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Evaluation of Flow Stress Curve at High Strain

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

Abstract
fre-e8 % (flow stress curve) AEw B4 Ao 7144 B4 4 AEAS vl Hg 71z dlo]
Bl & sfolt < ks (finite element analysis)< w5387 a4 B AdAl] D 48
Har glom, frEgEdne fekessils 913 Fas A4 Y delHelrt whebA, At siiA
5 Q7] flixte et fe-gEdE Gt vl FRsht YN oR fregEl s dEelA
F{(uniaxial tensile test) S~ UFAIE compressive test)S B3 H7RACL (forging), UE(extrusion), 4l
(rolling), AW(wire drawing) 52| J7F A-g4el 49 ‘%% HEEo g Qlsle] FXH= FaHddEo]
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Fig. 1 FE analysis and experiment of compressive test
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Fig. 2 Indentation test and obtained flow stress considering pre-strain
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Fig. 4 Obtained flow stress curve at high strain
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Effect of loading frequency on fatigue behavior of Ni-based
superalloy

M. Y.Seok, D. H. Kim, D. M. Kim, D. J. Lee , Y.N. Kwon

Abstract
3BE A7 2 Fe Px2| AlgEE Txg 349 T2 BMS Wil XS
Zs5ich ol2fet E2Mo| w2t L|Z24H "HIlof| tiet B2 A77F =0 Rich
SHEX|ZH CHEES| HZAIE Ao FSFE 2{siK| 2L Y FSFZ2 A[HO|
TAl=0] MM 2EeHEE 12fsiK| ZSIQich Flssol| w2l m25gel geke
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Key Words : Frequency effect, High cycle fatigue, High temperature fatigue, Ultrasonic fatigue machine
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Evaluation of Plastic Anisotropy and Precise Simulation of

Deformation Behavior Using Extruded 7075 Aluminum Alloy
Thick Plate

D. K. Joung, H. J. Choi, H. K. Kim, Y.C. Shin
Abstract

B Aelds 4 APE 7075 SFhE e 5 2] Aol BEE Rk, ol Sl 2
A} 2237V e AdekE 73 AaAle] o o] Alne] W sl of| S
o} fekaseliis Fall WISl Al AR EAshs Aol AlelE ERlgh] Sl
FAE 15mm 1 9EAE 5 eEsIdlaL, b fXelA g W] ok Iym Q1 AASHAl AlES
ED(Extrusion direction), HD(Height direction), TD(Transverse direction) 2 7102 9 7H4] W&Jollx] =510
FAES Al 95w Al ek T Weke] WEE vE B8 Ao ANE Alktst

23S 93 AR 5 /) ZFo® FRale] fekaseinEls dEisit). §)
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Influence of Blind Rivet Nut Clamping Angle on Crimping Strength
C. Kim, B. Gu, S. Yi, J. M. Choi, S. Hong

Abstract

ERI= 2l YE(Blind rivet nut, BRN)T 5 43 Al 318 ®isPrl §la dnk 2E Ada
2] g5 Hol xRt Zjlo] 7hsabr] whtol] thekeh AlEe] FE Ade] @Wol E8%]ar lrk dyh
o= BRN 2 AFs &w A= AT A% v A2 A & AdS s €k
ojuff el AAYRFe] F2o] HA| 7] el S AT} WAE AL AT vl o]
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e AdY Wsks dolEdtt AYe EERI= 2E UE M6 1AS ARSEleH i) AddE
SA4517] 913l BRN A4E 7 7[eo® vho g Hugit} dust i4) 2 7IE BRN 0= A
o FHF A= 0< < 9°8 A A= vE Ad 4eE 2t AlEES BRN A4
TS AIEAIE 7 (Universal Testing Machine, UTM)E AR8-310] Z2]2(seperation force, F)= 57430k
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Crack detection in upsetting tests of aluminum alloy
using acoustic emission sensor

M. G.Ha, J. E. Lee, S. W. Kim

Abstract

Acoustic emission technology is based on the detection and conversion of elastic (acoustic) waves in solids undergoing
irreversible changes in its internal structure into electrical signals. The technique is one of the non-destructive testing
methods used in the various industrial fields such as weld monitoring, proof testing and flaw detection of pressure vessels.
In this study, the applicability of acoustic emission technology to detect and monitoring the defect of workpiece during
the metal forming process was investigated. Notch shape was designed using the finite element method to induce a
premature crack on the surface of aluminum alloy cylindrical specimen and those were compressed between a pair of flat
dies. During the upsetting tests, acoustic emission signals and images of the notch specimen were recorded in real time.
The obtained acoustic emission signals were analyzed with various parameters such as amplitude, energy and RMS to
determine the crack occurrence. And the signal analysis results were compared with the images obtained at the same time
to confirm the crack detection. In the experimental results, acoustic emission technology has successfully detected the
crack occurrence of aluminum materials during the upsetting process, which means that there is a possibility to detect
material defects during various metal forming processes.

Key Words : Acoustic emission (AE), Surface crack, Defect monitoring, Aluminum alloy, Metal forming, Upsetting test,
Finite elemental method (FEM)
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Effect of Porosity on Fatigue Life of Al Alloy

D. H. Kim, D. J. Lee , M. Y.Seok , Y.N. Kwon
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A Study on Cold Forging of Sheet for J-Hook Forming for
Swivel Seat

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

Abstract

Along with the development of autonomous driving systems for automobiles, swivel seats are also being developed for
the convenience of drivers. The swivel seat is a rotatable seat and has a different system from the existing automobile
seats. For this rotation system, it is necessary to develop parts such as J-Hook. J-Hook has a U-shaped shape with
curvature and different thickness for each part. In this study, we tried to develop a method for forming J-Hooks with
different thickness for each part. For J-Hook forming, finite element analysis was performed using DEFORM-2D. The
forming analysis process was carried out in a total of two processes by combining bending and cold forging, and the
final forming results according to the bending shape were compared. In addition, the optimal J-Hook shape was derived

by comparing the load according to the final forming shape.

Key Words : Swivel seat(Z=$& A|E), J-Hook(H|°]%7), Bending(%), Finite element analysis(F$+-2
2:8l149), Cold forging(¥7+ T
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Fracture behavior of 6061 Aluminum alloy studied using an
elasto-visco-plastic HEM-based polycrystalline model

J.H. Park, J.S. Lee?, Y. Jeong"

Abstract
A B5A(homogeneous equivalent medium) 7NF oA ®visco-plastic self-consistent,
VPSC[1])> thAA H4:2] o4 A vAl 2218k B AAlsle] ded &= gtk ¥ S5A19
A FAE A7 AMgsle] B H A ASS BARE ¢ e A BEEo] glon) it &
7F =23 ARE Aol Holx FERES dPdoR sk fdkassiiel A8slr] ek H g
BRI FeAE deR s thEAAA] 2kl AEVPSC(elasto-visco-plastic self-consistent[2])7}
PRERATE 2 ATelrs AAG061 3 AAle] AHoRE USRIy, W Ad H AW Ads 7
8)5}aL DIC(Digital Image Correlation) 714 2-830] Al 3we] W3 M (deformation gradient
tensor fieldy& 43k WE TadeRRE 31 W WHE HelE FH58l] B SEA19 aF
2208 Rt O A= §8 Wl 9 ASEA(triaxiality)S ARKISIAL vl 7% Bl X851

ok
Key Words: DIC, Nakajima test, Fracture, crystal plasticity
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The study on the formation mechanism of

deformation band in MADF process using CPFEM

ZolMT sl AARI2 22 x=Q0i4 olM3 MEEf? FAIE
Min—Seong Kim, Jeong—Gyun Kim, Sang—Chul Kwon, Sun-Tae Kim, Yu Yeon Jo, Seong Lee, Hyo-Tae Jeong, Shi—
Hoon Choi
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Effect of texture on microstructure and formability of AA5083 alloy sheets
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Study on the microstructure evolution of 316L SS fabricated by
SI.LM during mini V-bending test

Alluri Sai Preetham Reddy, Amol B. Kale, Abhishek Singh, and Shi-Hoon Choi'*

Department of Printed Electronics Engineering, Sunchon National University, Suncheon, South Korea

ABSTRACT

Mini V-bending test was conducted on 316L stainless steel specimen fabricated by selective laser
melting (SLM). In order to analyze the microstructure evolution during the V-bending test, FE-SEM
and EBSD techniques were performed along the building direction (BD) and scanning direction (SD).
Microstructure analysis revealed that as-fabricated SLM specimens contain pores on the surface and
subsurface regions. The effect of microstructural heterogeneities on the deformation heterogeneities of
SLM specimens was explained by the evolution of Kernel Average Misorientation (KAM), Grain
Boundaries (GBs), Melt Pool Boundaries (MPBs), and X3 Twin Boundaries. Two-level finite element
(FE) simulations were performed to explain the deformation and fracture behaviors during the V-
bending test. The first-level simulation was done to understand the macroscopic deformation of the
specimen during the V-bending process. In the second-level simulation, a representative volume
element (RVE) was considered to discuss the evolution of stress triaxiality and strain near a pore. High
triaxial stress state occurring near the pores on the surface and subsurface of the specimen considerably
contributed to the generation and propagation of cracks during the V-bending test.

Keywords: 316L stainless steel, SLM, EBSD, Microstructure, FEA simulation

* Corresponding author at Department of Printed Electronics Engineering, Sunchon National University,
Suncheon, South Korea

Tel.: +82-61-750-3556, Fax: +82-61-750-5260
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Evolution of microstructure and texture in commercially pure titanium
during friction stir processing

Abhishek Kumar Singh, Amol B. Kale, Lalit Kaushik, Jaiveer Singh, Min-Seong Kim and
Shi-Hoon Choi*

Department of Printed Electronics Engineering, Sunchon National University, Sunchon 57922,
Republic of Korea

ABSTRACT

The microstructure and texture characterization of friction stir processed (FSPed) CPTi material was
investigated via electron backscatter diffraction (EBSD), finite element model (FEM), and polycrystal
modeling. The EBSD characterization elucidated the occurrence of dynamic recrystallization (DRX) in
a very narrow thickness of the shoulder friction zone (SFZ). The twinning was observed as primary
deformation mechanism in the subsurface material. The finite element analysis was done to understand
the temperature rise, strain distribution, and deformation history in the material. The deformation
history results from FEM were further utilized as an input in the visco-plastic self-consistent (VPSC)
polycrystal model coupled with DRX scheme to predict the texture evolution in FSPed material. The
combined study of EBSD and VPSC revealed the evolution of fibre texture in the SFZ, which was

affected by the shear strain from the shoulder of the stir tool.

Keywords: Friction stir processing, Titanium, VPSC, Finite element model

* Corresponding author at Department of Printed Electronics Engineering, Sunchon National University,
Suncheon, South Korea
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Effect of thermo-mechanical treatment on mechanical

properties changes in beta annealed
Ti-6Al-4V alloy

D. M. Kim, M.G. Kim, D.J. Lee, M.Y. Seok, Y.N. Kwon
Abstract

38 MME ol ARSE= HIEIEE Ti-6AI-4V EE2 LEHEMut Xghdo| sl

o2 g sloll £82 FCk Ti-6AI-4V 222 AR0M HCP =2 HMgHel &2 714
A2 MEMo| o Y| MR F2 D2oiM Bk AR, 3 ZAMME SS ARESSCL
Yooz HE{EE Ti-6AI-4V a2 L2483y Al 2k HEE £ 52 22l o
w2t Faksr E2@, HHEE lamellar, =& M&AY 30| ol  olHst HEES
Hofgteza  olM=a,  JAHE  ASo| cidspll  LERP|  mEof ol mE dEks

=A5hE Aol BRIk 2 = AFoliM= HIEoIEE  Ti-6AI-4V B0l
D2EESYHP0| [HE DRUFEARNHS THSIL St ZZollM HIEI{EE Ti-6AI-

4V EE Ui ZIlSh AJHOZ DIM[Z=2| Helol| HlW ML EESH HIEJOIEE Ti-

Key Words : Beta annealed Ti-6A1-4V, Thermomechanical treatment, Microstructure, Mechanical properties, Processing
parameter
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Analysis of Springback of Ti-6Al-4V Sheet in accordance with
Time in Hot bending

M. G.Kim, D. M. Kim, D. J. Lee, M. Y.Seok, Y.N. Gwon

Abstract

Ti-6Al-4V 52 2 HIAESL 958t A de 7 AL Qlo] 7] A 3 aisre
2 Wol AR It} Ti-6AlIM4V - AAdEAol
ol g3l FES At vk Ti WAl A HTH
dFskar 474 f\]ﬂ%?l fAGE 5, 7S ASS)
1= Ti-6A1-4V 3§92 aL -bending A wRAER= =
7ro] ks A}o}oﬂu} Ti-6Al-4V ¥ a2 BAS dolry] 98] &% 450, 500, 550,
600, 650 °CO|lAl IL2R1GAIE S TSE o}Oﬂ o, o]5 EUE V-bending A TS AA[8I01
o} Ad AEe &% 450, 500, 550, 600, 650 °C01|A1 A 5 FARRES Defste] =

S

Key Words : T—6A-4V, Springback, SheetMetal Forming, Hot Forming, Residual Stress
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A study on the diffusion bonding between SL.LMed Ti-6Al-4V
alloy and As-forged Ti-6Al-4V alloy

H. J. Ha, D. J. Lee, M. Y.Seok, Y.N. Kwon

Abstract

z|2 SZFAol| F2 ARBE= Ti-6A-4V 2ol s MEA 20| 88 (selected
2 283510 AP Yok S ol ST M=EStis A7 &
A= ok SEXIEE SLM EH[e] 8Xof| w2 SLMed F& 370l MEo| UA7| m=ol|
Oi& SLMed FEX|=oll= H&to| m2ct w2 YU F =t HEks &5109 SLMed 2t
wrought Ti-6AI-4V &22 Helsk, thd SLMed F= M= woks HA|SIaAl sl 2

TolM= SLMed Ti-6AI-4V a1t As—forged Ti—6AI-4V 2ta ZF =Rt FHekeh AlH, As—

LT

forged Ti—6AI-4V Tt= 7+ =kt Helsh A, 2 Hehe AAISEK| 22 As-forged Ti—6Al-
4y &30l st Z7|HN EME v/ 2M5Ictk 2+ ol CHsl IEAES TS| ond, ol
M= 2 AEME 3510 SLMed Ti-6AI-4V =22 As—forged Ti—6AI-4V &= 2+ &g Al

5ol olM|z=2jo] Het %Mol olxl= Feoll tholl DESIIAL St

Key Words : Diffusion Bonding, SLM, Ti-6Al-4V, Microstructure, Mechanical properties
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Fatigue Crack Propagation test £ 038t An124-T851 =2
Crack closure phenomenon =4

Zex ' ABH' oFFE' HRY!
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Analysis of crack closure phenomenon of Al2124-T851 alloy
using fatigue crack propagation test.

Y.J. Cho, Y.N. Kwon, D. J. Lee, M. Y.Seok

Abstract
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Predicting Mechanical Response of Multilayered Aluminum
Sheet Using Finite Element Analysis

J. Y.Sung", M. H. Kim"*, H. J. Bong", K. S. Lee', M.J. Kim’, J. H. Kim’

Abstract

The mechanical responses of multilayered aluminum sheet fabricated by roll bonding, i.e., A1050/A3004 (65%
A1050, 35% A3004 by thickness), were investigated by combined experiment and finite element (FE) analysis
approach. The mechanical properties were measured by uniaxial tensile tests along various loading directions
for the multilayered sheet. Corresponding tests were also conducted for individual layers, testing samples of
which were prepared by electro discharge machining (EDM). Stress-strain curves and Lankford coefficients of
the multilayered sheet were then predicted by finite element simulations. The measured mechanical properties
of the individual layers were utilized as input for the simulation. Two yield functions, i.e., isotropic von-Mises
and anisotropic non-quadratic Y1d2000-2d, were employed. Predicted results were compared with the
experimental data and further discussed.

Key Words: Multilayered Sheet, Roll Bonding, Finite Elemental Method (FEM)
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Strip Castin% SR H=ZE Al-vn Al &E2l oM=E|
oIt A mZ2 EMoj| ojxl= FHA2| HE
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4

Effect of Post-Heat Treatment on Microstructure, Tensile and
High-cycle Fatigue Properties of Strip cast Al-Mn Series alloys

K-A. Lee™, M.-S. Baek', K. Euh’

Abstract

B odlol M= strip casting 3F3CE Al-Mn Al (3003 2 3527) SEES AlRstar ARE o] vz
2, QP 2 a1r] 92 A6 v 5 dAE] El bial] 2ARISIe: & e 2 450°C, 6 h
(3003; H alloy), 480 °C, 6 hr. (3527; H alloy) 7102 S=3J5|3lom, IA2|E F-a6lx] 2k 3
£ (as strip cast Al-Mn series alloys) = @3ISitE 27| vAzZ] 32 Ay F E3E°04 globular 42 H
W &AL ZAo] LERITE: Strip casting 378+ 883 ide] sAlell e, Zar} ufg- w2 A ot
7] wiioll §Y8 &L Ao v = rk A7) §49 AL A2 GAEE it Solle o B
ARAA] a1 sl 555 23S veRth =3 XRD 4 B4 2ol F 9 H $5E BT Al
71x1¢} 73342l Al(Mn,Fe), o-Al(Mn,Fe)Si A50] A&E3IC) ©|$} 3] FE-SEM oz Z3E Eaf 94
g F ZPdEe] vABEIA AL 1T BEEIeS SREINI: EAE] & T TRe] A3PdE (Al(Mn,Fe),
0-Al(Mn,Fe)Si)] & #8&2] WslE ol 41817 913l Factsage AlEdolA 9 ow]x] #A Z218S
olgsIgle: 71 A 3003 EE A F Al(MnFeyd w-&0] S7IIgloM B 3527 $HEE o
AlMn,Fe)Si % #80] S7Ilh= 2|22 AE vellth A% 34 47 3003 F52 G4 & A%
#hol °F 5 HV 748k v 3527 S Ak #ho] ¢F 20 HV S7IsISick 73 A1 delA 3003 3
o] QI G Folw Wslglo] fARIAl Vel WhA 3527 e Q1 Aot oF 39 MPa SV
itk o= F Al a-Al(Mn,Fe)Si 4] 28 xjole]l 719151 Aoz ANEItt 157 w2 B4
Ay A% A3 Azlel ol 3003 - IAe] T u|Z3o] (fatigue limit; 107 cycles to failure) 2F 7% 7F
23} (145135 MPa) WHA 3527 a2 dxlE] & v 23to] oF 9% == (145—165 MPa) Z23= e}
Wt A7) AaEa} A strip casting 3HCE A|ZH Al-Mn series IEE9] I € =AY VHE

sk sk

Key Words : Strip casting, Al-Mn alloy, Microstructure, Tensile, High-cycle fatigue, Post-heat treatment
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A& AZ : A Study on the Coating and Material of Aluminium

Extraction Mold for Electric, Automotive and Refrigerated

Air-Conditioning Parts

1. Jong goo Won, 2.Hee su Kim, 3.Teakyu Shin

A4 SStech

0 == Askt 22 2 2=0Is 30 HEcl= 228 =82 W74 g4

fIst DE L 0l0f 23S AXH0l CHSE HF0ICEL X2 DK L=R0Is 2E S|

PVD DEE HEotd ULt PVD(Physical Vapour Deposition)2&& LHOI2LE Li
THE RF%le =8, A3, AHE 22 =0 S0l 2850 UL BEEe=
D= MO, WAY, LHOI2dSe E2EsS 210 UL 0|20 o =&O0]
SHAEl CVD DEE HESP| <o =28 ATHe Jt2 & HHO| B5IE HF ol
oM, &= A0S0 OIXls J&= S4oIUC

This paper is a thorough coating of products for products applied to aluminum
products for auto parts and coatings on materials related thereto. Until now, PVD
coating is being applied. PVD (Physical Vapor Deposition) coating is applied in
areas requiring wear resistance or filling, essential parts. The applied coating has
advantages such as low coefficient of friction, corrosion resistance, and wear
resistance. In order to apply a stronger CVD coating, we applied the processing of
the material and the change of the surface, and analyzed the studies applied to

the coated aluminum.
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A study on the development of an extrusion die cooling system
for a high strength aluminium alloy

S. H. Bae, S. H. OH, S. K. HYUN
Abstract

717 7378t Aol whet AFexk & FEell Sl el Aeh] 13 At ghde] I
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Key Words : High strength Aluminium, Extrusion, Extrusion Dies, Cooling, Liquid Nitrogen
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Finite Element Simulation of Extrusion Process
for Micro Flat Multi-Port Tube

Y.C. Shin, D. K. Joung, S. S. Lim, H. J. Choi, J. G. Won, J. K. Jung

Abstract
Micro flat multi-port tubes (Flat tubes) used in parallel flow condensers for air conditioner have been continuously
demanded to improve their strength and corrosion resistance. Global flat tube manufacturers are applying 3XXX series
aluminum alloys with improved corrosion resistance for the flat tube extrusion and trying to further improve corrosion
resistance and strength by modifying the alloy composition. However, the addition of alloying elements generally
deteriorates the extrudability and accelerates die wear due to the high strength of the material, making it difficult to secure
die life. To assess soundness of the designed extrusion process in advance and optimize the die structure for improving
die life, the use of finite element simulation is required. In this study, finite element analysis for precise simulation of the
extrusion process for flat tubes was conducted. First, the flow stresses of billet were accurately evaluated to derive the
constitutive equation, and the study on the finite element analysis technique for improving the accuracy of deformation

and temperature change prediction of extrudate was conducted.

Key Words : Flat Tube, Micro Extrusion, Finite Element Method, Die Wear, Die Life
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An assessment of the corrosion behavior of a friction stir processed high entropy alloy

Sam Yaw Anaman®, Solomon Ansah®, Hoon-Hwe Cho®’, Min-Gu Jo™ ¢, Sung-Tae Hong®, Heung

% sk
Nam Han*

“ Department of Materials Science and Engineering, Hanbat National University, 125 Dongseodae-
10, Yuseong-Gu, Daejeon, Republic of Korea

® Center for Energy Materials Research, Korea Institute of Science and Technology, Seoul 02792,
Republic of Korea

¢ School of Mechanical Engineering, University of Ulsan, Ulsan 680-749, Republic of Korea

d Department of Materials Science and Engineering & Research Institute of Advanced Materials,



Seoul National University, 1, Gwanak-ro, Gwanak-gu, Seoul, 08826, Republic of Korea
ABSTRACT

The corrosion behavior of a friction stir processed (FSPed) equiatomic CrMnFeCoNi high-entropy
alloy (HEA) is investigated in an aerated 0.5 M Na2SOs4 electrolyte solution at room temperature.
The microstructural analysis reveals a highly refined stir zone (SZ) with an average grain size that
decreases from the top region of the SZ to the bottom region of the SZ (also known as shear
processed zone; SPZ). However, the region below the SPZ, (i.e. below the plunge depth)
experienced an increase in average grain size and dislocation densities compared to the other
regions. There is no secondary phase observed in the FSPed region, however, the microstructural
evolution in the FSPed region affects the corrosion behavior of the HEA. Cr203 passive layer is

observed to form on the FSPed HEA leading to excellent corrosion properties from the polarization
TP REEE] 2020 A FAEENE 254

corrosion tests. Grain refinement in the SZ enhances the rapid formation of the passive layer, thus,
leading to better corrosion properties in the front surface of the FSPed HEA. The localized
corrosion behavior of the FSPed HEA is predicted to be caused by the micro-galvanic nature of
the HEA, which leads to an increase in polarization at the anodic sites (pits). A numerical model
is established using the corrosion parameters from the experiment to simulate the localized
corrosion behavior on the surface of the FSPed HEA in a neutral environment. The predicted
pitting potential and corresponding current density agree well with the experimental results. The

model is also capable of tracking the dissolution of the pits over longer periods.

7|%IE (5) : High entropy alloys; friction stir processing; grain refinement; pitting; simulation
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Study on the numerical integration schemes with respect to the
convergence and accuracy of stress update algorithm

S. Y. Yoon, Frédéric Barlat

Abstract

In this paper, the convergence and accuracy of the tangent modulus method are investigated. The tangent modulus

method (M. Ortiz et. al, 1985 and D. Peirce et. al, 1983) employs the trapezoidal rule which is a mixture of explicit and
implicit numerical integration schemes. The associated stress update algorithm was applied to a non-quadratic anisotropic
yield function based on isotropic hardening. The convergence characteristics were analyzed through the convergence
mapping technique (W. M. Scherzinger, 2017). Moreover, the accuracy of the integration algorithm was estimated by

studying the R-value prediction in the finite element framework. Depending on the ratio of the numerical schemes, both

the convergence behaviors and integration accuracy were differently observed.

Key Words : Anisotropic yield function, Computational plasticity, Finite element method
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DIC-based measurement of the actual cross-section for

accurately obtaining true stress-strain data of ZIRLO sheets
B. Gu, M. Kim, S. Hong

Abstract
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ZIEo® AkkEnt A= Al w23 AR TR fiRellA] WiEe] 2 2} B3 WikslE A 1A
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Key Words : Actual Cross-Sectional Area (4] ©@H7%), Digital Image Correlation (FJA[E o]u|A] JiA),
Extrapolation (£};:39), Post Necking (UI7d 9, Stress-Strain Curve (-52-HEE =4

1. seg=righe vghgdesly) A
2. AEITFOEL TARFEAREERE, AL & A7t
# WAL ZEFFOshL 7 ARFERFEERL, 14F, smhong@kongju.ac.kr:



P beas) 2020 A FlEET)E 257

xghE =2 OIO?_* EI% HIE KIS Al

=B Ao

>
er%
oﬁ
6|.L|'"l_|
¥

ojgn'. etz

A Study on Residual Stress Characteristics According to Deposited
Material of Multi-bead Deposition Using Super-alloy Powders

K.K.Lee . D.G.Ahn *

Abstract
wes olg@ A% A% (Additive Manufacturing, AM) 3-8 715 27014 Aal7] oldgd Bxdst P4 2 o F
24 BE AFo] golelo] B ATTh WAH Q= TAoI} 34 aM 342 AolA A 4 F (Laser-Aid
g A S8 AES AdelE B0 34T A oY

Directed Metal Tooling, DMT) 378> 71A% B 255 24k&
of o3 FF-ge] WAEA waL g A5 Adke] dRle] HER IR
o} B AgelxdE 3 2k E1Al A frEkess OH’HQ‘ 3l pmT 78l
of me AR vl BAS Fekaat drh VAR ke g AR] sqsc, AT AAE N AE =3
Inconel 625, Inconel 718 % Co AIE ZFHEQU Stellite21 S A éﬂ?i‘jr f3e A L e AMEQ
SYSWELD & °l83I3lom 2Ale] &% o9& & ¥ 714 &4 dolde 24 Akt T2 13 jmatbro & 18313

Bl )= 45 A ARE DA S 2elo AH £ES D JEY (Heat Affected Zone, HAZ)E MSle] £EE
A 47 BHS wESgon] AE Qe 44 TRE ol8sl] QA DA NS KA WY AnE

olgslo] U HI= AT Al 2Afel] whe} ks & ‘%‘i?‘—‘rﬂ g el tell wlatsll AS dw 2 A5

O

AR ek WA RS e RS Sl

Key Words : DED Process, Super-Alloy Powders, Residual Stress, Deposition characteristic, Finite Element Analysis

|

o] w=iEe AR EEN Aoz AT APS  wel  FaE ATYNo.

2019R1A2C1006741).

1. Ak 7 AEstE) ek

# WAARE e 71ARESl), W4 E-mail:smart@chosun.ac. kr



avgrhesls] 2020 A FARRESE] 257

HELOEE Ti-eAl4v HIEESFE A& WL

|

—_

M3t o

Olor

=

B l?zlgﬂ. .

‘gt - ol

2,4

rs

=
T

Development of Beta-annealed Ti-6Al-4V Aviation Part

S. H. Jin, H. B. Park, K. K. Kim, Y. H. Hwang, C. J. Lee
(Received Month Day, Year/ Revised Month Day, Year/ Accepted Month Day, Year)

Abstract(Times New Roman 11pt)

Commercial beta-annealed Ti-6A1-4V thick plates are provide with a thickness of 4 inches or less because of difference in

mechanical properties between the center and the surface during heat treatment. The purpose of this study is to develop the

manufacturing process of aviation parts by using beta-annealed Ti-6Al-4V plate with 8inches thickness. In this study, a

preform shape was designed with a thickness 4inches or less for beta-annealing heat treatment. Beta-annealed preform was

manufactured into aviation parts through final machining process.

Key Words : Beta-annealing, Ti-6Al-4V, Aviation Part, Preform
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Study of bake-hardening response according to
Liiders band propagation in hot-rolled high strength steel

W.CHO', B.-S. Jeong', S. Park', J. Jung', Y.Oh', H. Na’, and H. N. Han"
ABSTRACT

Bake-hardening (BH) treatment is usually subjected to pre-formed automobile body parts to increase the yield strength
without reduction of thickness. So far, composition, annealing temperature, pre-straining, and baking condition have been
considered as the factors affecting BH. However, the effect of the extent of Liiders band propagation on BH has not been
widely studied. In this research, we observed the BH behavior related to Liiders band propagation attributed to the amount
of pre-strain. The digital image correlation (DIC) method was utilized to measure the Liiders band propagation. In addition,
we correlated the small-scale mechanical properties and BH behavior before and after Liiders band propagation using nano-

indentation.

Key Words : Bake-hardening, Liiders band, Hot-rolled high strength steel
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Development of Design Process for Sealing Device of Pouch-Type
Rechargerble Battery
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Development of Artificial Intelligence Rigid Plastic Constitutive
Model using Deep Learning

H. B. Moon, G. P.Kang, K. Lee
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A Study on the Surface Roughness of Ti-6Al-4V Alloy
Fabricated by SLM Process

W. Y.Kim, S. W. Kim

Abstract

In the SLM(Selective Laser Melting) process that manufactures 3D products through a selective laser melting-
solidification-layer by layer build-up process, the surface quality is dependent on the solidification conditions, the
staircase effect due to the layer by layer build-up process, and the shape and size of unmelted particles. Since there is a
limit to improving surface quality through optimization of process parameters such as layer thickness, laser power, and
scan speed, additional post-treatment processes are required for efficient improvement of the surface quality. In this study,
the effect of the building angle and the sandblasting process conditions in the SLM process of Ti-6Al-4V alloy on the
surface quality of the part was analyzed. The effect of the building angle was analyzed by investing the surface topology
and roughness of the specimens fabricated at various building angles. And the effect of the sandblasting process
conditions was analyzed by measuring the surface roughness of the specimens post-treated by various size of abrasive,
blasting angles and pressures. As a result of the experiment, it is found that the surface quality is better the larger building
angle was, but the difference tends to be improved through sandblasting, and the effect was dependent on the process
conditions.

Key Words : Additive manufacturing, Ti-6Al-4V alloy, Surface roughness, Surface topology, Sandblasting, Selective
laser melting
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Analysis of microstructure of Nb-46.5%Ti according to initial

process conditions using EBSD and evaluation of influence on
superconducting properties

L. Y. Moon, H. W. Lee, Y.S. Oh, S. J. Kim, J. Jung, and S. H. Kang

Abstract
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Key Words: Nb-46.5wt%Ti, EBSD, Critical current density, Superconducting, Microstructure.
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Enhancing technology of MgB: for superconducting wires

K. C. Chung", Y.S. Oh', S. H. Kang'

Abstract

High performance MgB:2 bulk superconductors have been developed by co-doping with the carbon and chlorine using
the chloroform (CHCI3) approach. CHCI3 was first coated on Boron powder at room temperature and amorphous carbon
layer with a thickness of approximately 3-4 nm on the surfaces of B powder was identified by TEM. Stoichiometric
amount of Mg was then well mixed with CHCl3-coated B powder for pelletization and the subsequent heat-treatment at
temperature of ~700 °C for 30 min under Argon atmosphere.

Superconducting 7c was decreased from 37.50 to 34.75 K and concentration of carbon and chlorine increased on
increasing the doping level of chloroform. Surprisingly, there is the increase in self & high-field J: with the only chlorine
doing of CHCI3 until the doped carbon became effective. With the more increased doping of CHCI3 there appeared the
dominant carbon effect on Jc at both low and high-fields. It was found that a huge improvement in Jc for CHCls-doped
MgB2 samples compared to un-doped sample at high fields both 5 & 20 K. The highest J values was ~2.8x10* Alem® (7
times to pure MgB2) at 5 K & 8 T and ~2.6 x10° A/em® (12 times to pure sample) at 20 K & 6 T, which are quite
comparable to the best high-field J: values reported. This enhancement in Jc could be attributed to the improved flux
pinning as a result of the combined doping effect of Cl and C into MgB2 matrix.

Key Words : Superconducting wire, MgB2, Doping, Critical current density
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Numerical Prediction of the Flow Drill Screw Driving Process
based on the CEL- and SPH-FE Modeling Techniques

S. H. Kim, J. H. Song, G. Bae, S. O. Choi, J. M. Choi, H. M. Kwak, J. H. Kim, N. Park
Abstract
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Key Words: Mechanical Joining, Flow Drill Screw (FDS), Thermo-Mechanical Coupling, Finite Element Analysis
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Design Guideline Development of the Screw Hole using
Response Surface Methodology

L. J. Jang, G. H. Bae, J. H. Song, J. S. Lee, N. Park, S. Choi, S. H. Jeong, H. J. Lee

Abstract

In recent years, it is difficult to achieve the fine appearance and high stiffhess of a screw hole because the structure has
severe geometrical constraints and requires a strong fastening force. However, the design method of the screw hole shape
still depends on the engineer’s experience and know-how in spite of the enormous failure cost. This study deals with the
formability analysis of the screw hole based on the parametric analysis. As a target material for the analysis, HXKE4K
0.42t mild steel sheet used in general household appliances was selected. Mechanical properties for the sheet metal
forming simulation were evaluated by the tensile test and Nakajima test. The formability evaluation of the screw hole
was quantitatively conducted based on the forming simulation result such as the strain distribution and the thinning. By
using the proposed evaluation method of the screw hole formability, the parametric study was performed to investigate
the effect of design parameters in the screw hole shape. Finally, a design methodology was suggested to improve the
formability of the screw hole by controlling the main design parameter.

Key Words : Screw Hole, Stamping, Formability Analysis
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Manufacturing of B-Pillar Reinforcement
through Prepreg Compression Molding

S. M. Lee, J. H. Kim, D. J. Sung, D. C. Ko

Abstract
Recently, numerous attempts have been conducted in the automotive industry to improve the lightweight and
crashworthiness. Accordingly, it is necessary to use lightweight materials into automotive parts such as aluminum,
magnesium and composite materials. Many studies are underway to replace metal materials with Carbon Fiber
Reinforced Thermo -Plastics (CFRTP) for automotive parts. Mechanical properties of CFRTP with laminated structure,
such as strength and stiffness, are generally affected by stacking sequence. Therefore process of optimizing the stacking
sequence of CFRTP is needed. In addition, it is difficult to manufacture the multi- material product because of adhesive
problems between CFRTP and steels. In this study, CFRTP reinforcement was applied to manufacture multi- strength b-
pillar by Prepreg compression Molding (PCM) method. The shape of the CFRTP reinforcement was used for the shape of
the reinforcement of the existing B-pillar assembly. The thickness and stacking sequence of CFRP were optimized using
Genetic Algorithms (Gas) with FE-analysis. The possibility of PCM method was estimated by thermal forming simulation
of CFRTP Reinforcement which is set on formed B-pillar.

KeyWords:Partial Heating Hot Stamping, Carbon Fiber Reinforced Thermo-Plastics(CFRTP), Genetic Algorithms(GAs),
Prepreg Compression Molding(PCM)
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A Study on Hot Blow Forming of Aluminum
for Rail Roof Side

M. G. Kim, J. C. Ryu, J. B. Hong, C. Y.Jung, D. C. Ko

Abstract

Recently the application of high strength aluminum has been studied as a means of lightening the weight for automotive
components. Also hydroforming that decrease process step has been progressed for cost reduction. Because this technique
require high formability, it is difficult to apply aluminum that has low formability at room temperature. However Hot
Blow Forming(HBF) that indicates a high elongation at a specific temperature and strain rate is able to manufacture
automotive body using aluminum. Moreover HBF has advantages in superior dimension accuracy for complex shapes and
uniformity of thickness distribution. Despite considerable advantages, HBF has a major defect in productivity due to its
relatively long cycle time. For reducing process time, pre-forming through stamping operation and HBF with high speed
was used respectively. In this study rail roof side using aluminum was applied to pre-forming and high speed hot blow
forming. These processes were performed by Finite Element(FE) simulation. First of all impact of temperature and strain
rate on the flow behavior of the material was confirmed by uniaxial tensile tests. In addition material model that describe
behavior of elastic viscoplastic material with thermal effects was applied in FE-simulation. In pre-forming step, stamping
process was carried out with aluminum elevated temperature. From the effect of first process thinning was predicted and
shape of preform was derived. In HBF step the preform was pressurized after the tool was raised to target temperature. As
a result of HBF final shape, thinning and thickness distribution were identified. In order to evaluate effectiveness of FE-

simulation, its result was compared with experiment.

Key Words : Hot Blow Forming, High elongation, Finite Element Simulation, Rail roof side, Thinning
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Analytical expression and calibration strategy for Yoshida2013
yield criterion

Q. Hu ) JW.Yoon

Abstract

To describe material’s anisotropic hardening behavior, the analytical anisotropic yield criterion become essential.
Besides, to capture the highly anisotropy of sheet metal, especially for the r-values, the yield criterion with more
parameters should be used. In present work, an analytical expression is developed for Yoshida2013 yield criterion under
associated flow rule, i.e. all of the coefficients are determined with the experimental data without any optimization
process. A calibration strategy is developed to determine two parameters in Yoshida2013 yield criterion, i.e. two pure
shear stresses calculated from the analytical Poly4 yield criterion are used. The experimental yield stresses and r-values
under uniaxial tension along the rolling, diagonal, transverse directions and equi-biaxial tension will be used to determine
eight parameters in Yoshida2013 yield criterion. The choice of experimental yield stress and r-values to determine the left
six parameters is discussed. The results show that the left parameters determined with two experimental yield stress a30,
o60 (or o225, 067.5) and four r-values 71, 730, 760 and 775 will give a good prediction for both r-curve and uniaxial yield
stress curve. The effectiveness and accuracy of the proposed analytical Yoshida2013 have been verified by applying it to

several highly anisotropy materials.

Key Words : Yoshida2013 yield criterion, Analytical, Associated flow rule
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Optimization of Draw Bead Configuration in Draw Forming

J. Park’, T. B. Stoughton’, J.W. Yoon' #
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A Study on the effect of Superplastic Forming Process
Variables through Finite Element Analysis

K. H. Shin, Y.N. Kwon, D. J. Lee, M. Y.Seok, G. J. Kim
Abstract
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Derivation of microstructure-correlated process conditions for
high temperature deformation of UNS N08825

H.S. Cho, S.J. Bae, D.H. Kim, J.H. Shin, K.S. Lee

Abstract

Nickel-based corrosion-resistant alloys (CRAs) with high corrosion resistance and excellent high temperature
mechanical properties are applied in a variety of industries such as turbine blades, aerospace industry, and pressure
vessels, etc. In this study, a representative CRA, UNS NO08825 was used to analyze the evolution of microstructures
under various high temperature deformation conditions and deduce the optimum forming conditions. A series of Gleeble
test was first conducted over a temperature range of 800-1250°C and a strain rate range of 0.01-30 s™. OM, SEM, and
EBSD were then used to clarify the difference between the initial specimen and the microstructure under numerous
deformation conditions of UNS N08825. Based on dynamic materials model (DMM), the variations of both power
dissipation efficiency and instability parameter were over-plotted in terms of strain rate and temperature to construct an
empirical process map, in which the feasible hot forming can be available when power dissipation efficiency is above 0.4.
After conducting hot rolling test to verify the effectiveness of the derived optimum hot forming conditions, the results

were also discussed.
Key Words : Corrosion resistance alloy, Hot deformation process, Microstructure
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Prediction of Initial Welding Conditions for Clad Steel Plate using
SYSWELD

W.C. Yang', C. S. Choi', S. H. Kim', K. H. Yoo’, S. W.Kim’, J. S. Park'”
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Fig. 1. Predicted fusion zone (region of weld above 1400 °C) using heat source fitting tool (temperature
shown in °C): (a), (b) is the predicted results of butt weld, and (c) is the predicted results of C-seam weld.
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High-Strength and High-Ductility CP-Ti Bar Manufacturing
by Cryogenic Non-Circular Drawing Sequence

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

Abstract
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Modeling and Numerical Analysis of a Hot Extrusion Process

Considering the Strain Rate- and Temperature-dependent
Hardening Response

S. Jung, Y. H. Song, G.Bae, J. H. Song, J. S. Lee, S. O. Choi, S. Lee, H. J. Lee, H. M. Sung, N. Park

Abstract

This paper is concermned with the modeling and numerical analysis of a hot extrusion process considering the strain rate-
and temperature-dependent hardening response of Al6063 alloy. A billet generally experiences severe plastic deformation
involving large variations in the strain rate and temperature during the hot extrusion process, and hence, an accurate
description of the flow stress response is of great importance to reliably predict the deformation mechanism of the
workpiece via numerical analysis. As an effort to accurately characterize the strain hardening of Al6063 alloy, an
Arrhenius-type constitutive law was employed in this study, using the flow stress curves evaluated from the cylindrical
compression test under various combinations of strain rate and temperature. The hot extrusion process was then
numerically simulated with the commercial FE software of DEFORM3D based on an Arbitrary Lagrangian—Eulerian
(ALE) method, followed by actual extrusion tests under identical working conditions. A comparison of the experiment
and numerical simulation showed that the FE analysis of the hot extrusion process can successfully predict the localized
zone of strain and temperature where the surface defect is observed in the actual extrusion process.

Key Words: Hot extrusion, Al6063 alloy, Arrhenius-type constitutive law, Arbitrary Lagrangian—Eulerian method
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Injection molding of a plastic 500nm channel device
for blood sample preprocess

Y.E. Yoo, S. W. Woo, J. H. Oh, K. O. Kim, D.H. Kang, J.S. Yoon

Abstract

Blood is one of general samples for diagnosis of disease or status of human body. For more sensitive diagnosis, the
blood sample needs to be preprocessed to be purified or enriched by eliminating blood cells. Centrifuging is a standard
method to separate substances in the blood based on density difference. This process, however, uses generally a large-
sized equipment and milliliters of sample, which makes point-of-care diagnostics difficult. A new method without
centrifuging process is required for sample preprocessing such as filtration using nano/micro-channel based on difference
in size of the substances. In this study, a nano/micro-fluidic device adapting 500nm channels in thickness is designed to
filtrate blood cells from the blood sample. This blood cell filtration device is injection molded using thermoplastics like
polycarbonate for mass production and a nickel stamper and PR master for fluidic channel are fabricated first by
electroforming and UV lithography process prior to injection molding.

Key Words : Blood sample preprocess, Blood cell filtration, nanochannels, micro-fluidic device, injection molding
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A Study on the Additive Manufacturing Process of Maraging
Steels

S. H. Kim, J. S. An, A. R. Jo, D. Y. Park, Y.J. Choi, K. J. Cha, Y. H. Moon, S. K. Hwang

Abstract
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Heat generation characteristics of ceramic(LTCC) chip fuse for
high-power Li-ion batteries

O. Y.Hong, H. J. Lee, B. J. Kim, B. D. Choi, S. M. Yang, S. H. Min, T. K. Ha

Abstract

In this study, the heat generation characteristics of ceramic chip fuses with various structures using LTCC(Low Temperature

Co-Fired Ceramic) as a substrate material were investigated by heat transfer simulation.

Through the steady-state heat transfer simulation, it was found that fuse temperature varied with the coverage area of the

solder paste below the fuse when constant current was applied to the fuse. It was verified that the solder was one of major

factors to influence the heat generating temperature of the ceramic (LTCC) chip fuse for lithium ion batteries. The structure of

via hole had a weaker effect on the heat generation characteristics of the ceramic (LTCC) chip fuse.

Key Words : Lithium-ion batteries, Ceramic chip fuse, LTCC, Thermal analysis, Simulation

1. M 2
Foe Az AF] AW djEYE gy
gEol 24 (1ithium ion battery)E& ARE3skaL
dom,  Fug AR AR Wy gEY
ZFolRAE 22 Fulof| aouAE JAT 4
WS kAl HJACH1]. e

eiFolesAE kel HoRlel ol W A

I oA dAd wEEe]  FHEE 7lsAol
EH2].  EEeledxle]  FEE s AREAKY
AAlel B IlE Folaxt  HiEE o
PCM(protection circuit module, @lEo]2AA]9]

o WA A HFES  Adslel  gEel2iAE
ZateiE AAURE BesR)S gAlska 9lom,
25 g 8 AAp AlEe] FAlel wt

1. HLAFHIZZX|

2. e

3. ZEsishL AL aAtEsi)

# Corresponding Author : Gangneung-Wonju National University,

Department of Advanced Metal and Materials Engineering,
E-mail: tkha@gwnu.ac kr

HiElR] HAA] Agsie} tEo] 14 7 9 ujEE
|59 =71l 2 AEe 54 ol
A&EH o2 a5 JrH3].

3 e gEeldAe] s wHE] flst
o] PCMol FHE BEsA oLy, Ayl a17]%E3)
of A3tshar 953 AMEAES 2 H F2E L
saak %W F=el  Fa AR LICC(low
temperature co-fired ceramic, #-< 424 A2y
ooz tgo Agi 7| Udd 7E AxE g
AAA 3addoz wjdE FHO HEs U=
A A A 34 7E) Axlss 25310
cH4].

AlEILTCC) & Fr=(elst A F2)+
obd AAlEA dokst = AR Asst 50
U= AlEPdo] HAEolof st} 53], Alghd]

getelsn, GA(RA) AFelE F2rt detEA
e e s N s R R

o] Fasil.



BodAqelMs g AEolder At F
F=9o] &r Ho)2E Y Hlo} & FLRE WHASN,
47 A% Wk A AR F Fze] v 54

VLS F= T8 84S ISAC
2. 4 8 YH
v odrede AR A

= A% 24

FollM A AFoR sl AdAR]l &
slojEst Hlop Fo| & wWAsle], ddw
ANEgoldos AZA AR oy} A wkder=

h=]
H SR &0 dHo|xEx Mgy 7 g
7Fe-dl 923 blowout IS UEhE dAEX
5o Z=xyy, =¥ WE(HHE Adw)d uE
we enws wwellaFig.  1(a)), Hlel &
TE= Fig. U(b)e} #o] 4 FH=E AAlsle] 2

Lo

oL

e% waE vasigrh o, & solase)
% WA fE welew wmelq wol &
CESOIEE G R D S
PALE vl &Y eliEt PR mEw

e

R
ot
¢}
¥
v

G AlEYOHS 9% tool Z=  ANSYS 9
ICEPAK ¥} SPACECLAIM R18.2 WHE& AlMgslgiom,

Al o]0l A d5yo= Adshk= A 5.2
2AE 2y, ddxx, vE,  v[E g
SA%E ARgSISlT AlEdeld Wl AR A
FAE=  test  PCB(printed  circuit  board)el
Fars AA Bhder A Y FYsH
L= B P A A =9 4=
5.4x3.2%0.95 mm ©]a, test PCB ¢ XHF=

40>x20><0.6 nm = A3l AlEEeld tellA
Age] A= AAet FYskAl vigolA] dAgh
FHE At
sto,  AlEEeldAA power
supply & H&2 3= source E Fig. 2 & o]
w2} PCB o FASII
il 7P E3E dlell 3715S dAdske] iRt

AL s 2AsIRla, oldl diFe] e
Bl o] o] e AAdHF S8
= 7] X 25C, g 1

atm &2 A3},

- yos
I I I I - :
3 _— - e —

Fig. 1 (a) Application area of solder paste, (b) Via hole

structure in ceramic(LTCC) body
‘.H\ h";-’ o
Ll P
=

Fig.. 2 Modeling for simulation(thermal analysis)

3. dot & 1&g

At @ Fzel 47 AR Qb A &Y
dolsEst  wlo} & wxel  wWE  Fxo
WALES W] $5lel, AA AEdelHS

APy, WA AR AT =X® LT
HelzmEe]  E=X wAMR Ame @
Aol Ax, A Bel  =ad =

wdewrl AW EXoNE= 106.6 T, FE
L= 126.5 CE  YERIACL e
Ho|~Eel  Ex WA wEhd  F=o U
2ol Zpo|7h whAlshs A1 Al F =9

2 (s 2D e F o iH &
WA(Joule  heating)e] el e &y

ol Frzol @A g BEe gridom

e AZE UER) wEel, &9 dolxEd
EowAel  wme Fze]  wges Aok

REEES

ARk} 71 ) ok & Fel mE Aol

el mEE Fzel  wdlewst

1L



AR FEeHE) 2020 e SR 227

TEOME 126.5 T, TERCOIME 123.4 T,

TEGOME  130.0 T, Iz FER@Me=

125.2 C& ‘EMIReH, FZ2OQ >

TED > FEEL| +£AE 72O >
e 2EE

LFERAIAE £520] Zlo]= 2IQ]t).

= s -

i = E o iz an

it h 3

| aa) 5 =1 | =

Fig. 3 Simulation result; (a) Effect of solder paste, (b)
Effect of via hole structure

4. 4 E

A IS I =
solsEsh Hlo} Fo| T wWAsll, Qg
AgdelioE  AA AR 9 Beers
sk, &Y deliEe  EE WY
Aol wet 2ol Ago] wskEr], oo up
Fo) maewsl wskge & 5 Qg A
g U] Wl & Fxel wE F= weel
MIE  Helslglont, ool mE 9% =4
itk &9 selmEsk ARRILIC) 3 el

HLOEﬂ%},:_oﬂ 0361:2 F= FZ0 o = -5}1,}01%

= o= T+ T mat g
sersioir.
REFERENCES

[1] C.S.Kim, 2010, 2gol&olxpdx|e] 5433} A,
Ceramist, Vol. 13, No. 1, pp. 40~46

[2] M. Cho, D. B. Nah, S. C. Kil, S. W.Kim, 2011, Li-Ion
Traction Batteries for All-Electric Vehicle, J. Energy
Eng, Vol. 20, No. 2, pp. 109~122

[3] B.J. Lee, G. J. Choi, S. H. Lee, Y. M. Jeong, 2017, A

Study on Explosion and Fire Risk of Lithium-lon and

Lithium-Polymer Battery, J. Kor. Inst. Commun. Inf.
Sci., Vol. 42, No. 04, pp. 855~863

[4] Y. Imanaka, 2005, Multilayered Low Temperature
Cofired Ceramics (LTCC) Technology, Springer Sci.

Bus. Media, Fujitsu Laboratories, Ltd. Jpn., pp. 1~6



a27kets] 2020 A FASENS 257

7 =29 AMsZEolke] AMRt Zaix| Fl 24
Hgs 't e A71E!

Real-time measurement of flange inflow in cup drawing forming
process

Y.H. Seo, H. W. Kim, K. P.Kim

Abstract

The cup drawing formability test is one of the representative methods for measuring the formability of sheet materials.

In order to accurately evaluate the formability of the material, ideally the circular material should be placed in the center

of the drawing punch or blanking die. In addition, the amount of inflow in the circumferential direction should be

constant only for materials without anisotropy during the drawing process. However, due to uncontrollable factors such

as friction imbalance, the inflow of the flange portion is not constant, so there are many cases where the measurement is

lower than the formability of the material. As the first step to solve this problem, a real-time flange flow measurement

device was designed using a laser displacement sensor and applied to the drawing process. In the future, it will be used to

accurately predict the limit drawing ratio of sheet materials through real-time measurement of flange inflow.

Key Words : Cup drawing(3] =%%J), Limit drawing ratio(3:4’d&H]), Flange inflow(Z#A%)), Real time
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Formability analysis according to design factors

for applying the high-strength aluminum sheet
to the heat exchanger separator for the electric vehicle

G. H. Bae, J. H. Yang, S. H. Jung, B. H. Kim, J. S. Lee

Abstract

This paper deals with the parameter study to manufacture the heat exchanger separator for the electric vehicle in order
to apply the high-strength aluminum sheet for the weight reduction. The mechanical properties of the high-strength
aluminum sheet were measured according to the loading angle from the rolling direction. The forming limit curve was
constructed based on the Nakajima test results. Two-stage forming operations are established by considering the mass
production process using the conventional low strength aluminum sheet. In this study, the sheet thickness and the punch
corner radius are selected as main design factors for the formability and the weight reduction. The parameter study was
performed for analyzing the formability according to the design factors. Finally, this result can provide the stamping
process design method using the high-strength aluminum sheet for the weight reduction of the heat exchanger separator

for the electric vehicle.

Key Words : Sheet Metal Forming, High-strength Aluminum Sheet, Parameter Study, Formability, Weight reduction
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Cold Stamping Process Design of the Front Side Rear Lower

Member for Applying 1.5GPa Martensite Steel Sheet Using the
Sheet Metal Forming Simulation

G. H. Bae, S. W. Nam, C. Y.Jung, S. Choi, J. H. Song

Abstract

This paper deals with a sheet metal cold stamping process design for applying the 1.5GPa grade martensite steel sheet to
the front side rear lower member in an auto-body. The directional mechanical properties and the forming limit curve of
1470MART steel sheet are adopted to construct the material model and the formability criterion for the sheet metal forming
simulation. Several forming methods using drawing, forming and forming-drawing are tested for checking the formability
of'the 1470MART steel sheet in the current product shape. Based on the tested results, the two-stage stamping method was
proposed to secure the formability of the front side rear lower part. To reduce the spring-back amount, the second stage is
replaced by the CAM forming method and the re-striking operation is added after the CAM forming operation. Finally, a
sheet metal cold stamping process was established for apply 1.5GPa grade martensite steel sheet to the front side rear lower
member considering the formability and the spring-back. This design method can be generalized for developing the ultra-
high strength automotive structural part by using the cold stamping process.

Key Words : Sheet Metal Forming, Ultra-High Strength Steel, Cold Stamping, Process Design

—

. BEARE sl
2. -84 71T
# WAL S el E-mail: jhsong@kitech.re kr



Fmad7kesls] 2020 W FARRES] 255

AL 7A FHEZ oSS I8t
Lattice Boltzmann method 7|2} Droplet A1Z2I0KM

olgF ' ERYuzol - SPUS - HRE' AR olzdU’ FME'. 2’

Droplet simulation for predicting the contact angle between
solid-fluid phases based on Lattice Boltzmann method

W.J. Lee', V. D. Truong', T. . Nguyen', Y. H. Jeong', H. G. Kin', H. W. Le¢?, S. H. Kang’, J. H. Yoon"

Abstract
A 3A FHAA S fA] 252 B8} woke] AL 5 sfolm, HEShs “d(phase)e] dEARE
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Key Words : Contact angle; Hydrophobic; Lattice Boltzmann method (LBM); Multiphase; Computational analysis
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Investigating the Micro-structures of A356 Semi-solid based on
Electromagnetic Stirring Currents and Crucible Materials

M. Heo, C. K. Jin, W. J. Lee, C. G. Kang, H. J. Bang

Abstract
In this study, the characteristics of microstructures in a liquid state were investigated; these microstructures were produced

via electromagnetic stirring using semisolid forming meth-ods. The spherical structures were studied under the application
of variable currents using a large electromagnet in order to stir molten metal with a maximum weight of 5-20 kg, which is
arange that is commonly used in industries. Moreover, the changes in the microstructures of metal slurries were investigated
based on the type of crucible used. Additionally, the size and roundness of the primary o-Al particles were analyzed
according to the variable input current. Crucibles composed of ceramics, SUS304, and HK40 were used for the experiment
to measure electromagnetic forces. For the HK40 crucible, the average size of the primary o-Al particles was 67.8 um and
their roundness was 2.4. When a current of 120 A was applied, these values were 21.40 um and 2.3. Thus, it could be
concluded that the stirring was well-executed under an input current of 120 A.

Key Words : A356 alloy, Semi-solid materials, Microstructures, Electromagnetic stirring, Crucible materials
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Forming Procedure and Evaluation of Center Pillar with

Al7075-T6 to Lighten Weight and Enhance the Collision
Characteristic

M. S. Lee, W. J. Lee, Y. H. Moon, C. G. Kang

Abstract

As the environmental problem concerns about CO2 emissions increase, aluminum alloy sheet have been used widely in
the automobile industry as well as aerospace industry. Nevertheless, from the late 1980s to the present, just 9 % of vehicle’s
total mass is composed of aluminum part which was predominantly made of the casting process because of low formability.
In this study, the A17075-T6 sheet was heated to SHT (Solution heat treatment) temperature before forming to increase the
formability. After forming with A17075 sheet, the aging process was conducted and the mechanical properties of A17075
such as Vickers hardness and tensile strength was evaluated. And then the collision characteristics such as impulse, absorbed
energy and anti-intrusion displacement of center-pillar with A17075-T6 were compared with center-pillar with HPF both
experimentally and numerically. As a result, when the A17075-T6 was applied to the center-pillar, the absorbed energies
such as elastic and plastic deformation energy were similar with HPF, whereas the anti-intrusion was improved significantly
by 28 % and the weight of center-pillar with Al7075-T6 lightened by 36%.

Key Words : solution heat treatment, aging process, A17075-T6, center-pillar, collision characteristic, absorbed energy, anti-
intrusion displacement
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Indirect Hot Stamping of AA6016 for a Door Inner Panel
of the Auto-body

J. H. Song, G. H. Bae, N. S. Park, S. W. Nam, C. Y.Jung

Abstract

In recent years, the automotive industry is making an effort to reduce the vehicle weight for reducing the CO2
emissions. The hot stamping of aluminum alloys for moving parts such as doors, hoods and trunks offer the possibility to
obtain significant weight reduction. Due to the low formability of aluminum sheets in room temperature, the
conventional aluminum door inner panel design is composed of two or three pieces of stamping panel. There are many
advantages if conventional design was changed to hot stamping design such as cost saving, tools amount and weight
reduction. The development of the 1-picece door inner panel by hot stamping is illustrated in this paper. It includes the
product design, die design, CAE simulation, and prototype manufacturing. It could be a reference for automotive industry
to develop the similar products

Key Words : AA6016, Aluminum Hot Stamping, 1- Piece Door Inner Panel, indirect Hot Stamping, Die Design
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Microstructure, Tensile and Fatigue Properties oh High

Strength Al 7075 Alloy Manufactured by Twin-roll Strip Casting
Process

M.-S. Baek', K. Euh’, K-A. Lee'”

Abstract

B Aol A= twin-roll strip casting (TRC) 3422 novel 7= Al7075 -2 AZsIion, ol st
nAzA QP TRy 92 AT ZA}-E}‘;}E} H| WA 25= direct chill (DC) T35 37do2 Az A&
AL 7075 SFo] ARBEHSIEE 7 A4 BT MeZn2 (n) = B4AP171 18 Te ¢} Tes51 FAelse] 33
Ak 27] mAlzA] 2 A3t TRC AR globular 3+ 2789 s UERIOH, n o] AA-EA
Pull el 5 SISt olel] W8l DC &A= L ©hx 34 o3l A AilEl ZAHES
ERflon], n AEo] A EAN T AL A % AE AT TRC AA1] 3 753 518.5 MPa,
o1 7= 5782 MPa 2]l Q& 6.9 %= = 4}4 Tk TRC AA419] 71417 AL DC ZAllol vls) <

40 MPa o3 573k 739} oF 4 % W& AAleS JeRiY 15v] J2 29 2yl TRC 2A4)7F DC A&
Aol BI3] °F 20 MPa 2 JZ3N(fatigue limit)S LEPAT BE vk S8 27lolA 953 J=2 EAS

HSE DC &A= = gpaddia Zdigk faEo] AL o= st mAlzge| 7RIsk= Ao

2 eI olel vlel TRC A= st o< A °*°1 L3 HHE B nAsHA B¥3F n
FaPdso] 2 AEdS a8AoT AL A7) A7ES 7Moo s TRC 3A0R AlZH Al 7075
o] I 9 u2 W 71FE mMEAT) Arlsl] o}ﬂz} Sbvi=s

Key Words : Twin roll strip casting, Al-7075 alloy, Tensile, Fatigue, Deformation behavior, Strengthening mechanism
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Fig. 1. OM microstructure observation results of (a) TRC alloy (OM), and (b) DC alloy.
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Fig. 2. Tensile stress-strain curves of TRC and DC alloys.
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Fig. 3. High-cycle fatigue properties (S-N curves) of TRC and DC alloys.
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Microstructure and mechanical properties of 2.47 GPa grade
ultra-strong high Co-Ni secondary hardening steel

Y.K. Kim', K. S. Kim', Y.B. Song’, J. H. Park’, K. A. Lee'”

Abstract

B o35Loll A= high Co-Ni base ultra-high strength steel (UHSS)2] wMIZ23} 71414 EAdel vixle dAlg] o
ol tiee] 2ARISITE 7] miMlzA] 3 A3 GA] & 2A19] 73S lenticular martensite 3223 ]
= W nm 750 gslEo] Yel] i, A32] § lenticular martensite 2] A= 2l HASIKH 5 W)
nm F71¢] ©@3E 5= A nm F7]¢] ©@5hEo] FAlel] FAEE slom SRIFITE o]9t 37 martensite
plate interface ©lIA] reverted austenite 7} TEHUCE A= G Al Ad GAE] & AAle] & A
2133.5 MPa &, 1% 714 2468.3 MPa 2 73590 dald GA] 12%E B vlg- 938 e dals
Z3He BWOItE QI shohd ¥ At A spellx] LERRE dimple ©] TR /3L Zoig Ak
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Keywords: Ultra high strength steel, Heat treatment, Microstructure, Tensile test, Fractographies
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Fig. 1. EBSD analysis results: (a,e) band contrast maps, (b,f) grain orientation maps. (c,g) grain orientation maps of
lenticular martensite and (d,h) corresponding misorientation profiles across the lenticular martensite.
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Effect of Hydrogen on Mechanical Behavior of Pilgered Zr-
based Alloy tube at High Temperature

D. J. Park", Y1 Jung', J. H. Park, Y.H. Lee', B. K. Choi', S.C Yoo', H. G.Kim'

Abstract

For the safety evaluation of fuel cladding during the injection of emergency core coolant, simulated loss-of-coolant
accident (LOCA) test was performed by using Zr alloy fuel cladding samples. To better understand high burn-up effects,
study of hydrogen effects on LOCA-related behavior of high burn-up fuel cladding and their database on experimental
results are essentially required. In particular, ballooning and burst behaviors of pressurized Zr alloy tube samples with
and without hydrogen pre-charging were mainly investigated under various ramp rate conditions. As a result, pre-
hydrided cladding sample showed a lower deformation in ballooned area and lower rupture temperature than as-received
cladding sample. In addition, pre-hydrided cladding showed an increase in maximum load with increasing heating rate.
Strong relationship between hydrogen content and burst behavior during loss-of-coolant accident was analyzed and the
mechanism of hardening by hydrogen in zirconium alloy was explained.

Key Words : Zr alloy, Hydrogen, Microstructure, Mechanical property, Pilgering

1. Introduction

The nuclear fuel cladding should maintain good performance without serious degradation
under not only normal operating conditions, but also various accident condition. Integrity of
fuel cladding can be significantly affected by ballooning and rupture. Therefore, integral test
that can simulate pressure difference should be carried out for comprehensive safety analysis.
Although a number of researches have been conducted, most investigations of them were
performed using as-received cladding specimens. In this study, mechanical behavior of
zirconium based alloys cladding was investigated by high temperature test and high burnup
effects on the ballooning behavior of fuel cladding were also examined using H charged
cladding sample.

2. Experimental

400 mm long cladding sample was used and the pressure was injected through stainless
tube at the top and the cladding specimen was supported at the top to minimize specimen
bowing. Steam flow and 300°C of sample temperature were stabilized within 180 s. Heating
rate was 28 °C /s from 300°C to 1200°C. After oxidation at 1200°C with hold time of 300s,
the tube was cooled slowly and quenched at =800°C by bottom flooding.

3. Results & Discussion
Cross—sectional images of the test samples of Zr alloy cladding were obtained at burst

midplane and shown in Fig. 1. Figs. 1 (a) and (b) show a burst behavior with heating rate of

1. Korea Atomic Energy Kesearch Institute
# Corresponding author: Korea Atomic Energy Research Institute. pdj@kaeri.re.kr
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28C/s. As received and prehydrided (300 wppm) sample shows similar circumferential
strain at burst midplane. On the other hand, Zr alloy claddings with heating rate of 1C/s

show a significant difference in circumferential strain [Figs. 1(c) and (d)]. Prehydrided

(300 wppm) sample shows a lower circumferential strain than that of as-received sample.

As the heating rate decreased, the rupture temperature decreased, while

circumferential strain tended to increase. As the heating rate slowed, the rupture
temperature decreased, while the circumferential strain tended to increase [Fig. 2].

Fig. 1. Cross—sectional optical micrographic images at burst midplane for (a) as—received cladding with heating

rate of 28C/s, (b) prehydrided (300 wppm) cladding with heating rate of 28C/s, (¢) as-received cladding with

heating rate of 1C/s, and (d) prehydrided (300 wppm) cladding with heating rate of 1C/s.
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Fig. 2. Burst strain as a function of hoop stress of ruptured Zr tube samples with and without hydrogen

4. Conclusions

To investigate the high burnup effects on rupture behavior of fuel cladding at high
temperature, H charged claddings were examined. Prehydrided cladding shows the lower
burst temperature and circumferential strain than that of as—received cladding. These results
indicate that hydrogen uptake in high burnup fuel cladding may affect significantly on the
burst behavior at high temperature.

the
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Quantitative evaluation of experiment-based wear behaviors for

CrN coated tool with PVD method in sheet metal forming
process of TRIP1180

J. H. Bang, J. H. Song, G. H. Bae, N. S. Park, M. G.Lee, H. G. Kim

Abstract
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Effect of Casting Speed and Injection Spray Quantity on
Manufacturing Round Bloom by Continuous Casting Process

C. Y.Choi, J. W. Lee, W. G. Kim, J. S. Jang, H. J. Song, J. M. Lee, Y.J. Cho

Abstract
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Fig. 1 Surface temperature variation according to casting speed

and injection spray quantity Fig. 2 Solid Fraction according to the casting speed

and injection spray quantity
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Selective laser melting S22 HMZE Inconel 718 E52l
oIF A IX2 54 QlMo|| ofxl= FHXE|e| Hek

ataod | U4 YolE T oly|o¢

Effect of Post-Heat Treatment on

Tensile and Cryogenic Impact Toughness of Inconel 718 alloy
Manufactured by Selective Laser melting

S. Y.Park, K. S. Kim', M. C. Kim’, K. A. Lee"

Abstract
B Al A= selective laser melting 3D X8 34O F A% Inconel 718 52| IS4 T4 &
2 o1 EXo)] njxj= 3 dAE] 3 AR, o]F AFE Inconel 718 EH(©]F- wrought 718 A
= H) ¥ v|wElth 545 3D ™Y Inconel 718 a2l AT 1. E3F AFY 34 $ ET olF
& AElo]F- HIP 718 A= ) sk 317} 2. &AIst Ag] & &+ % Alaxz)(©]$ Solution 718 4
A2 EE)3E Aoz 7z} Lol S=islsict vl A1) wrought 718 AAle] FEAIE]= Solution 718 AA|
9] ZA} e wix o7 4=¥EIQi]. TAA =]l Z24(1. HIP 718 44l 2. Solution 718 Aol w2 vz
Zle] Wsl= FE-SEM, XRD, EBSD & ©]-83}c] #21815lrh 1 23 HIP 718 AAle €3 A%t 348
gl wEh A Uiell EAskE A1, dg)o] difat Alef|ar Sl AxgHoeR ebd AEA
o] HHIEIITE WSk HIP 718 AvAk= WAIS M(Nb, THC ©1skae] & #25 H3lrk WhAH Solution 718
aAle] e, A5 Agle] ofHd3] ol glom AjAAe] AR oo} o)A §-§o= et 8§ &
(molten tool) ZZo] FAENL AAGA} &8 & AAIME =2 B&2 § 40| BHERILE FA4=
72 Ag 23] HIP 718 24(16.88 Jem2)2] =S4 SZN4S wrought 718 £4)(22.88 Jiem®)2] <F 80% 4
o2 PRIt} WA Solution 718 413.88 Jem?) 2] A& Z20144L8 71 e gh8 Vel Ak
o1 13 Ax) HIP 718 44K1,314 MPa)&] ¢ 73+ wrought 718 241,322 MPa)2} FAEHAl S4H
O} Solution 718 441,286 MPa)= “Jt o= YAl Qojxic]. 7] Axfea} e $dA el w2 niA|
zAe] xjo] il 7AA BAS AlEle] 3<% 3D ZEE A oR AZY Inconel 718 o] W
2 3] AsS stz sisick

Key Words : Selective laser melting, Inconel 718, Cryogenic impact toughness, Tensile property, Post-treatment,
Deformation behavior
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(a-1) (b-1)

Fig. 1 FE-SEM observation results showing microstructural features of (a) SLM HIP, (b) SLM Solution

and (c) wrought alloys.
(a) (b)
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T 1200+
s
g 800+ 175
= £ 150
g) 600‘ 2 12.5
& 100
g A ——SLM HIP
o 200 e SLM Solution
& 3 }—Wrou'ght 00

0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 ~ SLM SLM  Wrought
Engineering strain HIP  Solution

Fig. 2 Results of mechanical test : (a)Tensile stress-strain curves at room temperature and (b) Charpy
impact tests at room temperature (black bars) and at cryogenic temperature (red bars).
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A Study on the Non-Painting Molding Technology for Large
Sized Injection Products

E. C. Jeong", E. G. Yun, J. E. Soun’, S. H. Lee*”

Abstract
ANHAR] = ]S 83l AE AEE] A4S HRIER AlEe] 93s doe]y] wiel] Al &
20 Eﬂrﬂ' g AlEe] ¥ FAL HRIE }ES%H FAT T2 A= AdBEe] E9 o
Az FEo] iR =euA Hlek ole] £ ATllAE AFsAt Eﬂﬁ A= ABE T SRl By 2=
(Skid) AES dVdo= AlEdd CAE S FEl AlE T FE A 841 A= 2RI AloE A,
g T AA 2 3 20 AASE FEEsith A sl o
’\1 o Zﬂ ] EHOM Rl v‘i"‘i 2 AAES] FH B S AEisia SAE W E4S DB 38
o el A8IIIct vl Bl it FAE oF 2.76 mm Z AEAFNE A T £EE ARS
v AFE S SAd SRR & TR Q] Y Al HAshe de gkl FHekgl Fxolt) AlE]
288k Alo|E 429} Alo|E 9% M-S 9J3}e] Gate Location Analysis 2 G3J8Iom, AEAE A &
A= ~m3S Zo)7] Ysle] Semi-hot Runner 752 21835190tk 3 4 Alo|EE ZH8319S o v
AP|ES 243 o] Hr} oF 51.7% & 18.52 MPa 9] "¢ W2 o AlEdES n3low vl AlolE
& A83E W HAske A= #R] ZAIE dlds] $sl A fre dXE 7 JEisith fE
A A} 7R Alo|EollAe] T3] T oF Alolt Alo|EdMe] £ B} x| eiths 43E ¢
A 5 2dglem olF el st 71t ARIEE VIEoRE o U AIESR oF 1 & Fof ofe
Sequence Valve Gate Control & #8399t} 5 38 =2} A|olS 53] 4= gl Alo] & A= Ay
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Development of a Combined Reinforcement Learning-based

Duct Cleaning Robot Driving and CNN-based Dirt
Quantification Algorithm

S.Yj, E. Noh, S. Hong

Abstract

Al 37] g3lE gk AE Wl Y9ES G7RE AR Al Uil MA7F ST o= Au) 37] o
9 sAle] fi3do] EAlslkERE A71AR1 WA AATE BAelr) V|E YEE Q1] F
gl AT BES ol i deit T ARE R R[EA0R vasAeln Ha A B
7)ol MRIA] B o#l TS SESP] 213 o) ATl mAl 2lds E83le] WAE Ao
2 39 7hsek daEles AN o ATrellx] el x| ksl daElee A ol T
S5 98l AHEFe] BHolrk wbA 2 AFelME A3} S5s YE 4 23 AETalel A8
3la, Held 2Eks 883l WAE wAMR Agsigirt. WA 73] 3D M 13, C¢F 2 S
T Ut HE s ma-sle] YE oA st St ol HE A4 2o ¥ FESHA|
oL Aol A= @S TheA gt WARE WA Folol| w3 9AIR ERIeH, SVM (Support
Vector Machine)¥} CNN (Convolutional Neural Networks) 23S 1|1l #493It}) 1 A3} CNN o] =2 FId=
E g530m A A} dagso® AR ATl ANE daElsS 78 TFse 25
HAlsl] AA] FPom AT ol Fal AIBlaS 483 A T WA ARl daelse] &
P o7 A 9l F3 7Fshs IRk

Key Words : Air duct (3% 95, Autonomous Driving (*H& 5°%), Duct cleaning (%= %49, Convolutional
neural networks (Z355 A7), Reinforcement Leaming (743} €l<5)
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Screening of Bolt Coating Defects by CNN based Visualization
E. Noh, S. i, S. Hong

Abstract
A} PEY) AP BER AR, o5 FEo} SFoR I EUS WA 91 E
W) o] AgErt E ) T A EE pEow wEd o 7Pe) i St 4w 5o
o3 F4 A7) oot ng B Al AES 28 v e e FAE e M 71 HlA
AEE AL FRLE BAstEE W) AP} gk ol R el =y BE @ < 93l olu)
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ey o] u IY BE AES At A7 K] I8 9] BE A1 4 Hﬁo T T 2Rl
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A Study on Heat Transfer Characteristics during Extrusion for

Material According to the Extruder Temperature and Extrusion
Length Using a Fused Deposition Modeling Process

S. H. Baek, D. G. Ahn
Abstract

s = (Material Extrusion, ME) -4 T el 8 =9 (Fused Deposition Modeling, FDM) ERca=i
tHIE Feje] ARE Y5718 9 35, 712 2 4= AA 3p ARES AlFshe 24tk FppMm 38
= ol8slo] AR AT Al Extruder @ 2 2= B SHE Aolol] wl} dEE= AR AT Fe 9
Freldolteel] S8 =EATIA] Hato] A5 WA G A AR v Bxtruder o A 21
o Wl s A Pese] S wEe] Waskh W AT 84 2% T4 o83

PLA, ABS % pC A2 TEHIES] pxpruder O A4 25 B U ool M dHd 5AS ek
Ab g} E 82 MakerBot Replicator S 0188102 Extruder ©1 24 255 2107C, 230C 2 250C
2 Agsie] s esigint 4E 5 w5 B R eHES] 2F S5 flsle] vlolH

27 34970A < Omega J-type BAHE ol8s}e] SIS, ppm 34 T 5ol shasls BeplEs)]
AT EHS BN 915t0] 48 S TN ABAQUS 6.12 F AHESIO] 3 A1 ke S
(Three-Dimensional Finite Element Analysis) 5e =203l XA 45 918l Axisymmetric S22
A g3i3r] AHE T = 250} 3 Ak k84 dXe] nlal #AE FEl Als E 4= M B
S EEohar 3 Ak f8k8A S S8l Extruder & 2 2% B S Aol =5 TRl YEEE
PLA,ABS % pc Al HepES] % #iro] uX|= 3kl thaix] #2850

Key Words: 3D printing, Fused Deposition Modeling, Finite Element Analysis, Heat Transfer Characteristics
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Development of Planetary Gear by Analyzing Behavior of
Hot Forming FRP Material

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

Abstract

It aims to reduce the weight and improve the vibration damping rate by replacing the FRP material of the
helical gear applied to the existing planetary gear module. The shape of the planetary gear is a gear part
corresponding to the existing 8-speed transmission, and the FRP preform will be hot-formed and machined in
consideration of the FRP material molding characteristics and the shape of the helical gear. In this study, the
basic physical properties and molding conditions of FRP material for the development of lightweight, high-
performance planetary gears were set, and based on this, a helical type planetary gear prototype molding test
applied to the planetary gear module was conducted.

Key words : FRP(Fiber Reinforced Plastic), Hot forming, Planetary gear
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Development of the architectural frame using roll forming
process

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

Abstract

The roll forming process applied to the steel curtain wall forming method is a continuous forming process,
and design optimization for the forming pattern (roll flower) is very important. The existing design method
produces products through trial and error based on the designer's experience. However, as the demand for the
roll forming process increases, the shape of the product becomes complicated and the difficulty of the
process increases, so design methods using FEM are increasing. In this study, pattern design and process
analysis for steel curtain wall forming was performed using the Profil and Abaqus programs, which are
dedicated roll forming programs, and a steel curtain wall prototype using pre-coated steel was developed
through the optimization process setting.

Key Words : Roll forming, roll flower, Steel curtain wall
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Development of Cam Gear by Analyzing Behavior of
Hot Forming FRP Material

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

Abstract

The material in this study is a fiber-reinforced composite material (FRP) that uses a sheet made of high-tech
high-performance fibers such as aramid fiber and carbon fiber in a wet-laid method as a reinforcing material.
Currently, the application of FRP material is partially applied as NVH material to various parts such as
undercover, headliner, and trunk lid in the domestic and foreign vehicle interior and exterior materials market,
but the application of engineering parts for the driving part (powertrain) part is still in the preliminary
research stage. In this study, FRP cam gears with excellent vibration damping ability were developed by
analyzing the behavior of FRP materials during hot forming.

Key Words : : FRP(Fiber Reinforced Plastic), Hot forming, Cam gear
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Roller Forming Process Design for Assembling Small Gas Spring
H. W. Kim, Y.H. Seo, K. P Kim

Abstract
Thmy] e Al 58, A8 717] o thksh ol A8E= Fgolnk ThasrEe dnbdow
AP (cylinder), ¥2=% Z=(Piston rod), #HW(cover), Aul2E(seal mount) 2% AT o} 7k~
2arglo] Aol AME sl flsiAe Y o® &4lolu ARt 27t A8ETh A Tt
1 o] AL gk Al wiiel] 7159 EFolu YW RE 25 ol8ate] Z¥el] ofHrh 4%
7hmigd e AU WSl AE XA $ A Foll A-urt YEES Ay oF-E TIsehe
e TS o8] Yty 4F 7z Ee] 2o AY 3ol a8F9 A HAYUSE 2

_1

A E4de St AdWEe] visksd 24 9 #fkes 29 A9
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2 AZel, AdskE 2o AFERS olgate] 48 s 2xee] AMES ARtE, AEdow 3
ol 5}e] AL Tprmele] MG BRI

Key Words : Small Gas Spring, Roller Forming, Process Design, Forming Roller, Structural Steel Pipe
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Laser cladding surface treatment of SKD11-nanodiamond

mixed powder

R. M. Do, J.JH.Mun, W. D. Shin, S. W. Joo

Abstract

dolAd 2ed 7lse eEol 84H(Overlay Welding)®] & Z57=2A #olAE o183 &
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Key Words : Laser Cladding, Skd 11, NanoDiamond, Surface Treatment, Coating
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Monitoring of tool life in multi-stage cold forging machine

using piezo-sensors implanted in die block
S. M. Kang, K. J. Kang, S. R. Yeom, K. H. Lee, J. Y. Kim

Abstract

HZF Cjet eh=(Multi-stage cold forging) AH[o[A] Stx 28 =0 Thg AAZicz 2
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24
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Key Word: Cold Forming Process, piezo sensors, Tool life, in-situ monitoring, Die block
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Effect of austenitizing condition on mechanical properties of
DO6AC steel

Y.L Son, S. J. Lee

Abstract

In the present study, the effect of austenitizing treatment condition on the mechanical properties of low-
alloyed medium carbon D6AC steel was investigated. Different austenitizing temperatures with various
holding times were designed to control the dissolution and formation of carbides. Also the austenite grain
size was measured depending on the austenitizing conditions. Optical microspore and transmission electron
microscope were used to observe the characteristics of carbides and microstructure. Room temperature
tensile test and hardness measurement were carried out for samples with different austenitizing conditions. In
addition, the spherodizing treatment was performed to evaluate the ductility related to cold formability. As
increasing the austenitizing time, the average size of prior austenite grain was increased and VC precipitate
was dissolved, resulting in the decrease in strength and hardness. The total elongation was increased as
increasing the spheroidizing time, which could be used to determine optimal condition for cold formability.

Key Words : Austenitization, Mechanical Properties, Carbide Precipitation, D6AC
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Investigation of the dynamic tensile behavior of PP composites

based on local strain measurement
M. Kim, S. Hong
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Prediction of the Stress Concentration in the Trimming Tools
with Structural Analysis of Dies

S. H. Kim

Abstract
Finite element structural analysis of the trimming die is carried out in order to evaluate the stress concentration during
the trimming process of the lower arm product. Stress and displacement are predicted quantitatively from the information
of the contact force between the tools and the blank. The result show that the excessive contact force leads to the high
amount of the stress and the displacement of the lower die, which explains that shape of the weak region should be

modified with the aid of tool analysis.

Key Words : Stress Concentration, Trimming Tools, Structural Analysis of the Die
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Fig. 1 Shape of the tools and the blank for the analysis of the trimming process
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Fig. 2 Predicted stress and displacement from the structural analysis of the trimming die
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Evaluation of Compressive Properties of Periodic Cellular
Structures Fabricated by L-PBF Process

J. M. Lee, S. W. Kim

Abstract
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Key Words : Laser powder bed fusion (L-PBF), Selective laser melting(SLM), Periodic cellular structure, Additive
manufacturing, 3D printing, Tetrahedral truss, Pyramidal truss, Stainless steel 316L
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Study on hot forming die of center floor upper member with
1.5GPa steel grade

S. H. Cha, B. S. So, J. H. Kim, J. S. Lim

Abstract
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Study on thermal deformation of heating device
for forming high strength parts

J. H. Kim, S. H. Cha, J. S. Lim

Abstract
This study relates to a hot press process and system for molding high-strength automobile body parts. In
order to form high-strength steel plate parts, induction heating is used to heat a heating sheet(kanthal). An
iron plate is inserted between the heated sheets to conduct heat. At this time, the heating element undergoes
thermal expansion at a high temperature of 1200 degrees, and thermal contraction occurs due to product
heating. In conclusion, we intend to study the thermal deformation characteristics so that the heating element

can achieve equilibrium.

Key Words : Heat deformation, Heat transfer, CFD, Heating element, High Strength Body part
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Effect of Ca concentration on Microstructure formation
behaviors in AZ61 magnesium alloy

K.B. Kim, J.H.Lee, J.Y. Lee, K.H. Kim

Abstract

Magnesium alloys have been paid attention as lightweight materials in various industrial fields. However, their use is
limited by poor formability at room temperature which was caused by the limited number of slip systems. The texture
control plays an important role in plastic workability of magnesium. Addition of Ca as alloying element is known to
improve the general corrosion resistance and mechanical integrity of magnesium alloys in chloride environment. In order
to investigate the Ca concentration on microstructure formation behaviors, Ca addition on AZ magnesium alloy were
experimentally investigated by high-temperature uniaxial compression. Uniaxial compression test was conducted at 673K
and 723K with a strain rate of 5.0x10-2s-1. The working softening was observed and the main component of texture and
the sharpness of basal texture in two kinds of specimens varies depending on the deformation conditions.

Key Words : AZX611, Ca concentration, Magnesium, microstructure, recrystallization
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Prediction of Cooling Performance according to Nozzle
Arrangement of Hot Reconfigurable Die

I. K. Lee, S. Y.Lee, M. S. Jeong, D. Y.Park, D. C. Ko, S. K. Lee
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A Study on the Difference in Prediction Performance of Length

of Injection Molded Product Using Artificial Neural Networks
According to the Normalization Range

D. C. Yang, J. S. Kim

Abstract

In recent years, researches on applying Artificial Neural Network(ANN) in many industrial fields are actively being
conducted. In the field of injection molding, research is being conducted to predict the quality of injection molded
products using ANN. If the range of the input parameters of the ANN are different, the convergence speed of learning is
slowed down and the possibility of falling into a local optimal state increases. Therefore, a normalization process is
required so that the range of the input parameters are reflected equally. In general, the normalization range is adjusted
from 0 to 1. But in some cases, the range of 0.1 to 0.9 or 0.2 to 0.8 makes the model’s performance and accuracy better
than the range of 0 to 1. In this study, the length of the injection molded product was measured through actual injection
molding experiment using a Lego-shaped mold, and data to train the model were generated. Then, the prediction
performance of ANN was compared for three normalization candidates. For each candidate group, the training data group
was learned and the verification data group was used to compare with predicted length and experiment length.

Key Words : Artificial Neural Network, Injection Molding, Length, Normalization
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Machine learning data acquisition experiment to predict
the remaining life of press punch

S. K. Hong, Y.J. Jeon

Abstract
The demand for contacts that transmit electrical signals is increasing rapidly with the expansion of electric vehicles.
The contact is produced through a progressive die, and the press speed determines the productivity. On the other hand,
wear of punches and dies is an inevitable phenomenon, so an appropriate replacement cycle is very important for
reducing production costs. The purpose of this study is to predict the remaining useful life (RUL) of the punch and
perform predictive maintenance (PDM). An experiment was conducted to obtain learning data of artificial intelligence
to predict RUL.

Key Words : Artificial intelligence, Remaining useful life, Predictive maintenance, Progressive die

5t ok HEIEE= Z2T2|AE 28 (progressive die)S Sofl MAkEo] ZafA 7| ALY
2 ZIPeict R, HX|(punch)2t Clol(die)2l Dt2= EA Moo= T719| MAs T |
7 didlg ol ofe 6kl & A7 A2 HXQ| o3 (remaining useful life,
RUL)2 {53104 ofX|2(predictive maintenance, PDM)= StIAl sh= Z0[|Ct TlojHE o=
5P| fIet lSX|s2| 5 Ho[EE 27| 25 AFo] TH=ACE
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Fig. 1 Press die, punch set and signal of time domain and frequency domain acquired in experiment.
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Fig. 2 Vibration signal according to punch shape and photo of shear plane according to number of punches

Fae TR ASEMES 2IsHAM MATLAB = ARE5109 FFT(fast Fourier transform)¥4&hS Zl
asiict X glo| Efdsh ZIE ASet H|wE Ssolff AAHe| MTh2 200 Hz O|MFE SHS
Holz Ade & = Aok et Hx|o| gdol e ST2 200 ~ 400 Hz FHolA xjolE 2]
Cf MchH ARRloflA EFLO] ZIEiEol w2t Hburr) 2Ae| Xjol7t F3i0| LiElgE & = U
ct

4, ZE

OIBALS S48 HOIEIE 27| 23t TS AEBIRON AsAsS Saf FSASet HE
ARIE ESsIQlct 2502 o Mol X5 FH S fleh @M oo[X| Z2MAE &
sl B SHo| =M VA ekES It HlolE7 FHIE W=z V[ohsict

anes

1. Sari, D. Y, Wy, T. L., & Lin, B. T. (2017). Preliminary study for online monitoring during the punching

process. International Journal of Advanced Manufacturing Technology, 88(5-8), 2275-2285.

[\

Materials and Manufacturing Processes, 25(8), 864—872.

. Djavanroodi, F,, Pirgholi, A., & Derakhshani, E. (2010). FEM and ANN analysis in fine-blanking process.

Ubhayaratne, 1., Pereira, M. P, Xiang, Y, & Rolfe, B. FE (2017). Audio signal analysis for tool wear

monitoring in sheet metal stamping. Mechanical Systems and Signal Processing, 85, 809-826.



g7 Fa8ks] 2020 W FAEES] 221

AlStoldS St AEdE F HE| FiHIE| SFoilM 7Y
HIE[E STo| e F&o| HEZ Hajol| Chet o7

o|=3t' - ZBM (libra74@kitech.re.kr)

A study on the mold deformation according to filling of each
cavity in multi-cavity mold by simulation during injection molding

J. H. Lee', J. S. Kim”

Abstract

The injection molding process is one of the representative processes in the plastic manufacturing industry that has
various advantages such as short production time, and mass production. The process converts the plastic resin into a melt
state by heating it to a temperature above the melting point, and then injects into cavity of mold by controlling speed and
pressure. Due to these process characteristics, the behavior of melt resin filled in the mold vary according to process
variables such as melt temperature, mold temperature, and injection speed in the injection molding process. Therefore,
the process of monitoring and reflecting the behavior of melt resin to the process is very important factor in terms of
quality management of the injection-molded product. Also, in the case of producing product from multiple cavities in the
mold with a one shot of injection molding process, the behavior and characteristics of the melt resin to be filled may vary
according to each cavity, so it is necessary to monitor the filling of each cavity. Therefore, in this study, in order to
understand the behavior of melt resin for each cavity in the multi-cavity mold, the change of mold deformation for each
cavity during injection molding process was analyzed using flow analysis and structural analysis. A mold consisting of
four cavities was used to analysis the change of the mold deformation according to the number of cavities to be filled
through simulation during injection molding process. In the case of where one of the four cavities is filled and three
cavities are filled, the injection molding analysis was conducted and the mold deformation was analyzed by applying the
melt pressure result over time as the load of structural analysis. In the structural analysis the platen and tie bar of
injection molding machine were modeled and clamping force was applied to them. The mold deformation was analyzed
at the point near the gate in the cavity area projected to the surface of movable mold base. As a result, when only one
cavity was filled, the mold deformation was the largest in the filled cavity. Then, the mold deformation was analyzed to
be smaller as the cavity was farther from the gate of the filled cavity. Also, when three cavities was filled, the mold
deformation in the filled cavities was larger than that of the unfilled cavity. Among the three filled cavity, the mold
deformation was different depending on the distance from the gate of each cavity to analysis point and the largest mold

deformation was confirmed at the point closet to each gate.
Key Words : Injection molding, Multi-cavity, Mold deformation, Simulation, Filling pattern
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Design and Fabrication of Drawing Dies
with Reverse Engineering
J. H. Lee, M. G. Kim, S. H. Kim
Abstract
PR 2k BT we) nebl AR 98 dals B9 39 A 99 20l
Tk e B3l D cap HIOIEIE Ao Alke SRl AR AT A4 it
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Key Words: 3D Scanning, Reverse Engineering, Draw die, Tool Design
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Fig. 4 Comparison of the blank shape between the
prototype and analysis

Table 1 Comparison of the shape parameters

between the prototype and analysis
Analysis Prototype Error (%)
(mm) (mm)
@ 169.1 1695 0.23
® 69.3 1.5 3.08
® 791 82 3.54
® 30.53 31 152
4, 4 B
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A Study on Heat Transfer Characteristics during Extrusion for

Material According to the Extruder Temperature and Extrusion
Length Using a Fused Deposition Modeling Process

S. H. Baek, D. G. Ahn

Abstract
A5 ¥ (Material Extrusion, ME) 378 & 3191 82 £ (Fused Deposition Modeling, FDM) CRa=!
ZHIE Feje] Aus dE71E Fdl o, 719 B® 94 A7 3p ARES Ak s oM $8
& ol83lo] A% 43 A Extruder o) A8 2% 2 95 Lolol mhek dBshs Aok 1% s Qo)
Freldolenel Fhal WA Bajo) 4% B4 ek BAE IRIch W Bxiruder 9 A4 24
o weh Esls ARE PeplEe] 2 Fo] s, i eelMs £ 23 $EE ol8sl

PLA, ABS % pC A2 HEIES] Bxgruder o A7 252 B}k Holel] whe AAE 548 #Asha
AF gk 95 AP MakerBot Replicator £ ©H3F2M Extruder @ 4 %5 210, 230C 2 250C
2 Agalo] AFS 2Bt HF T 5 B =R QeES] 255 S 918l oy

271 34970A 2 Omega J-type BAHE ol83le] SHaIIH ppMm 378 T =50X GEvls ZelEe]
G 5SS Al flste] 8- el RIS ABAQUS 6.12 5 ARSI 3 Ak fkass s
(Three-Dimensional Finite Element Analysis) “-5e =Z0130aL SXARE 2145 $18) Axisymmetric Z2&
Agsioltt A4S Bl w2 2w 3 A fekah sk vl #4E FE AlE E o9E e B
S EEShL 3 2R k8 S T3l Extruder O A 25 B e Aol nms Tl dESe
PLA,ABS 2 pc A& HeplES] £5 3ol n|x)i= g3el| disiA] weioilc)

Key Words: 3D printing, Fused Deposition Modeling, Finite Element Analysis, Heat Transfer Characteristics
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Study on the bending deformation of AZ31B using the 3D
printed die-set

H. W. Youn, J. H. Kyung, J. H. Yu, K. Park, C. W. Lee

Abstract
3D ZEIE2 2EY = CiSE @Ml MES 2E MEke = Ao 22 &80 ks U
Clk 3D Z2IE HEZE2| AN &858 STWFP| flsi 18 M2E &8ct3D Z2Es &8
gick 2 od7olM= 3D ZEIE M=E oladlE ga HAiel 27t I8 =80 Mgsiof ot
UHE 2= ERiel D8 Hd SME 2AsKIct vt g5 Fant 22| &2IH M=l 3D =
2E Fe 92 QuEEE Ziert o] SME nladlE BE el 22F My MESI
Ct 0O 2E BMe 150 =2 718 = ol AesS TRisKIct Aent siAg Sof et
=25 ot 3D ZEE FEo| 2k 4 BN ME HY SN2 EMoiict =8 A2 v-
el U-Zglel & 7KK =8 HEs Hgsict v-mel 382 S5l A T AlHel 2 st
£ ZsIQct ol &Sl 2 HHaiel MeMol 2AHE BMsIIctE v-=El Ade ZElZt 90
Fo| ZeollM Fllsigien] MERE= 25°C, 100°C, 150°C Olct Ago| A== F 30 =2+ =
& ol FXAIgF = ATEul 2l EMS EASIICE MEE 150 =2 71Ee 2 V-m&lollA
MZo| AZE 2F X0|= 6 =, 3D ZZIE S ALSe 49 AT ZIET} O ZiQiC
U-Z22olME 3D ZEIE ZES AESH 49 AT ZIey| 5 £ O Yoot =g As Znt
3D ZEE FYE AES B MEe| 2k ZAT| SHop AZEE0| 245 WS ERlsIc
2|0 mees siME Sof 28 W 2t 2xE 2AsIICE

Key Words: AZ31B, Magnesium alloy sheet, 3D printing, Bending deformation
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Development of a Combined Reinforcement Learning-based

Duct Cleaning Robot Driving and CNN-based Dirt
Quantification Algorithm

S.Yj, E. Noh, S. Hong

Abstract

Al 37] g3lE gk AE Wl Y9ES G7RE AR Al Uil MA7F ST o= Au) 37] o
9 sAle] fi3do] EAlslkERE A71AR1 WA AATE BAelr) V|E YEE Q1] F
gl AT BES ol AaE det T ARE R R[EA0R vasAeln Ha A B
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oL Aol A= @S TheA gt WARE WA Folol| w3 9AIR ERIeH, SVM (Support
Vector Machine)¥} CNN (Convolutional Neural Networks) 23S 1|1l #493It}) 1 A3} CNN o] =2 FId=
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neural networks (Z355 A7), Reinforcement Leaming (743} €l<5)
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Screening of Bolt Coating Defects by CNN based Visualization
E. Noh, S. i, S. Hong

Abstract
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Simultaneous forging and joining of a magnesium/aluminum
bimetallic ring component via friction stirring

Mounarik Mondall, Soumyabrata Basakl, Kun Gaol, Hrishikesh Dasz, Sung-Tae Hong#l, Howook Choi3,
Ju-Won Park’, Heung Nam Han’

Abstract

A concept of friction stir assisted forging (FS—forging) is demonstrated by fabricating a bimetallic
ring component. A bimetallic blank, a cylindrical magnesium AZ31 core (Mg core) tightly fitted inside
a =tubular aluminum 6061-T6 skin (Al skin), is used. In the FS—forging process, the frictional heat
and stirring of the rotating tool forges the blank into the desired shape, while simultaneously
generating solid state joint between the Mg core and the Al skin without the need of external heating.
The frictional heat and plastic flow provide a condition for diffusion bonding and induced
intermetallic phases along the interface of the core and skin.

Key Words: Forging; Solid-state joining; Intermetallics; friction stir welding

Acknowledgements

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the
Korea government (MSIT) (No. 2019R1A2C2009939, No. 2020R1A5A6017701).

1. School of Mechanical Engineering, University of Ulsan

2. Applied Materials and Manufacturing Group, Pacific Northwest National Laboratory, Richland, WA, USA

3. Department of Materials Science and Engineering & Research Institute of Advanced Materials, Seoul National University
# AAZE E-mail: sthong@ulsan.ac.kr



ks 2020 Wi FAEEE 257

Friction stir butt welding of aluminum clad aluminum thin
sheets

Soumyabrata Basak', Mounarik Mondal', Kun Gao', Thi Anh Nguyet Nguyenl, Sung-Tae Hongl’ .
Ji-Woo Leez, Hoon-Hwe Cho

Abstract

The influence of welding parameters on FSW of roll cladded AA 3003 (core) clad AA 4343 (surface
layer) 1.5 mm thin sheets is investigated. The process is optimized in variation with tool rotation and
travel speed, where the depth of penetration is kept constant. Microstructural investigations of weld
joints confirm that the surface cladding layer is mixed into the substrate in the stir zone (SZ) and
outside the SZ, no delamination between the clad layer and substrate is observed. This solid-state
joining evades the materialization of defects during welding. The formation of dynamically
recrystallized grains in the weld joint is also characterized in comparison with the base material. Future
more, the mechanical properties through uniaxial tension and microhardness are also analyzed.

Keywords: friction stir welding; aluminum clad aluminum thin sheet; solid-state joining

Acknowledgment
This work was also supported by the Technology Innovation Program (20006974) funded by
the Ministry of Trade, Industry & Energy (MOTIE, Korea).

1. School of Mechanical Engineering, University of Ulsan
2. Department of Materials Science and Engineering, Hanbat National University, South Korea
# WAARE E-mail: sthong@ulsan.ac.kr


http://https/www.researchgate.net/scientific-contributions/2176184565-Ji-Woo-Lee
http://https/www.researchgate.net/scientific-contributions/2176184565-Ji-Woo-Lee
http://https/www.researchgate.net/scientific-contributions/2176184565-Ji-Woo-Lee
http://https/www.researchgate.net/scientific-contributions/2176184565-Ji-Woo-Lee
http://https/www.researchgate.net/scientific-contributions/2176184565-Ji-Woo-Lee
http://https/www.researchgate.net/scientific-contributions/2176184565-Ji-Woo-Lee

Fmad7kesls] 2020 W FARRES] 255

Electrically assisted pressure joining of aluminum clad
aluminum sheets

Thi Anh Nguyet Nguyenl, Soumyabrata Basak', Thanh Thuong Do, Zhang Shengweil, Sung-Tae Hongl’#,
Ho-Wook Choi’, Heung Nam Han’

Abstract

The electrically assisted pressure joining (EAPJ) of aluminum (3003, 1.5 mm) clad aluminum (4343,

1.5 mm) sheets is experimentally investigated. Prior to application of electric current, the pre—force is
applied to the specimen assembly to create a good contact between two aluminum clad aluminum sheets,
thus avoiding sparks, which may occur during joining process. After that, a compressive displacement
is applied to the sheets to induce plastic deformation of joining area, while a pulsed electric current
with varying current density is applied. The results of microstructural analysis confirm that the clad
sheets are successfully joined in solid-state at temperatures significantly lower than the melting
temperature of the selected alloys. Future more, the mechanical properties through uniaxial tension
and Vickers hardness tests are also briefly evaluated.

Key Words: electrically assisted pressure joining; aluminum clad sheet, solid-state joining
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Finite Element Analysis of Backward Extrusion Process for
Automotive Air Suspension Tube

H. S. Kim, S. H. Rhim, J. I. Hwang

Abstract

In the automobile industry, research on weight reduction of automobiles is being conducted more actively due to
strengthening of fuel economy and regulation of emissions. In addition to traditional lightweight parts such as body (body in
white, BIW) and chassis, it is expanding to entire automotive parts such as power units and suspensions. In this study, a tensile
test was conducted on Al6061 material to analysis the backward impact extrusion molding of air suspension parts. The data
obtained at the low strain rate was simulated the behavior of high strain rate data through the Backofen flow stress model. The
backward impact extrusion analysis was carried out by dividing into a single-stage process and a two-stage process. The
selection criteria for the process are the satisfaction of the thickness design requirements (2.5mm=0.2) and the value of the
low process factors (effective stress, effective strain, temperature, etc.) that occur during molding. As a result of the molding
analysis, it was confirmed that the average thickness of the single-stage tube was 2.32mm and that of the two-stage tube was

2.43mm. In addition, the two-stage process produced relatively small process factor values compared to the single-stage process.

Key Words: Flow stress model, Backward Impact Extrusion, Finite Element Analysis
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Table 1 Tensile test conditions

Material Al6061
Heat treatment Al6061-0
Strain rate 10%7,5x107%, 1075,
5x10%, 107"
Specimen temperature 25°C, 60°C, 90°C, 120°C
Number of repetitions 3
r=1*l (D)
il =160+ | @
i) =237%x10 +741 %4 )
s ) )
61 =355x10° —355x 10 *1- ) *
; .
o) 4

X
1

i) =218 x 10 1+,1.29 x 10
2

3
3
0
1
X
1
0
3
-5 -2 (5)

(K= Strength coefficient, n=work hardening exponent,

m=strain rate sensitivity index)
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Fig. 2 Product Thickness results according to

analysis conditions
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Development of Lead-free Brass with Improved Machinability

through thermodynamic calculation
Jeongwon Yeh, Kook Noh Yoon, Si Yeon Lee, Eun Soo Park’
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Enhancing workability and mechanical properties of

AlosCoCrFeMnNi high-entropy alloy via thermo-mechanical
process

G. H. Gu', J. Moon"?, J. M. Park', J. W. Bae®, B. J. Lee"?, S. Lee"?, H. S. Kim">**

Abstract

2 AFolAE A9 face-centered cubic (FCC) 71APdZ} 74t ordered body-centered cubic (B2) <] &3t
’$& YERIRE AlosCoCrFeMnNi MNERT] §hael] digh -7 1AV 378 288 B3l nAlzz] Ao 7]
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Key Words : High-entropy alloy (HEA), Thermo-mechanical process, Phase transformation, Microstructural

optimization, Mechanical properties
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3 3 MES fIst 7I3M EHHEE 2loH Thermo-calc ARKIE 1. (a)) 7|gt M2 CIE 2%
(1000 °C, 1100 °C, 1200 °C)dllMe| 6 AlZF Sote| Fast X7t TH=RUCE OlF, s AlH
=0l thet &5kE ~64%2| 'd2t AUAS A Tis B2l o HE g T-ASICt

0|2 &ol =& zA 7I5do| AZoll thell 7.0 mmOlIM 1.5 mm 22| =2 25HS(~78%)

of A7t odo| pAl=lond, MHet o 2E & =8 MOE flsh 1000 °COlM 15 =
1100 °COlliM 10 =, 1000 °COlIM 5 & Z=z12| Ol EX2[7F TAZRACE = AHS2| OlM|Z=Z
SHY EM2 optical microscopy (OM), X-ray diffraction (XRD), field-emission scanning electron
microscope (FE-SEM) 7|8t energy dispersive spectroscopy (EDS) % electron backscatter diffraction
(EBSD) #MS &3l TH=UCEL A2 QT AIH2 Instron 2| 7|8 107 5! HEE ST0lA]
digital image correlation (DIC) 7|#H& &8sl =74 & 3 3|4 Ht5 $ASIQICE

3. Zx 3 i

AlosCoCrFeMnNi IIE 21| g2 F=A|ol| st #2sE x| =3 Z31f 1000 °C % 1100 °©
C dZsi= B2 7t =AE Sgtaks LIERHO] 'HZE &4 Al edge crack O] ZHlisk= Znfet =
2], 1200 °C A= xSt XM2|=/0] FCC Thats LIER|o] Lot W7 RIM S Ho{F
Ct (38 1. (b)). Ol248F 1200 °C TFESKHo| CHSH LHZE tod M 3! ofdE Xz| =3 A| o}
EPIXIZ 1200 °C O{L&= =Lt FCC Thate| o|M=Zlg LIERARJI20{ 1000 °C, 1100 °C
L= 212t ~11%, ~4%2| B2 282} Zener pinning effect 2 215t SEX°| FCC ZX™ES L
ERHACH (T 1. (¢)). sl AlHSOll CHEE 2IFF A" Z3L 1000 °C F 1100 °C oM H{EES
TS Al HE2 Al EFF CoCrFeMnNi &7 =AY Cid| ¥53| S5t S=UE-oME =5t
S HERNACH (T 1. (d)).

(@) ."': ((), - —— (d) -—r— -
“ (o[ =l e,
' Wil > oS K PRA S
g . - o . \ § { t. v
1 EE — - L
o — /RN | G
V » % » »
':;')S S L A || B—— - | '~ |
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[1] J. W.He et al., Effects of Al addition on structural evolution and tensile properties of the FeCoNiCrMn
high entropy alloy system, Acta Mater. 62 (2014) 105-113.

[2] J. Moon et al, Effects of homogenization temperature on cracking during cold-rolling of
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Abstract
AT AR FeCuNi TIEREY]  $(Medium-entropy  alloy, MEA)°]  H93H
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Key Words : Alloy design, Medium-entrophy alloy (MEA), Mechanical alloying, High-pressure torsion (HPT)
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P, Asghari-Rad, H.S. Kim, 2020, Fabrication of FeCuNi alloy by mechanical alloying followed by consolidation using
high-pressure torsion,J. Korean Powder Metall. Inst., Vol. 27, No.1 , pp. 1-7
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Interface characterization of layered material of 316L stainless

steel and inconel 718 fabricated by laser metal deposition
MBEH - eyE ey, Ayt
M. J. Sagong', J. M. Park, E. S. Kim', H. S. Kim"**
Abstract

Functionally Graded Material (FGM)< A|ZU}E Material & §3A1A o|d¥ 5714 Property & SPS]
material oA &g 4= Y= AAE, Graded zone S FAISIO] Material & FAL WHIIATAA FAll
Property & X o2 WA 4= Q= A 53|, Fxag0lM d By 9 333 Bl ks v

HLEA] 5 olefoli 2 vl w

i

wall spacecraft 24, 543 3ol HRX o= A% EXAo] i)
T3Iek [1]. &kF, ©]21g FGM 2 Metal powder & #A} lolA ZAKE Al Fadllske 34 543= vt
Fo el T ASAIF(Additive Manufacturing; AM) 373<] ¢ ¥1*H<? Laser Metal Deposition (LMD)Z -§-
2 Aol ASAIRE AR 7PE o] 285 316L ZERlElA 2 L Inconel 718
g831e] 71 712421 FGM 2] EE)Q] layered structure S 38}, Microstructure 415}l Interface 2] &

e ATk, AN AEE WA el AgHoR NSl sk

7

Keywords: Laser Metal deposition, Stainless Steel 316L, Inconel 718, Additive Manufacturing, Funtionally Graded
material
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Process design of flashless closed-die forging of magnesium
bracket

J. D. Yoo, H. K. Moon, M. S. Joun

Abstract
In this study, a feasibility study of hot forging of magnesium forging is conducted using a rigid-thermoviscoplastic finite
element method. The effect of non-isotropic flow behaviors is discussed for the feasibility study of fully closed die forging
based on forging simulation techniques is tested, resulting in that isothermal analysis can give us engineering solutions
especially in the stage of conceptual design.

Key Words : Anisotropy(©]"”d), Magnesium alloy(WI-1Hl% 35), Closed-die forging("BHH)
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Precision forging technologies for magnesium alloy
1. ®MFRC bracket and wheel, Trans. Nonferrous. Met. Soc.
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Experimental study on instability of material in cold forging

K. M. Kim, J. D. Yoo, M. S. Joun

Abstract

In this study, flow behaviors of an aluminum alloy is studied with emphasis on their effect on macroscopic responses oc-

curring in automatic multi-stage cold forging of aluminum yoke. Instability of material flow is experimentally observed in

terms of non-symmetry of forging even though the process and material has two planes of symmetry.

Key Words : Aluminum alloy (2575 #8), Flow Instability (-] 2479
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Fig. 1 Comparison of Aluminum yoke between
experiment and simulation
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Analysis of effective factors in manufacturing process affecting
corrosion penetration resistance

Y.H. Jeon, W. S. Kim, S. C. Lee
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. The flat tube is a core part of the PFC (Parallel Flow Condenser) for air conditioners. It is the

core that discharges the heat of the refrigerant into the outside air to condense and liquefy the
high temperature and high pressure refrigerant sent from the compressor. As a heat exchange

part, in the development of micro-extrusion technology for flat pipes for heat sinks that have
corrosion resistance for more than 1,800 hours in salt spray test, analysis of effective factors in the
manufacturing process that affects the corrosion resistance of flat pipes and development of
avoidance technologies according to the results Relatedly, an aluminum alloy material that

satisfies the required level of corrosion penetration resistance was selected, an effective factor in
the manufacturing process that affects the corrosion penetration resistance and an improvement
plan were derived, and a study on the element technology of the flat pipe manufacturing process

to improve extrusion quality and productivity.
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Development of tens of jigs for planar measurement with DIC
and determination of magnesium material properties using jigs

J. E. Kang, J. Y. Yoo, I. G. Choi, J. H. YU, C. W. Lee

Abstract
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Key Words : AZ31B, Digital Image Correlation (DIC), Tension-compression test
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Development of Manufacturing Technology for Wide Width
Rolled Clad Plate and Linepipe/Pressure Vessel

H.S. Sim, S. C. Cho, B. G. Park

Abstract
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Optimization of cooling block pattern design for electric vehicle
battery module

J. Y.Jeongl, Y.H. Cho', S. M. Son"*

Abstract

The performance of high-energy battery cells utilized in electric vehicles (EVs) is greatly improved by
adequate temperature control. An efficient thermal management system is also desirable to avoid diverting
excessive power from the primary vehicle functions. In a battery cell stack, cooling can be provided by including
cooling plates: thin metal fabrications which include one or more internal channels through which a coolant is
pumped. Heat is conducted from the battery cells into the cooling plate, and transported away by the coolant.
The operating characteristics of the cooling plate are determined in part by the geometry of the channel; its
route, width, length, etc.

In this study, a cooling block applied to an electric vehicle battery pack was studied. In order to analyze the
effect of the cooling block pattern, the cooling performance analysis was conducted. The cooling block pattern

was selected in six shapes pattern design and optimization was performed through FE analysis.

Key Words : English Key Word: Electric vehicles, Battery, Cooling System, Cooling Block
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Finite element simulation for strength prediction of API steel
after pipe forming process

Hongjin Choi, Chanmi Moon, Myoung-Gyu Lee

Abstract
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Machine learning data acquisition experiment to predict
the remaining life of press punch

S. K. Hong, Y.J. Jeon

Abstract
The demand for contacts that transmit electrical signals is increasing rapidly with the expansion of electric vehicles.
The contact is produced through a progressive die, and the press speed determines the productivity. On the other hand,
wear of punches and dies is an inevitable phenomenon, so an appropriate replacement cycle is very important for
reducing production costs. The purpose of this study is to predict the remaining useful life (RUL) of the punch and
perform predictive maintenance (PDM). An experiment was conducted to obtain learning data of artificial intelligence
to predict RUL.

Key Words : Artificial intelligence, Remaining useful life, Predictive maintenance, Progressive die

5t ok HEIEE= Z2T2|AE 28 (progressive die)S Sofl MAkEo] ZafA 7| ALY
2 ZIPeict R, HX|(punch)2t Clof(die)2l Dt2= EA Moo= T719| MAs wHTY|
7 didlg ol ofe 6kl & A7 A2 HXQ| o3 (remaining useful life,
RUL)2 {53104 ofX|2(predictive maintenance, PDM)= StIAl sh= Z0[|Ct TlojHE o=
5P| fIet lSX|s2| 5 Ho[EE 27| 25 AFo] TH=ACE
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Fig. 1 Press die, punch set and signal of time domain and frequency domain acquired in experiment.
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Fig. 2 Vibration signal according to punch shape and photo of shear plane according to number of punches
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1. Sari, D. Y, Wu, T. L., & Lin, B. T. (2017). Preliminary study for online monitoring during the punching

process. International Journal of Advanced Manufacturing Technology, 88(5-8), 2275-2285.

Djavanroodi, F, Pirgholi, A., & Derakhshani, E. (2010). FEM and ANN analysis in fine-blanking process.

Materials and Manufacturing Processes, 25(8), 864—872.
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Wear and Corrosion Behavior of Cr-Fe alloy in the Marine

Environment
J. H. Park, Y.Lee, D. J. Park Y.I. Jung, B. K. Choi, H. G. Kim

Abstract
Cr Fe Al 3a9] sidsdslolre 489S AR flele] nhaAdd) dajds A[dS S=sIqlck
FolARoA Cr 3ol w2 3 F2] Cr-Fe 7l ag Asiglom, XRD SEM 418 33l a5 slRE
5% oA FAEIR] eFS- AS BRI SdkedslolAe] niEAS B4 18] 3.5% Salt water
S A8sle] vPEAES RIS gk SRR IelA TR AR % Feyete] sdsdslelr ]
RAe] $48 CrFe A B el sl

Key Words : Cr-Fe alloy, Wear resistance, Marine environment
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A study of change in microstructure of CP-Ti barrier in drawn in—situ MgB2 wire

S.Y. Park"?", S.K. Hyun', D.Y. Hwang®, J.B. Lee?, H.G. Jung®

Abstract
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