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Innovation and Flexibility in Metal Forming

Abstract
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Precursor manipulation of MgB, superconducting wires

K. C. Chung, Y. S. Oh, S. H. Kang, S. H. Jang, D. Y. Hwang

Abstract

For the high performance MgB, superconducting wires, one of the key issues are the careful control of raw precursors,
i.e. Mg, B, and various dopants being the core powder-type constituents inside the MgB, long wires. Absolute & relative
size, purity, crystallinity, surface condition, morphology, etc of the raw Mg & B precursors and impurities like MgO and
B,03; must be carefully examined, processed, and manipulated for the consecutive step of wire fabrication. In this work,
it is shown that the impurities removal has been done using the various chemical treatment at Room temperature better
than the high temperature (~950 °C) reduction process and checked with the element analyzer. Size effect of Mg powders
on MgB, properties was also presented with the relative size effect with Boron. Also discussed are the selection of carbon
based doping materials and its delicate relation such as the size, optimal contents, and form of existence to the precursors
of Mg & B respectively.

Key Words : Superconducting wire, MgB,, Powder, Critical current density, Connectivity
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MgB, ZHME MR M7|&-7|H% 54 AT
M EL.AEAL. O] AL, MEM?. Hyg
A study of electro-mechanical properties of MgB, wires
S. H.Jang!, H. S. Kim', K. J. Lee, H. S. Shin*and D. Y. Hwang"*

Abstract
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H40k QHEHlol mhE Mg-B/Nb/Cu S2=2| Cu A&jole] ol
MERE, Ae=Ns o AHA B2 5M o7

OIFHLY. BrAMRI IR . Bhef

o 1o

Effect of extrusion ratios on microstructural evolution, textural
evolution, and grain boundary character distributions in Cu
materials of Mg-B/Nb/Cu cladding during hydrostatic extrusion

J.B. Lee"*-S.Y. Park?-H. G. Jeong - D. Y. Hwang®

Abstract

This study fabricated Mg-B/Nb/Cu cladding by hydrostatic extrusion at various extrusion ratios from 2.7 to 6.5 at
ambient temperature and then investigated the effects of the extrusion ratios on the microstructural evolution, textural
evolution, and coincidence site lattice (CSL) boundary distribution in Cu tube of the cladding. The hydrostatic extrusion
process affected the grain recovery when the Cu tube was hydrostatically extruded at a certain extrusion ratio, resulting
from the decrease in dislocation density calculated by the kernel average misorientation (KAM) values based on EBSD
data. The fraction of the low-energy = 3 boundaries increased sharply at the highest extrusion ratio, resulting in grain
recrystallization, followed by grain growth. The rolling texture components present in microstructure of Cu tubes are a
function of the extrusion ratio. This study reports for the first time that the microstructure of Cu tubes can be developed
by grain recovery and recrystallization, as well as by increasing the content of the rolling texture components. This is
attributed to the heat generated during severe plastic deformation (SPD) at an extrusion ratio of 6.4, and the adiabatic heat
plays a key role in dislocations, thus overcoming the obstacles faced during thermal activation and boundary migration
under specific conditions of hydrostatic extrusion.

Key Words : Mg-B/Nb/Cu cladding, hydrostatic extrusion, recovery, texture CSL boundary, EBSD
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Abstract
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The development status of MgB, Superconducting wires
fabricated by hybrid process

H.S. Kim', Y. Kim', S. H. Kang?, Y. S. Oh? and D. Y. Hwang**

Abstract
MgB2 =AZAE A% IAXE(Tc) 39K, AF-A AR (He2) 16T, +ALA7F 2 7191 2 94 &4
Fel2 mrte] A AFS AMEEH] Fun dut WEVE 2HE EAY Fdo| shedith Ed 12
ZAEA vs) 9z 7HAe] Afstal 7y WHel dedEA 2% 774 Y] S80] ThestRE
A MgB2 A9 FE3tE 9 AFEo] FAEIL ). 1Y MgB, 2HE AAIE MRI, Hg Aol
£, 2Y, &7 22 87171 A& AaAeE nAdEe AT dARF 5S4 2= km w9
AR Az7F e Desth dubzl oz MgB, AAE PIT(Powder-In-Tube) < o] &3le] Qg Rk
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E2 THE SRR AzAh SR E AbFel oI Insiu PO AEHE MgB, Tl A
A AR R Mg, B £ Aol ¥Hskn 24 ABRAN A wn 248 @t g FUA
2 AA4 A el km i ol MgB, FARS Alxe] We ofelgel gtk oldd EAIZ s

7] YEAAE 7] 98 Bl gaay], 9% AA 2 Mg, B (12) B £3 T FH ) #YsH FY
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dasith T3 QA 7 dib] A2 WYEs Hoshr] A8 38 gde] £FE 5 by FHS 48
3, St 7hEe ol A 2 &84 A, T Jdde B A 2 3 de EHS 53 #d%
24 7Fge] Hasit

2 AFNNE FAA Ax Ve LS 8 EHolsd FXE ol&ste] HY F FH U EE 44
A2 Aoz kA A AAS =9 o, 6km ool FAA AxS & AE AA A s
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Study on physical properties of MgB, Superconducting Wire.
J. Y. Lim, K. H. Choi

Abstract

Aol of 39Ke.= a7ke] A WFE AHEShH| o8al 10K-20K ¥E7]E
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w1yl g Aol B glo] dAEE AAe] A&A 7HE&FA
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MgB, Wire& 18444*&, X7 ¢1.033mm, Non Sc/Sc 7} 4.42 ¢ AAZ Al&3sl o, MgB, 243} A
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Modified Drucker-Prager Cap 222 0| &%t
EME MgB, Mx{ef ciet IUZH s A

QAML. F. o]z MBS AZA!. Yol BHE

Numerical simulation of multi-pass drawing processes for MgB,
superconducting wire by a modified Drucker-Prager Cap model

Y. S. Oh, H. R. Kim, H. W. Leg, S. J. Kim, K. C. Chung, D. Y. Hwang and S. H. Kang

Abstract

In this study, numerical simulation of drawing process for multi-filamentary MgB, wire was conducted by using the
modified Drucker-Prager Cap (DPC) model to predict deformation behavior of powder. The modified DPC model,
implemented in commercial finite element software ABAQUS, was utilized for the wire drawing simulation. In that
simulation, variations of calibrated parameters according to density of powder were considered using the ABAQUS user-
defined subroutine (USDFLD). The material parameters for modified DPC model were obtained from the cold isostatic
pressing and die compaction tests. The initial shape and material properties of wire was modelled based on the
experimental results. The simulation results such as deformed shape and predicted density were compared with
experimental results to verify model predictions. The mechanical behavior of powder during wire drawing process was
investigated to account for experimental observations founded in the literatures.

Key Words : Numerical simulation, Multi-pass wire drawing, MgB, (magnesium diboride), Modified Drucker-Prager
Cap model.
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The development of optimization scheme for searching optimal
design variables to satisfy target mechanical properties in steel
product

J. H. Lee

Abstract

In recent years, the major steel companies all over the world have faced intense competitions against each other
because of an oversupply of steel products, especially in East Asia. To increase market share, it has been an important
issue to reduce production cost without quality degradation. To handle this issue, this research is focused on developing
optimization scheme to determine optimal process and alloy conditions in steel product, which is automatic simulations
based on heuristics, that is, multiple objective particle swarm optimization (MOPSO) using the concept of Pareto
optimality , replacing experiments by human to reduce trial and error in applying real industry field. The Pareto solutions
give us the optimal trade-off solution among competing objective functions. In industry, although the Pareto solutions are
optimal candidates, they commonly have extreme process conditions, that is, they are dangerous or challenging to
implement. So, allowing for the degradation more than one objective function, the many more solutions in the vicinity of
the original optimal solution can be considered as second optimal candidates for application, which surely gives the
decision maker more opportunities for determining more safe and applicable solutions. To do this, the concept of a Meta
Pareto Front was suggested in this research.

Key Words : English Key Word: Industrial Optimization, Metaheuristics, Optimization Modeling
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Optimization technique based on design sensitivity in non-
steady state metal forming process and its applications

S. H. Chung and S. M. Hwang

Abstract

With the development of CAE simulation technique in metal forming process and performance of computing power,
the application of optimization technique has been realized more and more. In this paper, one of the trends in optimization
technique, that is, the optimization technique based on the design sensitivity, for non-steady state metal forming process
actively studied in the past is introduce, which is powerful in computation time but difficulty in application.
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Method

1. M&

1990 A Huk o|F ctx ™S ZEst
28718 ™ol st z™8s 7| M82
?lst B2 AT} o|FO|H gton], AHFE
M&, CAE siM MUz 2 M3 7|
wMg S5 Zefol M8 2oks &ost
Qct A5 JHeozsE MACDIZZE O
e gl FAYIEE ST €2 dA
HEE 0|85IX| 2= &4, HEIZE S Of
st HAl S0 A= e, 2 =2
M= MACIZEE o|Sst eofl ohshA
A0St A}F BhC}

AHstE ¢leh MARYETE REHRbEY,
HYo|2y, suHsgo= a4 ok
[FEAEH S MAMSO| D|AMEE FD
EotsiA12 S350 1 Rolof o|LH sk
g FshM 75D, MPo|RYS RIes
A2 PIst MEjUMACRRE Tot M

43

4 =0
MAD|IZE=S
Bl WAl 2 Halsol 2A0fA
QEroRM MADILT HA

T
—

kl 1o 1o oH 0

Fig.

02 0z

rf

rr oy 4%
102

Non-Steady State, Optimization, Design Sensitivity, Direct Differentiation Method, Adjoint Variable

gk AEffH2 o|2E
A AbSeH1]. =gt

a1 =

ALt S5 F2=h BHEH2).

e ulHA e BHS MAMS

stoi|

wol 0|2

2>

L

£

H E Ch
Chung &2 Table 1 0lA Fig. 12| A7

ol —
AX =

Oioff ZAI=d H=tet 2|04 ol

SutaHon MARZEE Hiket
S S M AISHACH2].
dy d
dy a
‘1\
(@) Initial (b) Final

1 Processto verify the adjoint variable method



Table 1. Comparison of the design sensitivity

Variable no. Direct diff. Adjoint state Diff. (%)
1 —0.00062 —0.00062 0.00129
2 —0.00542 —0.00542 0.00028
3 —0.00297 —0.00297 0.01046
4 —0.00587 —0.00586 0.10146
5 —0.01109 —0.01110 0.11520
1
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Fig. 2 Powder compaction of VBMT cutting tool tip
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Fig. 3 Comparison of bending amount during sintering
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compact

(b) Optimal

Fig. 4 oll Ao} Zo]

el
s Anel Tu BE SHolN WD
H 322 glof7| s B A, oK L
28 258 3|xst 3 Alolch AN EE
SaiM 32 L molo] ANE S AL

Table 2. Optimization cases and optimal design
variables

Design variable il Optimiration | Oplimigation 11 Optimization 111
4 720 °C 0 No4°C 716°C

iy 420°C K0°C 00 °C 800 °C

s 250.5 mm 252.6 mm 250.5 mm 253 mm
iy 252 mm 2527 mm 252 mm 251 mm
s 255 mm 250 mm 255 mm 250 mm
s 263 mm 263.9 mm 263 mm 260.5 mm
iy 3mm 10 mm 3Jmm 10 mm

i 33 mm 55 mm 3.3 mm 10mm
dy 36 mm 36 mm 36 mm 36 mm

44

(a) Mesh system
Fig. 4 Backward extrusion process of titanium

(b) Damage and crack
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(a) Design variable (b) Optimization result(l,11,111)
Fig. 5 Description of design variables and optimization
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Finite Element Modeling of Thermo-Mechanical and Metallurgical
Behavior of Type 304 Stainless Steel in Cold Strip Rolling

SungKang Sohn' and SangMoo, Hwang®

Abstract
A finite element-based, integrated process model is presented for the coupled analysis of the thermo-mechanical and metallurgical
behavior of type stainless 304 steel occurring in the entire tandem mill during cold strip rolling. The validity of the proposed model is
examined through comparison with measurements. The model’s capability of revealing the effect of diverse process parameters is
demonstrated through a series of process simulation.

Keywords: Stainless Steel, finite element model, thermo-mechanical behavior, metallurgical behavior, cold strip rolling

Introduction

Precise control of product quality, as well as enhancing the production economy, may greatly depend on the
mechanical/thermal/metallurgical behaviors of the strip and also on those of the roll during cold rolling, and therefore, in
order to achieve successful process design and control, it is highly desirable to be capable of predicting the detailed
aspects of these behaviors through sound process modeling.

It was well known that some austenite stainless steels, such as type 304, undergo the deformation induced bcc martensite
(a') transformation from fcc austenite () during cold deformation process. Recently, Iwamoto et al. [1] extended the
generalized constitutive relationship by Stringfellow [2] by taking the strain rate effect into account both in tension and
compression state.

Presented in this paper was an integrated finite element(FE)-based approach for the prediction of the
mechanical/thermal/metallurgical behaviors that a type stainless 304 strip would reveal as it passes through the entire cold
tandem mill. The validity of the proposed models was examined through comparison with measurements. Then, a series
of process simulation were conducted to investigate the effect of various process parameters on the detailed aspects of the
thermo-mechanical and metallurgical behavior of the strip.

Kinetics of Strain-Induced Martensite Transformation
In this investigation, lwamoto model [1] was adopted for the prediction of the evolution of the martensite during cold
strip rolling.

Under constant temperature, strain rate and stress state, volume fraction of martensite may be described as :
fo = 1—exp%,8[1—exp(— aE)]”} @)

FE Model for Analysis of Rigid-Plastic Deformation

A steady-state, rigid-viscoplastic deformation behavior of the strip was adopted in the present investigation. The detailed
finite element formulation may be seen in the references [3,4]. The flow stress & of the strip within two phases of
austenite and martensite may be represented by the mixed rule [4]:

&=5,(1 fy)+&, fm @

FE Model for Analysis of Heat Transfer in the Strip and in the Roll
The governing equation for steady state heat transfer in the strip as well as that in the roll is given by

peuT, =(KT), +Q+Q, 3)
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Results and Discussion

Investigated was the thermo-mechanical/metallurgical behavior of the strip occurring in the tandem mill of POSCO no.
2 cold strip mill, pohang works. Due to the diverse effects of lubrication, the friction coefficients in the first three stands,
which apply excessive lubricant, were adopted as 0.06; in the mean while, the friction coefficient in the last stand, which
serves as the nearly dry rolling, was used as 0.2, instead, according to the reference [5]. The predicted roll forces were in
good agreement with the measurements, as shown in Fig. 1.

1700
Measurement

® 1500 F Prediction
O 1300
o
= 1100 |
S 900 |
o .

700 |

500

Stand 1 Stand. Stands Standgs
Fig. 1 Comparison of the roll forces between the predictions and the measurements

Illustrated in Fig. 2 were the distributions of temperature, effective strain and the evolved martensite through the entire
mill at the surface and center of the strip. In the bite region, because of the aforementioned heat generation in rolling
process, the strip temperatures were quickly increased with the higher temperature at center than surface. After passing
through the mill stands, the strip surface is still covered with the retained lubricant film due to the spray at the exit,
resulting in the continuous decrease of the strip temperatures in the inter stands. The predicted surface temperatures were
in good agreement with the measurements, as shown in Fig. 2a. Before entering into the mill stands, the surface of strip is
covered with the excessive lubricant, indicating the over drop of the strip temperatures in the vicinity of the entry zone
except the first stand, where the strip temperatures were increased arising from the higher temperature of lubricant than
the initial temperature of strip. After passing through the last stand, the surface temperatures were quickly restored, due to
the profuse heat supply from the relatively hot mass in the interior of the strip. As shown in Fig. 2b, the effective strain
was dramatically accumulated as rolling progresses, due to the work hardening characteristics. Since the martensite
evolution is keenly dependent on the temperature and variation of the effective strain, the gradual increase of the evolution
of the martensite phase was observed, as depicted in Fig. 2c.
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Fig. 2 the distributions of temperature (a), effective strain (b)and the evolved martensite (c) through the entire
mill at the surface and center of the strip

Concluding Remarks

A finite element-based approach was presented for the prediction of the thermo-mechanical and metallurgical behavior
that a strip reveals as it passes through the entire tandem cold mill. The merits of the present approach lied in many aspects,
for example,

(1) its capability of taking into account the strong interaction among the thermal, mechanical and metallurgical behavior
of the strip, and also between the thermal behavior of the roll and that of the strip;
(2) though the current investigation was focused on tandem cold mill, its application can be expanded to Sendzimir mill;
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Design and Control of Side Guide in Hot Roughing Rolling Mill

S. M. Byon*
Abstract
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Fig. 1 (a) Top view of the side guide (b) Complete view of the side guide
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A study of anisotropic yield function based on J> and Jz invariants

Phu-Van Nguyen', Jin-Jae Kim', Quoc-Tuan Pham', Young-Suk Kim*

Abstract

In this paper a new anisotropic yield function that describes the elastoplastic behavior of sheet metals depends not only on the second stress
invariant J, for the yield, but also on the third stress invariant J3, both may affect the shape of the yield surface. The new anisotropic yield
function is general and applicable to three-dimensional stress states. The proposed model is identified by calibration parameters from
experimental data of material including uniaxial and biaxial tests. In this study, the predictive capabilities of the new anisotropic yield function
are demonstrated by comparison between the predictions and experimental data for yield locus, normalized yield stress and r-value on
aluminum sheet. The result indicates that the new anisotropic model is reasonable to predict the shape of the yield surface of the sheet metals.

Key Words: invariant J,, invariant J3, and anisotropic yield function.
1. Introduction

In previous study, for anisotropic sheet metals, many anisotropic yield functions have been proposed [1], for example Y1d2000-2d (2000),
Cazacu and Barlat (2001), Barlat (2004), Banabic (2010), etc. The Y1d2000-2d yield function is able to give accurate prediction for both
directional yield stresses and r-values at rolling, diagonal and transversal orientations. However, this yield function is much complicated for
procedure to determine the parameters of the yield function. Another approach, Cazacu and Barlat (2001) extended to anisotropy of the
isotropic Drucker yield function. They replaced J, and J; by J9 and ]9, respectively [2].

U3 —cU)? =1f

where J? and J denote the anisotropic second and third invariant respectively as defined in next section, c is a constant and tyis the yield

(O]

stress in pure shear. Similarly, Yanshan Lou and Jeong Whan Yoon (2017) revised the isotropic Drucker yield function by using J; and J5 as
the second and third invariants of the linearly transformed stress tensor s’ [3]. Another yield function in terms of anisotropic invariants J9 and
J9 was also proposed by and Cazacu (2018) for textured metallic materials as below [4]: (2)

UD*—aU) x U =17

A similar approach, in this study a new anisotropic yield function is proposed based on J? and J{ invariants. The theoretical prediction of
anisotropy in tensile properties for uniaxial tension for arbitrary orientation of the loading axis are presented. In particular, the comparison
between the predictions and experimental data for yield locus, normalized yield stress and r-value on AA6016-T4 are demonstrated. A summary
of the main results is presented in section 2.

2. New anisotropic yield function

From early discussions, we propose a new anisotropic yield function named as Kim-Van’s yield function as expressing below:

fU2,J9) = UD°+aUN*+ LU x UH? =17 &)
where 1y denotes the yield stress in pure shear, a and B are material constants. If a = = 0, the von Mises yield criterion is recovered. The
anisotropic generalizations of the second and third invariant of the stress deviator should be express as follows [2, 4]:

aq 2 a; 2 as
fg = E (Uxx - Uyy) + Z (Uyy - azz) + Z(axx - Jzz)2 + a409?y + as”:?z + a60'3%z 4)

0 1 3 1 3 1 3 1 2 1 2
]3 = ﬁ(bl + bl)Uxx + E(b3 + b4)Uyy + E [Z(bl + b4) - b2 - b3]azz - a(blo_yy + bzazz)axx - 6 (b3o-zz + b40xx)gyy

2
O—XZ

3 [Zb‘aayy — bgo,, — (2by — bs)axx]

1 2
- 5 [(bl — b, + b4)0'xx + (bl —b; + b4)0'yy]0'222 + §(b1 + b4)o'xxo'yyo'zz -

—Uiy[zz) 0,z — bsoy,y, — (2byg — bs)a. ]—U—YZZ[Zb Oux — D60y — (2b; = be) 0y | + 2b116,, 0,00

3 1092z 50yy 10 5)0xx 3 70xx 6Cyy 7 6/0zz 119%xyPxzCyz

In the above expressions a; (i = 1...6) and by (k = 1...11) are coefficients describe anisotropic property. If a; = by = 1, the above equation (3)
returns to isotropic yield function.

For the isotropic yield function to be convex, the range of variation of a and  are: o = 0 and  =[-4, 12]; B =0 and a = [-12, 20]; a = (0,3]
and = (0, 12]; a=[-6,0) and § = [-4, 0); a = (0, 20] and B =[-4, 0); o =[-12, 0] and B = (0, 12].

Fig. 1 shows different kind of shapes of the yield locus of this yield function depend on the parameters a and f. If a and B are more negative,

the shape of yield locus is more sharp as shown in Fig. 1b whereas when o and [ are positive, the shape of yield locus as shown in Fig. 1a.

For the case of anisotropic yield function, to identify the coefficients by fitting the experimental data with predicted ones here we adopt the

1. Graduate School, Kyungpook National University, 80 Daehakro, Daegu 41566, South Korea
# Corresponding Author: School of Mechanical Engineering, Kyungpook National University, 80 Daehakro, Daegu 41566, South Korea,
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Fig. 1. The general shapes of the yield locus of the isotropic yield function: (a) a=3;$=12 (b)a=-6;p=-4 (c)a=-2;p=-2 (d)a=20;p=-4

following error function to be minimized:

2 2 2 2
st - S 3o ) 1 2 - )
In the above equation, n and m represent the number of experimental yield stresses and r-values, respectively corresponding to different
orientations 0 are available, the superscript indicates whether the respective value is experimental or calculated data while n;, v;, § andv are
weight factors.

Fig. 2 are shown the predicted variation of the normalized uniaxial yield stresses 6o/ and r-values ry according to the Kim-Van’s yield function
and Cazacu-Barlat’s yield function (2001) [2] respectively, in comparison with the measured yield stresses and r-values for an AA6016-T4.
The numerical values of the coefficients involved in this yield function in plane stress o3 = 0 were determined by minimizing the error function
from the experimental yield stresses and r-values for 6 = 0°, 15°, 45°, 75°, 90°, the tensile equibiaxial yield stress 6y/c, = 1.0 and biaxial

coefficient r, =1.05 [5]. These coefficients are shown in Table 1.

Table 1. Anisotropic coefficients of Kim-Van’s yield function and Cazacu-Barlat’s yield function

Parameters al a a3 ay by b2 bs by bs bio o B c
Kim-Van 1.020 | 1.035 | 0.787 | 0.685 | 0.747 1.871 2.744 0.296 1.720 1.656 1.589 1.893 X
Cazacu-Barlat 0334 | 0.815 | 0.815 | 0.420 | 0.040 -1.205 -0.958 0.306 0.153 -0.020 X X 1.4
15 1.04 L00
(a) L () . o0 i (c) * Exp
% L - Cazacu-Barlat 0.80 E cézacu'ﬂa”at
I 4 ; 1.00 = N -~ Kim-Van o [ T Kmen
- i F 2 060 [
L 5\ r g [
& bt F o L
N k .
0.5 Cazacu-Barlat T'; 096 L 040 r
g b F
== =Kim-Van ‘Zs : 0.20 ;
0 ' L " 1 n " " 1 n " " 1 n " j
0 0.5 1 L5 0.92 0.00 L L L L L L L L L
e 0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
e Angle from Rolling (deg.) Angle from Rolling (deg.)

Fig. 2 Predicted anisotropy according to the Kim-Van’s yield function and Cazacu-Barlat’s yield function (2001) for an AA6016-T4. (a) Yield locus, (b)

Uniaxial yield stresses, (¢) R-values

From the results are shown in Fig. 2, the yield locus shape and the following dependence of the predicted normalized yield stresses, r-values
on the angle 0 between the direction of loading and the rolling direction are good agreement with experimental data. Based on this observation,

the proposed yield function can describe with accuracy both the anisotropy in yielding and r-values of this aluminum sheet.

3. Conclusion

Due to the space limit, we omit the conclusion.
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Study on Prediction Model Development for Flexibly-
Reconfigurable Roll Forming Process

J. W. Park, M. J. Kwak, K. T. Park, B. S. Kang

Abstract

Flexible forming technology has been utilized to fabricate various products which have complex shape. Multi-point
dieless forming (MDF), one of the most popular flexible forming technologies, is used in sheet metal forming process. As
an advanced technology of the MDF, flexibly-reconfigurable roll forming (FRRF) process has been suggested in several
years ago. The FRRF process can be manufactured 3D curved sheets using flexible rollers. It is difficult to predict
forming result in this process, because those 3D curved sheets are formed from position of the 2D rollers. In this study, ss
the input parameters of the regression analysis, it is chosen the compression ratio of the sheet, curvature radius of the
transverse direction and width of initial blank. The output parameter is longitudinal curvature of the forming results.
Through simulation research, the FRRF forming results of each condition were predicted, and those results were trained
by an artificial neural network learning model. The training was carried out using MATLAB, and the goodness of fit test
was also performed to confirm that this model was suitable to predict forming results.

Key Words : Flexibly-Reconfigurable Roll Forming, Artificial Neural Networks, Simulations
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The analysis of the process-induced defects in profile ring
rolling with outer groove

1.Y.Oh, Y. H. Moon

Abstract
Profile ring rolling is a process of gradually forming a cross section of a ring material according to the profile shape of
the main roll and the mandrel. In this paper, the defects in the ring rolling process with grooves on the outer surface of
the ring were analyzed. Major defects were locally groove and unfilling. FEM analysis was performed to analyze the
effect of groove height and depth on defects in the final shape. Based on the analysis results, formable dimensions of
groove height and depth were analyzed.

Key Words : Profile Ring Rolling, Outer Groove, Shape Defects, Finite Element Method, Hot Working
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Double layered tube hydroforming with petal pattern

S. W. Han, Y. H. Moon

Abstract

Double tube heat exchanger, which is a useful device to solve the heat transfer problems between mediums with
different temperatures, are widely used for heating, cooling, evaporation and condensation. However, there is a major
drawback that the heat transfer efficiency is poor due to the limitation of the contact area between the mediums. This
study proposes a double layered tube hydroforming process with petal pattern that can improve heat transfer efficiency
compared to conventional double tube heat exchanger. The double layered tube with petal pattern are manufactured by
inserting and arranging petal forming bars in the circumferential direction between the outer and inner tubes, and then
expanding only the inner tube. The experimental results of 4-petal pattern demonstrate that the proposed double layered
tube hydroforming process can be applied sufficiently to the heat exchanger manufacturing field.

Key Words : Double layered tube, Petal pattern, Hydroforming
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Fig. 1. Schematic illustration of double layered tube hydroforming process with petal pattern
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FEM Simulation of the Linear Friction Welding Process

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

Abstract
g w84 (Linear Friction Welding, LFW)2 =% o] & 54 F-55 HFAA 7hebshar, A4l
AR wAdE Fastel ASAd mpEAE BAAA Hets VlEolth LFwe dE7] AR 2
=]

[e]

239 Edgel=r} dAstE Blisk(bladed disk)E A|Z3}= o AM&3t= A&7|EolH, 2 Ti-6Al-4V
g ZHAY AuAFEAE AF skl S&Eo] skth A2 LFwe] AAARD o] wiEel g AF
Hopol M= #ale]l Frlsla glou, A4 Wyt Fa ¥ A sHFew s LFw 3L olsst
= 7124 A7 FEe AA ot Tl A E 3] whE-8-4 (Rotary Friction Welding) &+ w2 wwk 8-
(Friction Stir Welding) S ©] &3 o]FA8 HE 7|&d A3 Ay 23] AgFo] oyt LFwe 3k
AT wE 3k

=

PEey ¥4 ATEHel ME £EE olFoAm §HF AR WS BB lH/ Yol
B9 dguos g0 U FRE JuE 97 YR FAANE BREH ¥4 G5 W
Hgol A e o] dolupA] ol 4 gl ARAQ WWoR, AAe AFY, MAE %, F
Aflash) Fg, &% BE, vAZRA WS S BA0] Folstth LW ot £AaA AT x7lel 5
el 2AlRe neste] dEwe nAsty tEXd A3 AES Polshs WHom AREgon, ofF
2709 £AE welstel FFAWNA Dol AR FE5S dZaAL vz WEE d3ss A
S} o) olth £ LFWE 9% 239 B TAste] FAxA B 92 BAsAY 334
welg FAste]l HgHelA AgEE Fed(flash)e) FE 54 BAselE A7k AEsn-3]

2 AT s dushy FW WYE 240 1 249 B 349 RS o gl Az B
o LFwel th@ #4314 saalolth 239 Bue AN AES, UE, sotelo] v 87 54
2 ®Asha, 2209 REst 33k wae] A ASE wlwste] APl ubE Axte] AolE sty
ok oleld ATE B LFWel e #AA) B8 bsde Brkskug s

Key Words : Linear Friction Welding(LFW, 13 w}2k-8%]), Finite Element Method(FEM, -3F2.4H)
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Fig. 1 (a) The linear friction welding process, (b) Ti-6Al-4V weldment showing the expelled interface material
(flash) [2]
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ottom die (Oscillation) < t=0.8 sec. >

Fig. 2 The FE model of LFW simulation(L) and deformed shape at 0.8 sec.(R)
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A study on the Influence of Reduction Ratio during Cold
Drawing Process on the Microstructural Evolution and
Subsequent Mechanical Properties of a High Entropy Alloy

H.S. Cho, S. J. Bae, Y. S. Na, K. S. Lee, J. H. Kim, D. G. Lee

Abstract
In this study, multi-pass cold-drawing process was performed on CoyqCrisFe,sMnyoNisgV g high entropy alloy (HEA).
Cold-drawn senary HEA wires were fabricated without fracture with a reduction ratio up to 96%. Microstructural
evolution and subsequent mechanical properties were analyzed to confirm the effect of reduction ratio induced cold
drawing. The distribution of shear strain in the HEA wires deformed through cold-drawing is analyzed using finite
element method (FEM) based on 9.75% reduction ratio. From the results of the FEM, it was confirmed that the strain was
distributed differently at each position and the validity was verified.

Key Words : High entropy alloy, Cold-drawing, Finite element analysis, Nano-sized grain, Deformation twin
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Table 1. Test conditions of multi-step cold-drawing

Mesh size 0.2~0.4mm
Drawing velocity 3 mm/s
Temperature Room temperature

Coulomb friction 0.05

Friction coefficient
Constant shear friction 0.1
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Table 2. Average Vickers hardness values obtained
from center part and outer surface of cross-

sectioned wire subjected to different reduction ratio.

0% 60% | 80% | 90% | 96%
Center | 2234 | 3043 | 3234 | 3351 | 368.8
Outer 254.9 3715 392.7 416.0 438.2
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Influence on Tool Steel high temperature on service life

M. S. SIM, J. P. PARK, S. W. KIM

Abstract
The life time of the mold become decreased due to the stress during the production. . In order to increase lifetime of
the mold, Proper design which mold gets less pressure should be made and Resistible raw-materials should be developed.
In this study, We plan to develop a mold by investigating an impact from the field. Finally, We found the correlation
between material properties and the mold on high temperature and we expect that this research will let the lifetime of the
mold improved.

Key Words : Extrusion, Die, Tool Steel, Matrial properties
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Effect of remelting on the surface roughness of selective laser
melted titanium parts

T. W. Hwang, Y. H. Moon

Abstract

The selective laser melting (SLM) process is a laser manufacturing process for directly fabricating metal parts with full
density and geometric degrees of freedom. In this process, the continuous powder layer is completely melted by the laser
beam, and this process can produce almost full density parts with properties similar to the mechanical properties of the
bulk material. However, insufficient surface quality of produced parts is one of the important limitations of the process.
The influence of laser re-melting on the surface quality was studied varying the process parameters such as scan rate, fill-
spacing and cross-hatching patterns. The surface roughness of remelted layer improved with an increasing number of
remelting times, decreasing fill-spacing and using cross-hatching patterns were rapidly more improved surface qualities.

Key Words : Selective laser melting (SLM), Surface quality, Re-melting, Fill-spacing, Cross-hatching pattern
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Fig. 1 (a) Schematic drawings of SLM process, and Remelting process; Cross-section of bead shape in SLM
and remelting process; (b) SLM surface, (c) after 2 times, (d) after 10 times remelting.
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Fig. 3 Compare with unidirection and 90° cross-hatching technique in remelting process; scan rate of (a)
10bit/s, (b) 20bit/s, (c) 30bit/s.
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[1] J.H. Jang, B.D. Joo, C.J. Van Tyne, Y.H. Moon, 2013, Characterization of deposited layer fabricated by
direct laser melting process. Met. Mater. Int. Vol. 19, pp. 497-506.
[2] T.W. Hwang, Y.Y. Woo, S.W. Han, Y.H. Moon, 2018, Functionally graded properties in directed-energy-
deposition titanium parts. Opt. Laser Technol. Vol. 105, pp. 80-88.
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Electron Beam Melting 338
352t st

Improvement of mechanical properties of Ti-48Al-2Cr-2Nb
intermetallics manufactured by electron beam melting

Y. K. Kim', S. J. Youn', S. W. Kim?, J. Hong?, K. A. Lee*

Abstract
B Aol A= electron beam melting (EBM) &3S o]-83}] Ti-48Al-2Cr-2Nb (Ti4822) #4:7 3EE2S A
Zstar old gk a2 FEF 9 Ay EA diste ZAREIGITE 7] mAzZ @@ A3 EBM-built
Ti4822= w2 yzh iti 918 near gamma (NG) structureZ 7}A = Ao 2 yelgt whd vBluagel
conventional Ti4822%= =% Y7z} &= o3 fully lamellar (FL) structure® XAtk 2% H &5 Alg 23
BE &% ZZAAM NG structureE 7FA = EBM-built Ti48227} conventional Ti4822 Xt} |53k 7414 &
AL BTt = FHold JAA EAHLS 7R E duFA el AM- -processed metals}+= w9 AEdALS e
}. ?‘zL 750 °coﬂAH T2 Ay Ald 23 EBM-built Ti48227F 1 &FolA et SUsHA 458 1
A9 AL 7= Aoz A o]k 9l NG structure”} FL structures} ¥l ste] w7} ut
7] WiEo g olsfsfiE & UATE wEkA 2dA] GAYE ol &ste] AEE FYAE & e lamellar

structure S Al 3t BAlol FEZ BBl EAV HE A4S Fustuzt sgich 294 I
EBM-built Ti48229] w|A|Z=2] ¥ A} lamellar structure®} equiaxed gamma graino] & Al EA)3l= Ao =
solsgeh % 8 AY SHL asbuilt samplest vl wate] FAHom Fe Ay A 259
oz bt olsk $A 1 Ay APl A AMEE 5L By 3] AREe swow
EBM-built Tid8220] ml M=%, 7| A4 B4, 22l W A% Ak gAeh 1 Ad weke] tiste] Eel
3}SI T} [This study was supported by the Fundamental Research Program of the Korea Institute of Materials Science
(Grant No. PNK5520)]

o 4
Ay

Key Words : Electron beam melting, Ti-48Al-2Cr-2Nb, microstructure, mechanical properties, creep resistance
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Fig. 1 Initial microstructures; (a) electron beam melted Ti-48Al-2Cr-2Nb and (b) heat-treated Ti-48Al-2Cr-2Nb.
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Fig. 2 Yield strengths at various temperatures
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Analysis of microstructure and mechanical properties by
process condition of titanium seamless tube using hollow billet
ingot

C. S.Youn, P.S. Jo, S. B. Kim, H. W. Lee, S. H. Bae, D-G. Lee

Abstract

otk 4 ol FEe gy 9 vgel $46l HgEs) 958 ko Y =
HE ° g 5 79 49§ HE A}ﬁﬂi Rom, 1 &k of ] ool ALE-
L] ‘E‘r. E}o] Ebr TErﬁ Xﬂz Aol 715 dde] FAHAAME =" H S 3
&Aool wWol wAlsHA Hrh 1o wEt F3XF A4S dF At L€‘ H 5P Es
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AN Eholeby 2AE A4t ANFRE B3 FTUAFZAS ARIYT, o
2 Qlwrate] Elolely AEiFRE Axdoct. 47e F A 5
AR 549 R BAS BH 27HE 46S dRd 5 e 5eH9 7
234 A% 712 716g S5 A

Key Words : Titanium hollow ingot, Centrifugal casting, Extrusion, Drawing
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Nana Kwabena Adomako - Z& &+

Microstructure and mechanical properties of a multi-layered
material composed of Ti-6Al-4V, vanadium, and 17-4PH
stainless steel produced by direct energy deposition

Nana Kwabena Adomako, Jeoung Han Kim*

Abstract

Additive manufacturing (AM) is the process which computer aided design (CAD) data is used to produce a 3-D near-
net shape parts by additively fusing one layer of raw material over the previously fused layers. It has attracted great
attention worldwide in the last few years due to its ability to produce complex-shaped, functional grade or customized
parts that can be used widely in various industries such as energy, aerospace, medicine and automobile. The
manufacturing of products typically involves joining multiple or dissimilar components due to functional needs and
technological limitations. A variety of joining techniques including brazing, welding, and soldering have been utilized in
the joining of dissimilar metal parts but however, the metallurgical characteristics of these traditional welding processes
can result in increased number of precipitates, intermetallic, and distortion of the weld interface that are detrimental to
joints properties. AM techniques, which involves using a high energy-density beam such as lasers or an electron beam,
can be used to achieve a high quality joints among dissimilar metals due to the several advantages including precision,
narrow fusion and heat affected zones. Vanadium is often used as an interlayer in joining titanium and stainless steel due
to the inevitability to directly butt weld both metals. It forms a continuous solid solution in all temperature ranges with Ti
and shows large regions of continuous solid solutions with Fe at elevated temperatures (above 1219 °C) and a metastable
sigma phase (c-phase), existing in the temperature ranges of 400-1219 °C at a composition of 19-78 wt. %. This makes
the direct joining of Fe and V alloys to be restricted sometimes by c-phase.

The objective of this article is to investigate the mechanical and metallographic properties of the bonded joints produce
by additive manufacturing of 17-4PH stainless steel on Ti-6Al-4V using pure vanadium interlayer with special focus on
the effect of laser power variation. It also aims to find the effect of post weld heat treatment of the bonded metals on the
tensile properties.

The joint, formed by the laser metal deposition of V, followed by 17-4PH stainless steel Ti-6Al-4V has been
investigated. The microstructure and mechanical properties of the joint was compared to similar reported Ti-6Al-
4VIIVII17-4PH stainless steel joint, processed with alternate joining technique such as welding. A defect-free joint
interface with an unprecedented high tensile strength of 574 MPa was achieved after the laser metal deposition process.
This ultimate tensile strength was greater than that of the pure V interlayer and most similar joints, formed by welding.
The narrow fusion zone (FZ), negligible HAZ and the presence of the compositional graded V-Fe with low V
concentration in the V//17-4PH FZ, coupled with the smaller grain size influenced the higher bonding strength achieved

1. Nana Kwabena Adomako %Htj
# WA A AR b, jh.kim@hanbat.ac.kr
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by most additive manufactured Ti-6Al-4V/V/stainless steel joint as compared to welding. In comparing the present
joint with similar additive manufactured joint from previous work in which the V interlayer was diffusion bonded to the
Ti-6Al-4V, the presence of the functionally graded Ti-V interlayer exhibited a higher strength which formed strong bonds
with the 17-4PH stainless steel and contributed to the very high tensile strength.

Key Words : additive manufacturing; bonding strength; interlocks; functional graded interlayer.
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Hot forming and superplastic forming of Ti6Al4V sheet
Y.-N. Kwon, M. K. Kim, D. Y. Kim, J. W. Lee and M. Y. Seok
Abstract
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A study on extrusion process for manufacturing of titanium
seamless tube below 70 mm outer diameter

S. H. Bae, S. M. Choi, S. H. Oh

Abstract

Titanium(Ti) alloys have received much attention to date for their high specific strength, corrosion and erosion
resistance globally. However, the tube is not produced domestically and has depended entirely on imports. The aim of
this study focuses on the development of an optimal extrusion process technology that can produce seamless tube below
70 mm outer diameter by using a grade 2 titanium alloy. First, a 150 mm diameter and 300 mm high billet manufactured
by centrifugal casting technology was applied to the seamless tube extrusion process of the double-acting system
developed in the previous study. As a result, the titanium seamless tube without surface defects having a diameter of 80
mm and a thickness of 4 mm was successfully manufactured by double-acting extrusion process. Furthermore, in this
study, the significant parameters such as entrance angle of dies, billet temperature and ram velocity during the extrusion
process are investigated and considered. The aim of this study is to localize the manufacturing technology of Ti seamless
tube and provides a foundation for manufacturing the seamless tube.

Key Words : Titanium alloy, Grade 2, Seamless tube, Double-acting system, Extrusion process
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Optimization of Hierarchical Patterns with
Abstract

Superhydrophobicity for Drag Reduction Effect
K. J. Yoo, I. Y. Moon, Y. S. Oh, H. W. Leeg, S. J. Kim, Y. H. Moon, S. H. Kang
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Thickness optimization analysis of side sill with composite
materials

D. G. Kim, M. S. Ahn, J. D. Seo, S. C. Lee

Abstract
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Key Words : Carbon Fiber, Composite Materials, Thickness Optimization, Thermoplastic, Side Sill
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A study on thickness optimization
for Car-body parts applying carbon composite

M. S. Ahn, D. G. Kim, J. D. Seo, S.C.Lee
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High Speed Joining Technology between Tubular and Sheet
Components using Lorentz Force

Hyeonil Park, Jinwoo Lee, Youngseon Lee, Ji Hoon Kim, Daeyong Kim

Abstract

% % (conductive coil)°] ﬁ Hojde FX 3] Z(resonance circuit)oll mlola 2 % wwke] 2 AJZH
et s AR HARFE A7F A7IE, =2 FHHAl PAHE AE(magnetic flux)Zh A
25 E oA F (Eddy current)«l A wreko 2 A =}7) ¥ (Lorentz force)o] WAYET, E AfoAE o]
o] gt TALF AA Atolo] & AA 7]%% Agtaldla, &4 FHE FEHoz AT F e
ZH32 oA & v)E] ZY(helical Bitter coil)2 A #3}e], 3.0 mm FA9 &FuF dF 7075-T6 FA <}
3.0 mm F7¢ E‘]_—ED]E_ = 6063-0 A I+ 7IAIA AAE FTE. A Tl AATE EAE
Qe A7 FHEES A JHEste] #HAE 7Y Y3, ZYE A OFe AXAA HAFE Q7FEHH,

A7 el o)) %PZH7} BEA 5 W8k (radial direction) O % WEFFomM J]AH A Aol o]Folxirt. MY
= Q7 AR HEE T Agoem AlojHw, 57, 75 92 ¥ 111 kv FH A @B
AREE AT, FhAlek A Abele] AA-RE]l A (pull-out tes)E FaAFHA], 92 9 111 kve] T HOL
23 5olM BAe] FEAERG £ Ad F=E @4 = A4S #99 @ ¢ My, =3, AF
AsE Rt AAs] BAskr] el HAAr]-wgoe] dAE v Bl dlAl(multi-physics  simulation)-S
Fatelar, 1 Ay AAe] Fadk FE(constraint) WAUFORE (1) #A Bl o 7|5A
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o AN A7 22 BAVE AAE dase G Aol o7 FEe] &l Holn

Key Words : Lorentz force (%1 %}7]2}), Tube expansion (¥}), Mechanical joining (71714 = 2), Helical Bitter coil
(F4 8 Bl =), Multi-physics simulation (T} 2] 314)
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Shape defects during flexible roll forming for double-layered
blank

Y.Y.Woo and Y. H. Moon

Abstract

Flexible roll forming is an advanced sheet metal forming process and allows the production of parts with variable cross-
sections using rotating forming rolls. Usually, single layer blank was used in the flexible roll forming process, but double-
layered blanks can have enhanced properties such as a high corrosion resistivity, high stiffness to weight ratio when
combined with suitable materials. However, in the flexible roll forming process of double-layered blanks, additional
shape defects and interface delamination can occur owing to their inhomogeneous mechanical properties compared with
those of single-layer blanks. To investigate the shape defects of double-layered blank in the flexible roll forming process,
double-layered blanks with different stacking order were made of steel and aluminum single blank using a commercial
adhesive and the experiment of flexible roll forming for steel/aluminum double-layered blanks was performed by using
lab-scale flexible roll forming machine. Experimental results of web-warping, wrinkling were discussed according to
stacking order.

Key Words : Double-layered blank, Flexible roll forming, Web warping, Longitudinal bow, Wrinkling, Edge wave
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SPCC (top layer Al 5052 (top layer)

Al 5052 (bottom layer)

@ (b)
Fig.1 Double-layered blanks with different stacking orders: (a) type A, (b) type B; RD is rolling direction

SPCC (bottom layer)
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Wrinkling height, mm

Web warping height, mm
° v

2 2 0.6

—

concave ll'apL‘ZlJld convex 0

Blank shape

(a)
Fig.2 Experimental result with different stacking order; (a) web warping height, (b) wrinkling height

concave trapezoidal

Blank shape

[1] Y. Y. Woo, S. W. Han, T. W. Hwang, J. Y. Park, Y. H. Moon, 2018, Characterization of the longitudinal
bow during flexible roll forming of steel sheets. J. Mater. Process. Technol., Vol. 252, pp. 782-794.
[2] G. T. Halmos, 2005, Roll forming handbook. CRC Press, New York
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HME2. AgH: . XG . HMB. HHE. 0|FY’

Springback prediction in w-temper forming of Al 7075 using
Yoshida-Uemori model

SeonHo Jung®?, Y. B. Kim?!, J. Park?, S. Choi?, C. Y. Jung?, J. Lee*

Abstract

Recently, Al7xxx alloys are widely used not only automotive industry but also aerospace industry. Al7xxxx alloys
have excellent specific strength and crashworthiness as well as good performance at corrosion resistance. However, the
application of formed Al7xxx alloys are restricted due to the low formability at room temperature, large springback and
lack of knowledge for processing aluminum alloy at temperatures. With the purpose of overcome this issue to expand the
range of their application, several new forming methods that may be used in place of the cold forming process have been
studied. One of them is w-temper forming, with was developed to achieve high formability and small springback in
Al7xxx alloys than that attained in cold forming. However, when the Al7xxx alloys in w-temper forming is exposed to
room temperature during transport and storage, the mechanical properties of these alloys are affected by aging behavior.
In the present research, the effect of mechanical properties on the natural aging(NA) of Al7075-T6 alloy during the w-
temper forming process has been investigated. In order to simulate the w-temper forming process, samples were used to
tensile test, tensile-compression test and loading-unloading test according to NA time after solution treatment. And based
on the test results, coefficients required for Yoshida-Uemori model have been determined. Additionally, U-draw bending
experiments were performed under NA time. And the finite element(FE) simulation is used to compare springback values
implemented in FE simulation with experimentally recorded values to compare aging behavior. The results indicated that
NA time in Al7075-T6 alloy affected tensile property and springback. Also, the results obtained by FE simulation
compared with springback of U-draw bending are found in good agreement.

Key Words : Al7075 alloy, W-temper forming, Yoshida-Uemori model, U-draw bending, Springback, Natural aging
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Analysis of Deformation Characteristics According to Material
Holding Time in die in Wa rm Forming of Magnesium Al loy
Sheet

JH.Yu,H. W.Youn, C.W. Lee

Abstract
In this study, the characteristics of spring back behavior were investigated as the plastic deformation and the holding time
of the material in the die were increased by using a magnesium alloy sheet during warm bending. The experiment was
conducted at room temperature, 100 ° C, 150 ° C, 200 ° C, and 250 ° C at the forming temperature. Spring back was
defined as the difference between the angle measured at the bottom dead center after forming and the angle at the top
dead center after the holding time of the material in the die. At room temperature, spring back was measured at 28.11 for
a holding time of 0 seconds and 24.99 for 1000 seconds. also, the spring back at 250 was measured as 11.46 when the
holding time of the material in the die 0 seconds, 1.12 °when 1000 seconds. These results indicate that the creep recovery
of the magnesium alloy sheet occurs as the holding time of the material in the die increases during warm forming. To
analyze the effect of creep recovery rate on spring back during V bending, experiments were performed with different

punch radii R (1, 2, 4, 6 mm). In addition, microstructure observation was performed to analyze the results more
accurately.

Key Words : Warm Forming , Spring back , Time dependent, Magnesium Alloy sheet( AZ31B)AZ31B), Punch radius
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Investigation into the determination of r-value and
triaxiality in DP590 and SUS 304 sheet specimens

F. Rickhey', S. Hong'*

Abstract
To exploit the full formability of advanced high-strength steels (AHSS) in deep drawing or other forming processes,
accurate acquisition of 7-values and failure strains associated with a certain stress triaxiality 77is essential. This experimental
study aims at revealing the appropriateness of conventional and advanced methods for r-determination and how the
determination of 7 is affected by the underlying yield criterion. To show this, two anisotropic sheet metals common in
automotive are selected. The report is to be seen as a first step towards a full investigation, involving other materials,
specimen shapes and yield criteria.

Key Words : Anisotropy; Lankford value; Stress triaxiality; Sheet metal; Tensile test; Digital image correlation

1. Introduction

Recent years have seen an increasing use of AHSS sheets in the automobile industry. The limited formability
of such sheets poses new challenges to forming, meeting which requires accurate knowledge of forming limits,
nowadays often expressed through the triaxiality failure diagram (TFD). Prerequisite for a TFD are, apart from
the actual failure strains, the Lankford values (r-values), expressing the sheet’s in-plane anisotropy, and the
stress triaxiality 7. In this study, strain fields are obtained for uniaxial tensile tests of DP590 and SUS304 sheets
to investigate the measurement of 7 for 0°, 45° and 90°-directions by different methods and, based on them, the
effect of the yield criterion on the measurement of 7.

2. Tensile test and digital image correlation

Uniaxial tensile tests are performed with dog bone-shaped 0°, 45° and 90°-specimens cut out from DP 590
sheets of thickness 1.6 mm. Using digital image correlation (DIC), we record the specimen surface with a high-
resolution stereo camera (1 fps). From the recorded images, local strain fields are derived by means of the
software GOM Aramis. Lankford value r and stress triaxiality 77 are then determined from the strain fields.
According to ASTM E517 [1], r is defined as the ratio of true width strain to true thickness strain (» = gp/éer),
where the thickness strain may be derived from width and length strains. 7, on the other hand, is defined as the
ratio of mean stress to equivalent stress, for which usually the Mises stress is taken. Independent of yield
criterion, for uniaxial tension 7= 1/3, which is the reason this specimen shape is taken.

CSgE T deta A E A e
# WA A Z}: E-mail: smhong@kongju.ac.kr
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3. Results and discussion

Experimental results corroborate that rather than evaluating » at a certain location and time, it is
advantageous to plot gy over &r up to maximum load and evaluate the average slope. Deriving r from strains
measured over a gauge length (in our case, 10 mm) as opposed to deriving it from local strains yields similar
results; however, when we use local strains, the gp-&r curve remains linear far beyond the load maximum. Based
on the average slope method in conjunction with local strains we get (7o , 745 , r90) = (0.820, 0.872, 1.004) for
DP590 and (0.887, 0.953, 0.940) for SUS304.

Triaxiality 77 remains constant and rises only in the center region short before rupture. 7 is observed to be
very sensitive to small strain inaccuracies so that local determination of 7 at a certain time is not recommended
and an average over area (at loads around Fnax or higher) or time should be calculated. We find that using the
(isotropic) Mises yield criterion delivers values of 0.367 (DP590) and 0.360 (SUS304) on average and thus
overestimates the theoretical value of 1/3. However, applying the Hill48 yield criterion results coincide with
theory (0.334 and 0.339, respectively).

4. Conclusion

The study reveals that r-values should be evaluated from the average slope of width strain over thickness
strain plots. The strain may here be either derived on a local basis by DIC or via strain gauges. Further, to be in
accordance with theory, for anisotropic sheets 7 should be perceived as the ratio of mean stress to the equivalent
stress associated with an anisotropic yield criterion, even for the presumably simplest case of uniaxial loading.
The choice of the yield criterion is expected to become — and first experiments with Zirlo sheets corroborate
this — more significant for materials with extremer r-values. Currently, this study is being extended to other
specimen shapes and materials exhibiting more pronounced anisotropy, more yield criteria are to be investigated.

References

[1] ASTM International, 2000, ASTM E517-00 Standard Test Method for Plastic Strain Ratio r for Sheet Metal.
ASTM International, West Conshohocken, PA.
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Optimization of Blank Holding Force Trajectory in Deep
Drawing Process using Finite Element Analysis and
Reinforcement Learning
S. M. Cho', W. I. Song?, J. S. Lee?, W. J. Hwang?, W. J. Chung?*

Abstract
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Optimization for determination of yield function coefficients to
predict anisotropy of sheet metal

Shin-Yeong Lee, Seong-Yong Yoon, Jin-Hwan Kim, Frederic Barlat”

Abstract

Two anisotropic yield functions are calibrated using different methods. One is the Y1d2000 2d [1] for plane stress
condition and the other is the Y1d2004 3d [2] for full stress state. Experimental values for the calibration are used from
the reference paper [3]. For the Y1d2000 2d, a conventional method based on a Newton Raphson (NR) scheme is applied
for the determination of the coefficients. An optimization method is also applied to calculate the coefficients. The
optimization approach operates to minimize an objective function which expresses the difference between experimental
and predicted values. The optimization method makes use of much more experimental data than the conventional method,
which may affect the accuracy of the Y1d2000 2d. For the Y1d2004 3d, only the optimization method is applied to
calculate the coefficients. The normalized stress and r-value are calculated from two models Cup drawing test simulation
[3] is carried out using a commercial finite element software. The Y1d2000 2d is used with shell elements and the
Y1d2004 3d with solid elements in the FE simulation. The predicted earing profiles are compared to assess the validity of
the models and the optimization method

Key Words : Material characterization, Sheet metal forming, Yield function, Material anisotropy, Cup drawing
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function, International Journal of Plasticity 22(1) (2006) 174 193.

)
E o
El
)
o
=
ok

91, f .barlat@postech.ac.kr

97



AX[al¥. X2t - Frederic Barlat

Identification of High Strain Rate Hardening Properties
from Acceleration Fields Using the Virtual Fields Method

J.-M. Kim, J.-H. Kim, F. Barlat

Abstract

Finite element (FE) simulation is very important in the field of aerospace and defense to evaluate crashworthiness of
high strength reinforcing parts. Reliable material properties at high strain rates should be used for the FE simulation to
acquire accurate simulation results. However, at high strain rates, it is difficult to obtain accurate stress-strain data
because reasonable load data is not easily achieved from the experiments due to ringing problem caused by inertia effect.
In this study, the Virtual Fields Method (VFM) which is one of the inverse methods suggests another possibility of
identifying hardening properties by utilizing acceleration data from the experiments without using load data. The
methodology is introduced and the minimum magnitude of acceleration is investigated to retrieve the hardening
properties at high strain rate testing using simulated data. In addition, a new type of high strain rate testing equipment,
impact frame high speed tester (IFHS) is shown and various aspects to increase the acceleration magnitude in the IFHS is
discussed for the application of the proposed methodology to experimental data.

Key Words : dynamic hardening behavior; sheet metal; high strain rates; the Virtual Fields Method (VFM); digital image
correlation (DIC)
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Application of Slide Motion of Servo Press and Hydraulic Servo
Cushion for Improving Formability of Sheet Steels

K. C. Park, J. M. Koo, Y. H. Seo

Abstract
In order to investigate the slide motion and servo cushion application methods in the mechanical servo press with
servo hydraulic cushion for improving sheet metal formability and the mechanism for the formability improvement, three
kinds forming tests (deep drawing, 2-D draw bending and S-Rail) with several strength grade steel sheets were studied.
By using proper slide motion and cushion control, drawing formability measured by maximum allowable BHF is
increased about 2times, spring back in 2-D draw bending and twisting in S-Rail are reduced 50% and 30% respectively.

Key Words : Mechanical Servo Press, Servo Hydraulic Cushion, Slide Motion, Deep Drawing, Draw Bending, S-Rail,
Maximum Formable BHF, Spring Back, Twisting
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[1] T.Nakano, “Press machine trends and servo press forming examples”, Steel Research International, Vol.81,
No0.9 (2010), pp.682-685.

[2] Y.Tamai, Y.Yamasaki, A.Yoshitake and T.Imura, “Improving Deep Drawability of Steel Sheets by Motion
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Evaluation of Multi-Material SPR Joint Quality Using FEM

K.Y. Park, N.S. Park, W. Noh, C.Y. Jung, J.H. Song,

Abstract

HT Asak A e BAAet SEATY AsEa e, oAy qfAlel REer] g et = At
FAEste] gk B A7 JAQH 2 da, dFEoly HEA 22 AFAAE A HEsh] 9
g ARiel e A97F Aot} SPR(Self-Piericng Rivet) 98-S A4 Al AMd & 710l
2o glom M2 g2 A4S 7F AAE JEsted foldk 138AHA 7AH Addgeltt. HEEA
Al 2A9 E, g9le YA, thole] ¥4 T s alo R s AldZ (Interlock)o] EEFAIH H3HE
Ao F3S m X AN AlFES B3 o HIFES v o] dAdd HARERUE e AL B2
Ak} vjgo] o= gty B AFdAE SPREAYS HAAEANSIY 9SS A5k, AA AlE
H] J ks , Al 2L SAS Fa ARAEE STt AAEALE A 9

Key Words : SPR(Self-piercing Rivet), Multi-Material joint, FEM(Finite Element Method)
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Effect of natural aging time on the fracture strain of solution-
treated Al7075 alloy

J. Park!, S.H. Jungt, J. H. Oh?, C.Y. Jung?, J. Lee™*

Abstract

Recently, the application of high specific strength Al7075-T6 alloy is increasing due to the weight reduce
in auto body and improvement in passenger safety. However, the alloy has a low formability problem at room
temperature. W-temper forming have recently come into the attention as a way to solve these problems. This
method advantage of cold forming. However, it is necessary to study the fracture model to design the
forming process of the material and to predict the crashworthiness. It is also necessary to analyze the effect
of the natural aging time on the formability and to predict the fracture strain in various load paths which vary
with the natural aging time. In this study, the changes in the mechanical properties and fracture strain of
AIl7075-T6 alloy according to the natural aging time were investigated. For the solution treatment conditions,
the AI7075-T6 alloy was heat-treated at 475 °© C for 35 minutes and then quenched in cold water (~ 10 ° C).
The max natural aging time is 24 hours. The effects of the natural aging time on the mechanical properties of
solution treated AI7075 alloy were investigated by the hardness and tensile tests. Fracture tests were
performed on four load paths. As a result, Natural aging time can have a big impact on forming quality for
products where shear strain is dominant. As time increases, the strain at break tends to decrease.

Key Words: Al7075-T6 alloy, W-temper forming, Fracture strain, natural aging time
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Development of predictive model of tool wear and contact behavior
analysis of tool surface in drawing process of advanced high strength steel
sheets

J.H. Bang, W. Noh, J.H. Song, H.G. Kim, H.S. Son

Abstract

Ao o2 33 d &4 A9 e
2 AF AR a9 AFE FEAske HAd

= A% 7]*(contact mechanism)E &18la 1o wE S8 FWY-9 vl A%

23 ASZHow EAFAL. =2 TAA Hol| A8t H=9d

(contact pressure)?} W& A (sliding distance)E F3F oA T& Felslon, o HEF EA

o,
>
2

& R
248 8] U=Z9(U-drawing) &3 U} ANAHS AASFA T R B (Taguchi method)S o] 8-3lo] 3
2t 2=A(pin-on-disk) 28-S AF3A L AE A e dFgd L UREE FAEQT Ay s
AgA9g 7frer HE4Y ulﬂ AT E QAR o= SR SRS NEsgion, u=E=29)

H
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Key Words : Tool wear, Contact pressure, Sliding distance, Pin-on-disk test, Taguchi method, Advanced high strength
steel sheet, FE analysis
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Improved die life in crankshaft hot forging by finite element
method

J. H. Park, J. M. Cho, J. H. Baek, M. S. Joun

Abstract
In this paper, a typical and practical example of improving die fracture life in hot forging of a complicated crankshaft is
presented with emphasis on the experimental validity. Rigid-thermoviscoplastic finite element method for material and
thermoelastic finite element analysis are applied to reveal the reason of premature die fracture of the conventional process
design and to improve the process design to avoid it. About 40% reduction in maximum stress in tension is achieved,
which enhances die fracture life to the acceptable value.

Key Words : Hot Forging (&
Fracture Life (&

ZFek%), Crankshaft (Z13 ZIAFX E), Finite Element Method (-3F 2.4 3)4]), Die
ol )
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Fig. 1 Process design of a crankshaft hot forging
to be studied

Fig. 2 Crack occurring in a die corner

Fig. 3 Max. principle stress of the old process
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Fig. 4 Comparison of predictions of bad and
good process designs

Fig. 5 Max. principle stress of the new process
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A Study on combined sheet metal forming and plate forging
of a metal seal part of hub bearing for an automobile

K. G. Park, H. K. Moon, S. K. Oh, M. S. Joun

Abstract
In this study, a combined sheet metal forming and plate forging process is applied to economically fabricate a outer plate
of metal seal for hub bearing unit of a passengers’ car. An elastoplastic finite element analysis is used to optimize the process
and experiments are conducted. An innovative process design is proposed to realize near-net shape manufacturing of the
metal seal, which reduces manufacturing cost.

Key Words : Bearing Seal (#o1® ), Plate Forging (# ©3%), Press Stamping(Z 2 2= & 4]), Progressive(1 &),
Cold Forging(*§ 7+ ©+=), Hybrid Mold(3}o] B2l = )
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Fig. 2 Presented process for economically fabricating
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Elasto-plastic finite element analysis of composite sheet

S. H. Chung, S. M. Hong, W. J. Chung, M. C. Lee, M. S. Joun

Abstract
In this paper, elastoplastic finite element analysis of composite sheet metal forming process is introduced focusing on the
multi-body simulation of bonded layer composites.

Key Words : Composite sheet metal forming (%5 A 5 3 A]4d &), Elastoplastic finite element analysis (§F2~4 -
84 34), Multi-body metal forming(CH2 A =4 4 &), Delamination(3- 1M 2])
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Finite Element Analysis of Plastic Deformation in Assembling a
Process of Hollow Part and Solid Shaft-like Part by Force

J. G. Eom, H. J. Lee, M. C. Lee, M. S. Joun

Abstract
In this paper, elastoplastic finite element analysis of joining process of a solid part and a hollow cylindrical part is
conducted and the predictions are given with emphasis on mesh density along the material-material interface.

Key Words : Three-dimensional elastoplastic finite element method(3x+ ©AA] 3-8 4WH), Multi-body metal

forming(CH= Al =4 A 3), Joining(Z°]3)
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Fig. 1 Initial condition and the predictions of the
joining process with emphasis on FE mesh
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Precision forging simulation of a forging process with spring-at-
tached die using multi-body simulation technique

S. W. Jeong, M. C. Lee, J. B. Byun, M. S. Joun

Abstract
In this paper, a fully coupled analysis of material and die with a spring attached to form a complicated and difficult-to-
form shape in ball-stud cold forging is conducted using an elastoplastic finite element method with multi-body treatment
scheme. The spring force is applied by a kind of floating die which exert the calculated force on the spring-attached die. A
example of forming a precision hexagonal shape by backward extrusion in ball-stud cold forging is given.

Key Words : Backward Extrusion (%%} %), Elastoplastic Finite Element Method (¥t224 ¢824 3] 41), Spring Attached Die (2=
2y 3z F3), Multi-body Treatment Scheme (FH& 2] A 2] 7]H)
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Force imposing die

Fig. 1 Analysis model and finite element mesh
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Surface crack detection in compression of ESW90
using acoustic emission sensor

J. E. Lee!, J. M. Lee!, H. S. Joo?, Y. H. Sed®, J. H. Kim*, S. W. Kim®#

Abstract
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Key Words: Acoustic Emission (AE), Surface crack, ESW90, Compression test, Finite Elemental Method (FEM),
Ductile fracture, Metal forming
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Elastoplastic finite element analysis of two plates with a set of
bolt and nut

H. J. Lee, J. D. Yoo, M. S. Joun

Abstract
In this paper, elastoplastic finite element analysis of a joining process of two plates with a set of bolt and nut is
conducted. Multi-body simulation technique is applied. It has been shown that the joining torque increases linearly with
angle of rotation before a part of the teeth starts to plastically deform and that the increase rate of the joining torque with
the rotation of the tool decreases until the joining toque reaches its maximum point when the teeth starts to fully
plastically deform, which is one of important understanding for determining optimized joining condition.

Key Words : Joining Process (%] 43 7), Bolt and Nut (2 E <} U] E), Elastoplastic Finite Element Method (&4>"d
32 4 &4), Multi-Body Problem (CF=A] A1)
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(a) Bolt and nut joining problem

(b) Analysis model

Fig. 1 Conceptual drawing of a bolt and nut
system and its finite element analysis
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(a) Effective strain after joining

(b) Effective stress at the final stroke
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Fig. 2 Finite element predictions
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Non-isothermal analysis of a SUS 304 ball-stud forging process

J. B. Byun, J. B. Park, 1. D. Seo, M. S. Joun

Abstract
In this paper, non-isothermal analysis of a SUS 304 ball-stud forging process is conducted using a new material model
which is a closed from function of strain, temperature and strain rate covering low and warm temperatures. Assembled die
structural analysis scheme is employed for revealing the detailed die stress distributions, which is of great importance for
process and die design for metal forming of the materials with high strengths.

Key Words: Non-Isothermal Analysis (H]5->314]), Ball-Stud (& Z:~E}=), SUS 304 (SUS 304), Low and Warm
Temperature (42> 2 F-), Assembled Die (ZHT &)

1. ME 20| ZtAT} ok 40% M EFK| WA SHYICE
zZE ANe SEN d¥aN Y HE o] AFoMe= HAZE AHAF[3]el ZIE O
2225 2Mplel Ak2o| BitstsE FAMolch 23101 SUS 304 = AEFS(Ball-stud)e| HZFet=x
olz{st Mol EF2 MyMo| 2ZstAHLI 1 BHE 2k g8 ZA=std siMsiHct.
MelstEoz Qs 8ol g xejsts XA LT MEL MHAMM 27 == si4 Zzle
olc}. MM et E 1125l =EFEEe F=x=
S| Wrlokx 2Ho M2 S22 =HsE M2 SAlol AASKHCH
of A1 0|$017<II'_ CH Yoo S[2]12 &FolE2
WZlctxRo|A 2F9| HEte nad A2, A 2, EAEE WZItkx Z3Ho| Y
ss5tE0| = 40% AT Z4s5keE AS HH Fig. 1 2 H2AE &9 SAEE M= 32
Ct o] Zols= YFo|got Zo| Huwd HEd JEXHoZ LIEtH SHMEo|ct & 6719 8%
St7F M2 AN AMIIs & =8 B0 22 o|F0AM R, W ofX|at ZHo|A HAH
ME Oof7|AIZ|Al =l o|E{Eh sAl2 ndE S SAS 2510 St 2d™ol| A=ZZo| £
AN HARolE HEASHE A2 o S0 = FFo| ARS=ICh Ao RE8¥e2 ks
UCH1]. ol £Alog FEHig| Yt

o] od7et HAZ=E HA[3]0M SUS 304 2| A
2 2 F2(100-400°C) A SMoj| s g o (1+s A+ pm P Ay (D
1 N =
G7E MABKHCE o wiRolM sEs=el O ¥\b K fi f v, e EUOIEE
e ojzMg #Hoo, sus 34 o AP, HIESE Hziel Tl oE Sssgon, 2
100°C oAl 400°C o 25 Atao| mat =2 2 269 MPa, 0.2504, 0.3687, 0.005, 0.51, 4.6557,
1. AAOa T A Trar 0.0252 O|C},

2. BNE

# WA Al 7] AE e E-mail: msjoun@gnu.ac.kr

118



Fig.

OtEATE
= X=2
oS =

i \ \
1 Process design of the ball-stud cold forging
process

0.05 2 7IH351% 20,

100 702 Z+FSHI ) s Aol ALS
zH2 028 2)2 dfalstich
| £Eo| ¥ekg 1
A Zzo|ct

-
[E——

WLl
1114

(b) Effective strain

L -

(a) Metal flow li

First stage

)

Third stage

nes

Second Stage

Fourth stage

119

Fifth stage

Sixth stage

(c) Die stresses
Fig. 2 Predictions of the forging process without
considering temperature effect

Ao M= SUS 304 A2
HEELEE S9| o
AlZello|Mo| MAI=FACE

Alge|old Aotz 52 1o
Z1fe} o = Xjo|E ECh
oM S25A Zal= H| 525l
0 °F 15% =H LiEHgSni,
RSl ZHEEZR of| A

242 =51 AUck

0

bl Fof Zoia™

: P0006106)2| X| &

!

t

_‘,.Ll__l

=2
=

2o

Mo

1J. G. Eom, Y. H. Son, S. W. Jeong, S. T. Ahn, S.
M. Jang, D. J. Yoon, M. S. Joun, 2014, Effect of
strain hardening capability on plastic deformation
behaviors of material during metal forming,
Mater. Des., Vol. 54, pp. 1010-1018.

[2] K. M. Kim, J. D. Yoo, M. S. Joun, 2019, FE
prediction of temperature variation of material
and dies with number of strokes in aluminum
yoke cold forging, KSTP Spring Meeting 2019,
pp- 105-106.

[3] M. K. Razali, J. B. Park, M. S. Joun, 2019, Plastic

deformation behaviors of SUS 304 at low and

warm temperature and a mathematical model,

KSTP Fall Meeting 2019.



Aoy 2ME sH2| 2 Al old

Precision simulation of self-piercing riveting process

S. W. Jeong, M. S. Joun

Abstract
In this paper, a new policy of remeshing the materials are presented. A moving material point in the rivet is used to
define the mesh density of which peak is located at the point. The mesh density linearly decreases up to the input radius of
the mesh density limit. The rivet can be optionally excluded in remeshing because its material has relatively quite high
strength. An example is given with emphasis on mesh density.

Key Words : Self-Piercing Riveting (323 0]/ 2] ¥ ¥), Remeshing Policy (£4"844 719), Multi-body Forming Process (T}
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1. MB 2. SPR 33 A|E8o|ME Tt 24

Mz=ulofd 288 (Self-piercing riveting, o 7 H™EF
SPR)= F 7Hel EHAHE HZst= FEH2=E SPR =& 2 Fig. 1 olAM E&= dHiel 20| 2|
de| ARZED Aen, 0|5 X ZHe| A 8, MZ&8 TN, MFe stEFn =F(0|s5t
T27t S7tetol w2t Zhalo| MBSt Uch A8 Xxiggez g ¥ stFe dyx
o] 382 cIEA 38 JAAME stte] & T(O|5t st E&= stF FEe=z FghZ F
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olist EdczE 38 I oM FHo «H e
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of AMZ tha X7 == S8o| Utk
Maf EHo| otE Mol IA WHE 4t Sheet?
of gloL} AlslMogz AZs5l= Zo| 0|5t Sheet 2
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o eA7olAM= SPR 3d2| shAoll E5te
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DEH (1ol L=k Jtetel SHol| HES . -

T O ADE J|E ARHDpet vnatos Fig. 1 Schematic diagram of an SPR process
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Fig. 2 Predictions of an SPR process
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Fig. 3 Detailed view around the rivet tip of the
SPR process
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[3] R. Porcara, A. G. Hanssen, M. Langseth, A. Aal-
berg, 2006, Self-piercing riveting process: An
experimental and numerical investigation, J. Mat.
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Development of the high efficient superconducting induction
heater to preheat metals for plasticity

J. Choi, S. Cho

Abstract
S FErbE ANl Y Sle e71ES Bl S et AArdded WA el Hel
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Heat Treatment Design of Non_normalized Steel
for Cold Forging processing
K. H. Kim, S. J. Bae, Y. H. Song, J. E. Bae, E. Y. Yoon, S. Y. Lee, Y. S. Lee
Abstract
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Mechanical properties of heat treated INCONEL 718 alloy
with the variation of cold strain

Y.-N. Kwon, M. Y. Seok, M. K. Kim and T. O Park

Abstract
A3d Fae E 540 538 14E Feoz 58 YAAASE 7= Ni daelth I8 A=
Y2 745 9 33 EAo] o] -250TolA 700C WY EoA ALgET FE FF, &3 59
A2 FAAE Fa 2 AR, 5HYl R 9 1 Fx FFo AMSFHI Atk 93 E Ala A
g B3 AEE FHIE FFoR Ax FAH A JHElR A T Wl ek 7118 Aol Aol
& Yehdt
B

=

Aol AE A=y 718 Tl /HE ARl Wakol wet AgEHo] WSS 2AH L A
FHE ol A A WA ASAIEA B WS 4 AFEA

Fo 2T 4 QY B4 WAL GG A Aokl AxEA A

Key Words: Ni alloy, strain hardening, tensile property
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Qualitative Analysis of Deformations According to the Shape of
the Micro-patterns on Precision Machining

K. H. Song, Y. J. Choi, Y. S. Lee

Abstract

Al sfEe] P GEEE F §& AFAA 53] Fag Aot B =il ALAMIT S
Fot] mAHEE A 78‘%01] FL ) S EA R ] EHOM OFEATE S Pl Az, Azt
Y, Ate &R Al ZHA] mAlEE S ThEskr] 9%k Vs 20S A ek U AH e AES F3l

Ao diste] g = *EJ%EOLOB% AA 7t A Aet vl 44 <l
vASEES] ¥y A AV A4E dHS JHE vAdE Y ®Fe] b A, AldEE 9Hs
A= vAgEe] 71 2 dAstE Jo® yYeigth dedartass B8l AT A A AlAed
g A Ades wyEY A77F AqUAHE o] &3 AAH FA Ao} U3 FES BT
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Key Words : Precision Machining, Micro Pattern, Deformation
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Fig. 1 Schematic of the Machining Process and Unit Volume of Micro-pattern : (a) Schematic of the Machining
Process, (b) Unit Volume of Micro-pattern of the last order of machining depth per cycle by feed rate
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[1] R. Kobayashi, S. Xu, K. Shimada, M. Mizutani, T. Kuriyagawa, 2017, Defining the Effects of Cutting
Parameters on Burr Formation and Minimization in Ultra-precision Grooving of a Amorphous Alloy, Prec.
Eng. Vol. 49, pp. 115-121.

[2] K. Song, Y. Choi, Y. Lee, 2019, A Study on the Deformation Behavior of a Microstructure Depending on
Its Shape and the Cutting Section in the Precision Cutting of a Functional Part, Appl. Sci. Vol. 9, pp. 2940.
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Nb-Mo-Si based in situ composite powder prepared

by hydrogenation-dehydrogenization
reaction and its sintering behavior

S.Y. Lee, S. K. Lee, S. M. Park, H. K. Park, S. H. Min, T. K. Ha

Abstract

ol4x] &8 ZUet 23t 12 stHollM AFR35H7| 28 NiZz| = PEHE o|ate| =gt T2 stollM A}
0| 7tsst Mt =L erZol oist o 2 JHeto| stk Nb 7|gk &2 Ni S8R ch Atxe
2 9e dxs JIX|1 Qlen =2 IR ZEE JIX|1 Uct olst HE2 7= N €28 tANE F
R Eo| ZEksiel 288 ZUAIZ = U2n] Hof I28HoM AFE0| Jhs3Sict Cigk Nbe| =2 =
=HCoZE FxI|E ME0| o{z M Ae|lAlol=el 2 Jiz54I Moz JisT HAS S RES
M Z=5t7] ot olfet ot siASH| Qs =2 Zt&eeE 3d ZRIE J|sn 2Eola7|&2 ol 26
HExz2 mMzste d77b g0 Aok weiM, 2 dFoAME Nb7| HPstao BE5E 2et (d7z2 24
Mz g 274 Jlzo st A7E S D27 253 Nb-Mo-Si-Cr &=22. 223t Al7]7]
2l Nbe| =235 832 & FME RUsto] L5-Epastite s S 22S M=stct ®M=E
FTas-Epast 22 ubdol AA ARxjg|et WH Zzt=ol &~Zel 271X 8 =HE S &2 A
Ssol 51920 XRD M2 S6f AZ2F et =ol| wE MHEIE sl 1t

Key Words : Nb-Mo-Si based in situ composite, Nb alloy; powder, spark plasma sintering, sintering behavior
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Development of biocompatible low elastic modulus
Titanium alloy with high Zirconium

Y. J. Kwon, S.Y. Choi, T. K. Ha, S. H. Min, Y. H. Kim

Abstract
2 AT E NE2FFe] HF HutdE o8 %XU A ATE 2t Elolelr Fael gy 1 7
AA EA ] ZAIE AT A A G0l 3 dAR OlTOVJ 497 Ti-35Zr-12Nb-(0~4)Sn (at.%) &t
=5 AAste] 2 2T W3t e & 7174] p =4 WgE AT SnA H7FFe] 0~2.5 (at.%)
HR A F7hgel wEl g AIGe] it A, dEARY T } 1519 3L Sn=2.5 (at.%) 2] Aol A
~50GPa, %= ~900MPa®] -3 EAS FQlsiditt. TS sl ol HeHPE 2-3% 284 A
g Rl # ATE B A EIE T ElolehE Fwe FF 84 A8 rtsAds dd

P
g 4 QAT

Key Words : Titanium alloy, Biocompatible, High Zirconium, mechanical properties

Fedsetal : tkha@gwnu.ac.kr

131



A bEets) 20199% FASEUE 254

ALE 7/#2 o[8% OIHMUEN BHo| Rotetd 4

FEM Simulation of the Friction Stir Welding Process using ALE

H. B. Moon, Y. S. Yoon, K. Lee

Abstract

ulzk w9k-8- 3 (Friction Stir Welding, FSW)2 13742, oy deoky &5 TAHOZ AFa 37, &=
A Qe AF, BN, T A EopilA = L%E‘%ﬂ 'E} vhZankg o] Yl AHdE 87 Eol &
datarzar sk 7 AR Atolel AgiE o]l 1 AbolE HEshH wiEAS BAAFIoO RN F A A
st AR &% 4S5y HHAR AWES fidle ARE £33 Aot

npE kg o] A WS AR, FA, A, A A% & APl Ntste] AEA WA oR A
st ZIAIAIE & SAdA Y] B4 APA o] ©hHd Hd a7 & wygoeR Qe F
T Y BAY oERs Bdsta B fd FAEAS m9e A7) o] F R

7)Eoll = whEuRkg A o] FAEA S £ P RdR ghigA](Lagrangian) A S AFE-EEA
vElely fsalds Vui4le R st FER dlon, gagd e A A9 27 84
Aoy oz Qg o FAF ot gk afA AL AV UAJL, s TIve] A F
T Amed HAEE dPER RIS ALbe] ofd 7HEE S3 AFAE AR Fogof st ¢

olo] B oA mpRuwkgde] F=xsAe] A e3t ALE(Arbitrary Lagrangian-Eulerain)al Al 7] S 7}
watal ol & Z—i%o}c’% olF whzuNkEA TAF FAHAS T, &4 F 4 AR 2o &4 WY
B, 83 & FHdAY AR AHEES EA45
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Fig. 1 The FE model of FSW simulation
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Fig. 2 Temperature contour of simulation model
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Evaluation of compressive behavior of lattice structures
fabricated by SLM process

J. M. Leet, J. E. Lee!, J. H. Kim? S. W. Kim*#

Abstract
EQT A o] A4, MEAoR wjdE o] e AAFERAE =2 vAEe HAd 2 ooy
A FFAE e WS 24 FERARA ATA, $FTF, o T OFd Aokl 48 e
s, B3 sad YAow d 5 AAE BEaY] AW JE AxFA AL AT AU
AT, 55 29 2AE o8& AF Ax A=Y wHH A vgetn B 4 AFE Azt

[e)
Zbeal e wek AxFRA M e BAle] wFsta k. AFAE 55 ASAZYEST AUA
F A 27} 7H5 3 SLM(Selective Laser Melting) 4] = 316L 2E|Qld|l2 28 B A2 o] &3], Az}
TZAE AFsta °L# s BAEG. deprs 9 HEgH=Y gedR FAAE T TR EA
TFzA ] s A Mg 2 tekd AHE At 4F AWE st 4F WY ¥4 2 S
548 SHTO=EN 731}?7‘21]4 4% BEAS 245t a9 de Feo mE 54 vlusgith

Key Words: Finite Element Method(FEM), Selective Laser Melting(SLM), Lattice structures, Additive manufacturing,
3D printing, Tetahedral truss, Pyramidal truss, Stainless steel 316L
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Failure Behavior of Resistance Spot Welded Steel Sheets

W. Noh, M.G. Lee, J.H. Song, G. Cho, D. Lee, K.I. Kim

Abstract

Failure analyses of resistance spot welded advanced high strength steel sheets were made under dynamic loading
conditions. Based on hardness distribution and optical microscopic observation on the cross-section of the spot welded
joint, two constituent zones; i.e., weld nugget zone and the base material zone, were identified. Mechanical properties of
the base materials were characterized based on tensile tests ranging from quasi-static to dynamic strain rates. As for the
weld nugget, a newly developed miniature specimen was used to obtain tensile load-displacement data with good
repeatability covering various strain rates. Inverse finite element analysis was carried out to characterize fracture criteria
and hardening curves of weld nuggets as well as base materials. The finite element modeling along with the identified
mechanical properties of the spot welded joint could provide good prediction accuracy for the failure mode and failure
strength of the lap-shear and coach-peel tests with single spot welded coupons.

Key Words : Resistance Spot Weld, Tensile-Shear Test, Cross-Tension Test, Failure Mode, Load-Carrying Capacity,
Finite Element Analysis
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Evaluation of Elasto-Plastic Properties for Fatigue Failure
Mechanism Analysis of Carburized Steel Gear

1. J. Jang, W. Noh, J. H. Bang, J. H. Song

Abstract

ko] EAS AASE= NVH (Nosie, Vibration, Harshness)d 5 &4 @ F5&4 7442 938

FE2 7119 W7dE& o] dasith olE A= 7] = A
dSste AF7F oy Ax T 2o gE F4Wse 7]
b ook & dTddAe Ae Exgd 7)o g2ad 248 95
Hebsol B4 H7E gt 4= vA~ A5 488 53 F&8 @%%ﬂ A
AEE SAsA. olE vEer waz 9 wlolax AFst ¢
sl BAEAS AZA gtorw E=EHdgon, 24 & s 9
AL A7E-AA A4S FIA (Inverse analysis)shel e zlo]ol] & %%%’Dﬁ, )ﬂE% =

Key Words : Fatigue, Carburized steel Gear, Instrumented indentation Technique, Inverse analysis
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Development of ductile-to-brittle transition temperature
measurement of tungsten using nano-indentation

Y. Oh, W. Ko, N. Kwak, T. Ohmura, H. N. Han

Abstract

Ductile-to-brittle transition temperature (DBTT) is conventionally measured by a charpy impact test and
comprehensively interpreted based on a Yoffee diagram. The specimens for impact tests are typically designed to have a
notch to induce the crack propagation during the measurement. However, tungsten possesses a critical drawback of
brittleness, which makes it challenging to machining the impact testing specimens at room temperature. Nano-indentation
has become a powerful tool of nondestructive testing to investigate the fundamental characteristics of materials on a small
scale. In this presentation, we suggest a new approach to predict the DBTT of tungsten with constructing a Yoffee
diagram by systematically utilizing experimental and theoretical analyses: high temperature vacuum nano-indentations
provide a statistical distribution of the maximum shear stress corresponding to the onset of plastic yielding at various
temperature conditions; atomistic simulations provide information of fracture strength at various grain boundaries (GBs).
Such mechanical properties are evaluated at elevated temperatures for 4 kinds of tungsten specimens with different
dislocation densities, then we could describe Yoffee diagrams with three temperature sections : brittle, semi-brittle and
ductile region. The DBTT of each tungsten specimen can be finally determined at the semi-brittle range, where the
maximum shear stress statistically rises above the GB fracture stress. With such an unconventional method, we predict
the DBTT and discuss in detail a microstructure dependence on DBTT of tungsten.

Key Words : Tungsten, DBTT, Nano-indentation, Yoffee diagram, Dislocation
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Technology to reduce scale defects on Flange center
of H shaped beam by improving rolling pass schedule

J. B. Lee

Abstract
Scale defects are one of critical problems at hot steel rolling process. Scale is formed during heating and cooling of
rolling process. Generally, conditions of reheating furnace and cooling rate at rolling process are controlled to reduce
scale defects. In this study, rolling pass schedule is changed to improve scale defects which are detected mainly on the
center of flange surface as band or line shape.

Key Words : Scale, H shaped beam, Pass schedule, Rolling process, Fin defect
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Plastic strain ratios of Al alloy sheets

Abstract

AT FE2 HTo] Hol AEAAE AMEEHI Q)
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A5 BEsE flste] o] AE A oF s
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7= dATE 42 g 4d A ddEs et B ATE stgl

AT A AY7tA] GFRvE FeolA 2 vdA d® Xy 2 E3F vdiE gds sske A4
FAo] JgS F= -fibeardEE I £ AFE A

mEkA] B A A sty AT AE FFESTh
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Key Words : Asymmetric rolling, Pole figure, -fiber, plastic strain ratio
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Fabrication of high strength Al-Zn-Mg-Cu alloy sheets by twin
roll casting and rolling process

H. W. Kim, Y. S. Lee, M.S.Kim, W.K Kim, K.J.Euh

Abstract

Two Al-Zn-Mg-Cu alloy sheets with the thickness of below 1 mm were successfully fabricated by twin roll
casting and rolling process. The annealed 7075 sheets showed tensile strength of 370MPa and elongation of ov
er 20%. After aging at 180°C for 30 minutes, tensile strength and yield strength of the sheets increased up to
480MPa and 350MPa, respectively. Meanwhile, the annealed 7068 sheets showed higher tensile strength and lar
ge elongation of over 20% due to larger content of Zn alloying elements. However, the elongation of annealed
7068 sheets decreased remarkably by natural aging at ambient temperature. Pre-aging(120°C x 10min) after solu
tion heat treatment prevent the decrease of tensile elongation during natural aging and increase yield strength u

p to 563MPa after bake hardening

Key Words : Al-Zn-Mg-Cu, strip, sheets, twin roll casting, rolling, strength
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Effect of deformation on the cast microstructure of Al alloy
Y.-N. Kwon and M. Y. Seok
Abstract
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Microstructure and Room Temperature Wear Behavior
of High Strength Al 7075 Alloy Manufactured
by Twin-Roll Strip Casting Process.

Kyoung-Wook Kim?!, Min-Seok Baek®, Kwang-Jun Euh?, Kee-Ahn Lee'”

Abstract
3ol M= twin-roll strip casting (TRC) &S 0|&3t0{ Ho|M HIZ Al 7075 EXE X =sI%UCt
Bl AXf 2= direct chill (DC) casting 322 HM== Al 7075 22 AlEsIF o0}, & S22 ==
Al 7075 2Fel olM =2 ¢ ot2 HSS H|W/EA St 017[M TRC a2 ME A3t g1t 2|5 T6
HXelE FdsN o, DC 22 T651 XISt Ct oM =2 & ZA3f vl &

=l TiT
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al el bc ghael 23
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ga 25 Z2-EA 2 U Fo r1 (Manz) 50| EME0 AJUCEL DC FF2l n MgZnz) AH=2 106 nm
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Metoy 18 Z&EN A= AW E LIEGCE A2 olz Alg Z3l TRC &322 DC 2ol H|3] weight

loss@t wear rate ztO| ot ¢t otz EMES Ect & ggel olzHolA S& 2 o4 ofmIt BHE
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Key Words : Al 7075 alloy, Twin-roll strip casting, Direct chill casting, Wear property
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Torsion texture evolution of Al-Mg alloys with high content of
Mg

C.H.Cho, H. Y. Son, S. W. Kim, J. C. Lee, Y. J. Kim, T. K. Jung, Y. O. Yun, S. K. Kim, J. W. Lee, S. K.

Hyun

Abstract
Al-Mg 3a2 tgAQl 18743t Fuoz vdAxy &dFvg I+ AE T 47 52 &
T ETfold. o2 Qs A A & F2E AEE AF7F A vt dFvE dA S}
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2 =7tS3Stet Full constraint model2| #3 Q! strain rate sensitivity crystal model& & -8stH HrCt
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lattice rotation rate7} Mg &H2f0
g 5 AgACh
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Abstract
= o ek 2 (multi-axial diagonal forging, MADF)= ASH A Az W3t 4225k wake] HZ(plane
forging), Tz W3ke] iz} Tx(diagonal forging) 12|31 Z}zte] 7] X (return plane/diagonal forging) =
TAE A Aok F A g9 IS DP?#W O =2 lcycle (12 pass) F33te] 34 1 = A|He| 34 Ws)
glo] Azl WE 2 449 nMgE g s Aot

oA e dx2dd Al AA11004 Wy w92 JERA g Ao nA = Wdolge] o
e AYA oA SHor uFsgth Fx § Wdx g HAdxE AxH AALI0S o835t F
AR oo wrdalE HE ulA|xA e WElS olsalax}l &3t} EBSD(electron backscatter diffraction) 71
HE T83te] Wy 27 LE}% Al Qx2S =439 21 KAM(kernel average misorientation) 41 $
F3le] AAL11009] W3 wAZZ] W HEPRA dd AFS Aoz nEeget B2rh AUEd ¥y
g2 545 Yol FIB(focused ion beam) 3 TKD(transmission kikuchi diffraction) 7] S &85} 1,
AY U A9 F2E #E37] 9l8ke] STEM(scanning transmission electron microscopy) 415 3 o}oﬂiﬂr
A AATA oot 7] A zAS nH3 AAHLA 32 484 (crystal plasticity finite element method,

CPFEM)& 28 }04 ol i nA|xZ e WeE o]EAor oldstaat sty ¥ AFE Fd)
olglel wE AAL1009] WA|ZZ 9] madsty wEATE dYHor HEd - 9l
o, CPFEM A3E o]gsto] Wy wAzz ] O mAYFS olald 4= AT

Key Words : Multi-axial diagonal forging(MADF), AA1100, Recrystallization, Texture, Microstructure
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A study on the correlation between microstructure and
mechanical/galvanic corrosion behaviors of friction stir butt
welded joint of steel and aluminum alloys

S. Y. Anaman, H. H Cho, H. Das, S. I. Baik, S. T. Hong, J. S. Lee

Abstract

The microstructural, mechanical and galvanic corrosion behaviors of a friction stir welded (FSWed) butt joint of dissimilar
5052-H32 aluminum and DP 1200 steel sheet alloys are investigated. At an offset of 0.5 mm towards the DP steel base metal
(BM), on the advancing side (AS) of the welding direction (WD), the microstructural characterization reveals a distinct but
complex stir zone (SZ) made up of 3 layers. There is (i) the top layer made up an aluminum matrix with randomly scattered
steel fragments which act as reinforcements but reduce the corrosion resistance of the region, (ii) a middle layer having a
mixed lamellar structure of Fe-Al solid solutions and intermetallic compounds (IMCs). They increase the hardness of the
SZ but are brittle enough to reduce the weld joint strength due to their thickness, and (iii) the bottom region which is made
of deformed steel. When compared with the DP steel BM, the deformed steel has decreased grain sizes accompanied by
higher martensite content and dislocation densities caused by the FSW process. These microstructural features cause an
increase in hardness of the weld joint, however, decrease the corrosion resistance of the bottom layer. Additionally, IMCs
are observed in the weld joint interface and the interface between the top and bottom layers at the retreating side (RS) of the
WD. During the galvanic corrosion investigations, it was revealed that variations in microstructure, geometry, and chemical
compositions can affect the extent of galvanic corrosion across the FSWed joint. The regions between the DP steel BM and
the FSWed joint have larger average potential differences and higher corrosion rates than the regions between the aluminum
BM and the FSWed joint due to the increase in martensite content, low-angle grain boundaries (LAGBs) and the presence

of the steel fragments.

Key Words: Friction stir welding; Dissimilar joint; Microstructure; Galvanic corrosion
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Study on Formability of Rectangular Can Using Drawing and
Ironing (D&I) Process

J. Kim, C. M. Lee, S. J. Yoon, J. W. Yoon

Abstract
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Digital Manufacturing Platforms for sheet metal by Integrated
Computational Materials Engineering

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

Abstract
. =Io| A+ ICME (Integrated Computational Materials Engineering)-&- 71WFo. 2 A8 A= 59 3
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Key Words : Integrated Computational Materials Engineering, Virtual Manufacturing, Casting, Rolling, Material Testing
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Development of Stress Integration Algorithm Based on
Finite Difference Method for CPFEM and Its Application

D. Noh, J. W. Yoon

Abstract

B AFo = AAHALA 5324 (Crystal Plasticity Finite Element Method, CPFEM)S 13+
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=

Key Words : Crystal plasticity finite element method, Stress integration algorithm, Finite difference method, Reduced
texture polycrystalline model, Anisotropic behavior

AR A 1w AT
chool of Engineering, Deakin University

1
2. S
# DA A AL =98l Ed 7)1 AE8t 2, E-mail: j.yoon@kaist.ac.kr

158



UZ0|F 6xxx2 W-temper 2H0|A A& 5 AlZlo| w2
=49 E'_’|2F =3

R0l WE@?. olYF

Changes in mechanical properties over time after quenching in
W-temper process of aluminum 6xxx

Y. M. Choi!, H. K. Jin?, M. G. Lee""

Abstract

As light-weighting of vehicles has drawn attention to improve fuel efficiency, high strength aluminum alloys have
been used as alternative materials to conventional steels. Among different aluminum alloys, 6XXX series alloys are
widely used for this purpose due to several advantages such as medium to high strength, corrosion resistance, and
possibility of strengthening by artificial aging through the paint baking process. In this study, as a process involving prior
heat treatment, the W-temper forming is investigated. The forming technology is composed of the solution heat treatment
(SHT), water quenching and forming. Since the strength after quenching changes over time due to the microstructure
evolution involving nucleation of precipitations and their changes in distribution, the optimized holding time between
quenching and forming is very important. Therefore, the main aim of the present study is to study the evolution of
mechanical properties including ultimate tensile strength and ductility of 6xxx aluminum alloy sheet after quenching but
before forming.

Key Words : aluminum 6xxx, w-tempered forming, holding time, mechanical properties
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Figure: Changes in strength and elongation of W-tempered 6xxx aluminum alloy sheet with respect to holding time
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Influence of prior deformation history on anelasticity in an
extruded magnesium alloy

Huai Wang?, Soo Yeol Lee!, Huamiao Wang?, Wanchuck Woo®, Ke An*

Abstract

The unloading anelastic behavior of an extruded Mg-9wt.%Al alloy (with two annealed textures) was investigated
using in-situ neutron diffraction measurement and crystal plasticity modelling. Annealing-modified textures allow for the
versatile cooperations of various deformation mechanisms under different loading conditions. The alloy exhibited
distinctive yielding and hardening behaviors during compressive and tensile loading-unloading cycles, which were
interpreted by the alternative operations of different slip/twinning modes. Inside the bulk material, differently-oriented
grains responded distinctively to external loading because of the difference in active plastic deformation modes and
surrounding neighborhoods. Based on the crystal plasticity modelling results, the magnitude of anelasticity was found to
be controlled by the plastic contribution of hard mode (prismatic slip) and its impeding effects on easier modes (basal slip
and extension twinning).

Key Words: Magnesium alloy, Plastic anisotropy, Anelastic behavior, Deformation mechanism, Crystal plasticity

1. M2

During unloading (after being deformed into fully plastic regime), an anelastic behavior arises as a result of
the partial reversal of existing dislocations and twins in magnesium alloys [1]. It is known that a defect-free
material will exhibit no anelastic behavior during purely-elastic unloading. Intuitively, the magnitude of
anelasticity is related to the amount of defects (typically, i.e. dislocations and twins) inside the material
generated by prior deformation history. Different deformation histories will definitely yield different anelastic
levels. However, no previous studies have linked the anelastic behavior to the deformation mechanisms prior
to unloading (i.e. the activities of dislocation slip and deformation twinning) in Mg alloys.

2. Algury

In this study, we investigated anisotropic plastic deformation, unloading anelastic behavior and the
relationship between them in an extruded Mg-9wt.% alloy. In-situ neutron diffraction [2] was applied to
obtain the grain-level deformation dynamics in different loading-unloading tests, and elastic-viscoplastic self-
consistent (EVPSC) modelling [3] was conducted to predict the activities of slip and twinning modes in the
entire process of each test. Instead of using as-cast (no texture) and as-wrought (strong texture) alloys, we
prepared the alloy having a single phase with two starting textures (i.e. T1 and T2, see Fig. 1a) by pre-
deformation and annealing treatment, which permit the versatile cooperations of various deformation
mechanisms under tension and compression. For each texture, two cylindrical dog-bone-shaped specimens
were prepared and used in uniaxial tensile and compressive tests (see Fig. 1b). In each case, the sample was
unloaded at two strain levels. The first unloading point was controlled to reach the same strain of 0.017
(+0.0005) for all cases and the second unloading point was different among the cases.

. Chungnam National University, Korea
. Shanghai Jiao Tong University, China
. Korea Atomic Energy Research Institute, Korea
. Oak Ridge National Laboratory, USA
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3. &4zt & 1

At each unloading point (see Fig. 1c), the apparent elastic modulus (E®) and anelastic strain (¢2") were
determined directly from the experimental stress-strain curves. The initial elastic modulus was determined by
a linear fit in the elastic regime of the stress-strain curve. The percentage reduction of elastic modulus,
defined as AE/E = (E - E®)/E, together with the anelastic strain, was adopted to evaluate the effect of prior
deformation history on the magnitude of anelasticity.
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Fig. 1. Initial textures, stress-strain curves and relationship between anelasticity and deformation history
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In Fig .1d, the anelastic behavior was firstly attempted to correlate with each single deformation mode. Its
magnitude gradually decreases as the accumulated shear of prismatic slip increases. Considering that the
anelastic behavior was attributed to the activities of basal slip and extension twinning, the ratio of the
accumulated plastic shear in these two modes to that in prismatic slip was thought to be crucial in
determining the magnitude of anelasticity. It was found that the contribution of prismatic slip to plastic
deformation played an important role in determining the magnitude of anelasticity. As can be seen in Fig. le,
the magnitude is low when prismatic slip is the dominant mode, and it is high when other two modes are
dominant. This phenomenon is believed to be related to the complex dislocation-dislocation and dislocation-
twin interactions (or reactions) in magnesium alloys, which needs to be further studied using both
experimental and simulation methods.

4. HE

In summary, the unloading anelasticity of an extruded Mg-9wt.%Al alloy with two different textures after
annealing was examined using in-situ neutron diffraction experiment and EVPSC modelling. The influence
of prior deformation history on anelasticity was revealed and its magnitude was found to be controlled by the

plastic contribution of hard mode (prismatic slip) and its impeding effects on easier modes (basal slip and
extension twinning).
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Improvement in bending formability of rolled magnesium alloy
through precompression and subsequent annealing

Jong Un Lee, Sang-Hoon Kim, Ye Jin Kim, Sung Hyuk Park

Abstract
A remarkable improvement in the bending formability of a rolled magnesium alloy at room temperature is achieved
through application of precompression and subsequent annealing. This combined treatment results in the formation of a
new grain structure with two texture components whose basal poles are oriented nearly along the rolling direction and
normal direction. The tensile deformation occurring in the outer region of the samples during bending is effectively
accommodated by the activated {10-12} twinning and promoted basal slip, which consequently results in a significant
improvement in the bending formability of the alloy.

Key Words : Magnesium; Bending; Formability; Twinning; Texture.
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Measurement of Fracture Strain and Finite Element Analysis of
Warm Bending of Magnesium Alloy Sheets

K.O. Kim, Y.C. Hur, M.H. Seo, K. Ahn, J.H. Kim

Abstract
Magnesium alloy sheets, which are widely used to reduce the weight of products, require bendability to be applied to
closure parts such as hoods and doors of automobiles. To overcome the limited bendability at room temperature, warm
forming is usually performed for magnesium alloy sheets. Warm forming improves the formability and reduce the risk of
fracture during bending processes such as hemming. In this study, the fracture strains of magnesium alloy sheets at warm
temperatures were measured using a digital image correlation system. In addition, finite element analysis of the warm
bending process was performed and the bending limits were compared with measurements.

Key Words : magnesium alloy sheet, hemming, warm forming, digital image correlation,

K

Kl b

1.
2.3
#

ZNEdTd

REEEEE R
225

AR ket 7)) w8

5, E-mail:

kimjh@pusan.ac.kr

163



Ca, Y H7tet olals EMe MZEE R Het=3 g4
H=

i

02
=)
.

4

Recrystallization and texture evolution of Ca, Y-added
magnesium alloy sheets

Young Min Kim

Abstract

With respect to the improvement of formability of magnesium sheets, many researchers tried to modify the texture
through the addition of alloying elements such as rare earth (RE) elements including Ce, Nd and Y and non-RE elements
including Zn, Zr and Ca. Recently it was reported that a single addition of Ca or Y on wrought magnesium alloys led to
texture weakening through activating non-basal slip systems and twinning, which can resultantly improve formability at
room temperature. The present study aims at investigating the effect of alloying elements and process parameters on
recrystallization and texture evolution of modified AZ31 alloy magnesium alloys with Ca and Y addition subjected to a
cold rolling and subsequent recrystallization annealing process. In this study, it was found that severely deformed
structures such as shear bands formed during cold rolling could provide nucleation sites of new grains during annealing.
Cold-rolled and annealed sheets showed much finer grain size and lower maximum intensity of basal pole, indicating
better mechanical properties and formability. In addition, the studied alloys shows dramatically increased ignition
temperature and corrosion resistance. Detailed analyses with EBSD and TEM on microstructural evolution and texture
changes during annealing will be shown in this presentation.

Key Words : Magnesium sheets, Cold-rolling, Annealing, Texture, Recrystallization
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Anisotropic edge failure in magnesium sheet alloy under mixed-
mode loading

Y. U. Jeong, Dirk Steglich

Abstract

The purpose of this article is to propose a modelling-assisted description on anisotropic failure of magnesium alloy
AZ31 at room temperature. Earlier, the authors investigated similar magnesium alloys at an elevated temperature in which
the material failed with apparent strain-localization [1]. A mean-field crystal plasticity framework [2] was employed to
Marciniak-Kuczynski approach [3], which led to good predictive accuracy in comparison with experimental forming limit
diagrams obtained by Nakajima tests. However, the failure criterion based on strain localization is not applicable to
describe the fracture of the current magnesium alloy at room temperature.
Models accounting for void growth [4,5] are certainly attractive options. However, this approach is often employed to a
phenomenological constitutive modeling framework. Since the mean-field crystal plasticity framework has successfully
described the plasticity of magnesium alloy by accounting for microstructural features, it is considered appropriate for
this material in this study. In this talk, we present our preliminary results on failure criterion based on a simple damage
indicator following [6]. We discuss the validity of this approach using mixed-mode loading induced by Arcan tests
together with the mean-field crystal plasticity model.
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Precipitation Hardening and Yield Asymmetry of AZXW9100
Mg Alloy regarding Microstructure and Texture Development

J. S. Suh*, B. C. Suh?, B. S. You!, D. H. Yoo, D. Y. Kim!

Abstract

The present study investigates precipitation hardening and tension-compression yield asymmetry of age-treated
AZXW9100 Mg alloy in terms of microstructure and texture development. As engineering materials, one of the main
challenges is how to reduce tension-compression yield asymmetry of Mg alloys for industrial applications. In Mg alloys,
yield asymmetry can be attributed to activation of tensile twinning, which is the dominant deformation mode in
compression. Analysis of mechanical behavior of extruded AZXW9100 plates presents that aging treatment increases
yield strength in uniaxial tension and compression. Especially, the distinct increase in compressive yield strength makes
close to yield symmetry in comparison with as-extruded condition. This reduction in yield asymmetry is related to the
presence of Ca containing MgizAli2 precipitates, which suppress tensile twinning in compression. With respect to yield
asymmetry, this study analyzes the effects of microstructure and texture development, such as grain size, stored strain
energy and basal texture. Furthermore, VPSC simulation is performed for analyzing a change in the critical resolved
shear stress of tension twin.

Key Words : Magnesium alloys, Yield Asymmetry, Precipitation hardening, Microstructure, Texture
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Operational condition Continuous Batch(semi-continuous)
Capital investment per ton of Mg 10,000 - 18,000 USD Up to 2,000 USD
Operational man power 1X Up to 5X
Global warming potential (GWP) 47.3 kg CO2/kg 62.7 kg CO2/kg
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Periodic nucleation of twinning and dislocation arrays at the
serrated grain boundaries of AZ31 alloy

Hyeon-Woo Son*, Soong-Keun Hyun”

Abstract

o7 <8}old (Grain boundary sliding)S 28 HAEFS ATty 1L I E T EUF (serrated)
AA == YA A5 H (Grain triple junction)ol A YA & A|Fsts Aoz & AU HT B
Je wEH AFo A HYstE 5 AFHA Stoldo] BT AMEE Wt HEeAE A HA
e Fa ¢ &8 HABE Z2E A4EA &geldel 93 &8 Tl TAY 5 Jdvka Aetet), F
2o AAHA &feldo] AR HANA 8 e 2 A 4TS A T 5 A=A FgAdsr] A8l
W A ¥y B 5Y ¥ AAHAE wt 714 As g g 284 AFE Fgen). Aol
S BY 8 AAEA X2 A7) A&, HE I7EY dExdo] AAHEAL o]Fo UFH |
59 AEL 9 Eeold 2 AR TES A BES] Y8 vdA - w47 e A AlHoR
ZFEE AT 5Y 2 dAE vt 4= T4 Aol i P #E 9 HIgE 242
oAl A Eeteld o] gt olygt M wlEs FrIHoR PJA T 5 JSS YERdY wEkA
B Bk AN PA E£8told S 8 (Accommodation) 3 B¢t F 7HA &= HEF wAY o)
AFEATE ol= AHY I SFHOZRE AHA] FHAE @ FUH A HHew FAdH
A AE, = "2AF S8" (Cleavage stress)Z AMEATH A4 A= dg wAUES A4 H
3l Wkl i3k Schmid’s lawE wWEZoz, /AP WAYEE 7eedor A5 AgGEA

(Geometrically necessary defect)S UEFITEH

Key Words : Grain boundary serration, Grain boundary sliding, AZ31, Twinning, Dislocation
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The formation behavior of microstructure in AZ91 magnesium
alloy during high-temperature compression deformation

D.K. Han, K. H. Kim

Abstract
Abstract should be written in English using Times New Roman 9pt. Write English abstract here. Write English abstract
here. Write English abstract here. Write English abstract here. Write English abstract here. Write English abstract here.
Write English abstract here. Write English abstract here. Write English abstract here. Write English abstract here. Write
English abstract here. Write English abstract here. Write English abstract here. Write English abstract here. Write English
abstract here. Write English abstract here. Write English abstract here. Write English abstract here.

Key Words : Magnesium alloy, Texture, Microstructure, plane strain compression test
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. Park, K. Okayasu, H. Fukutomi and K. Kim, 2016, Texture Formation Behaviors of Mg-9Al-1Zn
Alloy During High-Temperature Compression Deformation, Met. Mater. Int., Vol. 22, pp. 1129~1132.
[2] M. Park, K. Okayasu, H. Fukutomi and K. Kim, 2016, Texture Formation Behaviors of Mg-9Al-1Zn
Alloy During High-Temperature Compression Deformation, Met. Mater. Int., Vol. 22, pp. 1129~1132.
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Attaining Yield Symmetry of ZK60 Mg Alloy through A Multi-
Pass Caliber Rolling

T. Lee, B.J. Kwak, T. Kong, J.H. Lee, S. Lee, S.H. Park

Abstract
This study investigated a multi-pass caliber-rolled ZK60 Mg alloy, which showed a high fraction of dynamically
recrystallized area composed of ultrafine grains. Besides the simultaneous increase in strength and ductility, the caliber-
rolled ZK60 Mg alloy exhibited the reduction of tension-compression yield asymmetry. Microstructural backgrounds for
such mechanical improvements are discussed.

Key Words : Magnesium; caliber rolling; yield asymmetry
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Hot deformation characteristics of Al-Mg alloy with different
Mg content

J. C. Lee, S. W. Kim, H. W. Son, C. H. Cho, Y. J. Kim, S. K. Kim, Y. O. Yoon, J. W. Lee, S. K. Hyun

Abstract
a2 HEH AEE ol8ste] w2 el Mgel H7hd Al-Mg Sl Wal Mg o xhelel mhE
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Deformation behaviour of CP-Ti at cryogenic temperature

M-S. Lee, Y-T. Hyun, T-S. Jun

Abstract

Recently, significant industrial attention is being paid in aerospace industry with issues concerning efficient fuel
consumption and entry of humankind into the space. Titanium and its alloys are extensively used in aerospace industry,
where a part of aero(space)-craft is suffered from harsh cold environment that is usually about -50°C in cruising altitude
of aircraft [1] and minimally about -270°C in the universe. Deformation behaviour of titanium at cryogenic temperature
has been somewhat unveiled [2-3]. One of the notable findings is the strengthening effect with superior ductility at lower
temperature, which provides potential possibility to improve the formability of Ti alloys without relatively expensive
thermal processing.

In the present study, we investigated the deformation behaviour of Grade 1 commercially pure (CP) titanium through
macroscopic tensile test at cryogenic and room temperature. The tensile specimens for cryogenic test were immersed in
liquid nitrogen during 15 minutes and subsequently fitted on the tensile machine. Deformation temperature was measured
by thermal couple and controlled as function of time during the test. The combination of digital image correlation (DIC)
technique and electron backscattered diffraction (EBSD) were used to observe the deformation distributed on bulk
specimen by temperature and characterise the evolved microstructure in the severe deformed region. The comparative
analysis on the deformation temperature and texture were conducted to examine the anisotropic deformation of titanium
at cryogenic temperature.

Key Words : Commercially pure (CP) titanium, Cryogenic, Deformation, Electron backscattered diffraction (EBSD),
Twinning
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Effect of deformation twin on low-cycle fatigue properties of
CP-Ti

G. H. Kim, S. W. Choi, J. W. Won, J. K. Hong, C. S. Lee

Abstract
CP-Ti= 7FHE FAISE $-=3 WA 9 off= ofe] il def ARgHa glvh 53] 53 A
A A wel Hol= Qeﬁ‘ﬁoﬂ*ﬂ AgFol AA F7retaL Stk shAIRE vk ol 53 w2
54 T o2 dETE §o AA Amz AREshll= @A7E vk ole wel ECAPEel A
e sAe Tl Aok v2 5SS wolds A Bl J1¥HA vk & ATelMes V] Aa
A 7HE FA] obd AFAE F3 deformation twing ThE WAIAIA ZRAH CP-Ti HAE AZXT &

AT A7 92 Age] ES= 1Hz, strain ratio= -1, strain amplitude™= 0.4%
ol A 1%= APt AF7] H2 AH | hysteresis loop &4 2 SEM, EBSD, TEM ZH]Z o]&3 AF
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Key Words : CP-Ti, Low-cycle fatigue, deformation twin.
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Finite element simulation of quasi-static ductile fracture
behavior depending on crack-tip residual stress

D. K. Kim

Abstract

In the present study, quasi-static ductile fracture behaviors in the steel and aluminum alloys were investigated by
considering effect of residual stress localized at the crack tip. In the first step, elastic-plastic FE analysis using the
ABAQUS/implicit solver was performed to simulate the small plastic indentation on the C(T) specimen where tensile
and compressive residual stresses were introduced at the crack tip. In the second step, a quasi-static mode-1 fracture
loading step was solved by the ABAQUS/explicit solver with the identical geometry and mesh condition. During the
loading process, the element was allowed to be deleted from the model when material damage reaches a critical value in
order to simulate the crack propagation process. The empirical Johnson-Cook model and the Hillerborg method were
employed to define the damage initiation and its evolution. The quasi-static ductile fracture simulation revealed a
correlation of fracture initiation toughness with localized residual stresses in both steel and aluminum alloys.

Key Words : Fracture, Finite element simulation, Residual stress, Steel, Aluminum
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Development of process and investigation of mechanical
properties for nanotwinned nanoporous gold

Eun-Ji Gwak and Ju-Young Kim

Abstract

Microstructural characteristic lengths in solid metals refers to density of defects that determine the mechanical
properties of materials including grain size, twin spacing and initial dislocation density. Nanoporous gold (np-Au), which
has large free volume and irregular ligament size and porous structure, shows different deformation behavior from solid
metals, nanopillars and nanowires with regular cylindrical shape. Thus, effect of microstructural characteristic length in
np-Au would be act differently and it should be reconsidered.

Np-Au is synthesized by dealloying process, where sacrificial Ag in precursor alloy is selectively etched leaving Au
adatoms and they make interconnected open-cell structure. We develop fabrication techniques of np-Au with
nanotwinned structure by controlling internal microstructure of Ag-Au precursor alloy. Microstructures of each samples
are investigated using electron microscopes before and after dealloying. We investigate correlation between process
conditions and microstructure in np-Au comprehensively. Also, mechanical properties of np-Au with different
microstructure are measured by nanomechanical tests such as nanoindentation and in-situ tensile tests.

Key Words : Nanoporous gold, internal microstructure, nanotwin, nanocrystalline, in-situ tensile test

1. ME
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[1] Gwak, E. J., Jeon, H., Song, E., Kang, N. R. & Kim, J. Y. Twinned nanoporous gold with enhanced tensile
strength. Acta Mater. 155, 253-261 (2018).

[2] Gwak, E. J. & Kim, J. Y. Weakened Flexural Strength of Nanocrystalline Nanoporous Gold by Grain Refinement.
Nano Letters 16, 2497-2502 (2016).
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Figure 1. (a), (b) TEM images of nanotwinned nanoporous gold. (c) Ultimate tensile strength distribution of
nanoporous gold specimens with different microstructures
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Effect of Friction on Material Flow in FE analysis of
Al Piston Forging Process

S. W. Lee, M. S. Jeon, J. M. Lee

Abstract

dutd o7 FEAA{EANE o] &3 dFrFe I3 dx2FgY A TT AIEL LA g |
Yol o3 &&Fo] B LA 5o A HAEFste] FEHoR viEs FUHE 4 v olEgh
218 AT A dutdoz AgHe dA vpRxAE FF HAAYde o RAREE dS5glt
mEbA 2 ATE R g gl dxdNdA AA RAFES TEE ¢ dv AAS nExAas
EE37] S8 FAHJT. et AAREet vz ok dxFgse] FaAEo gxAshs
AAsL7] g PR E AJEAJTE HEH o2 AN FEAAS Heeta S AAs] A3 37
A o 7FEHHe 27IAH gk dFujE g IAE APGAES 5T A EFvE I
2E dxd|AoA] uhEe WP S gle o FEeh wpEo] FUlete JAREELS uigf 15 ~ 180t} Egh
27 NS 2EFY AT A9 S84 XY gdgdo] FUrete dxAdss AAT 5 Sl

Key Words : Al forged piston, FE analysis, Material Flow, Process design
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Fig. 1 Skirt shapes of Al piston for different frictional Fig. 2 Comparisons of forging test and simulated
coefficients in FE simulations results
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Study on Life Improvement of Fine Blanking Die according to
Mold Material

D. H. Park, J. B. Kim, S. M. Kwon, H. J. Kim, H. H. Kwon

Abstract
Plate parts for VCT engine are composed of inner plate and outer plate and are required for wear resistance. Among
them, outer plate parts are researched to improve the life of the fine blanking die according to the mold material by
applying fine blanking technology of thick plate.

Key Words: Life Improvement, Fine Blanking Die, Mold, Outer Plate, VCT Engine
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|£ gralo] mol EWZ J|=8 ME5101 28 Mo wE mel S3E 2
PO X shet,

2. Al ud
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[1] D. H. Park, H. H. Kwon, 2016, Study on the Manufacturing Technology of 2-Cavity Fine Blanking Seat

Recliner Die with Minute Module of Accurate Gear, Journal of the Korean Society of Manufacturing
Process Engineers, Vol. 15, No. 2, pp. 22-30.

[2] D. H. Park, H. D. Kwon, H. H. Kwon, 2019, Development of Cam Ring Gear Parts of Large Diameter for
Truck Clutch Using Hot-Cold Complex Forging Technology of Small Bar, International Journal of
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Fig. 2 Pocket punch for VCT Inner plate parts

Fig. 3 Pocket shape blank for VCT Inner plate parts
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Application of patchwork blank to B-pillar in hot stamping
for weight reduction and crashworthiness

J. H. Kim*, B. M. Kim?, D. C. Ko*

Abstract

Recently, in order to achieve weight reduction of car body and crashworthiness, hot stamping process has been applied
to manufacture automotive part with patchwork blank. However, design of the forming process of patchwork blank is
difficult in comparison to conventional forming process because of local thickness variation.

The objective of this study is to application of patchwork blank to B-pillar for weight reduction and crashworthiness in
hot stamping process. First of all, topology optimization was performed to determine shape and thickness for patch and
spot-welding position. Subsequently, the initial blank for patch was determined by inverse approach in order to make the
deformed contour coincided with the target contour. After the determination of initial blank, FE-simulation for hot
stamping is performed to modify spot-welding position for prevention of stress concentration and gap between patch and
master blank by springback or thermal distortion. Finally, experiment of hot stamping and drop test were performed to
verify effectiveness of patchwork blank.

Key Words : Hot stamping, Patchwork blank, B-pillar, Light-weighting, Crashworthiness
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Tool selection in friction stir spot welding process
using bonding criteria

D. S. Jo, J. H. Kim

Abstract
The objective of this study is to select friction stir spot welding (FSSW) process tool using bonding criteria used in the
porthole die extrusion. As mentioned in the literature, using pressure-time criteria and verified that it is applicable to the
FSSW process. Experiments were performed on various process parameters, various tool geometries and dimensions, and
the bonding strengths were measured using a lab-shear test. Also, Finite element analysis (FEA) results were used for
bonding criteria. Using the results, it was confirmed whether the bonding was, and also the degree of bonding. As a result,
it is possible to select a tool with best degree of bonding in FSSW.

A

Key Words : Friction stir spot welding (7} 2237 -8-7), Bonding criteria (71 3F7152), Aluminum alloys(257] &
&), Bonding strength(7d &7+ &)
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Joining by Forming for CFRP-Metal

C. J. Lee, D. C. Ko, D. H. Kim and B. M. Kim

Abstract
Joining by forming is a technology that makes geometrical interlocking at joint materials using their plastic
deformation characteristics. It has been developed as one of typical joining technologies for multi-materials designed
automotive body. With the recent applications of CFRP component, the joining between CFRP-metal is an issue in the
development of lightweight automotive body. In this study, the recent joining technologies by forming between CFRP-
metal is introduced with their applications in automotive body.

Key Words : Joining by Forming, Multi-Material Design, CFRP-Metal, Lightweight, Mechanical Joining
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(a) Clinching (b) Friction stir clinching (c) Self piercing rivet
Fig. 1 Geometrical interlocking shapes of CFRP-Metal joining technologies by forming
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A Development of Longitudinal and Transverse Springback
Prediction Model Using Artificial Neural Network in Multipoint
Dieless Forming of Advanced High Strength Steel

M. J. Kwak, K. T. Park, J. W. Park, B. S. Kang

Abstract

The need for advanced high strength steel (AHSS) forming technology is increasing as interest in light weight and
safety of automobiles increases. Multipoint dieless forming (MDF) is a novel sheet metal forming technology that can
create desired longitudinal and transverse curvature in sheet metal. However, since springback becomes larger with high
strength metal such as AHSS, prediction of MDF having curvature in two directions is more difficult. In this study, a
prediction model using artificial neural network (ANN) was developed to predict springback that occurs during AHSS
forming through MDF. In order to verify the validity of model, goodness of fit test was performed and compared with the
conventional regression model. The data required for learning were obtained through simulation, and further random
sample data were created to verify the prediction performance. The predicted results were compared with the simulation
results. As a result of comparison, the prediction of ANN based model was more accurate than by regression analysis. If a

sufficient amount of data is learned, the ANN model will play a major role in reducing the forming cost of high-strength
steels.

Key Words : Multipoint Dieless Forming, Artificial Neural Network, Numerical simulation, Spring Back, Comparative
Study
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Analysis and Design of Multi-pass Wire Drawing Process

S. K. Lee, B. M. Kim, D. H. Kim

Abstract
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Key Words : Multi-pass Wire Drawing, Process Analysis, Process Design, Residual Stress.
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Trend and Technology of Ring Rolling Process

K. H. Lee, B. M. Kim

Abstract
Ring rolling process is a general metal forming process for manufacturing seamless rolled ring products with
circumferential grain flow and accurate dimensions. Most recently there is an increasing commercial interest in profiled
rings manufactured directly by plastic deformation instead of machining. Process design of ring rolling was based on
mainly on experience or trial and error. It is necessary to derive an advanced feasible forming condition, to develop a
design method for intermediate rolls, and to develop a control method of centering rolls for ensure the process stability
during a radial-axial ring rolling process.

Key Words : Feasible Forming Condition(%] §/d 3 %-71), Control Method for Centering Rolls(A1E1®™ & #l|o]3),

Design Method for Intermediate Rolls(Z3+ & “d A5), Multi-stage Profile Ring Rolling Process(t}
Fd B ddTA)
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Optimization of Leg Rehabilitation Exoskeletal Robot Frame

H. I. Park, K. S. Ha, D. H. Park, H. D. Kwon
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Table 1 Result of Structure Analysis

Case (Degree) 1(90 &) 230 k) 3(45 k)
Max. Stress Part Waist Frame Bottom Frame

Max. Stress [MPa] 71.14 58.16 81.98
Max. Deformation [mm] 0.14 0.17 0.23
Min. Safety Factor 3.93 4.81 341
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Development of Cold Forming Process for Productivity
Improvement of Actuator Ball Nut with Complex Shape and
High Strength

Y. H. Lee, M. C. Park, M. C. Kim, M. S. Joun, B. M. Kim D. H. Kim

Abstract
In this paper, the optimal process design method for cold closed forging of ball nuts was presented using DOE(Design
of Experiment), and the AFDEX optimization program. The design variables applicable to the actual site were selected
for the height of the protrusion, upper curvature of the projection, and lower curvature of the KO(Knock-out) pin and
applied the above variables to the DOE and AFDEX optimization program to optimize the cold closed forging process.
Finally, the optimal shape of KO pin was decided by analyzing the filling of cavity for each combination of design
parameter.

Key Words : Cold-Closed Forging(*d7F =4 =), Difficult-to-From Shape(tH4 &8 &), Design of Experiment(2
& A EW), Optimization(Z] 2] &}
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Table 1 Design variables and levels

Variables Level 1 | Level 2 Level 3

Height(mm) 4 6 8
T_Round(mm) 1 2 3
B_Round(mm) 1 2 3
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Design of Multiple-Reduction Die to improve
of tube drawing process

J. H. Kim, B. M. Kim, D. C. Ko

Abstract

Drawing processes have been applied to industries worldwide by employing several new solutions. For the drawing
using conventional dies in tandem, it is well-kwon that the deliberate application of back-pull can contribute to the
improvement of die life and reduction in die load. To control the residual stress of pipe, a plug is acceptable in tube
drawing process usually.

In this study, the tube drawing process using Multiple-Reduction Die(MRD) was presented. A die set of the MRD
consists of two die tip and lubricating equipment between die tips. The effect of the MRD on drawing load is evaluated
by numerical analysis. The finite element analysis of tube drawing process with the MRD, which reduction of first die tip
is 10% and 90% of total reduction, was performed. Under same total reduction area, it was indicated that the drawing
load of tube drawing process with the MRD is reduced than drawing with single die. In addition, pressure was applied to
the tube surface through a lubricating equipment. Longitudinal and hoop residual stresses of non-pressurized and
pressurized cases were evaluated. To verify the result of numerical analysis, experiments were also conducted using a
drawing machine. In the experiments, the intensity of residual stress was evaluated by a slitting method where the tubes
were divided into eight pieces by slitting every 45 and the displacements of the tube ends were measured.

Key Words : Drawing process, Multiple-Reduction Die(MRD), Drawing force, Residual stress
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Design of Multistage Drum Clutch for Automatic Transmission
by Roll Die Forming

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

Abstract

The roll die forming (RDF) process is one of manufacturing technique for producing gear parts. In the RDF process,
there is an advantage that a productivity can be improved in forming gear parts on a die set with rotational rolls. Highly
productivity, low forming load and improved tooth strength due to without cutting grain flow have been shown to be the
benefits of the RDF process. However, it is difficult to fill corner area and satisfy dimensional accuracy of the tooth
shape. The dimensional accuracy of final product depends on the design parameters of each process, such as the blank
thickness, roll diameter and clearance between roll and mandrel. Therefore, it is required to evaluate the effect of design
parameters on the dimensional accuracy. In this study, the RDF process was applied to manufacture the drum clutch,
which is a gear part with multistage tooth. A finite element (FE) analysis was performed to predict corner filling and
dimensional accuracy of the tooth shape. The design parameters for each process were evaluated analytically to design a
multistage RDF process. Thus, these parameters were determined using multi-objective Taguchi method based weighted
grey relational analysis to satisfy both corner filling and dimensional accuracy of the tooth shape. In addition, the effect
of parameters was investigated by the ANOVA. Based on the result of FE analysis, an experiment was performed and the
dimensional accuracy of the final product was validated.

Key Words : & tlo] 37 (Roll Die Forming), =3 & &]X](Drum Clutch), -3+.2 234 (Finite Element Analysis),
21 & 7] 8 ¥ (Design of Experiment)
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Finite Element Analysis of Weld Zone Behavior during Deep
Drawing of Advanced High Strength Steel Tailor Welded Blanks

Y. C. Hur, J. B. Jung, D. Y. Kim, B. M. Kim, C. Y. Kang, M. G. Leg, J. H. Kim

Abstract

Metal sheets used in automotive structural parts require varying stiffness. To meet this problem, Tailor Welded Blanks
(TWB) are made by welding advanced high strength steel sheets with different stiffness. This TWB forming has a
complicated deformation behavior due to the weld zone created by welding. When analyzing the molding of the TWB,
most of the analysis is performed by considering only the properties of two plates without considering the influence of
the weld. However, the movement of the weld is simulated differently from the actual one. In this study, the deep
drawing of TWB was simulated in consideration of the weld properties. The mechanical properties of the weld zone were
measured and applied to the finite element model using the digital image correlation system. As a result, it was confirmed
that the finite element analysis considering the properties of the weld zone showed the weld line motion similar to the
experiment rather than the finite element analysis without the properties of the weld zone.

Key Words : advanced high strength steel, tailor welded blank, deep drawing, digital image correlation
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Artificial Neural Network Based Optimization For Deep
Drawing Process

K.T. Park!, J.W. Park?, M.J. Kwak!, B.S. Kang*

Abstract

Optimization method has been widely applied in sheet metal forming process. However, classical optimization process
is computationally expensive and time consuming. In order to tackle this problem, we select artificial neural
networks(ANN) as a surrogate model to predict behavior of sheet metal in deep drawing process. To search global
optimum point in the ANN Model, particle swarm optimization(PSO) algorithm is used. Thickness variation is selected
as an objective function to improve workpiece feasibility and wrinkle limit curve is selected as a constraint. Input
variables are radius of die, punch and blank holder force. These input value plays an important role in deep drawing
process by determining the material flow at flange. Excessive flow may lead to wrinkles within the blank, while an
insufficient flow can result in rupture. Output variables are thickness value and logarithmic in-plane principal strain.
Initial design parameter samples were selected randomly. Until the difference between ANN model outputs and finite
element method(FEM) outputs in optimum point is under tolerance, new sample is added. The result shows that ANN

model can find optimum point well and reduce the number of time consuming FEM simulation in deep drawing
optimization process.

Key Words : Deep drawing, Artificial neural network, Surrogate model, Particle swarm optimization
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ZHM Nquyan Phu van®*, Nquyan Phu van?, Quoc-Tuan Pham?
evaluation of forming limit curve using new yield criterion

Y. S. Kim, Nquyan Phu van, Nquyan Phu van, Quoc-Tuan Pham

Abstract
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LBM-CA simulation for dendrite growth in solidification
process of binary alloy

W. J. Lee!, Y. H. Jeong’, S. H. Kang?, H. W. Lee?, J. W. Lee?, J. H. Yoon*

Abstract
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Key Words : Microstructure; Lattice Boltzmann method (LBM); Cellular automata (CA); Dendritic growth;
Solidification; Computational analysis; Fluid flow
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Uniaxial tension experiments with an open source DIC package

M.Y. Joo", J.S. Lee™, M. J. Lee™, Y. Jeong”

Abstract
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Development on Fire Endurance Structural Model and Stress Analysis of
Fire Steel Door

S. J. Jeon

Abstract

Fire resistance of the construction material is traditionally measured by the fire resistance test method in according with
the international standards, i.e. 1SO 834-1, ASTM E119 and KS F 2268-1, etc. In fire resistance door test, a full-scale door
test is fitted into a standardized furnace for testing and then the test report is issued to ensure how long the door can resist
the fire. In realistic, these tests, however, have problems with expense, time and diversity of structure. This study reviewed
fire resistance performance of fire steel door by heat transfer and thermal stress analysis using finite element ABAQUS
program. The numerical analysis results showed that the preliminary thermal structural evaluation of fire resistance for steel
fire door would be feasible. This research is for the performance-based design reviewing applicability of domestic standard.
Fire time-standard curve, specific heat and conductivity of material were applied for numerical analysis. As a results of the
study, thermal properties per each limit temperatures provided for proper performance of fire steel door.

Key Words : Fire Steel Door (% 3}i-), Heat Transfer (& 4 &), Thermal Stress (& -&-2), Fire Time-Standard Curve (33} A4] A =),
Numerical Analysis (5=*]3l14), Specific Heat (¥] &), Conductivity (& 1= £)
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Fabrication and evaluation of brazed plate heat exchanger using
thin Ni alloy filler

Dongjoon Myung, Jun Ha, Myoung-gyu Lee

Abstract
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A Study of Ni-based Superalloy Hot-Forging Properties to
Manufacture for High Efficiency Turbine Rotor

Y. D. Kim#, J. W. Kim!

Abstract
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A Study on the Thermal Performance of Lightweight Break
Discs

S. M. Lee, B. C. Lee, B. J. Kim

Abstract
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Application of a Surrogate Model to Acquire Parameters in
Cowper-Symonds Constitutive Equation

M. A. Woo, J. Kim

Abstract

In this paper, to obtain the high-strain rate material properties of Al 6061-T6 in electrohydraulic forming process, material
parameters in Cowper-Symonds constitutive equation were estimated by using surrogate model based on the reduced order
model and artificial neural network. To create surrogate model, numerical model of electrohydraulic forming process was
constructed first. From the specific range of two parameters in Cowper-Symonds equation, training samples were extracted,
and the numerical simulation was performed for these samples. To reduce the order of the deformed shapes of the sheet
metal in numerical results, reduced order model was created by two basis vectors extracted from principal component
analysis. The weighting coefficients for the basis vectors at different parameters were estimated by a surrogate model based
on an artificial neural network. By calculating the error between the results of experiment and the surrogate model, the
optimal parameters for Al 6061-T6 were found. The reliability of the parameters was also validated by comparing the LS-
DYNA numerical model, the surrogate model and experimental results.

Key Words : Material property, Cowper-Symonds, Surrogate model, Electrohydraulic forming
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Finite element Simulation of forging process with local heating
for manufacturing automotive ball stud

D. H. Lee, S. J. Min, D. K. Kim

Abstract
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Figure 1.Forging Design
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Effect of annealing condition on the texture evolution
in Al-1wt%Mg alloy

Abstract
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Abgol STkl FAM ot E AFdAE Al-lwtveMgdE s A1 WIEFA(cold rolling) Al HLD‘&#

3 3% ] (deformation texture) 2} A= ZAol whE wA 22 2 24 A3 332 (recrystallization texture)
2 AFEHY. FEFEFR T g Aot rolling) &2 AZFE Z7] F717F s5mmel Al-1wt%Mg
a5 & HohE 80%= A 1mm= WiktAsith WigdE Al-MgA Fee] AAR Ass dEs
g Hxoz dAEE 3500 Cof 450 ColA vk Algrol A Sasl . vlAZ 4 =7](Vickers
hardness)E ©]-§-3sfo] =%k B A3t A3 A5 Frhersith Al-lwteMgdt e Aol Wd 2 424
Hetz2S X517 9sia st Giu]ﬁ(optlcal microscope, OM), XA 3] A (X-ray diffraction, XRD) = A
=3 FAbA 213 1) A (field emission scanning electron microscope, FE-SEM)ell 4-2+¥l A 1} 3 1kak2+3] A (electron
backscattered diffraction, EBSD)7| ¥ & 2838131t}

Key Words : Rolling, Microstructure, Texture, Deformation, Recrystallization,
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Development of high-strength automotive body parts using roll
forming process

D. K. Kim, C. H. Lee, W. S. Sim, Y. K. Kang

Abstract
A recent car parts trend is to use high performance and high strength steel in light of stricter environmental regulations
and a fuel-efficiency improvement. Accordingly, high strength steel and forming technology have been developed. Roll
forming process used in this study is a technology with a constant section and it is used to fabrication car body part products.
In the current study, pass design method based on strain distribution was proposed by considering the longitudinal strain
during the roll forming process. The feasibility of proposed method has been estimated through the fabrication of automotive
side sill. On the viewpoint of the shaping accuracy and process stability, the proposed method based on strain distribution

is proved to be useful in the process design of roll forming process.

Key Words : Roll forming, High-strength steel, Side sill, Longitudinal strain
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Roll forming process design of the architectural frame by Finite
Element Analysis

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

Abstract

In the field of building business, there is a tendency to gradually increase the size of simple structures for the purpose of
enhancing efficiency, and accordingly, the level of demand for the advancement of structural safety capability of buildings
is also increasing. In particular, in the case of high-rise and large-scale buildings, standards for disaster safety, such as fire,
are gradually being strengthened around the US / EU. Therefore, the development of curtain wall products for building
using high-safety fireresistant steel materials is being studied. The roll forming process is a part forming method using
continuous bending, and is a process of passing a material through a continuous forming roll to form a part having a desired
cross-sectional shape. In this study, the roll forming optimization process for manufacturing steel curtain wall for building
and the process analysis for roll design were carried out by Finite Element Analysis.

Key Words : Roll forming, High-safety fire-resistant steel, Architectural frame, Finte Element Analysis(FEA)
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Roll forming process Analysis of Automobile Body Parts

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

Abstract
In recent years, vehicle parts using high strength materials have been developed to lighten the vehicle weight and improve
impact resistance in the automobile field. Among the car body parts using high strength steel, the side sill is mainly produced
through the roll forming process. The roll forming process is a part forming method using continuous bending, and is a
process of passing a material through a continuous forming roll to form a part having a desired cross- sectional shape. If the
material has high strength, problems due to the forming load may be caused, such as device breakage or dimensional
accuracy degradation. In this study, the problem of the side sill forming process was predicted through FEA and the process

design was carried out based on this prediction.

Key Words : Roll forming, High strength steel, Side sill, Finte Element Analysis (FEA)
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Development of Hybrid Gear by Analyzing Behavior of Hot
Forming FRP Material

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

Abstract
For automotive FRP (Fiber Reinforced Plastics), represented by carbon fiber reinforced plastics has been widely applied
in recent years and is gaining attention as an essential component material in certain industries. For the purpose of reducing
the body size and reducing CO2 emissions due to the demands of environmental regulations and energy efficiency
improvements, various car manufacturers apply composite materials including carbon fiber. In the automotive parts industry,
engineering plastics are applied to dashboards, center fascia, etc., but the application of engine and transmission gears is
rarely used except for a few materials. In this study, hybrid gear development was carried out by analyzing the behavior of

hot forming of FRP material.

Key Words : FRP(Fiber Reinforced Plastics), Hot Forming, Hybrid Gear
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Prediction of Effective Strain in Drawn Wire

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

Abstract

MAFAGL oloE 0431 Mol tholo FIHAIA st AAY HE oo g Axde 2VME F
Aolth, Al Al gfo]ole] FHEFA AlA thole} AHAR HEo=R A Ho] ASHA dAdt. wEkA, F
Aol FHEol W 7L A A 4, ARt o R FARRT pEfe %' F*Ol Adigo s g,

2 Aol = AlA Al SR R MY AfolE HIksHr] 9 }04 H sfolo] THe Fa
HEE oF 2A8 A Ate ZHS o] 835le] AAME golof] Lé < HUtsigl o,
e sslds Fal 2 etEdAdS Hrrelith 1 Ay, o Sada %tﬂ'g—ﬁ\_—sﬂ}%g“’} 7F frAreE #hs o
S ¢ 4 Ay &% A8 AF5S T dF Bdo BEAS FUF 2458 AlEelt.

Key Words : Drawn Wire, Effective Strain, Prediction Model, Finite Element Analysis.
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Fig. 1 Strain prediction model Fig. 2 Comparison of effective strain (prediction model vs FEA)
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Study on a Press Joining Process for Multi-material

I. K. Lee, S. Y. Lee, M. S. Jeong. Y. J. Cho, K. J. Cha, B. J. Kim, W. G. Joo, S. K. Lee

Abstract
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Outer : aluminum

Inner : steel

Fig. 2 Evaluation of joining force
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A study of evolution microstructure and mechanical properties
in P92-HAZ of IN740/P92 dissimliar weldment during creep
interrupted test

Abstract
A g8 dHE AAEE NiAl 2UHE &g, L2HUoEA 22~ 9 3L Crido] tixd oz A}
|53 Yot AAAHL] o] A E2 2% FGoA= Ni e 2 L2HUoEA 2HAZRE A}

3l ool
&3, didor we 2% Cr & AREStaL Utk W Al2=gle o]F9] LA7F A&
Holl wep o]F&HE FFA |5 ok ® dFelAME Yz ST APS FEA
TIG(tungsten inert gas) &7 % IN740H/P92 ©]&-&5 52| Type IV it Eo| RA3I= PI2-HAZ A WA Z=2]
2 7IAA B4 WskE EA48kaL Type IV o] WAss Q1S olsfistalzt sFQIT IN740H/PI2 ©] F
|HEZ 760 ColA 2417 Bot $AAYES 8319 21, CGHAZ(coarse grain heat affected zone), FGHAZ
I(fine grain heat affected zone), FGHAZ 11$} BM(base metal) & 47§93 o & po2S FEatt I A3 &
625 C9] 130 MPacll A 7} FE] 3 AJgS 2Asiglon, vl 421 tiH] 50%, 70%, 90%%} et A]Ho|
g E4e AxstEth A8 AlY FoF nAzZ] Ww3lE £4317] 28l OM(optical microscope)
o] 838lal, MEES AFHoZ #4357 34 FE-SEM(field emission scanning electron microscope)}
TEM(transmission electron microscopy)®] EDS(energy dispersive spectrometer) 7|38 &85} t}. EBSD(electron
backscattered diffraction)= 7S o] &3to] AARY A7), AZAR B& 2 7do] HAsE IS BAe)
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Key Words : Creep, Welding, Microstructure, Precipitation, Hardness
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Plastic deformation behaviors of SUS 304 at low and warm
temperature and a mathematical model

M. K. Razali, J. B. Park, M. S. Joun

Abstract
In this paper, plastic deformation behaviors of SUS 304 material are revealed from experiments of compression test at
low and warm temperature ranging from 100°C to 500°C and some sampled strain rates of 1.0/s, 5.0/s, 10.0/s and 20.0/s.
The stress-strain curves experimentally obtained showed a good pattern, indicating that non-negligible effect of temperature

on flow stress at low and warm temperature range can be observed. A simple and practical mathematical model is proposed

to describe mathematically the effect of temperature on the flow stress in terms of two parameters for the SUS304 material.

Key Words: SUS 304 (SUS 304), Low and Warm Temperature (4> 2 < <), Cylindrical Upsetting (2 & QA H),

Material Model (] & @)\
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Acquisition of metallurgical material constants and their
application

S. W. Kim, M. Irani, J. B. Byun, M. K. Razali, M. S. Joun

Abstract
Material constants of the equations for modeling the kinetics of dynamic recrystallization (DRX) and the grain size are

obtained in a practical way. The constants of kinetics equations are acquired from the flow stress-strain curves at different

temperatures and strain rates. A two-stage hot forging process is employed to extract the constants for the grain size equation.
A set of equations required for the modeling of the DRX are presented for S45C steel. The equations applied to predict the
grain size and kinetics of DRX during the two-stage hot forging process.

Keywords: Dynamic recrystallization (%54 A 2 73), Grain size (2% =.7]), Material constants (| & <)
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Heat Transfer Analysis of Metal Forming Process with Cooling
Channel

J. G. Eom, M. S. Joun

Abstract

In this paper, a practical scheme of predicting temperature of the die having cooling channel is presented. In the present

scheme, the environmental temperatures at the nodes on the die surface inside the channel are assumed as the same with

the coolant temperature which is fixed in this study. The die is modeled reflecting the cavity for the cooling channel and the

coolant, that is, the channel shape used to check the contact condition with the coolant is defined as an artificial die part of

actual channel shape. During finite element analyses of temperature, the cooling channel is excluded and the heat transfer

is calculated using the given heat transfer coefficient between the coolant and die surface inside the channel. A simple

example is given to show the function.

Key Words : Heat Transfer (& %1 2), Cooling Channel (*87+ &
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Effect of pre-strain on mechanical properties for W-tempered
aluminum 6xxx

C.H. Oh', Y. M. Choi!, H. K. Jin?2, M. G. Lee*

Abstract

Recently due to arising significance of lightweight capability, aluminum which possess higher strength-to-weight ratio
than conventional steel have drawn attention as an alternative material. As one of high strength series of aluminum alloys,
aluminum 6xxx is widely used due to medium strength with good corrosion resistance. Using additional heat treatment
such as W-temper is used to enhance the formability than conventional cold forming. W-temper, composed of applying
solution heat treatment(SHT) followed by water quenching and cold forming, have advantages of cold forming, while the
strength needs to be recovered by additional aging processes such as natural aging and artificial aging. Three kinds of
pre-strain immediately after water quenching are conducted to depict the forming process. This study aims to measure the
mechanical properties to investigate the pre-straining effects on the aging response in W-temper process.

Key Words : aluminum 6xxx, w-tempered forming, pre-straining effect, mechanical properties
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Prediction of tool life in Tripod-Housing warm forging process

S. H. Ji*? K. H. Jung? S. S. Lim*? C. D. Cho*

Abstract
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A Study on the Optimum Shape and Performance Evaluation of
Lightweight Brake Discs

S. M. Lee, B. C. Lee, B. J. Kim

Abstract
H olar7b Ha v Asake] AvlatA]l 2 0 #iETAl T A Al dl-&3tr] gk thde =
5o M= g}, olF A %%@1 A Fis AL e A=A sheRe] Unsprung mass
o] AgstE GAStH dv s 9 WiEvE AREAE 45 7 don, ARUtE 2 AT A=
A a98 23 ¢ ot E A SAR Y 23S PFHA7IEY oE Bl "o E 9
TAAE 7|E 354 dAE Bdeld vy gy %% iy ok 10% °]’d HA3H

AWk,

3 A% &
TA 4 two piece B0l YA AR HA FY =L 9 ﬁ?—%’—
= o] whzho] <& A
o

. H H

A7olA W ofe 15“‘11 %ZH %‘?Q two piece H]o]

e b_ 2] ?‘%%ﬂr Ad == AR ?'EH(HAT
Folx St Pﬂvz‘ﬂé Xﬂ A

thermal/structural analyms% |

2 HZEE Fal FENol oaf =9 HA 2599 A4y ¥

=

Key Words : Brake Disc, Clinching, Sheet Forming, Light-Weight , Unsprung mass, Spline Shape

] HEy UYL E SeHa

]
i
- i

|

- Cl23 ¥ B2 : Max. 463.08°C(H| & 5) / Min. 98.433°C(8)
- 7I1E 28atel 20| : 3.15mm - Y-C|A3R E30) Q)3 HF Al HHAH

2IE

-

- Cl2a3 @ £X : Max. 444.36'C(H| &%) / Min. 121.19°C(%H)

»#-CIA30 YZUH S8 £ ASE FUSE B4 B K
-4 AB2tel Zo| : Smm - #-Cl23M S30f o3 A1H A HEH SHELTL B2 B 58 4R
2= 224 59

Y
%4, E-mail:bjkim@kc.co.kr

230



Ctx A2 &8 TERMINAL-BATTERY HE®2
HE 3 A

gy dFel' - YI|F - ol - Yng!

Design development of Terminal-Battery Nut
Optimized by forging analysis tool

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

Abstract
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Key Words : Cold Forming Process, Forging analysis tool ( AFDEX ), Flange bolt type blind hole nut
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Development about Injection Mould of Thick-wall Cosmetic
Container having Conformal Cooling Channel through Laser-
aided Direct Metal Tooling (DMT) Process

J. S.Han, M. J. YU, M. G. Leg, Y. S. Lee, Y. J. Cho, J. H. Sung, K. J. Cha

Abstract

The rapid and uniform cooling of injection mould in injection molding is directly related to the productivity and
quality of the product. Research on conformal cooling channel is being actively carried out to increase cooling efficiency
of moulds. In this study, conformal cooling channels for injection mould for cosmetic containers were manufactured
using DMT process. After machining the cooling channel in mould, the coupon cover the channel and it is manufactured
on top. In order to avoid interference with the nozzle, 2 cavities were divided into 6 parts, stacking them, and then
connecting them by manufacturing. After manufacturing, for excellent surface illuminance of container, annealing
process and mirror surfacing finishing is conducted. Through this process it is confirmed that cycle time is reduced and

excellent surface illuminance.

Key Words : Conformal Cooling Channel (3734-8-3 d7}2]'d), Injection mould core(A+& = & 1), Direct Metal
Tooling (2 H5%%3), Injection Molding (A+&41 &)
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Fig.2 Manufactured mold cores by DMT process

Table 1. Processing condition of DMT process

Process parameter Units Value

Laser power W 300~480

Feed rate g/min 55

Scan speed m/min 0.85

Gas flow rate L/min 8

Slicing layer height mm 0.25
2.3 AIE
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Fig. 3 Developed injection mould

234

FO |0 St o 0> HI EL Huorr

(1]

(2]

lo

nr e g HH
H
N
-
3
=
HH
ro
Py
(e»)

4 1"
MY ol

110.24sec=
stol &Y,

N

N
I~
pall
=

0z
™ OH

B T2 4 mo
2 1o
mo 1M

o dopimk 43 M

o
N
gk

ok Q@ om 2 ok o2 mo [0 A

I
0o >0 ﬂJlﬂJ

R 0

Ahn, D. G. Park, S. H. and Kim, H. S,
“Manufacturing of an Injection Mould with Rapid and
Uniform Cooling Characteristics for the Fan Parts
using a DMT Process,” International Journal of
Precision Engineering and Manufacturing, Vol. 11,
No. 6, pp. 915-924, 2010.

Kim, W. S., Hong, M. P, Park, J. S., Lee, Y. S. and
Cha, K. J, “Case Studies on Applications of
Conformal Cooling Channel Based on DMT
Technology,” Journal of the Korean Society of
Manufacturing Process Engineers, pp. 9-14, 2015.



leItBolA o|FEE5HS oA =Mool E d¥5Sd A+

A Study on the Plastic Characteristics of Core Materials in the
Bi-metal Drawing

H. Y. Jeong, E. Z. Kim, D. J. Yoon

Abstract
It is difficult to manufacture bi-metallic materials that can combine characteristics of different materials and produce
complementary performance. In this study, the plasticity characteristics of the drawing of bi-metal were recognized by
analyzing and organizing the effect of various material information used in the drawing of the bi-metal on the thickness
change of the core and sleeve.

Key Words : drawing, bi-metal, core, sleeve, material properties
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Finite element analysis of hydroforming process for double
layered tube

Y.S. Lee, M. G. LEE, E. Z. Kim, D. J. Yoon

Abstract
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Key Words : Tube Hydroforming(F 2. }o] =2 1), double layered tube(®] % E.), finite element analysis(-3F&
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A Study on the H/W Forgeability of AL Hot Forging Process

M. W. Kim?!, J. H. Park? J. I. Park®, Y. W. Yoon*, D. J. Lee"

Abstract
To predict forming limitation about “H” shape which is representative in AL hot forging process, length of the product
which ignore effect of the material exiting with flash was selected. The H(height) value was fixed and the W(width) value
was varied, and the H/W ratio was designed in four stages. The FEA was performed with the designed model which allowed
us to analyze the material flow and confirm the material flow to predict the forming limit.

Key Words : AL, Hot Forging, Forgeability, FEA, H Shape, H/W, Friction effect
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Table 1. H/W grade material specification for FEA

Project Area Volume
HW | Finisher | Blocker | 2Xf |Finisher|Blocker | , o
mm2) | (mm2) | = | (mmy) | (mmy) | T
A 1,647 2,603 |® 59 | 2E+05| 3.E+05 | 56%
B 1,587 2,512 |® 58 | 2E+05| 3.E+05 | 56%
C 1,467 2319 [® 56 | 1.E+05| 3.E+05 | 56%
D 1,382 2,188 |® 54 | 1E+05| 2E+05 | 56%
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Prediction of Cold Former Process for Rotor Shaft by using FEA

J. I. Park, M. W. Kim, D. J. Lee

Abstract
Shaft Rotor is a component of Rotor Shaft Ass'y. It is the main item that transmits power from the motor to the main shaft
by receiving power through the spline connection of the transmission. In order to develop the shaft rotor, the cold former
process was simulated using FEA, and the FEA resulted in the folding, under fill and the deviation of forming load was high.

Further research is needed to solve these problems.

Key Words : Cold Forging, Former process, Finite Elements Analysis, Rotor Shaft
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Effect of Strain Accumulation on Microstructure and Tensile,
High Cycle Fatigue Properties of Severely Deformed
Hypereutectoid Steel Fabricated by Warm Caliber Rolling

K.S. Kim}, Y. K. Kim?, H. J. Kim?, K. A. Lee**

Abstract
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Key Words : Hypereutectoid steel, Warm caliber rolling, Severe plastic deformation, Microstructure evolution,
Mechanical properties, High cycle fatigue
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Figure 1 Microstructure evolution (cross section) of caliber rolled hypereutctoi steel foIIowedby
strain accumulation; (a, €) initial microstructure, (b, f) 38%, (c, g) 57% and (d, h) 81% of
reduction of area.
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Figure 2 Tensile properties of initial and caliber rolled hypereutectoid steels; typical stress-strain curves (left) and
high cycle fatigue properties of initial hypereutectoid steel vs. warm caliber rolled hypereutectoid steel
(right)
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An Experimental and Numerical study on the reduction of
section deflection in Incremental sheet metal forming

K.S. Jung’, C. W. Lee?, W. J. Chung”

Abstract

r 5
fo
o
o,
N
N
L
4
o
o
ol
>
d
o,
4,
2
)
™
S
0
rlo
£
2
il
k1

o ATeME AARAYEE o ate] dBEIFS AP DA SuPSe Adsr] A
AP AFsd. 2AE LFUEAB5)E AHEElal S4E 3DANUE o &gl dHHE S
Agrehs Ao A9 xolo Watet FAREE dPHor T4l
o] d43¥& ABAQUSE Ah&sto] fratasdire sttt HAGPA S E T
Sae S o] &sta AxYu sy DJ%HOM—E AANAAF T2 & o] &3 =3 HE= &i

3k =

g olgste] afAS et AxgF s At Aol HFELS A& s )
91kl 443 Mass scalmgﬁr Penalty contact methodE A}d‘lo}c’f‘i‘r ﬂ«] 43 H“ o7 Ay olo] W3}e}
T A

Key Words: Incremental Sheet Forming, Section deflection, Finite Element Analysis(FEA)

1. Agastrledsta st 71 A0 38 3 8kt
2. Agastrlegsta 7 AN 2= T2l ﬁJ ¥}
# AR A7) Eta ) AN 2= /IT A4R1E 8, E-mail: wjchung@seoultech.ac.kr

245



OlZ#1. ololT . YA HMY . S8 olyT!

A Study on Injection Molding Analysis
for Deflection Minimization of Catheter Grip

J. H. Lee, I. K. Lee, M. S. Jung, S. K. Hwang, D. Y. Park, S. G. Lee, Y. J. Cho, K. J. Cha

Abstract
Residual stresses arise from the tensile stress at the beginning of cooling and solidification and the compressive stress
at a later start. In addition, due to the pressure drop, the near portion of the gate is contracted at a high pressure, and the
contraction increases with distance from the gate. These types of residual stresses cause warpage and deformation of the
product. In this study, finite element analysis was carried out to find the gate design and processing condition for the
decreasing deflection. The deflection of parts was decreased when the pressure in the cavity was divided by the
additional gate and the injection velocity was increased.

Key Words : Warpage, Polypropylene, Pressure drop, Element Analysis, Injection molding
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Item Name Item Data Unit

Mesh Type eDesign

Salid Mesh Element Count 160,568

Part Elements 143,844

Cold runner Element 12,944

Part Dimension 209.85x131.49x18.48 [ mm x mm x mm Cooling Item Data Unit

Mold Dimension 450x450x450 | mim x mm x mm Cooling Time 1150 sec
Mold Open Time 5|sec

| Part Voluma 3598 |cc Ejection Temperature 8a|c

Cold runner Volume 101 |ec Alr Temperature 25|°C
Cycle Time 22.05 | sec

Figure. 1 Finite element mesh Figure. 2. Injection molding condition
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Figure. 3 Melt front time Figure. 4. 1gate-injection pressure
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Figure. 5 Result of warpage analysis Figure 6. Warpage of total displacement
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Prediction of Hot Deformation Behavior of AIS14340

Y. l. Son

Abstract
We investigated the hot deformation behaviors of AISI 4340 steel using isothermal compression tests by Gleeble. We
carried out the high temperature deformation tests with the temperature range from 850 to 1100°C and a strain rate from
0.01 to 10 s%. It was analyzed that the flow stress decreased with increasing compression temperature, but the flow stress
increased as increasing strain rate. Also it was observed that the dynamic softening related to the dynamic
recrystallization during hot deformation. In order to predict the hot deformation behavior depending on different
isothermal temperatures and strain rates, we proposed a constitutive model based on Arrhenius-typed equation using the
Zener-Hollomon parameter and the process map of AISI 4340 steel.

Key Words : Hot Deformation, Constitutive Model, Process Map, AlSI4340
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Design of Porthole Extrusion Process for Aluminum Cowl Cross
Bar

S.Y.Lee, I. K. Lee, S. M. Lee, M. S. Jeong, D. C. Ko, S. K. Lee

Abstract
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A Study on the Multi-stage Backward Impact Extrusion Process
of Al6061 Billets for the Development of Automotive Air
Suspension Parts
H. S. Kim!, W. S. Son?, S. H. Rhim*, D.O. Kim*, K.G Jung®, Y. T. Yun®, J. E. Lee’

Abstract
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Prediction of Fatigue Life of the Metal Sealing Part according to
Charge-discharge of Hydrogen Fuel in FCEV

J. S.Oh, E. S. Han, M. S. Chon, H. W. Lee

Abstract

A metal sealing is utilized to the connecting part between fuel pipes and other parts in order to prevent hydrogen fuel
leakage. The metal sealing induces plastic deformation of the connecting part and is subjected to alternating loads during
700 bar charging (pressuring stage) and discharging (fastening stage) of hydrogen fuel. A fatigue analysis was carried out
with the fastening and pressurizing stage in order to predict the fatigue life. The minimum fatigue life cycle is calculated
to be about 231,000 cycles. Although it is a fatigue phenomenon in the plastic deformation state, it corresponds to the
high cycle fatigue (HCF). The stress on the pipe end during charge-discharge is mainly compressive stress, which would
be increase fatigue life.

Key Words : FCEV(Fuel Cell Electric \ehicle), Low Cycle Fatigue, Charge-discharge, Metal Sealing, Maximum
Principal Strain
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LE, Max. Principal (&bs)

(Avg: 759%)
+1.738e-01
+1.495e-01
+1.253e-01
+1.010e-01
+7.677e-02

LE, Max. Principal (Abs)
(Avg: 75%)

+1.739%-01
+1.496e-01
+1.254e-01
+1.011e-01
+7.685e-02
+5.259e-02
+2.833e-02
+4,078e-03
-2.018e-02
-4,443e-02
- -6.869e-02
-9.295e-02

- -1.172e-01

+5.252e-02
+2,827e-02
+4.019e-03
-2.023e-02

-1.172e-01

(a) (b)

Fig. 1 Distributions of maximum absolute principal strain: (a) after fastening stage; (b) pressuring stage

LOGLife-Repeats

Fig. 2 Distributions of the fatigue life cycles in log scale
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Effect of microtexture for deformation and failure behavior of
flexible copper clad laminate under cyclic bending

Ki-Seong Park*, Shi-Hoon Choi*

Abstract

vl X Z3H(flexible copper clad laminate, FCCL)2] w3l & W& A] Cuzsol P|X& ¥d 2 33
o] A71# Bl mA= AFEE olsfisty] fg 71Ee] Aol W 33 A3 (cyclic-bend testing)
gate] 78] Fe] 7] A (electrical resistance) 597 Cuz ol W H T to] FAAAE AHPH S
#Azslgd on, F-3 4 a4 (finite element analysis, FEA)S o] 83} ubE <33 W3 Al cuzo ¥d A
(deformation behavior) & o]&4 o2 RAFSHIY. 2 23 Cug Wl W& o F(microcrack)e] 3} WAYUS
A2 Y4 (grain boundary, GB) 2 44 A|(twin boundary, TB)¢} 2 mA x4 EA3 D4 o] &
ol g = UATE. Eg WHE F3 Wy A Cusol AsE &Y R WHPE FE (stress/strain
distribution) & o]2x oz ol3g 4 Utk Y #3 = H¥E A cusd AAH F(grain
morphology), GB¢} TB<} &2 wAl %] Edo] Cugol A= vE A 2 Aol vx+= JFe =
t A3 oldalr] YA e 3k MM R VNte R A P s|AS Fadof ) wpEbA 2 ATl
A= EBSD7IHE &83te] cuge ZAAEA WE BAA, AEgHoz EAon, ol nuygo=m
DREAM.3D @-&3lo] 32 mA| %2 (3D microstructure)S 484 &ke] oA 2] & A (representative  volume
element, RVE)Z &-8313lth slA9, 32k FEAES 33l7] & A 3a4d mM 22 7|de] RVEE
283 49 24 F(humber of element)9} Aol H 3 A}F=(Degree of freedom)7} WAl 2 2] &34
9 F7|E wkdsted AEel 71 ALt Alzte]l ST wEkA B ATFdA = 3xkd mAlERE 7)ake]
RVEE 83l 7]& FEAY TGS Bgd 4= gl 4 ol ¥ S(fast fourier transform, FFT) 719+ t}4
7 X (Polycrystal model)S A8-3l4] FCCLY] Cusel mAadstd Wy 9 daAFd v vA-TER

2 (microtexture) 2] J S o] sz} 3ol

off r2
0 = off
[ ofje

o o ol U to X

\

Key Words : Flexible copper clad laminate, Fracture, 3D microstructure, Fast fourier transform, microtexture
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A study on the cross-sectional geometry design for BIS

S.H. Cha, B. S. So, C. H. Lee, J. H. Kim
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A Study on Fatigue Characteristics of PA2200 Polymer Cores
Fabricated by SLS 3D Printing Using Equivalent Stress
Approach

J. S. Park, E. C. Jeong, H. S. Choi, M. A. Kim, E. G. Yun, J. S. Kim, Y. D. Kim, S. T. Won, S. H. Lee
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A Study on Thickness Shrinkage of Injection Molded Parts with
SLS Polymer Core according to the Variation of Runner Size

H. S. Choi, E. C. Jeong, S. H. Shin, J. S. Park, M. A. Kim, J. E. Soun, S. Y. Kim, Y. D. Kim,
K. H. Yoon, S. H. Lee*

Abstract
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A comparative study on pressure history of melt resins and mold
deformation during injection molding using CAE analysis

J.H. Lee!, D. C. Yang?, and J. S. Kim*

Abstract
Aol A= CAE dX S Fal AAEAE 5 93 vl
5inch LGP &3 3} PP(J-150)2 AF&3lo] Moldflowel Al 581418 2laetgl om Aj7hel] we A}
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4
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Key Words : Injection molding, Injection pressure, Mold deformation, Computer-aided engineering(CAE)
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Figure 1. 5 inch LGP mold with tie bar and
platen of injection molding machine
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Figure 4. Pressure at injection location
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Prediction of High Strain Rate Flow Behavior of 7175
Aluminum Alloy Based on Arrhenius-type Constitutive
Equations

D. K. Joung, H. J. Choi, Y. C. Lee

Abstract
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equation(eFel Y -$-2= B} F+432]), High strain rate flow behavior(24 3 A-F)

—_

- = R M i ]
=] R L RN B SR R el i
# WA AR Al E-mail: yeshin@kitech.re kr

Do

261



AL =<1 (=) = — - AL
=2 3D T2 E 232 &2 HIH AFIZE H5 o
OlZA! . Ol R4 O|EIF - O|SS. LM A82. oba. MR F:#

Investigation into the Repair of Damper Shaft using Metal
3D Printing

H.J. Lee, Y.S. Lee, M. G. Lee, D. W. Lee, W. S. Kim, Y. Son, J. H. Sung
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Key Words : 3D printing (3D 22 &), Direct energy deposition (27 2ol U =] 52k -F4]), Repair (2.57) , Damper
shaft (43 AFZE), 3D printing application (3D #H& 3&)
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Fig. 1 Deposition result of damper shaft using DED process
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[1] Schneider-Maunoury, C., Weiss, L., Perroud, O., Joguet, D., Boisselier, D., & Laheurte, P., 2019, An
application of differential injection to fabricate functionally graded Ti-Nb alloys using DED-CLAD®
process. J. Mat. Processing Tech., Vol 268, pp 171-180.
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The Effect of Building Direction of Additive Manufacturing on
Mechanical Properties of Maraging Steel

S.H.Kim, J. S. An, A. R. Jo, M. S. Jeong S. K. Lee, K. J. Cha, D. Y. Park, S. K. Hwang

Abstract
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= A= 3D ZEIE{= Fig. 12| 3D-systemsAte| DMP 32022 Fig. 22} &0| 7t2,
Mz deke2 HESH A|HES AlEAZd w2l J7t3st = QE &5, d5 Algg dEsd
Ct QIZA|HS| ZH S ASTM-ES/ESM, U= AlHe| A ASTM-E9E R15t¥20{, AE+= HRC
gtz FYstRct Hzh A= AlHe AO|== 2d 5mm, 0| 75 mm2E TS EAFET(Z
Faisidon], 12 ¢F AlHES AZ 10 mm, =0| 15 mm2Z M A}5+04 Gleeble 3800-GTC ZfH|
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leje: ais iois 'A’ij %

Fig. 2 The AMed specimens Fig. 3 The hot compression test

=3 =ela £ gk Fig. 4 (b)= A2 gl 700, 900,
2 43} ck27 700°Coll Al Horizontal &8 2 & 5

Sol 7N 2Nx8 DeED SA
2 92 % A2 Ho= JHEct,

1400 T T T
= 1200} = Mechanical properties Vertical Horizontal
a ;g@-o—o—gc; »_
E 1000 - *5 u . e =
P N\ Ultimate strength (MPa) 1183.5 1177.7 £
g soof B =2
| 2
80 Yield strength (MPa) 1035.1 1018.7 g
8 z
$ —=— Vertical 1 g
g —e— Vertical 2 1 Elongation at break (%) 14.979 14.566 ;
B0 —o— Horizontal 1
5 200 —o— Horizontal 2
Hardness, Rockwell C 346 337
0 0.05 010 018 020 0.02 0.04 0.06 ‘J(‘)L 010
Engineering strain True strain
(@) (b)
Fig. 4 The (a) tensile (room temp.) and (b) compression (room & hot temp.) test results.
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[1] Y. K. Kim, J. H. Yu, S. H. Park, K. A. Lee, 2016, Microstructure, High Temperature Compression, Creep
Properties of Ti-6Al-4V alloy Manufactured by 3D-Printing Selective Laser Melting Process, J. Kor. Soc.
Tech. Plast. PP. 113-114

[2] C. Park. M. H. Kim, S. M. Hong, J. S. Go, B. S. Shin, 2015, A Study on the Comparison Mechanical Properties of 3D
Printin Prototypes with Laminating direction, J. Kor, Soc, Manuf. Tech. PP. 334-341
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Effect of Dam and Wier on Molten Metal Flow and Inclusion
Flow in Continuous Casting Tundish

C.Y.Choi, J. W. Leg, S. K. Lege, K. J. Cha, S. K. Hwang, D. H. Kim, Y. H. Jung, J. M. Lee, Y. J. Cho

Abstract

FEEEY] AAE AFEEE Bloom, Slab 58 A&F23AL Fa) AitEa glow, ol Aol o
g FHASTE HAA FolAI e AA o=, Xﬂz*}ﬂt IEA 2AE MRSy =E¥3ta v 53
B4 AAE ASEF2TA7|EdAM 7P 2% Eolgol R, Tundish Wol Dam, Weir, baffle, Tunflow,
D FFAAGR] & At 87 AsS Ao, &3l EY4EH U= MAE L AtsES
BERAS ANAFE a3 988 33t B A= Ttype ¢ Tundish Woll Dam, Weir, Baffle A% =
AX Ao w2 AT dis] 2249 eH, S8 A W2 Aits 2 JAES FElF el disiA
5 #4E itk AAZ T Dam, Weir, Baffle o] AAIEANS A9 &8 AFAI] S8k, 8
Jol ZT7kehE RS #E T U, HT AEFS T HHAEE B

Key Words : Wire Drawing, Rhodium, Finite Element Analysis, Drawing Experiment
Table 1 Condition of Tundish Design

ladle ladie turntable tundish

= g " Tundish Type T-type(Nozzle 3ea)
. //< 4 pporting roll
F Temperature 1630°C
Tunflow None, Circle, Rectangle
Location Dam,Weir
Molten Metal High 600mm, 900mm
Inclusion Density 3.965g/cm3

Fig. 2 Drawing of continuous casing process Fig. 3 Flow of molten metal in Tundish

* B AT A EAARAY ] AYoR FAHAL,

ATF+Y F37H 715 L, E-mail: easycast@kitech.re.kr
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A study on the effect of heat treatment on the band structure
during ring rolling of large forged products

Sunryong Yoon, Chaehun Lee, Sanghyun Heo, Byeongdon Joo, Namyong Kim, Jinmo Lee

Abstract
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Hot deformation behavior of Mg-Zn-Y alloy during 2-pass
torsion test

Y. J. Kim, H. Y. Son, J. C. Lee, C.H. Cho, S. K. Hyun.

Abstract

In order to investigate SRX, MDRX and DRX behavior, 2-pass torsion test of as-cast Mg-Zn-Y alloys was
implemented. The torsion test was performed with variables ; the temperature of 300-500C, strain rate(/sec) of 0.05,
interrupted time(sec) of 30-300 and pass strain of 0.25-1 of peak strain. Before torsion test, heat treatment at 300, 400,
5007 for 6 hours had been carried out to obtain efficient phase fraction of |1 and W phase. It has been well known that
heat treatment at 300°C promotes precipitates of | phase and 500°C of W phase. Precipitates of each phase was
confirmed by XRD patterns, Thermodynamic analysis - Jmatpro and SEM-EDAX which of them indicate appropriate
amount of 1 and W phase was formed at corresponding temperature. Flow curves at 300-500°C represent | and W phase
has different deformation behavior at high temperature. OM and SEM images are also attached showing different
microstructural evolution followed by flow curves. To quantify the fraction of softening It was calculated in flow curves
by 0.2% offset method. The results show that the alloy with I-phase pre-heated at 300°C exhibits lower SRX and DRX
behavior and faster SRV and DRV behavior compared to alloy with W-phase pre-heated at 400°C which is thought to be
the low interface energy of I-phase. The dependence of temperature and stain rate is additionally discussed.

Key Words : Torsion, Mg alloys, Hot deformation, multi pass
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A Study on the Flow Stress Prediction of Al16061 According to
Strain Rate for Air Suspension Formability Evaluation

E. G. Ji', W. S. Son?, J. I. Hwang®, J. G. Lee®, S. H. Lee*, S. H. Rhim”

Abstract

Air suspension is a part that plays an important role in securing driving performance and driving stability of the car by
using the elastic effect of the air. Because of its importance, formability evaluations must be made in the manufacture of air
suspensions. Formability evaluation takes into account the molding parameters used in the manufacture of the air suspension,
and the molding parameters include strain rate and temperature. However, in order to obtain the flow stresses of the material
according to the forming parameters and to use in the evaluation of the formability, there is a limit to know all the forming
variables through experiments. In this paper, the trends were identified by the change of flow stresses according to the
change of forming parameters, and the flow stress model considering the forming parameters was proposed and examined
for applicability. The flow Stresses were confirmed by obtaining strain-stress curve through uniaxial tensile test, and the
forming parameters used were strain rate and were applied by modifying the Hollomon model, which is the existing flow
stress model.
Key Words : Tensile test(%]“&A] 3), Stress(-5-2), Strain(¥1 3 &), Strain rate("A & & £ ), Formability(’d 8 4J), Flow

Stress(--5 -5 ), Forming parameter(’d & <)
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Table. 1 Al6061 AZAE =A Figure. 1 93X & A3}

Material Al6061
—~-> Al601-T4
Gage Length(mm) 15 = \
Gage diameter(mm) 06 -
Radius of fillet(mm) R38.75 & el | B
Heat treatment F, T4 o N A
Strain rate(s 1) 1072,1073,10~* 2 , |
Specimen Temperature Room temperature(25°C) Strain

3. #=3Y 2 At

A2 Soll Y2 Stress-Strain Curvel| HO|HE 7|HICZ2 RE3SHE FA22 He|

SS8H2 7|&9 2Y & F Hollomon Z& S X &350 Al(1)1t o] e = Uch
7 = Ken (1)

Kot n2 Mz a2 A ZHZE ZH 5 H 5(Strength Coefficient), 7+& 2 SHX|=(Work Hardening Exponent)

olct AlS HE MIZF TES MEMTes Z2XESH HIES & SMIEHSZ AHAM

5t0{ Table. 20| H2|5tCt.

Table. 2 Hollomon 2@& &% A4t 43 ¥Fd 02 A A5

tAct &

ol

Strian rate(s~?1) 1072 1073 10*
Mz Al K n K n K n
Al6061-F 251.581 0.377 244.559 0.373 240.056 0.371
Al6061-T4 609.995 0.250 611.988 0.243 578.581 0.236
TEE MEATES2 22010 HYE oo AMUAE EAMSIULD Fig 2°2F 20| HYE
Lot Myo Z2Zst HAE JHX|l= AS =elsto ol Ssll Al60612] RES= HHEte| H&k
Mg wots| £uE RESY 2US o2l Aoz Hetslgch
Gaieosi_r = (5.762log, , & + 262.7)0002993 g £40.3627 @)
Gatosi_ra = (157110, € + 647.3)g0 006952108y £+0.2636 3)
Figure. 2 MBS WP E 455X (Strain rate)2] &4
EE T B —— — ==
(a) AI6061-F (b) Al6061-T4
4, HE
2 AFoME ol MAHEHM JtolE RES| MM HYILE 2o MY #Hfo| HEII RESEA
of ojxl= &S metstn O AEMs gols] Ay HsE 12s 7588 22 S M otst
Ct. O Z0 "ot e =749 A7 Meol| 2Fs HAHE It 1xt Aoz #3e £
UAUCE sEX|EH =0 CiekMo| FE5t0{ AYE Safl O 2 HolHE =2Estd H=2 Mt
st ol 50| 7tsstY| flst FIt AT EeE He R Helch
=
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1] E. T. Park, B. E. Lee, 2015, Evaluation of The Temperature Dependent Flow Stress Model for
Thermoplastic Fiber Metal Laminates, Trans. Mater. Process, Vol. 24, No. 1, pp. 52~61
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