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Elastic Deformation of Tools by AFDEX Elasto-Plastic
Finite Element Analysis

H. D. Kim!, H. W. Kim?, J. H. YU?, J. B. Lee?, W. J. Chung”

Abstract
P& 7h3o] aE A gAY st deAgo] dolv
i S Fotel 1 A S Fotste AL w¢-
8 =32 Assemble Process DesignTJr Separate Process
Desngn«l F 7HA1 9 71101*011 sl 27t S 3 W= vlelslivl[1] %3 AFDEX V16_R01H]
Aol AEAEE A8 A8l fgk ﬁi A EE:L%EOJ ABAQUS 6.10% A}-g-3te] @lH Aol 5
Al e A 2 AR Aol &
kA, i oA WA EAY

5 gHsto] 1 ARgks FF Y

EL ~%—% =3k & vwekel AFDEXS] A4S o
ol Wk
Key Words : Forging simulation(¥= ] &2 o] A1),

Elastoplastic Material (§F4~/d #ll ), Elastic Die(§-d = 3)
[ M8 F SR FYo= SKDI12
1. M & A2t Table. 12 afiAMoll AtE =
TMADE A s Aol ALESSH EAXIE
2 =20 A AFDEXS| EFAM HE 5| A HHERH = ok
of 2|5t FHEMHES RetAAME & .
Jbst7] 95l sixl ZujoA Jlersm 9le Table. 1 Process Condition
AFDEX V16_R01Z} A8 RStAsHA = B a
22l ABAQUS 6.102 AHE3H0] 34 “=Y0(1+5>
2 Fdstct s o n
w5k Eafo|2 MEE FEo| Assemble aMel 7SS | HLEESH(Y) : 260MPa
Process Design@} Separate Process & S 51X 4+(a):0.22676
ign2o. LIS=0] siAMe X|6H;O=IO|:| ~
Design2& LH+0f 54 FO 1, #8487t 45 ():0.01138
2tzto| m2M|Ao| s von Mises&2 1t
B Q|2 H| WSt ARje|l EFM A 199.95GPa
=@o| EHEAS 200.00GPa
2. AlsldhH opEe = o) Law of Coulomb friction
Op&HAH &= u=0.05

2 oM Al = =2 A3 . - . .
HAolM A= AISITOT0E AtSot Fig. 12 Assemble Die2} Separate D|e°|

1. Ag3}el7] s ghal EHEWJ AEd A= & gt = X| &Eefje] 2ES LIEI|D QYC
9. e waty] ZT)ta 7] A A 2 E T A Q2 Ek ) T ﬂ ! = Hﬂl E'OE; } FH:‘ RAEE
# WAR A A eels Suista 7] A A 28T 2pel Bot ), =0 M= of Zo| cCHstod AFDEX
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Experimental verification of the finite element predictions
of the side bolt roll forging process

H. T. Jin, T. H. Nam, S. S. Kang, M. S. Joun

Abstract
In this paper, a finite element model of grip in roll forging presented in the previous study [1] is validated by applying
it to an actual roll forging process of long stepped bolt. In the model, a fraction of roll separating force is exerted on the
front end of the material to be pulled, which was assumed 0.1 by insight. The comparison between predictions and
experiments show that they are in good agreement with each other.

Key Words : Roll Forging (& ©+3), Grip Pulling Force (2 ¥ <1743}%°), Proportional Factor (H] l/d57)

1. ME
ECHX(Roll forging)= €&2| odo HKot= dez Zo|gEgez Mol AU 2= &
N gao ME Ee= UMM E MH=Este SH2Z2 ALEED Aot SEExo|A g0 XY
of 230 olxl= FEE EA5HY| fI5td st kol HlHste FHE StE2 O Fof
st WS O AFolAM FetstAcH1]. =, ol 2lsiA Aol ke otFE =5 a8 ¢l
TotE F, 2 Cts Aol 2olshAM 7Ho|5|'31 Al 2| ﬁH AMolM= of &ofl M43st=s Hdet SHE
Aol Metdo| 23siich 07|M At f = H|2| Ak (proportional factor for grip pulling force)
olo{, o] gt=2 AMED siAel HWE &35t09 ?'5753*0” Sdof w2t AdYE= AT SYHFTE
HEsst Zdolct
Fs=fxFg (1)

2. FSEE BUE B ¥ A =2

SHAFMAM H2SH0 2ot0 =oALt HA0 st I 2eE WE=2 O
S ZCh A0 2ot &sSE A 18 83 SHE 5=C(eTe"" A2 HEGIAYD
Co%mate &2 &2 2FIALCHL S AT A0S OtE A== 025 2 240U H &
o 3|&=5= 50 rpm OICH oH&2 AFDEX 3D £ AFZGHH AAIZ/RD, 2422 == 40,000
H LA EI&EE ottt
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Aol 3d HE Aol R&35tct

Fig. 1 Initial configuration of dies and material Fig. 2 History of deformation when f=0.1
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[1] H. T. Jin, T. H. Nam, S. S. Kang and M. S. Joun, 2016, Finite Element Modeling of a Hot Roll Forging
Process with Emphasis on Role of Grip and its Application, The Korean Society for Technology of
Plasticity, Spring conference, pp. 180-183.

- 22 —



A Study on the Fracture of Shear Die in Cold Piercing
after Hot Press Forming

S. H. Kwon, H. S. Lee, H. K. Jin, J. G. Eom, S. Hong

Abstract

g ¥ye S 950TC e 2oz 7tdste] g8 Wi Ly AP & FA
& Yziate] 2ue ZFaH(Ultra High Strength Steel)9] #1352 A& AAF whajolt}, 7]|& A%
Hop 52 ZL7t sof T84S gusta A FAE =9 AEs & 4+ v a1y
2AY F=e AR s 539 o] VE A% aA Bk 9 AA A k. E=3
2o A7 Fold HXE W Feof Ji o] Witk Foly FAA FE Fo AA T
o] v ZA WA, B AN zuddE o] doA FEdl  7F7 s (work
hardening)7} W] X]i= & dkol] 3k A4, /3 24 M S T MEAIE g2A e &
Aol dek siAS WPsila, 53] B WP ES Fste] AAo wAEE FHE I
Lo Fo]d H|AA HW F Hu ZE §F #Ae F=Ho]l ¢ A &

Key Words : Hot press Forming, Work hardening, Die Fracture, Die Structural Analysis, UHSS(Ultra High
Strength Steel)
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ZZ ASA dHollME BE oY

Fab 8 XA S HAAE AIZI7] /el 2o ZE
(Ultra-High Strength Steel, UHSS)O| A2 2 FZFo ZHe| st HE= L Ch UHSSE 2=
7 =10 &Fe| AMS0| Hol ZA TJtxs JFo|AMe mth 20| Brol ZhMsioi1]. ol
tist Mol 7|= Joll shutel SF=ZaA Z U (Hot press Forming, HPF)2 ZHEHS 950C2e| 122
Jtdstod ol Y Zela AYE T SAl0 2% WAoo =2 AMHEl(phase transformation)E &
e MEZS ditsts gAlolch AAS0| =2 122 aEjolM MEol =of et
* 15GPas| 2T & Z=ct JgLt =nds Zmo| MgE
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1. Department of MetalMold Design Engineering,

Kongju National University
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3. () MFRC 7% 14, www.afdex.com
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[1] H. S. Choi, S. G. Kim, B. M. Kim, D. C. Ko, 2013, Quantitative Evaluation of Scratch Related Tool Life
for Stamping of UHSS Using Pin-on-Flat Surface Test, Trans. Mater. Process., Vol. 22, No. 2, pp. 86~92.

[2] AFDEX, http://www. afdex. com

[3] D. H. Lee, T. J. Kim, J. D. Lim, H. J. Lim, 2009, Development of High Strength Steel Body by Hot
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Springback analysis of a precision forging process considering
temperature effect

M. S. Joun, T. M . Hwang, S. H. Chung, W. J. Chung.

Abstract

In this paper, a complicated coupled analysis of hot or cold upsetting process is conducted, considering all
kinds of relationship between elastic and/or plastic deformation and temperature of material and elastic
deformation and temperature of dies. In the die structural analysis, both mechanical force and thermal load
are considered. Two simple examples of imaginary upsetting process, hot and cold ones, are investigated to
reveal some correlation between all mechanical factors affecting the process in the macroscopic view.
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[1]1 M. S. Joun, H. K. Moon, R. Shivpuri, 1998,
Automatic simulation of a hot-forming
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element, ASME, \ol. 120, pp. 291-296.
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Numerical and experimental study on die deformation in hot
forging by rigid-thermoviscoplastic finite element method

H.Y. Hwang, S. W. Jeong, M. S. Joun

Abstract
In this paper, a numerical study is conducted to quantify the elastic deformation of die in hot forging, prior to
carrying out the related experimental study. An axisymmetric forging process is selected, which is simple
enough to make clear the ambiguity due to complexity.
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(a) Upsetting (b) Blocker
Fig. 1 Test process design
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(a) Actual design (b) Structurally strengthened design
Fig.2 Die design for the blocker.
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(a) Actual design (b) Structurally strengthened design
Fig. 3 Comparison of metal flow lines.
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Analysis of a forging process considering
elastic deformation of press

Akash Meena, M. S. Joun

Abstract
In this paper, effects of elastic deformation of press as well as dies are studied by comparing some
predictions obtained under various conditions. Four combinations of rigid or elastic press and rigid or elastic
dies are examined to reveal the effects. A simple hot forging process with two stages are considered.

Key Words: Press Elastic Deformation, Die Deflection, Hot Forging Process.
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Table 1 Analysis information

Table 3 Effect of elastic deformation of press and die
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3500 kN/ mm 7000 KN/mm
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of dieand | load(ton) | of dieand | load(ton)
press(mm) press(mm)
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A study on the geometrical design for multi roll-die
drawing process

J. H. Kim, B. M. Kim

Abstract

The multi roll-die drawing process consists of the idle roll-die and drawing die in tandem. In the course of
drawing with roll-die, deformation takes place between the idle roller pair or pairs. The frictional force
decreases with the idle roll-die, enabling the reductions to be risen in one step.

In this study, the theoretical models for the multi roll-die drawing process were proposed about the cross
sectional shapes with circle-to-circle, circle-to-square, and circle-to-shape. The effects of roll-die in
comparison with drawing die were analyzed through the theoretical models proposed, quantitatively. The
pass schedule of multi roll-die drawing process was designed by virtual die method and was modified by
considering the effects of roll-die. In order to verify the theoretical models and redesigned pass schedule, the
FE-simulations and experiments of two-stage roll-die drawing process have been implemented.

Key Words : Multi Drawing Process (C5t 1% &-4), Roll-die (£ T}e]), Drawing die (1'% thol),
Pass schedule (3] 2= =7 %)
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Prediction of Force of Multi Roll-Die Drawing Process
using Equivalent Transformation Method

S. H. Kim, B. M. Kim

Abstract

Multi roll-die drawing process consists of tandem with the idle roll drawing and die drawing. Recently, the
drawing force was calculated by slab method, upper-bound method, and so on. But, previous methods are
difficult to calculate the drawing force of the multi roll-die drawing process through a theoretical model
because of the complex cross section shape. The purpose of this study is to predict drawing force easily in
multi roll-die drawing process using equivalent transformation method. First, the cross section shape of
drawn material transformed from complex shape to simple shape, and the drawing force was calculated using
A-parameter and equivalent transformation method of idle roll drawing and die drawing, respectively. Finally,
friction force and shear force was considered with calculated drawing force, additionally. In the second pass,
also, the drawing force considering the back tension was calculated. In order to verify the effectiveness of the
proposed method, FE-simulation and experiment have been carried out. From the results of the FE-
simulation and experiment, it had a good agreement between proposed method, FE-simulation and
experiment.

Key Words : Multi Roll-Die Drawing('# E] & t}o] <14}), Shape Roll Drawing(8 7 & <1, Shape
Drawing(3 % <12), Drawing Force(%1 3}5°), Equivalent Transformation Method(s 738+
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A study on the effect of process conditions on the grain
refinement of cold-drawn austenitic stainless steel seamless tubes

K.S. Lee, Y.S. Lee and D.R. Kim

Abstract

Cold drawn Cu-rich y-stainless steel tube was considered as a new type of austenitic stainless steel which possesses
not only excellent resistance to high-temperature corrosion above 600 °C and steam oxidation, but also superior
creep strength. Thus, it is widely used in ultra supercritical boilers for fossil power plants. In order to utilize broadly,
however, it is inevitable to deduce optimum thermomechanical process condition for grain-refining by ASTM No. 8
or more without crack generation during the entire fabrication process. In our work, softening, room-temperature
compression and solutioning were subsequently carried out for hot-extruded y-STS seamless tube at various
temperatures and strains. The detailed mechanism governing the microstructural evolution during thermomechanical
process was analyzed by optical microscope, scanning electron microscope together with electron back-scattered
diffraction (EBSD) technique.
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Key Words : y-stainless steel, thermomechanical process, grain refinement
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A comparison evaluation of stainless seamless pipe and
welded pipe in drawing and pilger rolling processes

S. K. Hong, S. B. Hong, B. M. Kim
Abstract
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Key Words : Drawing process (1% &), Pilger rolling process (24 ¢+l &7), Seamless pipe (-7
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Hydroscopic Property of the Surface Coating for the Stainless
Steel Drawing with a Pre-treatment

J. Namkung, Y. J. Lee, J. C. Park, K. S. Lee, J. H. Kim, B. M. Kim

Abstract
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Wear Prediction of CrN Coating on the Press Tool

for Stamping Products with UHSS
S. B. Bae, J. H. Lee, S. H. Kim, K. T. Youn, J. Y. Heo, C. D. Park
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Study on manufacture of car body in Advanced Ultra High
Strength Cold-rolled Steel Sheets of 1.5GPa UTS-grade

J.H.CHO, C. H. LEE, H. I. SHIN, Y. S. KIM

Abstract

2 dF3esE AXMUE 1.5GPag =1UE HAZEe XAt XA FEE M=o st He=z
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oo sfAMnt SLSH =AM ZElA MES MAISIYCE M ES AU dhyz EH2 H
To| AAF(C/F)E M=Estd ®E EEF(Trim)E Sds5tUCt

Key Words : Stamping(Z=%1-3), Forming(d &), Press(Z# ), UHSS(ZIL7FE7}), Springback(Z=3 7 W),

Autoform(2.E3%)
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of{zl MM E T FE L UCH XA ZEIF =10 AME0| 7~8% Djpte=z G
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Folg, ola4 &, Etad® )% &2 H] 2ol nig 3 #Hyo ot =H XsH I
F0| 42 M=2E XHIstAHL A =AM sEdTo e ATz aict 4y 5
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Comparison of Springback According to the Variable Blank
Holding Force for 1.5GPa Ultra-high-strength

C.A. Lee, H. J. Kim, J. H. Song, J. H. Cho and J. H. Kim
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Comparison of carbon dopants and its effect on the
superconducting properties of MgB,

Mahipal Ranot’, S. H. Jang?, K. P. Shinde’, Y. S. Oh', S. H. Kang', and K. C. Chung*

Abstract

Carbon is proven to be very effective in pinning the magnetic vortices and improving the superconducting
performance of MgB; at high fields, which is very important for practical applications. Up to now the carbon
and the carbon containing compounds with minimum particle size of 15 nm or above have been used for
doping into MgB,. However, according to two-gap superconductivity theory, if the size of the carbon dopant
is of the order of coherence length (&) of MgB; is approximately 6-7 nm), then large enhancement in flux
pinning properties could be achieved. The small size and high number density of pinning centers lead to
strong flux pinning. With this motivation, we have derived nanoscale amorphous carbon and carbon dots
(CDs) from polymethyl methacrylate (PMMA) and polyvinyl pyrrolidone (PVP) polymers, respectively. We
prepared the carbon-doped MgB, pellet samples by two different ways. In case of PVP-derived carbon dots,
the CDs were added directly to the mixture of Mg and B. While in case of PMMA-derived amorphous carbon,
the amorphous carbon was first coated on boron powders by pyrolysis of PMMA, and then stoichiometric
amount of Mg was mixed well. The sample preparation was carefully carried out in the atmosphere-
controlled glove-box. All pellets were sintered at 700°C for 30 min under the flowing high purity Ar gas. The
T. was found to be decreased for both dopants, however, significant enhancement in J.(H) performance was
obtained for amorphous carbon and carbon dots-doped MgB, samples compared to undoped sample. The
high J; values of J. (5 K, 8 T) ~3.1x10* A/lem® and J. (20 K, 5 T) ~10* A/cm? were achieved for PMMA-
derived amorphous carbon doped sample, which are similar with the best high-field J. values reported for
best known dopants for MgB,, such as SiC and malic acid. The improved flux-pinning force density as a
result of C substitution for B and the partial inclusion of nano-sized carbon particles within grains might be
responsible for enhancement of J..

Keywords: MgB,, Carbon Doping, Superconducting Properties

1. Korea Institute of Materials Science

2. Kiswire Advanced technology

# Korea Institute of Materials Science
Email: kechung@kims.re.kr
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Mg,B core/Nb/Cu sheath % A=A 2| Nb2} Cug
MWxasJ'zzaﬂu+w?

Microstructural change and texture evolution of Nb and Cu
of Mg,B core/Nb/Cu sheath fabricated by hydrostatic extrusion

J.B. Lee, S.Y. Park, H.G. Jeong
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1. ME

MgB2 EM L= AAR2E (Te=39K)0|0{M X2 ZMEZAX I:Ekﬂl, H| M HHAES
ALESHA 20 HS7|7|2 d24ste] =HE S48 e = Aok [1]. £8h, MgB2 =M ER
e 22x 1EAXH9F" 2o dUHeR stetxy, Z2ETE, @2 olgd & AAXIE ME

StCh MgB27t Zt= ©™7|x EMo=Z2 MRIC| oladl FESZ ALE0| Jtsstnd, 8517 2|5l
M= MgB2 wireZ M =35to{ofF stoH[2]. MgB2 wire MZ== LEHHOZ in-situ & ex-situ PIT
(powder in tube) SH2Z M =sto] olet ZHof| o5 MME M =stct. 047|A'| in—sutu= Mg
a0 B BEY¢E =0 Y= ZHo|1, ex-situE MgB2E2 SE=o| &elste ghHolct olgt &
He UstsEo| 2olM 22U FXES =ol=dl AT ot 22 EXE0| HoH HXE =
HolA MgB2 dd3 Aol 7|=2] E80| ot 2 A MF 4t2 LIEHHA ECh

|.:

i

2 ATO|AE in-situ PIT BHOE Nb H20| AIATHE CuB AFBSH WS Xzt 2
of 5782 £0/7| sl Y5 AZE BYOE Mg,B core/Nb/Cu sheath SEME T x5
ok @tEBlof core E2e| XS WA U Jof w2 YEMe A 54, oMz g g
ez @5t 52 2459t

. = o H

ZA 40 mm, &M 3mmel Nb 5=of Mg & Bo| 1:1.22 EZ¢t= 224s Melst & 2F
46 mm, S 3mm Cu FEO &elstol WalZ HM=sQct M4 & ZH|E 0[&35}0]
Halg &SI UEME M =5tUC LEH|= 2~60|0, MA20M MAISIFCH M=F &=

IR = B g e |
2. stestal A A8}
# WA A AR A7 AT, E-mail: 1jb01@kitech.re kr
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Z 28mm, 18mm<e| YUZSME H
AlZCt NbIk Cu &M= H#ds

<ag 2 eheiE Aol wtE Cund ol olMzEA U FEEA Hsb

walel Cu aMel BF M A7/= 100 m olaboltou, & 18mm UBME 24 um,
13mm YEME 12 m2 ZA3I%CH E3H EBSD ZujolA| 20| chots ztagol of

2} (101) HoR Me=xzo| Wetels e U 4 ok

4, HE

= -
Het &tE 3&ol 2lsf Mg, B core/Nb/Cu sheath &EXME M =3I 20, Nb2t Cuzs 7
SHAl o4 HEEACH LdEMO otH Zhaof w2t Mg, B EERe X822 IIt=EALH,
Nbet Cu 2xfel 2™ 2 o|ME =UCE Cult Nb &X= &2 o4 vE os) 35 A

o
Ho| dstol ZYE A7(0F L5t =A=20q, (101) He| Het=Xo| LA =AU
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magnesium diboride, Nature, \Vol. 410, pp. 63-64

X. Tang, D.L.Zu, T.Wang, B.H. Han, 2010, An optimizing design method for a compact iron shielded
superconducting magnet for usein MRI, Supercond.Sci.Technol. Vol. 23, pp. 085008
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Development of Resistance-Free Superconducting Joint for
Persistent Current Mode Operation of MgB, Magnet

Y. G. Kim, J. B. Song, Y. H. Choi, D. G. Yang, S. G. Kim, S. H. Jeong, J. M. Kim, D. Y. Hwang, and H. G. Lee

Abstract

2 AFoM= MgB, oladle] IFMFRE RS st FetdEo| 09 =ME HE|e
kel etoz FHotadd S SRSty I mE HEMS HItstUc Mget B B
Eotxe] My 2 dxz| SHE Sl o|FoX= dHe HEsHuM, M8 Aol stF0| W
S 4% M7 Sotol upzt detE Mxfel Meto|l SItstk= ohmic §4& H01 3000 Ibs Of 4t
o| stE0AM Fetsts Aol Hesicte A2 & £ UJCH £33 S2557F =2 E9, €4
2| A|Z+o| Z715H0d MgB, MA| LHE 2| Nb barrier7t £&4H=lof| w2}l MgB, 221 M| CuZE
o] BFSstAl =of H| =ME e 2&=0| gM=7| Mol LdANMFEMO| XMot=l= HS
gtolgh 4= UYL , A

|2 d7zne S, Izl 0ol MgB, MAel EME MEv|E
%on, MgB, olaYol ME8Y 2T YPMRBE /S JH5H 2 & o

Key Words : MgB,, #}14, ¥ HdFEE, 2d% HE 7=

1. MEBE

olZte| &to| & oM 3 AT st oMol ZFatghof w2t M MAXMS=Z ol of
e SHEst AFTF M E T ooy THH ol=27|7| A YA ZEE=R MEStD Uct §5 =
ME oladl 87|88 Al8sts AP |SY/AP|SEGAEX (NMR/MR)= 242 A2 & ¢l
H Ul 4 BEXE 10929 12 MUTZ EMse = U stoz M. oz5 2otofA
LMoz @FED Qe Zxlolch a3 sxf M85 U= NMR/MRI= UM EES ALS
o] ZHMol M2=ME (low temperature superconductor, LTS) MAE F=2 AtEst=dl, &
& OHZHEo sHA 2 =9 HESH ZItZ Qs &F X[HHQl 7tH 450 o M=o Ax|
gES| otHAol =70| ofz2 AtZo|Ct,

gt 2001401 = =2 WA= MgB, ZXEAM= LA2EIF 2F 39 K2 MEWZE 3 oW
of Wzt o FEEF HZto| 7t #ot o2l N2EHM At EAIS 25 M= SHES &
of MESHA =Ho = km THele] EMEIL 7tsst| W20 XMt =ME MEZE S F4 st
UCt olof & AFoME “=ME o2 . MHI|7| MBS st dAMFT S40| 253 6kmZ
MgB, ZEXME MA| 2 T el Afede| stoz MgB, TS| YRAMBZE 2ME Q5 =
Mz Metv|eel sd™ulelo|eE &2lsta cha MgB, MAel MEs =& 2 HIlstdct.

1. weigha Al 4 A& 8kt
2. Kiswire Advanced Technology Co., Ltd.
# WA A A E-mail: haigunlee@korea.ac.kr
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2 dFoME IsHF7|Eel  THHZY  Kiswire
Advanced Technology Co., Ltd. oA | Zfst chA MgB,
=ME MM E o285t HE2 FdsiqUct JE 3™
J2 13} Z'o| eThAIR AlA|GHSieny O HX= cl23f
Zch 1) HNOsE etchantZ AFE3H01 MgB, MA| ZEo o
CuZ M™H; 2) etching=l MgB, AMAjel 2F Zcot2 HIAF
5| Hcth; 3) moldol Mg(Ml =A}: SILIAMT, =E: 99.8 %)
2t B(MI=A}: pavezyum, =& 95 %) =2 =%siod

o b

£ ME; 5) M2t 2=(XM=Al Aremco products, Inc.)
0| &sto{ Ex=gAlol 37| RS Atch 6) 675 °Col
1AIZE Sok AX 2| & furnace cooling AlA|. ez ME
of AAMT EAH2 WUAHEE (4.2 K) StollM 4CHRH S
0| &3st0{ =X 3stC.

|—=— 1 °C/min, 2000 Ibs

0.8

O8 2= 5285 9 press sHE0| wWE HEMME i::;gjz::gggg:::
9 |~/ all=ZE Ho{=FCt £2&=T 1 °C/mine =2 06| |- 5°C/min, 3000 Ibs
Hetet MES2 MR STt mal ™ol kst o
ohmic S48 Holoi, Heol P eie g @ Dop .
= Act, EREFEI7E 5 °C/mingd 2%, A& Al press ;.3’0'2_

SHS2 2000 Ibs2 Hetet MZ %Al ohmic S84 & 8

O|X|2F 3000 IbsZ T3S mf 500 AS| MFJI EH = 0.0 apTE A vy vy vy

= 3o Mete] M50 glof =ME MEho| 38z

TUEACE HS & = ot 2 ZIE S5 M Al 02 R R
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Study on the variations of the microstructure and interface
in the barrier by drawing process of the MgB, wire

S.H. Na, J. H. Kim, H. S. Kim, J. D. Im, D. Y. Hwang

Abstract
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The effect of mixing conditions of MgB, precursors on
superconducting properties
S. H.Jang, H. H. You, J. D. Im, D. Y. Hwang
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Fabrication of MgB, Superconducting Wire Using
Groove Rolling Process

Y. S. Oh, S. M. Park, H. W. Lee, M. Ranot, D. Y. Hwang and S. H. Kang

Abstract

In the conventional drawing process of MgB, superconducting wire, non-uniform plastic deformation such
as sausaging of the wire may occur due to the low ductility of Mg and B powder. The repeated drawing
processes can cause breakage of wire because of the penetration of B powder into the soft sheath material
(diffusion barrier). This non-uniform plastic deformation is one of the barriers to fabricate kilometre long
MgB, wire and its applications. For this reason, it is very important that the thickness of sheath material must
be maintained uniformly during the manufacturing process. Groove rolling process is alternative method to
reduce non-uniform plastic deformation by applying uniform strain and low work hardening on the wire
compared with drawing process. In this study, we fabricated multi-filamentary MgB, wires by groove rolling
and drawing with different volume fraction of Mg + B powders for in-situ method. And we investigated the
optimum volume fraction of powder in groove rolling and drawing processes. The deformation behavior of
sheath material measured by optical microscopy was compared to drawing process with different volume
fraction of powder. And superconducting properties were also compared with drawing process. From above
study, we found that groove rolling is more helpful to prevent non-uniform plastic deformation because of its
uniform distribution of thickness and low hardening rate of sheath material.

Key Words : MgB, Superconducting wire, Groove rolling, Drawing, Sheath material, Diffusion barrier,
Superconducting property
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Development of Tubular Shaft

Seungman. Shin

Abstract
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Effect of Heat Treatment on Mechanical Properties of Laser
Hybrid Welded Plate

H.W. Lee, Y. S. Oh, S. H. Kang

Abstract
In this paper, the effect of heat treatment on mechanical properties of laser hybrid welded specimen was investigated
experimentally. The boron steel plate was butt welded by laser hybrid welding. Then, the steel plate was heat treated with
quenching-tempering process. The temperature and time during heat treatment was varied to investigate the effect on

mechanical properties. The tensile strength, hardness and microstructure of each specimen was investigated
experimentally.

Key Words: laser hybrid welding, heat treatment, mechanical property, quenching-tempering
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Analysis on microstructure of variable cross section plate after
rolling and forming

S.Son, Z. Lee

Abstract

To weight reduction of car, our research group have been trying to compose a shaft as variable cross
section. We analyzed each part of the variable cross section plate made by KIMS. With this material, effects
of rolling and forming were also studied. After rolling and forming, a laser-arc hybrid welding effects were
observed. The arc welding process is easy and convenient when an object is thick. The laser welding process
has merits of deep fusion depth and fast welding speed. With those advantages of the arc and the laser
welding processes, industrial field tried to combine the arc and the laser welding processes as hybrid welding.
The variable conditions such as laser power, arc current and welding speed will be used for manufacturing
variable thickness hollow drive shaft for automobile. This study investigated the microstructure of the
variable cross section plate. Additionally, the effects of rolling and forming with the hybrid welding
parameters were investigated to find suitable conditions for stable welding process.

Key Words : : Microstructure Analysis, Variable cross section plate, Rolling, Forming
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Study on the swaging process of 35MnB welded pipes

J. Lee, Y. B. Kim, S. H. Jeong, S. J. Lim, S. H. Kang, S. Lee

Abstract
Recently, monobloc hollow drive shaft is required for the weight reduction of the auto-body parts. New manufacturing
process for the drive shaft using variable cross-section tube has been proposed. At the final stage of this process, the
variable cross-section tube is swaged in order to form the stub part of the drive shaft. Thickness variation during the
swaging is required for the process design of the variable cross-section.
In this study, the swaging process of 35MnB welded pipes has been studied. Tubes for swaging were made using
35MnB. The thickness increases with respect to various materials and process parameters was investigated.

Key Words : tube thickness variation, swaging, material, process parameter
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A Study on how residual stress caused by roll forming process
affects Laser arc hybrid welding condition

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

Abstract
2 el M ThAkIRA(TRB)E M8 & ¥ ¥A4S F3an dste] WY AT
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At ARede & EWol 4y ki vyl FHo #olA stolrdr 84 A A
gkl & el o wgdFHe friel wel $4 A el WEE LAY

Key Words : Laser welding, Gas metal arc welding(GMAW), Hybrid laser-GMA welding, Finite elements
method(FEM), Residual stress, Heat affected zone(HAZ), Roll forming, X-ray diffraction,
instrumented indentation
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Development of Roll Forming Process for the Variable Cross-
Section Tube
D. B. Kim, K. R. Cho, S. E. Park, M. Y. Lee
Abstract
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Development of control process of a simple double-acting
extrusion for the manufacturing of titanium tubes

S. H. Bag, K. H. Min

Abstract

Although titanium alloy has received much attention to apply the tube/shell heat exchanger and the
desalination system of seawater for its corrosion and erosion resistance, their applications are impeded by
level of domestic technology which is situation that even though it is expensive, titanium seamless tube has
imported whole quantity because only welded tube of small amounts have been manufactured by welding a
plate. The method of a conventional manufacturing a seamless tube has problems that the hole and tapering
process can be primarily lead to material damage and loss, and the secondary material losses was caused by
the tube-expanding process to the punch generated in the nozzle shape. The aim of this study is to develop the
control process of a simple double-acting extrusion on the manufacturing of ti seamless tube to maximize
material recovery rates by omitting a conventional process for reducing the process costing and improving
the mechanical properties on ti tube. This study discusses the feasibility of using double-acting extrusion to
determine the possibility of extrusion on titanium alloys by comparative analyzing the extruded tube and
mechanical properties as a possible first step in developing, and provides a foundation for manufacturing the
seamless tube in the future.

Key Words: Titanium alloy, extrusion process, double-acting, seamless tube
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Effects of Casting Crucible in CP Ti Fabricated by Vacuum
Induction Melting

H. W. Lee

Abstract
In this study, vacuum induction melting of Commercially pure titanium(CP Ti) grade 2 has been conducted
to find out whether casting crucible effect a reactivity of commercially pure titanium or not. Vacuum
induction melting on commercially pure titanium was carried out at various casting crucible under the
identical conditions, Such as melting capacity, electric power, vacuum degree. It was found that casting
crucible affects the reactivity of commercially pure titanium.

Key Words : Vacuum induction, Pure titanium, Casting crucible.
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Table 1. Conditions for Vacuum Induction Melting

Material Melting Electric Frequency Vacuum Argon
ateria .

Capacity (Kg) | Power (Kw) (kHz) Degree (Torr) | Pressure (MPa)
CP Ti (Grade 2) 1.5 40 8.6 8.57° -0.06
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Design of Extrusion Process of Titanium Seamless Tube by
Finite Element Analysis

B. J. Choi, S. H. Kang, Y. S. Oh, H. W. Lee

Abstract
In this study, the extrusion process of titanium seamless tube was numerically studied by finite element

analysis to design process parameters and mechanical parts such as dies, mandrel, and so on. To investigate
the effect of process parameters during extrusion, the elasto-plastic forming analysis was conducted using
forge software. The flow stress used in the forming analysis was obtained by hot compression tests with
various temperatures and strain rates. Then, elastic structural analyses of mechanical parts were carried out

for obtaining optimal design of each part without any failure during extrusion process.

Key Words : Seamless tube, Extrusion, Titanium, Finite Element Analysis
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High temperature deformation characteristics of Al-Mg-Si alloy
by hot torsion tests

J.W. Lee, S. W. Kim, T. K. Jung, S. K. Kim, Y. O. Kim, H. J. Choi, S. K. Hyun

Abstract
As large deformation is normally involved in many metalworking processes, hot torsion tests are useful for
the study of flow behavior subject to a large strain. In this study, high temperature deformation characteristics
for Al-Mg-Si alloy were investigated by hot torsion tests. The hot torsion tests were carried out at several
temperatures and strain rates. Flow curves showed a sharp peak followed by softening. The peak stresses and
the peak strains were increased with increasing strain rate and decreasing temperature. The deformed
microstructure revealed that the alloy was underwent dynamic recrystallization during the tests.

Key Words : Hot torsion test, Al-Mg-Si, Hot deformation, Constitutive equations, Dynamic recrystallization
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(1) H.J. McQueen, E. Evangelista, N. Jin, M.E. Kassner, 1995, Energy Dissipation Efficiency
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Calibration of glass pad viscosity in hot extrusion

Y. N. Song, S. H. Kang, H. W. Lee, J. H. Yoon

Abstract

In hot extrusion with high strength materials, friction coefficient influences on microstructure and surface
finish of extruded billets under high pressure and severe forming temperature. Glass lubricants with the type
of powder and pad are one of the attractive materials since it does not only reduce friction coefficient,
substantially, but also act as an insulator between billet and die for isothermal condition. A solid glass pad is
inserted between billet and extrusion die while a ram proceeds at the elevated forming temperature, which
changes to fluid lubricant through phase transition. Since the glass lubricant with the type of fluid affects
friction force and forming temperature, it is required to measure precise friction coefficient between billet
and glass lubricant with respect to forming temperatures. In this paper, a formulation of parallel plate
viscometry (PPV) based on the ASTM C1351-96 has been conducted to measure the viscosity of glass
lubricant, which is applied to numerical simulation for the hot extrusion for Titanium alloy.

Key Words : Glass lubricant, Glass pad, Viscosity, Hot extrusion
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Study on the Parametric Design Method for Manufacturing
Titanium Seamless Tube with High Reliability

J. B. Kim, Y. C. Shin, K. H. Min, S. M. Choi, H. J. Choi

Abstract

This paper addresses the advanced reliability analysis methods of extrusion process for Titanium. The
Titanium alloy temperature and the strain rate of billet has significant on quality and cost of the extruded
parts respectively. Hence, it is important to find and optimize the economical process conditions during the
titanium extrusion process. Also, some of the most significant design parameters such as ram velocity,
coefficient of friction and die angle are investigated and considered. In order to simulate the experiments, we
employed the lately reliability analysis methods, advanced Taguchi methods, response surface methods with
combined arrays and principle component analysis with combined array.

Key Words : Titanium, Extrusion Process, Reliability Analysis, Taguchi methods, Response surface methods,
Combined Array
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Design of Heating and Cooling System for Insert Mold in
Injection Molding to Improve Weld-line Fraction

Y. H. Cho, B. M. Kim

Abstract

Weld-lines are generated during the injection molding process when two or more melt flows are contacted. To eliminate
or reduce weld-lines for improvement surface quality, the mold temperature at the corresponding weld locations should be
maintained higher than the glass transition temperature of the resin material. In this study, heating and cooling system for
insert mold was designed to improve weld-line fraction. To design heating and cooling system of insert mold, design of
experiments are used in two part of analysis. Firstly, a thermal response analysis based on numerical simulations was
conducted to investigate the influences of the distance from heater to cavity surfaces, the power density of the heaters and
the gap between heaters on heating stages. Secondly, thermal response analysis for cooling stages was conducted to
investigate the influence of the gap between cooling channels, the distance from cooling channels to heater and the
channel diameters.

Key Words : Weld-lines, Insert mold, Design of experiment, Injection molding

7]

¥ AT Far1939 AU SN (C0354806 3D #4 =Y H3H

ANE TP el e A e A% AUAEEE 7% AW g
(F) Aol dstow FasS

Akt et A 7Fg A 2~ E
177k Rk sta 7))@

Kl
.IL ot
E-mail:bmkim@pusan.ac.kr

v
<)
1=

T

- 67 -



ojmal. regt. AEF ojlH€R”

Effect of interfacial roughness and residual stress on spallation
of oxide scale on steel substrate: FE analysis

J. M. Lee, W. R. Noh, D. J. Kim, M. G. Lee

Abstract

The spallation of the oxide scale grown on the surface of low carbon steel has been reported as detrimental
surface appearance of sheet product. Due to the applied bending force in the sheet product, normal and shear
stresses are developed along the interface between oxide scale and substrate, which may cause the interfacial
fracture. In this study, effects of geometrical factors of the oxide-steel substrate interface, growth stress and
thermal residual stress developed during the hot rolling process on the spallation were analyzed using
thermo-mechanical finite element simulation. For the boundary condition, four-point bending was considered
as a representative for an uncoiling process where the spallation has been frequently observed. For the
calculation of the thermal residual stress and growth stress development, a nonlinear numerical procedure
was incorporated into the finite element analysis. On the basis of the sensitivity analysis using finite element
simulations, dominant factors influencing the spallation are discussed.

Key Words : Oxide scale, Spallation, Finite Element Analysis, Roughness, Residual stress
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Study on Enhancement for Interfacial Adhesive Strength of
Fiber Metal Laminates using Taguchi Method

M. G. Kil, E. T. Park, J.W. Park, W. J. Song and B. S. Kang

Abstract

The fiber metal laminates have shown outstanding corrosion resistance, fatigue characteristic,
maintainability and impact resistance and so forth. However, the main disadvantage of fiber metal laminates
is delamination phenomenon by normal- or transverse-direction force and it takes much time and money to
make FMLs. For these reasons, the proper manufacturing process is essential for fiber metal laminates. The
objective of this research is to establish the manufacturing variables for enhancing the interfacial adhesive
strength of fiber metal laminates using Taguchi method. The major variables of the manufacturing process
are surface treatment, pre-specified temperature holding time and additional pressure. The double cantilever
beam and end-notched flexure tests were conducted to determine the interfacial adhesive strength. Afterward,
Mode | and Il energy release rates at various conditions were deduced to obtain signal-to-noise ratio with
respect to each condition. Finally, the combination of manufacturing variables which makes the strongest
interfacial strength is evaluated using larger-the-better characteristic.

Key Words: Fiber Metal Laminate(’d # = < 2 % 3), Taguchi Method(tH1% 7] %), Signal to Ratio(2] &
#+-2-H]), Energy Release Rate(¢l 1] A &} &)
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Determination of feed of tool on the fitting process for pipe-end
of T-pipe

P. S. Ko, J. O. Park, B. M. Kim

Abstract

T-pipe is easy to occur the defect such a fallen ovality on the manufacturing process or post processes at a pipe-end part.
Thus, it is necessary the fitting process typically. Because the T-pipe supervene elastic recovery after the fitting process
on the fitted region, the amount of spring-back should be considered to predict the feed of tool. In this study, the feed of
tool was determined on the fitting process for pipe-end of T-pipe. The ovality, 6 and relative reduction rate, H were
defined as ratio of deviation of directional radius and feed of tool about initial radius. In order to predict the amount of
spring-back, the elastoplastic FE-simulation was carried out. The ovality was increased from initial pipe that ovailty is
zero. And the relation with the ovality and relative reduction rate was deduced through FE-simulation. The feed of T-pipe
having an arbitrary ovality was calculated using the deduced relation. The proposed method about the determination of
feed of tool was verified through the FE-simulation and experiments of T-pipe.

Key Words : T-Pipe(T 3}©] 3), Fitting Tool(2L A &), Feed(©]%-%), Pipe-end(E ), Ovality(H3 =)
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Optimization of Process Parameters using Design of
Experiments in Friction Stir Spot Welding
of Al6061-T6

D.S. Jo, B. M. Kim

Abstract

In this study, the shear strength of the welded joints produced by friction stir spot welding(FSSW) was investigated for
various process parameters such as tool rotational speed, dwell time, plunge depth and plunge rate. The parameters were
optimized by design of experiment based on Taguchi method. Design of experiment was used to minimize the number of
experiments and applied to draw maximum shear strength of the welded joints. The experimental results showed that the
optimal levels of the rotational speed, dwell time, plunge depth and plunge rate were found to be 1500rpm, 8seconds,
2.6mm and 0.3mm/s, respectively. The analytical results based on experiment showed that the rotational speed is the
most important FSSW parameter.

Key Words : Friction Stir Spot Welding, AI6061-T6, Optimization, Design of Experiment, Taguchi method
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The Effect of Material Models on Prediction Accuracy
in Forming Process of Advanced High Strength Steel

K.Y. Seo, G S. Kang, D. C. Ko, B. M. Kim

Abstract

Recently, the necessity of forming technology in advanced high strength steel(AHSS) is being increased for weight
lightening of automotive. However, AHSS leads a large amount of springback and it is difficult to predict deformation
behavior of AHSS. To improve the prediction accuracy of AHSS, various material models have been developed and
applied to FE-simulation. In this study, the effect of material models on prediction accuracy was investigated according to
deformation mode in forming process of AHSS. The parameters for various material models were obtained from uniaxial
tension, uniaxial tension-compression, loading-unloading and biaxial tension tests. FE-simulation with various material
models were performed to investigate prediction accuracy for dome stretching, square cup drawing and advanced square
drawing tests. Results of simulation were also compared with experimental results.

Key Words : Advanced High Strength Steel, Yield Function, Hardening Model, Spring-back
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Development of Extension Rear Side Member using Die
Compensation in Sheet Forming for Ultra High Strength Steel

S.J. Han, G. H. Kim, B. M. Kim

Abstract

Share of high and ultra-high strength steels in automobile is increasing. However, such steels generally have poor
formability and high amount of spring-back, which is one of the focus areas of research in high strength steel for get
better formability. So it is very important to predict spring-back’s quantities of the die and moreover. Adequately to
compensate the die, this study based on the die design for extension rear side member by ultra-high strength steel sheet.
The forming and spring-back prediction, carried out using PAMSTAMP 2G, are reported and compared with the
measurement data of the prototype. The predicted spring-back results were acceptable, so the processes of compensating
die using Automatic Die Compensation Module of PAMSTAMP 2G were performed tolerances between the designed
shape and the simulation data were satisfied.

Key Words : Ultra-high-strength steel, Spring-back, Die compensation,
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A Study on Optimization of CFRP Fiber Arrangement for
Vehicle Component of Center-Pillar Reinforcement
B. J. Min, J. M. Lee, B. M. Kim, D. C. Ko

Abstract

Recently, the application of carbon fiber reinforced plastic(CFRP) material is being increased for vehicle weight
reduction due to its ability to meet the vehicle performance requirements. Generally, the mechanical properties of CFRP
products such as strength and stiffness depend on the lay-up method. Therefore, the aim of this study is to optimize lay-
up method for the center-pillar reinforcement by using a genetic algorithms(GAs). In order to minimize the variables, the
thickness was determined to compare the stiffness curve for the products with DP590 using FE-analysis. Also, GAs were
applied to optimize the fiber arrangement in conjunction with FE-analysis. In this study, the optimum condition was
determined to be minimum punch strokes in the same punch load. The parameters of ply angles considering the
symmetry for the twill weave were represented between 0° and 45°, in increments of 15°. An initial population was set to
100 generation and GAs was carried out through the fitness, crossover and mutation. Finally, to verify the validation of
GAs, the CFRP reinforcement fabricated using two different lay-up method were evaluated by bending test performed
under the same condition in FE-analysis.

Key Words : Fiber Orientation(%% ¥l <), Genetic algorithms(+-d A} &322 &), CFRP, Quasi-isotropic(5 #4),
tensile test(¢17d 21 &), Bending analysis(: 3l 3l 41)
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A Study on Drawing Process of Complicated Sheet Metal
for Manufacturing Shield Can with High Accuracy

M. J. Park, G. S. Kang, B. M. Kim, D. C. Ko

Abstract

Recently, the requirement for dimensional accuracy and shielding properties have been increased in the mobile
industry. For this reason, stainless steel has been well applied because of its excellent properties such as high strength,
corrosion resistance and shielding ability. However, insufficient formability of stainless steel could cause wrinkling or
fracture especially in the radial portion of products. Therefore, the radius of punch is thought to largely affect the
dimensional accuracy of products. In this study, manufacturing process for the shield can of mobile phone was designed
to achieve high dimensional accuracy and defect prevention using very thin stainless steel sheet(SUS304L). Initial shape
of blank was designed based on final product using inverse method and optimum radius of punch was determined by
finite element analysis. Additionally, experiments considering result of FE-simulation were conducted to manufacture
shield can using drawing process. Analytical and experimental results shows that the proposed initial blank and radius of
punch are efficient to achieve high dimensional accuracy without wrinkling and fracture for shield can.

Key Words : Shield Can(2 = 7H), Finite element analysis(-3F. 2.4~ 3] 4]), Drawing process(=Z % 34),
Complicated material (\+/3 & A1), inverse method(<} 2 A 71 )
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Springback Prediction according to Constitutive Equations
in Roll Forming Process of Ultra High Strength Steel

T. W. Cha, J. H. Kim, G. H. Kim, B. M. Kim

Abstract

Recently, roll forming process is widely used in automotive industry for manufacturing part such as bumper, sill side
and door frame using Ultra High Strength Steel(UHSS). However, the large springback is occurred in roll forming
process for UHSS products. Therefore, accurate springback prediction is important. In this study, springback in roll
forming process of UHSS was numerically predicted according to constitutive equations. For springback prediction,
Hill’48 and Y1d2000-2d yield functions were applied to consider also anisotropic behavior, and isotropic hardening and
kinetic hardening model were adopted to investigate hardening behavior. The material parameters for various constitutive
equation were obtained from uniaxial tension, uniaxial tension-compression, uniaxial tension-unloading and bulging tests.
The finite element simulation for roll forming process was performed using LS-Dyna and the results of simulation were
compared with the experimental data.

Key Words : Roll Forming Process(& X% 37), Ultra High Strength Steel(Z 173 = 73),
Springback(Z= >~ & ), Constitutive Equations(7-d *-7d 2])
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Numerical and Experimental Study on Thick Plate Forming for
Hollow-Partitioned Turbine Nozzle

B. S. Kwak, B. K. Kang, M. J. Yoon, J. Y. Jeon, B. S. Kang, T. W. Ku

Abstract

At the last rotor blade of low-pressure steam turbine, it is suffered from water droplet induced by its low
vapor enthalpy. The water droplet generated at the prior stage gives seriously impact to the leading edge
region of the rotor blade, and so it is tended to critically reduced the service life of the rotor blade. To solve
this situation, it is needed to restrain and eliminate the water droplet. Accordingly, a hollow-partitioned
turbine nozzle with hollow portion which can suck the water droplet in the steam turbine is considered in this
study. General solid blade is made by die forging with large scale press machine. Also, this process needs
long time to manufacture. On the other hand, the hollow-partitioned blade requires less time and small scale
press machine. The hollow-partitioned blade consist of 5.0mm upper plate and 10.0mm lower plate. This
study is focused on design and compatibility of the punch and die for the upper plate of hollow-partitioned
blade. Elastic recovery behavior of this three-dimensional multi-curved plate forming is studied numerically
and experimentally. The overbending scheme is an effective way to compensate the elastic recovery, which
can reduce and control the spring-back amount.

Key Words : Steam Turbine, Water Droplet, Hollow-Partitioned Turbine Nozzle, Suction Hole, Elastic
Recovery
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Application of Virtual Die Method Considering Elongation
Coefficient in Multi-Stage Shape Rolling Process

H. S. Jung, N. J. Kim, K.H. Lee, L.S. Hong, J.S. Kim, B. M. Kim

Abstract

The design of intermediate roll profiles in shape rolling is important as a key role in improving product quality and
dimensional accuracy. Multi-stage shape rolling process is more complex than the plate rolling due to many geometrical
parameters and the methods of intermediate profiles in shape drawing is difficult to applying on the shape rolling. It is
one of virtual die method (VDM) number of ways. The VDM used in the shape drawing used to intermediate cross
section of 3D model connecting first shape and final shape. In this study, in order to design intermediate roll profiles for
the shape rolling the design method modified the VDM is proposed. Metal flow is generated through the elongation
coefficients. To consider the characteristic of the above was applied to elongation method and tangential method. The
effectiveness of the designed roll profiles was verified by FE-simulation. The proposed method was applied to the shape
of S-wrapping wire. From the results of the FE-simulations, the proposed design method led to a rolled product with a
sound shape. The dimensional tolerances of the product were within the allowable specified tolerances.

Key Words :  Shape Rolling, Virtual Die Method, Elongation Coefficient, Intermediate Roll Profile, FE-simulation
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A study on Friction Stir Hole-Clinching for
Joining of Al6061 with DP980

L. H. Gao, J. M. Lee, B. M. Kim, D.C. Ko
Abstract

Owing to the demand for reduced automobile weight, improved safety and crashworthiness, the need to manufacture
automobile components from aluminum alloy with a light-weight, high-strength and impact absorption is apparent.
However, aluminum alloy could not be welded by current resistance spot welding with conventional metal alloy because
of different melting points. Therefore, it is necessary to develop new joining techniques for aluminum and metal alloy.
The friction stir hole-clinching(FSHC) is suggested as a new joining method for aluminum and metal alloy. The concept
of this process is stir-heating upper material and forming it into a prefabricated hole with the lower material. This study
proposes a FSHC process for joining aluminum alloy 6061 with DP980. A coupled thermo-mechanical analysis was
performed to assess the temperature and joining shape of aluminum alloy 6061 under different rotating speeds, during the
FSHC process of the plunge stage. A three-dimensional FE-model was constructed in ABAQUS/Explicit using the
arbitrary Lagrangian-Eulerian(ALE) formulation, the Johnson-Cook materials law and Coulomb’s Law of Friction. The
results of simulation indicate that the maximum temperature in the FSHC process can be increased with an increase in the
rotational speed, which can be used to reduce the reaction force. Based on the result of FE-analysis, experimental tests of
FSHC joint specimens were performed by comparison with a shape of the joint area and a single lap shear test.

Key Words : Friction stir hole-clinching("}F 2wt = &3 A), FE-analysis(5=%] A]E& @ ©]41), Mechanical joining(”]
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Development of Flexibly-reconfigurable Roll Forming
Technology

J. W. Park, J. S. Yoon, B. S. Kang

Abstract

Flexible forming technology requiring only one forming die set have been developed to form the three-
dimensional curved sheet since it can satisfy the productivity and economic efficiency by reducing the
processing time. However, the general flexible forming methods still have several drawbacks such as dimple
and wrinkle during forming process. In this research, new technology was developed to realize flexibly-
reconfigurable roll forming (FRRF) process. The concept of FRRF is to form the curvature along the
longitudinal direction by strain distribution control. Through the arrangement of curvature adjusting rods
could be implemented various curvature of the roller. The methodology to devise the components of the
FRRF apparatus is described, and experiments have been carried out. Resultantly, it is verified that this
FRRF technology could be manufactured 3D curved sheet, and it is expected that FRRF would be alternative
process to improve the flexible forming technology.

Key Words : Flexibly-reconfigurable Roll Forming, Sheet Metal Forming, Numerical Simulation and
Experiment
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Multi-Point Forming Product Defect Reduction Using Reliability-based
Robust Process Optimization

B. M. Abebe?, J. W. Park®, B. S. Kang”

Abstract

The product quality of multi-point forming (MPF) is identified to be dependent on the process parameters.
Besides of that, a certain variation of friction and material properties may have a substantial worsening
influence on the final product quality. This study proposed on how to compensate the MPF product defects
by minimizing the sensitivity of the noise parameter variations. This can be attained by reliability-based
robust optimization (RRO) technique to obtain the optimal process setting of the controllable parameters.
Initially two MPF Finite Element (FE) simulations and experiments of AA3003-H14 saddle shape showed a
substantial amount of dimpling, wrinkling and shape error. FE analyses are consequently applied on
ABAQUS commercial software to obtain the correlation between the control process setting and noise
variation regards to the product defects. The best prediction models are chosen from the family of
metamodels to swap the computationally expensive FE simulation. Using these models, genetic algorithm
(GA) is applied to determine the optimal process settings of the control parameters. Monte Carlo Analysis
(MCA) is executed to determine how the noise parameter variation affects the final product quality. Finally,
the result shows that the amendment of the control parameters in the final forming process leads to obtain a
considerably better-quality product.

Key Words: Multi-point forming, reliability-based robust optimization, wrinkling, dimpling, shape error,
variation.

% 7]
o] =g 2015Wk:= AFEHFEIER) Adoew FAmAgAe] A=A AE A LA (No.
],

2012R1A5A1048294)3} %7 A T 2}x] YA (No. 2015R1IA2A2A01005494)2] A QS ol Falwl A7, o]
of #AA oA A=Y

1. Department of Aerospace Engineering, Pusan National University, Busan 46241, South Korea
# Corresponding author: Engineering Research Center (ERC) of Innovative Technology on Advanced Forming (ITAF), Pusan National University, Busan,
46241, South Korea  E-mail: bskang@pusan.ac.kr,

-81 -


mailto:bskang@pusan.ac.kr

g aarteets] 2016W% FASENE 254

An Elastoplastic Mixed Finite Element Method for Numerical
Analysis of 3D Sheet Metal Forming in Flexibly-Reconfigurable
Roll Forming Process

H. Ghiabakloo', J. Kim?, B.S. Kang®*

Abstract

Flexibly-reconfigurable roll-forming (FRRF) process is recently suggested for the production of doubly-
curved sheet metal parts. In FRRF, a sheet metal is rolled by a pair of bended rollers with non-constant roll
gap, leading to a 3D surface. The product has a curvature in transverse (or width) direction imposed by the
curvature of the rollers and a longitudinal curvature determined by the roll gap distribution. Since in FRRF a
line deformation zone leads to a 3D surface, the final shape is determined by elastic deformations as a result
of residual stresses in the sheet. Thus, the material undergoes an elastoplastic deformation with comparable
amounts of elastic and plastic strains. Hence, an accurate elastoplastic shell formulation is required for the
prediction of final geometry in FRRF. In the present study, curvilinear elements are utilized in conjunction
with mixed formulation and a layered approach for considering the distribution of plastic zone through the
sheet thickness. This formulation is locking free and robust for numerical analysis of FRRF process.

Keywords: Flexibly-reconfigurable roll forming process, Finite element method, Elastoplastic analysis
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Numerical Study on Automotive Side-Door Impact Beam using
Fiber Metal Laminates

E. T. Park, J. Kim, B. S. Kang, W. J. Song

Abstract

Fiber metal laminates is a type of hybrid material, which consist of metallic sheets and fiber-reinforced
plastic sheets. The fiber metal laminates can reduce the weight of parts, and enhance the impact resistance. In
this study, the goal is to develop the automotive side-door impact beam using fiber metal laminates. First, the
shape of cross-section was decided by conducting three-point bending test numerically. Second, the static
loading test of side-door impact beam was carried out to compare the reaction force and the absorbed energy
in accordance with Federal Motor Vehicle Safety Standard. The numerical results were shown that the typical
side-door impact beam is able to be replaced with the fiber metal laminates.

Key Words : Federal Motor Vehicle Safety Standard, Fiber Metal Laminates, Numerical Simulation, Side-
Door Impact Beam
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Investigation of electro-plastic effect on high-speed forming test
of AI5052 and DP980

H. G. Park, H. G. Noh, H. K. Kim, M. A. Woo, J. Kim

Abstract

Electro-plastic effect can be used for new metal forming method which can decrease the forming load. In
this forming process, the electric current pulse is applied to the material during deformation and the electric
current pulse induce the stress drop of the materials during the electric current flows. Such stress drop due to
the electric current pulse is called the electro-plastic effect (EPE). In this paper, in order to show the
advantages of passing electric current pulses through metal sheet during the forming process without Joule
heating, the uniaxial tensile test with electric current pulse and the experimental test and numerical
simulation of high-speed forming with electric current pulse were carried out. The ultimate goal is to find out
whether the EPE can improve the formability or not, and to verify the EPE material properties can be used in
the simulation.

Key Words : AlI5052, DP980, Electro-plastic effect, Electric current pulse, High-speed forming
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Full-Field Strain Measurement and Mechanical Properties
Identification of Sheet Metals by using DIC method

Van-Thuong Nguyen®, Seok-Hwan Oh', Dong-Hun Lee!
Oh-Heon Kwon®, and Young-Suk Kim

Bong-Hyeon Lee?,
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Abstract
In this study, an in-house 2D-DIC(Digital Image Correlation) system is developed to measure physical
properties such as stress-strain curve, Young’s modulus and anisotropic plastic ratio parameters under
uniaxial tension of aluminum AL5052-0 and high strength steel DP980 sheets.

Key Words : Digital image correlation (DIC), Full-field measurement, Mechanical property, Tensile test, Speckle.

1. Introduction
In this paper, two dimensional-DIC system[1,2,3]
using NCORR software [4] was employed to
measure the full field strain distribution as well as
the anisotropic plastic ratio parameters and
stress-strain curves for aluminum AL5052-O and
high strength steel DP980 materials under
uniaxial tensile condition.

The digital image correlation techniques for
full-field strain measurement have been studied
by many researchers because there are many
advantages such as non-contact method and high
accuracy for full-filed strain measurements.

2. Results and Discussion

Fig. 1(a) and Fig. 1(b) show the stress-strain
curves measured by the strain-gauge type
extensometer method (solid line) and the DIC
method (dotted line). Up to tensile strength point
the stress-strain curves of both methods overlap
almost together with no difference but show just
a little difference after the necking.

The different results after the neck occurrence
came from the fact that the strain at necking area
as marked by C is larger than the outside area of
the neck showing almost uniformly straining. As
indicated in Fig. 2(a) and 2(b), the maximum true
strain (&,)max at C area is 0.436 for AL5052-O
sheet and 0.272 for DP980 sheet. However, the
average true strain for AL5052-O sheet and
DP980 sheet is approximately 0.108 and 0.123,
respectively.

Anisotropic  coefficients (ry) and Young’s

modulus (E) calculated from the DIC results are
0.763 and 72.1 GPa for AL5052-O; 0.761 and
225.8 GPa for DP980, respectively, which almost
matches with the strain-gauge type extensometer
method.

The benefit of the DIC is that it provides a

more complete true stress-strain curve in all
range of straining of the material under loading
condition before and after necking until the
fracture in the tensile test. [2] By measuring the
local strain at the necking area C, we can derive
the whole stress-strain curve up to failure
occurrence from Ref. [2]
The measured true stress-strain curves after the
necking (i.e. post-necking) known as strain
hardening curve or flow curve are denoted by the
dotted curve after the maximum point M in
Fig.1(a) and (b).

Fig. 2 shows the major strain distributions
along the line AB at three levels of average strain
(g,) corresponding to the just three previous steps
before fracture occurrence.

As the tensile strain increases the measure
strain at the necking area C near the fracture
occurrence point increase largely and localizes
into narrow region on both materials. However
the localization tendency and localized width for
AL5052-0 sheet are more remarkable compared
with DP980 sheet.

To describe the flow curve of the tested
sheets into an analytical form for FEM simulation
of the sheet metal forming, Kim-Tuan hardening
model [5] that has been developed by one of the
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2. Daegu-Gyeongbuk Regional Division, Korea Automotive Technology Institute, 711 Hosan-dong, Dalseo-gu, Daegu 43011, Republic of Korea
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authors was applied.

Fig. 3 shows the comparisons of the local
stress-strain curves (dotted curves) in Fig. 1 and
the predicted flow curves (solid curves) based on
Klm—Tuan hardening model. In this figure eV and
¢ denoted the strains at the maximum stress
point and the fracture occurrence point.
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Fig. 1(b) True stress-strain curves for DP980

It is clear that Kim-Tuan hardening model
described well the experimental stress-strain
curves over the whole range of straining of the
material under loading in both tested materials of
aluminum and high strength steel sheets even
though the measured data after onset of necking
are a little higher than the predicted curves.

3. Conclusion (omitted due to space)
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Crystal plasticity finite element modeling of microscopic stress-
strain partitioning and failure mechanism in DP980 steel

Dong-Kyu Kim?', Wanchuck Woo?, Eun-Young Kim, and Shi-Hoon Choi?
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2 Department of Printed Electronics Engineering, Sunchon National University

Abstract

Stress-strain partitioning and failure behaviors in DP980 steel are investigated using microstructure-based
modeling. First, micromechanical failure behaviors associated with the hot spots for void formation are
carefully observed by ex-situ tensile test using a miniaturized specimen to reveal the main ductile failure
mechanism. Then, crystal plasticity finite element method (CPFEM) is utilized to look into the effects of
microstructural factors, i.e., orientation-dependent kinematic stability, martensite morphology, grain boundary
alignment, on the void formation by ferrte-martensite interface decohesion. The microscopic hardening
parameters for each phase used in the CPFEM were determined by fitting the macroscopic stress and
microscopic lattice strains measured by the in-situ neutron diffraction during the uniaxial tensile test. To
capture the hot spots for void formation by interfacial decohesion, the cohesive zone model based on the
traction-separation law was introduced along the interfaces between ferrite and martensite phases. The
simulation revealed that the crystallographic orientation for ferrite, the martensite morphology, and the grain
boundary alignment all significantly affected the heterogeneity of strain-stress partitioning, in-grain
orientation gradient for the ferrite matrix, and the void formation by F/M interface decohesion in DP980 steel
under uniaxial tension.

Key Words: DP980 steel, Failure, Micromechanics, Neutron diffraction, Crystal plasticity, Finite element
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Development of an automated optical surface-strain
measurement system -I1

T.H. Oh, S. G. Kim, W. W. Jo, H. J. Kim

Abstract
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Finite Element Simulation for Earing Prediction with Non-
Associated Flow Rule and Evolutionary Anisotropy

H. J. Choi, Y. M. Choi, K. J. Lee, W. R. Noh, G. H. Baeg, Y. M. Choi, D.C. Ahn, M. G. Lee

Abstract

Earing is often developed in the forming of cylindrical cup drawing experiments. This non-uniform height profile
has been understood as a result of sheet anisotropy, thus numerous researches have been focused on the accurate
description of anisotropic deformation of sheet. In particular, the directional differences in the yield stress and r-value
were considered as the most influencing factors for the earing profile. In the present study, various constitutive models
were comparatively investigated for the prediction of earing profile in the cup drawing finite element simulations. The
constitutive models include the Hill 1948 models under associated and non-associated flow rules, and the Y1d2000-2d
non-quadratic yield function with associated flow rule. Moreover, the evolution of anisotropy was also considered by
employing simplified equivalent plastic strain rate dependent anisotropic coefficients. The evaluation of the model
capability in predicting the earing profile was carried out by comparing with the measured one for steel sheets.

Key Words : Earing, anisotropy, yield function, FEM, cup drawing
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A finite element analysis on heat treatment of drive shaft
incorporating transformation plasticity

S.W. Park!, D.-W. Kim?!, S.Y. Lee?, H.N. Han*
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Comparison of the Collision test in Hybrid-Multi Materials by
Using Experimental and Theoretical Methods

M. S. Lee, D. W. Kim, C. G. Kang

Abstract

In this study, center-pillar consist of Hot stamping part, CR420 and CR420/CFRP hybrid composite
materials. After assembled, collision test was conducted to evaluate fracture toughness with center-pillar.
Center-pillar reinforcement with CR420/CFRP hybrid composite materials was include to reduce weight and
improve fracture toughness. Experiment collision result was compared with CAE to verify again. Detailed
result was analyzed with ABAQUS/explicit. The mechanical properties of CR340 and CFRP were input by
dividing the material regime into elastic, plastic, and fracture regions in order to improve the simulation
reliability. A forming limit diagram was determined through a stretch test for the CR340 steel plate and used
as data input in the simulation. For CFRP, simulation was carried out using the Hashin damage theory and
damage evolution obtained from references. The simulation results shared distinct similarities with the test
results.

Key Words : Collision test, hybrid materials, TWB, simulation, CFRP
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Experimental Evaluation of Ductile Fracture Criterion
under Strain Path Change

C.Y. Kim, W.R. Noh, J.H. Song, D.Y. Kim, J.H. Kim, M.G. Lee

Abstract

Ductile fracture of metals is associated with nucleation, growth and coalescence of micro-voids under plastic
deformation of surrounding matrix. To evaluate the ductile fracture of metal from a continuum mechanics point of view,
ductile fracture criteria as measure of the fracture initiation have been developed. However, common approach for this
fracture criterion is based on proportional loading and the effect of strain path has not been considered. In this study, a
ductile fracture criterion of DP590 steel sheet after prior plastic deformation was experimentally evaluated. For this
purpose, a big tensile specimen was elongated to provide prior plastic deformation.  Then, the fracture specimens having
different stress triaxialities under tensile loadings were fabricated from the large specimen. Three different directions for
the fracture specimens were considered; i.e., 0, 45, 90 degrees from the loading direction of pre-strain. Displacement and
load at the onset of fractures were measured with digital image correlation (DIC). Inverse analysis with finite element
simulation enabled to obtain stress and strain history at the critical fracture locations for each specimen. Finally, Mohr-
Coulomb ductile fracture criteria were evaluated using the test data under different deformation histories.

Key Words : Ductile fracture (9144 3+2), Mohr-Coulomb criterion, Plastic deformation path (2~ ¥ 3 o] #)
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Analysis of billet deformation during double shear twist
extrusion process

M. Irani, Y. S. Lee, M. S. Joun

Abstract
In the present study, double shear twist extrusion as a novel severe plastic deformation process is
investigated using finite element analysis. Various coefficients of Coulomb friction are employed in the
simulations and their influence on the die filling fraction and effective strain in severely deformed billets are
studied. The results reveal that by increasing the coefficient of Coulomb friction the average of strain
increases while the homogeneity of the strain distribution on the cross section of the deformed billet does not
vary noticeably. It is also found that the filling fraction of the die exit channel increases.

Key Words : Double shear twist extrusion, Finite element analysis, Strain homogeneity

1. Introduction

Several types of SPD processes have been developed to advance the multi-functional material properties
using high shear strain and the magnitude and distribution of strain in SPDed materials have been studied
using theoretical analysis and finite element method (FEM) [1,2]. However, non-uniform mechanical
properties and microstructures, as results of inhomogeneous plastic strain distributions imposed during the
processes, and small workpiece size for industrial applications are two main restrictions to the production of
SPDed materials. Double shear twist extrusion (DSTE) is introduced by the authors as a novel extrusion
based SPD process which increases the strain magnitude applied per pass and improves the strain
homogeneity on the cross-section of severe plastic deformed workpiece. During DSTE process, pure shear
extrusion and twist extrusion are merged together and a higher shear strain is imposed to the workpiece
consequently.

2. Double shear twist extrusion principle

In DSTE, a sample with square cross-section is pressed through a direct channel die consisting of four
zones as shown in Fig. 1. The cross-sectional shape gradually deforms from square to rhombic and at the
same time rotates along the pressing direction throughout the upper shear twist deformation zone (USTD). In
lower shear twist deformation zone (LSTD), the cross-section returns back to its initial form while it rotates
in the same direction throughout the lower die simultaneously.
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Entry channel

Upper shear twist
deformation zone
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Lower shear twist
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(LSTD)
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¢

!

Fig. 1. Schematic illustration of: (a) DSTE die consisting of four zones, (b) upper shear twist deformation zone
and effective design parameters, (c) top view of gradual changes in the cross-sectional shape from inlet
to the end of upper shear twist deformation zone.

3. Results and Discussion
As shown in Fig.2 the sharp corners contain the largest strains due to the friction at the die-material interface

where severe plastic deformation is experienced. The gap between the die and material at round corners (the
black regions) is diminished as the coefficient of Coulomb friction increases. Moreover, the homogeneity of
the effective strain is improved noticeably with higher friction, as indicated in Fig. 2(d) and (e).

Effective strain

+4.50000E+000
B +4.25000E+000
] +4.00000E+000
] +3.75000E+000
™ +3.50000E+000
= +3.25000E+000
i' +3.00000E+000
] +2.75000E+000
|

(a) p=0.00 (b) p=0.04 +2.50000E+000

/&\
( .
.\\\/

(d)yp=0.12 (e)n=0.16
Fig. 2. Predicted strain distribution on AA’ cross-section with various coefficient of Coulomb friction.

+2.25000E+000
+2.00000E+000
+1.75000E+000
+1.50000E+000
= +1.25000E+000
+1.00000E+000

4. Conclusion
The results showed that higher coefficient of Coulomb friction increases the magnitude of strain and filled

fraction of the exit channel mean while the homogeneity of effective strain on the cross-section of exit
channel does not change noticeably.
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Research on Estimation of Shear Fracture Strain of 4130 Alloy
Steel at Ultra-High Strain Rates

Hyeonu Choe, M. J. Piao, H. Huh

Abstract

This paper is concerned with the estimation of shear fracture strain of 4130 alloy steel for ultra-high strain rates. The shear
fracture strain has been estimated by a number of experimental techniques considering a wide range of strain rates with
many different types of specimen. In the strain rate region below 100/s, experiments are typically accomplished through
various types of servohydraulic machines. In the high strain rate region, over 100/s, the shear deformation behavior of
material has been investigated with Split-Hopkinson or Kolsky Bar test by analyzing wave signals came from impact. In this
paper, Taylor impact test machine is used to obtain ultra-high strain rates ranging over 10,000/s and finite element analysis
for the test is conducted to be compared with the experimental result. A novel type of specimen is also proposed to obtain
shear loading condition in interesting region of the specimen during the impact test. Deformation process of specimen during
the impact is caught on high speed camera. Shear fracture strain of the specimens is estimated by comparing the captured
images with finite element analysis result. Obtained shear fracture strain at ultra-high strain rate region can be usefully
applied to the numerical analysis dealing with high speed impact.

Key Words : 4130 Alloy Steel, Ultra-High Strain Rates, Shear Fracture Strain, Taylor Impact Test, Finite Element
Analysis
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The Study of Joule Heating Process for Ultra-High Strength
Steel Component

K. G Jung, J. G. Myung, K. S. Chae, M. S. Hong, J. H. Jung, D. O. Kim

Abstract
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Hoz Fystal Yot o) E L8 Ak AAANAE AAE 950CT7HA 71Estar, F8olA F9dA71H A
Pl FZY2xY e Faggolgts FHE AMESY 2aRE FES S v ey, 2
THE o R NHIME WA AFo|HIERE AFESEAL glof, =2 An|FEAH| 9 w2 ¥ &8
4R YA a8 FAE dFEo] gl wEkA, & =&olAe ool g dite® F&57tE i
9] Joule Heating 'HS A&3to] §3F AP @3 AFE HASUTE AMEE &A= o], &, 7771
Z} 1300mm x 130mm x 1.6mm ¢l 22MnB5 28 #HA|7} AFEE A, F3a 4 siAS F3 AF3A, Joule
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A Study on the surface characteristics by tensile deformation in
pure titanium sheet

J.H.In, Y.S.Kim

Abstract
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Design of Clinching Die Shape for the Automotive Motor Case
and Evaluation of Joinging Strength of Clinching Part
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Tension/compression Test of Giga-grade Steel Sheets
Considering Intermediate Strain Rates

G. Joo!, H. Huh*

Abstract

This paper deals with a tension/compression test of sheet metals considering intermediate strain rates with
a hydraulic material testing machine. For the tension/compression test, novel devices are designed to impose
a designated tensile pre-strain and to reverse the loading direction. The novel devices have advantages for the
load measurement regardless of the fundamental mode of the devices at intermediate strain rates. Tension
/compression tests are performed for TRIP980 and TWIP980 steel sheets considering strain rates ranging
from 0.001 s to 100 s . From the test results, tension/compression hardening behaviors are analyzed with
respect to the strain rate.

Key Words : Tension/compression test, Novel devices, TRIP980, TWIP980, Intermediate strain rates
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[1] Joo G., Huh H. and Choi M. K., 2015, “A newly developed clamping device for the tension/compression
test at various strain rate”, Key Engineering Material, 626, 353—358.
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Effect Analysis of the finite element variables on
the electromagnetic forming simulation

Hyeonil Park, Jinwoo Lee, Se-Jong Kim, Youngseon Lee, Daeyong Kim

Abstract
AZ7] A8 7ed BAY AAE 21EH02 H¥ste F4 4Y Ve T SR ZdAd Sdd9
AEEY] AFE ZY #=HH 0w BHAAA 2 Fel HAsE A7) g 3 9 74 Al (workpiece) 3£ O
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U] (multiphysics) 2 &S AF&3ste] HA7 9 24 WES FAld g A7) Ay M-S A
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& U3d 3), Multiphysics simulation(thHe 2] 3141)
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[2] H. Park, D. Kim, J. Lee, S-J. Kim, Y. Lee, Y. H. Moon, 2016, Effect of an aluminum driver sheet on the
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A Study of Hot-Forging Properties on Ni-base Superalloy for
HSC Rotor

Y. D. Kim®, J. W. Kim', S. T. Kang*

Abstract

A FEQ RHAAE ATV EY] UM HEe] AR auyAAgde a2
ATh HHAF 725 510°CH SCEEYE= Fe-7] &4, 610°CH USC ZE &= 113
A7F AFEE QT e o 2o 1ES WAL YA 27 % 700°C~750°CE HSC
2 we d7ge] AP ok L ATl = HSC 2HES tiEAd Nivl 2%
Z(Nimonic 263, CCA617, Inconel 740H, Haynes 282)°l] i3] 120kg/7§2] VIM+ESR Z¥E A%}
olojA wx H dAxy EEATE I A dx AYS Fdste] TR aAE
Y EAS At AP EAAWAA M frEld 23T AES At

N2 N
o

Key Words : HSC Rotor, Ni-base superalloy; Hot Compression Test; Forging ability Map; Forging ratio;

1. ME

HMA 282 I 2 58 & st WHEES =0/l= AWolch o|& fld HNMBY| 2
S0 2H0olol £ FEES0| AFSEA stoM &3 ANdES JHXKD AY = U= X
= x 522 %500°C2oIM ALEEE Fe-7|9

=3 22 Lot Moot UM EHIAX 9
(o]

_I
L, o =2 2830 £ 95104 700°C~750°C2| HSC(High Super Critical)& 7H 20| &,
=, 2% 2 A= SoM 42 FXE S5 =D UAct HSCE M= Ni-7|el =82
O ALE ==l MAIMS=Z o3 JHX| =gtaxe 7Y 2 SH7|&E0| FRI=1 ULt
2 dFoM= HSC =ZEHE9 oxxel =g FTE AKX (Nimonic263, CCA617,
Inconel740H, Haynes282)ofl Cisto s/ 41 M2 = cht=Mdy 38 2 dxe| A+t
A ctx=E Mz 2 HULE saf JHE felst &M E A eF SHct

2. =g ddaA HME

20 AXE ddbMol ME =MEE J|FE22 JHY 120kgel VIM+ESR Ma 21 S H ZEHst

2 o —
QCh Mz=MH[= ALDAKS), Capa. 250kg oM HHSIUCE ESR £2fa=x4d MAE 2ol
CaO-AlI203-CaF2-TiO2(-B203) &zt &=a¥a Ti, Al, B 2tigd E-s Saf M4

zH el =MHx=AS MYt M =S
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A Study on Optimization of Die Shape Parameters of
a Forging Process Using AFDEX and HyperStudy

M. C. Kim, H. G. Kim, W. T. Kim, S. H. Chung

Abstract

In this paper, an approach of optimizing forging process by using a commercial metal forming simulator, AFDEX and
optimization software, HyperStudy is introduced. Optimization target was die shape parameters, radii of certain corners
determining blocker shape of a gear driver forging process, to minimize forming load, where maximum forming load was
reduced by 24% through optimization. The capability of optimizing the design parameters was shown even in case of

highly nonlinear problem with critical disturbance caused by inevitable remeshings during forging simulation.
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Plasticity of CrMnFeCoNi High-Entropy Alloy

M. J. Jang, H. S. Kim

Abstract

The compressive deformation behavior of a single phase CrMnFeCoNi high-entropy alloy (HEA) is investigated using
experimental and theoretical approaches. Compressive results reveal that the CrMnFeCoNi HEA has a high strain-
hardening exponent in spite of its large grain size due to increased dislocation density and severe lattice distortion. The
compressive texture of the HEA resembles those of typical FCC metals. The phenomenological dislocation-based
constitutive model well describes the compressive deformation behavior. The predicted dislocation density is in good
quantitative agreement with the experimental value measured using whole-profile fitting of synchrotron XRD peaks. It
can be confirmed from the experimental and theoretical findings that the deformation mechanism of the CrMnFeCoNi
HEA is the conventional dislocation glide and mechanical twinning is negligible contrary to general belief.

Keywords: High Entropy Alloy, Plasticity, Constitutive Model, Deformation Mechanism, Dislocation, Twinning

1. M &

The advent of high-entropy alloys (HEASs) has changed the paradigm of alloy design, breaking the traditional concept in
which an alloy consists of one base metal with added alloying elements [1, 2]. By contrast, HEAs are composed of
multiple principal elements and form a single phase due to their high configurational entropy [1]. The compositional
uniqueness of HEAs leads to their exceptional properties: high strength and toughness due to severe lattice distortions,
better high temperature strength than that of superalloys, such as Inconel or Haynes alloys, structural stability, high creep
resistance promoted by sluggish diffusion, good weldability, large strain hardening capability, high strain rate sensitivity
of the flow stress, etc. Furthermore, deformation twinning that occurs in HEAs results in higher strength and better
ductility at cryogenic temperatures, and general corrosion resistance at room temperature is superior to that of 304S
stainless steel. Due to these extraordinary properties, HEAs are considered as promising multi-functional materials and the
next generation structural materials.

In this study, we propose a dislocation glide and deformation twinning based constitutive model for this alloy and
similar HEAs. A quantitative analysis of the effect of dislocation glide and twinning on plastic strain rate is considered in
terms of the theoretical approach developed. In addition, we predict the evolution of the dislocation density and the twin
volume fraction and validate the model by comparing these predictions with the experimental data.

g b 22135
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2. Materials and methods

For experimental study, a solidified slab of HEA CrMnFeCoNi with a thickness of 11 mm was cold rolled to 5 mm, and
annealed at 1100 °C for 6 hours with subsequent water quenching. Compression tests were performed at room temperature
with a constant strain rate of 10-3 s-1 in an electro-mechanical testing machine (Instron 1361, USA) using cylindrical
specimens with diameter of 4.5 mm and height of 4.5 mm. In order to minimize the friction between the surfaces of
specimens and anvils, Teflon tape and MoS2 spray were used as a lubricant. The compressive stress-strain curves were
obtained from the data acquired using the digital image correlation technique with an optical 3D deformation analysis
system (ARAMIS 5M, GOM Co., Germany).

T T T T
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E _Stage A O Compressive experiment
3500 4 P e Dislocation+TWIP effect model

H «+=«+sStrain hardening rate

30003 P — 4

2500 3| Stage B Eom ]

20004 [
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Plastic Truc Strain

woo- || e
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nesal

Strain Hardening Rate
True Stress, MPa
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Fig. 1 True stress-strain and strain hardening rate curves from uniaxial compressive tests and plastic deformation
behavior predicted by dislocation and TWIP effect mode. The second derivative of the stress with respect to
strain is shown inset.

4, Conclusion

In summary, we adopted a constitutive model based on dislocation density and twin volume fraction evolution, to
analyze the deformation behavior of the high-entropy alloy CrMnFeCoNi theoretically.
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Microstructure, High Temperature Compression,
Creep Properties of Ti-6Al-4V alloy Manufactured by
3D-Printing Selective Laser Melting Process

Y. K. Kim?, J. H. YU?, S. H. Park®, K. A. Lee"

Abstract
4 3D ZTHIY Foks 55 BES BX § AEER] 995 88A1A dake 3x FElE Alxsk= powder bed
fusmn(PBF) T2yl B oA S Bl BAL FAFSFe] A|ZSR= direct energy deposition(DED) A o®
i olx|aL itk B Aol M= PBF W] 5 8l selective laser melting 87382 ©]-83le] Ti-6AI-4V &2

AzskATk olek 37 selective laser melted Ti-6A1-4Ve] PAIZA 3} AdL-a12 71712 54, ¥ Aol tisto]
ZAFe3IT). H3E stress relieving @A12]2] Faol thafr = OLO}E I 4_7] vAlER B Ay dA d, - 2
ZA) AAe] AA building directions W} prior beta grain®] ¢34lo] FelE gt XRD 2 SEM, EBSD 232 Etis
Z7) mAIEAS A8 2 AR e A2 fully martensite Z220], GA 2] Folli= martensite 227} 7] o, Bl

S AEHE AoE Ut 71AF EA nxs dAde] 9 dolr it A2 500°C, 700°C, 900°CellA
ot AIES st AR ok e Ans A A, T AAolA ZHz; 1365MPa, 1138MPa® S4 ¥ %o
ol /8 TAle) v|wsle] 58U AR e QC’JE] AT} ol gt Hojd el EXE] H, 9] 7A4

zfol= 500°C7HA] FAlEE ALE YEaL 700°C o] FelMe 7 &2A7F Al 71414 7155 Bolnk ol=gh
A Ase] ¥W3l= microstructure evolution®l] &g Aoz S1%F) o O]i A W H Wy 220 HE
F3 & 4= A} =3 3D printed Ti-6A1-4VE 155 martensite Z212- ZAog W% gomn o=
H EA4E A7l sRlo® duA] vk mebA 7kt 2 4k W3 glo] 131 S Bl A9 5 Agst
xA oz Aojstar olo digk 500°C AHS T8Ity 1 A3 EE §8 oA EA-TE T3l dofxl
widmansatatten F21-& 2= 227 Ao 2 973 3 EAS et A7) 29SS vlge 2 3D printed Ti-
CAI-4Ve] Az 2 ¥, sl Aol s Ejstaat st

[H A+ KIMS gk A e] Aoz Faxom oo ZA=YHut}]

A
N2 o r\r H

W N
%Nm)%w

iih)

Keywords : Selective laser melting, Ti-6Al-4V, Microstructure, High temperature compression, High temperature
creep

1= bsdistal AaA) e st

2.3 71 AlA T A ARndT A

3w AT

* Corresponding Author : Kee-Ahn Lee, Andong Natl. Univ., E-mail: keeahn@andong.ac.kr



(@) (b)

e

200 pm 200 pm

Fig. 1 Initial microstructures of selective laser melted Ti-6Al-4V; (a) as-fabricated, (b) heat-treated
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Fig. 2 Stress-strain curves for selective laser melted Ti-6Al-4V with different temperature.
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nEDMed Micro-Pillar Compression Test for Analyzing
Influence of Grain on Mechanical Properties

. Y. Moon, B. H. Kim, H. W. Lee, Y. S. Oh and S. H. Kang

Abstract

Micro-size workpiece has relatively bigger ratio of grain size/workpiece size than macro-size workpiece. As a result,
dimensional accuracy and product appearances after forging are easily affected by each grain characteristic. Analysis on
individuality of mechanical properties of each grain according to grain size and grain orientation should be studied to
predict forging characteristics. In this study, pure copper rods were heat-treated to produce grain size of 100 /m. Using
this workpiece, micro-pillars with @ 100 ym, h 150 gm were fabricated by nEDM and compression tests were
continuously performed. Because each micro-pillar has different grain boundary density, every micro-pillar
compression test had various load-strain curves. As a result, correlation between grain boundary density and load-strain
curve was investigated by analyzing microstructure of compressed micro-pillars. Furthermore, appearance of
compressed micro-pillar according to distribution of grains was investigated. It was experimentally found that
difference of mechanical properties between grain and grain boundary made irregular workpiece surface geometry.

Key Words: Size Effect, LEDM, Micro-Pillar, Grain Boundary
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Effects of C and Si on the Strengthening of Steel wires for Tire
Cords

Y. S. Yang, H. J. Kim, J. G. Bas, C. M. Bae
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A Study on formability of Carbon/Epoxy Prepreg Laminate
applied Slit patterns

S. G. Lee, S. T.Won, G. S. Yoon, Y. B. Ko, Y. M. Heo, J. D. Kim, J. Y. Choi, D. E. Kim
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T. S. Jung, M. K. Han

Abstract
2 AFoAME AE RV 35 2 B2 AAE 9ot Y %3301]*1 thoFek A 49
AGEH AFS AL Qe 3y 58S et AdE A s g4+
F2 shtel 53 ZHFAA IA G9E2 AZE 5% FZoE F7F e AASIEA sk
A ol B ZYske] el ANEE FAT S Qe RUY Folk o F sk B9
AVY AF AA, FHEAE 18 T30 28 AEUME, v AHE A3 AS g A
=34 A Ao =S ALt

Key Words : Wire to Board Connector, Expandable, Multiple-types, Injection Mold

1. M2
22 el 285t Halx

i, chastt D&ME B3, AM eleiHolx S 7t
St 29 sl B MNYsD Yo 2
[m}

oo, cigst £50| A= Aol SFolck £3], Wire to
Board H4YEH = ME=&= HE Tt o Clts| mi2o Lekxozm A 2HofAM
15~ 20&', 27l= 40pin7tA| EHY | $=2o| M ES sltel ME oM MAtst len], 2t
o o+ 82 e 282 Matste 22 Mzslior st 28 FAH| 80 2435 S7tstks 24
7 7 5 of

A

7b gleh 2 AT E HE el st
B oo HES MM & UATE ay 2P Hesidic
2. woAdit tfS AH4EH 9

CHS Fig. 12 & AT7olAl JHeeh staed Faiof JH2fael 2zt g e 2ojFEch HLE
gae e 28 ~ 8 el 1.5mm HX|(pitch) WiB HUEIS Matsty| 9I8h Aoz & 47
of JHHIEIS ZHXIT AT, Mo| 2 HAS HME3 2 o AlZ FE2R LS AL ¥
+ AE HEAOIES AL85tl & 3Y S #2st si%ct

Fig. 2 = H w2t EEEIE Y Folo| T=2of MEE Zole| AElE EoF=d,
Yot HYE S H o EEFEF 7 IEI H2 1~2 /2l MEFS MaE 5 ok 2 ATl
M 7HetEl EHEbs Z2E e A 2t EE2 MZE3510] AIE5H| W2

o o
of +& ZXHE 12{5}0

+
=

—

LA NEY 2~
# WA A2 A8kE g A E e, E-mail: tsjung@inhatc.ac.kr



Fig. 2 Core for 2Pin, 6Pin, 8Pin Wire to Board Connector
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Thermal Imprinting of Glass Microlens Array
Zairulnizam M.Z, Myungki Jung, Jaeho Han, Taekyung Kim, Shinill Kang

Abstract
Typical thermal imprinting or so called hot embossing process on glass substrate has long cycle time due
to the heating, pressing and cooling step perform in series inside one moulding chamber. Herein, we devised
the process where prior to the imprinting step, the glass was preheated externally and a shallow depth of its
surface was further softened by means of heat energy absorption through CO2 laser irradiation. This method
outperforms the conventional one in terms of overall cycle time reduction, minimized mould working
temperature and improves the filling of glass material into the microstructured mold cavities.

Key Words: Optical glass, thermal imprinting, microstructure patterning, laser irradiation
1. Introduction

Design and fabrication of glass devices with many new advanced functions has received
continuous worldwide attentions such as anti-reflective surfaces, light wave guide, and
microfluidic channel. The existing techniques to produce glass products including
photolithography, direct laser texturing, microcutting and etching process are generally costly
and slow in throughput. So far, replication method such as glass molding and thermal
imprinting had been proven to be efficient in manufacturing of net shaped glass product with
high guality optical finishing. However, one major drawback in the conventional glass thermal
imprinting is its long cycle time which comprises of heating, pressing, and cooling in series.
We improve the process where prior to the imprinting step, the glass was preheated externally
and a shallow depth of its surface was further softened, reducing the glass viscosity by
means of heat energy absorption through CO2 laser irradiation. This technique not only
facilitate the challenging micro patterning process on the glass substrate but in overall can
shortened the cycle time, reduced mold working temperature and imprinting pressure.

2. Experimental setup

Primarily, this custom made facility consists of heating and imprinting station. We used a
CO2 laser (10.6 um wavelength), which can deliver a maximum power of 30W. The process
begin with the optical phosphate glass, K-PG375 having dimensions of 10mm? square area
and 1.1mm thickness located on the lower base mold was preheated slightly above its glass
transition temperature (350°C) at the heating station. Then, the initial 2.5 mm beam diameter

1. Yonsei University, School of Mechanical Engineering
# Shinill Kang: snlkang@yonsei.ac.kr
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from the laser source irradiation was enlarged by a beam expander to soften shallow depth of
the glass surface. Both upper and lower base mold were made of hot work tool steels,
grounded to mirror surface finish. The microstructured concave micro lenses array nickel mold
was attached at the upper base mold by mechanical clamping. After laser irradiation, the
optical glass was then transferred quickly and secured to the imprinting station. Then,
immediately a pressurization system was used to transfer the pattern from the mold onto the
optical glass substrate. In order to control and monitor the laser driven heating process, an
external computer controlled program and infrared pyrometer was used to set the desired
laser beam intensity profile and monitor the glass surface temperature respectively.

3. Result and discussion

After several preliminary trials, we established the following laser heating and imprinting
conditions. In all the laser irradiation conditions, the glass maximum surface temperature
increase as the laser power increase with an average heating time of 10s. No crack was
observed since the glass was initially preheated well above Tg, but bulk deformation of glass
occurred when the laser power was more than 22W/cm2. However, the maximum
temperature achieved which is approximately 530°C is sufficient enough to lower the glass
viscosity at the surface which can improve the filling of glass material into the microstructured
cavities and at the same time reducing the imprinting pressure and holding time. During all
imprinting test, constant temperature of 350°C was set to both upper and lower mould,
constant imprinting speed of 20mm/s and constant pressure of 2.5 Mpa. Almost complete
replication height (95%) can be achieved when the pressing time was 90s.

4. Conclusion

We proposed a thermal imprinting method which utilized laser driven surface heating prior
to the imprinting. Heat energy absorption through CO2 laser irradiation lower the glass
viscosity at the glass surface and improve the filling of glass material into the microstructures
cavities. Instead of heating, pressing and cooling perform in series inside one moulding
chamber used in the conventional method, preheating and cooling step were performed
externally. We successfully replicated 80um diameter micro lens array pattern on the optical
glass substrate using constant molds temperature of 350°C, pressure of 2.5Mpa and
imprinting time of 90s. With proper automation setup, this technique can be applied in the
mass production with high efficiency.
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Improvement of the Cutting Surface in Shearing of a Channel

S. H. Song, S. H. Jang, B. G. Park

Abstract

Shearing is widely adopted in production sites due to its fast cutting speed. But a proper setting of knife’s
shape and clearance between upper and lower knife are essential for the shearing. In this paper, the knife’s
shape and the clearance were examined by finite element analyses to improve the quality of cutting surface
of the channel. In order to simulate the shearing process, ductile and shear damage model were applied and
results of FE analyses were compared with those of experiments. New knife’s shape and clearance were
proposed and tested by a finite element analysis. As a result of the analysis, the quality of cutting surface was
improved and no burr was found on the surface.

Key Words : Channel, Shearing, Knife Shape, Clearance, Finite Element Analysis, Ductile Fracture Model,
Stress Triaxiality, Shear Fracture Model, Shear Stress Ratio
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Fig. 1 Comparison of cutting surfaces — (a) FEA, (b) Test
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Fig. 2 Upper knife and cutting surface — (a) Old knife, (b) New knife, (c) Cutting surface
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Design of Pass Schedule in Groove Rolling Process for NbTi
Superconducting Wire

S. M. Park, Y. S. Oh, H. W. Lee, D. Y. Hwang, S. H. Kang

Abstract

The extrusion process is generally applied for the initial stages of manufacturing process for NbTi
superconducting mono-wire with large diameter. However, the extrusion process has major problem such as
inhomogeneity of cross section in the front and the rear part of the wire and large extrusion force. This
inhomogeneity can cause low yield of NbTi wire because inhomogeneous cross section resulted in
degradation of superconducting properties. The hot extrusion process, adopted for solving problem of large
extrusion force, can aggravate inhomogeneity of cross section compared to cold extrusion. Therefore, the
groove rolling process was applied as an alternative process for manufacturing NbTi wire in this study. A
number of finite element (FE) analyses were conducted for designing the pass schedule of the groove rolling
process. For comparison, the oval and round groove was applied for rolling simulation. In order to verify the
numerical results, the groove rolling experiment of NbTi wire was conducted and compared with numerical
results. From the above study, it was concluded that the oval groove was more suitable for manufacturing the
NbTi wire compared to round groove.

Key Words: NbTi Superconducting wire, Extrusion process, Groove Rolling, Finite-Element Analysis
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Strain and Texture Evaluation in Differential Speed Rolling

Y. G Ko

Abstract
This work investigated the shear strain evaluation and related microstructural change in orientation distribution
function (ODF) of interstitial free steel via differential speed rolling. The shear strain with a maximum value of ~0.4
calculated by indentation marks was imparted at the top part of the deformed sample, which was higher than the other
parts. The ODF results exhibited that shear texture was operated mainly at the top part whilst texture in the middle and
bottom parts was dominated by cold-rolling components.

Key Words : Differential Speed Rolling, Finite Element Method, Microstructure, Rolling Load
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Application and development of non-heat-treatment steel using
the Yield-Ratio for Cold Former

Y. S. Lee' E.Y. Yoon, J.M. Choi?
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Analysis of The Effect of Nitride Coatings on Cold Forging Dies
for Fabrication for Brake Cylinders

J. M. Choi, Y. I. Son, M. K. Kim, J. S. Park

Abstract
The plasma vapor coatings on two kinds of die steels have been carried out in order to identify the most
optimized conditions. When TiN or TiAIN coatings were carried out on the substrates, the coating layer
thicknesses were not significantly changed, and the optimized coating thickness was identified as ~ 5 um.
When the optimized coating conditions and stress analysis were applied to the primary piston dies for
fabrication of aluminum cylinders, an extended life time of the die was observed. The methodology for
extending the life time of dies was discussed in terms of microstructures and stress analysis.

Key Words : Forging Die, Physical Vapor Deposition, Nitride, Bond strength
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Fig. 1 SEM of TiN (a,d ande) and TiAIN (b,d and f) coated QCMS8 substrates for 30 min (a and b), 60
min (c and d) and 120 min (e and f)
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[1] M. Tkadletz, N. Schalk, R. Daniel, J. Keckes, C. Czettl, C. Mitterer, 2016, Advanced
characterization methods for wear resistant hard coatings: A review on recent progress, Surf.
Coat. Technol. Vol. 285, pp. 31~46.

[2] J. Bouqguerel, B. Diawara, A. Dubois, M. Dubar, J.-B. Vogt, D. Najjar, 2015,

Investigations of the Microstructural Response to a Cold Forging Process of the 6082-T6 Alloy,
Mater. Des., Vol. 68, pp. 245~258.
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A study on the bending process of T-bar for offshore plants

S. I. Lee, D. H. Choi, J. W. Lee, J. H. Yoon, K. Y. Gong, J. H. Lee

Abstract

T-bar occupies a large portion of Materials required for offshore plants Ship Building. offshore plants has large scale
loss by the main factor for the marine plants. Therefore, offshore plants quickly focus on the merchant ship Building.
and T-bar was often used when merchant ship Building. The T-bar production process was made by welding with bending
process of manual work. In this paper, finite element analysis was performed to create a data base of the punch stroke for
bending process of the T-bar. Experimental bending process using data base was conducted in a press to evaluate th
propose stroke in the dimensions requirements and comparative analysis. It could improve productivity by using data
base for punch Stroke.

Key Words : T-bar, Bending process, FEA(finite element analysis), Data base, Punch stroke.
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Combined coupled analysis of a hot forging process with the die
deformation owing to mechanical and thermal load

Y. S. Kim, M. S. Joun

Abstract
In this study, finite element analysis is conducted for the hot forging process of aluminum fixed scroll with
consideration of die deformation due to mechanical and thermal loads. It is revealed from comparison of
predictions obtained under various conditions that the effect of temperature on die mechanics in aluminum
forging is not critical.

Key Words : Combined Coupled Analysis (Z %<3 A8}l 41), Thermal Load (2 %] 3}%), Forging Simulation (&% A
He o] A), Fixed Scroll (124 ~=%)
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ASPF2015, 85-87
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Optimal Design of Tube Yoke
For Multi-Stage Cold Forging Process

D. S. Min, K. M. Kim, H. D. Park, K. R. Kim, S. K. Park, T. M. Hwang?*

Abstract
2 AFoAM e dTddREHS A8 YA QA Y o] EARXE Eo S FEQ]
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Tube Yokeo] 7 ¢ —%;— JAARRES AFsksir. GAE JNEetaiAlst= Tube Yoke™ A AF
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Free 28458 AASGR, o B2l A9 T 49 92 282 A7)
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Optimal Design of Pinch Yoke
For Multi-Stage Cold Forging Process

D. S. Min, K. M. Kim, H. D. Park, K. R. Kim, S. K. Park, T. M. Hwang?*

Abstract
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Study on Precision Cold Forming Process Design of Shaft Using
3D Finite Element Method

H. C. Park, D. B. Kim, J. E. Kim, C. M. Seo

Abstract
An oil pump that is used for automatic transmission performs the important function of transmitting the
driving force of the engine. An important feature of the oil pump and the like is delivered to the driving
torque and action of the lubricating and cooling bearings and bushing system of the internal transmission.
One of these main parts of the oil pump reaction shaft is transmitting the driving force and performs the role
of the oil passage. Therefore, through the cold forging process to form a fine tooth profile and the
characteristics of the discrete value type is needed to perform the role oil passage. Utilizing a three-
dimensional finite element method for this purpose would review the precision molding process design, and
to derive the size of teeth with near net shape manufacturing

Key Words : Precision Cold Forming, Near Net Shape, 3D Finite Element Method, Hollow Shaft
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Extrusion Properties and workability of Material on Automatic
multi-stage cold forging

I. C. Yoon, K. T. Yoon, J. S. Song, J. Y. Heo, H. C. Lim, T. M. Hwang, K. M. Kim, D. S. Min

Abstract

Automatic multi-stage cold forging process is consist of 5 or 6 process. Increasing productivity and
reducing material loss are important advantages of this technology. The first operation is forward extrusion
on automatic multi-stage cold forging and analysis of forming limit is significant influencing factor for full
process design. To analysis extrusion properties and forming limit, the die and mold were produced for
extrusion experiment on 200ton servo press. Various punch motion and speed were applied and several
friction conditions also evaluated in experiments. This paper present design of die and mold for forward
extrusion experiment and properties and workability of forming materials.

Key Words : Automatic multi-stage cold forging, Extrusion experiment, Extrusion limit, Servo press, Die
and mold
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A Research for Cold Net-Shape Forging Simulation of Two-
Piece Wheel Nut Washer

M. H. Lee, S. H. Choi, D. K. Min

Abstract
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Key Words : Washer, Net-shape Forming, Cold Forging, DEFORM, Simulation
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Study on the Manufacturing Technology of the HUB CLUTCH
by Using Aluminium Cold-Forging

S.J. Lee, W. G. Joo, H. W. Jung, W. I. Lee

Abstract
For many years, aluminium and its alloys have drawn quite interest as light weigh materials to improve
fuel consumption and reduce CO2 emission in the automotive industry. However, it has not been active in the
powertrain field, especially transmission parts which require high mechanical properties. Recently, there is an
effort to product using aluminium die-casting. There are still problems such as pores, draft taper and others.
In this study, splines of hub clutch are formed as the extruding of aluminium alloys by cold-forging. It
involves the comparison between theoretical analysis and experimental studies in cold-forging process.

Key Words : Automotive transmission, Clutch, Aluminium alloys, Cold-Forging
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The effect of the crankshaft preform shape manufactured
by Groove forging on semi-closed forging.

W. B. Jeon, S. I. Jeong, S. D. Park, S. K. Oh, H. W. Jeon

Abstract
Crankshaft which is seated in crankcase of marine and generator engine and changed from a reciprocating motion to

a rotary motion of Piston, is significant component of an internal combustion engine. Manufacturing process of Forged
integral crankshaft is divided into first Forging(Manufacturing the Preform) and semi-closed forging. After the first
forging, The Preform manufactured by machining is pressed in the vertical and horizontal directions at the same time
when the secondary forging. This time, The Groove acts as Grip to prevent slip in the horizontal direction of the
preform. The Groove shape and dimension of preform manufactured by forging is not precise, compare with
manufactured by machining. In this study, there is a purpose to find the proper crankshaft preform shape condition, By

investigating the effect of the crankshaft preform shape manufactured by Groove forging on semi-closed forging.

Key Words : Solid crankshaft; Crankshaft perform; Groove forging process; semi-closed forging
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Development of radial forging process to manufacture
non-axisymmetric rotor shaft

H. B. Kwak!, H. G. Kim!, S. N. Park? Y. I. Ji?, K. H. Jung”

Abstract

Radial forging is one of hot or cold open-die forging processes which is cost-effective and material-saving

to manufacture large shafts, tubes, and axles. In this study, a numerical approach to apply radial forging

technique to non-symmetric 4-pole rotor shaft for huge vessels or power plant generators is carried out. Based

on the simulation results, more than 20% in terms of material cost reduction was achievable by employing

radial forging. In addition, three different side angles of the radial forging dies were compared to optimize the
newly developed forging sequence.

Key Words : radial forging, non-symmetric rotor shaft
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Study on the feeding velocity for hydroforming tube expanding
duplex steel
M. W. Kim, K. D. Hur, S. D. Ye

Abstract
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Key Words : Hydrfoforming (< ¢4/ & ¥ 1), Tube expanding (7 *.2+31), Feeding Velocity (3] & & %2)
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Fig.1 Simple diagram of tube hydroforming process

- 145 -



3. Zz & 1

— i
18 1.069567 0.8695758 1.0022944 1304 ; 0254 '
21 11008042 | 0.8662295 | 1.0033491 e / ‘,""
2 10740934 | 08663479 | 10028208 | 2 :W / 20 _,f’
27 10703112 | 0924791 | 1.0026675 | = . - 7/ R /
30 1068917 | 0934779 | 1.002658 510l ” e Z .
33 1.0731975 0.966227 1.002677 Frolaaaaaa s § o P !
36 10787375 | 0.8667802 | 1.0026171 e . . ) é oosd " e N -
39 11390679 | 0.8669203 | 1.0702782 JI : L . — 000 ’ . . ; ‘T ’ v y
42 1.3310069 0.8673081 1.3170451 18 21 24 21 30 33 36 0 2 18 21 24 27 30 33 36 39 42

Feoding velocity [ mmfce ] Feeding velocity [ mnvsec |
(a)Tube thickness of each Feeding (b) F.V - Thickness curve of process (c) F.V — Root mean square residual
velocity expanding tube

Fig.2 Results of the thickness of the tube expanding process analysis using the hydroforming
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Precision analysis of a yoke forging process considering elastic
deformation of dies

H. T. Jin, M. C. Kim, K. M. Kim, D. S. Min, T. M. Hwang, M. S. Joun

Abstract
In this paper, three-dimensional precision analysis of a sequence of automatic multi-stage cold forging processes is
conducted with emphasis on coupling die elastic deformation with material plastic deformation. The effect of die elastic
deformation on the process and die stress is discussed and the related predictions are given with emphasis on die stresses
and deformation.

Key Words : Automatic Multi-Stage Cold Forging (A& & Fet=), Coupled Analysis of Die and Material
Deformations (33 -4 W& A a)4)

oste] AatE s YA, Zex vz T oF
1. ME ato] AAE o] 9th. HoSo] s WuRE
o] AETdEHon YAHE £E7 tEH1

dEdzxel a97F ASsa AvHL, 21 & et O‘iﬂ’ £A7F ARFARL oot o] ATl
2FEAE 879 G2 %H A7hEazt 3 F4 M dAE 23 g siMdA 3 g
el Aol dAs 2 APt wFgew b AWFE Fxste] 5 AHE AT
Asta gty dAstE AY 339] R Aol 2o w ilﬂ% SCM4150]aL, -4
Mkell= AFAox AddzAEHlA 7|&o EWo A 9] whEAFE 0.025% 7}7@0}@@ Fig.
Aostth dAsE 23 dx ¥ T3 e 20 AMEE 9 f‘zﬂ,*&% UER 21k Fig. 301 5%t
& g AFe] zx o] o BEE 2 Aol e B 5@ MEF 9 $HS o
=EHo] Stk whekA eF9 g MMe 5 Bt 539 Ao HIFFS 015 mmE Ve
Feol Sy e ~xHus g 34 ot F@8e Hd 583> 3300 MPao] t}.
o] A=A ot

o] ERAE UAY &3 dxTAH AL 4
A 2oz +Y9 FANY Ae 53] F
Feol Wy 9 S BHAA Festart At
2. BHHAN

Fig. 1¢ 7 ojdQl 839 Wi zxES YE Fig. 1 Yoke design to be forged
o Aok o]3e FE T e vdx2EFS &40

WA AR Ao stal 7] A g gty [ 35t 4, E-mail: msjoun@gnu.ac.kr

- 147 -



Fig. 2 Die geometries of the fifth stage, used for
simulation
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Fig. 3 Predictions of one-piece yoke cold forging
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B. C. Kim, M. S. Joun, S. M. Lee, D. H. Kim

Abstract
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Development of continuous heat treatment process for
steel strip without Pb-bath

J. S. Kim, H. I. Kim, J. H. Lim

Abstract
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Key Words : Die quenching, Computer Aided Engineering, Austempering, Pb-bath, Cooling-Roll Heat-
treatment
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Phenomenological Constitutive Model for Flow Behavior of
Ti-6Al-4V at High Temperature and Various Strain Rates

D.J. Myung, H.B. Kwak, K.H. Jung, S.S. Lim, M.G. Lee

Abstract

In this study, a flow stress model for Ti-6Al-4V alloy at various temperatures and strain rates were proposed. The flow
stress model is based on conventional Arrhenius type phenomenological model, but the two regions, high and low stress
levels, are considered depending on the magnitude of flow stress. However, since the experimental results showed
intermediate responses between the two regions, a new method for predicting the flow stresses between the high and low
stress levels was proposed by the combination of the flow stress equations at high and low regions. The model
parameters were identified from the isothermal hot compression tests using the Gleeble-3500 simulator. The calculated
stress-strain curves at various testing conditions were compared with those from experiments to validate the proposed

model.

Key Words : Ti-6Al-4V (E}o] Els5 &), phenomenological model(&-3-8H4 =.d), flow stress(+& -5 =), Arrhenius
type equation, isothermal hot compression(s<4 7F¢H )
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Development of energy-saving extrusion container
applying an infrared heater

K. H. Min, S. H. Bag, Y. C. Shin, H. J. Choi

Abstract

In generally, an extrusion container has the function of supporting the liner in order to prevent a breakage of
the liner under high extrusion pressures during the extrusion process. And the temperature of the billet should
be controlled as of it is taken out the container until it passes through a homogenously heated die. However,
the necessary long-term time for warming up to the oven by cartridge type heaters causes not only
considerable energy consumption, but also significantly decreasing productivity. At present containers, which
typically have horizontal two temperature control zones(back and forth), the cartridge type heaters are
positioned in the proximity of the liner. Consequently, it is difficult to produce a sound extruded material
because the temperature deviation between the upper and lower portion is not considered. The idea of an
uniform container temperature has been touted as the optimal extrusion condition for isothermal extrusion.
The aim of this study is to estimate the influences of infrared heater on energy efficient and to minimize the
temperature deviation for manufacturing uniform extruded material by both vertical and horizontal four
temperature control zones. As a result, thermal measurements have proved that the temperature difference
between the top and the bottom of the liner is approximately equal(+3°C) during the extrusion process. And
the experiences have shown that the container using infrared heater designed to heat the liner primarily and
not the container mantle, can decrease the costs of the utilized energy by up to 30% in comparison with
cartridge type heater. At the same time, long termed savings are also provided with extended mantle life-time.

Key Words: Infrared heater, Extrusion, Container, Energy-saving, Cartridge type heater
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Development of energy-saving extrusion dies oven
applying infrared heater

Y. C. Shin, K. H. Min, S. H. Bae, S. S. Lim, S. J. Lim, H. J. Choi

Abstract

Al extrusion process has typically spent a lot of energy for heat-related process, such as dies heating,
container heating, billet heating and aging. Because most of heat-treatment was conducted by the electric
heater, electric charges accounts for a very high portion in the extrusion manufacturing cost. Therefore,
energy-saving can be regarded as an important factor for determining the competitiveness of the extrusion
company. The aim of this study is to develop the dies oven for energy-saving during the pre-heated process of
extrusion dies. Applying high-efficiency infrared heater, single cell dies oven was developed instead of the
traditional chest type oven. Therefore the dies is individually heated uniformly to operation temperature so
rapidly. Not only reducing power consumption of the heater but also minimizing the waiting time in the oven,
the unnecessary electric energy will be significantly decreased. In addition, the results have shown that it is
possible to accurately control the dies temperature for improving the quality of extruded profile and to
minimize die bearing oxidation and nitride layer degradation responsible for surface defects on the profile
and shorter die life.

Key Words : Dies oven, Energy-saving, Infrared heater, Extrusion, High-efficiency
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Evaluation of Anisotropic Behavior of Steel Sheets using Non-
Associated Flow Rule

K. J. Lee, H. J. Choi, Y. M. Choi, K.H. Bae, D.C. Ahn, M.G. Lee

Abstract

In general, the plastic deformation has been commonly described by the associated flow rule, in which the
plastic strain increment is calculated based on the plastic stress potential or yield function. This approach
has been well implemented in the sheet metal forming community, but increase of material parameters for
more robust anisotropic yield functions such as Y1d2000 was inevitable to describe complex anisotropic
nature of sheet metals. As an alternative to this approach, a non-associated flow rule has been used to
describe this complex anisotropy but using simpler yield functions. For example, the Hill1948 model can be
used for describing the directional differences in both r-value or yield stress under this non-associated flow
rule. In this study, we measured the anisotropies of two steel sheets, DP490 and TRIP1180, then both
associated and non-associated flow rules were evaluated by employing the Hill1948 and Y1d2000-2d yield
criteria, which were implemented in the user material subroutines of a commercial finite element software.

Key Words : Anisotropy, Associated flow rule, Non-associated flow rule, Lankford coefficient, Yield
function
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Fatigue Analysis of Mechanical Spring type Single Acting
Actuator for LNG

K. H. Lee, S. D. Ye, K. D. Hur

Abstract
Ao LNGE dAu & AREE INGABFAMY Axel A7t F538taL glon, HFOE
o Astel s 7)1E Hube] 5 ZF7F FAolth LNG dn FHAHulte] LNGE 33387 93
LNG HAH MEuho] F71aetAl EHA INGAEFZMuta WA= Mute] obda waw

Emergency Shutdown(ESD)Z7|&xt Mu|&2| 7ig L AFI} 25 =10 Ut weiq o
T Zest INGHZFZAIM B Actuator Remote control system2 Emergency Shutdown SH
Al 2 Z ol Mechanical Spring type Single Acting Actuatorg T 224 3% Cl.
Key Words : Finite Element Method (-3 2.4~ %), Fatigue Analysis(3] = ++47), Actuator( 2] 5=l o] ¥])
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Single Acting Actuator 22 TN =0 At W F0f|0|E{= Disc Springoll 2lal &S 2 =
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2 =20M= LNG& Mechanical Spring type Single Acting Actuator T Z2M & &dlf, N
FoolEHe| HMMHE HE SHULCEH
2. Single Acting Actuatore| 78t 454

LNG& Mechanical Spring type Single Acting ActuatorE I 2243517 {lall, Rt A5
2 9 sI¥ct Fig. 12t 20| Single Acting Actuatore] 1AM 22 Mesh, dH =4S +AsH
FCt HFofo|Ee| ZtzHH2 St FUS Fstol BE ™, =X Al Disc Spring
StopperE Z0{ Disc Spring=2 Q& &4F AlA M2 R =2 EJE Sdll WEE = A
Zict HFoolEE EBX|e] MEZ= S45CE AFE M 20{, Table 12 S45Ce| 7|AHAN =24
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Fig.1 Boundary Condition & Mesh of Single Acting Actuator

Table 1 Mechanical properties of S45C

Material Tensile strength Yield strength Young’s Modulus Poisson’s ratio

S45C 569 MPa 343 MPa 205 GPa 0.29

Table 22} 0| Disc Spring Force= 5200N~32600N(5200N# &7}, 1/2 Symmetric & 2§!)
2 MR, Zugt2 2 Equivalent Stress, Stress Intensity, Equivalent Alternating StressZ&
LHEL AT

Table 2 Result of Fatigue Analysis

Force [N] Maximum Maximum Maximum Equivalent

Equivalent Stress Stress Intensity Alternating Stress
[MPa] [MPa] [MPa]

1 5200 17.292 19.892 8.8115

2 10400 34.584 39.785 17.967

3 15600 51.876 59.677 27.488

4 20800 69.167 79.57 37.395

5 26000 86.459 99.462 47.714

6 31200 103.75 119.35 58.47

4, &E

2 =20 M= Mechanical Spring type Single Acting Actuator®| tEM S 2AM 57| 2|5, T =2

=M eny I Z3 Max Force@l 31200N & mfe| MFololE e AME2 S45C SFLUT 7|

Z 58622 L}E(SCY.
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Evaluation of Wear Characteristics of Repair method of
Hot-Working Tool Steels

S.Y. Lee, I. K. Leg, Y. J. Cho, D. H. Kim, D. C. Ko, S. K. Lee

Abstract

This paper describes the tool life of die. The wear of die is more likely to occur in the complex shape and
high contact pressure. The wear-damaged die reduce the accuracy of product. In this problem is repaired
through the overlaying welding or replacement process. Generally, welding process has the defects such as
dimensional changes, crack and pore. Thus, improved repair method is required for die. In this study, a
method was proposed to repair the die by using the additive manufacturing(metal 3D print)process. The pin-
on-disk test was conducted to evaluate wear resistance according to the different repair conditions(3D
printing-STD61, Welding-STD61, Nomal-STD61). Finally, the improved repair method was verified through
the comparative evaluation of wear resistance.

Key Words : STD61, DED, 3D printing, Wear, Pin-on-disk test
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Design of Cold Incremental Roll Forming Process
Using Finite Element Analysis

I. K. Lee, S. Y. Lee, M. S. Jeong, B. M. Kim, S. K. Lee

Abstract

The cold incremental roll forming(CIRF) is one of the green manufacturing processes because the material
waste can be minimized comparing the conventional machining process. The principal benefits of the CIRF
are concise die set, improved productivity, low forming load, and excellent dimensional accuracy. However,
The process design of the CIRF is difficult to manufacture the product because the dimensional accuracy of
the product depends on many process variables such as the size of the roll-head, the mandrel feeding rate, the
radius of rotation of the roll-head. Thus, to achieve the process design of the CIRF, a numerical approach by
finite element analysis is required.

The objective of this paper is to design the CIRF process. In order to evaluate the formability of the CIRF
according to the process variables, the finite element analysis(FEA) was performed. Based on the FEA
results, a CIRF experiment was conducted to evaluate the effectiveness of the FEA. As a result, it can be
possible to effectively manufacture the product through the CIRF.

Key Words : Cold Incremental Roll Forming, Drum clutch, Finite Element Analysis
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(Cold Incremental Roll Forming, CIRF) 382 &Xf &4 Zia HEZEe Zx o g‘ﬂéﬂ% §—.FE )
T A 24Tt SR Fd FxIF Ztash FEo| AUct sHX|Eh FUolM = CIRFEE 7|
0| oj5e A¥eR SHMA 2 oH=2e 7KL Uct M2t 2 ==20dlM= CIRFL
=8 dAE 9ol ReteLdiMsS 0/85t0d sHHSo E HdEMES gItstiien, O RE
o &5t

1. =587 |=dT9 04
2. FArdistal AE s Al
3. FAtdiEta 7] A3 ek 5

# AR AL AT dAA G EE S3k A2 7] % 1%, E-mail:sklee@Kkitech.re.kr

- 160 -



ol SAPH440 3.4t AN E Kot AasiA £ DEFORM3DO H&

StQCH ReteasiMd e EHIXe aMS st 115 2H S
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(Mandre) 8|2 CHA S CH ESH CIRFE| 2 S™u F stufel MEZ9l o|&Hel= 2
=70 w2 MeMe "HIs7| s 1mm, 3mmE MAESIF o], E-3=9 A, XA
SIMEE =H2 ZF 74mm, 80mm, 125rad/sE LA 50 FetAsiAM S =35t C},

Fig. 12l (ol sHAMZE LIEFHACE W= o|SHEIZF 1mmel ZRolE S5 (a)ollM
1.93mm, Y EDb)ollA 1.82mm, AFE(C)OIAM 2.10mme| ZHx|+E E 20, 3mmel A Rol=
=5 @0l 1.94mm, SHE(D)AAM 1.83mm, MFE()AM 1.99mme| =/t X|=& =t ZopH
o=z MEZ o|&H2| 3mm =l A Aol ZEAFo H FEste Z2nE EQUct

Iy 0x

ro

3. CIRF &3 Ag 3 &3}

ssteasiMel SaMe HIIE| 98l HAZTM UST X HAS 2ol HEZ o]
Hal 3mm =HS ME35t0] CIRF 28 AlgS $ast%ct A8 Zats Fig 12 (2)o LIERY
Ach ZHE@OIM 1.94mm, ZHZ2(b)oIA 1.98mm, AHE(C)OIA 1.99mme| = 42 2Ho0],
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Unit : mm
(C)

(b)
(a)

Mandrel feeding distance : 1mm
1. (a) 1.93 (b) 1.81 (c)1.96
2. (a) 1.87 (b) 1.82 (c)1.91
3. (a) 1.85 (b) 1.78 (c)1.96
4. (a) 1.91 (b) 1.80 (c)2.02
5. (a) 1.86 (b) 1.78 (c)2.04
6. (a) 1.90 (b) 1.81 (c)2.10
Mandrel feeding distance : 3mm
1. (a) 1.93 (b) 1.81 (c)1.93
2. (a) 1.91 (b) 1.81 (c)1.97
3. (a) 1.91 (b) 1.83 (c)1.97
4. (a) 1.89 (b) 1.81 (c)1.99
5
6.

Mandrel feeding distance : 3mm
1. (a) 1.94 (b) 1.95 (c)1.99

2. (a) 1.92 (b) 1.96 (c)1.97
3. () 1.90 (b) 1.97 (c)1.97
4. (a) 1.93 (b) 1.98 (c)1.95
5
6

. (@) 1.93 (b) 1.97 (c)1.96
. (a) 1.93 (b) 1.96 (c)1.96

. () 1.86 (b) 1.81 (c)1.99
. () 1.94 (b) 1.81 (c)1.99

(1) Result of FEA (2) Result of experiment

Fig. 1 Result of FEA and experiment
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Dimensional Accuracy of Roll-Die-formed Clutch Hub Used in Automotive Transmission, Int. J. Precis.

Eng. Manuf., Vol. 13, No. 2, pp. 237~243.

- 161 -



HFRY7FEAE 20169% FATENI 22

ASHEI|& dald 7|of Yzhet=of digh A7
olRf 2! ety

A Study on the Cold Forging of Helical Gear
for Automatic Transmission

J. E. Lee, H. S. Yang
Abstract
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AR
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Key Words : Helical Gear(&2]Z 7]¢]), Cold Forging(*d 7+t =), FE-Simulation(-- 32 4 31 4)
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Development of Lightweight Axlebox for High-Speed Railway Vehicle

E. S. Jeon, W. J. Hwang, H. G. Nam

Abstract
Sgutas o] AAsel 13} @GNS Fal Ao TAZ AXSE oS FoF FrBoly, As
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Finite Element Simulation of Powder Compaction Process for
Integrated Oilless Gear

Y. J. Choi, M. S. Jeong, S. K. Lee, S. K. Hwang, I. K. Lee, J. H. Jung

Abstract

This paper aims to estimate the interfacial form of integrated oilless gears fabricated by a powder
compaction process using finite element analysis. A constitutive equation was derived using the yield
function of a porous material for numerical analysis as suggested in the previous study. The analysis was
performed by applying the constitutive equation to DEFORM-2D, a common finite element analysis tool.
The oilless gear is divided into its bearing and gear parts, which have different material properties.
Subsequently, after considering the forming sequence of each part as a process variable, we analyzed the
changes in the interfacial form. In conclusion, we verified that the estimate model of the material properties
can be used for designing integrated components of the powder compaction process with the help of a
commercial finite element tool.

Key Words : Powder Compaction, FE Simulation, Powder Metallurgy
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(b) 1% Gear part, 2"": Bearing part
Fig.l The interfacial form and density
distribution of integrated oilless gears powder
compaction;
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Material and die deformations coupled analysis of a precision
forging process

S. W. Jeong, T. M. Hwang, M. S. Joun

Abstract
In this paper, a typical application of precision forging simulation considering die elastic deformation is
presented. A sequence of 5-stage cold forging processes for a CV-joint part of passenger’s car is simulated
with emphasis on effects of die elastic deformation due to mechanical load and shrink fit on the product and
the dies. The detailed predictions are given.

Key Words : Die Elastic Deformation (&% %™ d), Hot Forging (& 7t¥%=), Model Example (X2
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Investigation of void growth in single crystal under multi-axial
stress state using crystal plasticity FEM

W. J. Jeong, C. H. Lee, M. G. Lee

Abstract

In the classical ductile fracture model, the fracture is associated with void growth and coalescence.
Therefore, the investigation of the void growth mechanism is important to understand the fracture of ductile
metals. In this study, the void growth in a single crystal was investigated by using the crystal plasticity finite
element method (CPFEM). The CPFEM is based on the crystallographic slip in a single crystal and
associated homogenization scheme. The advantage of the CPFEM against the classical elastic-plasticity
model is that it is able to consider the microstructure of the metal such as crystal structure, and slip system.
RVEs (representative volume element) of single crystals with three different orientations, (100), (110), (111),
were constructed. The RVE has a spherical void with initial volume fraction of 0.01. Two different stress
states with distinct triaxiality were applied as boundary conditions. The growth rates of the voids were
analyzed considering the single crystal orientation. As a future work, the calculated void growth rates with
various orientations will be applied to the macroscopic ductile fracture model such as GTN model (Gurson-
Tvergaard-Needleman) by proper homogenization scheme to extend the current approach to polycrystals.

Key Words : Crystal plasticity, Finite element method, Low activation steel, GTN model, Fracture, Fatigue
life
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Process Design of Multi-stage Cold Forging for Manufacturing
Tooth Part of Power Trunk

A.R.Jo% I K. Lee!, S. K. Lee!, M. S. Jeong?, S. Y. Lee!, Y. J. Cho?, K. J. Cha?, S. K. Hwang™

Abstract

Generally, tooth parts of the power trunk in vehicle are manufactured by machining process. However, the
machining process accompanies low production rate and material loss. In this study, to overcome these
problems and develop a new process, the multi-stage cold forging process was numerically designed using
commercial finite element analysis program. The element kill method was applied to predict the ductile
fracture in the piercing process of the multi-stage cold forging process. From the numerical results, the
applied maximum effective stress on the dies was lower than yield strength of the die material during the
multi-stage process. Therefore, it was demonstrated that the tooth part of the power trunk in vehicle could be
manufactured by the developed multi-stage cold forging process, resulting in lower material loss and higher
production rate compared to the conventional machining process.

Key Words : Multi-stage Cold Forging Process(*87F thdehz +-7d), Finite Element Analysis(f-3+F8.423]4]),
Ductile Fracture($14d 313), Power Trunk(3$ E & =)
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Fig. 1 The multi-stage forging process Fig. 2 Distribution of the effective stress at the die
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Precision Plate Holder in Automotive Seat Recliner by Mechanical Press( [ ) -Application of FCF
Method, J. Kor. Soc. Precis. Eng., Vol. 25, No. 7, pp. 55~63.

[2] M.J.Jang, H. S. Choi, S. H. Lee, D. S. Kim, J. H. Bae, D. C. Ko, B. M. Kim, 2011, Design of Half
Blanking Process for Reducing Rollover and Stress Acting on Tools in Forming of Lower Tooth, Trans.
Mater. Process., Vol. 20, No. 3, pp. 214~221.
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Measurement of anisotropy evolution and its modeling for steel
sheets

Y.M.Choi, K.J.Lee, H.J.Choi, J.Y.Lee, K.H.Bae, D.C.Ahn, M.G. Lee

Abstract

Anisotropy in sheet metals has significant effect on formability and shape of final sheet products.
This anisotropy has been often expressed by the directional differences in yield stress and r-value,
which are used as material parameters for various anisotropic yield functions for numerical
simulations. The simple approach for the FE simulation is to consider these anisotropic coefficients as
constants, thus they do not change during the deformation. However, our recent experiments showed
that the anisotropy in deformation varied significantly. Also, the ratio of stresses between uniaxial
tension and biaxial tension also varied as the plastic deformation proceeded. In this study, the
experimental results on the evolution of anisotropy are presented with associated analytical analyses.

Key Words : Lankford coefficient variation, r-value, anisotropic coefficient, the ratio of stresses
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A Study on Improvement of Roll Stiffness Precision of Antiroll
Bar for High-Speed Railway Vehicle

W. J Hwang, E. S. Jeon, H. G. Nam

Abstract
OlE| EHt= E L AIZS| AR} XA Alolof MX|=0f XA EF 22 dAstn 7 W
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Key Words : Antiroll Bar, Roll Stiffness, High-Speed Railway
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Effect of Grain Size on the 6061 Al alloy via Different Speed
Rolling and Plasma Electrolytic Oxidation

J. H. Kwon, Y. H. Lee, D. P. Putra, Y.G. Ko

Abstract

Plasma electrolytic oxidation (PEO) coatings were fabricated on 6061 Al alloy with and without
differential-speed rolling (DSR) pretreatment to observe the effect of grain-size on the initial coating
behavior. The pretreatment sample was carried out using 2-pass DSR with the speed ratio of 1:4 and height
reduction of 50%. The coating processes were performed in alkaline-silicate base electrolyte employing AC
current with fixed current density and terminated directly when the breakdown voltage was reached. The
morphology and phase composition of the coatings were investigated by scanning electron microscopy
(SEM). The SEM micrographs revealed uniform growth of oxide for sample treated by DSR which could
attributed to grain refinement imposed by DSR.

Key Words : Differential speed rolling, Plasma electrolytic oxidation, Grain-size, 6061 Al alloy
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Deformation Characteristic of Clad Bar in Swaging Process

Duk Jae Yoon and Eung-Zu Kim

Abstract
Experimental investigation on swaging process for bi-metal composite clad bars was performed and
effects of different combination of tube and core on the deformation behavior were studied. The relative
strength difference between the tube and core material had remarkable effect on deformation shift between
the clad and core. The incremental process showed suitability as an initial stage forming process for
composite cladding wire production.

Key Words : Swaging Process, Clad Bar, Bi-Metal Composite, Incremental Forming, Oxygen Free Copper,

Niobium, Tin
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Finite Element Analysis for Bi-Metal Composite Clad Bar in
Swaging Process

Eung-Zu Kim, and Duk Jae Yoon

Abstract
Finite element analysis of swaging process for bi-metal composite clad bars was performed and effects of
different combination of tube and core on the deformation behavior were studied. Practical equivalent two
dimensional analysis model was contrived and applied to investigate the incremental forming process. The
relative strength difference between the tube and core material had remarkable effect on deformation shift
between the clad and core. The incremental process showed suitability as an initial stage forming process for
composite cladding wire production.

Key Words : Finite Element Analysis, Equivalent Model, Swaging Process, Clad Bar, Bi-Metal Composite,
Incremental Forming
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Fig. 1 Effective strain distributions of clad bar swaging that have different flow stress ratio (p = G.ore/0c1aa)
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Fig. 2 Effective stress distributions of clad bar swaging that have different flow stress ratio (p = G0y /0c10a)
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Improvement of Mechanical properties in Al 6061 Alloy Sheets
Severely Deformed via Differential Speed Rolling

H. W. Yang, I. P. Widiantara, S. Fatimah, Y. G. Ko*

Abstract
In the present work, changes in the microstructure measured by Electron Back Scattered Diffraction (EBSD) and
mechanical properties of Al-Mg-Si alloy sheets fabricated by differential speed rolling (DSR) process with respect to the
speed ratio was reported. The samples were subjected to two passes DSR process using speed ratios of 1:1, and 1:4 for
lower and upper roll, respectively, while the velocity of the lower roll was fixed at =<5 RPM. After four passes of DSR at
1:4, ultrafine grained structure consisted of grains with average size of ~0.3 um was obtained. From the microhardness
measurements, the microhardness values and their uniformity were improved with increasing the speed ratio.

Key Words : Al-Mg-Si alloy; differential speed rolling; microstructure; mechanical properties; electron back scattered
diffraction (EBSD)

1. ME
In the present work, changes in the microstructure measured by Electron Back Scattered
Diffraction (EBSD) and mechanical properties of Al-Mg-Si alloy sheets fabricated by

differential speed rolling (DSR) process with respect to the speed ratio was reported.

2. A4

The material used in this work was a Al-Mg-Si alloy sheet with a chemical composition of 0.9
Mg, 0.7 Si, 0.2 Cu, 0.12 Mn, 0.19 Cr, and the balance aluminum in wt.%. The as-received
microstructure was homogenized at 823 K for 3 hours followed by air cooling, resulting in a
coarse grained microstructure consisting of equiaxed grains of ~40 um in diameter. The
samples were subjected to two passes DSR process using speed ratios of 1:1,and 1:4 for

lower and upper roll, respectively, while the velocity of the lower roll was fixed at =5 RPM.

Y
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After two passes of DSR at 1:4, ultrafine grained structure consisted of grains with average
size of ~0.3 um was obtained. From the microhardness measurements, the microhardness

values and their uniformity were improved with increasing the speed ratio.
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Study for drawing process properties of different materials
combined into a Cu-Nb-NbTi

H. S. Kim, K. J. Lee, J. D. Im, D. Y. Hwang

Abstract

2+831¥ LTS & NbTi 9 Nb3Sn 7} =0, NbTi 2 A EAE AL ZAEA(TS)ZA AA
T 94K o]t FARAA HE EAS YERIY NbTi 2dE Ax
MRI, g3t =], & 71E57], A8 NMR, ZE, 247 So &&x3 9}l o] NbTi
AR AL 7= AR AR SAS AT e kA EEetloy, AR Alx
FAA Culsc WA B wE Aol B QI ThEA E & FAHoR 3] Al
slol] EAlAe] Stk olF aAsty] 98] thol~ AA H A /EYA &5 A A& AT
7F 8 9-F T

Cu-Nb-NbTi = ZAFH o]FaAe] st Alxo TS vx= AAES o2 7HA7F A

Ak & A olFaA Az 4 T e R HE olgaAe] Ado]d B 1l ThE
7 Culsc WA wl&el] wEt A= vk 540 st Atskaid.

AgA, 2eeld # Ik 7hERt Culse WA vlEo] WE A, WF- NbTi Fofeh 5
o 2 &4 Atelm Qe duA P Eo] A oR Fon, BF oF LAzt AW A
of o]0} AA| gro} v Ant EfE = Aol WS o]ek W) Cu/Sc WA W] Eo]
A v AHE Sk M2 AW AR R Tk Jide] Jhsshd =908 7k
oo R B A i wAlzde] wAsklth

Wb Culse WA wlEo] we A Ade]d BRI JhE Al E ] Sl
thol A AR, R=9 B98¢ 28 Cubar 7k B I 5% o §3} 2 284/55H4
FHEY A8 APe Bo 2dold B AW e s FAE A A¥E A9 @
ol g el

Key Words : NbTi, superconducting wire, swaging process, drawing process, damage of sheath
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Structural Analysis of Forging Die
For AFDEX Simulation

D. S. Min, K. M. Kim, H. D. Park, K. R. Kim, S. K. Park, T. M. Hwang?*

Abstract
YhGZA] 5L 359 AHES o 3 AEL T £y B ZF 001% °lﬁ7l*l71
o weEbA =2 sk APz =
218k A7 dastt. B Aok

%"}4 7REE3E<l Tube Yoke% = g oll A “”351" fﬂréﬁﬂ
Feo] Y-S AFDEX AlE#E oS F3l sliAstaar s, WA S3d TSk $HE #AS
7] Aste] F8 FxS Aaste] FPo| LAYEE Wl fﬂ?ﬂ Ao} = E AF
o AAE BEXstuar . w3 BAE 23S BEUE Y 933 wA A AdE
4 FH8t I FYo U AE2S =E5taA; ).

Key Words : Wztvjpebetz, ¥oabz, 42X 70 AFDEX, 98 73384
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Precision forging simulation using a mesh density optimization
scheme

J. G.Eom, M. C. Lee, T. M. Hwang, M. S. Joun

Abstract
Precision forging simulations based on optimized mesh density are introduced with emphasis on some
special functions of mesh density control. An axisymmetric self-piercing riveting process and a three-
dimensional ball yoke forging process are studied to reveal the superiority of the mesh quality of the meshers
employed by AFDEX.

Key Words : Mesh Density (2.4~ =), Optimization (%] %] 3}), Precision forging (% & ¢+ %)
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The Effects of Drawing Strain and Annealing Condition on
Torsion Properties of Cold Drawn Steel Wires

K. S.An, J. H. Park, J. H. Kim, J. Y. Jung, W. J. Nam

Abstract

The effects of drawing strains and post-deformation annealing conditions on mechanical properties,
especially on twist number, in cold drawn steel wires were investigated. As the annealing time increased, the
tensile strength continuously decreased due to the spheroidization of lamellar cementite and recovery of
lamellar ferrite, while twist number usually decreased and then continuously increased. During annealing for
a long time, twist number of steels containing relatively low ture strain decreased, whereas steels containing
high ture strain increased. This was attributed to variation of the lamellar cementite form in steels annealed

for a long time.

Key Words : twist number; drawing strains; annealing conditions; spheroidization; lamellar cementite
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Drawing die design having an effect on the properties of Cu
channel manufacturing for WIC NbTi superconducting wire

K.J. Lee, S. 1. Ji, L. S. Hong, D. Y. Hwang, J. D. Im

Abstract
T AAE Aeero wel, A% HE(LTS, Low Temperature Superconductivity) A7) <}
Z = (HTS, High Temperature Superconductivity) A1 2] 2 ?‘:' Aok dA dgstd A =2A
J= NbTi ©F NbSn 7F li=dl, NbTi A=A = AAISE 94K o]3F A2 2d%=
S Yetdla 7hAdel a1 W Ashr] wiidel 7hd wWol AREEo] Stk NbTi A%
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Microstructure, Tensile and Fatigue Properties of Al-5wt.%Mg Alloy
Manufactured by Twin Roll Strip Casting Process

J. Y. Heo, M.S. Baek, K. J. Euh, Y. M. Rhyim, K. A. Lee

Abstract

£ 7= Twin Roll Strip Casting(TRC, 48 9 Fx) 322 H=xE Al-5%Mg =2l
oIz 2 m2 FMof Cisto] =AfSIUCt ol 3 a2l o|lM=Z 2 S4o o|x[= X2
of A&k CHSHAM T LotEgCt TRC a2 SHOUAMFE AE EHXE MME = U= =5
o=, 7|E 3™ 7t x|t odol MeEtE = U0 AHMA FEo| UL EFH AUiHe=z
=2 FX ZEE A = Ay 2 HAMo| AN =, ZH™E AV|7F sty Fx =Z 0|
o X|= ZA Est JHE £ Ach 2 AFoA TRC 3d™E ol8st0d £ 8mm, =
400mm 2| Al-bwt.%Mg &= 2AERS M=, ALSsStCt F &= (as strip cast)ollM= =4
21 =X 22 o3 &S50 XA EEAJCH ole =H2 0 €Al olF MEH"*OE i
st o|M[stA| Hatste Ag =ele = AJAYCH dxXe2| © F &xet XMl = 0 &% 9
XRD % EPMA 24 Z3} Al Z|X|ofl Alg(Mn,Fe) Mg,Si % Mg2A|3 Ab=0| ZHEE(RJCEH T A
EM HILE 95t F &t O &xfe| A2 F A"HE FHsIQct F Ao g5 dEs
177.7MPa, ZtH Q& ZEE= 286.1MPa 2|2 AMES2 11.1% 2 Yo ACt E€XHEl = O
A o A

aMel o= dEe F AMEC 10 MPa Hotia #|of & ZE& 15MPa ZotH o] o
4. Sotstdct. 17| T2 Alg® INSTRON 8501 FH|E OIRBH stress
ratio(R) = 0.1, frequency(F) = 10HzZ A20M $HFIFC T2 Alg ZI AXE| £ 0 &

[0)]
Q
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Hu

Mot ezl M F AMEC D2 S40| 2430 LiEtktch AY| ZRST olF 2 m= et
o BEe Si TRC 3oz MxE E A-5%Mg B30l Ha 7|78 olM=A D el st 1
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Mg 28.91 Mg 2.21

Al 58.97 Al 66.21
Si 0.13 Si 0.18
Mn 0.16 Mn 271
Fe 0.10 Fe 25.17
Cu 8.67 Ni 1.95
Zn 3.07 Cu 1.56

Total: 100.00 Total: 100.00

38

Al 73.54
Si 0.01
0.18 Mn 2.00
Fe 0.54 Fe 19.40
Cu 0.06 Cu 2.67
Zn 0.03 Zn 0.00
Total: 100.00 Total: 100.00

Fig. 1 Results of FE-SEM with; (a) Schematic diagram of F alloy,

(b) Schematic diagram O alloy.

Table 1 Tensile properties of Twin Roll Strip Cast Al-5%Mg alloys

YS.[MPa] | UTS[MPa] | EL[%]

F alloy 177.7 286.1 111

O alloy 167.7 301.5 24.6

210

205
200
195
190
185
180
175
170
165
160
155
150
145
140
135
130

Maximum Stress [MPa]

m CS Al-5Mg F alloy
e CS Al-5Mg O alloy

10°

10 10° 10° 10
Number of cycles to failure [N ]

Fig. 2 Results of high—cycle fatigue test
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Analysis of the deformation layer formed during a sliding wear
test of the pure iron in an Ar atmosphere

B. W. Gu, H. W. Kwon, Y. K. Kim, Y.-S. Kim

Abstract

During the sling wear of a ferrous metal, a subsurface layer is formed, which has different properties from those of the
original wearing metal. Since the wear occurs at the layer and material properties in the layer are different from the
underlying body, it is important to understand how the wear rate varies with the character of the layer. In our previous
work, a subsurface layer with very high hardness was observed from a sliding test of a pure iron specimen against an
alumina ball in an Ar atmosphere. The character of the layer was supposed to vary depending on sliding-wear test
conditions and environmental conditions. However, the formation mechanism of the layer was not known. This study was
conducted to investigate the formation mechanism of the highly deformed, high-hardness layer in the puew iron under
the Ar environment. Sliding wear tests of the pure iron were carried out in an Ar atmosphere at various sliding speeds and
distances. After the sliding wear test, worn surfaces, debris and cross sections were analyzed by SEM, TEM. Wear rates
of the specimens tested at different speeds and distances were analyzed considering the effects of the severely deformed
subsurface layer with different thickness and distribution..

Key Words: Sliding wear, Pure iron, Counterpart, Subsurface layer, Environment.
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of @M7|Fet o] 50| o|IIH ofEASO| o|x= &= & O TDESIAUCE
Ml et ZASH 2 AFHM= ferrite Thal Z THES

H IHMREE 28 mmx 28 mmx 8 mm A7|o EAF A|HE J13351 10, TS = AlH
SiC ddolx|2 oo}l =, 2= 3 ym ClO|ol2E suspension2Z polishing & &, ball-on—-plate
OfEAIEH7|E 0|85t0 AM2o|A Al SIRCt OFE AIZHZ AM2te] XY alumma (Al203) ball
2 ARSI, A" sHE2 100 N, IIII_'L'LE4 =T 0.1 m/sE 5t 1, o|NHAHE|E HEAA
ojnEAHelo wE EFo HIE vl EAMSIUCE Al E7|= &EHE XS] /s Ar
2271& AtEstYCE

Pinon-gisk shding wear Bst
130 Spscimens : Purs Iron
a Counterpart : Alumina ball
100 N, 0.1 mis

SEI /20kV. ) WO2omm  SS0
$chool of Advanced Matarfals Engl

Wear rate(1x 10° m? /m)

Sliding distance (m)
Fig.1 (a) The cross section of the pure iron specimen tested against an alumina ball in an Ar
atmosphere and (b) The variation of the wear rate of the pure iron specimen as a function of
sliding distance (applied load: 100 N, sliding speed: 0.1 m/sec, Ar atmosphere).

J8 1(a)oll a2 EAIE DZFE g So dduEH s 2MsHY| fls ©& AlHe| o|nHEOLHE
Ao o|NEAHIE 22| F8sto], Helo| wE ofEEzel HetE I8 1(b)oll LIERAR
Ct. 25 m olA 50 m 7HX|= OfEEETF 22510 50 m oA 300 m 7HX|= =& st ot
£T J2[1 300 m olF FZhoAM= Ld™sh ot K7 EEQICH 2k 25 me| o|11H ofE
HeldAM dME ESoA= ndE #HE S0l nEEX Ly, Mok #HEFoeol 2F 50 um
FHZ gM=ACt o|OEAH27F S2F ol wat Mok g Ee| FHIF Soteia, Dlll?:.*?-l
2| 50 mollA ZHEH=El ESoflA ZE 800 HVys2 HEE HE S0l =82Mo=z 2hEr =[ich
A5 HEEF2 o|0H Heot Sotetol w2l M MZEStod 200 me| o AHEZloAM = UP”:'
7% Aol stete] 52 olFAUct 1AE HE S F= o|nFH Al 300 m X[HolA 70
um=Z ZHEE o|F AHez| B7tol wat o oA BItetX| 2 AX™eA FXI=HIUAct DHET H

S
dE52 HIEUX|IIt B35 FAHE YoM IFH2 2 M| Alxtsto] &5, oA
stetel 52 ol 7 =e Hez EM=Uch

[1] N, Jin, 1997, Effect of microstructure on rolling, sliding wear of low carbon bainitic steels, Wear 202, pp. 202~207

[2] D. A. Rigney, 1997, Comments on the sliding wear of metals, Tribol. Int., Vol. 30, No 5, pp.361~367

[3] B. W. Gu, H.W. Gwon, Y.-S. Kim, 2016, The influence of the counterpart on the sliding-wear rate variation in a pure
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A Study on Mechanical Properties of Pilger Mandrel Material
under Different Heat-Treatment Conditions

M. Y. Park, D. H. Lee, K. B. Park, Y. S. Choi, Y. H. Lee

Abstract

KEPCO Nuclear Fuel Company’s (KEPCO NF) tube manufacturing facility, Techno Special Alloy (TSA) Plant, has
started cold pilgering operation since 2009. It is obvious that the cold pilgering process is one of the key processes
controlling the quality and the characteristics of the tubes manufactured, i.e. nuclear zirconium alloy tube in KEPCO NF.
Cold pilgering is a rolling process for forming metal tubes in which diameter and wall thickness are reduced in a number
of forming steps, using ring dies at outside of the tube and a curved mandrel at inside to reduce tube cross sections by up
to 90 percent. The OD size of tube is reduced by a pair of dies, and ID size and wall thickness is controlled
simultaneously by mandrel. During the cold pilgering process, both tools are the critical components for providing
qualified tube. Development of pilger die and mandrel has been a significant importance in the zirconium tube
manufacturing and a major goal of KEPCO NF. The objective of this study is to enhance life time of localizated pilger
mandrel which is one of the key tool for manufacturing Zr alloy tubes. Therefore, a comparison of the mechanical
properties to study effects on life time of pilger mandrel under different heat-treatment conditions.

Aenfdd Foe 9489845 Qo) 998 92 2 F2AR 1Y Bl ASHE ddR HRE
A A5Ed % Fr2d 949 Bhze IR dddme] BT AR E 9Py Eelth Aty
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Key Words : Cold Pilgering(* 7+ 271 %), Zr-Based Alloy(X 235 &%), Pilger Mandrel(Z 7] =),
Metal Heat-treatment(5< &3 2])
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Mechanical Properties of Spheroidized D6AC Steel for Cold
Forming

Y. 1.Son, S. J. Lee

Abstract
We investigated the influence of heat treatment condition on the mechanical properties of D6AC steel for the
purpose of improving cold formability. The isothermal holding time for austenitization and spheroidization
was varied to control the grain size and precipitation kinetics of various carbides. The change of the grain
size and the precipitation kinetics were observed by means of optical microscope and Transmission electron
microscopy. We found that the tensile strength and hardness were decreased as increasing the holding time
whereas the total elongation was improved for a longer heat treatment condition.

Key Words : Austenitization, Spheroidization, Precipitation, Mechanical Properties, DBAC
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Tensile Fracture Behavior of High Austenitic Steel Plate
Under Different Stress Triaxialities

J. W. Yeh, K. H. Chun, K. C. Chung, K. M. Noh, C. S. Lee, K.-T. Park

Abstract

The tensile fracture behavior of a high Mn steel under different stress triaxilities was examined by conducting a series
of tensile tests on the flat notched specimens having the initial stress triaxiality range of 0.33 ~ 0.75. The fracture strain
drastically decreased as the stress triaxiality increased. Regardless of the stress triaxiality, all specimens exhibited
dimpled fracture surface. However, the depth of dimples at the center of the specimen became shallower as the stress
triaxiality increased, indicating less plastic deformability. At the edge of the specimen, the void-shearing facture mode
became more pronounced as the stress triaxiality increased. The fracture mode was found to be more influenced by the
distribution of the stress triaxility across the specimen width rather than the local stress triaxility value.

Key Words : High Mn steel, Tenslie fracture, Stress triaxility, Fractography
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Evaluation of Mechanical Characteristic for Local Softening
using High Frequency Induction Heat Treatment Process
for Ultra high strength Hot-Stamping Steel

Woo Jeong Sim, Young Rim Choi, Hyeong Jun Jeon, Kwang Soo Park

Abstract

Ultra-High strength steel is rapidly being applied in the automotive industry as safety regulation and environmental
regulation have been tightened controls. So, The of Hot-Stamping steel what has two advantages has been on the rise. The
First strength is that Hot-Stamping steel is obtained formability by processing at high temperature. And the second is the
reducing weight due to spring-back and thickness reduction. However, Hot-Stamping steel has one drawback which is
caused brittle fracture upon impact. So researchers are using a method of changing the material or the material properties
locally through a partial quenching to make up for drawback. But, these two ways have problems of weld zone and
schedule-cost. In this study, we use the local heat treatment process using a induction heating capable of applying the heat
treatment region and reducing of processing time. The experiment was conducted as a method for heating-time when the
induction heating. And then the temperature and the hardness applied to the material were measured. Is this way, we
studies the affect of hot-stamping steel with induction-heating.

Key Words : Hot-Stamping Steel(3F2= 843 7} 3}), Induction-Heating (3253} & %] 2]), Local Softening(=+-13})
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Microstructure, Tensile and Impact Toughness Properties of
SUS316L Material Manufactured by
3D-printing Selective Laser Melting Process

G. S. Ham, B. H. Kang, S. H. Park, K. A. Lee

Abstract

2 Ao A= 3D printing 374 5 powder bed 2] Q1 SLM(selective laser melting type) 34 <
£3}o] SUS 316L &S A3 th % 3D printing &8 laser EYS o]-&35}o] powder
2 2847 T omE YAELE Rods 2AHoRMN mE %ﬂAEOH 7]01—6L XPTT 2o
71 A A %*éoﬂ obFEs wFTa deEA ok Alx® FE9 X
relieving @ 2]& sl o, o] IL]—E R EAER =
printing SUS 316L AA] o] v M| z=2 & ER13}7] HﬁH OM, SEM, XR
A EXL Felslr] Yl AE, A A 2 =74 oA AL
JJr as fabricated 27|l A molten poolo] EAste= s ## & # AR, dAYE TP
Lo EE3L molten pool A& AbgbA A gkl wE T oA
Hol building direction *&Fo 2 A3 AL 2 & 4 AdTh
of we} Ak grol A% FHAsiglon, %}4 deviation A & %o = FFArsGUTh A AF
A3, dAgE FAT wt FE Ars dasAAT =
Charpy =4 Ade B dx9 A @301 46.5), EA g 2173 o

Atk F AHYE AT wet T4 A4 54 F4E Aoz YeE oo 49 4
349} ?}5.}771] g 42 7)dko 2 3D-printing selective laser melting &4 2.2 #| %% SUS 316L
S VAR A I AAEke] ] E gkt

o
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Key Words : 3D printing, Selective laser melting, SUS 316L, Tensile, Impact Toughness, Heat Treatment
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Fig. 1 SEM microstructures of SLM SUS 316L materials

(a) as—fabricated, and (b) Heat treated.
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(b) impact toughness results of SLM SUS 316L materials.
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Spot Bonding Characteristics of Overlapped Aluminum Plates
with Electric Resistance Heated Dies

T.H. Kim!, I. T. Jin*

Abstract

In this paper, a new spot bonding process with electric resistance heated dies is suggested for the bonding of
aluminum metals. Two heating methods are applied to this bonding process of two overlapped aluminum
metal plates, one of them is heating by conduction of electric resistance heated steel dies, and another is
heating by electric resistance between contacted surfaces of two plates by current induced to copper dies. This
bonding process has welding variables such as each current induced in heated steel dies and in copper dies,
and inner and outer contact diameters of heated steel dies, and shape of copper dies. Experiments should be
demanded in order to get possible condition of bonding. And, it was known that the bonding strength could be

reached to the needed value on industry fields.

Key Words: Bonding, Heating, Aluminum Plates, Electric Resistance, Steel Dies, Copper dies, Spot.
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Fig. 1 Spot bonding dies structure with electric
resistance heated steel dies and copper dies
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Thermal deformation analysis in T-bar welding process in
offshore plants

C.H.Won, J. H. Lee, S. I. Lee, K. Y. Gong, J. H. Yoon

Abstract

Section steels such as T-bar have been widely applied to structural frame in ship construction, which are
produced by fillet welding two flat thick sheets. During the welding process for T-bar, dimensional accuracy
problem is frequently issued since the thermal stress and thermal deformation occur along the axial direction.
In these reason, it is required to predict thermal deformation of the welded T-bar according to welding
conditions since these database are able to be utilized in calibration process for generating curved T-bar with
arbitrary curvature. In this research, welding experiments and FE analyses of T-bar have been compared with
each other in terms of deformed shape and temperature distribution.

Key Words : T-bar, Offshore plants, Welding analysis, Thermal deformation
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Fig. 1 Welding analysis results (a) shape distortion (z direction) at t=3600 sec; (b) Temperature
distribution at t= 130 sec;
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Investigation of Influence of Direct-Current Pulses on

Springback during V-bending of Ultra-High-Strength Steels

S. H. Gwak, I. J. Jang, Y. B. Kim, J. H. Song and G. H. Bae

Abstract
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JAAAM = 717 2273 =4T A8 &S &Pz FUMA YA ok a8y 2uF R Ty
A AYstgd ~Zgmo 7 AP Astel ool FutE= a84E At 5o A7 deH
3] Ay g5 F HAstE 2xgwo] 71 2 EAE dFEHL Utk E =EAE 2uAERY A
Y Tl doiA 2 AF A7ME B3 222G A} anE Hristy] 93] TRIP1180T} MS14709] F
A AFE AT V-bendings 53 33 HES AAEG o, ®Y ¥ loading AEllA B AR
E A7kl F-8 A Al vlaste] ~xEw A7 JEE Hrielglon SR wE Ay Hn
=2 #Hrlat7] 98 FLIR camera®t K-type thermocouples 5 A]ol o] &-&to] 2% W3 E A3, A9 %
Fotdn A S B Az E #EE o mlo]laR AR AEVE o|&dte ARE FA3. 1
A¥} Q7F =7 Wl uhe) electric energy?} =X H M grolo] ARAAE Fstglon, 24T HEH)
W TS B3 AA B o3t §lo] 4 FEUAY 2w Ao vhEde g1t

Key Words : Springback(2=2Z% W), Direct-current Pulse(:El 2% F), Ultra-High Strength Steel(Z=117F%E7), V-
bending test(V-3 3 A &)
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Automatic Compensation of the Draw Die for the Roof Rail
with High Strength Steel

T. S. Kwon, J. H. Shin, J. H. Kwak, S. H. Kim, J. W. Lee, G. H. Ha

Abstract
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Effects of the Friction and Draw-bead Shape on the Springback

Amount in the U-draw Bending Process

Y. S. Kwon, H. W. Bae, B. W. Kang, J. H. Kwak, S. H. Kim, J. W. Park, Y. S. Kim, J. K. Park
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Design and Fabrication of the Press Die and the Prototype
for a Headlamp Reflector

Y. S. Kwon, M. K. Son, S. H. Kim
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Evaluation of Joule Heating Characteristics of 22MnB5
Boron Steel for Hot Stamping Processes
Y. B. Kim, I. J. Jang, S. H. Gwak, J. H. Song, J. S. Lim and J. D. Seo
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Formability change of hot asymmetrically rolled Al alloy sheets

Abstract
AA5000, 6000 AE <Fvlg Fa HFo] Hof AFiaA= AEHL v =y
AA5000, 6000 AY a4FnyF TS A oJddydt Fo ot M xzo] 2 wano] x|
AE Aol mjg yr} o] EAE sl Adsty] 9eke] AA5000, 6000 AD dFnE o] JIx
A& WA 7= A97F B ast

2 ATl 4= AA5000, 6000 AlE &Fvlw a9 A4S A7) st 47k vigiA
el S =kl

AA5000, 6000 AE &FnlF 7 FAES 4 A3 v A 4L ste] AhAdE S 5%
AA5000, 6000 AlE &FvH Fao G vdH 4d F q, v fiber 59 HAgx4 dd 34

4& vlalste] Bkt

A FA F9o XRDEA dHolEHE o]&3Fe] AA5000, 6000 Al¥ &Frg Fv9 FHEE =
At BYEFIF(ODF)E AN ske] ®gk}.

AA5000, 6000 AlE &FvF F=9 WHEE
A 29 wse o 3z wslel AW

o
o

Key Words : AA5000, 6000 SERIES Al alloy sheet, Hot Asymmetric rolling, pole figure, ODF, Texture,
Formability

HF —
&g
2
2
>

-213 -



2471253 2016

ol
o
Y
e
el
)
toty
P
Jfu
o,

72t 24 3|42 0|E8t 15GPag AlO|=0RE 2|

Process Design for Integrated Hot-stamping of 1.5 GPa Strength
Side Outer with the Finite Element Analysis

S.Y. Park, H. C. Lee, S. J. Yoo, J. H. Song
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Study on the forming technology of the automatic transmission
parts by using cold stamping method

E. S. Park, S. M. Lee, W. I. Lee, D. J. Cha

Abstract

In this study, process of drawing method is applied by manufacturing technology of the hub clutch. By
using DEFORM-2D software, numerical simulation is performed for optimization of the process parameters
such as displacement and press load. And numerical analysis for manufacturing the preformed component for
the hub clutch is carried out to confirm the determined parameters. From the results, the forming process of
the part with complex shape can be separated into many forming steps. In order to determine the steps, the
forming loads for manufacturing the component can also be calculated and the proper press capacity is
determined. The experimental results of the forging process validate the numerical simulation reasonably
well. The preformed component for the drum clutch is manufactured successfully.

Key Words : Automatic Transmission Parts, Stamping, Numerical simulation

1. ME
Hed 712 XsSAE AstHZr|e Wi 58 M FFF, Clutch 7 7552 sHUES
o AE2telol2tn 22l AlCEIE 2ol XS X2 flen, o] X¥2 opEE o|ut

o
Shaft 52t Zelst SHTE &2 oot
AHSHEZI|17F Dtet 45, FF0 42 S K=, ofl& HFAF|I| 2o 28 &

S| = —

5

= 7=, FF MY
Ctel Stamping 88 M &

Fig. 1 Hub clutch ( Welding part)

1. B34
# WA A= 44k, E-mail: parkes@kce.co.kr

- 216 -



2. AlguHy
71E Folel REo ZEoZ O|FOF Mo st xSt Mgel ot
gtdl, k=2l clet Stamping 2& Drawing £ ?J—?— Piercing -5732 'Ii
2 HA Preform & 2t st O|F 7|H JIS2Z MES
Eol AX= SAPH4400|0{ 7|H XM ME2 table 13} Zct, I1I“° Mgci
ol 7ct29 FEMS XM Es5tod AdES M5y,
(Fig.3)

‘—°oH

|
—u
rot
| oh
£
i}
5

Q o

2N -

4n =

T

oM 02

Ho o

OH Jir

02 I

N OI-.I
i

[N

2
x
0x
(e
o ¥

1 0.
i
x
El
R =
o

,
b | el

Fig. 3 Drawing Part & FEM DATA

Table 1. Mechanical properties of the SAPH440 (JIS G3113 used in automobile structure)

Grade Tensile strengh Yield strength Elongation
(Mpa) (Mpa) (%)
SAPH440 553 301 33
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[1] M. Merklein, J. Koch, S. Opel, T. Schneider: Fundamental investigations on the material flow at combined sheet and

bulk metal forming processes, CIRP Annals-Manufacturing Technology, 60 (2011), 283-286.
[2] T. Nakano: Modern applications of complex forming and multi-action forming in cold forging, Journal of Materials
Processing Technology, 46(1994), 201-226
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Analysis of Mechanical Properties of SABC1470 for Hot
Stamping Process according to Heating and Cooling Condition

D. H. Lee, S. J. Park, H. C. Lee, J. H. Song, S. J. Yoo
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Elasto-Plastic Finite Element Analysis of Bulge Cup
Progressive Process by AFDEX

S. M. Cho, K. S. Jung, J. M. Cho, W. J. Chung
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Fig. 4 Comparison of shape at final stage

Table 3 Comparison of shape at final stage
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Fig. 3 Deformed shape at 2", 3", 4™ stage
Table 2 Deformed shape at 2", 3™, 4" stage
2nd Srd 4th
D 18.07 14.89 15.13
H 7.00 9.30 9.31
R 2.01 0.98 0.48
unit : mm
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D1 D2 H R

s A 16.8 15.9 8.0 0.5
Ao 17.0 16.0 8.0 0.5

unit : mm
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Phase transformation analysis of hot stamping die
with direct cooling

S.H.Cha, B. S. So, J. D. Seo, C. Y. Lim, J. S. Lim

Abstract
In order to have good formability and low spring-back, hot stamping has widely in automotive industry to
manufacture autobody with AHSS(Advanced High Strength Steel). But it is difficult to retain required
strength at the side area of product. This study has applied to direct cooling system partially. The cooling
efficiency compared with indirect cooling system has evaluated to preform phase transformation analysis by
PAM-STAMP. The direct cooling system has been seen to increase more than 1.5 times with comparison of
indirect cooling system.

Key Words : Hot Stamping, Direct Cooling, Phase Transformation Analysis, Strength, Cooling Efficiency
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bulkheads of ships
D. H. Choi, S. I. Lee, J. W. Lee, J. H. Lee

Study on the forming stroke prediction for corrugated
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Polycarbonate Thermal Bonding System Using Precise High
Temperature/Pressure Chamber

D. J. Park, T. H. Park

Abstract
2 =dAE A9 SEds ol&d ZYIRUCE A8 WHE AAgT a2/ AW R
o] A AHEFAE T FA FES 2EA0(x03T)E Jor, FA 4HEHS AL EE AE R
Hol| TdatA 7HgE = Adrk & AAHS ol &3 dHF 3 YR EE AdY T ¥y ¢l
o] A< Arh W] 89> 330kPa, &&= 150CE EE7h o] E wul ojyel fujxlol
T7F 150 ©]3kl vhest HE W At AHEE 5 ok B, FAE AMSStEE FHoly 3DPFAS
717 WEY AFolx AT 5
Key Words : Polymer Thermal Bonding, Polymer Sealing, Polycarbonate Thermal Bonding
ME (Solvent) & 2}o|40|E ZE(Laminate Film)
2 0|2tz W2 o|FE=ZE AIBS=Z A
Hlo|2 Z|=(Bio Technology)el &&of 42 2Q8AZ = U0, =F4E EE
E'-P o|Ml=A EFx|(Microfluidic Devices)2| & ot= O|MFAM &Xlo Heol= MetstX] R
LIt Sotstd Aend, o|MFAH EHxl= 9 Ch d¥ e WH2 o|E=E S AESHA| 2ot
2, 24, 3tst 2of S ctekst FotollM A o|Ml & ZHx[e] F ol Metsict 7[&Ee «
o 2 EM X S22 AREED Uck ME Het2 ZHTEAEE AR en MEQ
2 Silicone, PDMS(Polydimethylsiloxane), xHol| |st= s d™SHH ISt of
PMMA (Poly—methyl Methacrylate), PC, Ho, HUSH 2EMOII Mz, ME &
COP(Cyclic Olefin Polymer)& 0| ALEstct.  A9| A ekg dgh=cl= cid™o| Ut B =&
0|& Silicone} PDMS= H|WZ X EHA|ZHO] M= RAME o|3st T WHo=z ME
2 Zz(of cH2MAtel SHAIM So| UL Mo MekZ EHX| 2 MEC EHEZ dFH
PMMA, PC, COPet&2 Ez|H(Polymer) i oF oz Jtte £ e A2/ MH
Zo| o|MFA Zxl= MMz HZEHA|ZHO0] £ 0|8st €™ et AAB S 4TS,
B M Atol Jhssict. S o|MRA
x|l xof et crekst Aol Z2|lnE 2. E2|FIEHO|E EX T AlAH
olge = Uct. EZ2IH oM FH A= M
dollMe| = 3 2RZ2RH 282 UYT| ¢ J|E0 AIBRE i AMAEER 32
st '%'(Sealmg) =3o0| €£=Holct. AT E 120C, 522 35kPaz R/E|H0|
= Ciekst ghHol| o) HaH, sHE TI7H10Cel PMMATZE Fgtet = AUCE
T EEE L %EIE’PEMIOI 2 AlaHE 58
# AR Agueta 7 A m et 330kPa, S22 150CE EZ2|7IEY|
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Fig. 2 Time vs. Pressure and Temperature
3. &8
Fig.2= M LHFolA AlZH| 2 252t
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St7Al Mo = 2Act Tablel2 Z2|7HEU0IE

L 22t Moveable
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Table 1 Polycarbonate Thermal Bonding Condition

Chamber pressure 235 + 2kPa
Chamber Temperature 140£0.3C
Moveable Part Pressure 220 kPa

Bonding Time 15 min

Fig. 3 Polycarbonate Cross Section
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Study of heat deflection phenomenon according to the

temperature change rate of the thermoplastic plastic material
*H. Y. Lee!, *S. H. Rhim?}, K. S. Song?, J. K. Bae?

Abstract
FHXofw ™ AR MZE Al AFZEE G744 A= FEMHOIRE o|M2=Z 7t Al & XAo| grAst
ct olzfist & XZo| 7t M AlEel =7| gAals2 ZASID, wWatd SFWX|ofn ™A X|el Mutxol S
Exolz ¥s2 £ AHo|ch 2 AFoME AIE 718 Atgtof w2 o XMZE sHAS MEHETD J1E AMEt
of Hygs AlES| 2 Hslg ZI 2% HE20| Y245 AEe HA a2 &
=)

Key Words : Thermoplastic plastics, Thermal deflection, FEA
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Fig 1. Time — Temperature graph for each case
Table 1. The thickness distribution of the sheet
Case 1 Case 2 Case 3
Thickness [mm] 0.9307 0.8919 0.8598
T TR T
(case 1) (case 2) (case3)

Fig 2. Thermal deflection image of each case
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Thickness uniformity of transparent orthodontic devices

according to heating time of the thermal forming process
*H. Y. Lee!, *S. H. Rhim*, K. S. Song?, J. K. Bae?

Abstract

Transparent orthodontic devices is fabricated of a transparent plastic sheet by using the thermal forming on a model that
reproduces the condition of the patient mouth. At this time, as the dental material properties, the thickness of transparent
orthodontic device change depending on the shape or position of the tooth. In this study, we measured thickness
uniformity of transparent orthodontic devices of each tooth position by changing the heating time in hot-forming process.
In the case of anterior teeth, the more heating time increase, the better thickness uniformity be. However, In the case of
posterior teeth, as the heating time increase, thickness uniformity has minimal change.

Therefore, It is possible to predict the thickness uniformity in accordance with process of making transparent
orthodontic devices of patient's orthodontic treatment.

Key Words : Thermal forming process, Transparent orthodontic devices, Heating time
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Table 1. anterior teeth thickness of formed devices

(mm)

Sec. a b c d
70s 0.29 0.40 0.96 0.89
80s 0.36 0.52 0.99 0.86
90s 0.32 0.51 0.92 0.88
100s 0.45 0.51 0.89 0.82

Table 2. posterior teeth thickness of formed

devices (mm)

Sec. a b c d

70s 0.60 0.92 0.95 0.79
80s 0.59 0.89 0.91 0.75
90s 0.64 0.83 0.90 0.70
100s 0.68 0.86 0.87 0.66
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Optimization of injection molding conditions for minimizing
deformation of ABS plunger part using CAE program

K. D. Hong, K. D. Kim, K. D. Lee(Times New Roman 10pt)

Abstract

Automotive lightweight is very important and active trends of the industry, due to the requirements of
automotive industry development, energy saving and emission reduction. In order to realize the automotive
lightweight, many studies have been conducted on how to replace the metal parts to high performance
plastics, such as (super) engineering plastics. However, an injection molding process with high performance
plastics is difficult to establish the molding conditions due to thermal properties of high performance plastics
In this study, we optimized the injection molding conditions for minimizing the warping deformation of
automobile ABS plunger part by the CAE program. The Taguchi method was applied to efficiently optimize
the parameters of injection molding conditions. Finally, the warping deformation was significantly improved
under the optimized conditions

Key Words : Injection molding, warping deformation, ABS plunger part, CAE program
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(a) (b)
Figure. 1 (a) AF=XZF ABS Plunger part, (b) Finite elements, (c) defection measurement

Table 2. Design of parameters and levels / Table 3. Orthogonal array

Simu# Tue Tue

by

Pe

Level 1 [

Parameters Unit
1 2 3 2 1 2 2 2
3 13 3 3
Mold temperature (T},) 185 195 205 °C 4 2 1 2 3
Melt temperature (Ty,) 370 385 400 °C : i j f ;
Packing time (P)) 1 2 3 Sec 7 3 1 3 2
) 8 a2 1 3
Packing pressure (Pp) 80 90 100 MPa 0 a3 2 1

3. Plunger 334 Zal

HuEEE wel s F3(E)d  pemm 0 oo 5w
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Figure 2. Warpage analysis result of plunger
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Stretch formability improvement of magnesium alloy sheet by
texture control

M.J. Shin, S.J. Kim, Y.S. Lee, B.B. Bae, D.G. Kim

Abstract
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Key Words : Magnesium sheet, Formability, Microstructure, Texture
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Geometric Limit Analysis of The Magnesium Alloy
by Square Cup Drawing

D. G Kim, Y. H. Song, S. J. Kim, Y. S. Lee

Abstract
247k D A7 wE e AES fste] Absak e AEEUt o] FojX o .
ng GEvE 5 AY F5S o)&% ATA FEo] gol JEHdew, dAE AldERUE 4
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theFst FEAA MgEas o835ty FE dsteltt. olgdt TAIFHOR Qldle] xxFAAE
=9 Fe S nod Mg &2 E-form 2AE AL st on, oo wat E-formd ¥

B ATols E-form &A1 FATATAE dotry] flste] Azt HERY AFS APl 2
71 AH RERY 28004 delay Ry fAe dAHeR xA4sla, 74 @A 58S o

A11050 0.5t$} Al 5052 0.5t& ©o]&3te] F7I=2 A= H==2Y HAFS 5. ==
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Key Words : Magnesium Alloy, Square Cup Drawing, Clearance, Die corner radius, Draw-ability
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Preparation and application of enhanced thermal properties
TPEE via reactive extrusion

J. Yoo, J. K. Kwon, N. H. Kim, C. H. Lee

Abstract
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Key Words : TPEE, TPC-ET, reactive extrusion, CVJB, Bellows, air-duct, dust-cover
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drawing
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New 3D Failure Criteria, TFD(Triaxiality Failure Diagram)
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