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The Korean Society for Technology of Plasticity and materials processing
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Distortion Minimization of Roller Offset Formed Aluminum
Sheet through Finite Element Model Simulation

Donghoon Han! - Lu Huang 2 - Thomas B. Stoughton ®
-Hyunsung Choi* - Jeong Whan Yoon*

Abstract

Flexible manufacturing is a key driving force for low-volume manufacturing and enables the formation of
diverse designs of metal sheet-based products. A new process development is focused on automatically
replacing several types of machine tools, enabling a high level of flexible manufacturing. Especially, flexible
forming is currently attracting attention as a key technology for low-volume batch production of automobiles.
Roller offset forming is a manufacturing process that incrementally deforms aluminum sheet offset through
two rollers. However, this offset process results in distortion of the aluminum sheet and the shape of the
unintended product. This paper displayed the distortion with a distortion degree function and investigated the
reasons for the distortion. The paper provides methods for optimizing the process parameters through finite
element modeling and analysis.

Keywords: Roller offset forming, Process optimization, Sheet metal, Anisotropy, Distortion, Finite element
method

1. @=aetrisd 71 A3, dAba

2. General Motors Global R&D, Staff Researcher

3. Deakin University, Adjunct Professor

4. FoARATY, AdA+d

# = Ast7led 71 AE eI, W, E-mail: j.yoon@kaist.ac.kr



LAY BALG, YUY, YA, BT, YRS, 2004

Investigation of Factors in the Hot Stamping Process for the
Implementation of High-Strength Vehicle Body

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

Abstract

In recent times, there has been a surge in the utilization of high-strength steels with strengths
surpassing 1.0 GPa. This is largely driven by the aim to make vehicle bodies lighter and to adhere to rigorous
fuel efficiency standards. At the same time, it is essential to ensure the reliability of these high-strength
components to meet evolving crashworthiness criteria. This not only facilitates vehicle body weight reduction
but also safeguards passengers during impacts. While there is a growing inclination to incorporate advanced
high-strength steel sheets into vehicle bodies, their widespread use is limited due to challenges related to
forming constraints and part dimensional precision. Hot stamping technology emerges as an effective
countermeasure to these limitations, primarily because it allows materials to be heated to optimal
temperatures for formability, followed by achieving strengths over 1.5 GPa by using in-die quenching.
Consequently, determining the right hot stamping process parameters are pivotal to harness its full potential
for automotive parts, especially since material behavior can shift based on process variations. In the study, we
delved into key processing windows pivotal to hot stamping, using machine learning to pinpoint the optimal

performance parameters.

Keywords: Hot stamping, Process Window, High Strength Vehicle, Machine Learning
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Comparison of Free-Bulging Formability of SUS430 Depending
on Wire Installation with Electro-Hydraulic Forming (EHF)

Y. H Jang, J Kim

Abstract

These days, the issue of decreasing the automobile’s weight such as aircraft and vehicles is being
highlighted for increasing the fuel efficiency. It should be also satisfied the enough hardness in selecting
materials likes steel and aluminum alloy for the vehicles. Electro-Hydraulic Forming (EHF) is the high-speed
forming process which deforms the blank using electric discharging in driving-liquid and occurs strain-rate
effect, reinforcing the strength of materials, can solve the weakness of previous lower-speed forming process
such as low formability and spring back effect. The forming force of EHF occurs at the center of the wire
between electrodes connected to capacitor. When the capacitor is discharged, the wire exposed to current
explodes in short time(1ms) and the shockwave occurs in the driving-liquid, forming the blank, from ionized
plasma of melted wire. Although EHF has many advantages in forming blanks, It has the time inefficient at
changing wire inside the driving-fluid for each experiment. In this research, wireless electrode is developed
and used to increase time efficiency and comparing the formability depending on wire installation at free-
bulging die. As a result, even though wire-installed experiment shows the better formability, wireless
experiment takes lower time than wire-installed experiment in iterative process. And also, two times of
wireless experiment at the same voltage shows the better formability than wire-installed experiment that can
save the experiment time clearly.

Keywords: High-Speed Forming, Electro-hydraulic Forming, Formability, Free-Forming, Wireless,
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Investigation on the Wear Behavior with Respect to the Thermal
History and Load Conditions in Hot Stamping

M. K. Ji,H. S. Son, T. S. Jun

Abstract
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Analysis of Deformation Behavior
Based on Heat Transfer in the Hot Stamping Process

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

Abstract

Enhancing collision performance and achieving lightweight effects through high-strength vehicle bodies
have increasingly spotlighted the development of parts that incorporate hot stamping technology. Specifically,

by heating at temperatures above 900 °C and quenching immediately after forming, mechanical strengths of

over 1.5 GPa are secured. In the process of developing vehicle body parts that reflect these ultra-high-

strength characteristics, computational analysis technology is utilized to predict the part's formation in

advance, saving both development time and costs. This pre-analysis then informs the modification of shape
and conditions based on the results. To predict the hot stamping formability more accurately, it's paramount
to explicitly understand the mechanical properties altered by heating. Especially, the temperature drop
phenomenon of the 22MnB5 sheet during the transfer, which occurs just before it contacts the hot stamping
die, needs to be identically implemented in the analysis conditions. In this study, to precisely predict the hot
stamping formability, the Autoform software program was used to simulate temperature changes due to heat

transfer. Through this method, the changes in formability characteristics were aimed to be emulated.

Keywords: Hot stamping, High Strength Vehicle, Heat Transfer, Thermal mechanical
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Application of Crystal Plasticity to DP980 Sheet and Stress
Relaxation Analysis

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

Abstract
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Keywords: DP980, Strain path dependence (8 7 = 2]¥4]), Elasto-visco-plastic polycrystal model (gt
HAaA 24 29, non-linear elastic (F] 418 ©H4), Bauschinger effect(HH-$-4 7 &3}),

stress relaxation (52 =¥)
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Study on Hole Expansion Ratio of Advanced High-strength Steel
Considering the Effect of Punching Damage

S.-H. Lee!, W. Cho?, B.-S. Jeong?, D.-B. Chung?, J. Lee?, S.-I. Kim? and H. N. Han%*

Abstract

Z=37F%7¢ (Advanced high-strength steel, AHSS)S =&
AE A ARl A 2= Aotk 12yt AHSS = Fotdt A F AdY re

YO = A3l AF A FEo] WHEA ARgol Alcko] drt. o]d wEt AAHF AP S
A717] 98 B A5l FAEHA L o] Eﬂa ojgfje} o5 o i
BoAFo =, AXF AP X E F 3 FHEAH] (Hole expansion ratio,
MAstar o] & oS53at7] 9k A= HH tﬂs}oq okl HER o SA S #18 1
FR o du X7} 71X A %= Wd 71E (Electrical discahrge machining, EDM
FH ol "Hw A7} bl A= B F bR W o R S AZskeith. EDM & EE Y
A Zs A]H 9] HER & HERy = WHslglon, o]l AFAALS E3)] uniform elongation (UE
)7 post elongation (PE)¢F & U5 <1 Ade] AP gdrH=E o5 7ledot. ehEs
T8 7S AFe Al HER 2 HER, = WwWskolen, HER, & 5*40}71 o=
EP 3 = 9 FEb vhe| A= B du AR Qe dF A P
duAjel] gigk 7441 w7t By ol B Ao A ALEH

T gy HAo] T3t UE 9 PE 7} A4S

e B 24 T kel A= b dm A mEdl Oi|
vj =& HER, & HESit}. olest A3=5FH HER, & 45
F4 hdel w9 F83S g, FrHH o=, E
sk ol 9= wetnHE grety] fd B 3T fARSEAIRE o 7h
gatint. ol& vtFoE A5 A AFH A APeE F FFH FHIH

i)
oy
oE

r{g
E
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'ﬂ
T

f
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Keywords: advanced high-strength steel; hole expansion ratio; punching; electric discharge machining; shear
loading
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Investigation on the Cryogenic Forming in Aluminum Alloys
Stamping Process

M. K. Ji, Y. J. Noh, Y. R. Kim, Y. C. Choi, Y. B. Kim, S. S. Lim, T. S. Jun

Abstract

2 -150T o]ty =2 & udth. A2 A= T2 -196TY o
nom Ht AFoA = FACA ZIAA 54, utE A3} 54 Fol
A Aot GFE FES AE AAE e Aol ARSI 9l
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Dynamic Recrystallization Behaviors and Microstructure
Changes of 1.6 wt% C High Carbon Steel Used as Hot Rolling
Work Rolls

Y.J.Anand J. Y. Jeon

1O
AEF g B4 mE 92 2o £9 Fvih 47T 9
ek, sy Bl A1AH 54 Adse Aot 3

fr KU Jm

8 AAH T ek e, Tekage AdEelEe] g3 AYow Qs Ak A% BE HE
o AleFo] Gtk mebd, ¥ ATE A7 GAS 91T B AEEE B U 16 win LEA
el B4 AR A% D nARE 24 B % Af vE 20 £5S 2H0 d

A 4E AE2 27 VM 2RV A= D}E 1200 °C$} 1100 °C 5+ ZZ1ol|A skl e,
5 AlY 21 1100 °C, 1000 °C, 900 °C % 800 °C, ¥ ¥ E &%=+ 1.0/, 0.1/s, 0.01/s 2 0.001/s
A WAE 50wz AAHAL. e dE A9L FE HF S9WgE FAL wow
Instability parameter (6)$} Power dissipation parameter (n)a Axtstel %7] 7Fd 2o wE
Processing map & #4333tk 7] 7k 2% 1200 °C2] A5, WEE Sko #ARle] 4F A
g &I 1100 °C, 800 °C ZZ1olA] & & 9o k& YR, 1000 °C, 900 °C 2N &= %]
e HErda vk 27] 7R 2% 1100 °CY A, MEE £X 0.01s oS o4 MY 2
1100 °C, 800 °C 7oA & = F-o] & UERHH, 1000 °C, 900 °C Z7A &= o] 8
cehia 9ok g7k o] ghe vhehd 221e) 9k AW v Sl9R naxy B4 A9, 2]
7t 2o wAgle]l ¢F AIF 2= 1100 °C°ﬂ/‘1” S &g BEHL 4F AY 2=
800 °Coll A= o] #&AHAT e}, 7] 7 &% 1200 °C ¥l 27| 7FE 2% 1100 °C
2Aq BRE FY 843 wde] ARE 9HAT. W, ¢ 7F o] Ze YE 249
HF Al G oy UWZZ‘ A Ay, 7] 7k 2% 1200 °C, 1100 °C 7 =7 25 =
8 wde dEEA st ¢4 AEA e EBSD S Tl £4een, s4 A
A4 TEXorx) GOS <29 F9S Tl FFstedinh. =7 }a &5 1200 °C9] 74 ?}%—
18 271 900 °C - 0.001/s ol Al n kel 0.28 & 7} =31 800 °C - 1.0/s ol A n #kol 0.0451 7}
wom Xprxi= ZF7F 059, 0.25 ot} 27| 7FE 2% 1100 °Ce] A5, 45 A€ =7 1000 °C -
0.001/s Al nm 7} 0.32 2 7} =31 800 °C - 1.0/s oAl n 7} 0.07 i 7 won, Xprx© 47t
0.83,0.52 o|t}, 3k X-A & E4 AIE 74Uk 2 modified Williamson-Hall plot S 4 -8-3}

O
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>

1 @=L AT, st 24438, gishdA
# AT EATY], =AY, E-mail: jyjeon0156@kitech.re.kr
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A9 el A9 Hxe] AEE Uside ARl ¢ EES B3 vuEA S At 27
7FE &% 1200 °C, ¥ E S22V 1.065 91 5 Al 2% 1100 =z
0.011, 0.010 ©]", 900 °C Z=71¢] ¢+ °F 0.007 = n ¢ X

T4 A44 As L vAz=S Processing map 2 Z

Keywords: High carbon steel, Processing map, Microstructure, Recrystallization, Modified Williamson-Hall
plot



Friction in Forging of a Low Strain Hardening Material

M. S. Joun, N. A. Hamid, J. M. Choi

Abstract
It has been known that the material with low strain hardening experiences macroscopic
instability during forging. In the case of the low strain hardening material, friction may become the
dominant factor that characterizes the flow characteristics. Several peculiar tribological phenomena
are introduced to emphasize the friction in forging such materials.

Keywords: Low strain hardening (4 ¥ & 7 3}), Instability (224 4l), Cold forging (W 7Fehx)

QoRzd A WAAHse Are] ANA Wgel v 2 dRe vAT. WG] olate]
o MAEE FESHL STV oA WPL ol Low AnA Ak, o] st
xg ol A5 dRE A9 wEPES AU o}, W Fagol wuwH wxF,
AWEAS Ane An AAGow wge] #A5 J)se] Fugen okt 1 gal, =
A Wy e 92 Wol WA €. o] ATNHE AMIPNE YESHE BTV
Fol VR FHAzHA AN Bokel ANFPS AT WY 54 Hvlugd
Fig. 1& AMIEF502 Aste] SA3s APdast FRAoz May 2 o g w
SN

Fig. 1 Discrepancy between predictions and experiments owing to material’s low strain hardening

1. A=duista 71 A% s s
2. 77t 7| AdgE ek

3. BT 7lEd e

#

WA A 7L A 7] A s
E-mail: msjoun@gnu.ac.kr
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A Study of Failure Mode on the Forming Parameters in Lage
Ring Rolling Process

J. P. Hong, J. W. Song, S. W. Kim, J. H. Kang

Abstract

Ho

dr

Axial £ 9]

Mo

0

T

T2 parameter Zkeoll uh

Keywords: Ring Rolling, FE simulation, Shape Defect, Rolling Parameter, Deformation Curve
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Microstructure and Mechanical Properties Analysis of Inconel
706 Alloy According to Process Parameters in Rotary Forging

S.W.Jo? -Y.S. Lee! -E.Y.Yoon!-Y.S. Lee! -S.Y. Lee? -Y.Y. Wool*

Abstract

UAZ] 2UE =<2 Inconel 7062 L2oA 53 7AH EAS M= RAE 71AAE Ao A
ket st 7w % F22AS ¥y Y dxs 53 Aol Hasiyg. IJAddr AL AR T
ol 71&zl Z+E JHAAA TA 3, st ARAHJA H¥E Fodle FHOE U|E ER F
A= e 4 ) 8}%—% 3 FEe A4F 1 7bedtthe e 7Y, sAduR A AR e =&
' HEES /HAAR sEE 92 fE5 WEES JMA A, SHE fE BYPE AolE s 7AH BA
o] Woix|A HArt. B Aol A, 5 f& HIEY AolE AAA7I7] A8 TFEGe sk
tx X wE whxFd mMzz 9 J|AH 54 2AE AYsel. 3 Mg T kgl AS-
TAZF A, -9 fa3 WEE AolE FAT = Y= UEE 5099 Aol AMRHE ke FA7F FHu
=2 7ikEt ? A= S5k 6892 AT, dF %o AH9- Inconel 706 FE2o MEAo] §Ao &
Fde 1050TE 7|Fom e 2519 1020T 9 Ho 252 1120TCE 9x2 IPsignt. gdxFo &2
A A= FRasdds B AX H FE HIE FS Ao AR 2 A BEAE 24 9A
= AAIFIY. nAxZ B4 TR s|duel 2243 Kernel Average M1so ienation(KAM)&
2 APt om, 7NAH EA BALE AL oI} 480TC 2 <1, 650C 650MPa Z7olA I =
SA8<= @l val 2AElY. 2 A hehE e 686, dE S 1020T7F 71 %¢?—& 548 B
ol
A

Keywords : Inconel 706, Rotary forging, Pressure load, Forging temperature
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Deformation of an Ejector Pin During Automatic Multistage
Cold Forging of an Automobile Wheel Nut

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

Abstract
Finite element analysis of an automatic multistage cold forging of an automobile wheel nut is
conducted with an emphasis on the elastic deformation of the ejector pin. A multibody scheme is
employed to consider the coupling of the material with ejector pin. Strong correlation of the elastic
deformation of the ejector pin with the die stresses related to the die fracture is revealed.

ASAE 8 HE Abscith dzictz=el Z2, Mzeol Zo|rt #7| w20l MSHel 7|A4
TICh Alof] Zrdeh ol Hifalt dE 2ol stE5E X™Hst= FE Hof EHdHAE2 FEH
1 5de s AHEoR ZFHez 2 3d€ 3¥HE of/|AZch of 2ME tfx SEAA
ZHolM Z=Holx|gh AFAI} it WFE2 AAEY Y2 gHoll o &) 2ot

o{7|M= Ct=A siM7|HS o[855t F&E Ht M= 7k AAES MM HLS siM S
MAGIRen, O 2us HEHe MEet FEHE SEHLE FIste WHo| oS53 2
wt Aol & Moz Wik O Aol i 37| Wizol HluXH Z 5tE52 XHalof st=

FE Heol ZHoM J|= W =24 e HRCh Fig 12 siAZ2nE LtEtACH

Fig. 1 FE predictions of die stresses

E-mail: msjoun@gnu.ac.kr
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Optimizing Al 6056 T6 Heat Treatment Parameters using
Artificial Neural Networks

J. W. Song, S. W. Kim, J. P. Hong, J. H. Kang

Abstract
HAFE AlL6056 o] T6 I gd we % 9 AiE HAstel] gk Aotk &2 <
ToA Te Held AAle Yidx FAHOE ¢ 22 FEE dEF FALAT o|FJHt
olE 38l =& W= WY o] Tk AilEo] BAEooF drh. &Ast =%, &A5
AANZY, A EZE, AlEAE FAAGE BEE g 72709 Te EAe 3ol diste] 1A d
o = 5743131t Deep Neural Networks #2418 53 T6 <]

ALEe WItE SerHE JEFE F4S Fote] FaJAAE vt
22 2= Training Dataoll 4] 2 7|4~ 96.2%, Validation data 95.5%, Test
Uebth Al A3 dlelE ek vlal Error gk 10%°] W o] A3t o=

o3

o
mlm o K NE

>«e

Datacll 4] &= 95.2% 723}
= A}

Keywords: Deep Neural Network(d #1%d), Artificial neural networks(Q1--417 ™), T6 Heat Treatment
(T6 €A 2]), Aluminum Alloy(&Fv] 5 &), Tensile Strengh($1787 =), Elongation($1 21 &)

et 7)AEs dF, AALEA
et A7) Asta wg
A2} jhkang@jwu.ac.kr
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Effect of Process Variables on Dynamic Recrystallization of

Metastable Ti-5Mo-xFe Titanium Alloy

l. K. Jint, J. G. Leel, Y. J. Lee!, D. G. Leel#
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P T To o T I TK T
__mo oo Y _ o
qwoWoszﬁTﬁoEE
o el cu i S

)
%%%ﬂw&ﬂ@@
SR =T W -
g zoutmﬁianﬂuﬂ
<o) = G A
LIE_/EOM_/H_‘.HW._‘I_Iﬂy‘W.‘._
N ﬂlﬂvﬁmﬂxllmmo
Eo&ﬂ‘aﬁ Z‘.ﬂ%lo
KT jp2Hmp=r
-
mxl.ox‘l _oﬂ.o o
lo‘M|»i U_xmuu. m__AM%_
Fo O o Mo B
ZTEMﬂMﬂ%ﬂlxﬁ&l
I U
oF ﬂﬂﬂw}u_o‘.ﬂ 9 —
B BT
() ﬁkﬁﬁ
Qﬁe]l m o— S =
ﬂmﬂv_ﬂnq NN 8%
S MM Ly 57

5
=1

=

T
i

Mﬂo# =3 PR —q .
qﬁeg :_I.]O d__o
P EHEH oD
o BBl gy 2 s
SEY R e
S
W o o B = Fo ) !

A 3 X oo R
ﬂﬂgﬂﬂ ﬂ_oql;u
T —Womag T
o MRS AN g
in BB T B 2 o o
%?%@;&EAQ%
BRI NT WS N gy
ﬂ_Vledao ﬂXﬂmwu\leﬁu
Ep NS R
2o P RWENTE R g
XD = so o X o
Blﬁ_l .Jl_lyA O#E‘l__/|

o T AT AT R
e dmrsndw
?H%E.%@ﬂ T

do AW W E WA K0T

Keywords: Titanium, hot deformation, recrystallization, dynamic material model, constitutive equation,

processing map

, E-mail: leechodg@scnu.ac.kr



M EN

E
=

e

e HEHE| mE TR ALl

E WHelZ

eh=H|H 0] 22| T-shap

ioH

K
oH

Analysis of Retained Austenite Transformation and Mechanical
Properties of Yield Ratio Control Steel with T-shape
Compression Test

-Y. Y. Woot#

-S.Y. Lee?

-E.Y. Yoon!

Y. S. Lee!

J. H. Moon2 -

Abstract
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&1 Al o] 73(Yield ratio control steel)

3
U
o]

ES B
b

3|
o

=

=

& Aol

el

!
4

Gl

pjat

;OH

F A AZA R e 84 7F A AEA C, S, AL S 59

o)
M

—~

o
o

ofp

_,%

T LAHUOlE e wslet

7}

H] A %

%

Y5t FEH| Ao} 7} S 2 T-shape

=

o]
4

Ho

HK

Keywords: Yield ratio control steel, YRCS, TRIP-assisted steel, T-shape compression test, Retained austenite

yywoo@kims.re.kr

<.

EOEE

4,

FRA BT

)
<&

pul

FRAEATL, A7

2. wHekEwstnl, A gt

# A A A}

1.



A 7heets] 20239 FAtEWE 25

MEoIA cfDNARI CTC SA|IEE| 7Ist
UH YL E AHEZE HAY|= i

M. oA BATHOINE

ol

Development of Injection Molds for a Liquid Biopsy to obtain
cfDNA and CTC from Whole Blood

C.J.Hwang, J.-W.Lee, S.-K.Hong, S.-H. Lee

Abstract
1t A A kel HojHAol 1oo)x TANANE S FHde F5T oF
AE7F ool £=3stal gl &elA il o]E CTC (28 &% Al2E; Circulating Tumor Cell)
ojgtal FH el CTC ol9ol dN Y2 wjE¥ AFEs AXe] DNA, 5 A2 DNA(cell

free DNA, cf DNA) ol A el Al 7] €3 DNAS A5k 7|Heo] B Mg T3 o, v
Hol A om 1tsty] wiFol] WEset Fdrd EA7F Lol Eeta B A7t
AP ot B AFo = ol ] CTC(=SESAFE) 5F3 FAd 3 (plasma) 2
M E 52 DNA(ceII free DNA, cf DNA)E 2. ¢3 %*0] 27} 7}e3== SF+= Lab-on-a-Disc F ¢t

A =8]E AAlstaL, ol& Tdst] A AAEads AAsET 2 ATl A idE AEste
WH Fzdo] 7hE3 Lab-on-a-DiscE S (1) APE F¥H CTC 535 AT 80% ° FH, (2)
A" g (plasma) W &= ofDNA 2], 3) 7 7IeS SAlol 308 ool a3 4= 9l
At

Keywords: Injection Mold, Liquid Biopsy, Cell Free DNA, Circulating Tumor Cell, Whole Blood
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Development of Liquid Biopsy Cartridge and Injection Mold
for Non-Small Cell Lung Cancer EGFR Genome Mutation

C.J.Hwang, J.-W.Lee, J. Kang, T. Y. Hwang, S.-H. Lee

Abstract

ot gale] gl Lo EA3= AE 78 DNA (cell free DNA)9} CTC (Circulating Tumor
CelDE ¥, ¥438t= 94 47 (Liquid Biopsy) 7]8F £4 7]%o] & Z713d, ZUHY
2D Az &go] FHal rt E AFoA= A A 7 FAA WHolE AAIRE AsAES)
v A2ES ek, #HY A A Aol EES T—LX]' ghoh, Al 3] oA
EGFR (Epidemic Growth Factor Receptor) -F-&Ax}ol] &3l 4=(T790M, L858R, C797S,
19deD?] 4?4 HolE & 4 ¢+ Real-Time PCR 7]¥t Lab-on-a-Disc e #H <Y
Oﬂx} Hol A& FtEZ A 9 A& 588 AASSI Y. Lab-on-a-Disc 7FEZA WA

T Tl AXEFE DNAE olFAA FF A& HE(detection) S W27 33 = A+
Real-Time PCR A]2®lS #83}o] Lab-on-a-Disc FE]2] #H < F4dx WHo] AEHE 71E

YA S AA s

Keywords: Injection Mold, Liquid Biopsy, Real-Time PCR, Lung Cancer, EGFR Genome Mutation

%7]
o] =2 WEAHAFI] R 7] 7] /A (ZHA] 1 $.=RS-2020-KD000019) 2] Aoz A5-3F5] o,
ololl ZHAE gt}

1 megoﬁ EE
EEY A oFgA A =]
# ATV =TI FIHIAT

!\’

rﬁl ofh
oX
ot

7
-4
dr
S

2N
5, A9, cjhwang@kitech.re.kr



Bl




1ds 72 oW Y #E H ol&
A0 ZPN2. WX 3. ML

High-performance Tool Steel Material Development
Status and Issues

D.M SON, H.S KIM, J.W PARK, N.Y CHEON

Abstract
AA Fo=2 v Ak i ket 374 2 kA FAAEE Ald T o, o
g-&38t7] S8l 2 Aol A EstE 7P Ko R sldn ool & A=A HA xeF
of A&y AA Tt 2T, dFvE, v, AT 5 A AR HsEL
ATt oA AA7F Wit wel xAe B Fo FE AMgEHE AU E 980MPaw ©]
de] B v 948 T e, 53], g~ds (Hot Stamping) &2 Al2HE 1470MPa
F o)A A B BEI 1% Al tholA =8 (Die Casting) ¥EESo] SuiEwA F27%

F< STD11, STD61 & 248 A& A, 339 7] &4 2 9 o] BAsx = A
zejujels aAse ezt A7
FEe] Akl mEFEaL glof ZEwel A R
Az §7371% Mol 8%
& FAE gl AR F<l

Fe wFZA F AR A a7 54 A4S B8 A
T FeS A, a@7hEA AL FartidlAe 53 FHzA A, F AbgelA e =
qe HATshe e HRE sha vk 20209 o] F dAA 9 Al FYORFEH, 3P4
Hoag BAQ 589 7IAVEE, AEdAe 9 AR § A7|7kAe] ol2e A% A B 7
ZATE T ZEM AT AAES AT B AR oH, Faridy @9 At a4
& v¥oR AFste @ H7bs A& Fol vk Eg AFAQ 53 AR 5A4% A
A FAANTEE B8l AL FEE AA HxdAded dig T H7hE A9 Fol ot

Keywords: Tool Steel, Hot Stamping, Die Casting, Cold Trimming,
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Premium grade Hot-work Tool Steel(PHTS)2| Vv ¥ Mo &7}
of wtE Carbide PrecipitationZ} Heat-checking PropagationZ2]
AHEHEHA

It 2ge - AFY - ozt YNE> a5

—

g

]

Correlation between Precipitation and Heat-checking
Propagation according to V and Mo Addition in Hot Work Tool
Steel

K.T.Youn, C.W.Hong, J.U.Kim, R.G.Lee, S.H.KIM, D.M.Son

Abstract

A7t T T &Y oe® delA Qe heat-checking 540 FEFS WA &= wAx
Z Q1x}+= primary austenite grain(PAG), block, lath =9 37] ¥ HEefe} precipitation &
F, B8, 3719 ¥, 193 mis-orientation angle 5°] 1o o]E 3 A= A7 F
& A A 24 v FEAE 2 A FAHoE AojEar k. T3 heat-checking
o WAy AAe F& Fwo| FoJ¥E thermal cycleo] 93k whE Fw oF-¢t% SHo =
DAY, W &4 A9 A HA s St x7] PAGeF A% carbide FE &
I 2= mAxd, a8 3 289 softening A% Sof wa} 1 EAJo] G},

a1 2898 T

©] thermal Fatigue 7} FHHE7ME f8 AFAELS 7ML
furnace, induction heater, laser &< &&-83}il, WYZ2 water cooling WS AWty o
o] gsto]l Al P& thgstel 7Y heat-checking B7F ® A3 A5 F

©om  thermal mechanical fatigue(TMF), low cycle fatigue(LCF) A AR =
B ok, ol e st A7 AR WEH=ZELAHN A=, A3, 7] vAx4 &
T A EAnte] AWBAR PAG WA, neAn 2 molA W carbide?] w3k}
matrixt] & X So] 97" E & = 9o}, nwAZFZAA thermal cycleo] €3k m| A %=
A WAstel crack A Y mFo] HEFgE AHlolth. VEAOSRE cracke PAG & FA
boundary< whz} %3 Ad-dxz-dA g2 SR vA A A ALE-
T Ty FHA A wHEH At Al 7bE A WstE = QA T ostUE
carbide?d A& % Ztisg= , quenching % tempering €x& &3 FAF
AZ ZAANA 1 EAZgRE 93 V 2 Mo % carbide formerol] w2} thermal
fatigue &40 gy, v 22 Az} carbide W37t 58 &4 2 A F 3t
L A7 A-Ed 7Y AAFFA T2 AdhAAdTE

2. xgddista Ao

3. Aol A55%
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2 Fho] Zbsattl. oo MC, MeC, MwCs 5 F 2 A= carbide?] WHE dn-Zo] 93 A3}
thermal fatigue 545 d#ste] zad A7k Qo).

kA, B AFd A= d3F T4 Thermal fatigue Sl wX= wlAMx% A F
carbide precipitation A&l HF3dFo] 112359 t}d. Thermal Fatigue A8 A4 273 V,
Mo ZAo W} %7] as—tempered "|A|Z2 W precipitate #¥7} tFE diecasting® Premium
Grade Hot Work Tool Steel(PHTS, 1 : 1.26Mo-0.84V, 2 : 2.36Mo-0.55V) F7kA %ol thslo
®15x120 =719 A FHS A A3}, induction heating-water cooling 2 Al ~®lS 835}
o] AL~700TCe AT ZZAA 4% 7149-3% W¥Z} thermal cycling A1 8L AdPstgct. Izt
T} AxTAE v zAI 7 1000 2 3000 cycle thermal fatigue A|E A= XEHol| &
AE crack A=(maximum crack length ¥ total crack count )3} precipitation® &%, &
&, 7], 9A & A5t W9 25 nA = nAxRA daAdAE 1@

A7} & @29} spherodizingr] &% V-rich MC carbide: ©]% austenitizing Az A4
ol A MC & MosCs carbide®t ©] matrixe] M-E A &1 thermal fatigue A& I} ol A
A Z2U37F AdEATt. 28)ar 7] v zA U, 53] PAG, block ®i= lath boundary®ll
MC carbide’} ZWislal 2 &2 X5 3= PHIS-1 774 0] duld ez W2 thermal
fatigue 545 YeRAT. ol d mAz2 B4 2 crack A FEE @3 Ay, 43 F
T4 Ax FAAA Zd MC carbided] A& AlolE E3l A2 54 o] 7tsdes &

skt
Keywords: Hot work tool steel, Thermal fatigue, Mo, MC, MeC, Carbide precipitation
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Development of Mold Steel Material for Precision Plastic
Injection with Improved Corrosion Resistance

J.M.Bae
Abstract
ZEtaE AlE FAY AFE AU A FASkE vtae 589 vt F24 5o A%s

ot 53] 7)ol A7|xt2 e FA4% HEko] 438 o] Folx = A AFRFS
sk A5 ol olgt 84+ & AlE: A A ES, 539 aFEstE o]ojAar gl
thoolget 58 &Ald FIFES FE 8%l gk WEES R g 58 A gk Es
492 3ta dA A& F¥ T ZH2EH AE 58 a9 AAGA At de 4l
Sy FYAIES diAl, ddistr] f8 At 58 2AE JIEsHAl HATH B T RelA =
WA AT ESRy A E 58 Ao AA F AAlE A R T AV RS AAEC
A BT 71E Akl TrEaEEE A 2 A tigk A A 3 E Avlg

Keywords: Plastic injection mold, mold steel material, corrosion resistance.
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Investigating Factors influencing Defects in Mold Applications:
a Comparative Study of Additive and Conventionally
Manufactured H13 Tool Steel

S.H Kim- S.J Kim#

Abstract
2 AAEE SAFY] A7 T

2k o =
st w39 EAS WA 9A A a9 E A ATt o] gk SHA
H] =2 Axet d¥z AP S 7R ﬂ;xﬂz H13 d7ta 770 F53a o, 2 A+
M= &d FHo| A8 HI3Y ZHEAZX H130] FAlo HEd A3tS JAste], dAg ==
e <7t Al F¥o HAEUS Fre 4 e <Al AW AG D Fold Hlo] tfdt W
S Tt dHENHE AMEste] 58 A B T W, 99E 5 dold HAs=E 4
o] zfo] W MAYA Age gt vuE Fastglon, ATAx HI3Y EAHo = AT JAF

OiEﬂL}O]Eﬂ 48 H13 din] Fe AEF
Resonant frequency damping analysisE ©]-&3le] Bl & A|7ho EE}E @5 AZ H139] e A5,
A s AIG 9 ol Hlo] WEtFo] 48 HI3 tiv] AH, Hy dA-HE 24/\]” Fehgh
Fol e A8 H139 o FHsA e s stk w4 B ARl o
f?} XS B3 AEA 2 H139A Hol:= cell structuree} 9_/\E1]Ur°]E°ﬂ o3 AF5H
o] ol H]-‘ﬂ AaAE S Rt o Z—.#Zﬂz H13e] 7kxl a3k miAlz=2le] &
= A = g, A7) AFE Al ol A ~E S
ol A €] %37]741Zq O]Eﬁﬂoﬂ ofgt 53] FAEHS FUY F %b AAFAE gl

Keywords: Additive manufacturing, H13 tool steel, linear expansion coefficient, poisson’s ratio, retained
austenite
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Fabrication, Microstructure and Mechanical Properties of
D2 Tool Steel Manufactured by L-DED and MEAM
Metal Additive Manufacturing Processes.

K. A. Lee J. H. Park?, Y. H. Choi', J. Y. Kim?, Y. M. Koo?, S. R. Baek*

Abstract

AlSI D2&= dAYE 53 ¥ A5, 2= 2 UrrAd 545 yYelgsE %34 high-carbon
high-chromium %ﬂ %1—?7& 1Tt A= 24 A= Az ASo 22 e © FFSo] 7
f¥ 2o Ayt waya th o] oA DED(direct energy deposition) A3 Xﬂz T l"%
F AFolAM e ¥4 HE HA @ FE By 8ol ool o] vFA /\ZHOﬂHJ &

g Akl Hofol e o4& 7}_H o] A71=lar Yr}h. L2} high-carbon steel®] 7%, =&
Aol oa wAstE o AFSE = =2 thermal crack susceptibility® ¢18}o] Azl o]
& 5o] EAfgt. O]Eﬁ} TAA SAES FES7] 98 7hAe] Adeta vijly % A4
e &3 AAE A4S MEAM(material extrusion additive manufacturing) 7|0} F714 o2
J—EiE] UTH 2 Oﬂ?"ﬂ’ﬂt DED ¥ MEAM #2& 7 A% Ax ¥A45S A&sto] Ha
Feje] AISI D2 ZT4L xﬂJ_o}Oﬂ_O_Hﬂ], o] % austenitizing 2 tempering®. 2 TAE FAA g7}
’\336}0111} DED as built A|H-2 & WYz} &2 23] inter-dendritic % ol 4] eutectic structure

E Yehila, 8 TFAAS austenite$]! Aoz slwQitl. dAE] 3 martensite matrix2} Cr-
rlch 27} gsbEol #AHT. A AT vAL AR g 77 480HVE} T20HVE SA
= A E} R st wE wiR A3 A3, $9A9 48 § DED D2 &A= wrought Aol

vlal] =3 nl®2 A3AS HAt. MEAM /\]Ji S matrix ol M;Cs 3}E©] network A
slol st TJ_o}“ ZAow ettt A% =4 Ay} as-sintered®] 7 E+ 231HVE o]

Bnom dAE ¥ A= ghol 6492HVE T }z‘s} itk A E]El MEAM D2 &~z A 9] ynfRAde
d=2]E wrought D2R.Th= A% Wha 4 }E*é,% YEFAA TE coefficient of frictione] A7kl )
& W3t 7i5L wrought D2K.t}F ©] b8 41 A o= vewth 14 Al A3 + W2os A
Z¥ D2 5% FEAd §F wrought &A1k FARRE I SA4ES el A7 AdES v
B0 2 DED ‘gl MEAMO. 2 %% AISI D2 2419 F9 7] ]a AE W WMy w3y 7T
1 &€ sl skl =oletaat skl

A

Keywords: Metal additive manufacturing, D2 tool steel, DED, MEAM, Microstructure, Mechanical
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Study on Effects of Electric Current Treatment
on Carbide Phase Transformation and Precipitation

S. Lee, Y. Kim, H. Choi, J. Chae, H. N. Nan

Abstract

AF A Mgk @ JA7tse A4S &3 At dA g et vlaste] gue, 3 A, 1
ZaL AR T w98 A AA 7 vk ezl g dAE o RA dhdets
AT ATk FHZ olHF AR 7] T9 P AFE A5 AT FHolA e Hst =t
ol oJg o= g, 2y, AR F8 A3t a9l T syl ©@3kEe] dF Aol
ot A& AE Wste] gk A= obF] FFekw, At By ol Bl dAste] o]F =9
A fldth. 2 AFddA e vgYget gstEo] EAete UR-A5-E A FES A7 A
At dAgste] g@stEe] A 2 ME As WstE dFsta, olE Hst Edd wA A
AT, U 2 B Agte® dAE AFS AP A, Ik A9 div] AF A
g Al Bl #t £rTE Frhete] dAe] Aol EAEAE Crils ©sb=ell A AR Crasle
gstER o] WEj7E 7hEstE Zlo] gl ATk, Rk ofyel, AF A Al YA 7]H A 9

|
CrasCee] A E Aol 7h&sty e, dlxdos, sty or EehA s NoC 49 &8le
A ok, ol& CriCe-UZ 2 CroCeyZA 7F 33 AdS A

AL
=)
ﬂ
b
o
S
)
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o
fru

Ast B8 37 FEg A A debd vhd | NbC-U 2 AE AlHe A= CraCs o] WA A=
Hol MEtl-Algte] 2g7F Al NbC-CrasCe 3F Alo] o] Ast B4 axrh vlnsksi7]
oty Aoz HAF A7 F Crils, CrosCs, L8] NbCY EXE AH oz L0 A
At AP E DAY T 2xolA AT FoF Adnk A Feggt $o] Fxe} Aol
Aoz ettt o]& A3t By AYE Fdte] AWH 2 AEFS AL S ds By
ofye}, apdsty WA xzAS P4 7 Atk AS AlAbgh.
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A Novel Method to Characterize Constitutive Property
Gradient of Al-Steel Dissimilar Resistance Spot Weld

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

Abstract

In this study, an innovative method integrating microscale tensile testing and micro-digital image
correlation (micro-DIC) is presented. This approach uniquely enables the continuous measurement of
changing constitutive properties in dissimilar aluminum-steel (Al-Steel) resistance spot welds (RSW), a
capability not available with conventional methods. Detailed examination of homogeneous samples from
distinct regions—namely the base metal (BM), heat-affected zone (HAZ), and fusion zone (FZ)—provides a
foundational understanding of material strength, hardening, and ductility. Significantly, when applying the
micro-DIC technique to gradient samples, as opposed to homogeneous ones, intricate localized deformation
patterns are revealed. This method underscores the continuous variation in plastic stress and strain
relationships along the weld. These enriched insights not only deepen the understanding of weld material
characteristics but also illuminate the potential for refining welding methodologies and enhancing the
resolution of numerical models.

Keywords: Micro-digital image correlation (micro-DIC), Resistance spot welds (RSW), Gradient samples,
Constitutive properties, Localized deformation
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Effect of Ca Content in Mg Melt on Microstructure of Mg/Ti
Composites Fabricated by Liquid Metal Dealloying

J. E. Jang, S. H. Lee, S. H. Joo, S. H. Park

Abstract
Mg/Ti EdAs= Aads 7HA= Mg & 573 AR 7H= Ti & o] FolA 3l
of AAANEZ AFgsict 53] w4 8% 2 (liquid metal dealloying, LMD)S.2 A|x%
Mg/Ti BdA8E 3 249 A% %°] Mg matrix ¢} Ti matrix 7} A2 B384 4A =
A wAow AzHele MgTi Bl v $5d
4
e

¢
=

o mlo

AAA EQE A0 we}

0% ol 35 6% 94

It AE7HA e

ARl e Ay AAe} 55 87 Abele] o
[5of Alzd BgAE * ey Ao 94 As
TEA 54 A WE Bash giitelr vk dEdda HUtE B a4 24
g AT 71 mad vk gloh weEbq 2 AN e 55§96l dudas HUT
b Z3d Aolel w2 g@3E A% 3 SRR Az

422 d4E Ca 2 Mg 9 29SS A7 A
| 9&FE VA= 5, Mg ZIAA ] wAEE R EAdel o
delA vk Mg 8% Ul Ca H7PF 2 A MgTi S AR wA A
A= S Fedtr] flE Ca HIFES 1, 5 10 wtwz EEjte] 545 &9 &
SR E Ca "ol W vz WE B2

a3b 3 Aol &8 AR AR Ax W
q

o

=2 o % [E b o I F) ok
to PN 1ot Rf o off 1

2 AGE 2023 AE AF(AVIEAH T AT Adoem 7t Er]Ed 39 A Y (No.
RC23011-000, A&& 7453k vl ojojmuleglE] Fx& A RE FHEst =R
S Wol FYHAFY L

(@)

Keywords: Liquid metal dealloying (LMD), Ca addition, Mg/Ti composite, Microstructure, Miscibility
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Investigating the Influence of Hydrogen Charging on the
Microstructural and Mechanical Properties of Ti Alloys

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

Abstract

Ti §ie WAYE Brety B PR S5 AAA 54 AT o) FFE,
= A}, Sl EoF 5 ol EoplAd S8HaL O]‘ﬂr a8y Tis Ak wkeAol ok A
3 el Fastes 44 4T 5 i, ole VIAA 5A4S At wEbA 2 AT
Ae A7 a Aol T GEe vAZzE L AAH S vxE 9 BAF
WA, SFAVNLARE ol g3tel Ti FEFome] i FAe FAFAT XA A T4 (X-
ray Diffractometer, XRD)S A}&3}o] 54 A Algto] whE F=431E shafe] WalE FHs% o
o, 49 Azl R4S e Pl #AAAL 5 Yol I Ti FFo Ay 5

A& A A& v] 7 (Scanning Electron Microscope, SEM) 2 7 &} 3-1}4k g+ 3] A (Electron Backscatter
2 3% mAxZd Wit #2E

Diffraction, EBSD) @n]7Z o2 EAaon 132 FHow <3l
ATh HI A 2(Vickers) A= AlEES 85t 4 Aol w2 1 9 o o] ARE 9l
o}"ﬂr/} TFAa7F A AEe] BW AR 25 SUtegla, ©e Zo] Axghe Hlud =

o]
2 Gke FASIL TS A4 Az ol wol Aelold BadNT oF e, 44 &
Q) Zolg Hlstglon], 4 AP FAste] 27 T FFe] NAH FuE wlws

Keywords: Ti alloys, hydrogen embrittlement, electrochemical hydrogen charging, mechanical properties,
microstructure
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Fabrication and Characterization of Aluminum/Graphene
Oxide Composite by Friction Stir Processing

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

Abstract

2 AGes g4xd A3 Abst 19 (Graphene oxide, GO)o] @ w2 whE kA €] (Friction stir
processing, FSP)& WH= &-Fu]F 7]A| E&-A)(Aluminum matrix composites, AMCs)] vl AlF+2 2 7]A% &
Aol WA= FEFS AMETE GO EFF9} ATtglo] FSP 3 Al FaollA 4 AAA el o3 et
AR Y vAE7E dAgT. AMC dlo] ZAHEG0Y EAle kg, 2atol 2 A gAY 9 B3 Hzp
An g Abgato]l gskadth. FSPESE GO =41 B Al 71A|¢te] B3 a8 ow AMCE A B FSPRE
TR Al FFET F5E VA SAS UEdT mAdE EEE AAAS) wnkbie Ae S 9
Aol Ao A des vephdn

Keywords: Friction Stir Processing; Aluminum Matrix Composites; Graphene Oxide; Microstructure; Mechanical
Properties
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Fracture Surface Analysis of Single Lap Bonded Joints of
Thermoplastic Composites using Deep Learning based Semantic
Segmentation

S. 0. Son, H. S. Choi, Y. J. Jeon, D. E. Kim

Abstract
B oAdE d7tAA B2 /743 58 5 (Carbon Fiber Reinforced Thermoplastic)2] ©+! 3 %
WA S A7) S8l "eld 7IRke]l omEA - (Semantic

s

Segmentation)S &

3519 1etEl CFRTP %9 3} X E(Failure mode):= & <l
A9 A W] =
o

qa A

%‘oﬂ A AR FxE Ao W8S 458 5+ sk
upeha] A A g _@*é—% wgat7] M E g REE AgsiA Adstal A4 e
Aol Tastt. 2=y <t A T3 715 A TS B2 ARte] 28HM FaAe
gk @AI7E Slol Bt Xé%lé}ﬂ 49 el dadol AZIHAT ofol] & AFtellA=
Hede Z8oto] gE BE A oA FAGI 5 AgdEm <
3 ThFEE Zokell A AFE-¥ = U-Net ot = A
Z3F3ith [45° /07 [-45° /907 ]2s= AFs F7] 2.24 mme] 16 ply CF/PEKKel PEI B&HS 52
Az Abgstel gl "R WA e 22k 3e At 1 mm/min® AEARS I F 3D
A S SA7IE AREste] 50709 shebd ojn[ A& FEFsklth AL oA HeolHE Hes)
a7k dele $7 7IHS S 108] F7kek F 500709 oW A& Algstel B Sh5g 719
SFSAth (512, 512) A71¢] oW x| 9} Batch size 8% 3}<5¢+ 23}, Epoch 50014 °F 80%°] HE =
g& g9e A&

=
—

l

o

Keywords: Carbon Fiber Reinforced Thermoplastic, Adhesive bonding, Deep Learning, Computer vision,
Semantic Segmentation
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Prediction of Microstructure and Mechanical Properties of
A1050 Thin Sheets using Crystal Plasticity FEM

S.H. Leel? - Chitturi veerendra! - Murugesan mohanraj-G.Y. Lee!-H.S. Jang!-J.H. Kim?-J.H. Cho!

Abstract

AdFHFe] 4g dervt Fom, HAES W] AREVF Fi Vb el £7] wiidl thgFd
A7 A& vk, GFrEY ok wtad e dudr] 8 Ao AR FE AREEHA Q)
om E Aol AFEE 100um ¥ 4FHE A10509] €Al & wlola® gk Aws 3
et ek ulAzg BA3 @ Ex-situ A0S B9 300°0C/400°CE 147 o] dY # A
HE s 242 5% (fracture), 10-18% (fracture) AZAH S B3 242 As H7ME 9
g HolHE Ql‘ig}oﬂr/} olel thek MiAR3 ATs Hrlsty] A8 AHAAE oL RdS
8ottt olE B HFA WFES olAFAIA AGLAY RAY W dis) dEAA L
Z(representative volume element, RVE)E 9|8}, 2714 A A ZZ(periodic boundary

conditions, PBC)S A&kt 3 HA3gat AlEdoeld ¥ e #H5S 3l A=48 g
3} o}

Keywords: Crystal plasticity, Finite element method, Texture, Microstructure, Thin aluminium
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Analysis of Mechanical Behavior and Texture Effects of
Extruded Mg-10Gd using an Elasto-Visco-Plastic
Polycrystalline Model.

Jaeseong Lee, Youngung Jeong

Abstract

P e A Ao SEEE A W ArnEg V)T AR FREI glon,
S AU FA S5 2 T g VA B AR sl F 52 A8o] AL ) o
& FE37] % Wete® SEF 458 Fudam &8 AgEe HixHa glow, 1
Z Gde &7Astel JFxAd Z JFES v A= Aoz Qe FHETI Qrh B ATl A
T BHAAY Y ESA 7N Ay Ras 283519 Mg-10Gd dEAL 71414 5T 27
AsrzA o] J&gFs sttt A5 A3t AsS AWy $18] Voce AR AS #8315
a1, rgsk 1 9 ¢S Ao HYH fFEsH-ATE ARE Ao A IdevHE Z2As
At oAy feteAsAS &8ste] =X vk 1, 3% 3, Cring ¢S A S A
i, Ak 3w AEE AP st 2o BEAdS AFsth

Keywords: Elasto-Visco-Plastic polycrystalline model, texture, Mg-10Gd, anisotropy, FEM
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e

AR-F7 EHE E9dg olfg HE SR (Fuel-Air Expiosive, o8t FAER ) Sivldos i
#t gl Bursting Chargedd 24 $7] $22 P48 R4 BaofdiDetonable Fuel-Air Mixture
Clond)§ W46 &, 22 21521 ofef 4% Hgo] S45E FAUSez FEec

WELHE Edae U Fd g dusels nolzgl, g el gatell} F2 dal s vl
EE;T"F-&T] w Shefold, ARFAEE AYE A 9 Aol 4498 wsy o BE s igsa
i

A Aollg] alide] ol BARHE S AL OM Avlid AR Saelel Bgslse
:ﬁ{‘}ﬂ'ﬂ'. B2 W8 olale] Lavlel ARG A 2R HelHE Bnse | of2iel o
2 A7 FHME(Bending Tes)& $8 A9a a5 gk Heolo] f@ sauiay S48 Azl
L5 Bogesd S AetazE e 0 dels g PARa 48 Ay sradEs ¢
#5to] Fut shejol vhal dviel v)al: %n sRgosW HMe| FUSHEAE R B Ho)s
2lgak-g afxsedc),

Keywords © Fucl-Alr Explosho{ T 8-2 7|21 #£39 ©5%) Bursing Chargel#43 3%, Nowh Effect 455, Plastic
Dieformarionl &= ¥ 4 ), Bending Test( 7 74 9)
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Design of a Weight Improvement Model for a Large Hydrogen
Electric Truck’s Battery Carrier using Response Surface
Method

SoonJae Hwang, OuChul Sul, MunGyu Yoo, YongGu Chung, Seokmoo Hong*

Abstract
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Keywords: Design variable, equivalent stress, finite element analysis, battery carrier, weight reduction
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Determination of GTN Model Parameters by Measuring
Continuous Void Volume Fraction Through
Electrical Resistance

T. J. Jang, J. B. Kim, J. Ahn, S. J. Lee, and J. W. Yoon

Abstract

In this study, electrical resistance was measured during a uniaxial tensile test, and then the relationship
between the electrical resistance and plastic strain was obtained. It showed that the measured relationship
has more larger electrical resistance than expected values which assumes that the volume was not changed.
From this result, the porosity part in the measured electrical resistance could be extracted. After that, the
void volume fraction diagram with respect to plastic strain can be derived from the effective resistivity
equation. To validate the proposed void volume fraction, the porosity inside of TRIP1180 material was
measured through the X-ray microscope (XRM) technique so a material parameter of effective resistivity
could be determined by measured void volume fraction. Besides, Gurson-Tvergaard-Needleman (GTN)
model parameters were calibrated by the proposed void volume fraction diagram, and then the finite
element simulation result of the tensile test was compared with the experimental tensile test result. As a
result, it was shown that the proposed methodology can predict the void volume fraction diagram
experimentally.

Keywords: GTN Model, Void Volume Fraction, Ductile Failure, Electrical Resistance
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Study on the Molding Characteristics of Package Tray Modules
with Clad Material Applied

S.Y. Park, Y. G. Song, K. M. Bag, B. R. M. Oh, T. Y. Kim, M. J. Kim, Y. H. Yoon

Abstract

Clad materials are easier to obtain a weight reduction effect compared to existing steel materials, and can
achieve a weight reduction of more than 10% compared to existing steel materials. For optimal molding of
clad materials, research is needed on design structures and molding methods that enable optimal mass
production. We plan to secure mass production of package tray modules using multi-layer clad materials
through research on molding characteristic methods and analysis of formability of multi-layer clad materials.
In order to improve the formability of multi-layer clad materials, we will improve the design and
manufacture prototypes to analyze formability and improve the final mass-producible structure.

Keywords: Clad Metal, Package Tray, Multi-Layer Clad Metal, Lightweight, Dynamic Stiffness
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A Study on the Design and Application of Integrated Car Body
Parts for Lightweight Multi-Layer Material.

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

Abstract

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

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

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

Keywords: Lightweight, Multi-Layer, Clad Metal, Car Body Parts, Press, Resistance Spot Welding
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Manufacturing and Characterization Study of Multi-Layer
Clad Metal

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

Abstract

Clad metal is used in a variety of areas ranging from semiconductors and sensors to everyday life.

Although this expansion of the scope of clad metal seems natural, it is not easy to meet conditions such as
material manufacturing, various requirements, cost, and processing conditions.

In particular, the applicability of a material may be determined by the interfacial reaction between different
materials and the resulting formation of intermetallic compounds, and there may be differences between the
characteristics of the individual material and the actual clad metal.

In this study, we will look at the manufacturing of aluminum/steel/aluminum structured clad metal and its

characteristics.

Keywords: Manufacturing, Multi-Layer Clad Metal, Lightweight,
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A Study on Welding/Joining Technology of Dissimilar Materials

T. Y. KIM, K. M. Bag, S. Y. Park, M. J. KIM, Y. H. Yoon

Abstract

In 2020, fuel efficiency and exhaust gas regulations, which will be strengthened by more than 20%
compared to 2015, changed from recommendations to mandatory enforcement in Korea and developed
countries, making lightweighting in the automobile industry no longer an option but a necessity.In particular,
the application of various lightweight materials such as ultra-high strength materials, aluminum alloys,
magnesium alloys, clad metals, and carbon fiber reinforced plastics is increasing for weight reduction. In this
study, lightweight multi-layer clad metal was applied to make it lighter than existing parts and to reduce costs
by integrating two parts. In order to manufacture module parts, welding and joining technology between clad
metal and steel materials is important, and existing resistance spot welding technology must be improved or
changed to another welding joining method. Therefore, through this study, the existing resistance spot
welding technology was improved considering economic feasibility.
This study will be a solution that can replace existing lightweight materials and welding joining technologies.

Keywords: Lightweight, Multi-Layer, Clad Metal, Integration, Resistance Spot Welding
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Study on Computational Performance Evaluation of Car Body
Parts using Lightweight Multi-layer Materials

Y.H.Yoon,H.J.Na, S.Y.Park, Y. G. Song, K. M. Bag, B.R. M. Oh, T. Y. Kim, C. Y. Shin, J. H. Kim, M. J. Kim, J. Shim

Abstract

With the expansion of eco-friendly electric and hydrogen vehicles, lightweighting of vehicles is an
essential element to increase driving range. Accordingly, the demand for development of lightweight
aluminum-applied car body parts is increasing, but there are limitations in replacing existing steel-applied
parts due to the difficult forming characteristics of lightweight materials. There has been a recent case where
lightweight aluminum material was applied to body parts of domestic luxury vehicles. However, due to the
increased cost of aluminum and problems with formability, steel materials are being used for body parts in
subsequent models. In this study, car body parts using lightweight multi-layer materials were analyzed
through computer simulation. The material was changed from steel to a lightweight multi-layer material to
reduce weight, but the problem of deteriorating material properties occurred. Therefore, optimization was
performed by changing the shape of the part to satisfy material properties and weight reduction.

Keywords: Lightweight, Multi-Layer, Car Body Parts, Eco-Friendly Vehicles, Computer Aided Engineering(CAE)
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Optimizing Material Parameters of Ductile Fracture Criteria
for the Nimonic Sheets using the Virtual Fields Method

C. Kim, J. Lee, H. J. Bong, and M. G. Lee

Abstract
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Keywords: Hosford-Coulomb Ductile Fracture Criterion, Nimonic Nickel alloys, Virtual Fields Method,
Inverse optimization
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Determination Method of GISSMO Damage Coefficient
Considering DIC Strain and Load Simultaneously in Tensile
Test

S. Lee, S. Hong

Abstract
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Finite Element Modeling of New In-line Incremental Die
Forming Process for Ultra-high Strength Steel Sheets

J. Lee, H. J. Bong, D. Kim

Abstract

In this study, the alternative to the conventional cold roll forming process is proposed. The newly
developed forming process, namely in-line incremental die forming process, is a continuous manufacturing
process, which can offer rapid prototyping for automotive components. This new forming technology
combines pressing and drawing processes, and its feasibility is evaluated by manufacturing real automotive
components using ultra-high strength steel (UHSS) sheets, usually produced by the conventional cold roll
forming process. Finite element (FE) simulations are conducted to validate the new process, considering the
mechanical properties of plasticity and ductile fracture. The results demonstrate that the proposed forming
process efficiently produces automotive components with consistent shape and long lengths, as the
simulation outputs show good agreement with experimental data in terms of dimensional accuracy and
quality. Additionally, sensitivity analyses of process parameters such as friction and die design provide
valuable insights for optimizing the newly proposed forming process of UHSS sheets.

Keywords: Sheet metal, Incremental die forming process, UHSS, Springback, Ductile fracture
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Heat Transfer and Deformation Analysis of Radiation Heating
of Acrylonitrile-butadiene-styrene (ABS) Copolymer Sheet
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Abstract

Thermoforming is a process where polymer sheets are heated and subsequently formed. Acrylonitrile-
butadiene-styrene (ABS) copolymer is widely used in thermoforming. Viscoelastic properties are crucial for
accurate numerical analyses of thermoforming process. This study utilized a dynamic mechanical analyzer
and rheometer to measure the storage and loss moduli of the ABS sheets. By integrating viscoelasticity data
across various temperatures and frequencies and using the time-temperature superposition principle, a master
curve was developed, and shift factors and the WLF model parameters were derived. The radiation heating
process, commonly used in thermoforming, was simulated via the sequentially coupled heat transfer and
deformation analysis. The sagging of the ABS sheets was examined and its impact on the radiation heat
transfer was analyzed.

Keywords: ABS, Viscoelasticity, WLF model, Thermoforming, Radiation heating
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Predicting Anisotropic Strength After Multi-axial Forming with
Distortional Hardening Concept

S.H. Choi, S.C. Kang, M.G Lee

Abstract

In this study, we predict the mechanical strengths of the steel plate after a multi-axial forming process
using an extended homogeneous anisotropic hardening (eHAH) model. The eHAH model is a distortional
hardening model that divides the entire yield surface into two regions and distorts them independently. The
evolution of this divided boundary is based on the “rotation,” which produced a rotation singularity problem
under near cross-loading conditions. To address this issue, the new eHAH model has been developed, which
mitigates the rotation singularity by permitting multiple and overlapping distortions of the yield surface.
Furthermore, the multiple distortions in the eHAH model can reflect the effects of activating new slip
systems during abrupt deformation path changes. We optimized the model parameters of both the original
HAH and eHAH models using experimental results obtained from tension-compression tests and uni-axial
tension tests after bending in various directions. Finite element simulations for multi-axial forming were
conducted using the optimized HAH and eHAH models, and the resulting yield strengths were compared
with experimental results. The eHAH model provides more accurate predictions of mechanical properties
after multi-axial forming compared to the original HAH model due to its faster evolution with multiple
distortion.

Keywords: Distortional hardening, Finite element, Strength prediction, Multi-axial forming
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Sheared Edge Quality Analysis of Glass Fiber Reinforced Epoxy
Composite by Pad Force in Piercing Process

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

Abstract
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Keywords: Die Pad, Glass Fiber Reinforced Plastic(GFRP), Pad Force, Piercing, Shear
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Tool Wear Prediction for Cutting Force Measurement by using
Bolt Type Piezo-Sensor

O. D. Kwon, J. S. Seok, Y. B. Song, K. Lee
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Fig. 1 Processing cutting force data measured by using  Fig. 2 Results of wear measurement by
Piezobolts using tool surface analysis equipment

Keywords: Bolt type Piezo-Sensor, Cutting Force, Process Monitoring, Tool status monitoring
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Digital Transformation of Press Stamping Industry based on
Smart Engineering

C.H. Lee

Abstract
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Effect of Vacuum Pumping
during Lithium-ion Battery Pouch Film Forming Process

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

Abstract
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Experiments and Modeling of Pouch Film Formability
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Development of a Flow Drill Screw Assembly Line
Incorporating smart quality prediction technology

N.Y. Choi, S.W. Lee, H.K. Lee, S.J. Lim, J.K. Lee, W.G. Choi, 1.J. Yeo

Abstract
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Quality Evaluation of Flow Drill Screw joint of A1/Steel
Dissimilar Materials according to the Thickness of Aluminum
Extruded Material (6NO1)

Sungbin Im, Woo-In Choo, Yoo-Eun Lee, Taekue Lee, Dongchoul Kim, and Dong Hyuck Kam

Abstract
A A Al AR FAAY dRs 9% AL AFstel dF 277 S

SwA GFulE, DPEY, BEA 5o AF 0F &4 Aol Holuta qth oF 2] A
o vgg AFol 72 oF AU 2Fl wet BFH BF FH EAAL. 1 F

FDS(Flow Drill Screw) B3 Z 23U (Profile) Aol iy FEF3 o] AHW HIFS &
Tt F-Fel FE AL VAAH AA FRHORE o] 7w AREEo] Frkstal itk 2
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Research on Porosity Reduction Method Using Pulse Control in
Aluminum MIG Welding

J. M. Lee, D. S. Byun, S. M. Kim, I. J. Yeo
Abstract
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Development of 20N.m & 8,000RPM FDS(Flow Drill Screw)
System Head Unit

T. K. Lee, T. O. Kim, B. J. Kim, 1. J. Yeo
Abstract
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Development of Front Cross Member Using
TWB of 1 GPa Grade UHSS

0.S. Seo, S.H. Kim, J.K. Park
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Development of Rear Torsion Beam for Vehicles Using
Butt-welding of UHSS

S.H. Kim, O.S. Seo, J.K. Park
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Evaluation of Local Material Property in Plasma-Arc Tailor
Welded Blank (TWB)

J. Jeong, J. H. Song, O. S. Seo, M. Kim

Abstract
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Fracture Characteristics Evaluation Method for Heterogeneous
Material FDS Joints Under Complex Loading Conditions

D. H. Park, M. Kim, S. H. Kim, J. H. Song
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Development of Compatible Modeling Technique between Finite
Element Simulation Programs using Mapping Technology

H. R. Lee!, G. J. Choi?, J. Park?, S. J. Hong?, O. S. Seo®, J. G. Park3, M. G. Lee”

Abstract

Commercial finite element simulation programs have been developed actively over the last two decades.
Each program has strengthened its own characteristics in various fields such as structural, elsto-plastic
deformation, welding, phase transformation, heat transfer, phase transformation, fluid flow, etc. It would be
good to be able to cover all the advantages of each program, but the more potent the characteristics of each
program, the less compatible it is each program. If this compatibility can be resolved, it can be expected that
two or more programs can be applied, and the advantages of multiple programs can be utilized together for
one case. In this study, the simulation results of the AUTOFORM software with strength in deformation
analysis were imported to the input model of SIMUFACT software with strength in welding analysis. The
transmitted information is geometry, residual stress, and equivalent plastic strain. If the mesh of the new
input file is identical to that of the extraction file, the data to be transferred can be applied 1:1. However, if
the mesh changes, new input algorithms are needed. Therefore, two mapping algorithms, the weighted
average and shape function methods, were used and compared. To determine the accuracy of mapping
algorithms, the simple tension test of the welded specimen was conducted, and the advances in mapped FE
simulation results were confirmed.

Keywords: Remeshing, mapping technique, AUTOFORM, SIMUFACT, Weighted average method,
Shape function method, Weld
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Study on Welding Distortion Analysis of Ultra High Strength
Steel Considering Forming and Weld Zone Property

H. S. Kim, J. H. Jeon, S. M. Lee, J. K. Park, J.H. Cho
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Research of Dissimilar Welding of Aluminum and Steel Using
Cold Spray Coating

D. H. Choi, K. Y. Lee, Y. Kim, J.G. Park
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Designing a Variable Stripper Pressure
for Enhancing Formability of Lithium-lon Battery Pouch Films
using Machine Learning

Taegyun Ahn, Cheol Sagong, Taek Jin Jang, Jeong Whan Yoon

Abstract

As the demand for improved battery performance continues to grow, current research endeavors are
focused on increasing the formability, especially the forming depth limit of pouch films. It is a difficult
problem to solve with conventional press forming techniques, which apply a uniform stripper pressure to the
blank. This is because of the fact that material inflow varies depending on the position due to the square
shape of the battery cell. Thus, applying a variable stripper pressure depending on the position is supposed as
a solution. Determining the force required at each position to achieve a desired forming depth can be found
by iterative Finite Element Methods (FEM) varying the forces. However, it is impossible since even one time
of FEM analysis becomes prohibitively time-consuming due to the complex material properties. To address
this challenge, this study introduces machine learning, especially Gaussian process regression and Bayesian
optimization. This approach facilitates the identification of an optimal combination of forces which results in
a proper variable stripper pressure to maximize the formability while minimizing the number of FEM
analysis.

Keywords: Variable stripper pressure, Pouch film forming, Machine Learning (ML), Gaussian process
regression, Bayesian optimization, Finite Element Methods (FEM)
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Design of Blanking Die for the Diaphragm of Bellows using FEA

Y. G. Kim, H. J. Park, K. E. Kim, M. P. Hong, K. P. Kang, K. Lee
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Stress-concentration Analysis with Respect to Deformation
Mode to Predict Hydrogen Embrittlement in High Strength
Steel Sheets

J. H. Hong, S. C. Park, S. H. Lee, S. H. Ban, H. I. Park
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Design Optimization Using Response Surface Methodology
to Improve Formability of Rear Trailing Arm for Vehicle

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

Abstract
2050 BFAZF H(Net-Zero)S ©A3H7] $18l, A=k kel g4 WstE a3sta gt o]
of wWE REAFI}E 93 LdFulg Ao FHE 980MPa oAt Zi17 =7 (Ultra High
[e)

Strength Steel, UHSS) . & A A3] W37} o] Fojx|a1 Qi ZuFdw7 2&A AFZdA A
A B e x4 S dldsr] f1d g gk AdE L dn & gl )

FA4Q AEAHE Al i T sl S5 EdUY® Sh(Rear Trailing Arm)S thF-F o2 A
otk AR AR Aol wERo ojg#a S aed BY AR AAEgl e,
A7 W 9 ke HA435ke] 4 (Finite Element Analysis, FEA)% &gt A ARE 7]
Hho = HP" 3£ H(Response Surface Methodology, RSM)& &-&3to] W g o] HAAE HA
s}sksitt. H%‘%’%J HA W kgt $5 EddY o AAE 4859 vs 2ZYH B

=

4 A4S PR, A ~rau nARs wdY A8 F38 Adse] Azgu o4
A 2A0R APS AW AP T BT e FAPgaE L mxgusael Al
A9 ATE A 4 e FARe AFE SAstel A s s, sk
o WT AW WA Ba AEAA Ao B AT Ackeis el i A4
FsA e Sl

Keywords: Ultra High Strength Steel (UHSS), Automotive Chassis Part, Finite Element Analysis (FEA),

Rear Trailing Arm, Simulated Specimen, Response Surface Methodology (RSM), Burring,
Springback, Compensation
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A Study on the Remanufacturing Methodology of Medium-large
Planner Miller Using DED Process.

K. K. Lee, D. G. Ahn

Abstract
H BHasH (Net-Zero) & AHEA7]7] fd8] Az EoplMe =5 X”ﬂ]g A A 2
(Remanufacturing) ©l th3l #Alo] = ATH =5 H FdE gule 4

Z
NE, wWe) B4, YE 5 5o BAR Az olwol wadt ol
444 U4 §3 (DED) ¥4 o8& FUd FE Az tF AT 3
39tk ATl A DED $AL o] &% FuE Teluude Az Wk
2z sl 208 Zguge Az et mEe 93] 1900 9 zﬂﬂ g =z

HF-3 Be 7702 A8 Adsr. SRUAEe fuue Ba 2 ARsgon, &3
242 AR P FEAA s} wagstglon], volut %w e fdol 7t
4 o] mEsglth oUWl AT PSS TReD A% drel WE wiruets

sk Age] WA TE F DED $HL o8 & t
w A% 2 4w 24 B4 ANE P dwsg

Keywords: Directed Energy Deposition, Remanufacturing, Planner Miller, Structural Steel
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Development of Rear Cross Member for Vehicles using
980MPa Cold-rolled Ultra High Strength Steel

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

Abstract

AAA ez BTl g walo] AAUA Agaf Aol = 8 A-sAkl A7 AbE
2 AL QAR AgHa vk WAV S AF 553 FHEAY GRS 98 8] viE
2l = Xﬁ*%ﬂi a2 Tl S7teklaL, ol & s Astalat Abs Ak FaEel A 2 T e
= Al WSt a7 E%(Ultra ngh Strength Steel) -8 AT w3k 9753 gt} kA wk
= *“l Al Al (Chassis) - AlZF Al dut 7U+°ﬂ H 3l Aqlgo] stol AYPA A<}
Fo AR Qe 2ZYH 4 wAZE BASA . olol AAAES =440l WA
& oAl Fasof strh wpebA 2 Aol = go] AR WY FEe ¢hste]

WA e A F= 54*—1“ AS a8t AEak AL FEQ o] A
=2 g Pr% U 488 Fuoh 78 ofele FE0 RARAE S AASkAL, 440, 590, 780 R
980MPaz AA EAS Z+zr A 83t AFPHAS B LA Ws gadre AABAE B
28} 6}44 522 MLt o5 HSetr] fd AY 58S AAstal HFAHom

ﬂ{

980MPaT EAIAIH S A8l o 3D ScannerE g3kl A 2 oS AHHYE A
T B AFE ngew 2uPgE AL A BE 484 QEE A FF AT F

ol thal AlA skl

Keywords: Ultra-High Strength Steel(UHSS), Design Variable, Rear Cross Member, Full Factorial Design,
Formability
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Evolution of Plastic Anisotropy Using a VPSC-based Machine
Learning Model

P. Fazily, J. W. Yoon

Abstract

This research aims to propose a visco-plastic self-consistent (VPSC) based machine learning (ML) model for the
evolution of plastic anisotropy. The ML model predicts the material constants of an asymmetric yield function based on
the velocity gradient tensor and effective plastic strain. The training dataset is generated through single-element VPSC
simulations of the zirconium (Zr) clock-rolled plate. The corresponding yield values are utilized to obtain the material
constants of the analytical Yoon2014 vyield function at discrete levels of equivalent plastic strain. To evaluate the
prediction of the VPSC-based ML model, single-element simulations including, in-plane compression, in-plane tension,
through-thickness compression, and through-thickness tension were conducted. In addition, the trained machine learning
model is incorporated into the user material subroutine UMAT in ABAQUS/Implicit. Thereafter, the VPSC-based ML
model is tested with a four-point bending simulation to evaluate the mid-cross-sectional geometry of the Zr beam. The
obtained cross-section profile is compatible with the one from the previously reported experimental studies.

Keywords: Artificial Intelligence, VPSC, Analytical Yoon2014, Plastic Anisotropy, Finite Element Analysis
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Springback Prediction of Sheet Metal Structure
and Its Effect on Thermal Buckling

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

Abstract

Automotive panels are subjected to elevated temperature condition(180°C) during the paint baking process.
The non-uniform temperature distribution and thermal expansion constraints resulting from joining processes
can induce the buckling in automotive panels. Consequently, the accurate prediction of critical load and
critical temperature is necessary to minimize the trial and error in design process. One of the factors that has
a great influence on buckling is springback-induced imperfection by forming process. Even a small amount
of initial out-of-plane displacement can lead to a significant change in critical load of sheet metal structures.
To predict springback, the nonlinear kinematic hardening model was implemented to simulate the bending-
unbending of material during forming process. Additionally, shear-reverse shear tests were conducted to
determine the model coefficients. The result of springback analysis was verified by comparing it with the
actual panel’s shape. After, thermal buckling analyses were carried out using various scenarios, including
kinematic hardening, isotropic hardening, and imperfection-free cases. The critical load and critical
temperature obtained from these analyses were then compared with experimental results.

Keywords: Springback, Kinematic hardening, Thermomechanical analysis, Nonlinear buckling, Plastic
deformation
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Finite Element Analysis of Temperature Change Owing to the
Friction During Extrusion

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

Abstract
During shape drawing of high-strength materials, the temperature increase is a significant matter. It causes
the deteriorated lubrication and increased die wear. It can also affect much on the plastic deformation of the
material. Here, a shape drawing of a stainless steel, SUS304, is studied, emphasizing the temperature increase
by the friction.

Keywords: Shape drawing (&7 <1'3), Friction (W2, Flow behavior (-5 573)
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Fig. 1 FE predictions of die temperature change
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Variations in Tensile and High-cycle Fatigue Properties of AZ61-
Ca-Y Magnesium Alloy with Extrusion Conditions

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

Abstract
g e W WEet =8 nPERE 2 A
g AR FETT vk ey ARkl vkl &
ofsl] AA| AbPelA AFHo R ALEH I Q) o] E F&3Y] Y& HT ?‘&%Zﬁioﬂ?ﬂ@]
A8 AZ Al vtadlE el A"y ?V‘(Ca)ﬂr SJEF()E H7lste 2 WA ¢
AN E 7= s NS AFE 5 HEEAQ ShFo] AHor FHijyHE 557 7l°ﬂ
7i gt H}ZLﬂ% A W FEES AL fsiAe 1 SAWERE ofyet 92 54 #gt
%7}9} A o] HEEA] O?E =3 E}EW 2 AT A= H2 NdE AZ61-Ca-Y (SEN6) w14

& wael Wz dolHmols THS i U LE, B, UFE FET Deldel
Zaoln FEAE A3, FEde Y 2 550 sz B4e e RAAn. 2] %
ZA9 mlAzRe] BHAS AAste] ¢ xAd up= u]/q]zx_}, o EX Hz EN 7}/]

e
Al def e E—éﬂs};’iu} OM, XRD, FE-SEM, EBSD 2 o] §3to] ulaz4 3 3=
2o gk EA e ar, B 18 AEHE 2 hourglass type ©] I % /\]f‘d 08 A %5} OLZxH,]
NG 54 ] -19 AF-AqF =1 }01]*14 A7) 92 545 Brkskalvh

Keywords: SEN Mg alloy; High-cycle Fatigue; Microstructure; Texture; Tensile properties;
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Experimental Study of CCAW Electrical Properties

S. W. Kim, J. W. Song, J. P. Hong, J. H. Kang

Abstract
CCAW(Cupper Clad Aluminum Wire)> ©]& 532410 dF o2 o] &Fn)F AR} 9
o WA Z T Gov], Felo] $5e 4714 St HE0)E o) 0F hn) ke S
S APAA 3 AV EA D oA s E HSA 5 vk 2 Aol A= CCAW
A5 A7) gste] 4@ A ATS ATk CCAWS] 1714 SAo] H7 o] =
9)8ho] 425 (OFHC), % Fv] (Al 1070), CCAW tiate] A2 2ol ufe} 247
Aatglom, Zzke] 23150 tate] A7 AEE ARS AWegnh A7 AEE A9
T ot dFuES A 25T okl whek A7 A EE 3 A8k A v CCAW S 7 -l
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Keywords: CCAW, Electrical Conductivity, Al 1070, OFHC, Heat treatment
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Development of Roll Force Prediction Model for H-Beam Steel

H. S. Jung, C. H. Wee, H. K. Moon, K. H. Seo, T. H. Kim, B. C. Bae, Y. S. Lee

Abstract
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Keywords: H-Beam, Roll Force, Roll Gap Control, Product Dimensions

13 -9, E-mail : hyeonseok0616@hyundai-steel.com

[e]
™

A

%

=]
=
Al
=
74

0

?_
)1\1_
A



0|5 5 X HH_)I ol & ® =& ¢let & SH| A 2|
HZE xlo g A S4 &4
Sl H

Analysis of Mechanical Properties According to Roll Speed
Ratio and Stacking Position of Sheets for Manufacturing of
Dissimilar Fe-based Bimetals

W. B. Joand J. Y. Jeon

Abstract

dlolu g AWFAFAL N e T F oldel ol AFE Few, T2 A4
AL, A F AT dguokld AgHa gow, dvHes i FYE FH Ax
93 gdeh A ded(vamv)el A, Al TRl FHol g FuwY, sl mHol
= st 239 npao)] o8 Muwde] weleth oleld w9lE WE T xtolE Ao 7
A 54 2 nAzAe G 77k old B =RelMt vlolwlg Az A, 2 WA
FA AWYPS et Ak g diul AE 54 FEe A8 e B s Es
9o o) T4 Fe(varv) S AAFAL HBA, E Sun] 2 24 A3 9R0] ©E Av
WE A 2 AAH EA P2 Zdsgt

}\
o]F F& wolEd A FxE 9e AW 63Fe-36Ni-1Mo(1Mo), A LE 3> 64Fe-

36Ni(Invar) & N &fF=8&& ol Axste] 77 1.5 mm, % 16 mm, Zo] 40 mm«] B =

72t 7bEednh ol S b Al S & £ 5 RPMOE AT AHoA AR F Sk

2 B S5 10 ~ 20 208 AAsglon, o w, o]F F& o 7{—1% AA= 2
3=

1Mo-3}5 Invar, 5 Invar-3|
2 A A mE F

24 FHEH e E 5 A 27 7
Invar= 0.2~-0.2, Invar-1Mo:= 0.23~-0.190]9, =
1Mo¥ 0.27~0.16°]t}. 2 £TH|7} Z7184= ?J% AARFFE F7kste] & SXH] 2.09)
M T AA A Fo] e s eI, IMo-Invar, Invar-IMo S eiE A o] A4 A5

ofl _1]1
=
<
o
-
N
N

Aol w2 AP FAS @GS UrE‘rlﬂF’- ‘31 AR B HUEE fg vAx A=
54 Ay, 299 A 1Mo} Invar YAA @] FAE HE HEie 27 218 HV, 210 HVS
2 SAHNY FUdEAY] e X F £5H] 109 AS AF S5 &4 2UEH T4
74l 1Mo-Invar+= 236~233 HV, Invar-1Mo+: 233~231 HVo|H, S A1 s & = 24

L BB EAT, A
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EHZFA 1Mo-Invars 230~233 HV, Invar-IMo: 233~236HVo|t}h & £%H] 209 A9 1Mo-
Invare] 2% B3 7F7) 243~241 HV, 238~239 HVo]l ™, Invar-1Mo2] A% &
HV, 240~242 HVelt}. & £Xb|7} 7155 A 45 Ao #AIglel +

S7tele AEgS Hlow, & ’;EH] 2001]A1 IMo-Invar Z# P A thH] Invar-1Mo 2 A 2]
VA ALAAgH 2 AR HAIF gasolth -n49]r 2o ANE B, oS dde 5 ¢
A oyl A HAC Bk A d%; S EeteE b gyl AU or A glol
HE 2AE 3 SRV WE AR E S AAENS W, oF a5 A 1 7IAH 54
AxE FaAE 5 deS FAs8I

Keywords: Bimetal, Differential speed rolling, Pin embedded, Shear strain, Hardness
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Development of Surface Defects Prediction Model for Special
Steel Large Bar

J. H. Lee, C. H. Wee, H. K. Moon, W. Choi, W. K. Jin, Y. S. Lee
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The Significance of Textile Material Data Centers and the
Production of Standard Data for Recycled Fabrics

Y.S. CHOI, G. J. PYO,

Abstract
HZ AR AFe diF A &v7F 8374 EA49 A & opleta dvkeE T3 A H
WA A&7bs Aol Afrald g A olr® ¥t v, 22 BI=ELS B8 JAVIHE
& ABA ABA - A Adg bt FA6 87 Fae Az 5 RS A%E AHE 489
Ag-g A F ks Gdistal glivk. ofel wet Q&S AR o Tl wet ALE AR A9

=

=
Wb Agad delH AL ALE A% £AE 224 ARE 249 FoH4 ALE LA
BHsa, QAke Al BE 20 L AF 20] hE Af 29 48 54 dolgE Yeta vk,

A2 A 2Ae 9 54 dolHE st ww AiZerl M= Ads A 248 g, A

3t1A} &+ up-stream & down-stream A A Z7|QoA Fx EE N dolHE FE3 AiA A
2 ATAY EoF BAAY A & vk B9 ol Al AdA R ALEHE A4 At
A HFe 7Y 870 g 7bed dHolHE &8 JMeet, 2 Be FAFISEA AME, wES F
288l 1as 14 A 34 =9s& E F Jdon, AE b AF(ARAD), Ags AU =
H Aol A4 AAEom giFEce], old wE AAY FAE AT FEE TS Fo=EM A
A AL A &AA dleoly 7Nk Alel 7o ¢ 3l oA A& AF Fx ZF dHE
ggato] M2 &A o] 7hsely, I o F& M &Al T UE EofdE JE A& 7t
Aoz wlt,

Keywords: Textile Industry, Data Center, Recycled Fabric, Standard Data
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Standard Reference Data Development of the Nuclear Fuels and
Materials

K. H. Kang:# K. L. Lee!, B. J. Yoon?, and S. M. Yoon?

Abstract

NFDC (Nuclear Fuel and materials Data Center) is designated as a one of the data center of National
Standard Reference Center from Ministry of Trade Industry and Energy at Dec. 30 2018. The fields of
designation were nuclear fuel and energy materials. Target materials that we aim to produce standard
reference data include the nuclear fuels such as uranium metal, uranium oxide, and spent fuel and the nuclear
cladding materials, such as Zircaloy-4, Zirlo, and HANA. Target properties that we aim to produce standard
reference data include the thermal properties such as specific heat, thermal expansion, thermal diffusivity,
and oxidation behavior.

The NFDC has established procedures for the production of data on nuclear fuel and materials and
uncertainty evaluation of data. The data produced according to the data production and uncertainty
evaluation procedures are evaluated by the technical evaluation criteria established by the NFDC and
registered as reference standards. So far, NFDC has produced 18 datasets and 887 data and registered them
with the National Reference Standard Center.

Keywords: Nuclear Fuel and Materials, Standard Reference Data, Data Center, Uncertainty, Property,
Confidence.
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Direction and Use Cases of the Reference Standard Data for
Steel Microstructure

J. C. Park, D. H. Cho, K. C. Nam, Y. S. Kim

Abstract

A7 v M x2 i volHAH = 2008 ol A=, AAFAA] mAzA Y 7|AH =
Aol FxxE dolgE FF3sta vk Aw7kA F5E dlolH= 1,102 19 AlE(set) Hlo]
Eeof 7 dolE 2= 17,000 ootk AE dlolHe HAAAY dAg 2 wAzA
NAA ER(H, B, 54, I2 5)% AE HolHE ofn|gt.

nA A A BWS dAnbetal st dAu|d o #AHE w yehve vg 2 &
AL Fx2 &2A aF9 onx] ol webA HA(EE), M, Ay, 53As 5
o mARAS Fk, A&, 14, A4, WA, UntRAdY 22 A - 287 540 B 9
S-S m R AR A A M FRZ e FRFHAE Q2 2E| Yol E(Austenite), ¥ Elo] E(Ferrite), d
g}o] E (Pearlite) o} 22 7] EA Q1 AolA FH dAz 2 7tES &3 UElde vfEdAlE
(Martensite), H]o]1}o] E(Bainite)s ¥ &S H3telar tfdksk mA 2 o] ), ma nj A xZ 9
olmjx] & 2 oy w3k thgstA YeRdth

Az o] ojmA] wlo] HlwH wEEE 7] olux| HA] AL E¢|of(Image Analyzer)
E o]&3te], g, Y% T AZFEA o] TheatAN degk AA Y HBideld, Aol dd
| FEom FAstoof strE FAS VAL, A FdEvkE stal Qe Aol Aol
oAA, mM AT ZIAA Z42e] Al el ofEgol B Aot

2 ool AE A AR dolgAlE Y FEE AF574A] F-58 dlolHE &85,
7191 A7 AR AFEA 2 EACUS s A3AT VeEs HES dEAMEHE A
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Development of High-Temperature Tensile Property Reference
Standard Data for USC Thermal Power Boiler Tube Materials

D. W. Kim, J. S. Park, S. G. Hong

Abstract
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in the Structural Materials of Nuclear Power Plants

K. H. Kim, K. S. Jeong

Abstract
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XF980 and 7xxx Aluminum Dynamic Tensile
Properties/Measurement Uncertainty Evaluation and
Automated Dynamic Material Testing System Development.

H. Lim, D.Noh, J.Lee, J.Park, J.W. Yoon
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Uncertainty evaluation.
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A Numerical Simulation study of Hydrogen Embrittlement of
Ultra High Strength Steels for Automotive Applications

K. J. Kim, S. C. Yoon, H. J. Kim, J. S. Hyun, G. J. Shin, J. H. Park, M. G. Lee

Abstract

The utilization of Ultra High Strength Steel (UHSS) in automotive applications is motivated by a push to
reduce the weight of cars in order to minimize CO; emissions. The potential risk of hydrogen embrittlement
(HE) limits the widespread application of UHSS, making it one of the hottest topics in materials engineering
and automotive industry. In this study focused on the hydrogen-induced cracking of 1470MPa martensitic
(MS) steels for car body parts. Various mechanical tests to investigate internal hydrogen-assisted cracking, as
well as hydrogen environment-assisted crack, were conducted MS steels. The slow strain rate test (SSRT) is
conducted for the hydrogen-charged steel sheets. Also a finite element model is developed to simulate the
hydrogen transport in the MS steels. Then a new fracture criterion is proposed by considering the effect of
hydrogen on the MS steels. To model the hydrogen effect on mechanical and failure behavior, a sigmoidal
softening law is suggested to represent hydrogen-assisted plasticity. Furthermore, a unified fracture model
combining the strain-based, and stress-based fracture criteria is proposed as a function of stress triaxiality,
and hydrogen concentration.

Keywords: Ultra High Strength Steel, Hydrogen Embrittlement, Finite Element Method, Triaxiality,
Fracture model
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Development of saw blade jamming prevention device by
internal residual stress when cutting ultra-thick steel plate

K. S. Park, J. H. Heo, D. K. Kim, S. M. Joo

Abstract
In the process of cutting a slab of carbon steel with a circular saw at high speed, if the body of the saw is bitten, the
process is stopped by the slab and the saw is damaged. The causative process of saw jamming during cutting is assumed
to be residual stress inside the slab caused by internal and external temperatures.
In order to overcome this problem, we developed a saw blade jamming prevention device to improve the cutting ability
of ultra-thick slab thick plates, and through this, ultra-thick materials used in shipbuilding and offshore plants can be cut
with saw blades. In addition, circular saw blade life has been improved and productivity has been increased through this.

Key Words : Steel scrap, Separation, Non-ferrous metal, Stainless, Whitemetal, Magnetic material
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Effect of Milling Parameters on Hard-to-machine Materials on
Machinability

S. M. Joo, J. H. Go, Y. G. Kim, K. S. Park

Abstract

By increasing the manganese content in steel, various properties such as high strength, low toughness, and
wear resistance can be developed. Steel manufactured by adding manganese content to 14% to 22% during
steel alloy design can improve wear resistance performance while replacing the expensive element used in
wear-resistant steel with relatively inexpensive Mn, and not only secures surface wear resistance. In addition,
a martensite structure can be created throughout the steel material, ensuring wear resistance even to the
center. However, despite the advantages of these steel materials, there are disadvantages in terms of
machinability during cutting, such as increased tool wear and chipping of the cutting edge due to the low
thermal conductivity and high work hardening of high manganese steel during cutting processing, and
increased cutting temperature. there is. In this paper, the wear of cutting tools that occurs during the milling
of high manganese steel was analyzed according to working conditions, and an experiment was performed to
select optimal cutting conditions. In addition, a finite element model that can calculate the stress distribution
and cutting force that occurs during cutting was established and the validity of the developed model was
verified through comparison with experimental results.

Keywords: FEA, Cutting Force, Machinability, Hard-to-machine
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Current Status of HANARO Fuel Manufacturing

J. J. Hwang, J. H. Kim, O. J. So, H. M. Kim, K. N. Kim, Y. J. Jeong

Abstract
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A Study on the Forming Limit Diagram of 22MnB5 Material to
Predict Triaxiality Failure Diagram

H. J. Jeon?, JSS Babu?, O. D. Lim?, N. S. Kang?®, M. S. Lee

Abstract

In general, Sheet metal is modeled as a shell-type in FEM (Finite Element Method). The shell-type
modeling used in the FEM can predict material fracture with the FLD (Forming Limit Diagram) damage
theory. However, this damage theory is difficult to apply to solid-type modeling. The damage theory of solid-
type modeling was reverse-engineered using existing FLD data for the analysis of materials heavily affected
by thickness and geometry, such as thick sheets and TWB (Tailor Welded Blanks). FLD data was obtained
through the Nakajima test, and the subroutine technique was used in the FE simulation to find parameters to
replace FLD data. TFD (Triaxiality Failure Diagram) was reverse-engineered based on the FLD data to apply
for solid-type modeling. The comparison of equivalent strain distribution and load-displacement graphs was
conducted with the Nakajima test simulation under the same conditions. The results were shown good
agreement. In addition, the results in this study are verified by comparing variables using relational
expressions with variables obtained using subroutine techniques. That is, the conversion from FLD to TFD is
proposed using formulas without using the reverse engineering method used in this paper.

Keywords: FLD, Shell mesh, Solid mesh, Sheet forming, Stress Triaxiality
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Development of Flash Volume Prediction Model for Lever Parts
on Independent Suspension Systems

J. W. Park, M. S. Kim

Abstract

Recently, independent suspension systems have been applied not only to passenger cars but also to large
commercial vehicles. Therefore, the need for research to domestically produce such independent suspensions
for large commercial vehicles is gradually increasing. In this paper, we conducted research on the
manufacturing technology of the relay lever, which are integral components of independent suspension
systems for large commercial vehicles. Our goal was to reduce the flash volume generated during the forging
process. The shape variables of the initial billet were adjusted to find proper forming conditions that could
minimize flash volume while performing product forming smoothly. Shape variables were set as input
variables and the flash volume was set as an output variable, and simulations were carried out to analytically
predict the volume of the flash area for each variable condition. Based on the data obtained through
numerical simulations, an artificial neural network model was used to develop a prediction model that can
easily predict the flash volume for variable conditions. For the corresponding prediction model, a goodness-
of-fit test was performed to confirm a high level of fit.

Keywords: Artificial Neural Network, Independent Suspension Device System, Flash Volume, Forging
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Comparison of Collision Characteristics Between Experiment
and Simulation Through Static and Dynamic Collision Test

K. D. Hong, K. D. Kim, K. D. Lee

Abstract

Tailor welded blank(TWB) structure is used to satisfy demands for environmental conservation and
passenger safety increase. In this paper, first, 22MnB5 was used and TWB structure was applied to vehicle
beam to improve crashworthiness and weight reduction. Three-point-bending tests was conducted for TWB
and non-TWB vehicle beams with different thicknesses, and finite element(FE) analysis was performed using
ABAQUS to compare and confirm the validity of the results. TWB vehicle beams of 1.2mm-1.4mm-1.2mm
showed better bending performance than 1.2mm, but was not significantly different from 1.4mm. It was
found that the corresponding FE simulation results agreed well with the testing results when comparing load-
displacement values. The three-point bending test is a static test. Through this experiment, the reliability of
FE simulation was secured. However, in the car crash, most cases were dynamic collision rather than static.
In this study, the drop weight test as dynamic collision was conducted using ABAQUS software. Through
dynamic crash test, it was shown that the TWB bumper beam with a thickness of 1.2-1.4-1.2 satisfied crash
safety as well as lightweight.

Keywords: Tailor welded blank(TWB), 22MnB5, Three-point-bending
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Study of Development of Material and Casting-Forging
Products for Small Modular Reactor

Y. D. Kim*# D.Y, Kim?, J. S. Jung?

Abstract

Variety eco-friendly energy technologies are being promoted around the world to respond to the urgent
climate crisis, but nuclear energy is the most powerful and realistic energy source. However, safety and
social empathy issues continue to emerge. Accordingly, the development of small modular reactor(SMR)
with solid safety, economic feasibility, and usability is being promoted worldwide. Small module nuclear
power plants contain major core devices in one container and require new materials and component size and
shape conditions. In this study, we identified the characteristics of new materials for SMR, derived process
technology for manufacturing parts, and successfully produced the first order for a small model nuclear

power plant.

Keywords: SMR(Small Module Reactor), New material for SMR, Material property, Forging-casting product,
Integrated manufacturing
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Table 1 Chemical composition of material for SMR(unit : wt.%)

Item C Si Mn Ni Cr Mo V Co N Cu | Nb+Ta P S
F6NM | <0.04 [ <0.6|0.5~1.0| 3.5~5.5 |12.6~14.0/0.5~0.7| <0.05 | <0.05 | 0.02~0.05 | <0.06 - <0.02 | <0.01
FXM19 | <0.04 | <1.0|4.0~6.0|11.5~13.5/20.5~23.5/ 1.5~3.0| 0.1~0.3| <0.05| 0.2~0.4 - 101~03| - -
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(a) Flow stress (b) hot forging test
Fig. 1 Comparison of high-temperature strength between new material for SMR and exist materials

F 12 1,000°C, Strain rate 0.01/s &Y Z7olA] 7]1¥& LA AA(SAS08)9}2] L5 &
Jo] 2 AEE BoFth 7]E2A4 dib] 6NMS 92u] XM19:= oF3ul7A] e

gzl ol#st Axp= A AR Al g Sk WE T S 2 43 29 52
b 9les omEit

o~

oy Now

(a) FE analysis(XM19, 6NM) (b) \Verification test (c) Real test
Fig. 2 Process analysis, verification model test and real material manufacturing of shell & head part for SMR
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A Study on ROTOR SHAFT Manufacturing Method Using
SCMA440H Seamless Pipe and Flow Forming Method

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

Abstract
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Manufacturing Technology Development for TiAl Blade of Gas
Turbine (Phase 2)

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

Abstract
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Keywords: Turbine Blade, Isothermal Forging, Gas Turbine, Hot Forging
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[2] ElolElE-&FuEA &=, Ui 535, 55 HE 10-1614124

[3] A&H <], 2023, 7}I=EWE TiAl Belo]=29] A|x7]& /N (Phase 1), SH=rad7tEsts] EA8t<E) 3]

224, pp.75-76

[4] J. Zhang et.al., 2007, A novel Canning Technology for Forging of gamma-TiAl Alloys, Materials Science Forum, Vols.
546-549, pp.1421-1426
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Microstructure and Tensile Deformation Behavior of
Cobalt Added Cr-Mo-V Mold Steel

J. H. Jang?, T. H, Kang!, K. A. Lee*

Abstract

Ao A= Cr-Mo-VAl F87olA Cobalts: 3713k M 2L 35S A A|lFxsa 1
u A zA 3 e lFEA ) FAe Gt I3 AlxE gl et dAgE Fyd &
a2 QS BAEGY. 389 4% annealing 1030°Col A 1087 & & FlS AA G
1, double tempering>- & 550°Coll A 307t tempering 3l Alo]ES 5 W A3 7] v
A %248 EBSD(electron backscatter diffraction)S H-&3lo] 4 #2418 2AA3 A3} %7] as-rolled
Aol A retained austenite”} ¥HEE ITh XRD(x-ray diffraction analysis) %21 Z3} M;Cs;, MeC
carbide”} &= 1 2™ SEM(scanning electron microscopy) "IAZ=2] A= o =9 A
AHAE Wt carbide”t EAlet= Ao ® YERth ¥ carbideS EPMA(electron probe micro
analysis) 2 #2138 A3} Cr, Mo, V.2 T4 % nano scale carbide® <915 %o, 3 7}% cobalt:=
ZIAW g5l Qe AoE AAEHATE 7] MY E 10° s 2o R oA Y A ES
A} as-rolled A 2] &5 == 1.65 GPa, AAE 844 %= FAHAoH, XA & F=
i+ 2.38 GPa, 9141& 1.06 %= Folxth A A F WY =4 ¥F A, A4 g 1o
HEEY, JZ e 27] mAFzZ A &2 nano scale?] carbide’t HEFSTE A7 A
55 vg oz NqFA cobalts H71e Cr-Mo-VAl 5872 Wy 73 2 1 38 7HsAol o
sto] A sl

Keywords: Cr-Mo-V mold steel, Co addition, Microstructure, Heat Treatment, Tensile Properties,
Deformation behavior
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Laser Powder Bed Fusion 2822 H =&
Fe-16Mn-10AI-5Ni-0.86 C%' = HZ9
oM =2 2z .- 54 - 17| g2 §4

ZEfEL Amol B. Kale!, &1t Zst42 o]7| ok

Microstructure, Tensile - Impact Toughness - High Cycle
Fatigue Properties of Fe-16Mn-10AI-5Ni-0.86C Lightweight
Steel Manufactured via Laser Powder Bed Fusion Process

T. H. Kang!, Amol B. Kale!, H. Y. Jiu!, H. S. Kim?, K. A. Lee*

Abstract
oo = LPBF A4S o]83dle] 2 ~E|Uo]EA Fe-16Mn-10AI-5Ni-0.86C (wt.%) 73 &4
e As Azt Ul*ﬂ A3 %, =4 2 aF7] g2 54 g 2AFsglen 1 A4y
=2 71 ddAe v £3589 E Archimedes 98] S o]83le] As-builta]e] B2 A3 4

3} 6.84g cm3Z AwrHd H7H7.86 g cmde 87.0% T+ vERiL %27 vAzRAS
EBSD(electron backscatter diffraction)E 2-8-3}o] A&A1s A3} molten pool boundary ol A blocky
BCC (B2)A°] H+ 0.99um =715 7FA™ 20.5%2] Tagri EA13FA T &3, molten pool WH-&
Q_iEﬂUrO]E Aoz FAE ] It} A FAA)e] 7d-$- equiaxed austenite grain®} B2 band”}
] T Z7] t‘l-j_sﬂ 108 s 2Ao =7 /\Lg.oﬂ/\ﬂ o1& A& 35k A3}, As-built A9 sE 7
= 1.21 GPa, X EL 2242 %= SHFAT I HE T F=# @z 23} BCC(B2)9 &
E%IL}O]EA =3 757#]°ﬂ/ﬂ KAM (kernel average misorientation) valueZ} =7 215l 0w BCC(BZ)
o] A79F Bgo] QA EAS AASE F AAR A HATE AL F=7A AFS ASTM
2248 Wt A= S22 Al A, As-built A27)(9.55 Jem?) et d12)(10.08 Jem?)7}F Ak
3 S yeillon 24 A3 F sgd $#F A3 BCC(B2)SH austenitee] A AAE uwhzt
ddo] AAEJT AL AT Ai Al el 79 R=0.1, 20Hz 211 3}oll A TZSBQ?}]\-«H% kel
7 Ao A 3] Zsk(fatigue limit)> &5 =2l 30% o2 el A7 ARES v
go R LPBF &4 o2 A|Z3 Fe-16Mn-10AI-5Ni-0.86C 2% H7ke] W& 7] 7o EH%HHE g
771] arzkeRgith

Keywords: : Additive Manufacturing, Laser Powder Bed Fusion, Austenitic Lightweight Steel, Post Heat
treatment, Mechanical Properties
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Development of Localization of Korea Combat Training Center
(KCTC) Large Reusable Packaging Container

J. H. Kim, J. J. Kwon, S. B. Pack

Abstract

This research describes the development process of localization for the large reusable packaging container
using in the Korea Combat Training Center (KCTC). Currently, in Korea, large reusable packaging container
is 100% dependent on imported products and having difficulties in supply due to the external environment
(COVID-19), increase of logistics cost, delivery delay, design changes and insufficient follow-up support
response. To solve these difficulties, research and development is underway with the goal of reducing the
price by 20~25% compared to existing products while having the same or higher performance as existing
products. If this research is successful, it is expected to contribute to the localization of the engineering
packaging industry by simultaneously securing price competitveness and technological competitveness in the

country.

Keywords: Korea Combat Training Center, Large reusable packaging container

LA B oA g, 7edT4, FAddAT4d
2. A BooldlA Yo g, VedT A, AddATd
# (F)A BoldA Yoy, VAT, FAAT 4, E-mail:spark@gv-engineering.com



Diaphragm valve € CoHl % NiAl '°;I' FRl| = 2]
oM =% 3 Q& By HE
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Microstructure and Tensile Deformation Behavior of
Co-based and Ni-based Alloy Sheets for Diaphragm Valve

J. H. Park?, Y. H. Chot!, J. H. Choi?, M. H. Park?, K. A. Lee'*

Abstract

Diaphragm valvex WHEA Az FAHAAY IFEE 7t~ 4 35Ed9 {58 Aozt A gk
sheet FENS] 7haol @€tk o3 7ba2 Awe] Gt hHS FASHHEA dak= FEHO AxE
A g FAHL HesA BAuh w3 sheet FE R ALE% = diaphragm valve2] A$- FE EAL AA=
afor & Fagk 7IAA 54l AMgEE AR Axel wek Wi by, o 3 B AF $YS
A9 F e Yo AAHE Aow dyA Yl B Ao A= diaphragm valve H 8o Q3 %
ob A H §-=3k YF-2AA 5o EAL 7FA= Co-based FH<! Elgiloy$t Ni-based 3591 Hastelloy C22
FoS AHEeth 7 &A= 242 150um, 50ume] FAIE ThA= GRS sheet FElE WY3F AW AT o
Ad 22 Ax EA HE 98] AL <o) 10%s9] strain rateZ oA SR o S e Al
3 Aso mAxAA EAS vlusteth 49E Elgiloy sheet 274 = FCC-Co phasest W@ %2 o] A
/¥l HCP-Co phase?} &7 &A18¢le™ grain W5 low angle grain boundary(LAGB)= F= T %

shear band7} SR 33,” Ht). Hastelloy C22 sheet YA A1e] %7] wM|Z224 L 2 FCC phaseZ 74 ¥ o]
¢+ whakol HeYstA v A shear bandE©] =3} T} Elgiloy sheet 22412 0%
= 7}7} 1604.5 + 12.8 MPa, 1312.5 + 42.4 MPa, 1.97 + 0.09 %= A= 1o™ bulk
FAA vE AdoHoR fARGE A 2 W AXE&S vERlth ¥ Hastelloy C22 sheet A4
B, 5T @ AXNE2 77 1491.9 + 11.1 MPa, 1453.7 + 16.0 MPa, 1.27 + 0.05 %= 4= §loH
% o8 w2 Ar 9 ¥ AAES UEdddth 7 AAE E—Er tﬂfﬁ 5 Az
14 LAGBY =717} gl 9l o Elgiloye 79 HCP-Co phased] &9 747} el |
S RO = sheet FE|2] Elgiloy ¥ Hastelloy C22 FaAle] 7] & WE vAzd B4 AxE A%
EA43 AAske] vl A ekt skl

§

o
0%
N

Keywords: Diaphragm valve, Elgiloy, Hastelloy C22, microstructure, tensile properties
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Simulation of the Progressive Process LID Parts
for an EV Battery’s Prismatic Can

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

Abstract
Aluminum lid parts are welded onto the top and bottom of an EV battery’s prismatic can. The lid parts had
been developed and manufactured using a manual press. With the recent increase in their demand,
development of the processes based on an eleven-stage progressive processes was carried out using the finite
element simulation technology.

Keywords: EV Battery(ﬂ 71218 vlE]2]), Progressive Process(Z =1 Al H FA), Finite Element
Analysis (3 2. 43 A),

1. M8

A71218 g g = odEH = 28 (Prismatic), 9% 3 (Cylindrical), 32 & (Pouch)o.2 &%
o1l A ﬂ-‘?‘* FAol Zall Wadol wHolvbar, kst ded-e ¢¥ke] Harstal, Apol
27} A s E o] 9lo] AAF vl&o] AH st E}"Ori] 2 A dE7F Fol FAYTE At
= 3ol AAwE ‘ﬂra R HHE%?]OH Hlgl] Alo]~7} whekatA] erol wiE g REEolup ¥ A
ZE Al ol & lﬂug‘r%‘ T U= 7]%"] o= s, o] & %’45& thekgk 5ol & gl
4 o] =(Cap plate)etar= st, 43 wjelg]e] Apzb Ao

E L
ERES EEESE genEe wEe A e el 4
BAe 9e F A= 9 200 Y@, 59 JUpES F9 Fol AAR Bk

2. AlZt HE L=Z0|E 2 EFES AESHo0|M
T

AZE NG Bl ERES A T 20 mm 2 R W7 AlEe] 5 A3003-H14 & AR
shar, WA, A3, &340 -3ttt o 04%1011 MeE T4 Fo] x3H dF =R
Fo] Ty AlB F A (Progressive process)S Al E#olA &aL, wiE xAe FEupEgH
(u=0.05)& AH&3klth 24 4= o 1,800,000 7H= Alolati, 4y T A9 ALEE 1w
sto] Fo FAFolE eAdE JYpR]e HER Rt o, AlEdolddA s ~EH
(Strip) & B.81%|(Bridge) S Al 9] &kt

MCERERE

2. G Z A NEAT 2

# WA dm it 7] A g S,
E-mail: msjoun@gnu.ac.kr



AHZE 7RG B ERES =3 (Notching) 2 T4 79 HZx 3] o] (Piercing) 7%t & EF(Idling) 7
s ALsid, ARAJA YT HLE F 11 doz o]Fojx k. AFRFAH Ay 3y
7114.
= .

= S 05mm/FAE- H5F2 0.2mm/4 7 9 2] A3
-2 2SS dAd wy
A == S

3%k S E 47 07,03 9ol

= o ¢

-10 ¢k FAF/FSY & vkey 5 (Champer)
11k HE ZANE EYEE B Ev EfY ¥4

(a) Stage 10 (b) Stage 11
Fig. 1 Simulation results of before and after trimming process

3. 4
o] Ao A7)} wjE e Azt e 2
A=z Z7] M A Gy Ty s F

Iy

HEe TraYAB S AlEdelA skl

] = QoA ol AxEA AFsh A swg v}
Al e}
%7

o] A= FTaWMA7IGFe F4EFA &N EAII(RS-2023-00235618)2] Al Yo 3.

[1] Y. W. Son, G. S. Hub, 2017, Technology Development Trend of Domestic and Foreign Electric Vehicle
and Technology Development Strategy of Domestic Electric Vehicle Core Parts, Trans. Kor. Inst. Power
Electron., Vol. 22, No. 5, pp.373-381, https://doi.org/10.6113/TKPE.2017.22.5.373.

[2] H. K. Kim, S. T. Lee, E. J. Lee, H. K. Kim, 2012, Prismatic Battery having Electoryte Injection Port with
Superior Sealing Performance, W0O/2012/047053(PCT/KR2011/007431), filed Oct. 7, 2011, and issued
Apr. 12, 2012,

[3] W. J. Chung, B. S. Kim, S. W. Lee, H. Y. Ryu, M. S. Joun, 2014, Finite Element Simulation of Plate or
Sheet Metal Forming Processes using Tetrahedral MINI-elements, J. Mech. Sci. Technol., Vol. 28, pp.
237-243, https://doi.org/10.1007/s12206-013-0959-0.
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Finite Element Analysis of Aluminum Busbars
for Energy Storage System

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

Abstract
Aluminum busbars are the metal rod-shaped conductors for storing and distributing the electrical energy.
The busbar in this study is a key component that transmits electricity when supplying power to a home
energy storage device. Finite element analysis was conducted to simulate the progressive process for
developing an aluminum busbar, which will be used as the basic data for optimizing the process design.

W 2~1}), Finite Element Analysis (32 423]4]), Progressive

Keywords: Aluminum Busbar(&57 &
B FA), Energy Storage System(°ll U] =] A &-7X])

Process (Z 2 Z12| A]

- ME
AIAAGEA(ESS)e] wiE el 2E W dY F741ES A dsh= v 2uk(Busbar)= w1 H 2},
RIS B O S R et A Ea ] ?*éﬂoi At W 2nks ARt ow AR = e o
2l dFuES AMESte] 2 1E A B (Progressive) &4 02 AZE ], WantE gl Ao )
AgGomA g Apolo] F3tel] strste] i e Ae FHRE] ARG FE R HI i
s T FEolth
1990 el Tel/&FrE 5§ HauH1]el #d A4, 2010 Aol = ARz wane A A
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WM 2up AFEFAHL 7|2 & JofA, 1~4 2k &3 AA, 1~2 2 &3 WH, 374 & F94,
3/MA & AFH H o5 F A, HF EYUEETIEN L))o E F 10 Tl AHA st Al
Fo] $Ado] " o, FEIdle) T+ A Qs

TRIYAE - d%ﬂoi *xﬁﬂ A%HE Waolm g FAFMME HxE 2E

Strip(Main busbar 2)

Product
(Main busbar 2)

Fig. 1 Strip and Final shape of main busbar 2
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B. C. Woo, H. W. Lee, W. B. Byun, B. S. Kim, 1996, A processes of Cu clad Al busbar for light weight,

KIEE Summer Conference 1996, pp. 1654-1656.

[2] J. Y. Jeon, T. W. Rho, S. M. Jo, S. M. Kim, J. S. Oh, J. W. Choi, J. H. Suh, 2015, Finite Element Analysis
for Insulation Design of Rectangular Busbar with the Electrical Tree, KIPE general meeting & Autumn
conference 2015, pp.205-206.

[31 Y, I, Park, 2016, A Study on Optimization of Special High-Polymer coated Al Busbar for Substituting Cu
Material, Master’s thesis, Hanyang University.

[4]1 S. J. Lee, N. G. Lim, J. H. Kim, 2018, A Study on Designing the Bus Bar for Inverter in Electric Vehicle,

KSAE 2018 Annual Spring Conference, pp.1179-1180.
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Design of the Components of Damper Actuator for Electric Car
Air Conditioning System considering Manufacturing Process

I. K. Kwon, D. K. Kwon, D. H. Jeong

Abstract
The damper actuator of air conditioning system consists of the DC motor, the gear assembly and so on. In
this study, the components of the DC motor and the gear assembly were designed in consideration of
manufacturing process, such as forming process and machining process. In order to acquire the optimal
designs satisfying required structural strength, fatigue strength, thermal-structural analysis, fatigue analysis

and vibration analysis were carried out. By producing prototype of the damper actuator and evaluating of its
performance, it was shown that the final design is acceptable.

Keywords: Damper actuator, Air conditioning system, Electric car, Component design, Manufacturing
process, thermal-structural analysis, fatigue analysis
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Unit: MPa

Abstract
In this study, the automatic multi-stage cold forging process of a nut-pipe was simulated with an emphasis
on the die structural analysis. The die inserts were preloaded by the shrink fit to reduce the effective stress of

S. W. Jeong, H. D. Kim, S. M. Kim, M. S. Joun
die parts. In this paper, we examined the feasibility of a new nut-pipe process.

Assembled Die Structural Analysis Considering the Shrink Fit
During Automatic Multi-stage Cold Forging of a Nut-pipe

Keywords: Assembled die structural analysis, Automatic Multi-Stage Cold Forging, Nut-pipe
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Finite Element Analysis of a Hot Roll Forging Process of
Manufacturing an Electric Vehicle’s Aluminum Control Arm

H. K. Moon, J. K. Kim, D. H. Kim, S. W. Jeong, M. S. Joun
Abstract

Roll forging is a process by which a varying section along the longitudinal direction of workpiece can be
obtained. Process design for roll forging is highly dependent on the experience of designers and empirical
rules based on numerous experiments. Here, multistage roll forging process has numerically been studied to
examine material flow and geometry of the workpiece at each roll forging pass. The predictions are compared
with experiments.

Keywords: Roll forging, Finite element analysis, Experiment, Verification

A8 AES e @A 9 A
[e)

Front view

Top view

2 pass .

54
S
S
o
o
tlo
)
ofo
_0|L
> &2
o
2
A
by R
32
T

%0 2

o

fu
oo
o
=
oft

%,
tlo
ox

o

A2 i fo
2 o i
2 o O ﬂllﬂl

o
N
il
ofo 4y
%O,

10 ffil ok PN

offl Tt
N o2 HiF
2
!
F o
o

1o oX

3 o

~ o,
l"lO Om rj—a
B o2l e

N

d

. |
—— |

3 pass

N
—_

SRt [o o L

Jl;ﬂ BN
oL "’rq
ot
2
i
o
Ruuge
: 1o oX,
> ofn
& [o

X

2~

>,

_(Y"_ulo}il 1
=2

Lol
N

o
£ gt o

re

4

o
o2 o S w2 e
= 1> b

o > Ho 5 o 2

A 4 pass
Section A-A

Fig. 1 FE predictions at the final stroke of a roll
forging process

1. @ ZLdH V&
2. ®H&DE 7|&A+
# WA AR} At 71 AlE e, 19, E-mail:msjoun@gnu.ac.kr



PR e iR 20030E SS R 287

Copper =0 we M@=EfefElo] UEMEs A8E 1FE

e ol Hey. Map”

Experimental Study on the Penetration Performance of Shaped

Charges Based on Copper Purity
S. M. Jung', J. K. Lee', J. Y. Kim', 5. W. Sea’

Abstract
S ege e ol T Haks FUAE Fogalr WS s, o B3
o g8 g, ddgegs Wy nEEe, dely, Ea Fasiol ges Eddu=s

Ref Told ) nde] MEG oadele] Sgg B¥ac
el WEA Fi g4l $5E #¥(pure ¢ T ol Apgsielain glooy, Agy
arid g FEA5E el By AFHA R o r wEo 02 g% g A B4y
AFPREe Wiy ol fich ulaly 2 dFqe roEEe] o gegelge) pEYE va

ke Wl e ] b8 Copper S8 @3 HYE o7E SENNT, 2 P8 s
ek

eholul @iz ASTM BISZ/BIAING] e Cloadeiioong Ausieln SehgR DOF el Hu
Aoy peEF peisdo. vjely _. LA A, LRGP F ool RS WYY BE =ug
FH A Hgas K HYE S9N roEEd R 84T E vfa passict, o fFe
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Keywords - Copper, €101 v 8 4 e eh(Shaped Charged, &FolvLinery, 4 @ 3 2 € (Shaped Charge
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A study on the Shear Force and Shear Surface Changes of High
Strength Steel by the Clearance in the Shearing Process

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

Abstract

zAe) 98 Avas B9, 20 FIL Aol THE FE Holy, Fol Lol
T gzte] Mg we) ddels Y, de] RgoR uhly)ahs w3, m2d A% 2
WA S ddshs B, 483 Az vdswd Ay ARSA eyl el nads dd
st Aol 5 2A4E WEste] A, Relshs Zals dutTe drd BE A e
Al Fadk gAoIn. AEate] An] Z}*OJ% S A Aste FEFs 2AQ) nAdEAdE, SF
F 5ol wol HgHm o}, FErt SRS AndFe] /sy o2 s 2 41
o] Astdrt ek A7ty & FAAE = AdH(burnish)2 s}ekd (fracture)e] FA4d H]&o] 4
Ao Aot 5@ o Sgoldzdd whel Aolstar, Aol |4 nlEo] P dFS A
T Atk ARt ow SEjojd vl Aa AETE 9 AAdes sddd Ao €4 WE
o] Ai, FYoldart A3 ALt e AALFH Al vla] stdwe] 4 njgo] A
2=y

2 Aol A= 590MPa-1470MPa®] 1= WA HE o] §dto] Adsss Arter 54
i, Z2oleia WaEn ohlg AuE Wele] me AddaFad YW duwdon, o
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A Study on the Flow Forming Characteristics of Scm440h
according to Roller Shape and Behavior

J. S. Kim, S. M. Lee, E. S. Park, K. Y. Kim

Abstract

el

A7
3}

COo2 ¥i=

i)
=

o) A 7
95 ok ole @ AR AFEA

Ts ZE tigk 7

tholl uhet

AFANE ANAERHE T

=

=

R EY Al w

3

&

2]

=
=

o) sebnlE 9l

x4

25

el

A=

1

Keywords: EV motor, Flow forming, SCM440H, Metal forming

-

92 vEd
B

=
o

'NVH 44

Az 71742 (No. P0018669) ' ] A

)

ALY

717N

=13
=]

KR
=

3 E

AAG T AF

18

HE

o o

B! B
‘oF o
X R

—

W
=

i

ol TR
H X

oA
oA
U

HAawxy= 3
HAawxs= 3

B
-
B
-

3. AN (F) AT, Ao

1. ()7
2.("H74

E-mail:psudal@gbtp.or.kr

B

X

4l

1

Al E

71&

~,

T

T
H

# (A EE At AFA S



Nakajima % Marciniak 88 & &3t 34 El0|Elm2| 4
A "ot

UM Ysey . URE. BHB

Evaluation of Forming Limit Diagram for Ultra-thin Titanium
Sheets Using Nakajima and Marciniak Tests

K. J. Kim, C. Kim, J. H. Kim, H. J. Bong

Abstract

FAAEHAAE FYIHE T4, 2 WAFE 47 2Este] ddetA Fgst ARE T
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Adol Hojugar FAZE 60% Fwo® 7PHY FEEL oy, FuUle & EolEly AAlE
o] g3 dudA FEd Ay A e FH" ENEe e 5 uiH] v Ao}
T Ay Ve NS fEiAE dld AAY 434S Hrhsta #d dolHE SR 2
871 duh 24 BAe APA FAE 98 AFIAEr b gl AAgE=d A4 0.3 mm
A olste] v A AYIALNLEE HFAOR EEse WHES AHEY A FS
Agtoltl, B dpoME dudA EE¥g 0.1 mm FAY & golety (CP-Ti) =4 34
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[SO12004-2 A5 #arste] Hrbelglieh. 4@ H7F Ao+ dyE AFAE7E 83
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Keywords: Commercially pure titanium (CP-Ti), Forming limit diagram, Nakajima test, Marciniak test.
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A Study on Preform Design of Hot Forging
for Mono-block using ANN

. K. Lee, S. K. Lee, S. Y. Lee, D. Y. Park, H. B. Im, M. S. Jeong, A. R. Jo, K. R. Kim

Abstract
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Keywords: Mono-block, Back-taper, Hot forging, Fatigue, Dual clutch transmission
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A Study on the Design of Bearing Profile in Extrusion Die

H.S. Yang, Y.C. Kim, Y.C. Kim, J.K. Lee

Abstract

Extrusion technology is used in the production of a variety of products such as building materials, automobile
battery parts, and home appliance parts. One of the most important factors that determines the quality of
extruded products is the shape of the extrusion die. In particular, the bearing part of the extrusion die plays an
important role in the control of metal flow during extrusion, and in most cases, it is designed based on the
experience of the die design engineer. However, if the product shape is complex or the properties of work-piece
material are unfavorable for molding, the inefficiency of multiple trials and errors is inevitable during the trial
extrusion process. In this study, we presented a systematic method for determining and adjusting the shape of

the bearing part of an extrusion die and demonstrated its usefulness

Keywords: Extrusion Die, Bearing Profile, Metal flow, Aluminum
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Analysis of Acoustic Emission (AE) Signal during Tensile
Deformation with Different Materials

I. G. Choi, W. J. Chung, C. W. Lee

Abstract
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Analysis of Springback of Warm Deformation of Magnesium
Alloy Sheet in V-bending Using Machine Vision

J. S. Yoon, W. J. Chung, C. W. Lee

Abstract

vkl S |A(AZ3IB)E= ol Aol wtol AE@Ao] vt sxywo] A Ayl
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Keywords: V-bending, Spring back, warm forming, Machine Vision, Strain rate
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Research Hot Forging Technology and Manufacturing of
Continuous Casting Round Bloom Made of Highly Clean and

Wear-resistant Special Steel for Large Precision Gear Parts

1.Y.Oh, C. H. Lee, N. Y. Kim, S. H. Heo, H. S. Jang, J. M. Lee

Abstract
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Development of multi-axis machine for extrusion part of
electronic vehicle

H.S. Kim, B. R. Lee, G. W. Lee, E. Y. Son
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Multi-layer Dissimilar Material Welding process by Utilizing
Vaporizing Foil Actuator Welding

Y. H. Jeong, W. J. Lee, W. C. Lee, S. J. Hong, J. H. Oh, J. H. Yoon

Abstract
Because of necessity in weight lightening of vehicle due to regulation for CO2 emission and deepening safety
regulation, demand of lightweight materials in vehicle are on the increase. Many manufacturing companies are applying
lightweight materials such as aluminum, magnesium, carbon fiber, etc. at the frame of the vehicles. To apply these
materials, it is also important that welding dissimilar materials to construct body of vehicle, but some issues were

occurred at the welding interface such as crack, heat affected zone, etc.. In this paper, multi-layer dissimilar material

welding between different series of aluminum alloy is introduced by utilizing vaporizing foil actuator welding.

Keywords: Dissimilar material welding, Vaporizing Foil Actuator Welding, Impact welding, Lightweight
material

Vaporizing Foil Actuator Welding(VFAW) process is one of explosion welding method which use a pressure of

vaporized aluminum foil as a driving force of welding. It is characterized by high welding speed which induced by a high

collision velocity from explosion during the welding process.

Side view

Isotropic view .
P -~ larger sheet

Spacer

e Aluminwm foil

Flver sheet Fixture

Fig. 1 Experimental set-up for VFAW process
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When actuator foil vaporized, the flyer moves toward the target at the velocity of several hundred meter per second. In
VFAW process, contaminant films or coatings on the colliding surfaces are removed during the impact in a form of jet. It
is commonly believed that the jet consists of this metal layers, oxide layers, and other contaminants from the colliding
surfaces of flyer and target sheets. An impact angle is very important process conditions in VFAW test because the oblique
impact can eliminate the contaminants on colliding surface in the form of the jet. Without the impact angle, the jet would
be trapped between the collision interface and it prevents the metallic bonding.

Additionally, the sequential welding can be conducted using dissimilar materials likewise multi-layer materials because
the thickness of target sheet is not restricted. It is possible to acquire functional traits by attaching dissimilar materials in
many layers using sequential VFAW process. In this paper, two different series of aluminum alloys, AI5052 and Al6061,
were used for sequential VFAW process and 4-layer structure which two materials alternately welded was constructed.
The standoff distance was set as 1.6 mm, and the applied input energy was 6 kJ.

n-(n+1)" layer welding (n+2)™ additional layer welding (n+1)™-(n+2)" layer welding

»

Pressure

Fig. 2 Sequential VFAW process for multi-layer welding

After VFAW process, the weldability of 4-layer structure was tested with peeling test. Using 100kN universal testing
machine, the welded layers were peeled in transverse direction to detach the welded area. As a results, the fracture
occurred at the base materials around the welded area. It shows that the welding force at the welded area is higher than the
base material.
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Fig. 3 Fracture at the base material after peeling test
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Development of Front Lower Arm Integrated with the Ball Joint
for Vehicles Using Composite Material

Y.P. Lee, O.S. Seo, J.K. Park

Abstract

a3
et A &= 9lo] ]E‘?_]’C?} FDS(Flow Drilling Screw), SPR(Self Piercing
Rivet), BR(Bllnd Rlve) S3 o] o]F AAZF NAA Ad whHS wo] H&sta Q) AW

AAH AT el A% A% FEOF T B A QT FANA sheo] wuspl HAE
o S=4% At dle] =il gty w3 M qke] A B 2HE A S HE ¥
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AdE APsalal ol & 8 HRRAE A8 = 2AE A dE 29 ] AH8s

Keywords: Front Lower Arm, Multi-Material Mix, Injection Molding
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Structural Performance Study of Aluminum Torque Rod
Through Numerical Analysis

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

Abstract
AEAE Al A 218 jigtell dis-etr] flel A AlEe] A™stE 93 A Edol 1
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Keywords: Torque-rod, Lightweight, Almag, Finite element method, parameter study, mapping
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Development of Front Compression Arm for vehicles Using
Recycled Carbon Fiber Reinforced Plastics

Y.P. Lee, O.S. Seo, J.K. Park

Abstract
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Adaptive Forming Quality Control Methodology Using Real-
Time Monitoring Signals in the Deep Drawing Process

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

Abstract

Recent research is actively being conducted on smart manufacturing processes that innovate production
technology through increased productivity and advanced manufacturing techniques. In particular, in the field
of metal sheet forming, intelligent process management is required for productivity improvement and cost
reduction. To achieve this, the development of monitoring technology for metal sheet forming processes
using various sensor technologies is necessary. A real-time monitoring and quality control system for a deep
drawing process based on load data obtained using a bolt-type load sensor is proposed in this paper. Further,
material property evaluation was performed for a finite element (FE) simulation. The plasticity of the
material was evaluated through a tensile test using the DIC system. Forming analysis via FE simulation
induced wrinkles and fracture defects by applying different blank holding forces within a certain range and
analyzing the resulting changes in punch load data. The punch load history obtained from the forming
analysis was input into the structural analysis to secure the stress data through the bolt-type load sensor.

A real-time monitoring algorithm was developed by utilizing time-series load data obtained from FE
simulations to predict the drawing quality based on the applied holding force. Time-series load data was
converted into recurrence plot (RP) images for quantitative analysis; the structural features of RP were
analyzed in relation to the deep drawing process. The drawing quality coefficient was proposed by
quantitatively analyzing the structural characteristics of RP. The drawing quality coefficient was employed to
determine the compensation value for adjusting the holding force in a feedback control system aimed at
maintaining and validating quality through experimental tests.

Keywords: Recurrence plot, Deep drawing process, Feedback control, Smart manufacturing
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Evaluation of Slip Characteristics by Mold PVD Coating to
Improve Mold of High-strength Lightweight Materials
K. K. Jeon, J. S. Song, K. T. Youn, C. D. Park
Abstract
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Design of Stainless Steel Warm Multistage Former Process
for Improved Material Yield
GW Jung, MS Kim, SH Jung, TH Choi, JS Lee
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Predict of Air Flow Properties of Edge Baffle
in Continuously Hot-dip Galvanizing

S. J. Jeon

Abstract

In continuous hop-dip galvanizing, the problem of edge overcoating developed near the edge of the steel
strip is studied quantitatively in the gas wiping of air knife. It has been assumed that the edge overcoating
occurs due to the reduced impact pressure of wiping gas on the strip edge and it is one of determental
problems th the quality of zinc coating product. To improve the quality of edge overcoating on the strip,
characteristics of air flow for air knife and baffle must be investigated. This paper conducted a model design
for edge baffle with different structural types. In order to analyse the edge overcoating problem numerically,
3-dimentional unsteady flows due to the air wiping are calculated by using a commercial flow analysis code,
Fluent. The effects of edge baffle to air flow of air knife are investigated, and it is conclueded that edge baffle
can reduce overcoating and edge bulit-up. Based on the computational results of simulation, this paper found

that the original air knife baffle air flow properties.

Keywords: Hot-Dip Galvanizing, Edge Overcoating, Inner Flow Field, Air Knife, Baffle
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A Study on the Effect of Die Chamfer on the Die Roll in Shaving
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Investigation on Crack Propagation in Weld Zone of Laser
Welded and Then Hot-pressed 22MnBS Through FE Simulation

J. H. Eom, S. G. Ha?, C. G. Kang?, M. S. Lee”

Abstract

Tailor Welded Blank (TWB) - Hot Press Forming (HPF) method is widely used for weight reduction and
improving the strength of the car body. Recently, as the number of TWB part for automobile component
increases, the evaluation of the car crash for TWB component have been emerging. Because the experimental
evaluation with TWB is expensive and has limitations, the FE simulation about the collision test of the TWB
part is important and emphasized. In order to evaluate the stability of TWB automobile component, research
on crack propagation of welded materials must be conducted first. Many studies have been conducted on the
characteristics of laser welded hot press-formed TWB part, but there are few studies about the crack propagation
of hot press-formed TWB. This study investigated the crack propagation through tensile test under various
welding conditions using ABAQUS software. The tensile specimens were fabricated according to the different
heat inputs. Tensile tests and microhardness tests were conducted on each specimen. Refer to the previous study,
the mechanical properties of the weld zone were entered and FE simulation was performed. The formation and
propagation of the crack were observed and analyzed through simulation. The simulation results showed good

agreement with the experiment.

Keywords: TWB, crack, propagation, FE simulation, Hot press forming
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Simulation Verification of Pre-piercing Roll Forming Method
Using Flattening Method

B. S. Choi, K. S. Lee, D. Y. Lee

Abstract
Side sill products are usually formed with ultra-high-strength steel using the roll forming method to lighten
the car body. In the case of ultra-high strength steel of 1.5 GPa or more, the elongation rate is significantly
reduced, which not only easily causes defects such as fractures and wrinkles during forming, but also causes
many difficulties in ensuring quality due to deformation. In addition, problems with die damage are expected
due to the application of ultra-high strength steel in the trimming process or piercing process. In particular,
when trimming or piercing is performed using the press process after roll forming, securing the padding
surface and securing the piercing tool space may be impossible. In some cases, machining steps are added. In
this study, a roll forming die and forming process optimization was derived using simulation to develop a 1.5
GPa class ultra-high strength side sill using the pre-piercing method, and the reliability of the analysis was

verified through the tryout and dimensional measurements.

Keywords: Flattening method, Pre-piercing, Roll forming, Ultra high strength steel, Development Drawing
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A Study on Geometry Optimization of Lightweight Blowing
Container Using Engineering Analysis

E. C. Jeong, J. K. Oh, S. K. Hong

Abstract

The lightweighting of blowing containers can lead to cost savings by reducing the material, but it can also
cause the problem of degradation of container stiffness. In this paper, a study was conducted to design a
lightweight blowing container geometry without ribs that does not cause a decrease in the stiffness of the
container, and to predict the stiffness of the lightweight container using engineering analysis. The
instantaneous collapse of the blowing container due to compressive load can be predicted through buckling
analysis, and the critical load at which the buckling of the container occurs was predicted through linear
bucking analysis. In order to optimize the lightweight blowing container geometry, parameters were selected
for the shape factors of the container, and bucking analysis was performed for approximately 100 different
container geometries according to parameter variations. Based on the results of the buckling analysis, the
correlation and sensitivity of each parameter were analyzed, and optimization was performed for five
geometry parameters to obtain a blowing container structure with minimal stiffness degradation.

Keywords: Blow molding, Buckling analysis, Geometry optimization, Lightweight
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Profile Design of Swaging-pointing Part for Shape Drawing
Process

S. K. Hong, J. H. Son, H. E. Cheon, K. H. Lee

Abstract
This study was conducted to design the minimum cross-sectional profile of the swaging-pointing parts of
the initial bar material to ensure the stability of the shape drawing process for manufacturing hydrogen
embrittlement-resistant hexagonal bars. The drawing load and stress occurring in the pointing part during the
shape drawing process were predicted by developing a theoretical model using the A. Geleji equation. The
results of the theoretical model were verified by performing a finite element analysis using FORGE NXT.

Keywords: Shape Drawing, Swaging, Pointing Part, Finite Element Analysis
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Strengthening of High Nitrogen Austenitic Stainless Steels
by Niobium

D. Y. Kwon, D. W. Kim, J. H. Kang

Abstract
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Development of FRP Guide Bobbin for Drive Motor

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

Abstract
FRP(Fiber Reinforced Plastics) for automobiles, represented by carbon fiber reinforced plastics, has been
widely applied in recent years and has been spotlighted as an essential component material in certain industries.
In this study, we aim to replace FRP material for guide bobbin applied to drive motors for electric vehicles. For
this purpose, a hot forming mold was designed and manufactured And the basic properties and molding
conditions of FRP material were set during hot forming, and based on this, a guide bobbin prototype applied to
a drive motor for an electric vehicle was produced.

Keywords : FRP(Fiber Reinforced Plastic), Hot forming, Guide bobbin
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Roll Forming Process Analysis of Car Body Collision
Reinforcement

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

Abstract

The roll forming process is a forming method using continuous bending, and is a process of passing a
material through a continuous forming roll to form a part having a desired cross- sectional shape. In addition,
it is advantageous for low investment cost compared with the press process and for manufacturing the shape
of a closed cross section, especially for manufacturing high strength material with low elongation and high
strength In this study, the problems of the roll forming process of the car body collision reinforcement were
predicted through FEA(Finte Element Analysis) and the process design was performed according to this
prediction.

Keywords : Roll forming, Car body collision reinforcement, FEA(Finite Element Analysis)
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Development of Car Body Part by Hot Forming of FRP Material

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

Abstract

Composite materials, including carbon fiber, are being applied by various automobile manufacturers for the
purpose of reducing body weight and CO2 emission due to environmental regulations and demands for energy
efficiency improvement. Korea is actively supporting the development of advanced future materials and parts,
which are called future growth engines, due to increasingly stringent environmental and fuel economy
regulations, and recognizes the importance of developing composite material derivatives that can replace metals.
In this study, mold design and manufacturing were conducted to develop FRP(Fiber Reinforced Plastics) car
body parts. Then, the molding conditions for FRP material were set during hot forming, and a prototype molding
test was conducted based on these.

Keywords : : FRP(Fiber Reinforced Plastic), Hot forming, Car body part
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Defect Detection of Wheel Nuts through Object Detection

C. D. Kim, S. W. Baek, W. J. Chung, C. W. Lee
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Cold Stamping Process Design of Underbody Member in EV
using Ultra High Strength Steel Sheet

H. Kim, J. H. Song, G. H. Bae, J.H. Lee, J. D. Seo

Abstract
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Cold Forming Process Design of Sill Side Part
For Applying 1.5GPa Grade Martensitic Steel Sheet
J. Bang, J. H. Song, G. H. Bae, M. Kim, S. W. Nam, J. H. Lee, K. H. Kim
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Abstract
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Effect of Microstructure and Mechanical Properties of
Aluminum Alloy by Hot Rolling Final Thickness and
Temperature

K. I. Kim%#

Abstract

The hot rolling in the process chain of the aluminium rolled products present the critical element of
material quality and influence on productivity. The desire to increase the letter demand modifications of hot
rolling, consequential changes of microstructure, crystallographic texture, mechanical and formability
properties must be knowledge and consistently considered in planning the rolling process and rolled product.
Achieving lower thicknesses of the hot-rolled band would enable fewer passes with cold rolling;
consequently, hot rolling with the same number of passes will complete with lower temperatures.
Microstructural and texture characterization with the optical microscope and scanning electron microscope
for the hot-rolled band 3.25 mm the smaller grains appeared in the center of the cross-section, unlike for the
hot-rolled band 6 mm, the smaller grains were detected on the upper and bottom position of the cross-section.
Furthermore, the comparison shows also that the hot-rolled band 6 mm has 64 % of random texture
components and 83 % of recrystallized grains, and the proportional adjustment for the hot-rolled band 3.25
mm has the 42 % of random texture components and 55 % of recrystallized grains. For the mechanical
testing results, the elongation values in rolling and transverse directions significantly differ just in the case of
a hot rolled band of 3.25 mm. Consequently, the earing results are more than 1.5 % higher for the hot-rolled
band, 3.25 mm, than the hot-rolled band, 6 mm.

Keywords: Aluminium alloy, hot rolling, simulations, metallography, mechanical properties
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Design of N> Purging System for Ammonia- Diesel Fuel
Propulsion Ship

S.H. Jung, M.G. Shin, B.D. Kim, G.S. Lee

Abstract
In 2030, propulsion ships using carbon-free fuel(ammonia) to meet greenhouse gas regulations are
expected to expand. When the fuel supply system is shut down or the engine stops in the ammonia
propulsion line, N2 purging should be performed to prevent explosion due to the remaining ammonia in the
piping and engine and to remove toxic gases, and only 25 ppm or less of ammonia should be discharged. In
this study, we developed an Nz supply system to stably supply more than 27 bar of nitrogen suitable for the
capacity of 20 bar of ammonia fuel supply system, and detailed design of system configuration, purge

capacity, storage tank capacity and pressure were performed.

Keywords: Ammonia fuel propulsion ship, N2 Supply System, Membrane type N2 generator, N2 purging
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Mechanical Property Evaluation of Ti-Nb-Zr Alloy
Manufactured by Selective Laser Melting Process Parameters

D. K. Kim
Abstract
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Simulation of Micromechanical Deformation Behavior During
Cold Rolling of Hot-rolled DP Steel using Microstructure-based

W. G. Seo, L. Kauhik, A. Kumar, S. H. Choi
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Additive Mixing Ratio in Zinc Electroplating Process
*Y. J. Choi, S. K. Lee, S. K. Hwang, I. K. Lee, S. Y. Lee, D. Y. Park, S. B. Jeon, #M. S. Jeong

A Study on the Plating Surface Roughness as a Function of
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Evaluation of Product Precision According to Process
Conditions Post Extrusion

S.Y. Lee, I. K. Leg, S. K. Leg, Y. J. Choi, D. Y. Park, M. S. Jeong

Abstract
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This study has been conducted with the support of the Korea Institute of Industrial Technology as “Digital
transfer project of Ppuritechnology master know-how (KITECH IL-23-0003, KITECH UR-23-0043)”
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The Hollow Shaft Manufacturing Process for EV Motors
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Prediction of Process Product and Forging Part Properties for

Vehicle Ball Pin Application of Yield-Ratio-Control-Steel
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Prediction of Warpages in Glass Fiber/Polypropylene
Plain Woven Composite Subjected to Compression Molding

Gyuhyeong Kim, Donghyuk Cho, Juwon Lee, Sangdeok Kim, Cheolmin Shin, Jeong Whan Yoon

Abstract
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Keywords: Representative Volume Element (RVE), Plain woven, Compression Molding, Thermo-mechanical
analysis, Glass fiber/polypropylene (GF/PP),
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Effects of Dies Cooling on the Change of Extrusion
Characteristics of Al-Mn Aluminum Alloy Flat Tube

Y.C. Shin, T.Y. So,S. S. Lim, S. C. Lee, T. H. Kang, K. A. Lee

Abstract

In order to increase the extrusion production rate of aluminum, extrusion dies cooling technology using
liquid nitrogen has recently attracted a lot of attention. Increasing the extrusion speed increases the
temperature of the extrusion dies bearing area and the extrusion profile, which may cause defects on the
profile exit surfaces. Extrusion dies cooling technology is to directly inject liquid nitrogen through a cooling
channel formed between the die and the backer inside the die-set. The liquid nitrogen removes heat from the
die-set, and gaseous nitrogen, at the exit of the channel, covers the extrusion profile of an inert atmosphere
reducing the oxidation and the profile temperature. The aim of this study is to evaluate the cooling capacity
by applying dies cooling to extrusion of Al-Mn-based aluminum alloy flat tubes, and to investigate the
effects of dies cooling on the change in extrusion characteristics of flat tubes. Cooling capacity was
confirmed by observing the temperature change of the extrusion profile depending on whether or not dies
cooling is applied. To observe changes in extrusion characteristics due to dies cooling, tensile tests are
conducted on extrusion profiles and surface observation with measurements of the surface roughness are
conducted. In addition, microstructure and precipitate analysis are conducted on the extrusion profile cross
section.

Keywords: Dies Cooling, Liquid Nitrogen, Extrusion, Al-Mn Aluminum Alloy, Flat Tube
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Analysis of the Prepreg compression molding for co-consolidated
thermoplastic composites through single lap shear test

H. S. Choi, Y. J. Jeon, D. E. Kim

Abstract
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