 200
cm/min + 222 cm/min show near equiaxed grains. Evaluations for this Various welding parameter results show
its robustness and convenience in controlling grain structures during the AM process of metallic materials.

Keywords: Feed rate, wire-arc additive manufacturing(WAAM), Anisotropic property, cascade
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Hot forging process design for grain refinement and
homogenization of large sized Ni superalloy forgings

S.W.Jo"? - H.G.Kim' ‘- Y.S. Lee' - S. Y. Lee? - E. Y. Yoon'*
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Dynamic recrystallization behavior of Inconel 706 alloy by
reheating numbers and effective strain

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

Abstract
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Development of hot die-forging and heat treatment process for
large-size titanium alloy forgings

M. C. Song, S. J. Lee and J. C. Won
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Development and application of a subroutine for predicting
crack during hot forging of Ti64 alloy

M. S. Lee, J. S. An, S. K. Hwang, M. C. Song, Y. H. Moon

Abstract

A processing map representing the efficiency of power dissipation as a function of temperature and strain rate has been
used as a guide indicating overall hot forgeability. However, it has limitations in indicating the local positions where
process-induced cracks may occur during hot forging process. In this study, novel approach to predict local forging
cracks via analytical analysis of deformation processing map.

A process-induced crack, which occurs during hot deformation, is produced because the crack index value approaches
to 1. In this study, the crack index represents the extremely unstable plastic region proposed to identify cracks at the local
area.

The prediction of process-induced cracks is a matter of establishing under what conditions the high crack index is
controlled by process parameters such as temperature and strain rate

This solution can provide information on damage initiation criteria and the stable zones without fracture for hot
forging processes. More importantly, using coded subroutines combined with crack index (CI), it is possible to visualize
where localized cracks can be created during hot forging operations.

To validate the analytical solutions, Gleeble test was performed with Ti6Al4V specimen having four notches with
different notch sharpness. The results well confirmed that the method proposed in this study can predict the local
positions where process-induced cracks may occur during hot forging process with high reliability.

Keywords: Ti64, Hot forging, deformation processing map, crack
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Controlling the Microstructure of Superalloy Manufactured
by FDFD processing.
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Abstract
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Effect of {10-12}-twinning-inducing predeformation on
continuous precipitation behavior of extruded
Mg-8.0A1-0.5Zn-0.2Mn alloy

2|, ey
Abstract

This study investigates the effect of {10-12} twins generated by deformation at room temperature on the continuous
precipitation behavior of an extruded Mg—8.0A1-0.5Zn—0.2Mn (AZ80) alloy. To this end, 6% compression along the
transverse direction is applied to a homogenized AZ80 plate to introduce {10-12} twins, and then the compressed plate is
annealed at 300 °C to induce static precipitation of continuous precipitates (CPs). The initial material (i.e., the AZ80
plate) has a twin-free grain structure and low internal strain energy, whereas the pre-twinned material (i.e., the
compressed AZ80 plate) has numerous {10-12} twins and high internal strain energy owing to the occurrence of {10-12}
twinning and dislocation slip during compression. The peak-aging time of the pre-twinned material (1 h) is significantly
shorter than that of the initial material (8 h). In addition, at a peak-aging state, the size and number density of CPs in the
pre-twinned material are smaller and higher than those of CPs in initial material despite of considerably shorter aging
time of the former. In particular, abundant fine CPs are formed within the twins and at the twin boundaries of the pre-
twinned material. The peak-aged pre-twinned material exhibits significantly higher tensile strength and ductility than the
peak-aged initial material. This study demonstrates that the application of {10-12}-twinning-inducing predeformation
substantially reduces the aging time required to achieve the maximum hardness and improves the mechanical properties

of the material after peak aging.

Keywords: AZ80 alloy; {10-12} twinning; Aging; Continuous precipitation; Tensile properties.
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Mechanical behavior of Mg-10Gd alloy analyzed via
elasto-visco-plastic polycrystalline finite element simulations
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Abstract

This study investigates the microstructure, tensile properties, and high-cycle fatigue properties of the die-cast Mg alloy
with high corrosion and ignition resistances (Mg—6A1-0.1Mn—0.1Zn-0.3Ca—0.2Y, wt%). Due to the rapid cooling rate
during die-casting process, the average grain size of the surface region (~7 pum) is smaller than that of the center region (>
12 pm). In this material, various porosity types with a maximum size of 140 pm are present. This material contains course
B-Mgi7Al12 and AlzCa second phases along the grain boundary and fine AlsMn4Y and Al2Y second phases within grains.
This material has a tensile yield strength of 121.4 MPa, ultimate tensile strength of 172.5 MPa, and elongation of 5.1%.
Tensile crack is initiated at shrinkage with irregular shape regardless of porosity size because of the stress concentration
at shrinkage tips. Under cyclic loading, fatigue cracks are initiated by either large porosity (> 100 pm) or Al.Ca second
phase on surface. Compared with other die-cast Mg alloys and extruded this alloy, fatigue limit (FL) has a linear
relationship with ulimate tensile strength (UTS): FL = 0.74 x UTS — 73.5 MPa. This means that high-cycle fatigue
properties are not significantly affected by addition of Ca and Y and die-casting process. However, since die-cast the
material has lower tensile and fatigue properties than die-casting Al alloy, it is necessary to improve tensile and fatigue

properties to replace the Al alloy through the additional process.

Keywords: Magnesium alloy; Die-casting process; High-cycle Fatigue; Pore; Second phase.
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Securing Stiffness of the Armature Core of Commercial Trucks

H. T. Lee', S. M. Hong?
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Establishment of microstructure evolution maps of AZ31 and
AZ91-Ca-Y-MM alloys through precompression and post-
annealing treatment

o|Zl!, Zozl", atME”

et

Abstract

This study establishes the microstructure evolution maps of a commercial AZ31 alloy and a recently developed Mg—
9A1-0.8Zn—0.9Ca—0.6Y-0.5MM (AZXWMM91100) alloy on the basis of their microstructural variations with
precompression amount and subsequent annealing temperature. The fully twinned microstructure of precompressed
samples of the AZ31 alloy remains unchanged after annealing at 200 °C. At annealing temperatures above 225 °C, the
area fraction of twin-free grains gradually increases with increasing precompression amount and annealing temperature.
The microstructure evolution map of the AZ31 alloy consists of three regions: those with a fully twinned grain structure,
partially twinned grain structure, and completely twin-free grain structure. The twinned microstructure of precompressed
samples of the AZXWMM91100 alloy remains unchanged after annealing even at 250 and 300 °C. At annealing
temperatures above 350 °C, the microstructure drastically changes from a fully twinned microstructure to a completely
twin-free microstructure irrespective of the precompression amount. Consequently, the large amount of Al solute atoms
and numerous second-phase particles in the AZXWMMO91100 alloy inhibit grain-boundary movement during annealing,

which results in the different microstructural evolution behavior with the AZ31 alloy.

Keywords: Magnesium; Precompression; Annealing; Microstructure; Twins.
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A machine learning approach to predict superelastic behavior of
Ti-20Zr-9Nb-5Sn alloy

J. Yu, S. Cheon, J. S. Oh, T. Nam, J. G. Kim, T. Lee

Abstract
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Dissimilar material welding of CFRP-aluminum by utilizing
Vaporizing Foil Actuator Welding process

Y. H. Jeong, W. J. Lee, H. K. Lim, S. B. Jang. J. H. Yoon

Abstract
Because of necessity in weight lightening of vehicle due to regulation for CO2 emission and deepening safety
regulation, demand of lightweight materials in vehicle are on the increase. Many manufacturing companies are applying
lightweight materials such as aluminum, magnesium, carbon fiber, etc. at the frame of the vehicles. To apply these
materials, it is also important that welding dissimilar materials to construct body of vehicle, but some issues were
occurred at the welding interface such as crack, heat affected zone, etc.. In this paper, dissimilar material welding
between aluminum and CFRP is introduced by utilizing vaporizing foil actuator welding.

Keywords : Vaporizing Foil Actuator Welding, Dissimilar Material welding, Impact Welding

Vaporizing Foil Actuator Welding(VFAW) process is one of explosion welding method which use a pressure of
vaporized aluminum foil for welding. VFAW process is characterized by high welding speed which induced by a high

collision velocity when two materials are welded.

Side view

Isotropic view 5
P -~ Target sheet

Spuacer

4 Aluminum fodl

7

Flwer sheet Fixtuee

Fig. 1 Die set for VFA welding process

When actuator foil vaporized, the flyer moves toward the target at the velocity of several hundred meter per second. In

VFAW process, contaminant films or coatings on the colliding
L. ghdoistal 7174 A & sk, whaba
2. FFista 7| A2 8 g3}, AApat
# ) stal ERICA 7)1 & 8F3}, asgs
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commonly believed that the jet consists of this metal layers, oxide layers, and other contaminants from the colliding
surfaces of flyer and target sheets. An impact angle is very important process conditions in VFAW test because the oblique
impact can eliminate the contaminants on colliding surface in the form of the jet. Without the impact angle, the jet would
be trapped between the collision interface and it prevents the metallic bonding.

Impact angle

Explosion

Fig. 2 Welding Mechanism of VFAW process

Al6061-T4(1.2t) and carbon fiber reinforced plastic plate(3t) was used for flyer and target sheet. In this case, the metallic
bonding cannot be generated between welding surfaces because the carbon fiber doesn’t have a shared electron. A
geometrical variable was adopted, which was a hole at the target sheet. It was drilled to expected that the flyer sheet pass
through the hole and weld with the wall of this hole. The diameter of drilled hole was 10 mm. It was possible that the flyer
sheet could be welded with the die set through the hole, so additional aluminum plate which was same with flyer sheet
was placed between target sheet and die set. The standoff distance was set as 1.6 mm, and we applied 10 kJ of input
energy among the various input energy conditions.

Additional Al plate

g —

Attached surfaces

Additional Al plate )
S Target sheet (CFRP)

Flyer sheet (Al6061-T4) pas
Flver sheet (Al6061-T4)

Fracture occurred
at flyer sheet

Additional Al plate
doesn’t peeled

Fig. 3 Results of VFAW test and peeling of aluminum sheet

During the peeling procedure, the fracture occurred at the flyer sheet along the drilled hole so the welding between flyer
sheet-additional Al plate was successful. If there was no binding force between CFRP and flyer sheet, the additional
aluminum plate should be easily separated after peeling of flyer sheet. But it didn’t peel so it was expected that a bonding

force from VFAW process was applied between drilled wall of CFRP and flyer sheet.
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A Study on the improvement of bonding property for Al/Ti
dissimilar metallic sheets

K.S. Lee, S.J. Bae, H.J. Bond, M.J. Kim

Abstract

The effect of post roll-bonding conditions such as annealing on the changes in the intermetallic compound layer
created at the bonding interface and subsequent bonding properties of multi-layered Al/Ti clad sheets is intensively
studied. SEM, EBSD, and TEM analyses were performed to verity the generation of intermetallic compounds (IMCs) at
interface. And the bonding strengths of the Al/Ti clad sheets were obtained by a series of T-peel tests. An abrupt increase
of the thickness of brittle AlxTiy IMCs above 1 pm scale leads to a decrease in the bonding strength with increasing
annealing time or temperature, although formability of Al/Ti clad sheets is considerably improved. However, short-term
annealing yields maximum bonding strength, in which the thickness of brittle AlxTiy IMCs is less than 500 nm scale.
Therefore, the major strengthening mechanism can be proposed as controlled IMCs-induced ‘zipper-like’ failure mode at
the interface.

Keywords: Intermetallic compound, Al/Ti clad, Interface microstructure, Bonding strength
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Electropulsing treatment of aluminum clad steel: fatigue
damage healing

Shengwei Zhangl,2, Meiling Gengl, Jin Cheol Kim1, Hyeon Seok Choil Moon Jo Kim3,
Jang-Hyun Bae3, Heung Nam Han4, Sung-Tae Hongl,#

Abstract

The prolonged fatigue life of aluminum clad steel (Al clad steel, ACS) using electropulsing treatment with subsecond
duration is experimentally validated. Firstly, the fatigue damage evolution of ACS sheet is systematically investigated by
characterizing the microstructural change at different fatigue cycles. Secondly, an electric pulse (0.5 sec) is applied to the
fatigued samples to rapidly heal the damage and prolong the fatigue life. By electropulsing treatment, the fatigue life is
significantly prolonged. The microstructural changes associated with fatigue damage evolution show that cracks are prone
to initiate at Al grains of the interface and propagate toward the Al side in the fatigue test due to a preferred accumulation
of geometrically necessary dislocations (GNDs) in the soft Al grains near the interface. After electropulsing treatment, the
density of piled GNDs was reduced, which retards the microcrack formation at the interface and increases the fatigue life
of the ACS.

Keywords: fatigue damage healing; aluminum clad steel; electropulsing treatment; prolonged fatigue life
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Improvement of Mechanical, Wear Resistance, and Fatigue Life
of SiC Thermal Spray Coating by Ultrasonic Nanocrystal
Surface Modification Technology

A. Amanov, R. Karimbaev

Abstract

The objective of this study is to investigate the effect of ultrasonic nanocrystal surface modification (UNSM)
technology on the mechanical properties, wear, and fatigue behavior of SiC coating by thermal spray. The UNSM-treated
coating decreased the CoF (coefficient of friction) under both dry and non-dry conditions. The wear track morphology
showed that the coating experienced abrasive wear in dry conditions. In contrast, in non-dry conditions, adhesive
wear was a dominant mode. Moreover, the UNSM technology could extend the RBF (rotary bending fatigue) life of the
as-sprayed SiC coating throughout the applied stress levels. It is expected that acrospace, nuclear, etc. industries may be
benefited from the features of UNSM technology, such as an increase in hardness, residual stress, wear resistance, and

fatigue properties of SiC coating.

Keywords: SiC, Grain Size, Mechanical Properties, Residual Stress, Wear, Fatigue, UNSM
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Effect of Potassium Dopping on Ductile-to-brittle Transition
Temperature of Tungsten

G. Min', J. Kim', S. Sung!, S. Lee!, H. Kim', H. C. Kim?, H. N. Han"

Abstract
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Keywords: Tungsten, Potassium, Ductile-to-brittle transition temperature, Spark plasma sintering, Nanoindentation
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Effect of post-heat treatment on the mechanical properties
at room and high temperature of CM247LC superalloy
manufactured by selective laser melting

K. -U. Won!, S.-Y. Park!, S. H. Kwon?, S. M. Seo’, K.-A. Lee**

Abstract
CM247LC T2 Ni-based superalloy & stU= 28733 2 ME7Asadz Qs8] 1000C FFAAE ¢
T VIAAEARSE AT B oiyet gdd WA Az AFAHE A dE A gas turbine &
FEoz Agxa ot HT AU 57 e #AA o] molAHA Ao} B0l 8 HH
I3 FoldME 3D ZHY JeEs EYdtEe ARV S e Qv 1‘& Aol M= selective laser
melting (SLM) 7]& & ©]83}9] CM247LC Ni-based superalloyS #| % } on FrHH o7 thekst Zd A
[1. hot isostatic pressing (HIP) 2 2. 813} + AlgaA g (o3} S+A)E T3l A ¢ vM x4 Aofstsid.
o] W] HIP & 1200C/4hrs =02 S ow HIPS =33 A|HI} =3 }#] &2(as-built) A|Ho] thsf
247y 2-A)3} (multi step 1251C) + Al & A 2] (2 step: 1080 C/4hrs + 871 C/20hrs)E T3t 2 & FTEA Y
of mE mAEAT 4 H 760TAA A5 7IAA 54E AT wAZ2A #F A, as-built Al
oM = vy 7F HEEA kv B3HE ko] EA5E 2 SA A E] - cuboidal 7t & EEE AEH
ATk HIP A HS ZA3o] 0.91%014 028% FFo2 AA Hihstgd o) vyt thah B3 dgs nyl
th ey SA A7 F oy Al a7l Aozt FRlFE AT e B 12 4EAYE AT Fig 19 B4

¥ uhe} om S+A o] F as- builtg‘r HIP 25 &570%=0] 717 vebwtl, =3k HIP+S+AE HIPol ]3]
7, AL AR A NAEJA dEAE STk wEk StA AAES 47 StAE Tsﬂovl %e A
Eoll v3l =2 F55ES B FF Wy A T vz wstE ZAY I, 27 AYEE, 4
EEEY A 37 X 55 FAeE wAEsglen 7 daEe] Wi Fo ﬂ]i% FgFS st
At A7 ARES vlF o R SIM TAHOE A|ZE CM 247LC superalloye] A &4 w2 wlAH %
A3 7144 EAS AA aXete] AnHo R AHEF AZXH CM 247LC =2 B4 4 kS AA s
Az Elnh [2 AT e A s e ATl vk o] AR F-E 7] EARS (20011103)] A1
o7 FgHon, o]d A=Y tH

Keyword: CM247LC superalloy; Selective laser melting; Hot isostatic pressing; Heat treatments; room and high
temperature mechanical properties
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Fig. 1 Results of room and high temperature compressive test: (a) stress-strain curves, (b) yield strengths curves of

CM247LC alloy with table.
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Effect of Plastic Behavior of Matrix Metal
on Debonding of the Interface Between Matrix and Inclusion

C. Sagong, B. N. Legarth, J. W. Yoon

Abstract

The metal alloy containing rigid inclusion considered in this paper is designed with the unit cell model where periodic
boundary condition is applied. Debonding of the interface between the matrix and rigid inclusion occurs when the unit
cell is under loading. In this research, various kinds of loading are applied. Uniaxial and biaxial tensions are applied and
the relationship between orientation and debonding points is found. In addition, the cell is subjected to uniaxial tensile
and compressive loading to observe how the strength differential effect influence on debonding. To describe the
debonding, Tvergaard’s (1990) cohesive zone model [1] is implemented. Hill48 yield function is implemented to describe
the anisotropy. Yoon2014 yield model [2] is newly implemented to describe the SD effect. The models are implemented
by using ABAQUS UMAT (User MATerial). AA 2008-T4 and AZ31 are used for metal matrix.

Keywords: Debonding, Cohesive Zone Model, Anisotropy, Strength Differential Effect (SD effect)
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Automatic segmentation of microstructural images of steels
using unsupervised learning with convolutional neural networks

H. Kim, S. Oh, J. Jung, Y.-S. Oh, S.-J. Kim, H. W. Lee, S.-H. Kang, J. Inoue

Abstract
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Keywords: Neural networks, segmentation, microstructure, steel
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Machine learning-based formability analysis with TV back
panel

P. Fazily, D. Cho, H. Choi, J.H. Cho, J. W. Yoon

Abstract

This research aims to propose a machine learning-based methodology for formability analysis. The machine learning
(ML) model classifies the formability of the TV back panel based on the forming limit diagram (FLD). The training
dataset is obtained through finite element method by considering the cross-sectional dimensions of screw holes, AC, and
AV (Audio Visual) terminal. Based on the strain values on the FLD diagram, the formability is classified as safe, margin,
and crack. Thereafter, the XGboost algorithm is utilized to construct the machine learning model. The predictions by the
XGboost model were compared to FEM using a confusion matrix. Additionally, the punch radius of the screw holes was
optimized using Brent's method to improve the formability of the panel. The results indicated that the formability could

be improved based on the machine learning model's predictions.

Keywords: Artificial Intelligence, Forming Limit Diagram, XGBoost algorithm, Brent's method, Finite Element Analysis
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Application of New Fracture Model for Tensile Test Simulation
H. B. Moon, G. P. Kang, K. Lee
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Fig. 1 The comparison of Load of normal FEM & old softening FEM & new softening FEM

Keywords: Tensile Test(317 A] §), Fracture(3} 1), Finite Element Method(FEM, -3F 2.4~

e

)

2
# WA A2} @) £F4 9, E-mail: klee@solution-lab.co.kr



Fotes M3l JMA J|HE 8%t
ERWIIO[Z AASE J|ANH 24 &5

Acquisition of the Mechanical Properties of the Heat Affected
Zone of the ERW Pipe Using Finite Element Analysis and
Reverse Engineering Techniques

S. Lee!, S. Hong?

Abstract
4l T}o] 32 (Seamed Pipe) AlF Al Zell2~ Y o]F &S 3t ol HE HYTTE ojwf &§HF FH
do] 7FefA Al HaL o]& Q18] &3 (Heat Affected Zone, HAZ)7} A7 A ®t} HAZ ¥+ 4= A3 =
Zlo] Wslol| o3 RA|RTH 735 7b F7veka Aol ASHA Hedl, olelgk HAZ —r«] A o&l

ok

FQ a4 S o] 83 dtol= I B w3 A dFe] ofge EAIZE Atk ¥ AFelA = o]H i A
3

& sldsty] fal golZelA BA FEEI HAZ FES vUrol EAS 4835k %f“} A S P
HAZ 7 &4 g5 39S AN ol & S&l Ads A, dol=zo g8 &4 545 93l
gfojo] AHAH S o] &3t Hwo] ol o}x3 AAG A, olE Y3 A2E AFst ©E A
AlAE AAegint o] uwl, ofx@ AHe AHgg WA WIE SA5H7] A8 "AY ou A F#HIIY
(Digital Image Correlation, DIC)S ©|-§3t9] WHES ZSHGUTE o]F AFS 3 53 2A9 4
AREE] e AdAl T JAAE &85t HAZ F9 EAS AdSsgln ol& HAEshr] S8l ol 4
Fo] @5 G AFEE g A2E FUER AFSe] A EE WA, kA dE5% HAZ Fo EA4S
Ab&ete] freta s SfAS Haste] vlastglth ete-H F4d vlal Al ARG S S 5

Keywords: Digital Image Correlation, Final Element Analysis, Heat Affected Zone, Reverse Engineering, Seam Pipe
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A study using molecular dynamics simulation on permanent
deformation caused by external stress during grain growth

S. Sung!, J. Jang?, Y. Kim?, H. N. Han'*

Abstract

It is known that a permanent deformation occurs in even a very low-stress state while a solid-solid phase transformation
proceeds in metallic materials. A similar phenomenon is also observed during recrystallization and/or grain growth. To
explain these phenomena, Han et al proposed the concept of migrating boundary-induced plasticity (MIP) from the
diffusion of vacancies at a migrating boundary and showed that this permanent deformation is a thermally activated
process. However, this has an experimental limitation in quantifying grain growth. In this presentation, molecular
dynamics (MD) simulation was used to overcome these experimental limitations, and it was confirmed that a significant
amount of strain occurred during grain growth of BCC-Fe under an external stress lower than the yield stress.
Quantification of permanent deformation among total deformation reveals that this permanent deformation is a thermally
activated process, which is consistent with the MIP. Based on these results, a newly modified phenomenological MIP
model was proposed, and the result of explaining the permanent deformation obtained by the MD with this modified MIP
model will be shown through this presentation.

Keywords: molecular dynamics / phase transformation / migrating boundary induced plasticity / grain growth
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Development of a deep-learning-based large pulsed electron
beam (LPEB) crater prediction model

Mingi Oh' 2 Yonghoon Lee?, Jaimyun Jung', Hoheok Kim', Young-Seok Oh', Se-Jong Kim!,
Ho Won Lee!, Seong-Hoon Kang!, Jisoo Kim? #, Sehyeok Oh! *

Abstract

tHd A=} W (Large Pulsed Electron Beam, LPEB) 3742 AAY & &4 HWol| 24 B2 WY& &
Ao 2 5417 3 Al FAAA AsnE mHAA A dHH, 7IAA 24 &, seE kg 3
4T 1W NES 9 =3 ARgET AT 3 Ao A eV s o] WY 3W 2%
ol AstE e @il At od Aoy FAdS Fw Ul vEH NAEY w4 Vst 9
Aoz deA g, AP Sy olyA e (7hEAdsh o 22 34 2 E JEgFS worm=
gole FA HastE 98 &AE AR HA I 5ot AN V& EYEE 7|9 A& o
AL AN A A 2% Fx9 &F FA9 A5 Jhsdte] Aoy WA AS5S ofyrh

2 A= AA Addely 7wt AAdH Ao A7 (Generative Adversarial Network, GAN) H #d
Rd& AMgste] 34 213 A4 ZEEFYH FAET A5 ouAE Adste Edo] NEEIH. 4
= B9 LPEB 349 7FE5HS, W F2AF 87, HlaS JIAE S, d S-S 94 ol LPEB 34
= 717 A w2 e fujd ojvAE dS5etes SheHdth Shss 913] SKDII, SKD61, NAKSO,
KPaMe] Ul Aol 7% A 15 kV, 20 kV, 30 kV, 18] ¥ FAMES 53], 103], 2082 LPEB BAS
T F ZWE A3 dAnjdew FYGste HolHE FEAT H 31"] Rdo) g4 Ay 74 34 xdy
2A 27l wet Aoy FEXE G F Ue oHAE £ £ Uo AT = AU, FzelH A
4 HastE 93 HAH T Aol A5 ol&E F US ALE dEH

Keywords: Large Pulsed Electron Beam (LPEB), Crater Prediction, Deep Learning, Generative Adversarial Networ
k, Artificial Intelligence
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Y. J. Kim, S. W. Choi, S. H. Jung, M. S. Kim, S. H, Min, J. S. Lee, E. H. Lee,
Abstract

271388 2022
Study on the wear of tap and screw quality in tapping processes
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Microstructure-based multiscale modeling for predicting
dynamic recrystallization behavior
J. Park, M.-G. Lee
Abstract
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Constitutive and Fracture Modeling of
Al-Steel Dissimilar Resistance Spot Welds

Donghyuk Cho, Hassan Ghassemi-Armaki, Thomas B. Stoughton, Blair E. Carlson
Hyun-Min Sung, Brian N. Legarth and Jeong Whan Yoon

Abstract

Resistance spot welding (RSW) is a popular joining method for automotive assembly because of its low cost, short
cycle time, flexibility and robustness. The joining of steel to aluminum alloys has become more critical because of the
increasing usage of aluminum alloys in all-steel vehicle bodies. General Motors developed a new RSW technology that
joins aluminum and steel by using the Multi-Ring Domed (MRD) electrode with welding schedules that repeatedly melt
and solidify the metal[1] . However, the critical factors for predicting the jointing performance of Al-steel RSW are not
clearly figured out. In this work, it has been developed the constitutive and fracture models for the fusion zone(FZ), the
heat-affected zone(HAZ), and the intermetallic compound(IMC) layer of Al-Steel RSW. Firstly, the weld characterization
has been conducted. The localized properties of FZ and HAZ are measured through a micro-scale tensile test. Fracture
mechanisms of Al-Steel RSW are observed through a miniature scale weld performance test and in-situ micro DIC. The
finite element modeling is applied to study the fracture mechanism of Al-Steel RSW. Using the Cohesive Zond Model,
the debonding behavior of Al and steel are modeled. It comes out that much higher energy is consumed under the ductile
tearing mode compared to the interfacial failure mode. Ductile fracture of aluminum FZ is modeled by introducing the
Hosford-Mean stress-based criterion. The result indicates that the weld performance and failure mode can be predicted by
assigning an appropriate constitutive model, the fracture energy of the interface and the fracture stress.

Keywords: Resistance Spot Weld, Localized Constitutive Modeling, Stress-based Ductile Fracture Criterion, Cohesive
Zone Model
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The Flatwise Compression Performance Investigation and Truss
Rod Angles Optimization of TC4 Pyramidal 3D Lattice
Structure Fabricated by Pin-press Method

H. Wang, X. R. Chu, J. W. Yoon

Abstract

The TC4 pyramidal 3D lattice core was created using the alternating pin-press method, and the core and panels were
brazed together to make the TC4 pyramidal 3D lattice structure. Based on the prefabricated plate, the forming mold was
constructed and the 1x1-unit lattice structure was fabricated. The core forming and structure compression of TC4
pyramidal 3D lattice were simulated using finite element method. In general, the simulation results for forming and
flatwise compression were basically consistent with the experimental findings. Using simulation and theoretical analysis,
the truss rods angles corresponding to the maximum flatwise compressive strength and maximum relative flatwise
compressive strength were optimized.

Keywords: Alternating pin-press method; Lattice structure; Compression performance; TC4 alloy; Truss rod angle
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The Effect of Forming Process on Thermal Buckling in Sheet
Metal Structures Based on Finite Element Analysis

J. Lee, W. Cai, T. B. Stoughton, J. W. Yoon

Abstract

AFE TR 12 AZFAHANA A oo dsF o] dAshH, &4 U A} e FE& F7o
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A9 o wEt AA v £ o, ol & A 9T EHES WEE olox A o) wid &
AFoMeE B3 299, fxl-tho] FElojdds T AFTAHY st 250 ExFe vAE JF
S Yolr izt g}, ol & fF AAY FRE EASIY Fx2E& Wiy o8 Fyto] AXEHH dxE
ZALE AHEE AN o Al SHs FEStD EAS Ut d=S Al 48T S
ANARE d3t= dMo] HE57] Y8 BE Mol FEAZEY ABAQUSE Al&3dtdoH, 7+ A
o] EAol gA 43 A= ABAQUS/Explicits, #a 3|4 o= ABAQUS/StandardE o] &3} 3t} 3t
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o A 25 & o]§3te] AFAE v weith

Keywords : Thermal buckling, Forming process, Residual stress, Plastic deformation, Finite element method
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1.5GPa Grade Martensitic Steel and 6xxx Aluminum Alloy
Evaluation of Dynamic Tensile Properties/Measurement Uncertainty
and Automation of High Speed Material Testing Machine

D. Noh, J. Park, H. Lim, J. W. Yoon*

Abstract
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Keywords: Automation, Dynamic hardening behavior, High speed material testing machine, Light weight, Uncertainty
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Heterostructured alloys with enhanced strength-ductility
synergy through laser-cladding

Rae Eon Kim, Eun Seong Kim, Gang Hee Gu, Soung Yeoul Ahn, Hyojin Park, Jongun Moon, Hyoung
Seop Kim

Abstract
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Keywords: Laser-cladding, stainless steels, heterostructures, laser deposition, twinning
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Microstructural and electrochemical study of solid-state joined
and processed metal alloys

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

Abstract

The electrochemical behaviors resulting from the microstructural modifications from several joining and processing
techniques are assessed and compared to that of the parent materials in a series of studies. Experimental and numerical
methods are implemented to explore the electrochemical behaviors such as galvanic corrosion, passivity, and pitting
corrosion of the modified microstructures in detail. It is observed that, significant microstructural changes such as grain
refinement, increased dislocation densities and high local strain greatly impact the electrochemical behaviors of the resulting
microstructures. Numerical models are built using electrochemical parameters extracted from the experimental approaches
to perform additional studies on the electrochemical behaviors. Afterwards, the numerical results are further validated by
comparing them to the experimental results. Additionally, the models in these studies are capable of tracking the moving

anodic boundaries and also performing additional studies which are difficult to do experimentally.

Keywords: Joining methods, Processing methods, Microstructure, Electrochemical behavior, Simulation
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Manufacture of Dash Panel Using Laminated Aluminum
Vibration Damping Sheets

Jong-Hwa Hong', Dong Jun Lee', Yong-Nam Kwon!, Hyeonil Park'#, Daeyong Kim?*

Abstract

In order to meet the demand for not only lightweight but also noise and vibration issues in the aerospace and automotive
area, the widely utilized steel is being replaced with lighter materials, and vibration-enhanced materials are being
developed. The laminated aluminum vibration damping sheets (LAVDS) is one of the materials fulfilling both. The
LAVDS consists of two sets of outer aluminum sheets attached by an acrylic polymeric adhesive in the middle layer to
improve the vibration and noise characteristics while driving the vehicle. However, there is a lack of information on the
material properties of the LAVDS itself and its application examples on the dash panel for an automobile. In the research,
the material properties including plasticity and formability were measured based on the uniaxial, biaxial, and forming
limit tests and the material characterization on the LAVDS was attempted with a conventional hardening law combined
with a non-quadratic anisotropic yield function. Based on the calibrated material properties, several successive forming
steps for the dash panel production were numerically represented by the finite element method as a validation. The results
show that the characterized properties of LAVDS do well predict the failure locations and the critical area with localized

strain verifying the calibrated constitutive equations.

Keywords : Laminated Aluminum Vibration Damping Sheets (LAVDS), Material characterization, Formability, Dash

panel for the vehicle
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Notched Tensile Fracture Behavior of High Mn TWIP Steel

S. H. Yoo, K. C. Chung, H. B. Moon, K. H. Lee, K. -T. Park

Abstract

The Fe-Mn-C TWIP steel exhibits a brittle fracture behavior macroscopically under uniaxial tension in spite of large
uniform elongations, manifested by very limited necking. On the contrary, the steel exhibits the ductile dimple fracture
microscopically. In general, the dimple fracture is affected by the stress triaxiality. For the smooth specimen of TWIP
steel, the stress triaxiality remains constant until fracture because of limited necking. It makes difficult to analyze the
effect of the stress triaxiality on dimple fracture characteristics of the steel. Therefore, in the present study, the
characteristics of microscopic dimple fracture behavior of the notched tensile specimens of a TWIP steel was examined
focusing on the effects of the stress triaxiality. The notch geometry was designed to obtain different stress triaxiality.

Keywords: TWIP steel, Notched tensile test, Dimple fracture, Stress triaxiality, Fractography
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Results and Summary
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Fig. 2 SEM photos of the fracture surface at the center and edge of the notched specimens and the corresponding plot
showing the variation of the stress triaxiality with the effective strain.
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Analysis of hole expansion ratio considering
punching damage in advanced high strength steels

W. Chol, B.-S. Jeong!, J. Y. Chae!, J. Jung', J. Lee?, S.-I. Kim? and H. N. Han'*

Abstract
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Motion of mandrel in pilgering

S. W. Jeong, S. H. Chung, I. G. Jung, W. J. Chung, M. S. Joun

Abstract

Most conventional pilgering simulations have been conducted under many assumptions including fixed mandrel, uniform

mother tube and fixed boundary conditions in the back side. These analysis models predict unrealistic predictions with

almost uniform thicknesses, regardless of the non-uniformity of the mother tube. In this presentation, the motion of mandrel

under non-uniform thickness of the mother tube is simulated to reveal the importance of appropriate analysis model.

Keywords: Pilgering (2 71 %), Mandrel ("1 =2), Non-Uniform Mother Tube (B¢ =)
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Wall Thickening Process Monitoring and Predict Die Damage
by using Bolt type Piezo-Sensor

O. D. Kwon, K. P. Kim, H. W. Kim, S. H. Ryu, C. H. Park, K. Lee

Abstract
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Fig. 1 Result of measured bolt force at the maximum load point Fig. 2 Result of FE analysis for

according to production time Wall thickening Process
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Finite element analysis of a nut cold forging process with accuracy

N. A. Hamid, J. B. Byun, S. M. Kang, K. H. Lee, M. S. Joun

Abstract
Because the ejectors are separately positioned from the forming dies, the structural mechanics of the ejectors are very
difficult compared to the grouped or connected die parts. In this presentation, a nut forming using an automatic multi-stage
cold forging machine is simulated with an emphasis on the structural mechanics of the ejectors.

Keywords: Nut, Automatic Multi-Stage Cold Forging, Accuracy
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Feasibility study on the stepped strip using shape tube drawing
J. B. Byun, S. H. Lee, K. H. Lee, J. W. Nam, M. S. Joun

Abstract
Feasibility study on small-scaled manufacturing of stepped strip from a tube with uniform thickness is numerically con-
ducted using the shape tube drawing process. A tube with uniform thickness is drawn successively to form the desired shape
under the back tension. An implicit elastoplastic finite element method is employed. The study showed that there is a pos-
sibility to fabricate the stepped strip.

Keywords: Stepped Strip, Shape Tube Drawing, Back Tension
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Effect of radial stress in boss forming

A. A. A. Ghawi, M. K. Razali, N. A. M. Salleh, M. S. Joun

Abstract
Boss forming is one of the important basic technologies in bulk metal forming of sheet materials (plate forging). One of the issues in this
field is maximizing the boss height with reduced plate reduction. The boss forming process is characterized by its load exerting dies. This
study applies a precision finite element analysis technique to a boss forming process found in the literature. The implicit elastoplastic finite
element method is employed. The predictions emphasize the importance of the radial stress component exerted on the sheet edge.

Keywords: Boss forming, Finite element simulation, Radial stress
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Frictional characteristics monitoring of phosphate-coated steel
for cold forging using AE Sensors

J. H. Kim, Y. H. Seo and S. W. Kim

Abstract
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Restriction of spread in ring rolling simulation
S. H. Chung, S. W. Jeong, H. K. Moon, J. K. Kim, M. S. Joun

Abstract
Spread of ring material in ring rolling is usually smaller than expected because material flow in the axial direction is
constrained by the directional friction over the long and thin contact interface. Owing to the geometrical features of ring
rolling processes, it is almost impossible to employ the finite element mesh system, which can deal with the friction or
friction hill in the rolling direction. In this study, the problem occurring in ring rolling simulation is investigated and a
practical method of solving the problem is suggested.

Keywords: Ring rolling(¥% = %), Finite element simulation(+-3F 2.4~ 31 4), Friction(7}2), Spread restriction(Z3 3 ]
A)), Profile ring rolling(Z 23} ¥ &7), Line contact(X 5 )
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(a) Conventional scheme (b) New scheme
Fig. 2 Comparison of finite element predictions of spread
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Q/T simulation in Jominy test

M. K. Razali, S. H. Chung, M. Irani, J. M. Choi, M. S. Joun

Abstract
The Jominy test can be used to adjust and optimize time temperature transformation (TTT) diagrams. Based on the
theoretical models of phase transformation kinetics and plasticity, numerical modeling is used to simulate the finite element
model and study the metallo-thermo-mechanical behavior of the metal during quenching and tempering. It was verified that
the modelling effectively simulates the heat treatment process of the Jominy test by comparing the results with those meas-
ured in the literature. Additionally, during the quenching and tempering of steel, distortions were observed and as a result,
dilatation of volume change occurred. The distortion caused by heat treatment may pose a serious problem for precision

parts, thus this phenomenon cannot be neglected. It is a matter of fact that heat treatment analysis is very important in the
mechanical industry.

Keywords: Quenching (&5 &), Tempering (513 %), Distortion (*13)
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Elastoplastic finite element analysis of a non-symmetric tube drawing process

N. A. Razalil, I. G. Jeong?, M. S. Joun”

Abstract
Traditional tube drawing simulation is based on assumption of uniform thickness of initial tube, fixed mandrel and no
misalignment of drawing die assembly. To the contrary, initial tube is normally non-uniform and the mandrel is free to move
in the lateral or longitudinal direction. In this study, a scheme of simulating a general tube drawing process considering the
thickness non-uniformity, movable mandrel and misalignment of die assembly is applied to a general tube drawing process
with some non-symmetry. A three-dimensional implicit elastoplastic finite element is employed.

Keywords: Tube drawing, General analysis model, Technique of starting simulation, Finite element method
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Forging process finite element analysis for application of yoke
for automobile of Yield-Ratio-Control-Steel for cold forging
S. G. Seong!, Y. Y. Wool, Y. S. Lee', E. Y. Yoon"*#
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Evaluation of friction condition of steel wire for cold forging

J. H. Moon, Y. Y. Woo, S. Y. Lee, Y. S. Lee
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Shape comparison study using flow stresses of various materials

S. M. Ji, H. M. Kwak, J. M. Choi, M. S. Joun
Abstract

Overview about the flow behaviors of the materials is of great importance especially to the engineers studying the new material. It is
unlucky that it is hard to find some guide for evaluating the formability of a new material and getting some insight at the material for the
sake of application. In this study, several flow characterization results obtained by the hot cylinder compression tests are macroscopically
analyzed and compared to group the materials in terms of flow behavior and formability using STB2, AA6082, Ti-6A1-4V and AZ61A.
The shapes of specimens are analyzed to relate them with the flow behaviors. It is shown that the radius or curvature at the mid-plane of
the specimens are suggested to simply evaluate the flow behavior and formability.

Keywords: Flow behavior, Hot cylinder upsetting, Barreling, Shape change
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A Study on the Abnormal Grain Behavior of Low Carbon Steel

Based on Microstructure in Cold Forming

S. H. Hwang, S. Nam gung, J. H. Lee, S. M. Hong, S. S. Jung
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Analysis of cold forging process and forging part properties for
vehicle Torx bolt application of Yield-Ratio-Control-Steel

G.H.Kim!, Y. Y. Woo, E. Y. Yoon', S. Y. Lee?, Y. S. Lee":#

Abstract
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Effect of temperature compensation on flow stress of AZ31B alloy

S. M. Ji, J. D. Yoo, M. C. Kim, J. M. Choi, M. S. Joun

Abstract

Temperature effect in hot cylinder compression on actual flow curve has been revealed in several methods. However, few

methods were verified by simulating the hot cylinder compression tests. This complicated situation hinders the engineers

from obtaining the accurate flow stress. Recently, the authors’ group invented a systematic and scientific way to obtain the

flow curve after temperature compensation. It was revealed that the magnesium alloys are very sensitive to the temperature,

revealing that the temperature compensation is of great importance. In this study, we validate the temperature compensation
of the AZ31B by comparing the experimental and predicted forming loads of a test forging process.

Keywords: Hot Cylinder Compression Test, Flow Curve, Temperature Effect, Forming Load
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Fig. 1 (a) Temperature compensated flow curve of AZ31B (strain
rate =10 s') and (b) comparison of the experiment and prediction
of bracket forging
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Bake hardening behavior in a low carbon steel
accompanying inhomogeneous plastic yielding

Byeong-Seok Jeong', Woojin Cho!, Eunjoo Shin?, Siwook Park?, Jinwook Jung', Hyuntaek Na*,
Sung-1l Kim*, and Heung Nam Han'?

Abstract

Baking treatment (BT) is usually subjected to pre-formed automobile body parts to increase the yield strength without
reduction of thickness. So far, composition, pre-straining, and baking condition have been considered as the factors
affecting bake hardening (BH). However, for the materials with yield point phenomenon which accompanies Liiders band
(LB) formation, the effect of BT under the inhomogeneous pre-strains caused by the LB formation has not studied. In this
research, comprehensive uniaxial tensile behavior containing BH response and yield point phenomenon was analyzed.
The two types of microstructure in a low carbon steel (C<0.07 wt%) accompanying yield point phenomenon were
designed: the annealed polygonal ferrite with little mobile dislocation (denoted as PF) and the acicular ferrite with enough
mobile dislocations (denoted as AF). The pre-strain conditions for observing the BH behavior were 25, 50, 75, and 100%
of the strain at which the LB was completely propagated to the gauge length. After all pre-strains, the specimens were
heat-treated with the same BT condition of 20 mins at 170 oC and were subsequently reloaded. To visualize the
propagation of the LB and the strain distribution in the gauge length, the digital image correlation (DIC) technique was
utilized. The BH behavior after the BT showed completely different trend depending on whether the LB was fully
propagated in the gauge length on both specimens. These BH behaviors also influenced the subsequent plastic
deformation behavior. To elucidate the BH and uniaxial tensile behavior, macro and nanoindentation tests were performed.
Especially, the newly created clusters in the baking-treated specimens were detected using small-angle neutron scattering
(SANS), and through this, the origin of the increase in the yield and tensile strength was understood.

Keywords: Baking treatment, low carbon steel, discontinuous yielding
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Robust DIC data management
for the consistent estimation of material properties

H. Lim, J.W. Yoon

Abstract

Digital Image Correlation(DIC) technology is a popular method to measure material properties due to the
advantage of being able to calculate the properties with non-contact scheme. However, the data extracted
from DIC method are not clean to directly calculate the properties because noise is introduced when taking
the stochastic patterned specimen pictures. In this research, the noise origin of the DIC data is examined by
changing the experimental conditions, such as changing the light color, making dark room conditions to avoid
light flickering, adjusting ISO values, etc. It is shown that the main source of DIC noise comes from the
motor in the mechanical tensile testing machine. The fact has been figured out by comparing the
displacement from the machine with the values from DIC. Furthermore, various filtering technologies were
investigated to deconvolute the noise from the DIC data. Lastly, the material properties, especially r-value
and strain rate sensitivity, are calculated based on the filtering method. It is shown that deconvoluting the
noise from the DIC with a noise filtering method can conserve the data trend and remove the data noise
simultaneously and obtain various material properties in a single uniaxial tension test.

Keywords: Digital Image Correlation (DIC), Plasticity, Noise filtering, Material Properties, Mechanical Behavior,
Plasticity, full-field deformation measurement.
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Optimization of Tensile Specimen of Lithium-Ion Battery Pouch
Film for Suppressing Out-of-Plane Deformation from
Tensile Loading

T. J. Jang, C. Sagong, Y. Kim, J. W. Yoon

Abstract
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Keywords : Lithium-ion battery pouch film, Optimization, Tensile test, Out-of-plane deformation
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Forming Simulation of EV Motor Hairpin with Polymer Coated
Copper Wire

D. C. Kim, Y. J. Lim, I. S. Oh and M. G. Lee

Abstract

As future mobility transforms from vehicles with internal combustion engines (ICE) to electric vehicles (EV),
automotive makers have tried to develop technologies on EV parts. Accordingly, the manufacturing process for power
source has been also shifting from engine/transmission to EV motor/reducer system. However, the insufficient experience
with development of new motor types, which require higher efficiency and power density, is a technical challenge. In this
study, we propose the finite element modeling for forming of hairpin type motor part that saves the development time and
cost. The hairpin is made of bi-material consisting of thin copper wire coated with polymer film. Thus, for the
characterization of material properties of constituent materials, basic tensile tests for individual material are conducted.
The tests provide elastic and plasticity properties such as Young’s modulus, yield strength and plastic hardening. By
applying appropriate constitutive modeling in the finite element analysis using the commercial software Pam-Stamp™,
the forming and subsequent springback simulations are conducted for the polymer film coated Cu wire. The hairpin
forming consists of bending, press, widening and twisting. Then, the simulated springback results are validated by
comparing them with measured data. It is noted that the springback angles calculated by the proposed FE model agree
well with experiments if the material models for the bi-material are properly implemented.

Keywords: Bi-material, forming simulation, EV motor hairpin, Pam-Stamp
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A vacuum-assisted single-point incremental forming process on
controlling material pillow tendency for achieving geometrical
accuracy improvements

Mohanraj Murugesan!, Hyung-Won Youn?, Jae-Hyeong Yu?, Wanjin Chung?, Chang-Whan Lee'*

Abstract

The geometrical accuracy of incrementally formed products is the primary concern in the single-point incremental
sheet forming (SPIF) process. The pillow formation is one of the issues in achieving better geometrical accuracy as it
adversely affects the material's formability. Therefore, considering the pillow defect as the primary objective, the present
study is aimed to investigate the proposed vacuum-assisted (V-SPIF) process on pillow formation. Besides, the influence
of working parameters such as forming tool diameter and vertical step increments on pillowing is also examined in this
work. At first, a room temperature tensile test of AA5052-H32 Al alloy material was carried out to determine the
mechanical properties. Besides, the digital image correlation (DIC) method was used to evaluate the material deformation
characteristics of AA5052-H32 Al alloy sheets. In addition, the plastic strain ratios were calculated from the test samples,
which were prepared in the rolling directions 0, 45, and 90. Then, the V-SPIF experiments were carried out considering a
complex geometry with various curvature radii and wall angles. The part's geometrical accuracy was eventually reviewed
against the actual geometry using 3D scan results. Further, the finite element analysis was performed to study the
material deformation, stress, and strain states under the chosen forming conditions, especially with the vacuum's presence
and/or absence. It is found that the forming tool diameter appears to be the most influential parameter that determines the
pillowing tendency of sheet metals in SPIF, followed by the vertical step increment. Furthermore, the material pillowing
tendency decreases significantly with the presence of a vacuum; however, vacuum presence showed a huge difference in
pillowing when a small forming tool diameter was used. According to numerical analysis, this happens because the
vacuum presence causes a uniform stress distribution on the sheet than the case without the vacuum. In detail, the
addition of vacuum pressure compels more material deformation in the normal direction with higher stress values and
also reduces the transverse direction stresses, which induces pillow formation. In conclusion, it is advised to adopt the
optimum forming tool diameter with proper step increment and vacuum-assisted forming to control material pillowing
tendency in the SPIF process.

Keywords: Single-point incremental forming, geometrical accuracy, pillow formation, defect, vacuum-assisted, AA5052-
H32 Al alloy, finite element analysis, material deformation, stress and strain states

1. Department of Mechanical System Design Engineering, Seoul national university of Science of Technology, Seoul 01811,
Korea
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Evaluation of the Surface Characteristics of Un-coated Boron
Steel Plates according to the Atmospheric Control Conditions

Using Hot Stamping Simulator.

J. H. Lee, J. S. Song, H.G. Jin, G. H. Bae

Abstract
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Keywords: Hot Stamping, 22MnB5, Un-coated Boron Steel Sheet, Atmosphere Control, Oxide Layer, Decarburization
Layer, Induction Heating, Hot Stamping Simulator
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Development of Hot Stamping Process Window for
implementing High Strength Vehicle

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

Abstract

Recently, the ratio of applying high-strength steel over 1GPa has been increased to reduce weight of the car body and

to respond to fuel efficiency regulations. In addition, it is absolutely necessary to maintain stability of high-strength parts of

the vehicle body to meet the strengthened crash requirement. This is because not only the weight reduction of the vehicle

body but also the safety of passengers in the event of a crash can be secured. Although the application ratio is increasing to
maximize the effect of applying the advanced high strength steel sheet to the vehicle body, it is difficult to freely apply it to

various parts due to forming limit and dimensional precision of parts. Hot stamping technology can easily overcome these

issues. This is because the material can be heated at high temperatures to ensure formability and the strength of 1.5 GPa or

more can be secured through in-die quenching. Thus, the hot stamping process window is considerable important to obtain

the optimized hot stamping performance of vehicle parts. The reason for that is, the performance of materials are varied

depending on process conditions. In the research, we investigated the optimal process windows that have significant effects

during the hot stamping, and derived the optimized performance in considering machine learning.

Keywords: Hot stamping, Process Window, High Strength Vehicle, Mechanical Performance, Machine Learning
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Development of Hot Stamping Coating Layer Prediction
Based on the Data-informed

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

Abstract
Hot stamping engineering is widely applied to car body parts to reduce vehicle weight. Accordingly, many research
groups are being carried out to increase its applicability. The hot stamping engineering is that the material was heated at
high temperatures to ensure formability and the strength of 1.5 GPa or more through in-die quenching can be secured, and
various performances are determined by using the optimal process. In the hot stamping, a few coatings are used to prevent
oxidation scale on the sheet’s surface during the austenitization at high temperature in furnace, and Al-Si is the most common
protection. For the Al-Si coating, the remaining phase is varied corresponding to be heated at the target temperature, and it
is possible to control the coating layer structure based on the phase growth mechanism in the Al-Si coating layer. After
reaching the austenite transformation temperature, the existing Al-Si coating layer structure is become different due to the
target temperature, and cracks and voids in the Al-Si coating layer are generated differently. As a result, the hot stamping
application performances exhibited the different such as weldability, hydrogen brittleness and formability due to the process
conditions, and vehicle body part’s properties were greatly affected. Therefore, this research investigated to study on factors
that could affect the performance of car body parts by predicting the evolution of Al-Si coating layer during the hot stamping
process, and in particular, to predict the thickness and composition of coating layer by using machine learning based on
experimental data. In addition, in order to comprehensive understand the characteristics inducing in the unit of parts, the

finite element method is utilized for a coupled materials-thermal analysis in a commercial software (Pam-Stamp) in

conjunction with data-informed.

Keywords: Hot stamping, Al-Si Coating Layer, Mechanical Performance, Machine Learning
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Analysis of strain-path-dependent behavior of DP980 steel
via elasto-visco-plastic self-consistent polycrystal simulations

Bohye Jeon, Shin-Yeong Lee, Frédéric Barlat, Jaeseong Lee, Youngung Jeong

Abstract

HeolE Aol 3 A& mtEHAOE A & AEE IF AW DPAS AAEoHAE
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Keywords: DP980; Crystal plasticity model (27 24 E2); Dislocation density hardening model ({1¢] % =
dl); Strain path dependent (138 H =2 2]&A); AEVPSC model (BH 844 23 =2d)
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Characterization of fracture behavior of automotive steel sheets

Shin-Yeong Lee, Jin-Hwan Kim, Frédéric Barlat

Abstract

The fracture behavior of automotive AHSS sheets has gained interest because of their poor formability compared to
that of conventional automotive steels. In order to find solutions to this issue, the use numerical simulations with
theoretical fracture modeling and material characterization is essential. In this work, the fracture behavior of two
automotive steel sheets, DP980 and MART1500, was characterized using a number of mechanical tests. Uniaxial tension,
plane strain tension, and simple shear tests were performed using the digital image correlation (DIC) technique for
mechanical property characterization. The strain fields determined by DIC were utilized to extract the fracture strains
obtained in various stress states. Then, the Hosford-Coulomb (HC) model was calibrated using the measured fracture
strains and a simple non-linear fitting method. Furthermore, the load-displacement curves were employed to calibrate the
Generalized Incremental Stress State Dependent Damage Model (GISSMO). The coefficients of this model were
calibrated using an inverse identification approach based on FEM simulation results. Finally, the calibrated fracture
properties were applied to fracture predictions in the hole expansion and stretch bending tests. The result of applications

indicates that simulation with theoretical fracture model predicts fracture more accurately than without the fracture model.

Keywords: Sheet metal forming, Fracture, Automotive steel, Calibration
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Calculation of sheet metal bending under tension/compression

asymmetry

K. Ahn, M. H. Seo

Abstract
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Numerical and experimental investigation for formability of
friction stir welded dissimilar aluminum alloys
I. J. Jang, Y. B. Kim, S. H. Jung, W. Noh

Abstract

Tailor Welded Blank (TWB) using Friction Stir Welding (FSW) expands the range of application of aluminum alloy
sheets to vehicle parts, which not only has an excellent lightweight effect but also improves productivity by reducing
process steps. In this study, the formability of TWB joined through FSW with dissimilar materials of aluminum 5083-H-
32 and 6061-T6 was evaluated using experiments and numerical analysis. First, mechanical properties were secured
through tensile tests of base and TWB materials, and local properties of welded parts were evaluated using a Digital
Image Correlation (DIC) system. Also, hardness was measured and correlation analysis with the local mechanical
properties of the weld was performed. Finally, in order to evaluate the formability of the TWB material, numerical
analysis was performed through the Finite Element (FE) simulation of the dome stretching test. For more precise
numerical analysis, the weld-affected zone of the FE model was appropriately discretized based on hardness and strain.
Experiments were performed to verify the numerical analysis and the prediction accuracy was evaluated. Also, by
analyzing the prediction accuracy according to various FE models that discretized the welding-affected zone, an
appropriate modeling technique for the formability evaluation was studied.

Keywords: Tailor welded blank, Friction stir welding, Aluminum alloy, Digital image correlation system, Local property
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Investigation on acoustic emission characteristics of magnesium
alloy sheet (AZ31b) during bending deformation

J. H. Yu, Y. H. Song, S. C. An, W. J. Chung, C. W. Lee

Abstract
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Keywords: Magnesium alloy sheet(AZ31b) , Acoustic Emission , V-bending process , Micro crack

1. a7 gtw At AR B F e

2. et 7) e gl 7] AlA 2Bl &}ol 28l 3}

# WA AR e aels) e sl 7] A A 2T =pel w8k}
E-mail: cwlee@seoultech.ac.kr

e
e



e

T ItSol ost &2 st [E =

AR

o =4 543

S 2slot=SM[QlAt ofxX|=!- Hu{oft ofC|!- HX|Z"#

Measurement of Material Properties of Ultra-thin Metal
Considering the Effect of Electric Discharge Machining

J. Jung, M. Mohammad Hosseinzadeh, E. Kurniawan, J. H. Kim

Abstract

For measuring complex elasto-plastic behavior of a metallic material, in general, specimens are manufactured by wire-
cutting method known to have lower processing-induced degradation than laser or mechanical cutting methods. However,
the wire-cutting method can still affect material properties as generating heat-affected or plastically-deformed zone of a
specimen. In this work, using 1000 series aluminum alloy sheets having a thickness of 0.2 to 1 mm, dog-bone type
specimens with various widths were manufactured by the wire-cutting method. The processing-induced size effect was
shown in the uniaxial tensile test results. The processing-induced and base material properties were calibrated by
optimization based on a composite model with two sections. Its effect was validated by 3-point bending experiment and

simulation.

Keywords: Ultra-thin metal sheet, Processing induced size effect, Wire-cut electric discharge machining, Optimization,

3-point bending
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Distortion Minimization of Roller Offset Formed Aluminum
Sheet Through Finite Element Simulation

D. H. Han, Thomas B. Stoughton, Lu Huang, J. H. Yoon,

Abstract

TruMatic 7000 is a machine that could flexibly perform various metal sheet processes such as punching, beading, laser
cutting and rolling. Roller offset forming (ROF) is one of the manufacturing processes performed by the machine, which
creates an offset to a metal sheet incrementally. The ROF is applicable for manufacturing various shapes and sizes of
sheet offset forming without demanding new tools. However, the ROF process induces an unwanted distortion
throughout the sheet, resulting in a product's asymmetric and unstable geometrical feature. Finite element model is
validated by comparing the simulation result and experimental result of the ROF. The degree of distortion is quantified
and defined to a single scalar value to easily compare the distortion between two different finite element analyses. As a
result, offset closer to the clamping zone, offset tilted to 45 degree, start point angle of 0 degree, and larger curve radius

decreased the distortion of the metal sheet.

Keywords: finite element model, distortion, anisotropy, roller offset forming
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A Study on the Design of Extrusion Die using FEA

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

Abstract

SEFTAHLE TP o] dAT AEFS e FHoR AT F v AALA 2V THOE
FE2 TS 2 AEE A9 tEHoR dE AREEIL vk H2o WA s ghoje) v Eol
A At aaAQ EFrE dEEe ARgol FUeka ) o) BEe] A4S Y B 7
A skolde wet A ALEE 4 AL F e 4F 7€ &9 Ao

UEFHL AF duddel v HF¥y LEE FYPoR FEREHEY, XEZ SEFIS FTE A
= Aol AMEEE 38 FdElR, EEZ(port hole), B 3 A (bridge), €Y A1 (welding chamber), #o}&
(bearing surface) &2 FAHET FEEZ F¥L &= AF Aako] ALLEE HEP| H& S35k
AAA ] EE w397t sty Be AlgHe s A A HToe oy dEFFEY AAE A
Aoz w87 A3 FAEA ] EYH o TEZ T3 oA doluEs AAY fres 7HA
shetal b= Ao 9F §%, &5, 3t 55 dS5ste 58 AAe &8st

2 AFoAME sk wEHE EEe] Aolid uigt ¢bE MAS TSt olE AFAEHI AASH
o 538 2 TA 2o mE JFES FASGT 28 a A ¢ AUES AL e HAH dAx
A& AT

Keywords : Extrusion, Die Design, Finite Element Analysis(FEA), Updated Lagrangian(UL), Steady-States(SS),
Arbitrary Lagrangian Eulerian(ALE)
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Microstructure, Hot Deformation Behavior and Formability of
Modified Al-0.7Mn alloy

T. H. Kang!, Y. Huang!, Y. C. Shin?, H. J. Choi% S. C. Lee’, K. A. Lee**

Abstract
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Elucidating time-dependent deformation characteristics of
AA7075 alloy under different temper conditions

Kali Prasad!?, Hariharan Krishnaswamy!, Hyoung Seop Kim?

Abstract

Stress relaxation test is a transient mechanical test which is widely used to investigate the deformation kinetics of the
deforming specimen. In the present study, the deformation behaviour of AA7075 in different temper conditions is
investigated using stress relaxation test. Single and repeated stress relaxation tests were conducted to evaluate the
fundamental parameters such as strain rate sensitivity, apparent and physical activation volume, exhaustion of mobile
dislocation density during relaxation process. The results show that dislocation-dislocation interaction play a critical role
during deformation in solution treated condition whereas dislocation-precipitate interaction governs the deformation kinetics
in presence of precipitates. Furthermore, single-step stress relaxation phenomenon was found to positively contribute to the
ductility improvement irrespective of temper condition. On the contrary repeated stress relaxation tests resulted in ductility
improvement only in solutionized condition. The possible governing mechanisms are discussed to provide a holistic

overview of the transient deformation response of AA7075 alloy under different temper conditions.

Keywords: Aluminium alloys, Ductility Improvement, Stress relaxation, Formability
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Development of Numerical Model Based Deep Learning for the
Roll Force Prediction in the Sendzimir Mill

Y. S. Cho, Y. H. Kang

Abstract

The ZRM (Sendzmir Mill) is the cold rolling mill which consists of 20 rolls to produce the stainless steels and the
electrical steels. The work roll of the ZRM is so small to reduce the thickness of the strip efficiently. At the beginning of
the rolling, the roll force set-up was performed for the desired thickness of the strip. If the set value of the roll force is not
correct for the outlet thickness, the thickness deviation is high, furthermore the strip is broken during rolling. For the
ZRM process, sound prediction of the roll force is vital for achieving the desired thickness because the stability of the
rolling substantially affected by it.
In this paper, mathematical model is presented for the prediction of the roll force at the beginning of the rolling. The
model consists of a numerical model for the prediction of the roll force, a sub-model for the prediction of the mechanical
property of the strip by the deep learning, which is the deep neural networks. It is called numerical model based deep
learning. From the combination of these models, the roll force at the beginning of the rolling can be predicted to produce
the desired thickness of the strip.
The numerical model based deep learning has several advantages compared with typical deep learning. The prediction
accuracy has been improved from the physical tendency of the numerical model. In addition, from reduced number of
inputs of the deep learning model, the learning time was decreased. The prediction accuracy of the proposed model is

examined through comparison with actual data.

Keywords: ZRM, Sendzimir mill, roll force, numerical model, deep learning
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Set-up model for cold rolling mill using deep neural network

S. H. Kim

Abstract

In the rolling mill system for cold steel plate, pre-calculated initial value for feed-back control system should be given
before rolling process, including roll gap of each stands, power distribution, tension between stands, rolling speed etc.
Generally, that initial values have been calculated based on the physical model, that is set-up model. In these traditional
analytical set-up model, the variance of the coefficients of the models and assumptions in the physical model can make an
error in predicting real values. In the case of broad product range of the mill or the conditions of facilities are changed, it
is more difficult to set the coefficient properly. To overcome this, we developed new set-up system for the cold rolling
mill using deep neural network. Recently, Al (Artifical Ingelligence) technology and application fields have been
developed explosively. Using Al in predicting set-up values of rolling mill system, we can adapt to the variance due to
wide product range and facility changes not knowing the physical phenomena. Conventional deep neural network models
for predicting several types of variable were developed and the new integration technology for multi models were
developed because in tandem mill system, multi variables are coupled to each other, for example some roll gap change
affects tensions between the tandem stands. Compared to the analytical set-up model, Al set-up model result in more

productivity by efficient power distribution.

Keywords: Cold rolling mill, Set up, Al, Deep neural network, Multi model
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Ki-Seong Park, Hyo-Tae Jeong, Shi-Hoon Choi
Abstract

BCC 274 T%E5 2t Ta-l0W &5 8HoH4 bgAo] -53haL, A =
melting point metal)©] o}, SFAIRF Ta P W 3| % (rare metal)©] 7] W&ol ¥ = (bulk)
Kol =& 7HA FEo g Qi Adgtofel A &&o] wfe AgA ety A E E3
< =S FEe mE HYE SR A s AAES AL Qo ATl A=
S5a th 53], Ta-10W =9 vAz=22 A5 A (static) 2 &4 (dynamic) g0 FIFS v x]7]

ol ol& AT = e Vo] aFdY A E AdFdME 1XF ok 83| Z(high vaccume arc
furnace)E ©]-8-3}4] Ta-10W TS WHE(button) FEHIZ &3/ s1gler, 2 AN AA L =24 44
35 98l ¥ EA 8 ZE(vaccume furnace)oll A A3} F*] 2] (homogenization heat treatment)E -3 33T}
w43t dxzld HE JE Ta-loW FaS ddst7] A3 5 (block) BEZ 717 7Hastglen, 717
7HEE 2AE 49 AAVIE o] 831 20%, 40%, 60%2] TR het&R Wit hle ). FE-
SEM % EBSDE ©|&3} Ta-loW 59 dot&el weE ¥y nAzxzd @ mA»F=s ¥stE 543t
o A es EA8IE Y Ta B Ta-10W Fao] Hdx2 Wsts ol2dom d4st7] 9Jal Visco-
Plastic Self-Consistent(VPSC) TFA4 =ES o] &3l ow, &4 2 A3 Ay vju B39, wleha
B AFLE B8] W7 4 Al Ta-10W 9 W3 75 (deformation behavior) & % & 3 3= 2] (deformation
texture) M 3HE o] 33} AT

K
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Modeling of Compressive Hardening Curve of Ultra-Low
Carbon Si Steel Sheet Considering Temperature and Strain
Rate

Choong Myoung Lee, Chungu Kang, Jeong Whan Yoon

Abstract

Ultra-low carbon steel sheets are widely used in automobile electrical devices. Temperature variation and strain rate
condition of the ultra-low carbon Si steel have different effects on the hardening curve under compressive stress state.
Therefore, in order to model the compressive hardening curve of the material, the effect of the temperature and strain rate
should be considered separately rather than combining them into a single parameter such as the Zener-Hollomon
parameter. In this paper, a new hardening model based on the Voce hardening curve is proposed for the ultra-low carbon
Si steel sheet. The proposed hardening model is capable of capturing the softening behavior. The material parameters are
determined through consecutive optimization processes.

Keywords: Ultra-Low Carbon Si Steel Sheet, Uniaxial Compression, Hardening Curve, High Temperature, Strain Rate

—
~

5
}

o

L dHALIE9 AT,
2. @ujAd R&D 4B, AT
# BN 29 7 E,

1t

¥ e

E-mail: j.yoon@kaist.ac.kr

-



ot
H
B
o,
N
ofl
%
tob
)
o
o
]
rf
k
4%
b
%
iy
=
toby
P
fu
jirat

A Study on the Improvement of Welded Nut Forming Process
for Automobile to Improve Material Yield

Y. C. Park, Y. J. Kim, S. H. Jung, J. S. Lee

Abstract
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Development of multi-shell composites parts

J. K. Kim, Y. M. Choi, S. G. Kim, S. M. Son, G. Y. Lee, M. Y. Lee

Abstract
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SAll wiE Y BoE % uAAY FF 3 dasirt 3 Asatels AEstel sl wiEe] B

35 9gk 37 FFo] dasith A H TUl HAFY Zgabgols ol& ®EEehr] gk H3aA FEol
AgT o] Qlom, 279 pFol YA AL Folrh. A HEH EFAA Pultrusion A|FES Carbon/Glass o]
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Development of rCF(recycle Carbon Fiber) warm stamping
technology

Y. M. Choi. Y. S. Jung, S. G. Kim, S. M. Son, M. Y. Lee
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Composite material parts manufacturing equipment and
manufacturing process optimization technology development

S. G.Kim, Y. S. Jung, S. M. Son, G. Y. Lee, M. Y. Lee

Abstract
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Method for manufacturing carbon fiber paper for composite
material with improved dispersibility by using long-fiber carbon
fiber

S. G. Kim, D. H. Kim, B. J. Choi, O.H. Kwon

Abstract
A method of manufacturing paper applicable to intermediate materials for composite materials through binder bonding

using carbon fiber and recycled carbon fiber with improved water dispersibility in wet-laid manufacturing method

-- The present invention is a technology for manufacturing intermediate paper for composite materials using a wet process

after mixing with VPB (fibrous binder) using carbon fiber and recycled carbon fiber.

- Raw material composition methodl. Disperse 1 ton of water and 4 kg of dispersant (CMC) in the raw material
dissociation tank.2. When the dispersant (CMC) is dissolved in water, disperse (agitate) 2 kg of carbon fiber and recycle
carbon fiber.3. Dispersion is a carbon fiber with hydrophobicity, so carbon fiber and Disperse Recycle Carbon Fiber.4. In
order to reduce the phenomenon of carbon fiber and recycle carbon fiber becoming entangled in water, dispersing agent
(CMC) is added to 0.4% of water to maintain the viscosity to prevent tangling. .5. In the state where Carbon Fiber and
Recycle Carbon Fiber are dispersed, put VPB (Fiber Type Binder) in a ratio of 91:9.

Selection of binders that increase bonding strength and deriving the optimal amount of input
- Strength suitable for VPB (fibrous binder) processing of 9% of the total raw material can be realized.
- VPB (Fiber Type Binder) functions as a contact type binder when combined with water at 60°C.

- The amount of VPB (fibrous binder) used within the non-stick range in drum drying should be minimized.

Keywords: Multi-Shell Seat Cross Member, CFRP, GFRP, Pultrusion
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Effect of Phosphoric Acid on Flame Retardancy and Interfacial
Shear Strength in the Manufacture of Carbon Fiber Nonwoven

G.H. Kim 1, H.K. Lee, K.E. Kim, D.U. Kim1

Abstract

AT e HAEe WY ofYel, €4 H7A H E8F EAo] 3 A Aoy, &
2AF7F rtelal AFdgo] oEy s@AEIAE &, 5, FEHIY T2 avte] FEAdR 4851 9)
oH1]. ol gk etARIA)e e ALL&AAS sty st dRolE-H st ol AFE L Tk g
28FAE UL-949 VO 59 HAAZS o738, A A9 g dd #s JdFE Jd=Hn
o ebaXfol ddMe g dteE Ao gl AAo|th B Ao AS o] &3] AR
B2 guo] A dAH S Hojdte] Qite vk W Az uE Bads FFE dd &
Aol M AE G3S BAsg. B Ao Aled @A RE DR Torayol A A %3 PAN 718k Hi A
7 9F 7pum9 T700SCE AFR3FQUh. FE-SEM, EDS, G%FEA1 7], WA A|H7], whs AART A&7,
XPS, AWAGE F AE7|E &85t AitEE AF guws), dFEE, ddA, AFEA Wl 7]

71 2 AWARHEES FAY. g F FA X o2 FH ¥ TGAY A¥}E EH untreated CF
o] TGA FEdoleLE 920TFon, ¢lator FE Fo|E= 120C 2 920CoA FFWsl7t Vebyth
Q1AL FEE Svol%E F7HAZ A3, 5vo% ol A untreated CF THH] 120Coll A 8%, 440°ColA 20%9]
Sy BAE R oM, o] 40T, 120°CollA] H20, 440°CollA] (CH2)2PO42] Ao = d5e W3l vt
A Aow JAHET BaAR FAI Citor Y I WA AT AnE BW, Lol AV 5
X 0.5vol.%AN A Svol %7t A S7FEE dd o] AR vo e S YERAT o] dAte
2 34 A gaRAFY 3d BEAS o 30% oY FHAE AeE wddch E23 e w Id &
XPS AFE HW, Abar9 o] giaAdRe x| EAste @9t d¥ste] 2HE7](lactone group), 7HE
Hd 7] (carbonyl group) 2 o] =& 7] (hydroxyl group)’} S 7Fsk3lth o]& Qla ©AAfol Ak A A
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Thickness Optimization of Composite Seat Cross Member with
Linear Buckling Analysis

G. Joo, K. D. Kim, Y. C. Kim, J. Kim, H. K. Jang, W. K. Lee, M. G. Kang

Abstract
A AFHEE dskel W R WPEs} we BPARE A4 2L RF A8 AP A7 B
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UE AEAwswe] 12 FAde] ol Fol o % Fualy] 9§ 4A Ax 5t Egom
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sl o HA8E g Jee] F39 e Asazsgulel 9 sto Held ol
AEZRA WHE ARFoRH 43 FuE FPAAOH, 37 8F LTE 24 #2 YA
WEY i AR A3 AT NG FASA @ 2AE CRP B o7 GRRPE 2
&9 299 YANE STE WES 9% AELzsgne] Ar TS EEaT AT AT Ao
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o=l e}

1 to o

Keywords: Seat Cross Member, Linear Buckling Analysis, Thickness Optimization, CFRP, GFRP
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Effect of Forming Factor On Multi-Stage Hot Press Forming of
6xxx Series Aluminum

M. H. Oh, R. H. Kim, Y. S. Jung, S. E. Park, S. M. Son, M. Y. Lee

Abstract
H ATak AdgelA dsste] dAngds H8) AEs B5deR aFgd el A FEel A
g oAl dFuEe HLol 43 SUMstn k. A6 HLEHE dFuE AAe Ax 2 AY ¥
He 97 F2AY, 4EAY, BAAYEeR Uy, &dZuE 33 AFEe 71E 2" 34 Aol v
aAle] vk Axgo] o YEZ o ok ¥l oy THo] At ol dFuE AAe JFA
GAS Ay A dFEvE BAE 2o J9o 2EE tdsle] AYste s Ay
Atk AR Ay #A ] ARAPIES FRAP Ha) IdE FEA AfEe Ha G o
ol gtk
ole] - AFM = AN YES 2v A Lst dFnw BAY S FuEte], FELAS I
BANE Y A5 AAE
thet A E %ol AFRE AAE FA Smmel A6061-T4 FAS AMgERom, A LxE= 1w
[e]
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Development of production flexible and multi-purpose
underbody body parts

R. H. Kim, Y. S. Kim, S. G. Chol, S. E. Park, S. M. Son, M. Y. Lee

Abstract
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Study of Cell to Body Electric Vehicle Underbody Collision
Analysis

D. H. Kim, Y. S. Kim, S. G. Choi, S. E. Park, S. M. Son, M. Y. Lee

Abstract
Agab Akie] - An] 2o 7katA AstE QIR A Aol A8 Ao syl #3118 A
on, el Aoz st Weke] Edles g wskstar gl Aol olo A Al =
AL AA Wt g AlEe] WsA STkl e dieeto s AntE AR E FHY] gEF AL
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Development of Variety Smart Multi Jig System

Y. G. Kim, M. S. Choi, T. J. Yim

Abstract
A AAF-E YL (282 A9 Ao wEt IE AT UEEERF A EEe X A
Al ZH (A4 Hoss_Time'A)o] Q3 Fzrgdo= Qg FAAA g9 oj#fo] At old w& EAH
A7 Az, A W, AnAEsE APBAAN 5 Bdglel wAstn vk aen, gabs B

=]
AE B 20 ool ATl AFE FAML AAL(AAYL Da) AN F AT BAS A4S 0B
HgA7E AvtE W A0 A2Rg Aetad dh

* Smart Multi Jig®] 7§22 $13] Long/Short Body®] 3D Model Data®] ZE 2 Multi Jig®] Simulations E3}]
Multi Jig Slide Type?] HAAS HESAT.  Smart Multi Jige] A Clamping 2 &S olslr] 9|3
Location Pin& #-83}31 T}, Smart Multi Jig®] A|# 2 A|oj9]g o]7]F3F PLC Z2EZS 7N 48315t

Fig.1 Smart Multi Jig 3D Model Fig.2 Smart Multi Jig
FARAL Aojg PLC T2 AP o] wE Smart Multi Jig 7S E38] Long/short Body(27] =}
T) AEA2e] bR wel FEFe FE&stet RES), AvAEstE & e ERldA ohakEE
Fol fFAdAAS UsEg o R JdH 2 A A3k, A o] o SH T
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Equipment Condition Monitoring System

J. H. Yoon, j. W. Yoon

Abstract
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Numerical simulation of composite drilling and corrosion
resistance test for composite-metal adhesive joints

Y. C. Hur!, E. Kurniawan', M.H. Oh2, S. G. Kim?, R. H. Kim?, J. H. Kim"

Abstract

In order to reduce the weight of the automobile body, various materials including composites have been recently used.
It is difficult to use conventional arc welding or laser welding, which have been traditionally used to join parts made of
these materials. Mechanical joining and adhesive joining are frequently performed simultaneously as a method for
joining composites and metals, so this study was conducted. The composite drilling process for mechanical bonding such
as bolting and riveting was simulated using the Finite Element Method (FEM). While there are many studies on the
drilling process of metal materials, there are still few studies on the cutting or drilling process of composite materials.
Adhesive joining for additional joining after mechanical joining was conducted experimentally. The joint strength
according to the amount of adhesive and curing time was evaluated by a single lap shear test. Finally, in order to evaluate
whether the joined parts withstand corrosion well, the effect of corrosion on adhesion was evaluated by salt spray

corrosion test.

Keywords: Composites, Finite Element Method, Drilling, Single lap shear test, Salt spray corrosion test
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A study about digital twin of mixed production line

H. S. Kang, D. O. Kim, Y. W. Lee
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Improvement of the swaging process for HANARO nuclear

fuel assembly

J. J. Hwang, J. M. Do, K. H. Lee
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Recently, numerical predictions of surface deflection based on curvature analysis have been developed as follows;

first, a

the tool in order to examine surfaces with high curvature. The cold rolled sheet plates with polycrystalline accompanies
changes in respect to microstructure change due to plastic deformation during the cold rolling in manufacturing process.

Second, the plastic deformation gradient can be predicted by capturing the evolution of texture under deformation due to

the po
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A Numerical Simulation study of Surface Deflections in
Automotive exterior panels used Ultra-low carbon Steel

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

Abstract

measure of surface deflection is proposed as the maximum variation of curvature difference between the panel and

lycrystalline aggregate. In this study, surface defection in uniaxial tension strain mode is conducted using crystal

plasticity finite element method.

Keywords: Surface Deflection, Low Carbon Steel, Crystal Plasticity
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Multistage Forging Process Design for Aluminum Pipe Yoke
using Cooling Die

S. M. Lee, 1. K. Lee, S. Y. Lee, M. S. Jeong, S. K. Hwang, D. Y. Park,
J. W. Park, W. S. Hwang, S. K. Lee

Abstract

o] 8 F(pipe yoke)T A& A XX (steering system) EEC] ALEHE AAFEEF F shvo|tt. =&
FA RES WAV AbsAEnt oyl 18 Absatke] A#stE f&) AEES A8l S ol
of mebA, 2" 2A7F AEHal s VIS ol e Fe] AEE & A2 EFvlw Feol A8y
a Ak oz g F9] g T FFAAE U dxeAAS S8 AFska o, ditgow g4
At dEReE shd vpo] o) gy Tko] Wol td vy Aol AEHa uh weEbA, FHo] 59
FolZ A AxE e Wi e dxed AAVE g F st

B A e 7€ 29 AA7F A8Ha s ez 238 4Ry Fuom dAsy] A Wit
vk 423 AAE sl vt G2 xre] g v me Srw gkl g Hgle] o] o
A7 wiEel W3k AdeAolARt AEF Ao AT ol dojun, ol &Fvw AdF] xW F
A& AstA7lE agle]l Ha vk wEkA, B AFeMe @ wats-5 EdE Jolx 87 TAHTE
AAsglon, A9 Al dFrlE FolZ aFe] AU 2EdeS UAs] Aste] W 29dS 4835
Ak W7 59E A8 @ H2E Ay dxed A SdFrE a4 2EE AR §AT F
uoH, HF AFE dFvE FolZ g9 W FHLE Ade] e ¢ AHdS S99 = 3
AT

Keywords : Aluminum Pipe Yoke , Multistage Forging Process Design, Cooling Die
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The development of multi-materials reinforcement side-
structure for automotive lightweight and improvement side
impact

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

Abstract
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The study of stamping die lay-out using forming analysis for

membrane of LNG ship

J. H. Lee, S. W. Nam, D. 1. Kim, J. Y. Kim, C. R. Park
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A Study on BatteryPack applying Aluminum sheet to secure
crash performance
D. I. Kim, S. W. Nam, J. H. Lee, J. Y. Kim, C. R. Park

Abstract
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Hot forging characteristics for large ring parts for SMW
offshore wind power generation using continuous casting
products

C. H. Lee, I. Y. Oh, N. Y. Kim, S. H. Heo, K. A. Kim, H. S. Chang, J. M. Lee

Abstract
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A Study on Forming of Curved part for Aluminum alloy Plates

S. L. Lee, K. L. Kong, S. J. Park
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Analysis of Door Ring Side Collision by Welding Position and
Number of Weld Seams

H. J. Jeon!, C. G. Kang?, M. S. Lee”

Abstract

In accordance with carbon neutrality regulations by automakers around the world, they are focusing on vehicle safety
and weight reduction. Among many lightweight methods, the TWB (Tailor Welded Blank) method improve efficiency by
making two different plates welded. However, components manufactured using the TWB method are vulnerable called
HAZ (Heat Affected Zone). HAZ with very low elongation mechanical properties can act as a very important factor in
energy absorption during collisions. In this study, the energy absorption of the dooring was evaluated during side collision
through FE simulation. The conditions were divided according to the welding position of B pillar, and an optimal position
was selected, and an additional comparison was conducted according to the number of weld seams. The impact energy
showed significant results depending on the welding position, and the results for the number of weld seams were almost
meaningless.

Keywords: TWB, Door ring, HPF, HAZ, FE simulation
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Experimental study of machining of cryogenic insulating
material adhesive part

T. Y. Jeon, J. J. Kwon, S. B. Park

Abstract
These days, the use of cryogenic and low temperature system is widely used not only in aerospace industry, but also in
shipbuilding & marine industry, food industry and medical applications, and materials in a cryogenic state must be stored,
transported without changing their properties. To minimize heat leaks into storage tanks and transfer lines, high
performance materials are needed to provide high level of thermal insulation. In this study, a cryogenic insulating material
and adhesive with excellent performance was selected for the development of the insulation bonding process of the
common bulkhead propellant tank, and the machining state was analyzed through the insulation bonding part machining

test.

Keywords: Insulating material, Adhesive part, Machining
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A Study on the R-Bead Forming Process of a Driven Hub and
Inertia Wheel for Transmitting Automobile Crankshafts’
Rotation Power

J. S. Park, S. S. Lim, Y. B. Kim, S. J. Lim

Abstract

Consisting of driven hubs, inertia wheels, and rubber rings, automobiles’ damper pulleys are parts for transmitting
engine power. Comprising timing belt sets, these part are mounted at the ends of crankshafts, power generated by engines’
combustion force converts connecting rods’ linear motion into rotational motion, and rotation force is transmitted to water
pumps, generators, alternators, and compressors, respectively.

As for damper pulleys, the moment the pressure generated by engine combustion rotates crankshafts, a large impact
load and repeated operation generate torsional deformation and microbending in crankshafts, which, in turn, cause
vibration noise, thus giving rise to the problem of shortening product lifetime. Consequently, they are rotor parts requiring
manufacturing technology with high-precision forming.

In this study, Development of R-Bead forming method of driven hubs and inertia wheel parts were developed. Before
manufacturing specimens, forming pattern per process was predicted in advance through forming analysis by using a
finite element analysis (FEA) program (Deform-2,3D), raw materials’ measurements, dies’ shapes and measurements, and
effects of forming process variables before forming were analyzed to minimize trial and error generated during actual
parts manufacturing, and forming analysis and forming experiments were conducted together to optimize these values.

According to the results of this study, there was a problem with the molding mold for lathe and the bulging mold using

urethane, and the R-Bead exclusive cam mold was developed to dramatically increase production.

Keywords: Damper pulley, Cold forming, R-Bead, Finite element method, Sliding cam mold
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Evaluation of Bonding Strength Regarding Sample Size by
Die Shear Testing for Cu/Ti/Cu Bonded Material

Y. Kim, J.-E. Park, M. Kim

Abstract

The integration degree of semiconductor chips has been doubled every two years. However, it reaches the limit to increase
the integration degree by employing conventional bonding process with solder. The solder is being replaced by direct Cu/Cu
bonding because the solder with lead or tin forms inter metallic compounds (IMCs) that induce void and crack on the
bonding surface. Since the copper has a good electrical conductivity and the Cu/Cu bonding does not form the IMC, the
direct Cu/Cu bonding is widely used during advanced packaging processes, such as 3D packaging, Through Silicon Via
(TSV), and Re-Distribution Layer (RDL). However, the Cu/Cu bonding has issues in bonding quality and process-costs due
to poor corrosion resistance, uneven surface roughness, and high temperature condition required in the bonding process.
Passivation layers, for example titanium and palladium, are stacked in between coppers to prevent oxidation and reduce the
required temperature. In this study, the titanium nano-film was layered on copper surfaces for the passivation to evaluate
the bonding strength of Cu/Ti/Cu materials. Different sample sizes, from (2 mm X 2mm) to (14 mm X 14 mm), were
determined to associate the size effect on the bonding strength. Thermo-compression bonding (TCB) was performed with
a contact pressure of 2 MPa for 1 hour at the temperature of 150, 200, and 250 °C. To conduct shear tests of the prepared
samples, a die shear jig fixture was newly developed to be mounted on a conventional ultimate material testing machine
(UTM). Experimental results show that both the bonding temperature and the size of the sample were noticeably correlated
to the bonding strength. The observations can be utilized to design process parameters in the advanced packaging processes.

Keywords: Direct Copper to Copper Bonding, Size Effect, Bonding Strength, Thermo-Compression Bonding (TCB),
Passivation Layer, Die Shear Test
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Evaluation of Real-time Process Control
for Multi-Stage Cold Forging

S. M. Kang, K. J. Kang, H. Y. Jeong, K. H. Lee, J. Y. Kim

Abstract
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Keywords: Cold Forming Process, piezo sensors, Tool life, Real-time Process Control
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Analysis and Evaluation of Cold Forming Die Life Prediction
Methods

H. Y. Jeong, S. M. Kang, K. H. Lee, J. Y. Kim , W. R. Noh , W. J. Jung

Abstract
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A Study of the Microstructure and Mechanical Properties of Ti
Alloy 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, H. H. Cho
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A study on the application of the artificial neural network
method in predicting the quality of injection molded product:
feature selection of process parameters

D. C. Yang, J. S. Kim

Abstract

Predicting the quality of the injection molded product is a challenging task due to the highly complex, nonlinear
processing behavior. The technique of artificial neural networks(ANN) is known for a well-suited machine learning
method in mapping the relationship between the process parameters and product quality in injection molding studies,
however, a large number of training data sets are required to build an adequate and accurate model to meet industry
demands. This paper focuses on the development of ANN model to predict the quality of the injection molded product by
introducing a feature selection of process parameters, so that, within a limited number of data sets, the predicting
performance and robustness of the ANN model can be improved. In the present study, 50 experimental data were
generated to train the model which predicts the length of the injection molded product for multiple combinations of 8
process parameters. Subsequently, the 2 ANN models for 8 process parameters and 4 important process parameters that
were determined by the feature selection were created and the accuracy of each model was compared. Based on the
comparison, it was verified that the performance of the ANN model increased when only 4 important process parameters
were applied. The proposed study can be meaningful for the application of neural networks method in the predicting,
optimizing and monitoring of injection molding process.

Keywords: Artificial Neural Network, Feature Selection, Injection Molding, Length
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Analysis of Acoustic Emission (AE) Signal Characteristics
of the magnesium alloy sheet (AZ31B) during Tensile
Behavior

Y. H. Song, S. C. An, J. H. Yu, W. J. Chung, C. W. Lee

Abstract
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Process design and numerical verification of a round-to-U shape drawing process

J. B. Byun, Y. S. Choi, I. G. Jung, J. W. Nam, M. S. Joun

Abstract
In this presentation, a flow sequence design of five stage shape drawing from a round cross-section to U-shaped cross-
section is presented and finite element verification is made using an implicit elastoplastic finite element method.

Keywords: Shape Drawing, Round bar, U-Shaped Cross-Section
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Basic study for the detection of external defects
of aluminum extruded products

C. M. Jo, S. H. Lee, Y.N. Cha, B. H. Kim, Y. H. Seo, H. T. Kwak, J. G. Kim, Y. J. Park

Abstract

Machine vision technology is one of the non-destructive inspection methods that can check the quality and condition
of an inspection object without affecting or destroying the state of the inspection object, and is widely used for quality
inspection such as defect detection in the manufacturing process. In addition, more accurate quality control technology in
which advanced technologies such as artificial intelligence is fused with machine vision is attracting attention in various
industry fields. Through solving the limitations of visual testing by operator, which is a general quality inspection method,
with artificial intelligence-based machine vision technology, the profitability and market competitiveness of a company
can be improved. The object of monitoring in this study is aluminum extruded products, and typical external defects of
the extrusion process such as carbonization and scratches occur in aluminum extruded products. These defects show
different characteristics depending on the cause, and the characteristic of the defect tends to be unclear by illumination
due to the non-uniform reflective properties of aluminum. In this study, before checking the presence of external defects
through an artificial intelligence neural network, the data collected by directly observing an object with a camera, a
vision sensor, were pre-processed using image processing such as brightness and contrast adjustment to clarify the
characteristics of defects. YOLOvV5 (You Only Look Once version 5) was used to train the preprocessed defect data. In
order to prevent errors due to data bias during training, training will be iterated k times with K-fold cross validation. And
the performance of the system is evaluated through mAP (mean average precision) which is a representative validation
index of artificial intelligence neural networks. The artificial intelligence-based external defect detection system proposed
in this study has more accurate detection accuracy due to the accumulated database and can be used as an effective
quality control tool.

Keywords: Aluminum extrusion, Inspection system, Defect detecting, Object detection, YOLOV5
ACKNOWLEDGEMENT

This paper was supported by Korea Institute for Advancement of Technology(KIAT) grant funded by the Korea
Government(MOTIE) (P0002092, HRD Program for Industrial Innovation)

Fddigta 714§
Beltsta AnbEd s 8016 8
(F)CAEH A=A

WAL A A} yipark@kangwon.ac.kr

w0



Inconel 706 Bt=2| XM35tE Hd&EE 98 FNMEt=I|s ML

4

L2 .,
i

o

g -

fok

4

Development of Rotary forging process technology for low-force
forming of Inconel 706 superalloy

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

Abstract

NiAl 2UE 52 Inconel 706 LA E FAHE= 58 7144 E4o= Q8 dx& &3 A4

A 2o aFS daw ). IAFGRTAHLS AN FFo] 7]&oln 4& 1A
Kol

4],
AR EA4S va B4 Y. fFtaadAds e 4y Al et S A5 A Wy
TEE IAEA AA GAE D sAGRE Fa A AgHe] AY A stes BAT A A
T2 A] QAR oF 1/49] dlFoRE U dEES M g S EgdEgion oE fekad d
Al Adete dxete Aolrt. 7 79 VAH BEAS 48] HE A 1T, 480C e 1,
650C 650MPa  ZAolA] creep ESAS Hx FEX3F o™ Optical Microscopy(OM)¢} Electron
backscatter diffraction(EBSD) #2418 F3] $IX™E ulAxZ Fol& EAIFT. o5 T I @z
g 53 4 stgoE APE ok 7IAA EAS AT F IS IR

Keywords : Inconel 706, Rotary forging, Orbital forging, Upsetting,

LS Al EATY,
L AR dE L, A AL
WAAA: S AEATY, AEATY. yywoo@kims.re.kr

F* Do~



SHUHIIRENHS st BE o4 v\ BHMA A7

Study on process design for independent-suspension system
component forming based on forging simulation

J. W. Park, M. S. Kim

Abstract

Recently, localization development for introducing an independent suspension to large commercial vehicles is being
carried out. In this study, forging process design was performed for Relay Lever, one of the related element parts on
independent suspension system, and the forming results of forging process were predicted using the commercial
numerical simulation software. In order to reduce the flash area of the forging result according to the shape of the initial
billet, the process was designed with the shape design variable of the initial billet as independent variables. Three
parameters (length of initial billet, bending degree of initial billet, diameter of the initial billet) were selected as
independent variables. Each independent variable was defined as three levels, and forming simulation result data were
obtained for each process variable condition based on the 3-factor 3-level factor full factorial design. Regression analysis
was performed using acquired simulation database, and significance and influence of each factor also evaluated. Utilizing
this regression model, billet shape condition for reducing the flash area was confirmed.

Keywords: Relay Lever Manufacturing, Regression Model, Numerical Simulation, Flash volume
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3D profile detection for multiple-branch wire harness with
utilization of machine learning in point cloud analysis

T. P. Nguyen!, D. H. Kim?, J. S. Lee?, J. B. Kim?3, B. K. Han*, D. L. Park®, J. H. Yoon*

Abstract
It can be recognized that a vision-based detection method for the wire harness, which both detect and classify branches
in the multiple branches wire harness and extract the 3D profile of each branch and the terminals, is needed. As the main
purpose, a vision method, that can provide the robot system a sight optimized from the realistically chaotic situation for
sufficiently assembling process, is developed.

Keywords: Automation system, convolutional neural network, machine vision, wire harness assembly

In modern industry, fully automated production process, by utilizing the robots and automatic system, is considered as an
ideal model for every factory to follow. The purpose of this model truly is to increase efficiency and minimize the labour
costs and efforts for management. Therefore, in these days, the current robot systems have been continuously developed to
enhance not only the specification, but also the ability to perform complicated tasks which habitually requires skilled
workers. However, currently it is still not possible for the robot system to replace humans in all tasks, especially in
manipulations related to flexible deformable products, such as wires and cable harness, and the research in this fields are

still in progress.

Fig. 1 (a) Target wire harness product.

CergFostaL VA Al E S, A T

. ETRI 2R dGA5ATFA, Adad19 (b) Manual assembly process
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Considering the target objects in this research which is a wire harness, it is a systematic and integrated arrangement of
cables within an insulated material. The purpose of the assembly is to transmit signal or electrical power. The wires are
linked using a combination of straps, cable ties, sleeving, electrical tape, and conduit, which not only helps to ease the
assembly process comparing to using each single wire, but also more effectually protect the wires against the attack from
the vibrations, abrasions, and moisture. Because of the importance of the wire harnesses in electronic devices, it is
considered indispensable in most of the production line. Although it is being widely used in industry, most of the assembly
process for the wire harness is manually conducted. It is because of the complexity of its flexibly deformable geometry
characteristic and the chaotic situation when many wire with the small thickness is tangled, overlapped. Therefore, wire
harness assembly is one of the most complex and time-consuming, which requires 90% of the total assembly time of 260
min, while the assembly of mechanical parts only consumes 10%. Therefore, automating this assembling stage is a highly
practical demand. However, owing to the complexity of this process, this remains challenging, despite the currently
available technological developments.

Fig. 2 Wire detection results

This study mainly proposes a vision-based method to classify and detect the profile of branches in a multiple-branch
wire harness for a robot arm system to pick and assemble into a mounting board. In this research, a combination of You-
Only-Look-One object detection model and a 3D point-to-plane matching method is used for detecting and classifying
terminal types. Also, to detect the portion of each wire in the 3D inputted data, a knn-based color classification is trained
and utilized after eliminating the background by the applying random sample consensus (RANSAC) method.
Subsequently, a developed profile extracting technique, which utilize the color classified results and the detected terminal
positions, is applied to extract the 3D representative curve of each branch separately. Finally, a demonstration of a wire
harness experiment using the proposed detection method is presented for validation.
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A study on the reduction of micro-surface deflection around the
handle of the door outer panels using 6 sigma

B. S. Choi, D. Y. Lee

Abstract
In this study after the mechanism of micro-surface deflection was analyzed, to solve this problem, a micro-surface
deflection reduction method using a urethane sub pad was suggested. In the six sigma analysis, the padding force and the
pad friction coefficient were used as key factors, and a predictive equation for the optimal condition was derived.
Through micro-surface deflection analysis, the applicability of the suggested improvement method and the analysis of
key factors were performed.

Keywords: six sigma, micro surface deflection, door outer handle part, sub pad, thermoplastic poly urethane
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Fig. 1 Micro surface deflection analysis data Fig. 2 Tryout result
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Table 1 Defect rate by padding force and pad friction
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(1) K. Yoshida, 1993, Handbook of Ease or Difficulty in Press Forming, National Center for Manufacturing Science, Japan.
(2) W. J. Chung, W. S. Kim, J. H. Kim, T. H. Seo, T. C. Jung, 2011, Proc. NUMISHEET 2011. (eds, K. Chung, H. N. Han,
H. Huh, F. Barlat, M. G. Lee), AIP, Seoul, Korea, pp. 1072~1077.
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Changes in the Extrusion Characteristics of Micro-Channel Flat
Tube Depending on the Types of Wear Resistance Coating for
Extrusion Die

Y. C. Shin, H. J. Choi, J. G. Won, S. C. Lee, W. S. Kim, Y. H. Jeon

Abstract

The micro-channel flat tube, a key component of the parallel flow condenser, releases heat from the refrigerant to the
external atmosphere to condense and liquefy the high-temperature and high-pressure refrigerant supplied from the
compressor. To ensure long-term use of the condenser without failure due to the burst of the micro-channel flat tube,
studies have been steadily conducted to improve corrosion resistance of the tube material. Increasing the Mn content of
the 3xxx aluminum alloy, which is a material of the flat tube, is an effective method to improve corrosion resistance.
However, an increase in the Mg component in the alloy increases the strength of the material, which leads to an increase
in the load of the extrusion press and a decrease in productivity. An increase in the strength of the material also leads to
an increase in wear of the extrusion die, thereby reducing the die life. To improve the wear resistance of the extrusion die,
it is necessary to apply a strong wear resistance coating on the die surface. This research confirmed a change in the
friction coefficient according to the representative coating method applicable to the die surface for the extrusion of the
micro-channel flat tube and observed a change in extrusion characteristics depending on the coating method with a die
material through FE simulation.

Keywords: Micro-Channel Flat Tube, Extrusion Die, Extrusion, Wear Resistance Coating, Friction
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Fabrication and evaluation of dissimilar Fe-based alloys
cladding through asymmetric rolling

W. B. Jo, H. S. Yoo, K. T. Cho, D. G. Kim, J. Y. Jeon

Abstract
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A Study on Optical Characteristics for Micro-fluidic Chip
depending on SLA 3D printing process

Jae-Ho Jin', Da-in Kwon', Jae-Hwan Oh', Do-Hyun Kang> Kwan-Oh Kim?, Jae-Sung Yoon?, Yeong-Eun Yoo*

Abstract
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Development of Bobbin by Analyzing Behavior of
Hot Forming FRP Material

C. H. Lee, M. G. Seo, D. K. Kim, S. H. Kim, Y. K. Kang

Abstract

Composite materials, including carbon fiber, are being applied by various automobile manufacturers for the
purpose of reducing body weight and CO2 emission due to environmental regulations and demands for
energy efficiency improvement. Korea is actively supporting the development of advanced future materials
and parts, which are called future growth engines, due to increasingly stringent environmental and fuel
economy regulations, and recognizes the importance of developing composite material derivatives that can
replace metals. In this study, basic physical properties and molding conditions of FRP(Fiber Reinforced
Plastic) material were set during hot forming for the development of guide bobbins for the core part of slot

motors.

Keywords : : FRP(Fiber Reinforced Plastic), Hot forming, Guide bobbin
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A study on the correlation between the change in the vibration
signal of the mold and the process information according to the
process control in injection molding process

J. H. Lee', J. S. Kim*

Abstract

In this study, changes in the vibration signal generated to the mold according to the process control in the injection
molding process were measured and analyzed. The injection molding process is a process in which a resin melted at a
high temperature is injected into a mold at high speed and pressure, and a characteristic change in vibration inevitably
occurs during process control. The change in these characteristic vibrations occurred in the mold during the process was
measured through an acceleration sensor. An acceleration sensor was attached to the mold surface and the injection
molding process was performed to analyze the change in the vibration signal according to the process conditions. As a
result, it was confirmed that the vibration signal generated in the mold during the injection molding process showed a
large level of amplitude change for each specific step. Then, the process information was analyzed by analyzing the
correlation between the vibration change of the mold at a specific point in each process step and the process condition or
control step. Based on these changes, each stage in the characteristic process, such as injection start, packing pressure
start, and packing pressure end, was divided. In addition, based on the points at each process stage collected through the
change of the mold vibration signal, it was confirmed that the process time of each stage can be accurately measured with
a difference of 1 to 2%.

Injection | Packing | Plastificatjon

e e | e L - Yo

Tlm‘[!ﬂl
Fig. 1 Classification of process steps according to changes in the vibration signal of the mold
Keywords: Injection molding, Mold, Vibration, Process control, Process monitoring
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Cross-sectional shape design of car body part using Finite
Element Analysis for 3-point bending

C. H. Lee, M. G. Seo, Y. K. Kang, W. J. Sim, D. K. Kim

Abstract
A roll forming process is a method of forming a part using continuous bending, and is a process of passing a
material through a continuous forming roll to form a part having a desired cross-sectional shape. In particular,
it is very important to optimize the material and cross-sectional shape because the stiffness and cross-
sectional shape of the material determine the stiffness of the body part. In this study, a three-point bending
method was applied to evaluate the stiffness of body parts. The repulsive force was measured and compared

for each cross section through FEA (Finite Element Analysis) of three-point bending of each body part.

Keywords : Roll forming, Three-point bending method, FEA (Finite Element Analysis)
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Finite element analysis of roll forming process for the
architectural frame

M. G. Seo, C. H. Lee, D. K. Kim, E. S. Park, H. Y. Jang, K. S. Park, Y. K. Kang

Abstract

The roll forming method is a representative plastic processing method that gradually forms a material
using roll dies arranged in multiple stages. It is a method that has the advantages of surface defects,
dimensional accuracy, and infinite product production in the longitudinal direction by minimizing the
forming load. In addition, the investment cost is low compared to the press process, and it is advantageous for
manufacturing a shape of a closed cross-section. In this study, the problems of the roll forming process of the
Architectural frame were predicted through FEA(Finte Element Analysis) and the process design was
performed according to this prediction.

Keywords : Roll forming, Architectural frame, FEA(Finte Element Analysis)
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Preform shape and process design for rotor shaft through FEM

M. G. Seo, C. H. Lee, Y. K. Kang, H. S. You, A. N. Kim, S. M. Lee, D. K. Kim

Abstract

According to the development of the industry, economical and technology capable of producing excellent
quality products is required. For this purpose, studies are being actively conducted on an optimized
production system that can analyze the manufacturing process and accurately predict each process to improve
the characteristics of the produced product. By linking heat transfer microstructural changes and changes in
mechanical properties, it became possible to systematically predict molding as well as define process
variables such as temperature and friction conditions. In this study, basic modeling of the process is
performed for the purpose of preform molding of a rotor shaft for an electric vehicle drive motor, and the
effect of temperature, which is the most important factor in the hot forging process, is analyzed based on the
spec and process conditions of actual future equipment. The process conditions are presented by analyzing
the moldability and forming resistance according to the finite element analysis method.

Keywords: Forging, Rotor shaft, FEM
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Development of adhesive application system for uniform
lamination of rotor cores

Y. K. Kang, C. H. Lee, M. G. Seo, K. S. Park, A. N. Kim, S. M. Lee, D. K. Kim

Abstract

Based on the Paris Climate Agreement, domestic demand for technology suitable for the “2050 carbon
neutral” policy is demanding, and the eco-friendly vehicle sector, which is presented as an alternative,
demands technological advancement such as performance and efficiency improvement. In response to this
demand, as part of the performance improvement of the drive motor, which is a key part of eco-friendly cars,
we are developing a stacking technology of rotor cores with excellent NVH performance, aiming to secure
the performance of eco-friendly cars and global competitiveness.

In this study, we developed a rotor core coating system with stamp core bonding technology that satisfies
the bonding strength, and improved the vibration and noise problem during high-speed rotation, which is a
problem with the existing dot bonding method. and Compared to the dot bonding and self bonding processes,

the number of processes (pressing processes) is reduced to contribute to the reduction of manufacturing cost.

Keywords: Rotor Core, Rotor Core Bonding, Stamp bonding, Bonding
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Development of Rear Trailing Arm for Vehicle Using 980MPa
Grade Hot Rolled Steel

S. H. Kim, D. T. Do, K. J. Son, J. S. Park, J. K. Park

Abstract
H A7IAEAe] FyAY GRE AT HEF e Y A8l gdiHa L, ol wE 7|E 4
AEak tiR] A7 AEARe] FAg el AA FUlE AL Utk
Aol BE ASS B0 wEsly] YeiA &8 (ultra-high-strength steel) 21-& 2§ Al (chassis) -

O

Fol Ue A7t SuaiA AgHn gl

53 2uguge A9, e FRAEG Ge Aol BE JPRY] A%Ho wAstn glon,
o2 FHaly] A AF DY L 4 A AASl U AP/ G A&Hom olHAT k.
BT AE welm 2nged WY 494 L 22 W(springback) 1S A FuE sle) vl
9 ABAE AA FEE el FE EAAYLS olelwom MY On], o735 (kinematic
hardening) & 483 ~ZPw AHS APFAT, RAFL VAP AP FYL TPEE AR] Ax
Gl s BAF 2Ad APS A

MAutez AW F AE Bl e 3D 20 Avsh mwgozH ¥ ATlA ASHE el Al
94 4% L PN 48 AP Faske

Keywords: Ultra High Strength Steel (UHSS), Burring, Finite Element Analysis (FEA), Automotive Chassis Part,
Springback, Kinematic Hardening
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A Study on Flow Forming Process for Manufacturing
Rotor Shaft for EV Motor

E. S. Park, S. M. Lee, D. K. Kim

Abstract
o EV B9 g, BV & EH AT el did B2 A57F IAPHA e, EV & RE 9
Ao & ¢3S FE, Rotor Shaft o tjah A AA] &uts] 23 =1 9t} EV € Rotor Shaft & A9,
of A" #4& A& 7IA7HE e Shaft 2, Radial Forging & %83 Shaft 5°] 5 ©]Fal 9lo
o, H< &4 Bl Shaft 7F 0D B FAF 0] Folth Z44zbe] shaft = EF A dAs A 9l
<, 7IAI7FSEFY Shaft ©] F%3} @3, Radial Forging EFS) Shaft © A=A M % @3, &4 EFS] Shaft
|43 G syl 918, A< Flow Forming & 483 4A% %3} Shaft o] tidk A5-7F 18

=4 o o =
Ha drh B A= EV 75X E S Rotor Shaf ¢ Flow Forming 378 A3 Z7& AHsta, AA &
S A8 A9 Spec E FA 2 TS HIEFOZ {38 A FAHE S, TAHZAE AAGA

Keywords: Rotor Shaft, Flow Forming , FEM
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Simulation-Based Multi-Stage Forming Process Design
of Strut Main Plate Part by Applying High-Strength Aluminum
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A study on the separation method of mixed metal
and non-metal scrap

K. S. Park, Y. H. Moon

Abstract
We have developed a device that can effectively crush and separate scraps generated during simultaneous processing
of non-ferrous metals and stainless steel and high Mn steel and non-magnetic materials. It is a technology that can be
quickly separated.
Scrap, which is a by-product after processing generated at the manufacturing site, contains a mixture of magnetic
materials such as iron and non-magnetic materials such as non-ferrous materials.
A method and apparatus for efficiently and rapidly separating them.

Keywords: Steel scrap, Separation, Non-ferrous metal, Stainless, Whitemetal, Magnetic material
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Evaluation of Local Material Properties of Laser Welded Blank
(LWB) with Advanced High Strength Steel Sheets

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

Abstract

This paper is concerned with evaluation of local material properties for laser welded blank (LWB) with advanced high
strength steel sheets. The LWB is widely used to combine two metal sheets together before sheet metal forming process.
The sheet metals can be selected with two different materials or two different thickness. Although the forming process is
being continuously developed for the LWBs, research works on accurate prediction of deformed LWBs have not been
sufficiently done yet since it is difficult to acquire precise material properties of weld zone. The local properties of the LWB
must be obtained to define material properties for the weld zone in the finite element method (FEM). However, many
researches have conducted on scaling of tensile properties for base metal to estimate the weld zone properties based on
hardness values. In this paper, the LWB specimens were prepared with an advanced high strength steel sheet, i.e., the same
material and thickness. The mini-tensile specimens were then cut from the LWB to directly obtain the local properties of
both base and weld metals by using a conventional material testing machine. In order to evaluate local properties, tensile
tests were performed at the quasi-static strain rate of 0.001/s. The local strain data were measured by a 3D digital image
correlation (DIC) system. The experimental results show that the hardening behavior of the weld is different from that of
the base metal. Therefore, the scaling method with the ratio of hardness values for the base and the weld may not be proper
to define the local properties of the weld in the FEM. The deformation prediction of the LWB by the FEM would be
enhanced when the obtained local properties would be applied to define the weld zone.

Keywords: Laser Welded Blank, Mini-Weld Specimen, Local Property, Tensile Test, Weld Zone
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Study on the Cold Forging Process of Aluminum Spline shaft in
Steering System for Electric Vehicle

Y. C. Shin, S. S. Lim, 1. C. Shin, S. Y. Jeong?, Y. P. Jung’, H. S. Bang?, S. J. Lim'*

Abstract

A spline shaft is one of the steering functional components assembled in steering column shaft of an electric vehicle.
The spline shaft is a component for longitudinal movement of the steering system and is manufactured to have good
surface quality for smooth operation. In the process of forming a thin long spline shaft, folding or buckling may occur, so
careful process design is required, and forging die shape optimization is also required to ensure precise shape and
dimensional accuracy. The present study was performed to optimize parameters affecting the cold forging process such as
reduction ratio of area per pass during extrusion, number of forming process, dimension of workpiece and length of die
land to form a spline part on shank and head part of spline shaft. Through experimental research and FE simulation, the
optimized forming conditions to get a final product with good dimensional accuracy and surface quality were derived.

Keywords: Spline Shaft, Precision Forming, Cold Forging, FEA, Electric Vehicle
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Method of non-destructive mechanical property measurement
of ultra-high strength steel using eddy current

I. J. Jang, G. H. Bae, T. H. Kim, S. W. Nam, J. H. Song

Abstract

Recently, as fuel economy regulations have been strengthened due to environmental problems, the issue of vehicle
weight reduction has expanded. However, the low formability and large material deviation of Giga Steel adversely affects
product quality and causes a decrease in productivity. Non-destructive mechanical property evaluation method through
eddy current can be of great help to overcome the problem by enabling process control by evaluating material properties
in real-time. In this paper, a method for measuring non-destructive properties using eddy currents for ultra-high-strength
steel was studied. First, multi-frequency eddy currents of ultra-high-strength steels were measured. After that, a uniaxial
tensile test was performed using the specimen prepared at the location where the eddy current was measured. A
correlation analysis was performed between the mechanical properties evaluated through the tensile test and the eddy
current measurement data. Finally, a multivariable regression model for predicting mechanical properties was constructed,
and prediction accuracy was evaluated by analyzing the coefficient of determination and root mean square error.

Keywords: Eddy current, non-destructive measurement, ultra-high strength steel, Giga steel
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Cold Forming Process Design of Sill Side Part
For Applying 1.5GPa Grade Martensitic Steel Sheet

J. H. Song, G. H. Bae, M. Kim, S. W. Nam, J. H. Lee, K. H. Kim

Abstract
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Keywords: Cold Forming, Martensitic Steel Sheet, Numerical Simulation, Forming Process Design
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Evaluation of flow stress effects by strain rate control of

SUJ2 bearing steel

Y. Choi, M. Kim, S. Lee, J.H. Song
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Cold Stamping Process Design of Seat Cross Member in EV
using 1.5GPa Grade Martensitic Steel Sheet

J. Bang, J. H. Song, G. H. Bae, M. Kim, N.S. Park, S. W. Nam, S.Y, Park, J. W. Lee
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Design of the Forming Process for Improving the Thickness
Uniformity of the Bipolar Plate of SUS316L Ultra-thin Fuel Cell

J. Jeong, M. Kim, S. Nam, J. H. Lee, J. H. Song
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Effect of Mn addition on corrosion and tensile properties of
modified AI-Mn alloy

Yuanjiu Huang!, T. H. Kang!, H. J. Choi?, Y. C. Shin% S. C. Lee’, K. A. Lee”

Abstract
A13102 (Al-0.3Mn) ¥&2 78 7IeAd S JE 453 22 3Ad Adst 78 WA, €de
55 YE sy FH, A € wdty] ol AMEEI vk ey e FEs WS Rl
7] = 57 3

AFEL 543 @A FrHS Fgns)
A13102 (Al-0.3Mn) &5& Mn 3 =4S =38 A8 S 24 &
FE5ek Aot wEkA B AFE Mn FEFS 0.7wi%® S7HAIZL JNZH(ALL0.7Mn) FEs A
2], 2 g 9 Qg 5o disiA Al A13102 e vt Eolth T AAES air-
slip =32 F4& o]-&3te] 200mm(D) X 320mm(L) =719 AAE PHoz FF3% a1, o] F 510°CH A
107 7F 23 A8]E =35} T} Electron Backscatter Diffraction (EBSD) Pattern 271 ¥ Inverse Pole Figure
(IPF) map &4 A¥ F &A] BF equiaxed graino] #EH RN o™ Ho A4 ¥ 7] Al-0.7Mn: 133.67 um,
Al-0.3Mn: 259.54 ym= 415 o] Al-0.7Mn B 2AH A7)= 7249 EPMA 4 A3 F A4 v 5%
Als(Mn, Fe)7} ¥Z = Q). g, SEM o] m]#] #A4& o] &3ate] F AAle] Alg(Mn, Fe) 7|9} &5 54
skith. 1 Ad Alg(Mn, Fe)®] Z7]% Al-0.7Mn: 2.91+1.9um, Al-0.3Mn:1.58+0.58 umZ 7% Al-0.7Mn 3=l
A ZdEHA AEHIUNeH, Al(Mn, Fe)?] &2 JIEFE  Al0.7Mn(0.89£0.24%) A7 Al-
0.3Mn(0.37£0.12%) tB] Z713FA ) Zduly 22 Alge ASTM G69oll whel =33t} & AAje] F2
AL (Beor) = AR 5502 A E WHH(AL0.7Mn: 680.2mV, Al-0.3Mn: -652.4mV), ¥4 AF (low) 2
2] 4% (mm per year)© Z1Zb (Al-0.7Mn: 49.86pA, 0.541mm/year), (Al-0.3Mn: 53.91uA, 0.585mm/year) = 54 5
o] Al-0.7Mn¢] %2 £%7} Al-0.3Mn thH] =¥ Z(H 98§24 Ao R yebsth A2 1 AlE
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g. 1 Microstructure observation result of A13102(Al-0.3Mn) and Modified Al-0.7Mn alloy (EPMA, EBSD)

110

gag —AI3102 —— Al3102
——Al-0.7TMn — 04— AI-0.7Mn
0.60 4 nl?
= 904
082 < »
w -
o] 9 80
2 ®
2 T0 -
& -oes] 2
b5
0.68 - o 9
£
0704 2 s
i}
0724 404
T T T T T T : T T r T T T ;
-25 -2.0 -15 -1.0 0.5 00 0s 000 0.05 (iR i} 015 020 025 00 035 040
log (I<I>/mAj) Engineering strain [mm/mm]

Fig. 2 (a) Galvanic corrosion test result, (b) Room temperature tensile test result of A13102(Al-0.3Mn) and Al-

0.7Mn alloy
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A Study on the Friction Characteristics of Eco-friendly
One Component Lubricants

M. C. Park, D. H. Kim

Abstract

Recently, the development of eco-friendly lubricant composition in cold forging process is being studied. In cold forging,
the lubricant minimizes friction between the mold and the processing material to reduce the forming load. As a result, the
lubricant improves the processing limit and uniformizes the deformation inside the material to obtain good metal flow. This
study is a new environmental conservation-type lubricating film treatment method, and instead of the existing phosphate film
treatment, it is developed a one component lubricant that applies a coating solution to the surface of the target and dries it.
Friction characteristics evaluation was performed for comparative analysis on Type A, Type B, and Type. Type A and Type B
are one component lubricants that are subject to development, and Type C is a phosphate film treatment used in existing sites.
Comparative analysis of the friction characteristics of lubricants, FE-analysis results according to the friction conditions and
the experimental results of the friction characteristics evaluation were compared to derive friction on the lubricants. The
obtained result set the friction range, and finite element analysis was performed by applying the friction range to the cold
forging. In this study, the existing phosphate film friction characteristics and the proposed one component friction
characteristics were compared for the open burial of eco-friendly one component lubricants, and the results were considered

and summarized.

Keywords: One Component, Frictional Characteristics, Cold Forging, Finite Element Analysis, Eco-friendly

Fig. 1 Equipment of friction test
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Hot and Cold Forging Process Design
for Gear-Integrated Mono-Block

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

Abstract

9 E A W% 7] (Dual clutch transmission)ell 285 &= =82 (Mono-block) = ] X1}t (Clutch-body) <}
23] = 7] 0)(Speed-gear)”t AFE A XY FEFoz AF R o|A FH(Synchronizer ring)S &£ HAA AF
FYS AR Adgsty] wiel e dEeet Wde] et dA BB EYAuir el 29=
71015 &3 B o4 o THoRE Ajtete] AMHI vk sHARE HF TGl os drbdzte] ofH
S, EFEo] Fol S2E AN BAYS 2EF7] oy AAelth ol EAHE S5 A
H oA SEARtY e 2=l AP OR st ReEE JIEE AR vk ¥ AEE
of yF4do] 87 v dAY ReEYe & AYstee] DAY gt 539 & ‘33 e
o)k Agte] WA Atz Witdxrl d&Ee Eddxe el A&tk 43 dxe B
E89] APF dngPdAE 239 dAA FAEs Adste A, didxre NPT dud P A
& A3 A¥ste dAo T dird o R Atttz dPses Wi el 589 AEE gHsE
gatA T, PR QuAAFHA P =2 stso] YAHT] wEe 58 AEE gHs7] oHrh &,
ddx I 7Y AEE dHslE ddx A XF AEEE R oHY 34 A
A%t 538 AAE Fded st e AA ot

Aol e dAY RiegEe w4kst S fla APEE AEE 9 39 AeE FRE F e
Edxe] T AAE FAEMCRE FdsGT ATz 53 A 9 diuxe X3y AULE
grst7] g3 d¥AS 2 aA &%, NPT AR A W53, b T 2o E AIFA
SIS A ste] 7 Qe wE JALE HIE o™, 1F A H(ANN, Artificial Neural Network) <5 H
= T3 HA TBAEAAE FAAT

Keywords: Mono-Block, Clutch-body, Speed-gear, Artificial Neural Network, Dual clutch transmission, Forging
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Microstructure and mechanical properties of graphene oxide-
reinforced aluminum matrix composites fabricated via friction
stir processing

H. G. Yoo, S. Basak, M. Mondal, K. Gao, S. T. Hong, S. Y. Anaman, E. J. Shin, H. H. Cho

Abstract
B A= WA wpFwwtx ] (Friction stir processing, FSP)E o]&-3] Ats} 1§38 (Graphene
oxide, GO)& BAAZA o=z 4Tl 7] EaA(Aluminum matrix composite, AMC)% A Z8FRF ., B

e GO 1WER-(Stri zone, S2)9 HEE S7MAZAL, ol AEAAS S8 FAHAT. 0o =AE
gelsty] ffal ghEdw A 2zte] 2HFEAN S FPSAT. 02> vhelAR EL7H Ux Edola=

olx= 53] Szo] AN BEE S7HAZT. FSP A eld Szol A=
sAAAA A% AAY vAS}, dAUE Fa Y Tol dejwar, AxE 02 1 A4S A3z
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Prediction of Mechanical Properties and Optimal Aging
Condition of Al 7055 Alloy

Y. L. Son, S. J. Lee

Abstract

In the present work, we investigated the model to predict the mechanical properties of Al 7055 alloy after quenching and
aging treatment with different aging conditions. The two-stage aging treatment conditions were systematically designed to
obtained different precipitate particles. The mechanical properties were evaluated by room temperature tensile tests and
hardness measurement. The microstructural characteristics was observed by means of OM, FE-SEM, and TEM whereas the
precipitate particles were experimentally analyzed through XRD, EDS, EBSD. A thermodynamic simulation was carried
out to evaluate the characteristics of various precipitates quantitatively. Three different models to predict the yield strength
were proposed and the process map based on the proposed models was suggested to find the optimal aging condition to
achieve the maximum strength properties

Keywords: Al 7055 alloy, Predictive Model, Aging Condition, Precipitation, Thermodynamic Simulation, Mechanical

Properties
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Figure 1. Prediction of flow curves for different aging conditions.
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Development of Front Cross Member with TWB for Durability
Improvement

J. K. Park, S. H. Kim, H. Y. Kong, S. S. Nam

Abstract

el ARt 5okl High 4 vh AHAH R AX A ERvE, A9 SO dAmTE 2
- 2k A Al (body) R Al Al(chassis) -3 e NS A7 nFL=skel SAlol st
g e A% Ay g s vk
ArelMs Aol sl A 2 5 A e Al FE O AA FEe AH850 ox
TWB(tailor welded blank) 7|5 3= AMA] 359 A& A= o] A gskglvh A F35o ) H]

WY FAE 2AE ARESE A FEe] -, TWB 71@% Aedtown A % Am 8 Fe
T dAEH A3 ave B ZJdE ¢ guh asy ] B ARkEk 2 APAERt ofyel, A
of =& e W A7 L stoof o}” Giks ﬂi* el 49, TWB 48 F-9lek 84 3t
HAzteto] AAD Aok Aok meEbA, & Aol wd dE AR @] tiste] M e T
Tu % ulT A A= detsta ol 7H*4o}7l s TWB 48 F-915 AAsn. w3k w5 4
shol g FRE o) Agsla % Y 5= Ftel TWB 7 BH &4 els A5k sk
on, obaxe] AAFE AL Al B7HE Fl Ul A/ ASToRA Al dak 48 ThedE A
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Keywords: TWB (Tailor Welded Blank), Chassis, Front Cross Member, Formability, Durability
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Surface enhancement of high hardness cold roll by directed
Sungwook Kim, JunHo Hwang and Young-soo Kim
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Keywords: High hardness, Tool steel, Cold roll, DED(directed energy deposition)




SEA - Ol BAB - USF

A Finite Element Study on Deformation Characteristics of
Cut Face of Continuously Fed Wire in Former Process

D. J. Yoon!, S. H. Lee?, S. H. Yoon!, and E. Z. Kim"

Abstract

SAIZE O oA Lte]l 7Hs gk Bolt Former 342 & AAdow Qe Asakg Ald F-i5F At
de] g&Eoglty. 2 AT AT AHeris R vhde Lead Screw AFS i 877}
Z7k3tE FAl|th Lead Screw A4t Alel A AK-EF7o] FE) FAMISE Bolt Formers: &-83& 3o
golalt 7+ 7HA dHE E 7 Arh A doF R 7 Lead Screw AlFS AEAFEA ulelA
H0F HE, o, AYs] ZtEi, B4 AHE T 3 - 93AdgS k] f18 Pin ol HE o
HArsE bzl A Fdo] dasitE dolth B AFdAE F HAA 3d F, #d AA A&5FF
Al detel] 93] AAHE S899S 2o Huwe WA g A= JIEFS AH R
ANA FEF APdAE ddde] 3 & o= Wolx HE AN FUFT HAEHS Fo=x FA
T 9dFo] HAT, Lead Screwd Pin o MEFE 4 Alode ddwoe] AYPFo SWoZ Ut}
48 Punche} HE3h &4H = JHE 2 Hvh Y Wil A4 Aol dA | &F IS
WA 22 AWl FEUA AE sts SV 58 I8, Alw 2W B EAVF 2 A "t
Adde]l §8 I Ao o7t AP wAE dFE B8] flete], A¥ads vYeR 5387
Al Atele] mpEE A= AF 9 5389 vwiRe digk ATE FAEh FEsA A=
RS oS53k WS AU, Lead Screw JF S $1$ Former 3ol A-8313th w33 Blocker
Fd T A Wl wisle] b viRFe] WItE vlaste] 4P HA g WS ZAEG

Fig.1 Development of Cut Face in the Lead Screw Forming Process
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Evaluation on hot workability of adamite cast steel according to
the heating temperatures

HyoSang Yoo, Jun Ko, Jaeyeol Jeon

Abstract

12%-23% Wele] a §Fe 2= olthulolE F3e A 29§ E¢hels), A 2 g
AaA7Y YaEE AMSE H2, 4 Ve sES o9 ANE S oA A& Sl wiEAAE]
exg tEoRd g AT Sub 2ES Fuhgel mek A A7 WEse 9a% AHe) 1y
otE 9@ 54 Yol 8TAL /E ofthvlolE FREL Jw FHOR 3] Aol WAIAL ne
Wby okstel met 2714 w712 Qlskel gkl AAkel w]HE o] Arh. oprviolE Az S
SUHE AT gt It 5, GG E T3 54 P st wieto® iR vk 2 AFelA=
ofthrtol & F7o] AzbgrE A 83171d) 9A Glecble HHAWS Fol A3 4B B/HE AAsA
Gleeble &FAIE A, 7FE %= 1200°C2} 1100°CE F 7FA] Aoz AASHE T A HA= 12000C= 7}

=
00°C, 1000°C, 900°C, 800°C7}#] ¥4 Wd7tste] RE ASAPL XA HEE
w HEE £5E 105 0.1/ 0.01/s 0001552 2+2F 2Ejsle] A&t F HA)
P Zﬁq u}xmx]; SFEA1 32221 1100°C, 1000°C, 900°C, 800°C77}7<] v
ZAste] RE dEAYLE 27N HMIEE 50%= BUs A gEI9or HEE ST 1.0/ 0.1/, 0.01/5,
7} o AT Gleeble HEAE & 12 f58H-H = &l Instability map=
AAEHA S A w9 el FAR o nAzZ Ha B B I AP Hoh 2 4
Atk 1200°C 7HE 279 A9, okge A A48 =S WEE S AR A
80-1040°C= E=Z5 Rt} 1100°C 7FE =719 49, gk E7t 48 =1L ¥yE &

oF 8 =k A
o] AL oF 880-1060°CE == T}

S
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£
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Keywords: Adamite cast steel, Work roll, Hot workability, Gleeble thermal-mechanical tests, Instability map
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Numerical Study on Sheet Pultrusion Process for Automotive
Side Sill Member

S. E. Park, S. Y. Choi, T. W. Ku

Abstract

Recently, UHSS (ultra high strength steel) sheets have been often used to realize weigh reduction for increasing fuel
efficiency, and to satisfy safety regulations on vehicle. Due to mechanical properties such as high tensile strength and
small elongation of UHSS sheet, roll forming process has been applied to produce the side sill member. In this study,
sheet pultrusion process as alternative for replacing the roll forming is experimentally considered. In this study, elasto-
plastic finite element simulation of the sheet pultrusion process is performed. SPFC1470 sheet with a thickness of
1.20mm is used as initial blank. Using the side sill member prototyped by the sheet pultrusion under room temperature
condition, dimensional accuracy and spring-back behavior are investigated. As results, it is confirmed that the
dimensional accuracy is well satisfied and the spring-back behavior is also controlled to meet the required specifications.

Keywords: Sheet Pultrusion, UHSS, Side Sill Member
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Bead Extrusion Die Design for Controlling the Flow of
Materials inside the Mold in the Pot hole Extrusion Process

S.Y. Lee, I. K. Lee, S. K. Lee, S. M. Lee, M. S. Jeong, D. Y. Park

Abstract

A2 454 % A2 Sk 9 APt grdel v A% 248 44 2F Aze] vF
7 FuEA olRolAw Uk Fule] 4B ol AN E thFe RES WPEI £ AF 24
B FS A Fol Ak 53 A7\ HeHE e 899 A Zead, e 4 5 287
Aerel g A5 REL) 242 FEFel 44Hn Ak TEF ¢F ¥HE vEo 2P UL
o] o w A A¥ste AR i Ho A Zuxd B YWeFAE dFrgoer 437
Aeek Aotk XEE hE A4S 58 Aol HHste WF- &4 fF A7 oH Y AEE AF
o] AlFE Agbel]l ofelzo] vk wEkd E AT HA2 IEEZ o4F 5% T A fres AdE
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Keywords: Extrusion, Aluminium, Porthole die, Bead die, Profile
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Battery Support Profile Extrusion Process Design for
Lightweight Electric Vehicles

S.Y. Lee, I. K. Lee, S. M. Lee, S. K. Lee, D. W. Kim

Abstract

L 715t R Qe AdAE Aste g4 vlE ARS S8 A8 Ao me] Hdeko] rh&siar
Atk A Aol e A RHE et FEHAY RERIeR FEEE, 7] v
Hl3 g wiEo] AA%] A2 5Ao] th o5 7] AsAHY A9 AR glo]l mA wiE gelA 7]
AAUAE EHE Fudte]l el wek ga wjEe] dd gle Aol vk skARt A s A g
HE 8] s A gehs ngdel viEst FAgd meh 4 FAZL Sk olpR e v
98 BEvt AgHor Fyuojor shz BAMel drh WA B Aol A% A%t U e
AAE A8} LENE XFEF 4F $HE A4 HEY AN s Axd dF ATE FYe3
olF 98l fEas S o4 FHMAS Hom, AA %EF TS B3l AATHE IS
Zahict.

Keywords: Porthole die, Extrusion, Profile, Battery support, Aluminium
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Evaluation of Drawing and Shearing Characteristics of A15083

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

Abstract

ol 71
3l ed1ow %
R x
st 7=
o}

2ol A8Ee= At Adle 2GR, 5 E, v,
Zke] BIWell A-&¥ = Ao 48 535 A ol
5 Aeas & 2FuE Bl (all aluminum body)E 4 &3l o, Sulel A= A 74 AAE gn
el HeHE 29 wo] AA FxRoA EVE AF AA SAE L
0] Al-Steel ] FA 24 BE &3t 7|4 o] MaEa gt g4
£o] 10% 718 dAnl= oF 5-7% 7N &t glon, A7) AEa L3
A 20% S7ketaL, 2AAE dFvgor A&ste] TEFS A7
ol2g =49 F W] "ol HA A2EVF HAAEA Aok aduy dFrlae dRE g
gagol vhal, AT whEel 3 Sticking A 5o TA7F LA

B Ao GErE AIS839 =29 AP ukEAel AulFoziE A4S Hrietglon
ERQ2 A9y npEae dARRYH 1 545 £48%aL, e Fejojds W] nE k5ol W
st=5Y O SA4S E48Th

e

Keywords: A15083, Drawing, Shearing, Friction, Clearance
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Evaluation of bendability of UHSS

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

Abstract

A EAHHAE 8 AEEE QARG FAS MIREE Folay] wFel FUHL YN
AalAe durdor 331 F3 Aol AHSE I gtk 53] BA FEe] &Ae] w3 5 tisiA &l
9 453 AE QAL BU B4 2 4942 SAseed 59 454 4990 EE
(VDA238-100) A&3t7 ek 2ot g Agel e w7 2 gy o3 4842 wIE
Aol AjtstAl gom, & F5 FWo] HolA ¥7] wite] #& AF A AlFRE FRY F jloeR
st f-Fo] ek HX e @ X Fogol] 7Nk ¥ o2 RE W sF A #Y W 4=E
AHgstel BuE T, §Y ZRE FA % FY WAL 12oR Adad. aed, 39 2Ee AN 9@
Xﬂg]r ﬁﬁ] *}01 o] gt HEF AulE THASAIR AT o] g FFo] A HAEHA Ferh

l‘iz ‘?i%ﬂWL Zazdede] wel Aot £ W EN FMAAE B4stas sigled, 53], A
Arbgrat Aggre] vl gk 5ol Al A Al

Keywords: Bendability, UHSS, Local formability
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Effect of grain size on plasma electrolysis behavior of Al alloy
via differential speed rolling

T. Suhartono, N. Nisa, S. Fatimah, Y. G. Ko

Abstract
The work investigated nucleation and growth mechanism of protective coating during plasma electrolytic oxidation
(PEO) by considering grain size of 6061 Al alloy substrate. Prior to PEO treatment, the substrate with grain size of 50 um
(coarse-grain, CG) was deformed via 4-pass differential-speed rolling (DSR) to achieve grain size of 1 um (fine-grain,
FG). Unlike CG, FG caused an early breakdown and more uniform characteristics of plasma sparks, resulting in the thick
and compact layer. The nucleation and growth mechanism of the coating layer were scrutinized on the basis of transport
behavior of massive electrons across the grain boundaries at the initial stage of PEO. The mechanical and corrosion

properties of both samples were evaluated in a quantitative manner.

Keywords: Plasma Electrolysis, Al Alloy, Grain Size, Differential Speed Rolling
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Continuous dynamic recrystallization behavior of 0.18 wt.%C
steel severely deformed by differential speed rolling

R. A. K. Putri, D. I. Han, 1. P. Widiantara, Y. G. Ko

Abstract

This study investigated the static annealing behavior of ultrafine-grained low-carbon steel fabricated by differential
speed rolling (DSR) process. For this purpose, the samples processed by 4-pass DSR at roll speed ratio of 1:4 for the
lower and upper rolls, respectively. It was annealed at temperatures ranging from 698 K to 898 K for 1 hour. The
deformed samples exhibited a complex microstructure in the ferrite phase consisting of an equiaxed structure with a
mean grain size of ~0.4 um and a lamellar structure with a mean lamellar width of ~0.35 um. The texture evolved after
DSR deformation consisted of components with orientations belonging to the rolling texture and shear texture. After
static annealing at temperatures lower than 798 K, the aspect ratio of the deformed grains tended to shift toward a unit
corresponding to the equiaxed shape, whereas the grains tend to be stable during annealing. In addition, grains with low
dislocation densities began to appear due to recrystallization in the severely deformed ferrite grains at temperatures above
798 K, which also help to produce equiaxed grains with ultrafine sizes. The strong fiber texture consisting of a- and -
components, which formed after deformation by DSR, tended to become weaker and more uniform with increasing

annealing temperature.

Keywords: Low-carbon Steel, Differential Speed Rolling, Annealing, Recrystallization
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Bending-diffusion bonding combined process for manufacturing
complex shaped parts

Seunghwan Lee, Kanghyun Kim, Jonghwa Hong, Dongjun Lee, Yongnam Kwon, Hyeonil Park

Abstract
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Extrusion Process

Lead Screw head forging process

Fig. 1.
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Residual Stress-based hole expansion process
optimization and investigation of residual stress effect on
fatigue crack growth

Min Jae Baek, Moo Young Seok, Yong Nam Kwon, Hyeonil Park, Hyunsung Choi, Dong Jun Lee
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Inconel 706

Development of Rotary forging process technology for low-force
forming of Inconel 706 superalloy
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A study on the Influence of the Substrate Angle on Thermo-
Mechanical Characteristics of the Deposited Region to Deposit
G6 Powders on SCM440 Substrate Using a Finite Element
Analysis

D. G. Ahn*, J. W, Yang!, and K. K. Lee?

Abstract

A5 Al Z(Additive manufacturing: AM) &7 5 3}l DED 342 3% 49 A& 9 24t 7bs
sttt A NE aoux|e] Ao s FAG A ojgo] WAL o]F FI ATH T FFSHo
wAste] 7l B WY g2 VIAA Ak dAATIE Aol A 53] VAN A Aol A48t
A W3k FRlAE S8 HT dAdo] st #d 9 WMol Mt o & dAsty] ] 7AF
Zhe Aol wE e B ARgEel oid AR gk B dAgtellA = 3 84 @A (Finite
Element Analysis: FEA)S ©]-83ato] 7143 24 @ io] wh& A5 Al ddx 9 A/ SAS &
Astaal ghoh, fek 94 S A8 AT ESOQ SYSWELD V 16.0 & AMEERlon, VA 7§
& A 2 30° B 45° 2 AASIGT 4S5 Fole 4-8mm, A% Hole 5-9mm WMAE HAAsto F
1871#1¢] 2D @A Edlo] AAETE 7| AF AA= SCM440, AFH AAE G6 & AR&Stlon, F
24 EAUOlEE FE& AZESR] JmatPro V 120 & F3 € 2 74 B4 del"HE AH&sSlth
A melo] A kARl 2 9 G99 HF zlolE VA= 3ak ol s ddo® 7HAEith DN
Sulution AFe] A& 3 HolHE ol &ste] i, HAF B 14 AAXAES A A&, 944
282 A3 A3t i AdE vaste] =EsY 7 84 S Tl VAT 4k @At e
HA ] PAE& EE5A L, AFH F9A9 €49 2 ARFIY 5E4E A

Keywords: Additive manufacturing, Thermo-Mechanical characteristics, Substrate angle, Finite element analysis

T7] o] AFE 20208 % AP FAAEE 2 AV EH R AKEIT) A1) APl s AT
‘T4 W Z: 20009839

# WA AR 2 etal 71 A F 83}, 1= E-mail:smart@chosun.ac.kr
1. =Adista 71 A g s, AALabA
2. At 7)1 A%t w), uhatatAy



LED2AP7F ZotEl QM ZEHE2| AME AIESHEA &
AKX E fIst WEHAOIE X0 et A+
O3 . Mulsk. EZER. UHF. UHESS. XYM

A study on the application of valve gates to prevent damage
during insert injection molding of printed circuit films
containing LED elements

J.H. Lee, M.H. Jung, J.H. Hong, H.J. Park, D.Y. Park, K.J. Cha
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