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Frédéric Barlat m4 H47|4

zt 2 2HE (32572
Jeong Whan Yoon (KAIST)

KSTP_C2022A

Finite element modeling of microstructure and anisotropy of sheet
metals / M.G.Lee(Seoul National University), Frédéric Barlat

13:00~13:15
-0014 2auAlo] U EA T Ao S Laldt SEQASA / o] P«(A] &), Frédéric
Barlat
Effect of twins and shear band on the development of texture in HEA
during cold rolling and annealing process / Shi-Hoon Choi(Sunchon
13:15~13:30 Kg&%—czozm National University), Lalit Kaushik
h FAA © AF Al HEAQ] AFZRA W] x| Ay} ATweo] JFF /
A&+ )
13:30~13:45 KSTP_C2022A | Modeling of Plastic Anisotropy / Jeong Whan Yoon (KAIST)
' ' -0135 4% ol R / eRH(HANA75Y)
Eletroplasticity/Electric Current Induced Kinetic Enhancement and Its
13:45~14:00 KOSOT5F;5_C2022A Various Applications / Heung Nam Han(Seoul National University)
" R8P /58571 714" &/d3stet ol& &83 st 7lee A7) / HEd«(AE)
Testing Methods and Modeling of Mechanical behavior of Sheet metals
14:00~14:15 KSTP_C2022A | at High strain rates / Hoon Huh(KAIST), Geunsu Joo, Minki Kim
' ' -0128 axAP B TR AFo] e AY/Y L BAY / o|T«FIr|E9), 52
5, A7
14:15~14:30 KSTP_C2022A | Incremental forming as flexible manufacturing / Dong-Yol Yang (KAIST)
T 0172 gato Xl ARY JE71E / FEA-EU&Y)
14:30~14:45 Coffee Break

0S¥ YEAY-

Frédéric Barlat m4 H47|4

2t A 02 (FRAMEATY)
J. Lee (KIMS)

KSTP_C2022A

A method for selecting optimal materials in sheet metal forming

14:45~15:00 0006 process / Hwigeon Kim(POSCO), Jongwon Choi
" oA ool Agst A5 A9 Ol / A2 AH), 25
g C2029 Elasto-visco-plastic HEM-based crystal plasticity and its finite element
15:00~15:15 KSTP_ A applications / Youngung Jeong(Changwon National University)
-0007 SEAN A 719t 23 A 223 g3te s A S8 AR/ HFS+(FE)
Predicting mechanical properties under strain path changes and
KSTP_C2022A springback of an ultra-thin sheet metal using CPFEM-incorporated
15:15~15:30 OOZO_ modeling / H. J. Bong(KIMS), J. Lee, Frédéric Barlat
h AR AAE AA 9 wAje] HYPE F= WA J[AA 4 U 2xgdW oF /
FAEFrEAEATY), o]XS, ZHY T2t
Experimental Investigation on Biaxial Deformation of SS316L Microtube
and Plasticity Modeling / Jinjin Ha(University of New Hampshire),
15:30~15:45 KOSOTSP;‘CZOZZA Elizabeth M. Mamros, Madhav Baral, Brad L. Kinsey
h 2HRIZ|A A" 316L DN FH A|HO| o]F WHEPM 24 ndY / SHIAIx(FETA
Zt)), Elizabeth M. Mamros, Madhav Baral, Brad L. Kinsey
A Model for Microstructure Evolution of Press-Hardenable Steels /
15:45~16:00 Kgggﬂ—CZOZZA H.H.Bok(POSCO), K.S.0h
- o AAsge] o xE Hel ud / EdSH(EAT), FA
Development of the efficient stress-update algorithm for the
. ' KSTP_C2022A distortional hardening model / J. Lee(KIMS), H.].Bong, J. Ha, Frédéric
16:00~16:15 0021 Barlat
- QqIFstude] vgg SH AL dudF MY / ojA+FIZAEaAdTd), 2T, of
RA, gt o
16:15~16:30 Coffee Break
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Frédéric Barlat m4 Zw|d

Zt 2 d=2ld (POSCO)
Hwigeon Kim (POSCO)

KSTP_C2022A

Predicting Stretched Edge Fracture of Ultra High Strength steels with

16:30~16:45 0008 failure strains / K.S.Oh(POSCO), S.R.Lee
j FAUPES ol &3t 2ER] A ot o] F / QGM«(2AH), oA
16:45~17:00 KSTP_C2022A | HER inference using Bayesian method / Deok Chan Ahn(POSCO)
o -0025 wlo]xlehy e o84 HER W7t / Qheizhe(mAd)
Experimental Evaluation of Rate- and Temperature-Sensitive Forming
KSTP_C2022A Limit under Pneumatic Stretching Method at Elevated Temperature /
17:00~17:15 - Jong-Hwa Hong(KIMS), Donghoon Yoo, Yong Nam Kwon, Daeyong Kim
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12 KSTP_C2022A | 50001bf3 2915 2E8 42 ¢ BR4Y 71& 7
13001315 00g7 8] () 2 )

1513 KSTP_C2022A | gr2aiml 38 2UQ 47 Y2949 24 712 Y
13:15~1330 1 030 Acka+(@=A2d79), WS, 854, ol

1a KSTP_C2022A |t} Etolebs 2o 47t gux 24 7Y
13:30~13:45 ) 5039 SR (R ofo] o ZA), YA
13:4512:00 | KSTP_C2022A | 2 2412 ol 3t &87] 7hAEyl AR BE 7

e _0050 SEAEEARATY), olFA, ATk, e
14:00~14:15 KSTP_C2022A | Inverse AnalysisE £35t 24 |A3IE Q3 7IHAS Qrind 7t

00~14: 0069 QA +(Z)olZA o)), HAR, 59, AR

1514 KSTP_C2022A | g2imiu®s U2 zyaaael Uxgy Rarlanhe
MESAA30 ) 5101 ge g E2RALR), UaD, EAL, 2R
14:30~14:45 Coffee Break

OSEHM - gy FaN .
_.?_%E ix“ggé-;lg* S zt 227 E=EAEATYH)

. . KSTP_C2022A | 5000Ibfd &zqd HE58 Jox 9 AEx 7|&/iY
MEASAIS00 ) g3 Ak owololAT). ZRY, Ladl, 284

. KSTP_C2022A | 929% $E& 2ULY2 474 AZ71E Y
15:00~15:15 1 199 AR EH(HoPA =57, AR, 24, 494

EAM2RTS L8 STS 321 2o 124y 1uw 57| UHEA
1515-15:30 | SSLE0PA | g
- A (A, oAE, AgE, $994, o5

15:30~15:45 Coffee Break
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zt & 22 E=EAHEEH)

Cold-consolidation 202 A|&tEl CoCrFeNi £ANE 2u]3H20] Al U
15:45~16:00 KOSOTl%—CZOZZA 2R AR HA B4
- 2o (X gFut)]), Peyman Asghari-Rad, Alireza Zargaran, 71374
KSTP_C2022A The role of frictionally induced subsurface deformed region during
16:00~16:15 003 4‘ wear in a non-equiatomic CoCrFeNiV high entropy alloy
- Farahnaz Haftlang*(POSTECH), Alireza Zargaran, &4, 7138744
l6:15-16:30 | KSTP-C2022A | ngul&d 34 295 #Espy FAEzme 244 Wy UAUS
' ' _0052 e R« (L5 0d), Nhung, 434
16:30~16:45 KSTP_C2022A | Al15CuFeMn ZE 2n] sr29o] AlIAZ MR} 25} HE 7]&Ho] FF
R _0108 AAg«(2gFad), 25, A
KSTP_C2022a | EX8 271 A2 ISl 342 oful WY R 2R & AFUY A5
16:45~17:00 . =4
0119 ol et+(ma ZaiTh), BiRIg, Molvt ofxstel-ehe, 7
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13:00-13:15 | KSTP-C2022A | m44.8 Cr-MoZe] 24340 ulxl& Si 3ol I

O _0011 Ad(A2gs7led), A& AR5, o, A
13151330 | KSTP-C2022A | 9242 HE o33 % ol$4% mojo] me Uaat J4 wst I3 24

YT _0049 AAR (o), o]FA, wi7|d, U4g, uhoj it
13:30~13:4 KSTP_C2022A | 83t 43514 o] &5t DxFH9] mjz24Y oS0 st A3

S0-1345 1 0057 DEW(F)E2AW), 88A, o E

4514 KSTP_C2022A | cH8a73t nh2sixtol £ 7holx Eptto] 2@abgulo] ujxle Ja
13451400 063 £9A«(A ), AU, oA, A4, dEY

w3 7Ag0 a2 AL A gerassd % NAM A3
14:00~14:15 K(?E;'CZOZZA o] = x(3t=213t7|&Y), Wayne Cai, Thomas Stoughton, 42, &Y
- =3¢

4151430 | KSTP_C2022A [ o3 Adjelalag g By=ol So-24 As 24

YT _0078 ofLgt A« (stty]), Zhang Shengwei , 2], ZAAl=, 0|55, &3
14:30~14:45 Coffee Break
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14:45-15:00 | o 2gQla] Azt He #Wd A% a4
- o] A x(A&t), Thi Ahn Nguyet Nguyen, F%12, -3, o[+, SH
AR ox] ZAPHoz AAE FeNi A& m{Hzolo] FAE 7|AA 4
15:00~15:15 KOSOEDZ_CZOZZA =4
- d2/dx(2Fg ). Farahnaz Haftlang, /g, ddH, #48], 4I4
Suppressed deformation twinning in laser powder-bed fusion processed
15:15~15:30 KSTP_C2022A | CuSn alloy
' ’ 0103 Gangaraju Manogna Kax(Zggutl), 7127, Alireza Zargaran, Praveen
Sathiyamoorthi, AA=, &4
15:30~15:45 KSTP_C2022A | Laser-powder bed fusion ¥WAlo g Az Q134 7189 3& EA
VTR _0104 A=+ dsad), dAE AFE 8E 484
15:45~16:00 KSTP_C2022A | EXx2] &4 9 Al g 2 AEA X IN718 g2 Fzjm EXY
Ao~16: 0139 BEERNRATY), old2, AYL, FA%, =8, AN
' ‘ _0074 AUL(FAd=3d), 459, 252, o|Ud, ¢4l
sF o= ool I35 xF
16:15~16:30 KSTP_C2022A =% s o] &t uA
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13:00~13:05 M- o] & (NoPAE 7
3051215 | KSTP-C2022A | Ai=.8718702tel Belata oh
05~13: 0019 e ex(FE R A RA LA
S 848 1AM Uote E47 2 0@ JU7]0] 5 E(1000mm3000mm)
13:15~13:30 | ST PR Siaops )
- o) K 2 x(Z)EN Q). oFE
13:90-13:45 | KSTP-C2022A | 344 ote £47 27418 ol83t 3710l Ixal 349 A7
: 0032 2 (LD E o A(F)), oD
e KSTP_C2022A | 7lojutAg =27 Ays} 47 2 A=2H AE
13:45~14:00 | “551 g m(Soly), HAE, A
14:00~14:15 Coffee Break
SYMH- ATHiRE 2EY . :
e MR RS 3 3 0% (MoUS4)
. ) KSTP_C2022A | ¥te=A] YL 33X TAZ 743 9 27 st
14:15~14:30 1 “037 o] 5 (AU EAT), 2T, AAA, "AIA]
Za|2 ne 4E Ado] A7-A-¥d odtas JHe £3 316L A~
14:30~14:45 | KSTP-C20220 | 5" g attre mima N
-0079 AW Rl«(o] o)), AFA, A, A5
L4s1500 | KSTP-C2022A | wter] stelg nad Adelelagy Asg 9Ist HA712
' ' _0106 wk =3 «(3Hefry)), ZJEfA], Shengchao Duan
5001515 | KSTP-C2022A | ¥terl 338 naazel AQsblat 75 8
:00~15: 0022 N ex(F T2 A 2 A LAY
15:15~15:30 Coffee Break
OSEMM- HeHielg nzy . woks (OlA=
Azf 22t JlEpE MY 3 @ wEE (01222
a0 KSTP_C2022A | Wh=A] A8 2R 547 SGUE /T o AXH7P| /e
15:30~15:45 |~ 5099 SF0tE (0} AZ2)
. _ KSTP_C2022A | 2374 SUS316L Axjo] Asjdut 247
155~ 16:00 ) 0024 BOA(15715 A7)
: : KSTP_C2022A | ¢tex] Zu]g 248% TE Ax 7%
16:00~16:15 |~ 5509 SRR A7)
6151630 | KSTP_C2022A | ¥t=A) 398 3474 STS316L FAle] Msjeiot BASH
115~16 0082 ol «(stRarETIotn), A, oldS, o|Ata
16:30~16:45 Aolge U g
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HYED olde M2l Wate WAEAS JHAE AZ31 0p vl gAxfe)
13:00~13:15 | S =P oy g A
: Aol E(3 R, 214
£ QU EW/A(UNSM) A2jo] TE Mg-3Al-1Zn ZAx|e] D% L
13:15-13:30 | K5 FP-C2022A 5o &4 vl
- 2@ (A2, ofohwm ofg] =gt by
Zn-Al-Mg fg—}el Az gx ASo] NAE L& Y WAS 459 3y
13:30~13:45 | “OICPA e e
- Mo A (2R, FEE, FAE
13:45~14:00 Coffee Break
oYyt wE- FYI4 3 3 WY (2E0ED)
N2FA9Rl oixE ARedel 9%
14:00~14:15 | KSIE-CO022A g igimnz e na), 9B, o5 e, 4R, e, o5, 15e,
- #3e
14:15~14:30 KSTP_C2022A | Beta annealed Ti 29| O xAla} 7|AA EA AL
Ho~l4: 0160 HAEF2AEATY), DE0, 490, o|EF, WY WeY
14:30~14:45 KSTP_CZOZZA 1‘\511-?50/Steel/A11050 E'EHE E\.‘I:XHQ‘] ]ﬁ%‘ E;'"l %)2‘]- ‘?‘:!Agoﬂ EH?J: DE-]E]i;ﬂ%_]
-0064 e g, 22, 1A, EA, Y, AUNE, DB
. . KSTP_C2022A | A% 2ac Aj2o] 7148 24 o=
14:45-1500 | 5065 der-Eaga). 24e). A, Aug, A8
15:00~15:15 KSTP_C2022A | Atglar&s2 71X]= open-cell Ni Foam?®] 0| ZX 3} 7|AA AA 57}
Rt 0168 ARG+ (FZAZATY), oY, UEF, A5, HehE
15:15~15:30 Coffee Break
oYyt wE- FYI4 3 & AR (@uTED)
Grain Refine Slurry 1.9t tjo]7jA8l 2oz A|Xx=E Cu A7} A356 2
1530~1545 KSTP_CZOZZA al X KX] O]K} l:l‘;1 = 73_]_513 " } _4
-0097 7“5Hf*(°]°}ﬁﬂ) % Fd, 53, o|Mx|, AXig, o]7|gt
l5a5-16:00 | KSTP-C2022A | ¥131g7] nl=eixjo| exielg wafat FAE2m §3<] 74 2
Ao~1e: -0089 Ax|)=(Z32T), o, AN
16:00~16:15 | KSTP_C2022A | x4 % 713 4% ol52 9% Chd(Multiphase) LBM-CA 223
R 0147 OJUZ(TY), HiFE S, oY, FAE, &5
93 AW o]g3t nEta Walo|EZ MAe] AWEIO|E aAF U wols}
16:15-16:30 | o= g sl SRE T A
- S (2R ), AT BEA o]FY, wEst AW, o|Ae, AAE
ot=u} ¢&Ale] Hosford-Coulomb AUt Bl s AX U 55 =4
16:30~16:45 | O L=CPPA )
- AR e(He). B4ZE, URY, oy
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Frédéric Barlat n ZA4H7|4

Zt & o|E (MSCHstw)
Myoung-Gyu Lee (Seoul National University)

KSTP_C2022A

A non-iterative stress projection method / Seong-Yong Yoon

9:00~9:15 0067 (POSTECH), Frédéric Barlat
- uyhE A 9 oy / @4 8+(E3Fuih). Frédéric Barlat
New virtual fields method formulations based on the finite element
. . KSTP_C2022A i}/{pgroixch for identifying constitutive parameters / C.Y. Kim(KIMS),
9:15~9:30 0016 .G. Lee
h TP A A5 RS YT ftes Jlw PR RY FAs A /
ARG RY2A 7). olH T
Modeling stress anisotropy, strength differential, and anisotropic
hardening by coupling quadratic and stress-invariant-based vyield
9:30~9:4 KSTP_C2022A | functions under non-associate flow rule / Yong Hou(Seoul National
:30~9:45 0041 University), Myoung-Gyu Lee, Junying Min, Jianping Lin
o]} & FHZWH J|¥t FEFLE o83 &4 oA, vgiAA, olYPdA T wdY
/ Hou Yong*(X-&t), o8+t
DIC Data Management for the Robust Predictions of Materials
9:45~10:00 KSTP_C2022A | Properties and Behaviors / H. Lim(KAIST), J.W. Yoon
' ' -0131 27 24 2 AF FA3 5L 93 DIC dlolE] A2 / AP E(F Y37 &),
=73
Prediction of debonding behavior of strength differential materials by
10:00~10:15 KSTP_C2022A | using cohesive zone model / C. Sagong(KAIST), J. W. Yoon
' ' -0132 SRR o8 44 vy Aro| FEW B2 o5 / ABE«FIAI|E
), &g
A study on the mechanical behavior of E-from magnesium alloys
during bending using a crystal plasticity finite element model / Bohye
) ) KSTP_C2022A | Jeon(Changwon National University), MinSeong Kim, Shihoon Choi,
10:15~10:30 0044 Youngung Jeong
E-from O}1d4 §39 ulY Hol WY F wskst: JAA A% oS0 ot oAy
a4 ofid 2d FEg 9 H5 / ARd-(Fdd). AUy, FAE 8BS
10:30~10:45 Coffee Break

0S4 NERY-

Frédéric Barlat @4 7|4

2 A 248 (ZE3aietn)
Seong-Yong Yoon (POSTECH)

KSTP_C2022A

Application of finite element analysis using an incremental
elasto-visco-plastic self-consistent polycrystal model to predict
mechanical properties of Mg-10Gd magnesium alloys / ] Lee(Changwon

10:45~11:00 _0087 National University), D Steglich, Y Jeong
SAAN AR Q34 sjAnde #8235 MgloGd ut1yls 29 7|1AA B4 Jd
& / oIR8 «(d), Dirk Steglich,d¥-§
Application of Distortional Plasticity Model to Forming of Advanced
High Strength Steels / Shin-Yeong Lee(POSTECH), Jin-Hwan Kim,
11:00~11:15 KSOTIP;—CZOZZA Frédéric Barlat, Kyung-Seok Oh
B 13=7} Ao dig g5 B3 =d AL AR / olAdgx(EZZFud), dAs
Frédéric Barlat, @ 734
Investigation of optimal experimental procedure for determining
cross-loading coefficients of distortional hardening model / J. M. Kim
11:15~11:30 Kggj;—CZOZZA (POSTECH), J. H. Kim, Frédéric Barlat
B AT Bst wdo] WA 515 ASE Fohe A AP Wy / UX]U«(POSTECH), 4
X1gt, Frédéric Barlat, @ 31&
Strain rate dependent behavior of material and consideration of strain
rate sensitivity (SRS) in uniaxial tension simulation / S. W. Hong
11:30~11:45 | KSTP_C2022A | (posTRECH), J. M. Kim, Frédéric Barlat
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Finite element modeling of microstructure and anisotropy of
sheet metals

M. G. Lee, F. Barlat

Abstract

In this presentation, the finite element modeling and simulation for predicting the plastic anisotropy of sheet metals are
introduced. Particularly, the FE models consider the multi-level constitutive laws from phenomenological-based to more
physical-based one. The former introduces recently developed anisotropic hardening laws that account for the path
dependent hardening, while the latter considers the grain-scale crystal plasticity approach for investigating detailed local
plasticity and anisotropy. As applications of the finite element modeling, the predictive capability for modeling
formability and springback of automotive sheets is discussed. Finally, the importance of the process-microstructure-
mechanical properties relationship is shortly discussed for better design and optimization of the metal forming processes.

Keywords : Finite element model, Anisotropy, Sheet Metal , Crystal Plasticity, Forming

1. Seoul National University, Professor
2. POSTECH, Professor
# A1 A 2} Seoul National University, Professor. E-mail: myounglee@snu.ac.kr



Effect of twins and shear band on the development of texture in
HEA during cold rolling and annealing process

Shi-Hoon Choit", Lalit Kaushik?!

Abstract

The texture evolution of low stacking fault energy (SFE) material is of particular interest
because of the formation of microstructural features such as twins and shear bands. In the present
work, texture evolution in high entropy alloys (HEAS) is studied specifically focusing on the
contribution of these microstructural features during cold rolling and subsequent annealing. The
material was cold rolled to 20%, 40%, 60% and 80% reduction in thickness. The 80% cold rolled
samples were annealed at 700°C for various time ranging from 5 minutes to 1 hour. The deformed
and annealed samples were characterized by high resolution electron backscattered diffraction
(EBSD), electron channeling contrast imaging (ECCI), transmission Kikuchi diffraction (TKD)
to reveal the root causes for texture evolution during cold rolling and annealing. The transition
from Copper-type texture to Brass-type texture was evident as the rolling reduction increased. The
twinning of the Brass texture component delayed this transition at intermediate strain levels (60%
rolling reduction). Micro shear bands were developed in the specimens at 60% and 80% rolling
reduction. Multiple generation of annealing twins could be observed from a very early stage of
recrystallization and continued till full recrystallization. This phenomenon to texture weakening
during annealing. However, some new prominent orientations such as ($1=90°, ®=30°, $2=45°)
and the cube orientation were evolved.

Keywords: High Entropy Alloy, Deformation twinning, Annealing twinning, Texture

! 1Department of Advanced Components and Materials Engineering, Sunchon National University
(SCNU), 255 Jungang-ro, Suncheon, Jeonnam, 57922, Republic of Korea



Testing Methods and Modeling of Mechanical behavior of
Sheet metals at High strain rates

Hoon Huh!#, Geunsu Joo?, Minki Kim?

Abstract
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Abstract

This paper introduces testing methods and modeling of sheet metals to identify mechanical behavior in tension and
compression at high strain rates. The testing methods include experimental setups for tension/compression of sheet
metals and the modeling includes selection of hardening equations for proper interpolation of experimental results to
apply to numerical simulation of sheet metal forming. Numerical simulation of sheet metal forming needs material data
for tension/compression behavior especially when forming is combined with loading and unloading like spring-back
since tension behavior of sheet metal is generally different from compression behavior. In addition, the numerical
simulation needs to consider the rate-dependent hardening behavior since hardening behavior is dependent on the strain
rate. Experimental results demonstrate the difference in hardening behavior of sheet metals between tension and

compression.

Keywords : Tension/Compression hardening model, Sheet metal, High strain rate, Experimental setup.
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A method for selecting optimal materials in sheet metal forming
process

Hwigeon Kim, Jongwon Choi

Abstract

When the material failure occurs during sheet metal forming process, two main solutions might be considered.
The first is to change the material with better formability and the second is to modify the part shape to a less harsh form
for forming. The current study is to introduce an easy-to-use technique in the former case, when the part design could not
be allowed to change. A method is proposed to calculate the tensile range of the material without failure based on LS-
OPT software, therefore optimal material can be selected among the candidates within the calculated range.

Keywords : Sheet metal forming, Forming limit curve, FE simulation
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Predicting mechanical properties under strain path changes and
springback of an ultra-thin sheet metal using CPFEM-
incorporated modeling

H. J. Bong, J. Lee, F. Barlat

Abstract

In the current study, springback of an 0.1 mm thick ferritic stainless steel sheet is investigated. The investigated
material was developed for fuel cell bipolar plate application. The springback of the sheet metal can bring a critical issue
during stacking process and accurate springback prediction is essential. The accurate springback prediction can be
attainable when the material properties under strain path changes are precisely measured and incorporated into finite
element simulation. However, preliminary experimental study revealed that mechanical tests to obtain such data is hardly
attainable, and thus, an alternative approach is essential. To overcome such hurdle, we developed a new crystal plasticity
framework in which a simple form of a microstructure-based model, so called “Rauch model”, is implemented. The
Rauch model considers dislocation mechanism which occurs during the strain path changes, and introduces the concept
of “forward”, “reverse”, and “latent” dislocations. By such manner, the model is able to capture the mechanical responses
under arbitrary strain path changes. Rauch model-incorporated crystal plasticity framework is applied in predicting the
stress-strain responses under two step tension-tension and compression-tension, and the simulation results are compared
with experimental data. The virtually obtained mechanical data is also utilized to identify constitutive parameters of a
Chaboche-type nonlinear kinematic hardening model. The springback profile of the thin sheet after tension followed by
V-bending is then simulated using the kinematic hardening model, and compared with experimental data. The simulation
results are in good agreement with the experiments, and finally, the fidelity of the developed crystal plasticity model is
confirmed.

Keywords : Springback, Thin ferritic stainless steel sheet, Crystal plasticity, Finite element, Dislocation

—-mail:hjbong@kims.re.kr
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Experimental Investigation on Biaxial Deformation of SS316L
Microtube and Plasticity Modeling

Jinjin Ha'* - Elizabeth M. Mamros' - Madhav Baral® - Brad L. Kinsey!

Abstract
Microtubes are often used for an array of microfluidic applications, such as glaucoma drainage implants and needles in
the biomedical industry. Forming of microtubes requires a special attention because of its relatively small geometric scale
to the grain size, and this arises the necessity of accurate material characterization for mechanical properties. In this work,
stainless steel (SS) 316L microtubes are investigated experimentally and numerically under various linear and non-linear
loading paths. Non-quadratic anisotropic Y1d2000-2d yield function is calibrated at multiple levels of plastic work to
account for the differential hardening behavior exhibited in this material. The resulting advanced constitutive model is
used in the finite element simulations, which are validated by the experimental results. These simulations can be utilized
to inform decisions regarding manufacturing process parameters, e.g., internal pressure target value during inflation, to
achieve the desired final part properties, e.g., a specific volume fraction of martensite in the deformed wall of austenitic

stainless steels.

Keywords : Stainless steel, Microtube forming, Plastic anisotropy, Differential hardening

1. Mechanical Engineering, University of New Hampshire (NH, USA), Assistant Professor

2. Mechanical Engineering, University of New Hampshire (NH, USA), PhD Candidate

3. Mechanical Engineering, University of Kentucky (KY, USA), Assistant professor

4. Mechanical Engineering, University of New Hampshire (USA), Professor

# 1A A A} Mechanical Engineering, University of New Hampshire (NH, USA), Assistant Professor, E-mail: jinjin.ha@unh.edu



za| Az szt oM H3 By

=3

1. QAM!1

fol

A Model for Microstructure Evolution of Press-Hardenable
Steels

H. H. Bok, K. S. Oh

Abstract

s FE e FEHAL TS FHA7) 7] e StavlF (Hot Stamping) &2 A 2HE e 2pAHE
o] &wrs] AL vk FARF A& FARAE AFSA AFFETE 450 ~ 1800 MPa Abelell H 3 th
G ol el 27 s (Press-Hardenable Steel)o] =8 d7dAtell osf F-&3stE o] At StAwg F Al
M AREARE FE et AR vlE ARAVE 21 AEE Adgsd 52 A TheE-d oi"
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Keywords : Press-Hardenable Steel, Hot Stamping, Phase Transformation, JIMAK model, Metal Forming Simulation
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Development of the efficient stress-update algorithm for the
distortional hardening model

J. Lee, H. J. Bong, J. Ha, F. Barlat

Abstract

A fast and robust stress-update algorithm based on the cutting-plane method is proposed for the distortional hardening
model, called HAH-DPS model. The model could capture the anisotropic hardening behaviors such as Bauschinger effect,
transient hardening, differential permanent softening, and cross-loading effects. Lower computational efficiency of a
direct application of the cutting-plane algorithm has been improved by considering the all-evolutionary plastic state
variables during iterations. The newly proposed stress-update algorithm is implemented into a commercial finite element
(FE) software vis a user-defined material subroutine. FE simulations under loading path change are conducted to evaluate
the performance of the new algorithm regarding the convergence behavior locally as well as globally.

Keywords : Stress-update algorithm; Distortional hardening; Loading path change; Cross-loading

1 oA RdTe, a4

2. University of New Hampshire, 224>
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Predicting Stretched Edge Fracture of Ultra High Strength
steels with failure strains

K. S. Oh, S. R. Lee

Abstract

(e}
g% EIYANDL ol gl A4 ATk mAY AD AR
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) 2 AFH] Astel, 2=

A QA HAES Fastgon, o] MAlsts ARAK ] WY g% AFHoR oS5
Edge limit criterion with failure strains were in this study used to predict edge fracture of ultra-high strength steels
(UHSS). The failure strains were estimated by edge strains of hole expansion test (HET) with a 60 degree conical punch.
To consider data variation of edge strains induced from edge quality and base properties, a range of edge strains was
calibrated based on a stochastic method. We conducted stretch-edge test (SET) to validate the edge limit strains as a
fracture criterion of edge stretchability. Forming heights when edge fracture occurred were well predicted with the

proposed method.

Keywords : Edge fracture, Failure strain, Hole expansion test, Stretch edge test
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Experimental Evaluation of Rate- and Temperature-Sensitive
Forming Limit under Pneumatic Stretching Method at Elevated
Temperature

Jong-Hwa Hong, Donghoon Yoo, Yong Nam Kwon, Daeyong Kim

Abstract

The rate- and temperature-sensitive forming limit was evaluated under the pneumatic stretching technique at elevated
temperature. Combined with the previously researched uniaxial test, the necking-based forming limit (NFL) and the
fracture-based forming limit (FFL) were estimated. The NFL follows the ISO standards interpolating the strain
distribution with the bell-shaped curve. The FFL strain, however, was determined at the nearest strain on the fracture
among the strain distribution. Because of the abrupt strain localization phenomenon at the lower temperature, 400°C, FFL
is more deviated from NFL than at the higher temperature, 470°C. Due to its properties at elevated temperature, high
dome heights at the pneumatic forming were obtained in the relatively lower elevated temperature. In order to explain the
phenomenon, the fractography analysis was performed elucidating the rapid growth of micro-voids and coalescence of
the voids at the higher temperature than the growth of those at the lower temperature.

Keywords : Rate- and temperature-sensitivity, Forming limit, Elevated temperatures, Pneumatic forming, Fractography
analysis.
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Development of variable current application model (VCAM) for
optimizing the flow stress through the inverse analysis method

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

Abstract

This study was conducted to optimize the flow stress at high temperature of super heat-resistant alloys through
inverse analysis. In general, the mechanical properties of the material at high temperature can be secured through the
high temperature gleeble compression test. For the high temperature gleeble compression test, a thermocouple is
attached to the specimen and seated on a compression jig. After that, a current is applied through the jig to heat the
material. Depending on the temperature output through the thermocouple, a variable current is applied to the material
to raise and maintain the material up to the target temperature. After the heating process is finished, the compression
process is performed, and a variable current is applied so that the temperature of the material can be maintained as
much as possible during the compression process. As the cross-sectional area of the material becomes wider as
compression proceeds, if the current is constant, the current density decreases, so the temperature of the material may
drop. Therefore, a larger current must be applied so that the current density can be maintained even when the cross-
sectional area of the material is increased.

In this study, the gleeble compression test was simulated in the FORGE NxT simulation program, and the flow
stress at high temperature of super heat-resistant alloys was optimized through this study. A variable current
application model (VCAM) was developed to simulate the high temperature gleeble compression test. By applying the
VCAM, the temperature of the material can be raised and maintained at a target temperature during the heating and the
compression process. The high temperature properties of the superheat-resistant alloy were optimized by applying the
inverse analysis through computational simulation of the high temperature gleeble compression test, and the error
reduction rate was about 32-63% compared to before optimization.

Keywords : VCAM, Variable Current Application Model, Inverse Analysis, Optimization, Finite Element Method, High
Temperature Gleeble Test, Super Heat-Resistant Alloys
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Development of forging process of nickel superalloy
for aircraft engine parts

E. Y. Yoon, H. G. Kim, S. W. Jo, J. H. Moon

Abstract

The nickel-based superalloy Inconel 718 is widely used as a heat-resisting material in aero-engines parts due to
superior high temperature performance. To ensure the required mechanical properties, it is important to obtain a uniform
and fine microstructure. Therefore, it is crucial to attain the optimum parameters for designing the forging process.
Usually, an industrial hot forging is a multipass process. In this case, additional parameters must be taken into account:
the number of passes, the interpass time and the temperature evolution during the deformation steps and the interpass
time.

In this study, the forging temperature and reheating process conditions were studied for large size rotating forged
pieces. Specially, the microstructure evolution was mainly investigated by scanning electron microscope in order to
predict the mechanical properties.

Keywords : Ni-based superalloy, hot forging, mechanical properties, microstucture, deformation mechanism
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A Study on High-Temperature Formability of STS 321 Alloy
Using a Dynamic Material Model and Initial Microstructure
Control

P-S. Jo!, J-G. Lee?, J-H. Shin?, Y-S. Song?, D-G. Lee'*

Abstract

General austenitic stainless steel has a problem of intergranular corrosion by volatilizing chromium and forming
chromium carbide in a high temperature environment. STS 321 stainless steel has excellent creep resistance and
intergranular corrosion resistance at high temperatures by suppressing the formation of chromium carbide by adding
titanium as an alloying element. It is important to find optimal process conditions for STS 321 stainless steel used in the
aerospace field because high temperature processing is mainly applied, and defects or inhomogeneity of materials that
occur during high temperature processing lowers the yield of products. In this study, to investigate the effect of the initial
microstructure on the high-temperature deformation behavior of STS 321 stainless steel, a high-temperature compression
test was performed on two types of STS321 alloys with different initial microstructures. The temperature range was set at
50°C intervals from 800°C to 1100°C, and the strain rate was set at 10-1/sec intervals from 1x100/sec to 1x10-3/sec.
Based on the experiments performed, thermal activation energy, flow stress, and processing maps were derived, and the
difference in energy dissipation efficiency for each condition was explained together with the initial microstructure and
high-temperature deformation mechanism.

Keywords : STS 321, dynamic material model, high temperature deformation, formability
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Room and cryogenic mechanical properties in CoCrFeNi
medium-entropy alloy fabricated by cold-consolidation process
S. Son, P. Asghari-Rad, A. Zagaran, H.S. Kim

Abstract

Powder metallurgy (PM) is a widely used fabrication route to fabricate alloys, and it is economically viable compared
to casting methods. However, the samples fabricated by the PM process lack tensile elongation due to the presence of
defects such as porosity, undesired secondary phases, and contamination. Therefore, exploring a way of fabricating alloys
through the PM route without oxidation and undesirable phases is momentous in accelerating the industrial production of
advanced materials.

In this study, we investigated the microstructures and mechanical properties at room and cryogenic temperature of the
nanostructured CoCrFeNi medium entropy alloy (MEA) fabricated by a cold-consolidation of gas-atomized powders
using high-pressure torsion (HPT) process. Full densification was achieved up to 99.6% of relative density by HPT
processing on pre-compacted powders, and the fully dense samples were subjected to annealing to fine-tune the tensile
properties. The uttermost high ultimate tensile strength (UTS) of 2.81 GPa achieved at cryogenic temperature stemmed
from nanoscale grains and pre-existing high dislocation density, mechanical nano-twins, and BCC-martensite in the as-
HPT structure. In addition, the subsequent annealing extended the fracture strain by recovery of HPT-induced
dislocations, which resulted in a superior combination of strength and ductility at room and cryogenic temperatures. The
present findings pave the way to fabricate the parts with superior tensile properties for cryogenic applications through a
PM-based approach.

Keywords : Medium-entropy alloys, Powder metallurgy, Severe plastic deformation, Cold-consolidation, Room and
cryogenic mechanical properties
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Superplastic deformation mechanism of Al;s(CuFeMn)ss
immiscible medium entropy alloy by high-pressure torsion

H. Park, N. T. C. Nguyen, H. S. Kim

Abstract
Superplasticity is the ability of polycrystalline materials to exhibit extreme elongation at high temperatures (above half
of the melting point) and medium strain rates (103 /s ~ 10/s). In this study, we investigated the superplastic deformation
mechanism of Alis(CuFeMn)ss (at%) medium entropy alloy processed by high-pressure torsion (HPT). The alloy
processed by HPT to achieve nanostructure was employed in the tensile test at 773, 823, and 873 K. The microstructure
of immiscible dual-phase inhibits grain growth effectively at high-temperature conditions. The phenomenon induces

grain boundary sliding, which is a primary mechanism of superplastic deformation.

Keywords : Immiscible Medium Entropy Alloy, Superplasticity, Dual phase

sra-at el Al A E-sta, sk A
FIadsta ATy, AA F A7
# A AR EgF st A aA)F s, 4. E-mail: hskim@postech.ac.kr



A 7bestsl 20229 % EATEWI] 257

Alis(CuFeMn)gs SUHEZX
7

Stretch-flangeability of Alis(CuFeMn)ss medium-entropy alloy
and effect of secondary deformation mechanism

Y. T. Choi, J. Moon, H. S. Kim

Abstract
B Afo s YAEE Als(CuFeMn)se] ZAS 2t FAEZY 3o AAZWAAANE Hrlsia,
o] el Wy yzFho] I BEA uxi= ¢S A5Gy dwrdow oAb el 4 A (phase
interfacte)> W13 Al 2k Ao AE 22 As o] A FAsE AR dHA ot AU d=
& Fccel BCCPF 6W 49 Bl& R FEstE o Bea oF 40%9 3 2] (hole expansion
ratio) s Btk AL A 22 e EAS zh= AgshE DP980o] Rl A ® AMEE o e
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fFrsl] Wi =2 AFETHALAES 7 F Y B AFE BE o e Wy A
= T3 4 S FRE

l

o
ol
rlo

Keywords : Stretch-Flangeability, Medium-Entropy Alloy, Hole Expansion Test, Fracture Resistance
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Double-humped strain hardening in a metastable ferrous
medium-entropy alloy by cryogenic pre-straining and
subsequent heat treatment

J. Lee, J. W. Bae, P. Asghari-Rad, H. S. Kim

Abstract

Significant benefits of either heterogeneous microstructures or deformation-induced martensitic transformation (DIMT)
in metallic materials stem from their superior strain hardening and tensile properties. Herein, we present an unprecedented
strain hardening behavior at 77 K in a ferrous medium-entropy alloy comprising a metastable face-centered cubic (FCC)
bimodal microstructure with different grain sizes. Pre-straining yields fine body-centered cubic (BCC) martensites, and
subsequent heat treatment causes reverse martensitic transformation from BCC to FCC, affording the bimodal FCC
microstructure. Furthermore, the yield strength is enhanced due to the presence of submicron FCC grains and geometrically
necessary dislocations (GNDs) that are generated during the pre-straining. Profuse GNDs in reversely transformed FCC
promote DIMT. Moreover, when true strain exceeds 0.2, widespread DIMT in the interior of the remaining FCC drastically
increases the strain hardening rate and consequently delays necking. The outstanding tensile properties derived from this

thermomechanical process are because of the DIMT and hetero-deformation-induced strengthening.

Keywords : Medium entropy alloys, Nucleation of phase transformations; Metastable phases; Grain boundary

strengthening, Dislocation nucleation
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Effect of Si Content on Hydrogen Embrittlement of Cr-Mo
Steels for High-pressure Gaseous Hydrogen Environment

S. G. Kim!, J. Y. Kim!, H. J. Seo?, H. G. Jung?, B. Hwang*

Abstract

We investigated the influence of Si content on the microstructure, tensile property and hydrogen embrittlement
resistance of quenched and tempered Cr-Mo steels for a high-pressure gaseous hydrogen environment. Three kinds of Cr-
Mo steels with different Si content were fabricated and tempered at 630°C for 2h. The steels revealed the lath-type
microstructure composed of tempered martensite containing M23Cs, M7C3 carbides and film-like cementite whose volume
fraction and morphology were affected by Si content. Hydrogen was introduced into tensile specimens by electrochemical
permeation method in 3wt% NaCl solution with 0.3wt% NHaSCN for 24h at room temperature. A slow strain-rate tensile
test was conducted to examine the tensile properties and fracture behaviors of the hydrogen pre-charged Cr-Mo steels.
The hydrogen embrittlement resistance of the Cr-Mo steels increased with increasing Si content due to the decreased
fraction of film-like cementite which acts as crack initiation sites and reversible trapping sites for hydrogen. This was
supported by the decrease in the concentration of reversible hydrogen measured by thermal desorption spectroscopy. Our
results indicate that the hydrogen embrittlement resistance of quenched and tempered Cr-Mo steels is greatly affected by
the characteristics of film-like cementite.

Keywords : Cr-Mo steel, Tempered martensite, Si, Carbide, Hydrogen embrittlement
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A Study on the Prediction of Fatigue Life in Forging Die using

FEA

Y. G. Kim, Y. S. Yoon, K. Lee
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Effect of twins and shear band on the development of texture in
HEA during cold rolling and annealing process

Shi-Hoon Choit”, Lalit Kaushik?!

Abstract

The texture evolution of low stacking fault energy (SFE) material is of particular interest because of the formation of
microstructural features such as twins and shear bands. In the present work, texture evolution in high entropy alloys
(HEAS) is studied specifically focusing on the contribution of these microstructural features during cold rolling and
subsequent annealing. The material was cold rolled to 20%, 40%, 60% and 80% reduction in thickness. The 80% cold
rolled samples were annealed at 700°C for various time ranging from 5 minutes to 1 hour. The deformed and annealed
samples were characterized by high resolution electron backscattered diffraction (EBSD), electron channeling contrast
imaging (ECCI), transmission Kikuchi diffraction (TKD) to reveal the root causes for texture evolution during cold
rolling and annealing. The transition from Copper-type texture to Brass-type texture was evident as the rolling reduction
increased. The twinning of the Brass texture component delayed this transition at intermediate strain levels (60% rolling
reduction). Micro shear bands were developed in the specimens at 60% and 80% rolling reduction. Multiple generation of
annealing twins could be observed from a very early stage of recrystallization and continued till full recrystallization.
This phenomenon to texture weakening during annealing. However, some new prominent orientations such as ((|)1:90°,
®=30°, ¢p2=45°) and the cube orientation were evolved.

Keywords : High Entropy Alloy, Deformation twinning, Annealing twinning, Texture1. &%4hi7] &A1

! 1Department of Advanced Components and Materials Engineering,
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Prediction of Thermal Buckling in Sheet Metal Structures Based
on Finite Element Analysis and its Experimental Verification

J. W. Lee, W. Cai, T. B. Stoughton, S. W. Nam, C. Y. Jung, J. W. Yoon

Abstract

2tgFg =850 a2 AZRFAHAA A B Ao WAt Ty 43 Ay g2
& Z7d o5 dHF o] A 4F SHo] FAHH I dfwo] BT = vt ol WP LS AR
o] 2AAE do| W7t P ES] FE JHAE AT 5 7] wliel, AEe] St ol o] F
o Zata Abdel Aghe WA E ol gt B Ao dFE A4S 2dd §] 98 48 fass)
A 2T Edo] (ABAQUS/Standard)”} AFEESo™ FAdd 7o AHAHS T os HIFTIATY. FFa
R E g vy FxE FIS AF 4% AME nYEglon, 1 AxFTFL 9Hd
dojifi= EAEAG S Fa FASUT AlHE gte] & S FoJste] dFwo] 9w dAg
F JEFH FEIGIT. Fesrde Ang HFe] Hs] Td 21 Ade] FAHJG AFS
FAA7) e HE AZe A 15 o]&ste] AHS FAsta dHFAS P& REAS T3 eSS
Z438Glth Al 9] 7HES HAEHE 3|EHE ol getlom AW 2T AsM FtEtet dHUE o4&
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Keywords : Thermal buckling, Instability, Finite element method, Automotive panel, Oven baking
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Assessment of electrochemical corrosion behavior of solid-state
joint of dissimilar stainless steel alloys subjected to uniaxial
tensile stress

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

Abstract

The synergistic effects of the uniaxial tensile stress on the electrochemical behavior of a dissimilar joint of stainless
steel alloys was investigated in 0.5 M Na2SQOg4 electrolyte solution at room temperature. The microstructural features
show a defect-free joint with some degree of grain refinement due to the solid-state joining procedure known as
electrically assisted pressure joining. The experimental stress-corrosion test results reveal that application of uniaxial
tensile stress causes a decrease in the corrosion potential as well as a subsequent increase in the corrosion rate compared
to the non-stressed specimen. Parameters obtained from the mechanical and electrochemical stress-corrosion tests are
implemented in a numerical model to further assess the effect of the application of a variety of uniaxial tensile strains on
the joint in a neutral environment. The numerical results were validated using the results from the experimental stress-
corrosion tests. Consequently, a series of case studies is presented in this study using the proposed model to investigate
the galvanic corrosion behavior of the joint of the dissimilar stainless steel alloys, while under the applied tensile strains
with and without corrosion defects present along the joint length.

Keywords: Stainless steel alloys; Electrically assisted pressure joining; Stress-corrosion; Uniaxial tensile stress;
Simulation
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Analysis of low-temperature deformation behavior of austenitic
stainless steel by temperature dependent crystal plasticity finite
element analysis combined with transformation induced
plasticity

H. Lee!, TAN Nguyen?, J. Jung?, S.T. Hong? M-G. Lee! and H.N. Han*

Abstract
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Keywords : Austenitic stainless steel, Crystal plasticity finite element analysis, Liquefied natural gas, Transformation
induced plasticity
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The mechanical properties of FeNi soft magnetic permalloy
fabricated by directed energy deposition

Eun Seong Kim?, Farahnaz Haftlang'?, Soung Yeoul Ahn', Hyeonseok Kwon'?, Gang Hee Gu?, Hyoung

Seop Kim%23%

Abstract

B ATE FEASAE M F QU5 RUTRE SN0 FAFOoA ME Ag SEE 5O S DD

(Directed Energy Deposition) 332 & Iz} A F 2] FeNi HHEREo] S AZsIAsUT ARk =8 Agdes

A BEES Agele] FeNi welzo] FHre] Az Wael ZIAA 54 2SI A8E 34 pue) 2
j

73S Feb0Ni, 3¢ Y= D302 ~102 pmo|AFHTh AlZke AZe] 7|41 542 d% AGAF, Vickers 7
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Keywords : Direct energy deposition; Fe-Ni soft magnetic permalloy; Microstructural evolution; Mechanical properties
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Suppressed deformation twinning in laser powder-bed fusion
processed CuSn alloy

G.M. Karthik!, Eun Seong Kim?, Alireza Zargaran?, Praveen Sathiyamoorthi®, Sang Guk Jeong?,

Hyoung Seop Kim*?*
Abstract

The sub-grain cellular dislocation structure is the primary reason for the enhanced mechanical
properties of laser powder-bed fusion (LPBF) parts. In this work, we show that the lattice friction
stresses, in addition to the cellular dislocation structure, play a significant contribution to the yield
strength of the LPBF processed CuSn. We also show that the cellular dislocation structure
significantly controls the deformation behavior by suppressing the formation of deformation
twinning in the as-built samples, whereas fully recrystallized LPBF samples devoid of the cellular
structure showed pronounced twinning activity. Furthermore, the contribution of cellular dislocation
on hetero-deformation-induced strengthening is much more than from the heterogeneous grain

structure in the LPBF samples.

Keywords : Laser powder-bed fusion; Selective laser melting; CuSn alloy; Cellular structure; Deformation behavior; Hetero-deformation
induced hardening
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Creep properties of Inconel 718 fabricated by

Laser—-powder bed fusion technology

Abstract
x4l 718 MEASE UAY] 2T oE ¢ 12 Aes WS A, #g87] A8 5
W, AAEEHAE H5r Tol Bel A&Ha o 5 AT AxoAMR= dxd 71800 Wi At &
e WP glom, 7EY e (TR, dx, 4 ) "Ask] f% Al=Ee] oA vt
2 ATl E 54T X T Laser-powder bed fusion WA o= <lzd 718% AFxdta AGHE 2 A
H 545 Hrkekalth
HA e dAE 260 el JIEA RS T8 ASTM sub-size 7+ (T4 ©] 100 mm, Jﬂﬂﬂ
25mm) Al o® G Ay AR FREE ET (ASTM B670)°] 87xS UHAZH
138 23E nlgos dA8 2048 =&, 9 =21 2 4 Zﬂﬂlﬂﬂiﬁlﬂﬁé~rﬂ}@4
AP AEL Z W3 BFAIHOE 690 MPa, 649C F7dol A Creep-Rupture =02 #3313t Ald 24
E+TE*$%(MWMIM) E79 8 208 EIGoY, dAlEe 8 208 wEskA XY
22 A 9 gy #A4S Fdsta dAgxde] agEAd v 9T

Keywords : Laser-powder bed fusion, Inconel 718, Heat treatment, Mechanical property, Creep
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32|z E4
HE21- 0|8l MMHEL- Helst. EFE!. xd !
Abstract
5 BES o] &3 ASAX VM AT FFe 4 7 Zes vk, dA 84 o eS¢
7Moo 2 FHAAZA ¢ o], Zh=ERL EdolE/mIgl, 5, =& T 4ol Esta uF ¥ fEE
EgekeE FEe] AlAel &2 Avk A =9l gigh, At 713 % 7F=EHN OEMARN A=
Hastelloy X, IN625, IN718 & ©&1-8& g3+ o2} IN738LC, IN939, CM247LC, CMSX-4 & F%§ =
WEsae] A Azxed dgk A5 WAt glo], AsAx FF AE AT V% V= 7HH‘°l gt
s A 2l % "

@ U ASAE FoklM 7P wol Ay e T shuel INT18E ¥
o

(NisNb)S 73} o=z zrom oF 704°C7HA] A8 4= U= Faolth F 23 y"2 &4 dHz
o]F AlE dAYE 3l MEE=d, H Qin 52 J[F-ZY] EAlel wep "o AEF AFo| gzt
Hasilth, &, 9 AF8do] #&ste A5, "9 AE 27t mobAA HH ol wE A& 4
A o]F AL} o= AFTS HoledH, dAFAx L £A3 EAg oF Ao EAsE IFS
H 3 HF S50 GFS v F S Ao® o 5 gl wEha, B Afos 5Ud o
A geEirle 2 $EAA AU E HE3 HASAZR INTI8 Al oA Alg dAE 483519,
ofe w WMz B Fx 545 HUEsGth. 718°C A& oA =FHE AIFE 0.5~8A137HA]
ZASP I, 7t 274 AAY] AF A B A 650°C/689MPa A= EAANE FIEAY. o5 T 7]
& A4 &zﬂ BAIHEY A& AIZES A A9, d3e 2As 9 52 82 AAES UEES
e 4 Aot Aol= A @t} old ME *o‘ E—Eoﬂ FEgFS v § e Al FFE FUHHo
2 2Aa, de A ARE Axste] mAlzA 4 B T2 EAS Frtekglv. 1 A
Al stgat A& dAEE sAll 28T A5, 71 gy 28] o]t Az AXES YEhdS st

A},

¥

Keywords : Additive Manufacturing, IN718, Creep property, Precipitation
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Simulation of a cold pilgering process
S. W. Jeong, H. K. Moon, M. C. Lee, W. J. Chung, M. S. Joun

Abstract
The pilgering process is promising especially for smart manufacturing of high-quality pipes. Its process design is, how-
ever, quite difficult because of the complexity of the process design and high sensitivity of mandrel fracture or surface crack
to the process design. We established an automated simulation technique of the pilgering process for process design.

Keywords: Incremental Metal Forming (% % 44 7}-&"), Pilgering Process (2% ¥ 74), Automated simulation (A&
3} 47), Process Design (&7 A 7A])
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(a) History of deformation
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(b) Metal flow line
Fig. 1 Predictions of a pilgering process
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Consideration on blended cold flow models

C. W. Jee, J. B. Byun, S. M. Ji, M. S. Joun

Abstract
In this study, the blended cold flow models of describing flow curves at room temperature are discussed. It was indicated
that the traditional blended cold models are all based on the Voce model, which may not be appropriate to the flow stress at
large strain for bulk metal forming. Some potential blended cold models are considered.

Keywords : Voce Model (Voce =.2), Blended Flow Model (&
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Development of stainless steel seamless pipe and round bar for
UHP grade semiconductor parts

Abstract

In the semiconductor manufacturing process, more than 99.9999% of high-purity gases and dozens of highly corrosive
gases are used. In order to prevent accidents such as leaks and damage due to corrosion while supplying the gas, SEMI
(Semiconductor Equipment and Materials International) specifies the specifications of STS materials.

In addition, the SEMI standard specifically suggests not only the chemical composition of the material, but also Austenite
grain size, Cr/Fe ratio and the thickness of the surface oxide layer. However, it’s not easy to meet the suggested
specification with a general manufacturing process.

Therefore, materials imported from Japan and United states are mainly used in Korea.

The purpose of this study is to develop 316L Stainless steel bar and pipe meeting the standard SEMI F20 required by the
semiconductor industry. To accomplish our purpose, we improved manufacturing process of secondary refining,
continuous casting and developed heat treatment technologies to control grain size. Furthermore, through the
development of hot extrusion, cold drawing and pickling technologies, we succeed to make the products meet
specifications.

Keywords : UHP, Stainless steel, Semiconductor
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Flow stress optimization by electro-thermo-mechanical
simulation for the gleeble high temperature tensile tests of 316L
stainless steel.

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

Abstract

This study was carried out to optimize the high temperature flow stress of 316L Stainless steel through the inverse
analysis method. Mechanical properties of the material can be obtained through the tests such as tensile test, compression
test, banding test etc. In particular, one of the methods for obtaining mechanical properties of material at high
temperatures is the gleeble compression test. As current flows to the specimen, the specimen is heated by electrical
resistance. After heating, the specimen is deformed by compressing it to obtain the data results of displacement-force.

However accurate material properties cannot be derived because of test error such as the barreling caused by the
friction force, the variation of strain rate during the deformation and the temperature deviation according to the location
of specimen. Therefore, in this study FE analysis of the high temperature gleeble tests and the optimization through the
inverse analysis method were carried out to obtain more accurate flow stresses of the 316L Stainless steel. The thermo-
electro-mechanical solver of FORGE NXT software was used to implement the gleeble test as the FE simulation. And the
optimizations were performed to reduce the error rate by comparing the displacement-load results in the simulation with
the gleeble tests. So when the optimization of the Stainless steel 316L was applied, the error rate has decreased about 30
percent compared to before the flow stress optimization.

Keywords : Inverse Analysis, Optimization, 316L Stainless steel, Flow Stress, Finite Element Method, High
Temperature Gleeble Test
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Development of UHP Stainless Steel component for
semiconductor process and field evaluation technology

M.H.Prk

Abstract
VIM (Vacuum Induction Metting) / VAR (Vacuum Arc Remelting) 2} 2-2 44 A7}g7d 0= Az | 1A 2EiRle2 29 3161 733 9 577
A= WEEA] 378 2 Aol AMEE A 71E e S8 A3 (Seamless Tube) ) ], WE, gl=w|o|E], ZE], IGS (Integrated Gas
System) Block % MH 52| 3-8 FEE AAAZ AT U

e N=]
A ZERlEIE 3161 Ak sielell ] AR el SlEstaL iRl 2@ seke B1 UtV X8 F 9. =gk e |
316L 2AHE WA AR FE-8 0l AR 7hssieE e 39 YA e /LIl on, Tkt ARIES AlRtsle
A% S

22 27 dmn - Z00] 6me] FHY AR QUek= 7Nk e ERE Y Gnls 50 3 4ol

Al 7hsdh EHA

T e}

2] $8& A SFAsslgl o, 1A St B2 2l A A AR ArlE Vies Aidela, WA 54| il S w8
7APFs7 et iu s} eiEelolE Fof EHRt f=E sAElst] NisAl Sk el AR iR, E, FlEEolE, B S
ARSI

7 SEE0) SEMI 7200 $ek WAE 9 7P, UFF B7h 71 sk, v o) A% A 5718 AR

=

e, grEeole

Keywords : UHP STS Seamless Tube, UHP Fitting, Valve, Regulator, Semiconductor equipment
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Fabrication technology of metal powder filter for semiconductor
equipment

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

Abstract
e Axdd T B2 QA FA T 7t AMREE, MEA 6§ 5% FEE BE
AzAl AAEA A= 3 ko] EAT F e EEE A FYEA EEF HEEe 9
&g Sl AAEFoZ AR o A ZE A Foe) wE ¢y &4 5o 27" 54
el A5, Ay Aty dE ek gy AAle] Ao rheety Al Wyl Hls) i
9ok ks FAANA A A e|a, Aeke] HEo] H3 E2 A 5AS JERER 349 99 o]
Sk o] gk ojElg o] fE A FuUQeA & B, 5% ZHelA, 5 AR § U
Pl 54 2AE &3t dEVF ML Y 2 ATdAME 55 299 55 ZHolaE o
|3lo] wtoA Aulo] AlREE F45 B HEE Axsor Azd HEE capillary flow porometer
Z olg3te] 71F A7), BUIE T 71E BEAS B4sta 33 2 dAduAE o &t mHzAS

Keywords : metal powder filter, porosity, pore size, permeability, semiconductor
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Electrolytically Polished Surface Characteristics of Ultra-
cleaned STS316L Tube for Semiconductor Processing

Hoseong Rhee, Hyunseung Lee, Sangsoo Lee, Si Young Chang

Abstract
2 Ao A= STS316LS &9 E (VIM(Vacuum induction Melting) + VAR (Vacuum Arc Remelting))§ %<,
Qi & 985 C oA 1A1ZE F<t o“ﬂﬂg sto] AaAE Ax 5 AafidvtE AAsT dsfdntEo] %
WAEEA 9 FAE AES, XPS 9 TEME o] &3t AL, F2 542 5%2] NaCl &eAe &
El R N S ST FU %é ZETES o8 &5 3% ol2%E A Huksiglth &
W 257} 7F2e 329 A ‘]% A A E Y] e, 33 w7 2 Surface Profilers E3) #413)
Qa1 ek B4l b0 f-548 gokelr] feiA FASIAZ 2 1(CFD)E AMEske] A S zldE)
Ak daldvl A5 AdY A7]= oF 25um= HAERA e W= vk dadwE2 Cr, Fe, Cro,

FeOR ©o]Fojz] glom, Crffe @ Cro/Fe02] M= 717} 1.62, 22690201, 1 FA = ¢ 6.8m= SAH
b daidnt Ak Alfoe] dajdnt d AJHRET §24 APA o] Fhow, & o|RowmE F&Ho|R
Cri} Fe ¥ F4%e] Fol& Na+dt K+ 5o §%%, AsAvkd AW Cr 1.2 Fe 10.3(ppb), 3 An}at
AL Cr 0.7 Fe 0.7(ppb) &2 -2 9 d o] Hajdntgh Ale] o] Eoteh W xw=E Asfdnbd AJH o]
0.25pum, AaAnts AnpFe] FHxEE 0.02umSith FANA 23, 7k FY AR AR Ao
& g Ay e A daldnt dF = Gt oF 15em F xfolrh Qlom, ¥ LTt ves F
A7 ke ARy FolAw AS AT F ATk

Keywords : STS316L, double melting, electrolytic polishing, surface roughness, corrosion resistance, CFD
AL =

B ATE AERARY Ao &SNS A0S wob £AT AP
(No. 20009937)
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Tensile deformation behavior of rolled AZ31 alloy with modified
texture by precompression and annealing treatment

Y.J. Kim, S.H. Park*

Abstract

In Mg alloy, {10-12} twinning is an important deformation mechanism because of the insufficient number of active slip
systems at room temperature. It has been recently reported that the application of precompression and subsequent
annealing (PCA) treatment to rolled Mg alloys with a strong basal texture can cause the formation of a new twin-free
grain structure with a significantly modified basal texture. In rolled Mg alloys, {10-12} twinning behavior during
precompression along the rolling direction (RD) and boundary migration behavior during subsequent annealing have been
investigated in recent studies. However, studies on the deformation behavior of PCA-treated Mg alloys with a modified
texture have not yet been conducted. Therefore, in this study, tensile deformation behaviors of a rolled AZ31 alloy
subjected to PCA treatment are analyzed and compared with those of the rolled AZ31 alloy, which is not subjected to
PCA treatment. The rolled AZ31 alloy has a strong basal texture with basal poles aligned toward the normal direction
(ND), whereas the PCA-treated AZ31 alloy has two basal texture components of a weak ND texture and a strong RD
texture. This texture difference leads to different twinning and slip behaviors during tensile deformation in the two alloys.

Keywords : Rolled Mg alloy, Texture, Deformation mechanism, {10-12} twinning, Slip.
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Variation in microstructure and mechanical properties of rolled
Mg-3Al-1Zn alloy by ultrasonic nanocrystal surface
modification (UNSM) treatment

H.J. Kim!, A. Amanov?, S.H. Park#

Abstract

T AT E M 5717 AESE AT dExAd 55 AR AAIY AR, GF v golehg

I e gE A w550 v F=, A4 ol AE 240] Yol o8 S5 A% ATk

2%, dFvlE e, AJAERY 5 T A& A7 AgHA oy A JFxAE 7HAE vk
a Al A& A= vES Aol webA, B Aol = UNSM Az Qlsl oF7]¥= Mg-

g F4E Aol o
AR ZIAH A mAE Gl s s wAstaat gk o2 9, wEst AeE Mg-3Al-
17Zn gAA=S AL A UNSM Hastgar, mAza 9 7143 24S EBSD, SEM, BlA2 Ax7], <l
T AR7IE T AT

Keywords : Mg-3Al-1Zn alloy, UNSM (Ultrasonic Nanocrystal Surface Modification), Microstructure, Hardness,
Mechanical properties.
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Effect of Residual Stress on Fatigue Crack Growth

Y.-N. Kwon, M.Y. Seok, D.J. Lee, H. I. Park, T.G. Park, H. H. Lee, S.W. Lee, C. H.Moon

Abstract

e A dAE, A, AV 5 FEY ARIAAAA AR R AAEHE $Ho
2, olgg S8 Exo wel &4, FF W¥oly HYE FukE| % st dEAFEEHR A%
g 2ege] Aol gaAaFe A Fol Ut UEWE s, FHF-gH Aort FE AFx
R Fad HES A LA, BE UFd EAse FFSES SAHE 7] sk tgd wi ol
petsa 9lom, EH O R X-ray 3 AW, hole-drilld, AFol¥ To] &5 o} Xray 3 HH oL}
hole-drill'2 %W FF-SHS B4t folsh, UF-&8 4o Erlesta, AFAHLE UF 37
&2 B 0] 7MEsly AlAS S sobsts W] e T, SAYHA wE B4 5 e AHFSE
weky) Qa7 g2eg R4 wE SHYHS 2] A8sta vl B AT s Wik E 337
FEZo] g yF AFY BXZ Xray 329, hole-drilly, AFoIHS o] &ale] AHs}slgivt. w3 &
F7] S48 BAE SEERAS vEe R RIS Sk, AFsEoe] Egd Al v
A= G s B

Keywords : residual stress, fatigue, crack, strain hardening
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Relationship between Microstructure and Mechanical
Properties of Beta annealed Ti Alloy

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

Abstract
e A2 E Ti-6Al-4VET-S T 9 S zZidddstel] gk Aol s FEr] 72 FFE
% D2AYgo] BRF F9lo] ALFHL TieA4Y FHE ATolAALHZ I Azetn 247+
2 AAYE T Axdrh &4 TheA 25k, MY E, HEE S =00 W o) &S v EE]
T AR 5450 AET & ATA e DedHFEALH (gleeble tes) ¥ LLUAFHLDL
d s 2% WEE, 9¥EE £Xd U3 FAWETE B mAxdd g4 gAHE 2AeG e
o WPTPAE A4S B HH vxgAe) 20 nBe

Keywords : Ti alloy, beta annealed structure, fatigue crack growth
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Multi-scale investigation on the local strain and damage
evolution of Al1050/Steel/Al1050 clad sheet

GH. Gu, R.E. Kim, E.S. Kim, H. Kwon, S.Y. Ahn, M.H. Seo, H.S. Kim

Abstract

ZIAA B AR &4 AsS AA e F4 9 Algxe] ohAdS fE AANY E wAE A
Aol BT PGl ojok gt} o]F xR AR dF FYE FEL AW FE 2AR FLIE 9T
7V e A A F ostvelth 2y s AR 2L o)F 7R ARE A "ol steixd
o]F A} 7+ AWl Wy Bz Q3 J|AH EAY I3} el Ak FF5 EHE =58 kAl
AEHoz mstr] e &4 Asel de A 4] Hasith kA, 2 Ao AE dE
2AY 248 =35 All050/steel/Al1050 = F32] 7|AZF EA 2 &4 A% 7%1Zq tA g oln|
2 g 71 2 A gRd ol gt 7HE o] 85t AgA oz EAg dE ~AY 24 A
= Y= AR A T TAlY FF A SE ok B2 =l E Ao

Keywords: Clad material, Multi-scale characterization, Digital image correlation, Local strain, Damage behavior
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Prediction of mechanical properties of lightweight clad sheets
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Grain Refine Slurry 0 gf ClojFi A 3oz H=&
Cu A7} A356 a2 o[M=2 Q& & 54 EM
ZEE - 2. ASHZ o|MA - UFIWY: - of7|oH*

Microstructure, Tensile and Impact toughness properties of
Cu added A356 alloy manufactured by
Grain Refine Slurry high pressure die casting process

T. H. Kang?, S. I. Youn?, D. H. Kim?, S. J. Lee®, J. P. Kim*, K. A. Lee#

Abstract

= ob38 AlLSi 52 580 18t FY Al dHRE Ao 7EE FEst
K BAA FQ AFE of7|3th B Aol M= Grain Refine Slurry(GRS)S high pressure die
casting (HPDC) & Aol 4 g3t SHE HAYAIA 73 Cuadded A6 19t thelN~E F2AE A3}
R, 1 WA zRA 9D IIAA 54 vX = T6 EA e %‘%koﬂ o3l zAFelgith ol & $13Fe] Al-7.5Si-
2Cu-0.3Mg & A7k chassisoll AR = G0 g ol ag FESIGT. @St A2 F 445°C
ol Al 3AIZF F=&e A (No. 1), ¥ AF A2l & AF A|&E 160°Col A 0.547H(No. 2), 1A17F(No. 3), 24| 3t
(No. 4) A3 A2AES as-cast 242} Bl 7] &A12] Xeray diffraction &4 A3, dA g =7
of #AIRC] FFAHLZE a-Al matrix 2 Si peaks©] HEF STl A, Cu H7FZ Q& Al.CuMg, Al.Cu 5
9] cu A&l UElH o™, 712 Alg(Fe, Mn) 33} 7 AlsCuMgsSis®t 72 Q(quaternary, 41 7)) A=
A=) 2143 455 secondary electron microscope(SEM) S 2 ##H3k 73?% as-cast Ao A9 Fx
223 A T Si W Qo] HAAeR EAl Aoy, dAS A gl whgl 2 Aol
blocky typeo. @ W3}l A2 <1 AP ASTM E8M Ao H3ah= A]Jw Apg3te] 3HA =a)
kATt A4 AlE A, as-cast A~A oA yield strength: 195 MPa, UTS: 308.5MPa, elongation: 3% S A %10,
AF AlE AZre] S7bgkel] wet Hof A4S 10.28%7F4] FJAE AT (No. 2). & 2417 15 A& &
UTS+ 362.39MPa7lA] 5 7}3kal elongation 2.55% S 2 7+A3h+= trade-off 74 &S EFWITE (No. 4). 1%
gt BHES #Ee A as-cast 2A0] Ag- FAG Aol HEEG oY, FEAYE AT w} F
2 o)A micro scale dimpleEo] #2% %11z, dimple W59l blocky typee] AZAto] EA) 3}t Ak
23 74 Age ASTM E230] whet Fa=elom, -1 AF) ascast AAolA] 2.500cm? ko] oA A4
A356 alloy o] 1.52)cm? thH] -3 545 vehdllth o9 37 98 & Faq% AlHEY 54 <
4 5 Nod: 416], No.2: 4160% fojx] Q1F A as} Aatglol v*}fﬂ 4 545 vedllth 47 2
HES wgo g 2 GRS7F A8y 19 thols|~¥ Cu added A356 I Al WEH o JM 7]l
ojate] sl

[\l

N
"ol OH}
o :1;
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Keywords: High pressure die casting, hypoeutectic Al-Si, post heat treatment, microstructure, tensile property
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Constitutive modeling of metastable medium entropy alloy

J. Kwon, J. Lee, H. S. Kim

Abstract
2 AFoM= HE /7| ol=HALO|E HEf(Deformation-induced martensite transformation,

DIMT)E EHol= HA ZWNE=Zu == (Ferrous medium entropy alloy, FeMEA)Ol CHEh 7+ =
22 YESIUCH ol WE dHst 28 ALAAM A S J|ES HESH0] FeMEA2| of
T et & otgd H o|Z 2let DINT AEel xfolE HHISIAUCt. Austenite?t martensite
o JHEHe 75 SH2 22 ool R0 AdHAS ALSSI0 ZASIKUC. diY 222

™ El FeB0Co15Ni15Cr10 (at%) a2l FHM2 AFAIH

2 REledAE Ao, Wst X B8 Y SH HHE Fulol RAD} IS

ol

o~ =
12 U553

il

Keywords : Deformation-induced martensitic transformation, Medium entropy alloy, Plastic deformation, Constitutive
modeling, Finite element analysis
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Multiphase LBM-CA modeling for predicting the growth of
solid dendrite and gas porosity

W. J. Lee, J. H. Bea, H. W. Lee, S. H. Kang, J. H. Yoon

Abstract

The defects in casting microstructures require high-quality control because they are closely related to the mechanical
properties of the final parts. It is well known that gas porosity defects may deteriorate mechanical properties such as
tensile strength and fatigue resistance. In this study, the LBM(Lattice Boltzmann method)-CA(Cellular automata)
modeling was constructed to predict the growths of solid dendrite and gas porosity. The LBM is adopted to simulate the
fluid flow and thermal diffusion and the CA is used to simulate the phase change during solidification. The performance
of proposed model was validated by comparing with experiment and reference data.

Keywords : Solidification, Microstructure, Dendrite, Porosity, Multiphase analysis
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A study on Effect of Cementite Morphology and Orientation on Deformation and
Fracture of High Carbon Pearlitic Steel Wire using Finite Element Method

78 YNATE FAMNATIES

Ki-Seong Park*, Saurabh Pawar, Abhishek Kumar Singh, Da-Hye Shin, Dong-Chan Jang,

Jo-Seph Yang, Jun-Hark Park, IlI-Heon Son, Seok-Jong Seo, Shi-Hoon Choi
Department of Advanced Components and Materials Engineering, Sunchon National University, Suncheon, Jeonnam, 540-742, South Korea'”
Department of Nuclear and Quantum Engineering, Korea Advanced Institute of Science and Technology, Daejeon, 34141, South Korea?
Hot Rolled and Wire Rod Research Group, Technical Research Lab., POSCO, Pohang, Korea®

I8 HegolEZ) AA= glolojo VA= T4
Aot wEkA A FAHS B AlxIEE awh Helol %

Ao Wy A W gy Ao vAE uAFzFRe g tidk o]sjr} HF ot}
Hepo|ERY AAlE dlgtolE 2 AdlElo| EVE T4 Fx22 FAH o don, 53] AulEle] E9
AL ¢F 50nm FFlE v 2UsHA FAEo] vk aErA: HgfolEZY A WY As H
¥ Az wAE wAzAY dFS AFHoRE #AFET] fste] wAavlE GFAEES
Faston, 27 MA7]lsS Ueddad Al BEe Aold mEt mAEzAS 574 Z(Class A
=2 AZF ~ Class Er @2 %}%%é}di, 59 vy xz 7jbto g FIBE o]&3le] *%7]
n&7)sS AZsksith FIBE O] sko] A=t 2 S A& 3 Ay Class AYE Class
E7FA]  AldlElo] ES]  wjdo] HF AJo]d 7ﬂ d ¥ o e FAsa, wATEHS Al
&

¥

= =
Aol £k setel el g AANA A wHel o@ vhpel dw wrh APt wd
Adeel 2o mde nias1Fe) bE A AR 2 gge MAE Ao BAHI weA,
£ Ayl pae gelolsg A W EAss AuselEsl Wdol gE WY Age) v
FFE FEREWS olg3te] o BH O HHFYA, ) WA olE3te] YF WY A Hekol =-
1= AN BT AR NS LAl %% Wa A ek Aeol=g 44 W
ol wigdo] WY R s3] A WAL FFol Bhato] of3
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ot=2n|E &R 2| Hosford-Coulomb ¢iA mjch mol Ak
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Determination of Hosford-Coulomb ductile fracture model
parameters and evaluation of crush characteristics of
automotive aluminum extrusions

Jung Yun Won, Seo-Jun Hong, Chanyang Kim and Myoung-Gyu Lee

Abstract
Plasticity models and ductile fracture criteria for different automotive aluminum extrusions consisting of

6xxx and 7xxx series alloys are determined, and crush characteristics using the identified plasticity model and
ductile fracture criteria are investigated. Series of uniaxial tensile tests and tensile-based experiments having
different specimen geometries are conducted to identify plasticity laws and ductile fracture limits under
different stress states. The hybrid experiment-numerical scheme is employed to optimize the Hosford-
Coulomb ductile fracture model. Finally, crush tests for the extruded simplified parts are performed and the
crush characteristics including folding shape, crack initiation location, and crashworthiness are evaluated.
The finite element simulations show that fracture initiation and crashworthiness indicators can be reasonably

well captured when the proper plasticity model and ductile fracture model are incorporated.

Acknowledgement - This work has been supported by Hyundai Motor Company which is greatly appreciated.

Keywords: Hosford-Coulomb fracture criterion, hybrid experiment-numerical approach, crush test, finite element method,
crashworthiness
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Generating Photo-realistic Microstructures according to High
Temperature Deformation using Artificial Intelligence

. Y. Moon, H. W. Leg, S. =J. Kim, O. =S. Oh, J. Jung, S. Oh, S. —H. Kang

Abstract
HT JAFASAN 7= AFYH At a84d9 o= mAFx *é% o|S3etaL P rkete dlolH
718 A3 Aol & FES WA vy 12 Wy oA miM FRE AR e WY ojEe <l
I FAe we} v AF Aoyt webs = dojg e Fejrt Alﬁl% FG2lo] old 7E Al A
Rrato 2= mAxA HIE 4537 AT EAY. wEba] B AT E Az stE

v

2
d5st7] fa FIFAAHEFEM)S AlSE 34 A&t As =42 REH +93% DRX 715 EdE
FEMol #&stdlom, ol& &3 &%, HiE 2 WIE %‘:i THE WY o€ 7|Wo R Aqne ¥
2 A4 DRX) Hl&H DRX AA Y A7 AT + AEF st Asdd 52 A4A vl&3 DRX
A7 Y A7]E Conditional generative adversarial network2] €= tﬂ olE] & A}g-3}o] DRX fraction} DRX ZA
A A7l mEt MAzAS AAES TSI 1 Ay Wy o)gd wel AA EBSDo| VA&
Abgh EEo] om AR wAZA S ST & S-S IS

1= = s

d

Keywords : Generative model, Artificial Intelligence, Deep learning, Microstructure, Dynamic recrystallization
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Temperature change of material during hot compression test of
metals and its effect

S. M. Ji, M. C. Kim, J. M. Choi, H. M. Kwak, M. S. Joun

Abstract

Temperature effect on actual flow curve derived from the experimental flow curve obtained by hot cylinder compression

tests is crucial. A typical flow curve obtained using a temperature compensation scheme presented in the previous study is
given to emphasize the importance of precision temperature compensation before fitting the accurate flow curve.

o}

Keywords : Cylinder Compression Test (2 & & 95 A &), Flow Curve (f5 = 41), Temperature Effect (=== 3 &)
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M.S. Joun, J.G. Eom, M.C. Lee, 2008, A new
method for acquiring true stress—strain curves over
a large range of strains using a tensile test and finite
element method. Mech. Mater. 40(7), 586-593.
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A Study on the Prediction of Die Wear Based on Piezobolt
Sensor Measurement Data in the Trimming Process of an Auto
mobile Part

0. D. Kwon, G.P. Kang, M.C. Hur, K. Lee

Abstract

A FF AgdA F5HE o|F 1 v AsA H-F, FEUA FE, AR BE TS AT H tAel
BAAY A3E A8 A4 FEES A 2 87 ALEZF w ol vk 2By ol & AR = =
g Ago AL A F WA 239 viE, gu T AA B o o] o] T FAR A
AF BFORE olojxA Hrt & AFolA = At FES Adete 2 s 34 5 AlFEY EE8d
s AlAstE B a3 2EY oz AAE FFete] AXol o3 ddates SAHEAT =
EY Foz M At 2EHQ Aojxle] vl i Wuk 8 wow, AAMr 23 FEH £ e
golg 9 MEE UeElllE 524594 (Dynamic Response)™ H H] 7] ujio] AAE= A% e &9
o uAlgt FE, PR T AAFE AitdA BAEE TG FAES A&y 24T de AA
olth. AEHL 4008 71AY = ﬂﬂ/\oﬂ’ﬂ AAE = AFe] st dHeold 33 EUHES Jgsiglon,
°F 900071¢] 3t dlolHE gHsIth A5 EUEHo] JPHE < AFe] EF Ao m Ty
7heol HEAL, 2eF AAEH ZHz7F A" AHAA 3 ks dde] WstE #AsGit 1
A AikeFel Ao ofgt A wiEIL PP whEt AT o]F deko] AlFEE AR shFo] Al
o g F7kshe A A g ATk 3" A A9 3ol HA| wiie| gt RUHP ] fFEaAS
g1st7] 98 freressids A, AA ] wEE BALSHY] 98 |A] FE WA Av|e] wat
o AdH e stFe HeE gttt vt A @A oS EEE Fdste] AX9 GH AHE
HEE F UdS5S FIE F ATk 2 AFE mReR @A AEgeldH AN ASE §FI &£FA4
S AT F AN, FF A FAAAY FAHHA 2do] dolE 7|Hte] Al~Hl E9lo] Edsd A
o= 7lyEt

Keywords: Bolt type Piezo-Sensor, Trimming Process Monitoring, Die Wear, Smart Factory. Die life cycle, Real Time

Measurement
1. B&EFAH g
2. BHEFAY 7
3. FAEAT A
# WA AR @EFAH FE )AL E-mail: klee@solution—lab.co.kr
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MADF 7}235t IF Steel2} Pure Ti2| O[AM=Z 2 J7|AHAE M
Zof cisr A+

HEE FEH - ZRUS AME . Uz O[HS . LU YW HAE 0|4

A study on the microstructure and mechanical properties of
MADF processed IF Steel and Pure Ti

H. T. Jeong, D. H. Jeong, Y. Y. Jo, S. C. Kwon, S. T. Kim, M. S. Kim, J. G. Kim, S. H. Choi, S. Lee

Abstract

o} o) 2Tk 32 (Multi-Axial Diagonal Forging, MADF) 7}F& -2 Aol WA <Q Adwiys Hrlste 44
¥ =] 4| 3K(Ultra Fine Grain, UFG)$} A 28 Hst22S A5t 44478 (Severe Plastic Deformation,
SPD)¢] dZo]t}. MADF 7FaWe T 260] 30%<] W k% (Plane Forging, PF)$} %7 W% (Return-
Plane Forging, R-PF), iz Zro] 135" Q1 thZlwh=*(Diagonal Forging, DF)¢} 7 thZvtZ(Return-
Diagonal Forging, R-DF)Z A %= MADF Ver 1 33} bz Zro] 135° <1 t)Z-wkZ(Diagonal Forging,
DF)9} &7 tfZbekE(Return-Diagonal Forging, R-DF)RFC. 2 G4 == MADF Ver 2 34 ©] &A%t} MADF
Ver 1583 MADF Ver 254 =% & 12912(1 Cycle)® TAE AT 5402 Qg &Aooy d4
W3t Qlo] FAgtew o] whgo] Thedk Ay Thaielth. o] Agtell A= IF Steel % Pure Ti A7
o] MADF 7}'8& 483t 1~4 Cycle 7}&3% § AAl9] AHE v z=2 7 Jrxzd e wd-g vl &+
A&kl

A A QT Z(BCC)S! IF Steel®t ST ZMHCP) 2B T%2 Pure Tid RE 7Hy &AL As 2=
2 Tl ~g ARESe] 7FE Ao, IF Steel®] 7 -F- A=l Graphite &2 A E| =, Pure Ti®] %% 350°C
ol Al MoS: && Jel2 717} 7HE = At Pure Ti®l EA 2] AlZH-E pass & 20min 2 713 = ¢l ).

MADF 1 Cycle 7}% ZA¥, BE AAolA + um@l™ 27| Grain Size7} S0um W] RS2 w8} =l om,
Cycle®] W45 A4 ulMs7} Hgxo], 53] 4 Cycles?] IF Steelol A= H 1~2um, Pure Tiol A=
02pme] AARY AV2 FwAE HAt A5 VAH JAES wasty] 918 Miniature JFEHE 7
g3t om 1 Cycle o]F Awe] Arert 5438 F5e A& & ¢ AUvh LT Vickers AEE F5A
A

e

e o
N9

[e)
1 AEWS SYsRgon AnHor Az AAHor FuHt Aol FANYL YGEA £

e} -
aAe AiEAns Tl 94 9Edon AojHgirh

Keywords : MADF, SPD, Pure Ti, Interstitial-Free Steel, Texture, Vickers Hardness, Miniature Tensile Test
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Finite element analysis of a connecting assembly
of reinforcement bars

S. M. Jang, N. Y. Lee, S. H. Chung, M. S. Joun

Abstract
Various types of one-touch rebar coupler are being developed. Their structures are aimed to withstand higher tensile force,
which are composed of a pair of upper and lower reinforcing bars and several joining parts assembled in a one-touch method.
In this paper, the assembly process of a one-touch rebar coupler model is simulated.

Keywords: Elastoplastic Finite Element Analysis (§r224 #3243} A7), Reinforcement Bar (), One-Touch Rebar
Coupler (98 A A AEH)

1. M2
%2, A=20| 218 EXTHstE D Uch Of s
of wel E4Tx20| Zofs D o, nYE =
Sa|Eo| AlRO| ZEell w3l B82S =r)sis)
7| slstod mztE H=o| Al2o| 2= QUCiI]
ool wal mZtE HIof etk o|SurAle] ket

AT 27t O|FO{X[ 2 RACk
Mt #HER{= thed| HAL E= T2 H
=2 ddsts Ao ofEstL, oM AEH=
il

111

—
Hag Ad sl@sio] Tglels wAle Mea)
RUACt M HEBo|l= EYs =ZF0| ZRsHX| . . .
g’;‘% SIE| | ‘?OFAEIOI AF%E._TET S %E1iig71gﬂ‘| Fig. 1 FE predictions of the connecting assembly
= oF 750 MPaQ TZFTOIA] AT £ QU A g of reinforcement bars (Effective stress)
= = sl B & s
A ATE HE FE BHS2 A o ymzme gz mesiich of Agdolts
Rl = 0 Act Soto] 2t MA F AX|HoiF el ntsteivt Jts
st sto| 5t |
2 BE TEIW RHRLHA S8 Aued
HZ olg E=xE W(Cap), H(Lack), AT =7
(Spring), 2~Z2 7J}0| =(Spring guide), Z4HIC|(Cap Of A= ZAT|Y 7|25 AT|LAIR (Al BHETH
= |
=

body)2 FMECL o AFoME HEA HZ A
=2{e| FZHA o thet "It EHeoz FESO|
=R E defollM HZo| 2F 88 Jisto| g7|=

&)R&D S28417162| X|&

2YS ci2He B4 KR A¥[3]S 0| 8510 HizH ,

Al Beo|M 5tYCH st=ol Hojof w2 iy A [1] Y. J. Lee, J. S. Lee, W. H. Lee, Y. J. Lee, K. H. Kim,

9l 252249 H3I2 Fig 10 LIERRICH 2015, Mechanical Splice of SD600 and SD700 Rebar,

= = ’ ’ Magazine of the Korea Concrete Institute, Vol. 27 No.

3, pp.24-27.

3. ZE [2] S. C. Chun, S. S. Ha, K. H. Kim, J. H. Lee, 2020,
e x| 32 HEDe =EHI2HE EIAM F5t Application of Mechanical Splice of Reinforcing Bars

LAHE o|23510] sHASIF D, MZ 2 EE9o| 1 Olf ]?gsign grovisionls and Spe\c/ifl“lcggi%s, i\/lagaszéi‘nggof

ol OlASIE . H Z2ME HESIYCt o &A1 the Korea Concrete Institute, Vol. o. 1, pp.>4-5s.

} re-He w48 FRer ol 5t [3] N. A. Razali, S. H. Chung, W. J. Chung, M. S. Joun,

1 @l LA 7ed T4 Implicit elastoplastic finite element analysis of tube-
2. A= bending with an emphasis on springback prediction, Int.
# WA s Hd sl A S, g J. Adv. Manuf. Technol., Published:11 April 2022

E-mail: msjoun@gnu.ac.kr
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Effect of shearing in automatic multi-stage cold forging of a nut

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

Abstract
Effects of the shape of a short billet sheared to manufacture an automobile nut by the quill-knife system in automatic
mul-ti-stage cold forging on the cold forging are investigated. It is shown that the center of weight moves because of
plastic de-formation occurring in the whole material and that the concentrated weight at both the earing sides also has an
distinct effect on the process.

Keywords : Rod Shearing (%] %), Finite Element Method (F-3+2.4~%), Short Billet (Z+2 = 3)
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LAE

ot

O A0 Met MEIHMEHSE AdHE s W

Sl M2 =& &MTIF0llA Z25tct [1]. oo, o|lo{E X ZAL £t Sof ofet M Eo| 24
E3|, EMzHE B2 X NM2E Mokt o, U BEZZ 25t Bt & M=Ee| FAHEA o5t
MA ol AMHEoR MENMIM SHEMS sl MZ ol olof Rt FMEste S8 el x™of
9ECH O|A2 28 sHo|L M EZ2 HHHEY & M 3ol HETtoF= Ut
oz MM oz YEg nlx ArMo| 2 FE
S Z=C} 0|9 Z+2 Ao A A= AN = Effective stress  Principal stress (Max)
MolE 2735t o2 HIZo| HHZE 2lsto]

2 4™ S o|FsHK| =5t Act

ol Aol ME SA Hchofl 2tsh M3 T2, 3]
duots &35t MetE HxE R E ALS T ol
M A2 RE 23 Mote] Yas 243
2. 27 o] Mk 3! ebxof 0| x| = ¥ &k Fig. 1 Die stresses related to the earing phenomena

MBATP2, 30 AR E MEtE HEE MR E formed during shearing
0|83t s A 2= Fig. 101 LtEHYCE ojofE ol & =]

e RIZolM paist Satel ISk wlBEh Ol o0l oy sl s EERRS
=] = o = =Lo — = e = o ="TbT
Siet &S Chost ojojgalel SFE ofdd, (20003950)Ak2i 2| X| 12 Hrof 53 = o1 ¢l
Mol ZAtzt & RS 2| ol Fof w2t shFollA
2% ot 28 7he| 0|HE Qodo| w0l w2 = |
= =
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CFRP Lay-up Optimization using Integrated Model of
Deep Neural Networks and Genetic Algorithm

H.R. Lee, J. C. Ryu, D. C. Ko

Abstract

Carbon fiber reinforced plastic (CFRP) lay-up optimization has been made many achievements through genetic
algorithm (GA). Nowadays, GA has been widely used and combined with the deep neural networks (DNN) model in
solving optimization problems in various research fields. This hybrid approach is considered as a powerful and empirical
technique to predict and optimize the input variables with respect to the maximum or minimum objectives. Therefore, the
aim of this study is to optimize CFRP reinforcement lay-up angle with maximum reaction force at same punch stroke
using DNN-GA integrated model. The parameters of the lay-up angles such as 09 15, 309, 45°, 60 and 75°were applied
to each layer of the laminate with six plies. First, DNN model was trained using finite element analysis (FEA) results.
Next, the optimized angle was determined by GA process such as population generation, cross-over, mutation, and fitness
evaluation. The reaction force of all individuals was calculated from the trained DNN model. The reaction force of
optimized lay-up angle was compared with isotropic lay-up result and computational time of integrated model was

compared with that of GA method.

Keyword: Machine Learning, Carbon Fiber Reinforced Plastic (CFRP) lay-up optimization, Deep Neural Network
(DNN), Genetic Algorithm (GA)
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An Effect of Groove on Fragmentation
of Cylindrical Casing under Explosive Loading

D. Noh, T. J. Jang, S. W. Seo, J. K. Lee, M. K. Jang, J. W. Yoon

Abstract
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Keywords : Dynamic hardening model, Dynamic fracture model, Explosive loading, Fragmentation, High strain rate.
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Numerical and Experimental Identification of Assembly
Tolerance Effect in Tensile Hopkinson Bar Test

T. J. Jang, J. B. Kim, J. W. Yoon
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Keywords : Tensile Hopkinson bar, High strain rate, Assembly tolerance, Wave propagation
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Development of Al-based In-situ Real-time Correction
Algorithm to Compensate Springback of EV Motor Component

Donghyuk Cho, Hyunsung Choi, Piemaan Fazily, Jaekun Kim, Jeong Whan Yoon

Abstract
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Keywords : Artificial Intelligent, Springback compensation, Electrical Vehicle, Hairpin forming
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A Study on Coating Layer Defects Occurring during the
Bending Process of PA12 Coated Busbars

S. H. Ryu, Y. J. Jeon, H. J. Lee, S. E. Lee, D. E. Kim

Abstract
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An experimental study on the fragmentation performance of
steel material

S.J. Seo!, J. K. Lee!, S. W. Seo”

Abstract
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A non-iterative stress projection method

Seong-Yong Yoon' and Frédéric Barlat!

Abstract

A novel fully-explicit stress integration strategy is proposed. The current method consists of three features: 1. Direct
stress integration, 2. Positive-definite effective strain increment, and 3. Stress projection. The stress tensor is instantly
updated using the elastoplastic tangent modulus without an iterative root-finding process such as the Newton-Raphson
method. A positive-definite effective strain increment is obtained from the plastic strain approximated via the non-linear
constitutive relationship. Finally, the stress tensor is projected onto the strain-hardened flow stress in order to fulfill the
yield condition. The limitations of conventional fully-explicit stress update methods are overcome by introducing the
stress projection with maintaining an advantage, i.e., direct calculation of stress tensor. The current method is validated
through material anisotropy predictions, and cup drawing simulation and comprehensively discussed in terms of fidelity,

numerical robustness, and computational efficiency in the context.

Keywords : Anisotropic yield function, Cup drawing simulation, Computational plasticity
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New virtual fields method formulations based on the finite
element approach for identifying constitutive parameters

C.Y. Kim! and M.G. Lee*

Abstract

New virtual fields method formulations based on the finite element approach, namely the finite element-based virtual
fields method (FE-VFM) are proposed. The virtual fields method (VFM) is one of the inverse methods for identifying
constitutive parameters, and it uses full-field measurements such as digital image correlation. In the conventional VFM
formulations, local measurements from the full-field technique are directly used in the calculation. In other words, the
number of data points used in the conventional VFM calculation is relatively huge, and it requires rather high
computational costs. In FE-VFM, the displacements are mapped (or interpolated) onto finite element meshes, and
numerical integrations are performed using the Gauss quadrature. Owing to the numerical schemes borrowed from the
finite element approaches, the FE-VFM can achieve a computationally efficient yet accurate result. The proposed method
is validated in two folds. First, sensitivity tests for the mesh sizes, finite element order, and Gauss quadrature order were
conducted using ideal data set without experimental noise generated by finite element simulations. The sensitivity tests
revealed that the proposed method can be effective for identifying plastic constitutive parameters using high order, coarse
finite element meshes with high order Gauss quadrature. Second, the hardening law of the 1470 MPa grade press-
hardened steel sheets was identified using FE-VFM. For the validation of the obtained results, U-notch tensile tests were
conducted, and experimental values were compared with the finite element simulation results. As a result, the predicted
force-displacement (F-D) curves using the hardening law from FE-VFM show a good match with experimental results,
hence, it demonstrated the capability of the proposed FE-VFM.

Keywords : Inverse Method, Virtual Fields Method (VFM), Full-Field Measurement, Digital Image Correlation (DIC),
Press-Hardened Steels
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Modeling stress anisotropy, strength differential, and
anisotropic hardening by coupling quadratic and stress-

invariant-based yield functions under non-associate flow rule

Yong Hou?, Myoung-Gyu Lee?, Junying Min?, Jianping Lin®

Abstract

An accurate description of yield surface is essential for the high-fidelity numerical analyses of sheet metal forming
processes. In this work, a simple coupling of quadratic and stress-invariant-based yield functions is proposed under the
non-associated flow rule. The quadratic part is the pressure-sensitive Hill48 function, which describes the anisotropic
hardening with explicitly calibrated parameters from stress-strain curves. A new stress-invariant-based yield function, as a
second component, is developed to capture the shapes of yield surface for diverse metallic materials with enhanced
flexibility. Finally, a yield function is established by multiplying the quadratic and the stress-invariant-based parts, which
satisfies the convexity requirement in terms of stress state. The proposed asymmetric anisotropic yield function is
validated with automotive sheet metals including dual-phase steels, aluminum alloys and magnesium alloys. Results show
that the new yield criterion can accurately predict the anisotropy in stress, strength differential (SD) effect and yield

surface evolution (or anisotropic hardening) of the investigated sheet metals.

Keywords : Non-associated flow rule; Strength differential effect; Anisotropic hardening

. Seoul National University, Post—doc researcher
. Seoul National University, Professor
. Tongji University, China
WA A A} Seoul National University, Professor. E-mail: myounglee@snu.ac.kr

oW N~



AX BM U HEo UAHSHHEES 95t
DIC Hlol& Xz

1

)

ol
a

~

1#
SRty

o

(=]
=
o

o
rlon

DIC Data Management for the Robust Predictions
of Materials Properties and Behaviors

H. Lim, J.W. Yoon

Abstract

Digital Image Correlation (DIC) is a technology to measure the material properties with high accuracy by
tracking the pattern painted on the specimen. In the DIC measurement, hundreds of pictures with speckle
patterned specimens are taken during the experiment, and the pattern is traced to measure the displacement
and strain. However, material properties obtained by the DIC are not robust because electrical and
mechanical noise are introduced from the environment and the instrument conditions used to take pictures. In
this research, the noise distributed in the pictures is verified by comparing the photos taken at the stationary
testing condition. Furthermore, the methodology that can simultaneously conserve the data trend and remove
the noise of the data was proposed by comparing the results from various filtering technologies. Finally, the
effectiveness of these filtering methods is validated by calculating the material properties: r-value(Lankford
coefficient) and m-value(strain rate sensitivity). It is shown that applying noise filtering techniques to the
DIC technology is very useful in extracting various material properties in a single uniaxial tension test.

Keywords: Digital Image Correlation (DIC), Image Processing, Noise filtering, Mechanical behavior, Material Properties,
Plasticity, full-field deformation measurement.
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Prediction of debonding behavior of strength differential
materials by using cohesive zone model

C. Sagong, J. W. Yoon

Abstract

To predict and analyze the debonding behavior of the interface, cohesive zone model has been used. A
constitutive equation for the cohesive zone model can theoretically explain the phenomena for crack such as
crack initiation, propagation and final fracture. The constitutive equation describes the relationship between
traction and effective separation of the interface area. Tvergaard’s (1990) debonding model [1] is
implemented by using ABAQUS UMAT (User MATerial). To describe the tensile anisotropy of material,
Hill48 yield model is implemented. The research was extended to model the strength difference between
tensile and compressive behaviors. Yoon2014 yield function [2] was implemented to predict the debonding
behavior of cohesive layer accurately for the metals which show SD effect.

Keywords : Cohesive Zone Model, Debonding Behavior, Strength Differential Effect (SD effect)
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A study on the mechanical behavior of E-from magnesium alloys during bending

using a crystal plasticity finite element model

B Jeon' ,M.S.Kim?,S.H.Choi?,Y Jeong™®*

Abstract

As lightweight metals with high specific strength has gained increasing interest in automotive industry,
many researchers have paid attention to magnesium alloys. In various studies reported in the literature, the
use of crystal plasticity model is easily found, which is used to explain the relationship between
microstructural features and the complex mechanical behavior of magnesium alloys. In this study, the elasto-
visco-plastic self-consistent polycrystal finite element model (hereinafter AEVPSC-FE model) based on a
single homogeneous effective medium was chosen as it shows high computational efficiency and numerical
stability compared to other similar crystal plasticity models. The AEVPSC-FE model was applied to simulate
a bending operation of an E-form magnesium alloy sample. The crystallographic orientation distribution
obtained from an X-ray diffraction experiment was used to represent the initial crystallographic texture. Slip
and twin hardening parameters were calibrated by fitting the tension and compression flow stress curves.
The experimental results were compared with the AEVPSC-FE model in terms of various mechanical
behaviors such as force vs displacement curve, twin volume fraction distribution, and texture evolution. In
addition, the relative contributions of basal, prismatic, pyramidal <a>, and pyramidal <c+a> slips as well as
tensile twin were shown to vary from one location to another. Based on the results, it is claimed that the
AEVPSC-FE model is a suitable constitutive model for interpreting the mechanical behavior of magnesium

alloys in terms of microstructural features.

Keywords: magnesium alloy; elasto-visco-plastic model; finite element analysis; texture; bending

1. Changwon National University, Department of Materials Convergence and System Engineering, 20-1 Changwondaehak-ro , Changwon, Gyeongnam, 51140,
Republic of Korea

2. Suncheon National University, Department of Advanced Components and Materials Engineering, 255 Jungang-dong, Suncheon-si, Jeollanam-do, 57922,
Republic of Korea

3. Changwon National University, School of Materials Science and Engineering, 20-1 Changwondaehak-ro , Changwon, Gyeongnam, 51140, Republic of Korea

“yjeong@changwon.ac.kr



Application of finite element analysis using an incremental
elasto-visco-plastic self-consistent polycrystal model to predict
mechanical properties of Mg-10Gd magnesium alloys

J Lee!, D Steglich?, Y Jeong® 3~

Abstract

Magnesium alloys are considered as materials for biodegradable bone implants. Beside their corrosion characteristics,
their mechanical behavior needs to be investigated experimentally and by numerical simulations. One suitable method for
the latter is based on crystal plasticity finite element methods (CP-FEM). Recently, Jeong et al.[1,2] developed a novel
incremental elasto-visco-plastic (EVP) self-consistent polycrystal model, with superior computational efficiency and
numerical stability in comparison with a similar EVP polycrystal model reported in the literature. In this study, the model
was applied to understand the constitutive behavior of Mg-10Gd magnesium samples. The initial crystallographic texture
was obtained from X-ray diffraction, and the hardening parameters were characterized by fitting the flow stress curves
resulting from uniaxial tension and compression experiments. Notch tensile and C-ring tests were simulated, and the
predictive accuracy of the model was evaluated by comparing the simulated results with the experimental counterparts.

Keywords: elasto-visco-plasticity; CP-FEM; Mg10-Gd; magnesium; texture
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Application of Distortional Plasticity Model to Forming of
Advanced High Strength Steels

Shin-Yeong Lee, Jin-Hwan Kim, Frédéric Barlat, Kyung-Seok Oh

Abstract

A distortional plasticity model was applied to forming of advanced high strength steels (AHSS). Two grades, namely,
DP980 and MART1500Y steel sheets, were investigated. The characterization of mechanical properties of both steel
sheets was conducted using monotonic tension and bulge tests, uniaxial elastic unloading-reloading sequences, and
tension-compression cycles. Both steel sheets exhibited chord modulus degradation, weak plastic anisotropy, severe
strength-differential (SD) effect, as well as strain path change (SPC)-induced effect. The pressure effect was incorporated
into the distortional plasticity model to describe both SD and SPC effects. The pressure coefficient was assumed based on
reported value for steel, and it was consistent with tension and compressions monotonic tests. The coefficients of the
distortional plasticity model were calibrated with the tension-compression cycles. The calibration results indicated that
the SD effect plays an important role in the determination of model coefficients for MART1500Y but not for DP980.
Moreover, the pressure-dependent distortional plasticity model, implemented in a finite element (FE) code, was applied to
the simulations of wiper bending and C-rail drawing for validatation purpose. The springback predicted profiles for both
applications were in good agreement with the experimental results, demonstrating that the model is effective to predict
forming of advanced high strength steel and springback.

Keywords: Sheet metal forming; Finite element simulation; Strain path change effect; Strength-differential effect;

Distortional plasticity; Springback
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Investigation of optimal experimental procedure for
determining cross-loading coefficients of distortional hardening
model

J. M. Kim, J. H. Kim, Frederic Barlat

Abstract

The current study aims at determining the optimal test procedure for identifying coefficients of the distortional
hardening model. This research consists of two parts which are simulation and real experiment. In order to investigate
various test procedures, virtual experiments are conducted using a finite element (FE) simulation with the Abaqus
software. In the simulation, the target coefficients were given and stress-strain curves were obtained from the results.
Then, the Nelder-Mead simplex algorithm was applied for optimizing the coefficients from the stress-strain curves. The
optimized coefficients are then compared with the given target coefficients and the relative error is calculated. Then, the
optimal test procedure is determined which showed the minimum relative error. In order to validate the selected optimal
procedure, real experiments were performed following the selected procedure using advanced high strength steels
(AHSS). Stress-strain curves were obtained and the same algorithm was applied to identify coefficients. Lastly, real test
results are predicted by the model with optimized coefficients for verification of the identification procedure. The
determined optimum test condition and recommendations for accurate identification are presented.

Keywords : Distortional hardening model, Simulation, Advanced high strength steels (AHSS), Optimization
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Strain rate dependent behavior of material and consideration of
strain rate sensitivity (SRS) in uniaxial tension simulation

S. W. Hong, J. M. Kim, Frédéric Barlat

Abstract
In this work, strain rate dependent behavior of materials were identified by conducting monotonic uniaxial tension tests
at three different strain rates. Additionally, strain rate jump tests were conducted to validate the results of the strain rate
effect in uniaxial tension tests. Strain rate sensitivity of each material was determined by identifying the coefficients of the

Johnson-Cook model. The characterized strain rate sensitivity were implemented in uniaxial tension simulation to
consider the effect of the strain rate sensitivity in finite element (FE) simulation of the uniaxial tension test.

Keywords : Strain rate sensitivity, Johnson-Cook model, Advanced high strength steel, Uniaxial tension test
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Metastability engineering of partially recrystallized C-doped
non-equiatomic CoCrFeNiMo medium-entropy alloy

Hyeonseok Kwon?, Alireza Zargaran?, Peyman Asghari-Rad?, Eun Seong Kim?, Gang Hee Gu?, Jungwan

Lee!, Jongun Moon?, Jae Wung Bae®, Hyoung Seop Kim24

Abstract

O

AA FAEZI)IF2 oA s HAlqM L—_TLZ:(face—centered cubic, FOC)OHH A G2 (body—centered cubic,
BIO =] WEF7] mlelxle]lE W] 39Jo] g PPAE-AAES YR, dTelxe '8k AL
CoCrFeNiNoZAl 71 FIEZv|ghae] W7ol o] wARE o d™ Ogﬂa]% E3), mUwe] Mool Wy 44 =
A et e vAAA A 2y AR o] EAlElE Ft AEARE mAERAE de. TEgE o] FA

il =7

ofraL AR
A AEE . o|o} 7o mjA|zZ ] oJakow  AJHe| ¢1AA|F

E

"

O.t.,

Wi+ 9] Cr-rich M23069} Mo—rich M6C §HslE-o] m]x MEE.
A3} 1 Pas 38k dEAE=E Yehler, ol ¢ AA4E AIHE(600 MPa 7F)ll Bl3l] A e A<l
gEo], MAAAS Ul tge] AgEo] BIC 4] A AlolE

S sh, FCollM BC=e] Wg#7] vhelAlol =
WS F2AA 7F378HE el 7lolata HEHOR 1.34 (Pad) AR, 3me] ANES DA

Keywords: rolling; partial recrystallization; medium-entropy alloy; mechanical properties

1. 23 etn A aA 87t

2. 23 aista A7 kel

3. HAu e 3

4, DAEZ YA TFAE

# DA AR AN FEAA TS, 24 E-mail: jwbae@pknu.ac.kr
gk yoistnl A Alstyl, nw4. E-mail: hskim@postech.ac.kr



Al1050/Steel/A11050 2= EXjof| CHst A™H A X] &3}

Zalol 7282 AX|E2 MElE e

Ix

Interface synergy effect of Al11050/Steel/Al1050 clad sheets

R. E. Kim!, G. H. Gu?, J. H. Kwon?, M. H. Seo’, H. S. Kim*

Abstract

A11050/Steel/A11050 clad material with excellent surface properties of aluminum and high strength of steel used in
industry. Prediction of physical properties for such a clad is mainly made through the rule of mixture, but an additional
hardening effect occurs due to the microstructure change occurred at the interface. Strain partitioning between different
domains makes additional dislocation accumulation and produce backstress due to the piled-up geometrically necessary
dislocations. Loading-unloading-reloading test is usually conducted to quantify the backstress in the material, but the
backstress can also occur by inhomogeneous distribution of dislocation due to solute atoms and grain boundary even in
monolithic materials. Therefore, in this study, the interface synergy effect by mechanical incompatibility was
investigated. The interface synergy effect was quantified along with strain by comparing the case without synergistic
effect using the finite element method with the experimental values. This study can suggest a fundamental understanding
and prediction of physical properties for clad materials used in industry.

Keywords : Heterogeneous structure, clad, aluminum, steel, roll bonding
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Optimization of high temperature deformation conditions and
application of hot rolling for UNS N06625

J. H. Kim, S. J. Bae, C. Y. Kim, D. H. Kim, J. H. Shin, K. S. Lee

Abstract

Nickel-based superalloy is known as having excellent high temperature strength and corrosion resistance, and is
applied to various industries such as submarine, gas turbine, aerospace, etc. Thick plate for clad of corrosion-resistant
alloy(CRA) is highly dependent on imported. Therefore, development of techniques for deformation process of CRA
plate has been called on several domestic company. In this study, high temperature deformation behavior of an UNS
NO06625 alloy was investigated by conducting a series of compression tests to find the optimal forming conditions. In the
compression test, ranges of temperature and strain rate were considered with 850 C-1275C and 0.1/s-30/s, respectively.
After constructing empirical process map, the appropriate working temperature-strain rate combination for optimum
forming was deduced. Electron backscatter diffraction(EBSD) was then used to describe the changes in the
microstructure under heat treatment and representative deformation conditions. Furthermore, hot rolling process for the
billets of UNS N06625 alloy having thickness between 80 and 160 mm was performed. The result of hot rolling process
was discussed for the variation of thermo-physical properties in relation to microstructure.

Keywords : UNS N06625, Hot compression test, Processing map, Hot rolling process
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Prediction of cross-section shape of SCM440 in Hot groove
rolling process using analytical models

D.Y. Leet+Y.S.Lee?

Abstract
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) ) Ao TP 2 g FA-S roll pass schedules A A
A2 0 2 golof 3h= 8 40 Ao A= SCM4404:A19] EZkEA A Al AAEEA roll
pass schedules A AI3t7] 93l o4l & iH Wol T3 9 AFad s FARDS 883l o
aholth AAdE ] HHFS o53t7] 98] Shinokura® E-& &-83te] SCM4400] #-&71Hs 3 yabs 3ok
th w3 LeeRdol| HAATSE FUlet] AAWHY] AFEAFY o5 BHEE ST, ol HSE
A} SCM4404A o] d7Hetd 7182 (Workable temperature)?] 850°C2} 950°Cell 4] Box to Oval, Oval to
Round Sequence®] Pilot AL dsksirt. 7 A7 bd F o FFS 99%ol e ATz JdF
7hedhes letinh. 3k oS5 Gy HolHE AAdHe] HddE B Adsrbed S AbEst
Art. o] ATE ulg o7 g ATAoNA SCMA40 B/ A ABAEA roll pass scheduled A 7A1E w) FE
S gt AT FI5ES 122 G5 5 Q).

FSL

OP

In the steel rod/bar rolling process, width spread and the cross-sectional shape after rolling are essential parameters to
know when designing the roll pass schedule. In this study, in order to design the roll pass schedule in the groove rolling
process for product of SCM440 rod/bar, the material's width spread and free surface shape were predicted using a
analytical model. Using the Shinokura model, we found applicable y value to predict SCM440°s width spread. also, we
add correction factor & on the Lee model to improve accuracy of free surface shape prediction. To verify these results, an
Oval-Round Sequence Pilot rolling test was conducted at850°C & 900°C, which are the workable temperature of the
SCM440 material. As a result, it was confirmed that the cross-sectional shape after rolling can be predicted with an
accuracy over 99%. Based on this study, using an analytical model instead of the FE analysis when designing the pass
schedule of SCM440, the analysis time could be reduced from over 15 minutes to 1 second.

Keywords : SCM440; Numerical simulation; Hot rolling; Oval groove roll; Round groove roll;
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Finite Element Modeling of Steel Phase Transformation in H-
Beam during Quenching and Self-Tempering Process

S.Y. Jo%, S. Hong?!, M.-G. Lee*

Abstract
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Study of predicting surface defect using maximum shear stress
during hot groove rolling with SCM440 steel

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

Abstract
In hot groove rolling process, defects of unknown cause continuously occur on the surface of the material. In this study,
an SDI (Surface Defect Index) model based on maximum shear stress was developed to analyze the causes of surface
defects in the hot rolling process. Using SDI formula model, we predicted the possibility of material surface defects
depending on the rolling conditions (from height, initial material temperature). The SDI model was created based on the
shear stress value calculated through the FE analysis, and a pilot rolling experiment reduced to the sized of the laboratory
was performed to verify the reliability of the FE analysis and the correlation between maximum shear stress and surface
defects. As a result, it was verified that the developed SDI model produced results that were somewhat consistent with the

material’s tendency to cause surface defects

Keywords : Hot rolling; Surface Defect; groove rolling
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Development of drawing process for twisted bar using a non-
driven rotating die

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

Abstract

The aim of this study is to propose an advanced drawing process for arbitrary section rod having helical surface using
non-driven rotating die was presented, and to design the process. The constructions of die set and design of die tip were
suggested to implement the non-driven rotating of die. The basic principles were investigated using upper bound method
(UBM). To analysis of the drawing process, the cross-sectional shape and dimensions of entrance and exit of die tip was
expressed using Fourier series expansion. Die surface which is arbitrary intermediate cross-section was expressed by
using a blending function. The relative drawing pressures of polygonal shape were almost same regardless of different
exit shapes. In case of the trochoid shape having many corners, the drawing relative pressure according to RA is increased
more dramatically. The UBM is useful to analysis of the process, but it is difficult to analysis the dimensional accuracy.
Therefore, FE-simulations were carried out for drawing process using non-driven rotating die. Process variables in the
drawing process using non-driven rotating die were investigated by using FE simulation. It was found that dimensional
accuracy can be improved by controlling the half die angle and the helix angle of die. For the UR, maximum error
between FE-results and ANN was 0.14%. For the rotated angle of die per drawing stroke, maximum error was 0.05%.
From the FE-results, process map was obtained using Box-Behnken design and ANN technique. Optimal values were
selected from the process map for polygonal and trochoidal cross-sectional shape. Maximum error between FE-results
and target was approximately 5.04% in concerned with rotated angle per drawing stroke. Furthermore, maximum UR was
4.4%. Experiments of the drawing process using non-driven rotating die were performed to verify the design methods. As
cross section of product shape, polygonal section and trochoidal section were applied. The predicted drawing load from
the UBM was compared with the result of experiment. And cross-sectional area and helix angle of drawn material were
evaluated. The cross-section of both target shape and experimental result were compared. The URs for each shape were
under 3% from the measuring results by 3D scanning. For the polygonal shape, the errors between the predicted load and
the experimental results were 12.44, 4.78 and 9.71%, respectively. For the trochoidal shape, the errors were 1.99, 3.32
and 3.78%.

Keywords : Drawing process, Twisted bar, Non-driven rotating die, ANN, FE-simulation
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Development of Color difference and Parts Performance
Prediction of Hot Stamping Based on the Neural Network

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

Abstract

The hot stamping process is an innovative forming method that can prevent cracking of high-strength steel
sheets. These hot-stamped parts exhibit a distinctive color due to the use of Al-Si coating on the surface. This is a
phenomenon caused by the thickness of the A1203 oxide film and the diffusion of Fe in the base steel sheet, and the color
displayed varies according to the hot stamping heating temperature and heating time. Since the thickness of the
interdiffusion layer and the Austenite Grains Size (AGS) vary according to the heating temperature and time, weldability
and hydrogen embrittlement properties are changed due to these effects. However, in the field, such quality evaluation is
performed with the naked eye regarding megascopic, so it lacks a lot of objectivity. Therefore, in this study, the neural
network technique was used to objectify the color difference of hot stamping parts, and to develop a technology to predict
the weldability and hydrogen embrittlement related thereto in advance.

Keywords : Hot stamping, Color difference, Weldability, Hydrogen embrittlement, Neural Networks
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Analysis of advanced trimming process
for the hot stamping parts performance

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

Abstract

To improve the quality of the hot stamping Products and increase the productivity of the hot stamping trim
process, we are replacing laser trim with cold trim. In this study, we tried to prevent cracking and delayed fracture by
controlling stress generated during trimming and to solve the process and quality problems caused by the burr. After holes
punching, the burr size of the trimmed surface was measured by microstructures and the delayed fracture performance
was evaluated through the evaluation of hydrogen embrittlement.

Keywords : Hot Stamping, Cold Trimming, Double Punching, Damage
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Experimental Studies on Frictional Characteristics of Cold
Rolled, Galvanized and Galva-Annealed Steel Sheets

K. C. Park, J. C. Kim, T. S. Jun

Abstract
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Keywords: Frictional Characteristics, Galling, Deep Drawing, Cold Rolled, Galvanized, Galva-Annealed Steel Sheet
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The Study on Process Development of High Speed Impact
Trimming(HSIT) for Mechanical Trimming of AHSS

J.H. Lim, E. H. Lee, J. W. Lee, K. W. Kim, D. H. Kim, S. D. Kwon

Abstract
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Effect of natural aging on the variation of mechanical properties
and Portevin—Le Chatelier effect of Al7075 alloy sheet

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

Abstract
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A Study on Stamping Process of Aluminum
for Shock Absorber Housing Panel

M. G. Kim, Y. W. Kim, J. H. Lee, D. C. Ko

Abstract

Recently the application of aluminum has been studied as a means of lightening the weight for automotive components.
Warm forming of aluminum is necessary due to low formability at room temperature. However, it is difficult to maintain
the temperature during stamping process because transfer time of heated blank is long and shape of shock absorber
housing panel(SAHP) has deep forming depth. So pre-forming through cold stamping was performed to minimize
temperature reduction before warm forming. In this study, preform optimization was investigated in cold and warm
stamping process for manufacturing SAHP. First, effect of temperature and strain rate on the flow behavior of the
material was evaluated by uniaxial tensile tests. Next, interfacial heat transfer coefficient according to pressure was
determined through experiments and inverse analysis for considering heat transfer between blank and tool. Based on
these properties, in finite element(FE) simulation material model that describe behavior of elastic viscoplastic material
with thermal effects was applied. Finally, FE-simulations of pre-forming and warm stamping were conducted to predict
optimal preform by estimating the defects such as wrinkle and fracture according to punch stroke.

Keywords : Shock absorber housing panel, Pre-forming, Stamping, Preform optimization, Finite element simulation
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Spring-in study of the composite part produced by the stamping
process

J. C. Ryu, D. H. Shin, H. Y. Lee, J. H. Kim, D. C. Ko

Abstract

The spring-in of composite part is a challenge considering following assembly process. This phenomenon occurred
during the cooling process of a composite laminate induces dissatisfaction of dimensional accuracy and modification of
the mold. In a cost driven industry, such as the automotive industry, prediction technology of spring-in is essential to
reduce the cost. In addition, the manufacturing method is important considering mass production. In this study, the
spring-in of composite part manufactured by stamping process is predicted using finite element method. First forming
simulation considering the whole manufacturing process, such as transfer process of composite, gravity analysis, forming
process, is performed to obtain the temperature distribution at the end of stamping process. Continuously, the FE
simulation of the cooling process is conducted using the result of forming simulation as initial boundary condition to
predict the spring-in of composite part. Finally, the composite part is manufactured and compared the result of the FE
simulation to verify proposed method.

Keywords : Carbon fiber reinforced plastic (CFRP), Spring-in, Finite element analysis, stamping process
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Formability Evaluation of New High Strength Aluminum
Materials (Almag6) for Environment-Friendly Vehicle

S. M. Leg, S. M. Hong, L. T. Dai, O. J. Park

Abstract
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Dislocation Density-based Crystal Plasticity Finite Element
Method for Surface Effect of Ultra-thin Materials

J. Jung, H. Ghorbani-Menghari, J.H. Kim

Abstract

In grains at the free surface, the rate of dislocation annihilation is faster than the rate of dislocation generation due to
less affection from grain boundaries. In this work, a crystal plasticity (CP) approach is introduced to investigate the
surface effect, where the constitutive model is based on mechanisms divided into the statistically stored dislocations
(SSDs) and geometrically necessary dislocations (GNDs). The hardening effect by the generation and annihilation of the
SSD and high-order strain gradient effect by the GND are formulated with the surface effect. Eight sheet metals, having
0.05—-1 mm thickness, are used for uniaxial tension and 3-point bending tests to validate the surface effect according to
the thickness of materials. 3D Voronoi tessellation microstructure models, or represent volume elements, are reproduced
using the EBSD results. The roles of surface and strain gradient are analyzed along with thickness of materials, and the
conventional CP model is compared to the proposed CP model. The proposed CP model captures well the experimental
results affected by the surface effect.

Keywords : Ultra-thin materials, Crystal plasticity finite element method, Surface effect, Statistically stored dislocation,
Geometrically necessary dislocation
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Optimization of Friction Stir Spot Welding Process parameters
using Bonding criteria and Artificial neural network

D. S. Jo, Eddy Kurniawan, Parviz Kahhal, Ji Hoon Kim

Abstract

The objective of this study is to optimize the friction stir spot welding (FSSW) process parameters of Aluminum alloys
using bonding criteria and artificial neural network (ANN). In the case of FSSW, it is necessary to optimize the process
parameters because the properties of the weld part are different depending on the process parameters. The pressure and
stress used for the bonding criteria were obtained from the results of finite element analysis (FEA). ABAQUS-3D explicit
was used for the FEA of the FSSW process. The degree of bonding was confirmed by comparing the results of the
bonding criteria using the results of FEA with the experimental results. After that, the optimal process parameters were
derived using the ANN technique.

Keywords: Bonding criteria, Friction stir spot welding, Artificial neural network, Finite element analysis
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Process Design of a Multistage Forging Process for Aluminum
Pipe Yoke

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

Abstract
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7] Agate] ARne e qFd BT 4§l FrHm gdon, Ay 43 $EE A2 29
AN FFE GEAA Agol FoHT Yrk €y 43 PEL ANHOR vty YIHRTH
2 Fol AR Q] Mol aTHE FAL wEShE AF NS A i Yvasg A7)
7 whg- Fast,

B ATAE J)E 28 2AZ AEHR Qi 2ElY solE 938 AFuE FHOE dASH)
A% W3k BEIR AAE FASRGT AF was JFANAARE EOl2 Solw a3 F45) 7
T 39942 AASRG v 9234 F o dolh 2 dolx 83 GEFA A 24 75
Aol B HFH Bl Wl Fash, B AL GE A 1Ak 33 Aol viEAEE A
S5p7] e Letoly B2 A Getold 7Y Aoz YA LA FAole HAAGS
A28g 4 dglom, 448 F4 U@ A9 HAE Aw, a7 34 2L AW FAL wEae o

Keywords : Aluminum Pipe Yoke , Multistage Forging Process, Process Design
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Gaseous Hydrogen Environment
H. C. Sin, S. K. Kim, H. J. Seo, H. G. Jung, B. Hwang
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Synergetic strengthening from grain refinement and nano-scale
precipitates in non-equiatomic CoCrFeNiMo medium-entropy
alloy

D. W. Leel? - H. Kwon' 2 - P. Asghari-Rad" 2 - J. M. Park® - Praveen Sathiyamoorthi® 2 - J. W. Bae* - J.
Moon' 25 - A, Zargaran? - Y. T. Choi*2 - S. Son*2 - H.S. Kim% 2 6.#

Abstract

B Ao A= Co1rsCrizsFessNioMos (at%) T AEZ 3] ol thafl 18]S 9 (high-pressure torsion, HPT)
T4 2 T F MY AAHE AL, AAREH TA g A H vAEe} AE skl A
A Z2HE FEST ol& F3te], 1 GPaoll dTal= A A=) 15% oo Y AXEe] =
gk Aol A FES Bvh E3 ashhEd F dAY 2% 27S 77 800 °C9 900 °CE
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Keywords : High-entropy alloy (HEA), Medium-entropy alloy(MEA), Mechanical properties, Nanocrystalline structure,
Nucleation and growth, Severe plastic deformation
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Cold Forming Processes for Driven Hubs and Inertia Wheels
for Transmitting Automobile Crankshafts’ Rotation Power

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

Abstract

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

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

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

According to the results of this study, as for driven hubs, it was confirmed that quality products could be produced
when raw materials’ thickness was 4 mm, initial diameters was @ 204.5 mm, the forming load was approximately 6.3 tons,
and number of forming processes was two steps. As for Hirth gears, the forming load was completed at approximately
1,200 tons, and it was confirmed that a forming load of 1,300 tons or above was necessary to obtain better Hirth gears.

As for inertia wheels, the load increased as the initial internal bends were formed so that they were formed at
approximately 24 tons. In addition, it was possible to confirm that forming was completed as the maximum load rose to
approximately 11 tons at the final external bends.

This study proposes the validity of automotive power transmission parts manufacturing processes through the
optimization of forming process variables such as the raw material measurements of driven hubs and inertia wheels, Hirth
gear forming conditions, number of forming processes, and die design conditions by applying sheet metal.

Keywords : Damper pulley, Cold forming, Hirth gear, Finite element method, Driven hub
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Prediction of Hardening Behavior for Sheet Metals Based on
Artificial Neural Network

Minki Kim, Gihyun Bae, Namsu Park, Jung Han Song

Abstract

This paper is concerned with prediction of hardening behavior of sheet metals based on artificial neural network. Deep
learning algorithms were introduced to evaluate their predictability of hardening behavior for sheet metals. To prepare
input data set, uniaxial tensile tests for advanced high strength steel sheets were performed at various strain rates from
0.001/s to 100/s. Hardening behavior at various strain rates were then considered to be input data sets. Various regression
algorithms were employed to confirm the best one for better prediction. Furthermore, parameter-studies for hyper-
parameters and optimizers were performed to determine a good predictive model. Each candidate of the predictive model
was evaluated with validation and test scores. Characteristics of the predictive models were discussed to provide further
information of deep learning algorithms, especially for prediction of hardening behavior.

Keywords : Deep Learning, Neural Network, Hardening Behavior, Advanced High Strength Steels, Regression Model.
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Analysis of the drawing process of a medium-entropy alloy

J.A. Lee! - Y. Kim' - J. Lee! - G.H. Gu! - P. Asghari-Rad"? - H.S. Kim"2%#

Abstract
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Keywords: Medium-entropy alloy (MEA), Drawing, Kocks-Mecking analysis, cross-slip probability

A medium entropy alloy is an alloy with a constitutive entropy of .OR<AS conf< 1.5R (R: gas constant), and alloy design
is currently underway in various ways along with high entropy alloys. Each element has almost the same composition ratio
and exhibits excellent thermal, mechanical, and chemical properties. In this study, based on this material, using ABAQUS
2021, a finite element analysis software, a simulation of the draing process of a medium-entropy alloy, that is, a plastic
machining process that reduces the cross-sectional area and thickness by pulling the pipe between the die with the mandrel
fixed, was conducted. Through the finite element analysis of this drawing process, the grain size reduction was simulated,
and the back stress derived from this change was introduced as a constitutive equation in which the cross-slip probability is
related together with forest dislocation. Using this constitutive equation, the strain hardening of the drawn medium-entropy
alloy pipe was predicted, and the existing experimental data and constitutive equation model were analyzed by comparing
and analyzing not only the physical properties but also the microstructure.
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Selection of Optimum Heat Treatment Conditions for Large Forged
Products using AIST 4340 Material
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Effect of UNSM treatment on the mechanical properties of STS-
316L fabricated by Selective Laser Melting

D. H. Bae, H. Park, A. Amanoyv, J. G. Kim
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Evaluation of superplastic properties according to temperature
in ultrafine-grained Mg alloys

J. Oh, S. Son, H. Kim, J. Seol, H. Sung, J. Kim
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A Study on the Effects of the Thickness of the
Substrate on Thermo-Mechanical Characteristics for the case
for the Planar Deposition Using a Finite Element Analysis
J. W, Yang!, K. K. Lee?, and D. G. Ahn*

Abstract
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Ultrahigh strength-ductility synergy of high-pressure torsion
and heat treatment of additive manufactured CoCrFeMnNi
high-entropy alloy
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Abstract
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TAoR AZH DAERI FF(CoCrFeMnNi)ol| ¢t HIEH FAHS ALl 7|+5S Ir)8o= 74
AlFem, 700 T, 800 ColA thFst At =719 18k vEd T4 olF A E 3 HAd d=s
Qg =3 FE53t 1 vEH T4 o]FY v AAHES EAYE S AAH] FAPS
w, A 2% Fd wet AR PA e A4 FErb BT e G AzE 26wl 7b A
H ko] Alg Aot B on AFA e AXMNES FAS FEFEY U0 FUHE 48 T 3
ATt mAzZ HA2 SEM, SE, BSE, EDS, EBSDE 53 3= glon, 7 AHe 7|AH B4 I5L
3 AFAES TS

Keywords : High-pressure torsion, Post high-pressure torsion annealing, High-entropy alloy, Additive manufacturing
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Abstract

H &4 oiET Avjet ddd 34 AV Astde wek Asake] At digk 897 FUteka
Atk ololl wel AFA F FEe dY U AT E AAste sty A3 e I 2 #AAS A
I Q) Y~ AEsE A4S Folv WHES FE AEsE AR dEA k. AR MAE A
Ao A7 i whel ZAA, A7 A B4 AV BRkEE A Ak ol# s WA B4 FYS
A AF A 8FHA k. B AFdA = FEEE(Cu-02Mg)e] A T T AA v weko

st w2 9 A gAY Eadigde]l AdAdd nxe gk i ARskith A@ A<l
o= AAYALE A8 1] 7 (Field Emission Scanning Electron Microscope, FE- SEM)°ﬂ AR I PR\
2F2+3] A (Blectron Backscattered Diffraction, EBSD)7| < ©]-&3lo] F8|@w9 JdF 34 & 7I3d 7+8%
= AAe EAg Al dAAle v e s wdste vz 9 vAHFEAS HitE EAEg &
ATE St QA FA A FEFdEe v wgo o] mAPFxA Edddel AAA Asd vA
T J9FE ol = AT

Keywords : Cu alloy, Wire Drawing, EBSD, Recrystallization
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Study on process design of forging simulation for commercial
vehicle component parts manufacturing

S.J. Lee, M. S. Kim, J. W. Park

Abstract

Most commercial vehicles apply integrated suspension, while some medium sized buses have an independent suspension systems. In recent times, there has
been a tendency to adopt independent suspension to improve the ride comport of large commercial vehicles, and localizing development for those technology is
required. In this research, forging process design was performed for Tie Rod Am, one of the related element parts on independent suspension system, using
Deform (Finite Elements Method-based forging simulation process was implemented) and the forming resuits were predicted. The numerical simulation was carried
out utiiizing forging mold that was designed through reverse engineering modeling based on the final product shape. Some parameters which affect to the forming
result were selected as independent variables(forming speedflength of the initial billet /diameter of the initial billet). These three independent variables were defined as
three levels, and forming simulation results were obtained for each process variable condition based on the threedevel three-element full factorial design. A
Regression analysis was performed using the obtained simulation data, and conditions for evaluating the significance and influence of each factor. From this analysis,
forming condition for reducing the flash volume area and improving the filing rate was predicted.

Keywords : Tie Rod Arm, Regression analysis, Numerical Simulation, Flash volume, Forging process
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A study on microstructure and mechanical/electrochemical
properties of Ti-6Al-4V alloy for fastening

H. J. Lee, S. Y. Anaman, J. M. Choi, J. S. Lee, H. H. Cho

Abstract
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Keywords: Ti alloys, microstructure, mechanical properties, electrochemical behavior
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Numerical analysis and experiments of shape drawing processes

N. A. Razali, J. B. Byun, I. G. Jung, W. J. Chung, M. S. Joun

Abstract

In this study, major issues in multi-pass shape drawing are investigated with an emphasis on the quality of the drawn
bar corners vulnerable to be scratched during the drawing. The elastoplastic finite element method is applied. The effects
of ge-ometric design parameters on the metal flow lines and forming loads are investigated to check the possibility of
conducting optimal design considering the product quality of the corners.

Keywords : Shape Drawing (& 73<1H), Product Quality (4%
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Speed effect during shearing process in automatic multi-stage
cold forging

K. M. Kim, J. B. Byun, M. S. Joun

Abstract
Speed effect on rod shearing in automatic multi-stage cold forging is investigated. Using the strain rate dependent flow
rule, a rod shearing process is simulated and its predictions are compared with the experiments to reveal the effect of strain
rate on the shearing phenomena. It was shown that the strain rate effect on fracture mode is crucial in terms of shear quality.

Keywords : Automatic Multi-Stage Cold Forging (TFAH5 W8 7Fh2), Speed Effect (5752 9 %), Shearing (X1 )
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Study on laser drilling of cooling holes in Ni-based superalloy

turbine part

S. -H. Kim, Y. Song
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Keywords : Turbine part, Ni-based alloy, cooling hole, laser drilling

E-mail: shkimeen@gmail.com

A

A

o)
=



!

ol

et 71A stg =2Hof

[

A E12. MM F23 . ghofxk23. o| B2+

A Study on Machine Learning Model for Automating Bellows
Mold Design

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

Abstract

AR St 7]74191 T8 BEES AW 29S WAt 7IAY TS AF A= FEoH, ¥
7}3tol Ujra‘r 5 EE d4EE B4 &7t R MEe= F3 AAlA e At 4 A
2R0] o] # %ol 9»1\‘:]— AA @A E AgAre] AEel o8 AAsteE A97F BTk olE #Asta V&
HolHE 7IRte R oS mde] HAAVE dedith & dAFoAe thde M2e= 388 a7k BtE
A5 74 AAE s A VA T daEEs 0130}04 Mz 9= 58 AA Ass z2as )
W3l Glth 71 CAD EHOZHE AARIAE EF 31%a, A4 JAAZE HE dofAE 5G] &5
HEZ AAste] input HlolEl ¢} output HIOJE S A O}Oﬂﬂr Python% o]gsto] AARIAE dHsES o
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A study on deducing optimal heat-treatment condition
correlated to the generation of intermetallic compounds at joint
interface of a Ti/Al/Ti 3-ply clad sheet

M.H. Kim, K.S. Lee, D.S. Shin, H.J. Bong, J.H. Kim, J.H. Kim

Abstract

The effect of post-roll bonding annealing conditions such as temperature and time on the changes in the diffusion layer
generated at the bonding interface and subsequent mechanical properties of multilayer Ti grade 1/AI1050/Ti grade 1
sheets was systematically investigated. The interfacial microstructure was first confirmed by optical microscopy, SEM
(scanning electron microscopy), and TEM (transmission electron microscopy). In addition, local mechanical properties
such as the diffusion layer between Al and Ti alloys during heat treatment were characterized through nanoindentation
tests. Then, a series of tensile and peel tests were performed to compare the physical properties according to the thickness
of the intermetallic compound layer. As a result, the TiAl phase was generated as a metal compound layer formed at the
Ti-Al interface, and showed a significant increase compared to the raw material of the metal compound layer. In addition,
it was confirmed that there was a small change in tensile strength depending on the heat treatment conditions.

Keywords : intermetallic compound, Ti/Al/Ti clad, Interface microstructure, Bonding strength
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Classification of Al 6061 Surface Defects using CNN

S. B. Kim, K. A. Lee

Abstract

H AzPel Smart Factory3tE Machine Visions £3+ =2 Al EAHo=R oYX
T-ol & Machine Visione] 34 21251 CNN(VGGNet, ResNet, DenseNet)S 2 -83}o]
Aol s Bl - staxt 3 53], Al-Mg-SiAl e o R % ol AdA 2oy
2] ALgEE AI6061 TS o838 2A7y 5 HAskE Back-defect, Blister, Crack 52 23S
Zb stleh WA, dHole AES F5%& 93] Aol A= Al 6061 dEAE TR eH, A4
TR 99 AES S F 2,024709 <) A] dHolE] AEE w3l dolH & st dlolHy 1,417
w7t dolE 607 /2 T2 ER3oH, dHolHe a4y 9 22 £ dolE AES HE 9
o8 24 71MS AFEETh. shrol AFEE Network 7% VGGNet-16, VGGNet-19, ResNet-50,
DenseNet-121% 7} dlo]EE o] &3] 2z dugZe A%S vusigoh. 2+ dugZHe 25 43
DenseNet-1210] 99.13 %<] 714 =& HAILE H YoM, 98.72 %2 ResNet-50, 98.29 %2 VGGNet-19,
98.23 %°] VGGNet-16 <02 =& AI L= HYTh A7 232 EYiE CNN 7|4k &)= Machine
Vision A48 754 4 ZF Network 27} 7 Aol vXe J& dis] ms)rdc)
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Keywords : Convolution Neural Network, Al 6061, Surface Defect, Deep Learning, Machine Vision
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Prediction of Extruder Stem Life Using Structural Strength
Analysis and Fatigue Analysis

D.Y.Kim, J. W. Kim, S. Y. Lee, M. S. Jeong, J. I. Lee, D. C. Ko, J. S. Jang

Abstract

H A wdE R a1 askgstol A 7 AF-EE] AMEE e A7 HidEit) ofof wep &
EAEES AEHHQ] wEsFoR Q) yRtdoe] WA, wAg gy ol2= AL
DAt FE5AEE JEAES} A2ee 4 9 FeeHoRe] o Uiy gith
W k=719 el 975 e AABIlle)E FH €S F Aul(Stem)oZ Uojfo] i
e Folal HdolE 8w &A4EorY ¥AoH, AAe Histy e 4o AlEs d=
stal ok @ SkEoll = A U=, HdE, AFddE o] o ANdES 249 5w
ol ~®1o] LWy e A9-o hEolvh A ES AAlY FEidke] ¥ W
g eko 2 bEEm SHebE ojdtal: b A4S 4= A FAE AL &
Aol HS ALste] EH = WHolth Al RS tide] 5SS 1dste $9-
FEE-NYHL AP E-TH(e -N)EH T A3 IS AdestA "o 8- Wy 4
T Zagh ARdGe sy FJrEt 7hEE N=10° Cycles ©]/de] 7| AFFoly F+x25E &
4 (Long life) @t dGXIFatso] U= Al & AL&dtt WP E-+1 Y-S o5 (Short
life) AF719F AdWEP o] ey = AAl] A&Hr} @ o] H Ao A= A Aol A A&
T2 =71 AA RES dAAste] FRAEA 2 SY-mH e g R2aAS AAlskelal
stgo] Wh= F3EQl ~Hle] YR oSS FRst

+Z71), Structural Analysis(7-323114]), Fatigue Analysis(Z] = 3l 4)

°
e
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Effect of Solidification Rate and T6 Heat-treatment on the
Microstructure and Mechanical Properties of Al-10Si-Mg alloy

T. H. Kang!, K. J. Euh?, Y. H. Jho?, S. W. Lee?, K. A. Lee!#

Abstract
H Apsake] Azt weh A FEo] i #Ale] diFHI glon, dFuE &g g 8
7} S7kskar Qlvh AlxE = o}—"r@ 3ol el wme i £ xfelrt L}EPL}Ui heterogeneous

microstructure”} BHAYSEIL 7] A A EAJo] WstE = 9t} Silafont36 FH (A365 alloy)> Al-SiAl #well Sr,
Ti7b wAS A 2N "7k daow, - WA 7Ad 5A4S vYehlls tixAR] 48 dFrlE
2ot ¥ Ao A= steel 4-step moldE o] &3le] S HEE T2 A3t silafont-36 FES T2
8}l (silafont36-F) PIA|Z=2] 3 7] A2 S0 w]X]= T AAE] (490°C 3A1ZF 43} + 190°C 0.5h, 1h, 2h
ANTAE)o ol il Z’\Pé}oﬂﬂr &l 4o wE Silafont36-F AAe] 7] wA|zA o] o] X} |4
A (secondary arm spacing, SDAS) =7 A3}, 2.26K/s: 88.14um, 6.9K/s: 60.25 um, 16K/s: 29.84 um, 50K/s: 14.69
umz 53l &7 F7Rgl wel o A e S 2248 YERTE Xoay diffraction(XRD)E ©] &3 A
B A3, a-Al 2 Si 283 MgSi 3FE°] §a1 £ FHSA FEHoR HEFAUTE Secondary
electron microscopy(SEM)S ]85} 2248 ##s Ay, e 5_7] 2A SN A Helel Fe rich
intermetallico] = Ath. WA 490°Col| A 3A1ZF B¢t &3t A& 7S A9 intermetallic 2] F4
] chemise script type 22 W 3}SF3ATE A2 <1 AlE o] - ASTM ESM Tf&ol e} strain rate: 1073/52]
1ol A FaE AT 1 AT 226K/ 7] LA A S Y.S.: 169.1 MPa, UTS: 263.1 MPa, EL: 6.6% % 54 &
Rom, &i £w7F F7hgrel whel Y.S.:174.2 MPa, UTS: 281.5 MPa (50K/s Z=7)7HA S7hebe B 3Fe HSl
A HEE YEH 226K55 o838kl Te dAE Fdsta I 54 A 23
A E AZEe] Sl whek V.S 239.3 MPa, UTS:= 309.1 MPa® FEQich 914 ¥y & shdw

o] 749 %749l Fe rich intermetallicoll A ko] A|ZtEQlon XS 42303k o] Fof
5}3l Fe rich intermetallic 2 blocky eutectic Sioll A #&o] AH ZHS &9l O]'oﬂr/} A7 ARES
O % silafont-36 ¥ FEAS WE 9 T 7)o diste] st

rﬁi e
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Keywords: Eutectic Al-Si, casting, heat-treatment, microstructure, mechanical properties
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Hot deformation behavior and processing parameters
optimization of SS400 steel by using processing map

J. H. Parky, S. H. Bae?, S. M. Choi?, H. J. Choi?, Y. C. Shin*, K. A. Lee!*

Abstract
SS400 tiE A el FZ-& low carbon steel2 W& 717 2 -3 tyAlS B9 A
338 5 oAy okl WME&EAES 7HH Atk ol gk Abgdel A &str] HAsiA =
gk o3 7F 8FEH, 53] E3F 7HE FAHANAY WY A AEe 4 54S Aojsie d e
{4 7
o, B AT A= temperature range® 700°C, 800TC, 900°C, 1000CE, strain rate™ 0.001s™,
0.01s7h, 0.1s7h, 1s'2 AAFATC}. Processing mapoll A B Eo] 0.2¢ w instability area’} 7}F% Y
A SAE e o= powder dissipationo] Atz o vre 700T, 1s! 27S 4o AT
HhE 700C, 0.001s™ 27 ME =2 powder dissipationS 7} g GEo] MY Eo] wel dASA
Aol HZH el A7F 7}F processing parameter® ZAAEAT. WE Ao nAzxzr #nF A,
Dynamic recrystallization 99 ¢] fraction 700C, 0.001s™ ZZolA 59.7%, 700T, 1s' M=
20.20% FAE ATt ol s BH AFE 7|9FOZ process parametero] WE power dissipationd] th¥
T8 Mz o g HAH A 21S A k. e AA ES S A" SS400
Aol My JAof gk AlEHCA ARE T3 34 EF fra 9EE 2xXE gl

Keywords : SS400 steel, Hot deformation behavior, Flow stress, Processing map
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Evaluation of machinability of graphite free-cutting steel
according to cutting conditions and tool angle
of cam-type automatic lathe

G.T. Kim, Y. H. Roh, Y. S. Lee

Abstract
The machinability of graphite free-cutting steel developed to replace lead (Pb) free-cutting steel, which is harmful to
the environment and human body, was evaluated. The machinability was evaluated using a cam-type automatic lathe for
chip breakability of POSGRAM (graphite free-cutting steel that POSCO recently successfully mass produced). At this
time, an experiment was performed using a CD-Bar specimen having a diameter of 10.5mm and a length of 2m. In
addition, chip breakability according to cutting conditions (cutting speed, feed rate) and tool angle change was analyzed.

Keywords : Machinability; Graphite; Cutting speed; Free cutting steel; Chip breakability; Feed rate; Tool angle
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Evaluation of High Temperature Formability of Ti-Mo-Fe
Metastable Beta Alloy

J.G. Lee, HM. Kim, D-G. Lee

Abstract
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Combined Dynamic Explicit-Static Implicit Algorithm for
the Analysis of Metal Forming Processes

S. Y. Joun, W. J. Chung

Abstract

Over the decades, both dynamic-explicit method and static-implicit method have been widely applied in the finite element
analysis of general metal forming processes to one’s need. The static-implicit method has the advantage that it can analyze
the metal forming problems accurately, but it is not suited to deal with heavily nonlinear problems involving contact. The
dynamic-explicit method has emerged as an alternative way to solve these convergence problems efficiently. However, this
method shows low solution accuracy compared to the static-implicit method.

In this paper, a combined dynamic explicit-static implicit algorithm for the complex metal forming problems with
nonlinearities involving contact is discussed. The algorithm begins with the dynamic-explicit method to compute
displacement increment and contact status which will be transferred to the static-implicit scheme as an initial guess. Using
the initial guess, the solution will be calculated accurately by the static-implicit method at each step of the analysis.
Computations were carried out for 2D metal forming process by the dynamic-explicit, static-implicit, and combined
explicit-implicit methods to evaluate the efficiency of the combined algorithm. The comparison highlights the algorithm
proposed can not only overcome convergence difficulties caused by complex nonlinearities but also ensure high
computational accuracy of the analysis solution.

Key Words : metal forming (22%3 7}-&), finite element analysis (+3F-2.4234), explicit (291 4]), implicit (W $14),
nonlinearity (9] X1 3)
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Development of Project Management System for Press Die
Development

J. K. Park, S. H. Kim, S. B. Heo

Abstract

Ao Ao BRARE Ha, mRibvle]e] 219 F19(COVID-19) S Gl wt AUy, &
91 % Hol SHa gom, 43k Ay Aol WA Az, AL Ao nEE 9 AnjEgE
2] (smart factory) Atdo] st A X E L At 53] H © o] E(big data), Al(Artificial Intelligence), ™A1 2]
(machine learning) 5¢ dHolE o]& 7|&S BUY HIFHoz TF837] 9s] PMS(Project Management
System), QMS(Quality Management System), PDM(Product Data Management), PLM(Product Lifecycle Management)
A 2=g Fo] HolE o] st W =S Yol 9l

£ 7&ed A= VBA(Visual Basic for Application)& &-83}¢], AM8-2} vlA~H g AEE F3 s e o

l

B-EE9 ths] APQP(Advanced Product Quality Planning) X Z A2~ W& 258 T A HF5 2 J
g sfvtel HA Q3 ¥4 FMEA(Failure Modes and Effects Analysis), &&] A& A, AZTAHE, 2FFEF, Tryout
HiA F9 oy AdEES 4 A5 AT F JEF e 754, 59 7H‘ﬂeL AAE d L =
Y 2], AE WA o]y T A d8S fA BT F JAEF SGlth of&y ol g tpkst 77t
o AEE TdE NEES 41 A PLM A 2Hle] JEEsan 4 F YRS Z2HE 7

Key Words : PMS(Project Management System), PLM(Project Lifecycle Management), Die Development Process,
APQP(Advanced Product Quality Planning), VBA(Visual Basic for Application)
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Evaluation of Die lifetime in Cold Forging system
by In-situ Load Sensing
H.Y. Jeong, S. M. Kang, K. H. Lee, J. Y. Kim, W. R. Noh
Abstract
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Evaluation of friction and wear characteristics of tool steels in
superplastic forming of Ti6Al4V sheet

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

Abstract

Ti 52 WA a3t 7&E91 7NAA BAoE Bt A% aAlol7] wiiel FH
= 7] BE A AEs 2 AAS 2] SR I Ti Fe #A A&o] FUkstal vk 19
U Ti e S Ak, 9% B-AS 28 HCP xR A% B A2 3P4 (formability) . & 215
850~930C &%°] ZAA A (superplastic forming) & & 7] ¥-Fo] AxE L ik o9} e Adshel A
i A FEE S WE S Abge] FgHolw 244 AW B Alx Ve dRE A%
w38 2o vE 548 7x d77F Zasi

2 AFollA = TieAl4V TAe] 24244 AE 58 AAE 8 B9 A ¥ (pin-on-disk test)S &3t
W4 shg3+7(Inconel, RA330, SUS321, SKD61)2] wiz 2 nim EA& Hrlseich. E&A4d740 Ar &
4719 900 C ol A s el 5 kgfe] FAatzo] Fahun, 38t Ti6A4V tl==9ke] 3o
A mbR 7y AT Y bt AAPE ARA v vaEs S8 vrted 545 vasigle
o, W3} v v e vk §3 8 AAYSS st B 244 2k Wd FEe T &

A whE A% W 548 S8tk
Keywords : Superplastic forming, Ti alloy sheet, Tool wear, Pin-on-disk test
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Effect of grain size of Al-Mg-Si alloy on formation of protective
layer via plasma electrolysis

D. l.Han, Y. G. Ko

Abstract

This study investigated how to control surface plasma discharge during plasma electrolytic oxidation (PEO) in an
alkaline-silicate electrolyte by taking the crystalline size of the metal substrate into account. For this purpose, PEO
treatments under an alternating current condition at a current density of 100 mA/cm? were performed on Al samples with
two different crystalline sizes of ~1 (fine-grain, FG) and ~50 um (coarse-grain, CG), respectively. It was found that
plasma discharges appeared earlier at lower voltage in the case of CG sample than that of FG. Microstructural
observations exhibited that plasma discharges formed on the surface of FG sample was likely to be more homogenous
and finer than those on CG sample due to the distinctive occurrences of the initial passive films providing numerous sites
where plasma discharge initiated. Accordingly, the oxide layer in FG sample would tend to be less porous and thicker
than that in CG counterpart, which was confirmed qualitatively by potentiodynamic polarization tests in 3.5 wt.% NaCl
solution. The nucleation and growth mechanisms of the oxide layer were elucidated in relation to characteristics of initial
passive film and transport behavior of electrons across the crystalline boundaries in the metal substrate during PEO.

Keywords : Al-Mg-Si Alloy, Plasma Electrolytic Oxidation, Grain refinement, Nucleation
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Finite Element Analysis of Rotational Torque of ITR depending
on Cold Forging Process Conditions

D. W. Han, Y. H. Jung, U. Heo, H. K. Kim, K. B. Jang, S. Kim, C. B. Mo

Abstract

ITR(Inner Tie Rod)= Elo] 2= = @ WUF 53 AdAEo] 3 %3k A BogRE 35S & A
4, B AE, ZERE FHT, B AE o 18 sE EEste 2E
= AT vx FPoR AR oju, ZH 2~ A el ITRY
P EAV AAEY, o] EA] Ao wet 2t @ FAST IS = 7 Aok
AT e ITRY W7F =~ dx 34 Agd & d¥ 3 2 3d E3E 2
24 2y} vwgo 2 ITRY 4% A EAE A5 FF Eol2r HAAE 9
%

tlo

m o

ol

ol
Ir

ol

A E27b F7bshe 4@ dehlaich

Keywords : ITR(Inner Tie Rod), Cold Forging, Rotation Torque, Finite Element Analysis
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A Study on Cold Forming of High Strength Lower Plate for
Autonomous Vehicle Compact Electric Rotating Seat

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

Abstract

Seats for autonomous vehicle must be able to rotate in order to utilize interior space. In particular, seat module is
becoming more compact to secure foot space of passengers. Because it is necessary to ensure the safety of passengers
while being compact, the ratationg module require complex shapes and high strength characteristics to improve rigidity.
In this study, the lower plate of the compact rotating module, which has a shape that is difficult to form, is to be formed
by applying the multi-stage press forming method. In case of a automobile part having a complex shape, it is difficult to
manufacture in one forming using cold forming method, so the part can be manufactured through a multi-stgae foming
method. In this study, suitabel forming method and die design were made, and possibility of manufacturing was reviewed
through forming simulation.

Keywords : Autonomous Vehicle, Compact Rotating Seat, Lower Plate, Cold Forming, High Strength Steel
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A Study on the Improvement of Formability of Aluminum
Alloys

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

Abstract
vl AR, 71 ®gt Foll wE AEake] A @ ol g AvnjgdT Sule] 84 Al FA A
st 3 Stk v= T f Y 5 T8 AFA AXAES AVAEA AL 2 g5sE AR, S

A}
A A AL AAl A7AEA R FaAEAE A Yl A lov, miEE F IEAEA HEFEEE
AL TFoEA WAr|dAtd vl FEFS SIS 8o ® 2EH A vk AEake] Hel/”t
of gk 8 VIR FEFo] FTUFE A dornRE FEQMA A diE
Ho] "olA 7] wjZel] wg ApFa Aol A Ape] st ¥
F-ZEE] L Qlal A 07 A ofok gt
AT o R Au|E JfAEY] flek theke WU T AR Al o
M AR 7F Ao g won, thekel A3t a4 5 2 <
gatait), Aol A8¥ e AEs 2AE 23AEAR, EFE, vdls, 929h 5 AF
st7b Har 9o, i AF kel AHAl BIwel A &= Al 48 ¢S AHEH uFEZ
ngg ol A8 HlFol Frh 53, #¢ AsAt AzAAE & &F R v (all aluminum body,
FrkEol] Aoz A A A ZAF AA ARVIeS FrEIoH, JudAE I1Eet
A AAE FRE 8 2" wola A FEeA guelA] REta JAJAAT H EVE A A %
A EHF Mol ARAHAAN 1H5E At EFvuE AAFES A &3k o] T AI(Al-Steel) A}A|
B 483 71 el WaEaL 9tk d7] AbEAte] AHAE dEREoE diAste] FEo] FAshd )
EME H 2 BAFFE Alo]l2E Y = Q7] "ol vl gE 233 WA ZAEV Eoltve a7
7b Qem, A7IRY] FAS 20 =W &5 AZE 20% solvbz, 9 Udr|dxE dFnE HES
10% %Ol?i Anl= 5~7% M= &7 Avk ey, SR vES EHEZ* BERADANE HEgo]
of A7t S Wol AN HPS 2% AAlY EA doly FFsta, A¥F vl o A7 58
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Keywords : Aluminum, Servo-press, Slid Motion, Fomability
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A Surface Coating of the Chemical Reaction for the 740H
Inconel alloy Cold Drawing with a Pre-treatment

J. Namkung, H. S. Kang, K. H. Yim, H. W. Jeong

e

ga 2AY WAJATFAGOA= ALFTY 7HFAA EHY wEE ZAAFL FF9)
A2AE B33 9%t ogd A AAE AdHHS f‘fé*é%}oq 833 gt dEFgez
dutZe] A4 AT ee FAIY 2HAYEFANE FAFGH RS A FE3.
ol AHAE FAHYL FFHOZE FF9 FedrE 01% ﬁ}ﬂ S ehS PAEe QA
FE B2 A9 AdHez g85Ho g a2EA0] 43 Ad=d 740H FFL X
EEFLE A8 SHLEZEFAC Je d: By FH H JFEFAE T2EFHa4
e BHoz {I/FX/GXR/IANFAR 2 JAJALF A 93] FAEFHE AxsETE
Mg A7 FPHa Qg JFd 740HEF S Ni-Cr-Co¥moz dutd 2 xHAdgdx%
A= 24 AL AAF e FoFPPREoE FEF o] Feiol %it— EA4o] 3
on AFute] FAo| i ATZI HuE vkt wElA, B AFAE 740HEF
FHo) AAE A ke A3 vuke] EAd didte zALET

Keywords : 740H &5, Ni-Cr-Co 5, dAAlg], 3 uu, g7
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A study on the forminag analysis of carbon composite materials of
Center Pillar Outer parts

H. C. Cho, J. S. Seok, Y. B. Song, M. H. Kang

Abstract
A%2}-g& Center Pillar %2 Inner & Rein Force, Outer F-%°0 8 %*§
oz 7]E AMEEY Steel 2¥I AM|RE EVlaA SAETAA
Compression Mold) A g &A1& Wyt d7taA S840 4IPS F8) Shear angle W3S o
2319l o1, Shear angle Aol we} X~ A3 A PADE AXA st AA A $o] WstE #Es3.
Keywords : &7}44 ©423F 24, Center Pillar Outer, PCM 4] & &) 4]

B 9k gaEgaA B4 AY

PCM @340l 94 3 7olA ALSE HAFY] 12K Br4% HiHIH4APAesA )l dal =
AR AT BN P A E (Picture Frame Test), B A%, WESS WAk o, 844l
el vlolE = ohes 2,

Table 1. sl 4lo J&H3t =4 vlo]g]

g5 Value
E-Modulus 42.9GPa
Density 1298 kg/m'
Shear Strain-Shear Stress Fig 1HE
Bending Stiffness 0.03GPa

Figl. Hohrgl o=

B PCM(Press Compression Mold) A 8314 A3}

Fig2¥} o] AgaAS Hasiglon, 1 A7Fig 3)ol4 Shearangle= Max 45.9°, Min -43.3°% E}RLT]
Fig4x ¥ Shearangleo] Ala}A HAst= F-i-5 A8 o™, Fig53 ZolShearangle = =°]7] 913 =
o] PADES Ax|slo] AEs|HS W8ttt AP A= Fig6= Shearangleo] Max 41.0°, Min -37.8° =
Z )tk PADE M X gto] uwlz} ShearangleS AAZH oz U 5 AAAR 2A7F 2A FAHE §
oM+ ¥ Shearangleo] WEbstth 2A7F Al A ¥ = 9] Shearangles £°]7] #1841 Outer -
of tial A o] Zod Aow ddHH

SR )

Fig2. PCM/d & 3l A Figs. ¥4 A%} Figd. Shear angle <= Fig5. PAD 13| Fige. 3 @14 2}
m =7
B dATE T27I971E /A AAE (A1 Collabo R&D, A1 5:52895748) A o2 =3 ¥ AFH ot
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A Study on Corrosion and Sintering Process Conditions of
Stainless Powder Metallurgy Products
*Y. J. Choi, S. K. Leg, S. K. Hwang, I. K. Lee, S. Y. Lee, A. R. Jo, #M. S. Jeong

Abstract
TEokHo g2 AxYe 2uld 2 AFe] B ANFAHOR Az 2dEs AFHEHD Al ¥
A8l w2 dido]l Yy k. B AFe old tig UdS #Asta, o]y d FA WAAIE =
A, TAREE U9E ¢ Qe WHES Fax Fqn. EEols 3HoRE AAEE AES ' AdEA
02 AxFHE AFRY BRI @A Az, ol EEorme EAoly. wEkA EEorms A AE
d& WY yYFde o] TS, oldst IS FAo] WAl dd F U] 5AIFAS T
&3} A7l dAdolt. oy AR o R ] FHolm FHOE AAEE Aol 7E ALkEA Y
AFro w24 o] whdeta Jdsodtt. EEoks 3R ALtE AF FAEA AVIE =
FAY, HA HEE UdEFE Yo RE AES 1dE 8t I BAS HUg £ FAEe]
QA FEE st S Adsg. Bdokd AFe nLdlE AAuw, 4EFAY, 2F 4%
A o2 444 B AFN= 22T 0 T A2 259 42ZF EVE WA 7]E e
o adxstE A" AFS Axsta, "HAE ZF 276 we), o2 7|vdl s As E83 UEE
H A shgich, Egh 7 28R Alxd "L Bgols ARs AT AES &35ty V&

o2 AzxH AFIH F2 WA 7E ¥4 sl

Keywords : Stainless steel, Sintering, Powder Metallurgy, Corrosion
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Mechanical property evaluation through heat treatment of
maraging steel processed by PBF

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

Abstract
Heo] S e oA ZAA SAo] Hojutal dAexded mE v A dARE
3 vy 9 F FFE FFEOR AMEEHI U o)Hd AR wy o ARES &8 gL ATt
AP dom gt T4 T FAATEF 22 ASAETEY HEo] tFHa vt 2 AT
A1 Powder bed fusion (PBF) 37do] A& w#old7e A 70 wE AFFAE 2 vAz4s
WAL e R a2 VAA EAXE Rlastaix} ghvh B35k PBFE PO R AEE wHo]l gt

o F¥ A% BAE 98] Al =REGFANE Agste] YAFIU AISI D2F e Aol
Aahig P o 499 QT8 B A49) FAedon 45 adn I g3 A

Ll
2

4
ody 9AY 2P0 ARS ANH QPN G FEAGE Bl 71 GAe 24 we 2
S5 T EBSD $AE Bl SefAolE Gl He A% 2 4% wsks EAsc Hel
oo we BANE stefals] sl BAANLBAA DY Clesbled FEIAAT Lol wE v
olg7ke] AR E4S shebe & AATH AISI D2ER3e] v g s PEFEHOR Helol g7 @
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Reseach on control of grain refinement and anisotropy using
severe plastic deformation of NdFeB alloy powder fabricated by
gas atomization process

S. M. Park, J. Y. Cho, D. K. Kim, J. Hussain, M. S. Song, T. S. Kim

"# These authors made equal contributions as first author and corresponding author

Abstract

NdFeB magnets have been regarded as the critical material for advanced technologies based on the superior magnetic
properties. The plastic deformation is rising as alternative for effectively improving refinement of microstructure.
However, slip systems in the NdFeB magnets are less to apply plastic deformation in room temperature. Therefore,
severe plastic deformation process was tried to observe possibility for controlling grain refinement and magnetic
anisotropy of NdFeB magnets. Gas-atomized NdFeB alloy powder was pre-compacted at high temperature and deformed
by HPT (high pressure torsion). Microstructural studies and magnetic properties were observed using FE-SEM and B-H
tracer. Finally, it is found that the grain refinement was achieved by increasing portion of melted Nd-rich and formation
of anisotropy of Nd,Fe;,B was accomplished after HPT process.

Keywords : Rare Earth permanent magnet, Severe Plastic Deformation, Gas Atomization, Grain Refinement,
Magnetic Anisotropy
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Fast mold heating structure for injection molding using thin-
film surface heating elements

H.-1. Kim, J.-H. Lee, Y.-I. Hwang, Y.-S. Kim, H.-S. Kim, J.-K. Nam

Abstract

In plastic injection molding, maintaining the mold temperature through heating is important as it determines the quality of
molded products and their defect rate. Conventionally, there are two methods to heat the mold: using a heater or high-
temperature steam. However, these two methods cannot be employed to heat the entire mold due to high energy
consumption and prolonged manufacturing process.

Here, we propose a new heating mold structure where a multilayer ceramic composite film is applied to a general
injection mold that can be heated fast with current conduction. The multilayer ceramic composite film consists of (1)
ceramic protective layers such as Al2O3 and ZrO; for thermal/electrical insulation during electric heating on the carbon-
steel-based mold, (2) metal/metal oxide complex-based heat radiation layer for electric heating, and (3) a circuit
protecting layer. The heating characteristics of the manufactured fast heating mold structure were investigated, and it was
confirmed that heating the surface to 200 °C or even higher temperature was achieved within a few seconds, the deviation
of the heating temperature within the surface of the mold was less than 5 %, and the surface characteristics of the molded
article were improved.
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Keywords : Thin film surface Heaters, Injection molding, Fast mold heating, Ceramic heating materials
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Experimental Study on Sheet Pultrusion Process for Side Sill
Member of Automotive Body

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

Abstract

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

Keywords : Sheet Pultrusion, UHSS, Side Sill Member
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Evaluation on hotworkability of adamite cast rolisfor hot rolling using instability map

Jun Ko, Cheolwoo Kim, HyoSang Yoo, Jongcheol Won, Jong Kook Lee, Jaeyeol Jeon

Abstract
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Derivation of cladding conditions of bimetallic materials for
magnetic switch according to the cold rolling process and its
properties

W. B. Jo, H. S. Yoo, D. G. Kim, H. C. Choi J. Y. Jeon

Abstract
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Design of hot forging process to optimize properties and
microstructure prediction of hard-to-form Inconel 718 alloy

Inconel 718
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for aircraft engines
H. G. Kim, S. W. Jo, E. Y. Yoon
Abstract

Development of multi-step forging process technology of super
alloy Inconel718 to improve the properties of large forged parts
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