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Nanostructuring by Differential Speed Rolling

Young Gun Ko

Abstract

In the recent years, considerable research has been devoted to the development of nanostructured grain metallic
materials fabricated by various severe plastic deformation techniques. Among these techniques, a differential speed
rolling (DSR) has considered the continuous forming method where bulk sheet materials went through two identical rolls
with different speeds of the rolls, imposing intense plastic straining effectively based on the shear deformation. The
presentation describes the principles of DSR process including strain imposed by DSR, processing routes, and macro-
shear characteristics associated with the processing routes, and this also outlines the processing factors affecting grain
refinement, such as thickness reduction, rolling speed, roll speed ratio, number of operations, and rolling temperature.
The essential features of the resultant microstructural variables including the grain size, grain boundaries, deformation
textures, and dislocation density developed in materials with bcc, fcc, and hep crystals deformed by DSR process are also
summarized. In addition, the structural properties of materials processed by DSR including strength, hardness, and
ductility at room and elevated temperatures are reviewed.

Key Words : Metal, Differential Speed Rolling, Nanostructured Grain, Mechanical Response
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Visualization of Manufacturing Process
Using Bolt Type Piezo-sensor

S. Y. Kim

Abstract
The objective of this study is to introduce the new possibility of sensing technology based on the bolt type piezo-
sensor proposed by Technical University of Darmstadt to visualize and monitor the status of manufacturing process in
mass production. Several application examples including the closed-die cold forging process were introduced in
order to explain the effectiveness of proposed sensing technology.

Key Words : Bolt type piezo-sensor, Visualization, Process monitoring, Forging process, Machining process
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Causes of premature punch fracture in automatic multi-stage
cold forging of a pinch bolt yoke

H. N. Song, T. M. Hang, K. M. Kim, U. H. Lee, J. B. Byun, M. S. Joun

Abstract
In this paper, causes of premature fracture of punch in automatic multi-stage cold forging of a pinch bolt yoke is
analyzed using an elastoplastic finite element method with elastic deformation of dies considered. The comparison
between predictions and experiments exhibits a qualitatively good agreement with each other, revealing that the die
fracture is a kind of fatigue fracture due to repetitive stresses in tension after compression..

Key Words: Cold forging(*4<tt=), Die Fracture (7<% ¥}<=), Elastoplastic Finite Element Analysis (€427 38
23] 41), Pinch Bolt Yoke (%] BE @)
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Fig.2 Fractured punch

>~
>

mjo

q

i~

2l

SMOoZ Cx AlZE 0]
Ch SHAZEENA 2E2f MEO
FAISHACE iAol ALSE AR e
G =Yy(1+2)%0[04, MBAFE ¥, =300
=%.012 olct MEI} H|ZEO|E
ALEE HX| ol £3H2 1022 74
=700 TExEIE WX

ol
s

Hel g

o
e

%
30 _||'>|'
ofn

o
JH T

0% S oo
o

_|
|0 J>0x >

HU 4 rlo o

o
0
-~

o

o

o

]

k>

=

i

>

0p0

o

|o

Hu

a

Mgt

X

4>

i

o
oSl

N o
N hu

EbM A =2} ZoldH|=
EtM A
200GPa2} 0.3 2 679.9GPa%} 0.25

[ T
F 0290|111, M&1l stQ
7_|L7I-

=

Ho
O
Op
FU
ol
K

Fig. 4@)= Hx|7} st
&5t AlEtste AlFoO
y= LEH 1, Fig. 4(b)=
FolAM M= SHY
i RAck
Fig. 3= Fig. 40llAM FEA[E & AollA 2
LIERH Tef=o|ct HXJE AXE
= HmAM D=2 Ex;o
X7t M&E AlEHE
Ef2 di¥ct o] el&S=o|
ok X|™o| X7t Yx|stn Aot T2l H
MEdh= Atololl &=x{ 5t
ol 2l&3Ho|

gL o

Q 0_'>_
el
GI o
oo
_O'L
rir

ILILS

m>Hr Y

E

r
AT
‘<Q
<

2
Ny
o Ji
3 i
B0z rjr A rjr ot

=M rir 2 =0 8 ofy mjn

Mo

E —'|:—|01>_

|>

[H

o

=

2

H
Ir
o
-
N
Ja]
0
Hu

30

o Exel sii~& <2st crekst Fd ool 2
oF S X o7} MA|=0{of Ehot
400
b ——T‘\M
0
-500 \
\\ a—0
< -1000
o
2
b?, -1500 M
-2000 L\/\/\/M
-2500 \/\\/\\I\I\VAUAUAV
-3000
0 20 40 60 80 100 120
Step

Fig.3 Stress variation of mark A

200 -200
A
-600 -
-200 N
o
3
-400 3

-200

174

. -600
a.z b) 110 step

a) 100 step

Fig.4 Distribution of g, at unloading [MPa]
Z7|

= 7=

$2367820 )2| X|¥&

WC300 (ZHHHS:

o7l

Pyl

[1] R. Sekar, M. S. Joun, 2017, Die life prediction in hot
forging, Proc. Kor. Soc. Tech. Plast. Conf., pp. 62~63.

[2] W. J. Chung, M. S. Joun, 2013, Elastoplastic module
of AFDEX 2D, Proc. Kor. Soc. Tech. Plast. Conf., pp.
57~60.

[3] H. T. Jin, M .C Kim, D. S. Min, T. M. Hwang, M. S.
Joun, 2016, Precision analysis of a yoke forging

process considering elastic deformation of dies, Proc.
Kor. Soc. Tech. Plast. Conf., pp. 147~148.



S a4 7hees) 20189 % FA 8

toty
P
I
N

dzmofd 2Hg SHe EtAM ReeAs| 4
Hoe! NI YA E Mok

Elastoplastic finite element analysis of a self-piercing
riveting process

S. W. Jeong, J. G. Eom, S. H. Chung, M. S. Joun

Abstract
In this paper, an elastoplastic finite element approach to simulating a self-piercing riveting process is presented. A scheme
of remeshing with emphasis on the tip of the rivet is given, which minimizes the geometric smoothing of the contact inter-
face between materials and densifies the mesh around the tip corner of the rivet and its effect is revealed.

Key Words : Self-piercing riveting (133 o]2d 2] ¥ ¥), Elastoplastic finite-element analysis (Et224 3t 2.4 & 4])
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Unit: MPa

(a) At the final stroke (MPa)
Unit: MPa

(b) Residual stress (MPa)
Fig. 3 Predictions of effective stresses
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Simulation of a riveting process for aircraft applications and it
s verification

R. Sekar, W. J. Chung, M. S. Joun

Abstract
In this paper, axisymmetric FE analysis of a riveting process is presented. Two 2 mm thick 2024 — T3 Al alloy sheets are
joined using a 2117 — T4 Al alloy countersunk type rivet. This process has been chosen as it widely represents processes
used in the aircraft and aviation industry. An elasto-plastic FE simulation was carried out and the predictions were
compared with experimental values. It was observed that the FE predictions matched very well with experiments. This
analysis methodology could be effectively used for other similar riveting processes.

Key Words : Riveting process, elasto-plastic FE simulation, axisymmetry, aircrafts, Al alloy sheets

1. Introduction

Riveting processes are widely used in aviation industries
and play a key role in the assembly of aircraft structures.
Simplicity, low cost and ease of application are some
factors which have made riveting process expand its
application spectrum to other branches of industry [1] as
well. Countersunk rivets, the topic of investigation in this
paper, are usually used in regions where the surface finish
after riveting is very important. They are also used in the
exterior of aircrafts as these rivets result in lesser drag.
Fig.1 shows one of the areas where countersunk rivets are
used in an aircraft.

Fig 1. Countersunk rivets on the engine pylon of
a Boeing 737 aircraft
In this paper, FE analysis methodology for a

L ol T e Ta
2. A& 3S71 % a 7] A4 2 W) A9l o}
# Ageta 2 Agg 3oy

E-mail:msjoun@gnu.ac.kr
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countersunk type riveting process is presented and the
predictions are verified with experiments.

2. FE Simulation

The riveting process is carried out by pressing the rivet
shank by a rigid rivet setter. The head of the rivet is
constrained with a rigid bucking bar. The sheets to be
riveted are each 2mm thick 2024 -T3 Al alloy material.
The rivet is of countersunk type as seen from Fig.2 and
the material is 2117 — T4 Al alloy. Generally, the diameter
of the hole in the sheets is slightly larger than the rivet to
accommodate the rivet shank’s expansion during the
process. The material properties and geometries have
been used from [2] to facilitate comparison and
verification. A coulomb friction coefficient of 0.2 was
used for the simulation.

Fig.3 shows snapshots at two instances during the
simulation. The elastic deformation was also included in
this simulation for both the rivet as well as the sheets.
Around 7200 quadrilateral elements were used for
discretization of the two sheets and the rivet.
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Fig 2. Initial configuration

Flow stress was calculated based on
Rivet: 6 =544.0 €70.23 MPa
Sheets: 6 =765.0 £ *0.14 MPa

Fig 3. 3D representation of the simulation

3. Verification

The results of the axisymmetric FE analysis are
discussed and then compared with ABAQUS predictions
and experiments. The parameters of comparison are
shown in Fig. 4

Height (H)

Diameter (D)
Fig 4. Parameters for comparison
60
30
= ~—Prediction
f 40 —Experiment
?:u 30
£
E 20
10
[]
0 1 2 3 4 5 6 7
Time [s]

Fig 5. Forming load prediction vs. experiments
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As can be seen from the quantitative comparison in
Table 1, the predictions match well with experiments.
Fig.5 highlights the comparison of the forming load
predictions with experiments. The difference in forming
load of around 1.36% is inevitable owing to some
numerical approximations. As reported in literature [1], it
was observed that the friction coefficient had least impact
on the final shape of the rivet or forming load. Even
though identical geometry, material conditions and almost
same number of elements were used, a small difference in
predictions between two commercially available software
can be noticed. As already reported in literature [3], this
difference arises from the definition and formulation of
friction conditions.

Table 1 Predictions versus experiments (Exp.)

AFDEX AFDEX
Parameter | AFDEX | ABAQUS | Exp. Vs, Vs,
Exp. ABAQUS
Diameter
(D) 10.87 10.61 10.79 0.73 % 2.39 %
[mm]
Height () | 5 4 348 | 349 | 007% | 029%
[mm]
Forming
Load 52.65 5337 53.38 -1.36 % -1.35%
[kN]
4, Summary

An axisymmetric elastoplastic FE analysis of the
countersunk riveting process was carried out. The
predictions are very well in agreement with the
experimental results upon quantitative comparison. So, in
the near future, this analysis methodology could be used
for simulating other riveting processes which produce
blind rivets or standard head rivets.

References

[1] Witek. L, 2006, “Numerical Simulation of riveting
process using blind rivet”, Aviation, 10:2, 7-12.

[2] Amarendra. A, 2006, “A Finite element and
experimental investigation on the fatigue of riveted
lap joints in aircraft applications”, Ph. D. Thesis,
Georgia Institute of Technology

[3] Hatzenbichler. T, 2011, “Deviation of the results

obtained from different finite element solvers due to
friction formulation”, Tri.Int. Vol. 49, pp. 75~79
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Axi-symmetric elastoplastic FE analysis of a necking process
of assembling tube and fitting for aircraft application

Y.Y. Han, J. D. Yoo, H. I. Kim, M. S. Joun

Abstract
In this paper, a necking process of joining titanium fitting and tube with seals for aircraft assembly is simulated using an
elastoplastic finite element and its predictions are compared with the predictions and experiments found from the literature,
revealing that our predictions are in a qualitative agreement with them. The interface pressures and separation resisting
forces of the assembly are also predicted to evaluate the joining process design in terms of strength.

Key Words : Tube and Fitting Assembling (729} ¥ 2] % 7)), Necking Process (1% ¥-74), Elastoplastic FEM
(R4 Fehasil)
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Simulation of a rotary forging process of an assembling hub
bearing assembly

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

Abstract
In this study, residual stress after the assembly process of hub bearing assembly by rotary forging is predicted by
elastoplastic finite element. An analysis model is proposed; lower part of the material is fixed with relative motion of
material with bearing parts to rotary tool kept. The bearing part is assumed elastic and the effect of elastic deformation on
the process simulation is considered while the rotary tool is assumed rigid.

Key Words : Hub Bearing Assembly(3] 2. #]o13 Z % A]), Rotary Forging (3] 21 &%), Residual Stress (H7-5-9)
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Finite element analysis of a swaging process of precision

H. K. Moon, S.

stepped hollow shaft

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

Abstract

In this paper, finite element analysis of a five-stage swaging process of precision stepped hollow shaft is conducted. A
pusher, an artificial die, is employed to reflect the reaction force exerted on the material by the end grip and it is used to
control the initial position of each blow. The predictions of a stage involving reduction of pipe thickness are shown in
detail for emphasizing applicability of simulation technology to various complicated swaying processes.

Key Words : Stepped Hollow Shaft (7] &
°]7)

&%), Finite Element Simulation (f3t 2.4 Al &

o] A1), Multi-Stage Swaging (t}¢t
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Fig. 1 Process description of five-stage swaging
process to be studied and its FE predictions
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Fig. 2 Reaction force exerted on the material by the
pusher
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Fig. 3 Finite element predictions of stage 2
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Finite Element Analysis of Progressive Process
Including both Bulk and Sheet Metal Forming

Y. E. Kim', E. S. Noh?, S. Hong

Abstract
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Fig. 1 The process of progressive die design and analysis using finite element analysis
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Finite element analysis of three-dimensional multi-body forming
processes

S. H. Chung, S. W. Jeong, W. J. Chung, M. S. Joun

Abstract
In this paper, a three-dimensional elastoplastic or rigid-plastic finite element approach to multi-body forming processes
is presented with emphasis on new horizons of AFDEX especially for simulating the assembling or testing processes.
Three simple examples are given, which show the advance direction towards fulfilling the requirements from parts or
assembly development engineers in the related industries.

Key Words : Multi-Body (7} A1), Elastoplastic Finite Element Simulation (£t2:4] f+3t.2.4 A] & ©] /), Assembling Process (12 &-4)
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Fig. 2 Side upsetting of hollow cylinder block
with mandrel inserted in the hole
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Prediction of Hardness of a Hot Forged Bearing Outer Race
S. H. Chung, M. Irani, K. O. Lee, M. S. Joun

Abstract
Prediction of hardness distribution in forged steel has been conducted by coupling finite element analyses of flow and
heat transfer problems with phase volume fraction, dynamic recrystallization and grain size prediction problems. IMAK
model and TTT diagrams are used to obtain the recrystallized grain size and volume fraction of phases, respectively. The
result is integrated to predict the hardness using the Hall-Petch equation.

Key Words : Hardness prediction, Hot forging, Steel, Hall-Petch equation

1. Introduction

The distribution of hardness in forging products
can highly affect their performance during service
[1]. In forging at elevated temperature, the grain
size and volume fraction of phases are the most
influencing factors on hardness of the final product.
The phase transformations can be predicted using
TTT diagrams and the recrystallized grain size
obtained using JMAK equations [2].

dprx = a dle™é™ exp (g) +c (1)

RT

where T, R, d,, dg, and Q are temperature (K),
gas constant (R = 8.134472 ]J/Kmol), initial grain
size (um), recrystallized grain size (um) , and
activation energy for dynamic recrystallization
(J/mol), respectively. a, h, n, m and ¢ are material
coefficients. The Hall-Petch equation calculates the
hardness value as follows [3]:

K 2
where d is grain size and H, and K are

experimental constants independent of grain size.
The mixture law is employed to reflect the effects of

1. MFRC

2. Agesta A A G B ER
3. Sabdehar 770714 A
# WAAR Zgesta 7 AT F o,

E-mail: msjoun@gnu.ac.kr

o

different phases as below:

n
Heoe = ) HiX;
i=1

where H; is the hardness of phase i and X; is the
associated volume fraction.

In this study, hardness distribution of 200CrMnSi6
material forged at 1150 °Cis predicted using finite
element analysis.

©)

2. Material and methods

The chemical compositions of the studied steel are
givenin Table 1. Fig. 1 shows the schematic diagram
of the upsetting process used in the experimental
procedure. The final product was quenched in water
to freeze the microstructure. AFDEX, a genral-
purpose metal forming simulator is utilized to
predict hardness during the process. Note that the
actual process just after hot forming is more or less
different from that employed for this study.

Table 1 Chemical composition of 100CrMnSi6

Element C Si Mn P S Cr
Wit.% 099 062 11 011 001 152
Element Ni Cu Mo Al Ti Fe
Wt.% 0.03 001 0.01 0.26 0.2 Bal.
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| | |
| Initial | Finststage | Second stage | Laststage

Fig. 1 Schematic diagram of the three-stage
forging process with metal flow lines

3. Results and discussion

Fig. 2 shows the predicted volume fraction of
martensite and bainite after quenching. The grain
size after dynamic recrystallization was also
predicted using JIMAK model and shown in Fig. 3.
The distribution of hardness was predicted using
the volume fraction of phases and grain size as
depicted in Fig. 4. Note that the current hardness
prediction module of AFDEX can predict the
hardness of fully recrystallized parts without work-
hardening effect considered.

y

(a) Martensite

(b) Bainite

Fig. 2 Predicted phase volume fraction at
the final stroke
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stroke

AFDEX
TIME: 1.889884E+02

HARDNESS

Vickers

+844897E4002
+8.40786€4002
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Fig. 4 Predicted hardness (Vickers) at the f
inal stroke
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Note that the quenching in this study is not an
actual process but for study on heat treatment.
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Discussion on flow stress of aluminum to be cold forged

J. D. Yoo, H. N. Song, K. M. Kim, T. M. Hwang, M. S. Joun

Abstract
Investigation into behaviors of aluminum alloy to be metal formed at the room temperature is conducted. An index is
proposed to evaluate the sensitivity of temperature, that is, index of relative normalized temperature rise to steel. An
aluminum material found from the literature shows that the index of aluminum to steel is quite high, implying that
temperature effect as well as rate-dependence effect on the forming processes of aluminum alloy at the room temperature
cannot be neglected.

Key Words : Index of Normalized Temperature Rise (2% A4), Aluminum (&57]¥E), Flow Stress
(F5-53), Room Temperature (74-2)
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Precision simulation of geometrically complicated forging
processes and evaluation of metal flow lines

J.E. Lee, VY. S. Lee, M. C. Lee, M. S. Joun

Abstract
In this paper, two hot forging processes, geometrically complicated and difficult-to-form, are simulated with increase
number of meshes. Two forging examples including crankshaft forging and connecting-rod forging are simulated by the
enhanced function of latest AFDEX with emphasis on visualization of metal flow lines and their quantified values called
overlapping index.

Key Words : Larger Scale Problem (t& 7)), Difficult-to-Form Shape (+4 3 &), Quality of Metal Flow Lines
(A F3)
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(a) Crankshaft

(b) Connecting-rod
Fig. 1 Hot forging processes to be simulated
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Stage 3

Cooling

Fig. 2 Predictions of temperature for the
crankshaft forging process
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Elastoplastic finite element analysis of a spline forming process

H. K. Moon, S. H. Chung, H. W. Lee, W. J. Chung, M. S. Joun

by an oscillatory punch

Abstract

In this paper, elastoplatic finite element analysis of a spline forming process with an oscillatory die is conducted to reveal
its characteristics in terms of deformed shape. The predictions are compared with those obtained by elastoplastic finite
element analysis of the came process except with constant velocity die, revealing that local plastic deformation in the early
contact at each striking stroke causes the greater spline teeth height and lower forming load, which can be predicted only

for the case of oscillatory die.

Key Words : Vibration (%1 %), Spline (=& 2}91), Elastoplastic FEM (¥H4~4 f-3F 24 H)
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Fig. 1 Geometry of the process to be studied
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Table 1 Cases of simulation

Material model Die
Elastoplastic With oscillation
Elastoplastic Without oscillation
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Fig. 3 Deformed shape at the final stroke (Case 2)
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Finite Element Analysis of Metal Forming Using 2D Solid
Element Considering Anisotropy

S. M. Cho', C. W. Lee?, W. J. Chung”*

Abstract
A= A7 Aol A Ame] oS mEEy] 9% oubA R FR2 a1 Ly
&5 } Ao} 23bg = QAR AE aAaE ALgstoon] g SWel AFDEX 2 =
W3S nEsty] A Hille] 19483 od & s AMEeklal, o A3 Mg s
skt A é‘ﬂﬁ 9 g A S A FEFAAUS A 2
oyt HHWHEE U-=229 Wl o3 §3araAs Falste] 71Ee 2
Al FA wreko 7 thEo] 94AE AMAFY Ao FIeH e
S ¢te] XA HuE i) AHA D AIAHS AFe
75] l

off R 1% kU ¥R [

il
o
i
ol
7]
T,
2
_O|L
s
i)
o=
oo
K
1%
rEolR 2 (A

1=

Key Words : Anisotropy, Springback, AFDEX

1L AEAe7l=dsin At 7 A ARl =3 3 83

2. AE&Hstr|stu 7] A A ~El T z}el & et it

# WA AR sty st 7] A Al 2] 2FQ) 2 8k
E-mail : wjchung@seoultech.ac.kr

—-

55



g 7beets] 20189 %E EASEUE 254

A EE A =3 FOM 533 Do dish AY

Study of Triaxiality in sheet metal forming and forging process
using Experimental approach and Finite Element Analysis

J. Y. Kim, S. Hong
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Finite Element Analysis of Double Enveloping Thin Wall Tube

Forming Process

Y. H. Lee, S.M. Bae, M. S, Joun, D. H. Kim

Abstract
The rotational bending presented in this research is a forming method in which the mandrel is divided at both ends of the
material and is not restrained by the internal shape. In addition, it is possible to reduce formation load through local
heating and molding, and it is advantageous that the initial production cost of the device and process time can be
shortened. In this research, we are trying to develop a coupling for a ship applying rotary bending method, and we
conducted a study to evaluate formability based on basic design and analysis results through finite element analysis.

Key Words : Double enveloping thin wall tube forming process, AFDEX, Finite element analysis, Vessel coupling
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Study on the Evaluation of the Coefficient of Friction
on the High Load for STS 304 alloy

J. Namkung, K. S. Lee
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Die design to improve cambering defect
in multi-stage shape drawing process

J. H. Kim, B. M. Kim

Abstract

Inhomogeneity of drawing force or die reacting force occurs in terms with asymmetric cross-sectional shape of product
in shape drawing process. Strain distribution would be different according to reduction in area and half die angle. Besides,
the reduction in area and half die angle affect residual stress of drawn product, also. For these reason, cambering of
drawn product occurs easier than axisymmetric cross-sectional shape of product. Therefore, controlling method of strain
distribution and residual stress has been researched to decrease the cambering defect.

In this study, die design method for improve cambering of drawn product were introduced through calculating drawing
force of shape drawing process. The cross-sectional shape of each pass was divided by hyperbolic curves in each of
which the focal distance was adjusted to suit the curvature at the corner. The drawing force of divided sections was
calculated through modified Geleji's model. From results of the drawing force calculated, die shape was designed to
control the inhomogeneity of drawing force. FE simulation for GDI fuel rail which has one symmetry plane was
performed to verify the design method. The results of FE simulation were compared with industrial design method.

Key Words : Multi-stage shape drawing process(thet o138 <14k ¥7), Die design(= & 42 7l), Cambering(2),
Drawing force($1%t2]), GDI fuel rail(GDI 15 &)
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Effect of Heat Transfer Coefficient on the Temperature and
Dimension of Cylindrical Aluminum in Hot Forging Process

H. W. Jeon, C. H. Suh, C. D. Park, J. H. Jeon, H. Y. Choi, G.. P. Kang

Abstract

The aluminum alloy is about one-third lighter than iron and has excellent corrosion resistance. Due to such mechanical
properties, many studies are being conducted for application to automobile parts. In order to apply aluminum alloy to
automobile parts, forming analysis is preceded by commercial finite element analysis program. The purpose of this study
is to analyze the effect of heat transfer coefficient on the formability of aluminum alloys. For the analysis of the
formability according to the heat transfer coefficient, the heat transfer coefficient was derived from the experiment and
the existing paper. For the analysis of formability, Al 6082 material was used and upsetting method, which is a type of
free forging, was used to heat the material heated to 540 °C. The program used for the forming analysis was DEFORM-
3D. After analyzing, the shape and the dimensional change according to the heat transfer coefficient were analyzed and
compared with the actual experiment.

Key Words : Aluminum(&57] ), Hot forging(& ek =), Heat transfer coefficient(& 4 & 41 57), Finite element
analysis(+F- 3+ 2.4~ 3} 47), Dimension(X] 5*), Temperature(< =)
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Effect of pre-oxidation treatment on the bonding strength of
AZ31/carbon-fiber-reinforced plastic composites fabricated by
thermal laser joining

Jeoung Han Kim*, Barton Mensah Arkhurst!, Jae Bok Seol®, Youn Seoung Lee®, S.B. Han®,
Mok-Young Lee®

Abstract

In this study, a new material joining process called laser-assisted metal and plastic joining (LAMP) was developed.
The feasibility, nature and mechanisms of this process were investigated for joining carbon fiber reinforced plastic
(CFRP) and an AZ31 Mg alloy. Two sets of joint specimens were prepared, one set with as-received Mg sheets, and the
other with Mg alloy sheets that had been annealed for different duration times. It was observed that an oxide layer,
introduced on the surface of the Mg alloy by the annealing, had a significant influence on the bonding strength of the
joints. Tensile shear test results showed that a high strength joint of approximately 5.1 kN could be achieved. Bubble
formation and the decomposition of the CFRP near the joint interface was observed on the joints with the as-received Mg
alloy sheets, but was not observed on the joints that had oxide layers on the Mg alloy sheets after annealing. Moreover,
the oxide layer grew into the CFRP near the joint interface for joints with the annealed Mg alloy sheets, indicating the
possibility of mechanical anchoring effects which greatly enhanced the joining strength.

Key Words : magnesium alloy; carbon fiber reinforced plastic; interface; bonding; atom probe tomography.

1. Introduction

In this work, a new material joining process known as laser—assisted metal and plastic
joining (LAMP) was developed for joining dissimilar materials, specifically metals and plastics.
The feasibility of using the HMP joining process to join CFRP and AZ31 magnesium alloy
sheets was investigated. In the HMP joining process, two sets of Mg alloy specimens were
prepared: one set was annealed at different times to impute oxide layers on the Mg alloy
surface, and the other set was the as—received Mg alloy sheets. The oxidized and as-received
Mg alloy specimens were joined to CFRP sheets under different hot metal pressing
temperatures, i.e., 400, 500 and 600 °C.
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2. Experiment

The AZ31 Mg alloy sheets were fabricated by rolling through a reversible warm mill after a
twin roll strip casting process, to a thickness of 2.0 mm (provided by POSCO). The chemical
composition of the AZ31 Mg sheet was Mg — 2.9%Al — 0.75% Zn — 0.33%Mn — 0.03%Si (in
wt.%). The CFRP used for the HMP joining was composed of a thermoplastic polyurethane
(TPU) as the plastic matrix and long fiber pellets of chopped carbon fibers (approximately 7
mm in length and 15 ym in diameter. The CFRP sheets were manufactured in an autoclave
process using two layers of carbon fiber fabric. The glass transition temperature of the CFRP
was approximately 143 °C and the melting temperature was 397 °C.

3. Results and discussion

Tensile shear tests were conducted to evaluate the joint strengths of all the HMP joint
samples produced under different processing parameters. Fig. 5 presents the tensile shear
test results expressed as tensile shear load, plotted against the annealing time at different
temperatures. The ratio of the maximum acceptable deviation to standard deviation
(according to Chauvenet’s criterion) for the tensile shear load values was 1.38. Among the
HMPB joint samples, the tensile shear loads of the samples with thermally oxidized Mg alloy
were higher than the sample with the as-received Mg alloy. The tensile shear load at O
annealing time was 1.9 kN, it then increased to 3.3 kN at the annealing time of 2 minutes,
and to a peak value of 5.1 kN after 5 minutes of annealing. After 5 minutes of annealing, the
tensile shear load decreased to 4.3 kN and then finally to 3.8 kN after 20 minutes of
annealing. From these results, it is clear that the oxide layer introduced on the surface the Mg
alloy during the annealing heat treatment had an effect on the strength of the joints obtained
with the HMP joining technique. The oxide layer enhanced the tensile shear strengths of the
joints.

4. Summary

A hot metal pressing technique was used to join a CFRP and the AZ31 Mg alloy. The
joining process was performed using as—received Mg alloy sheets, and Mg alloy sheets that
were first thermally oxidized by annealing for different times.
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Statistical synthetic 3D microstructure modeling of Aluminum
composites and its thermo-mechanical simulation

H. K. Park, J. Jung, H. S. Kim

Abstract
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Key Words : Synthetic structure, Statistical parameter, Finite element method, Three-dimensional microstructure,
Thermo-mechanical properties
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Figure 1. Distribution of equivalent plastic strain for (a) 10 vol% SiC, (b) 20 vol% SiC, and
equivalent stress for (c) 10 vol% SiC, (d) 20 vol% SiC, in the Al matrix after 1.0% reduction.«
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Study on the V-bending deformation characteristics of AZ31B
considering effect of strain rate in warm forming

H.W Kim, J.H Yu, C.W Lee

Abstract

Magnesium alloy sheet is anisotropic and has low formability due to its low elongation. Warm forming is a method of
improving its formability by increasing the temperature. Many studies show that 250C is the optimum temperature for
forming magnesium alloy sheet. Unlike at room temperature, magnesium alloys show different yield strengths with
temperature and strain rate. The effect of temperature and strain rate on warm forming is a factor that should be
considered. In V-bending process, the plastic deformation was distributed widely comparing with the deformation in the
room temperature. The distributed deformation of material makes a three-point contact between the punch and material.
Three-point contact causes the radius of curvature of material to be larger than the punch radius. The strain rate
distribution of the material makes three-point contact at different stokes of punch with respect to the punch radius. In this
study, the V-bending deformation characteristics of magnesium alloy sheet in warm forming was studied using the
commercial finite element code ABAQUS. We also analyzed the variations in stroke of punch in three-point contact
according to punch radius. Through simulation, it was confirmed that the bending deformation characteristics of
magnesium alloy sheet at 250 ‘C were different from the room temperature.

Key Words: Warm Forming, Deformation Characteristics, Strain rate, Magnesium Alloy Sheet, Punch radius
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Constitutibe model characterization assisted by crystal plasticity

Y. Jeong

Abstract

Many sheet metals exhibit mechanical anisotropy, which is attributed mainly to the crystallographic texture originated
from precedent manufacturing processes such as cold-rolling and annealing. During metal forming operations, the
crystallographic texture further develops, and the formation and annihilation of dislocation structure occur. These
microstructural evolutions lead to anisotropic strain-hardening, which is typically explained by the Bauschinger effect
and the latent hardening.

Various macro-mechanical models have been developed to account for the mechanical anisotropy and anisotropic
strain-hardening. Empirical strain-hardening models such as kinematic and distortional hardening laws have been used in
various finite element forming simulations. Despite of its successful case studies in terms of formability and springback
predictions, their industrial application remains challenging due to difficulties in their experimental characterization.

In this presentation, a crystal plasticity framework is introduced, which can assist the experimental characterization
required for a chosen macro-mechanical model. The applications for two steel samples are demonstrated: a single ferritic
phase steel and a dual-phase steel consisting of ferrite and martensite. The results indicate that the simple numerical
calculations using crystal plasticity model can replace some of very difficult experimental characterization.

Key Words : Crystal plasticity, Constitutive model, yield surface, anisotropy, VPSC
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Hot/cooling multi-point forming process for thick plate forming

I. K. Lee, S. Y. Lee, M. S. Jeong, B. M. Kim, S. K. Lee
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A Study on Temperature Condition in Application of Forming
Limit Diagram of Hot Stamping

S.Y. Shim, H. K. Kim

Abstract

Hot stamping is a forming technique that applies rapid cooling immediately after stamping of a material heated to a
high temperature, thereby greatly improving the strength of the raw material to the level of UHSS(Ultra High Strength
Steel). Since the design utilizing the merits of hot stamping can improve the safety of the vehicle and attain weight
reduction, it is widely applied in the manufacturing of mass production vehicles in recent years. In the hot stamping
process, the boron steel sheet is heated to 900 to 950 ° C, rapidly cooled, and transformed into the martensitic phase.
Since the forming operation is mainly performed at a high temperature, the flow stress of the material is small and
accordingly, the springback size is also small. Since the material elongation is increased a lot in hot stamping at a higher
temperature than at room temperature, the forming failure during hot stamping is not likely to occur unless the target
shape of the part is too complicated. However, it is increasingly necessary to apply the temperature-dependent FLD of
hot stamping into the forming design process of body parts as the complexity of vehicle body shape increases more and
more. In this paper, we examined how to assume the temperature of the non-isothermally deforming parts when applying
a hot stamping FLD(Forming Limit Diagram) data which are obtained under isothermal conditions. The hot stamping test
were performed using a T-shaped model which simulates the shape of the B-pillars. The temperature history of the T-
shaped model was tracked by the finite element analysis using Autoform R6. And the temperature-dependent forming
limit behavior was examined and discussed.

Key Words : Hot stamping, UHSS(UIltra High Strength Steel), FLD(Forming Limit Diagram), B-pillar, Finite Element
Analysis
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Prediction of Post-deformation in Local Softening Hot Stamping
Process for Automobile Center Pillar

T. H. Kwon, C. H. Suh, H. W. Jeon, C. D. Park, Y. S. Kim, J. H. Ahn

Abstract

Hot stamping is widely used for lightweight automobile parts. In order to improve crashworthness, local softening hot
stamping, which partially controls the strength of parts, is being studied. Typical automotive parts using local softening
hot stamping technology are center pillar. In local softening hot stamping, the temperature and microstructure are
different for each region, which causes excessive post-deformation compared to general hot stamping. In this study, the
center pillar of the automobile was used and the die was divided into the upper part and the lower part. In the upper part
die, the cooling rate of the blank was increased by inserting the cooling channel, and the cooling rate of the blank was
decreased by heating the lower part die. In other words, the upper region of the center pillar has a high strength and the
lower region has a low strength. In this study, the simulation for predicting the hot formability and post-deformation of
the local softening hot stamping was studied, and the precision of the simulation was examined through the prototype
production.

Key Words : Hot stamping(3r2~¥83), Local softening(=r -1 3}), Post-deformation($-*H &), Center pillar(4l €] 2 2}),
Simulation(3]4)
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Identification of material characteristics of pure titanium sheet
using hydraulic bulge test

Q. T. Pham, J. J. Kim, K. C. Park, Y. S. Kim

Abstract
This study presents a constitutive model to describe characteristics of commercially pure titanium (CP Ti) sheets based
on non-associated flow rule. Owing to distortional hardening behavior of CP Ti sheet, evolution Hill's quadratic functions
are used to reproduce the transient of yield surface and potential surface during plastic deformation. Additionally, the
Kim-Tuan hardening model is used to capture the effective stress-strain curve until large strain ranges. Developed
material model is then applied to simulate the bulge test to verify its accuracy. Based on simulation results, it is
concluded that the DH behavior strongly effects the evaluation of apex height in bulge test.

Key Words : Hydraulic bulge test, Non-associated flow curve, Yield function , Kim-Tuan equation, FE simulation
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Microstructure and Mechanical Properties of Al 7075 Sheet
Formed Part after Hot Forming Followed by Direct Quenching

S. M. Kim, Y.-N. Kwon and D. J. Lee

Abstract
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Characteristic of Deposited HWS Using DED Technology

G.Y. Baek, G. Y. Shin, G. Y. Lee, D. S. Shim

Abstract
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Analysis of die stresses considering coating layer for extended
hot forming die life by using high strength mold material

S.Y Lee, K. Lee
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Analysis on microstructure of hollow shaft during forming and
heat treatment processes

S. Son, S.M. Shin, Z. Lee

Abstract

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

Key Words : Microstructure Analysis, Variable cross section plate, Rolling, Forming, Hybrid welding
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Figure 1. Microstructure of the laser-arc hybrid welding joint
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Swaging process for integrated design of drive shaft assembly

Y. B. Kim, S. Lee, S. H. Jung, S. J. Lim, J. Lee

Abstract

Reduction of vehicle weight has received much attention in order for automotive manufacturers to raise the
competitive edge of their products. Integrated design is one of effective methods for reduction of product weight as well
as improvement of productivity by reducing number of assembly steps. In this study, swaging process was particularly
designed for production of the integrated part for drive shaft assembly. Forming of the part was conducted by swaging
process with variance of the process parameters such as the shape of the die, the number of multi-step, the inlet angle.
Importance of each process parameter was relatively evaluated by comparison of thickening ratio, roundness, and the
metallographic characteristics between the case products. The process parameters were optimized for the swaging
process and it successfully formed the product with the required quality satisfied.

Key Words: swaging, thickening ration, roundness, integrated assembly, drive shaft assembly
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Analysis of the Effect of Strain Residual Stress due to
Roll Forming on Residual Stress of Laser-Hybrid Welding

S.B.Yim, Y.S. Lee

Abstract
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Key Words Variable section tube, Roll forming, Laser-Hybrid welding, Finite elements method(FEM), Residual stress,
Heat affected(HAZ), hole drilling, Solution mapping
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Development of integrated Hollow Drive Shaft using Tailor
Rolled Tube using hybrid manufacturing process

H. W. Lee, J. Lee, S. Shin, K.R. Cho, Y. S. Oh, S. H. Kang

Abstract
B A= AFA FE5He FH A0S Y3 TFFH AMEE A WHS Aokelin 7|Ee W
HI g2 7padd GdS B3t #Ale AV 92 #AE AFstn 2xy Qg 84S F)
of FRet o ¥V e Fug Adee] Ane FEEHL VEL WU AW o F F
T ATEES A% fekel $F FHel AEB el 94 WaldzE Bael Fen AT
= dAgste HET AFS & oleld 38 S Tkl 7IE AFE divl ¢ 20% o]/t FAVE A
7E FFE5S MNEskel

Key Words: Tailor rolled plate, Drive shaft, Hot Rolling, Roll forming, swaging, Inline hybrid welding

1 @571 A7 54 AsdTta

2. @A lEATY

3. Sz

4 A9seld NEATL

# WA AR A AsAT A,
E-mail: kangsh@kims.re.kr

90



g 7beets] 20189 %E EASEUE 254

J
rE
Lt
B*
3m
|
M

=9 J|lg gt

dharell. HeAML. ASH!. olya!. o2 8’

Development of Roll Forming Technology for a Tailor Rolled Tube

S. E. Park, Y. S. Chung, D. B. Kim, J. H. Lee and M. Y. Lee

Abstract

A tailor rolled tube(TRT) is mechanical elements for a hollow tube. It has been studied for application to power
transmission devices. Its manufacturing process is roll forming with a tailor rolled blanks(TRB) that has various
thickness for reducing weights and costs. Therefore, tailor rolled tubing can reduce scraps than a CNC. However, Roll
form machine need to research a moving mechanism to rolls and a welding condition because of blanks of different
thickness.

In this study, a tubing machine was developed based on the basic tubing machines for manufacturing a TRT. Also,
conditions of tubing and welding were designed by simulation and tests. The process flow for manufacturing TRT is roll
forming, welding and straightening.

Key Words : Tailor Rolled Tube, Tailor Rolled blank, Roll Forming, Laser-Arc Hybrid Weld
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Evaluation of Homogeneous Ultra-fine Grain Refinements
Using Equal Channel Angler Pressing

W. Kim, H. H. Lee, S. J. Seo, J. K. Lee, T. S. Yoon, H. S. Kim

Abstract

Severe plastic deformation (SPD) is a promising method for drastically enhancing mechanical properties of metallic
materials. However, inhomogeneous deformation during the SPD process results in inhomogeneous microstructures of
the processed material. We manufactured ultrafine-grained (UFG) cylindrical copper specimen of 42 mm in diameter
using equal channel angular pressing (ECAP) to figure out the relationship between homogeneous microstructure and the
number of repeating processes. Two specimens, ECAP-processed 4 pass and 6 pass specimens with route Bc, are
prepared for comparison of mechanical properties and microstructure. The results show that the highly enhanced
mechanical properties of the two specimens are similar. The 4 pass specimen, however, shows spatial inhomogeneity in
hardness distribution, while the 6 pass specimen shows relatively homogeneous hardness distribution. The
microstructural analysis reveals that the 4 pass specimen has an inhomogeneous microstructure with incompletely refined
grain structure, i.e. a mixture of refined and unrefined coarse grains. This inhomogeneity of the 4 pass specimen could be
explained by circumferential rotation during the route Bc ECAP process.

Key Words : : Equal Channel Angler Pressing, Shaped Charge liner, Copper, Severe Plastic Deformation
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2. Al
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Holl tHsto &2 ECAP 3H 2 HAISHACH AlEH M=z = AlHS| Zo| getez A o[x| Zo|
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processed by severe plastic deformation, J. Mater. Res., Vol. 17, No. 1, pp. 5-8.

[2] A. P. Zhilyaev, T. G. Langdon, 2008, Using high-pressure torsion for metal processing: Fundamentals and
applications, Prog. Mater. Sci., Vol. 53, No. 6, pp. 893-979.
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Analysis of micro-pillar compression test of RAFM steel with
crystal plasticity FE simulation

W. J. Jeong, H. R. Gwon, D. C. Jang, M. G. Lee

Abstract

The reduced activation ferritic martensitic (RAFM) steel is one of promising blanket material candidates which
protects the structure from high energy neutron during nuclear fusion reaction. The RAFM steel has an hierarchical
tempered martensite structure consisting of packets, blocks and laths. Identification of microscopic mechanical properties
and the characterization of the role of the hierarchical structure of tempered martensite by direct mechanical tests are
challenges due to the experimental limitations. In this study, microscale mechanical properties of the RAFM steel at room
temperature were identified from the coupled experiment and CP-FE simulations. The micro-pillar compression tests
were used to obtain the compressive loading behavior, which was fitted by the CP-FE. The EBSD data were utilized to
identify the fundamental microstructure which is the input of the CP-FE for the micro-pillar simulation. The CP-FE
simulation could describe the mechanical behavior of the RAFM steel in both micro- and macro-scale when their
parameters and microstructure are properly calibrated.

Key Words : Crystal plasticity, finite element method, micro-pillar compression test, hierarchical martensite structure
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A Study on the Nano-lithography Using Phase Change Mask

J. H. Sung, M. S. Kim, M. K. Jung, S. I. Kang

Abstract

With increasing demand for nanopatterns in various area, such as semiconductor, display and electronic device, the
fabrication technology of nano structures has received much attention. For those applications, lithographic technology
beyond diffraction limit (sub-diffraction limit lithography) is highly required. While several alternative technologies
including focused ion beam (FIB) patterning, scanning probe lithography, E-beam Lithography, plasmonic lithography
are currently studied, issues such as gap control, high-cost and long process time induced by low-scanning speed and low
transmittance efficiency are still remaining. In this study, photomask with nanoscale aperture was fabricated by Super-
RENS. Finally, we verified the feasibility of Super-RENS process by fabrication nano pattern with 160nm width.

Key Words : Lithography, Phase Change Material, Near field, Super RENS
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using super-resolution near-field structure. Microelectron. Eng., 53(1-4), 535-538.

[2] Park, G, Lee, J., Kang, S., Kim, M., Kang, S., & Choi, W. (2016). Design principle of super resolution
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Effect of Solution Treatment Duration on the Strenght of Al7075
Forming Product

Y. Choit, J. Lee®

Abstract

W-temper forming is developed to form metal with low formability at room temperature. This process composed with
4 stages : solution treatment, forming, natural aging, bake hardening. The purpose of this study is to confirm the effects
of process parameter to each stage of W-temper forming. In addition, the strength of material after each process was
measured to compare the change in strength from the base material to end of the process. In the solution treatment stage,
the soaking time was varied from 10 minutes to 60 minutes at 480<C, and the tensile properties were collected to confirm
the effect of the solution treatment over time. In the pre-strain and natural aging(7days at room temperature) stage, the
effects of natural aging after 0, 5, 10 and 15% pre-strain were compared through hardness test and tensile test. In the
baking hardening stage (which is composed of 3-steps : Step 1 - 25 minutes at 250<C, Step 2 — 20 minutes at 165C, Step
3 — 20 minutes at 1359C), tensile test was performed at each step of hardening stage and changes were observed. The
tensile test results for whole process of W-temper forming were compared. Assume that the ultimate tensile strength of
Al7075-T6 is 100%. In solution treatment process, the ultimate tensile strength became 71% of base metal. After pre-
strain and natural aging, ultimate tensile strength increased to 85%. But during the 3-step baking hardening process
ultimate tensile strength fell to 81% due to over aging effect. In the case of yield strength, the bigger the pre-strain, the
higher the value of yield strength. However, after 3-step baking hardening process, the bigger the pre-strain, the less the
value of yield strength.

Key Words : W-temper forming, Al7075-T6 forming process, Solution treatment,
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Evaluation of Measurement Uncertainty for Dynamic Tensile
Properties of Magnesium Alloy Sheet

M. Kim, H. Huh

Abstract

In automotive industry, use of light-weight materials is being required to achieve high fuel efficiency and weight
reduction of an auto-body. An auto-body with light-weight materials, however, should be designed considering the
crashworthiness for passenger’s safety. To acquire the light-weight and the safety design of an auto-body, conventional
steels are replaced with aluminum alloys or magnesium alloys. Magnesium alloys are proper candidates due to their low
density and high specific strength. Numerical crash analysis of an auto-body is carried out to evaluate its crashworthiness
in general. During the numerical simulation, accurate dynamic material properties are required to obtain reliable results
of the simulation because strain rates are distributed with levels ranging from 0.001/s to 500/s in the auto-body structure.
This paper is concerned with the evaluation of measurement uncertainty for dynamic tensile properties of steel and non-
ferrous metal sheets. Data acquisition procedure to obtain the true stress-true strain curves at various strain rates between
0.001/s and 100/s was properly designed to ensure their reliability. Standard uncertainty of the true stress at each strain
rate was evaluated considering sources of uncertainties of input quantities and their associated sensitivity coefficients.
The standard uncertainty has been successfully evaluated and the results of evaluation represent the reliability of the
measured dynamic material properties.

Key Words : High Speed Tensile Test, Standard Uncertainty, Magnesium Alloy, Dynamic Tensile Property
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MgEt=el g& Mo I:'IJCI" o|gtM ol sk

28l Jaiveer Singh', old S, gtx=5? AXF? FHAIE'

Abstract
Mgt dAe] A2 Hdd FEE AT AN E F2 HL
2] A4 (Erichsen index)& S48kl 39S Hrbstal ok
= O]HJ}\JQ/] s /g—‘ﬂ OH—|"1—— O\i

= 8 ZF = (minimum bending radius) 2 o
AT HE Mgt e FaAe u)
A

= 3 FS stk gAd o]u]x] AF3H7) % (digital image correlation, DIC)
283 d5I% o] W 7IAH A 9 o]W/d (anisotropy) S 418kl Mg

As Tt MgHE=
H(RD, TD)E M aZegic) vA9Esd vy o JJrilﬂEg o|EH o= ]3|
3k 2 4304 (crystal plasticity finite element method, CPFEM)¥ & &-83}o] mini-V-
bending Al Mg = YEhe= HFo)gE F23 & AA mAxz 9@ Ao Fojdte 2-level
(macroscale, mesoscale) 314S G35ttt Al A2QAZF 2 AR &4 Ao A3 mini-V-bending 7]1&
S Ao A Mgeel el g SA44 F7 vhsst, 3% 42 w3 WE o] &old Mg
S A Ax e =0l E Ao=w JigiHET)

Keywords : Mg alloy, Bendability, Microtexture, Anisotropy, Mini-forming
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of th3t AT-¢} o] HXAHo R
(ferrite) 2} Q@ 2~ E|L}o] E (austenite) S A 3=
hH] 6~9%S AHEst & 4 ot 7]E Ede| B ®@ vk Qv B A= Mn 2 Ale] ZHZE 3
6.0 wit%°o] 7% lightweight duplex steel(LW-DS)2] A=<l Al zZ+ A Ak((offerrite), y(austenite),
o/(martensite))oll A eF= W AAEHA WE 9 AWHE AFES A fE AAVARAS g 473
24 324 (crystal plasticity finite element method, CPFEM)S AF&-31Qlt). 7 G4 o disk 71414 &
g olE2Hor oF3ly] 98] w4 T4 &< (spallation neutron source, SNS) 2.2 VOLCANS ©]€3}4 in-
situ A5 AFAIHS S5t or, 74 FA30e dAHo e 3)d I A (diffraction peak)E =7d3t3lth.
TAA dd A dolEe CPFEMS Adsle] HF:Hoz Z A4l thdk microscopic hardening
parameterE ZAA 3T LW-DSS d5AG Al vl odoze] WelE 1elstr] 918k CPFEMA %
He REs 285kt LW-DS dF17 Al 2 e TN e R Wy g A WEH s Bad
A& olFlEty] fl8l FAWELR 10719 f38d WAE 1T W ool A mAxAoe] W H
Gl buffer zones Fo AAZXAS Fostt. & AFE Fal AA vHARAE 722 s AW
Wy 9 AHE] AsS o]BH o= of3E & AT

Key Words : Lightweight Duplex Steel, Neutron Diffraction, CPFEM, Phase Transformation, Deformation
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Effect of Second Phase on the Tensile Behavior in Mg alloy

S. M. Baek!, H. K. Park’, S. G. Lee!, J. I. Yoon?, J. H. Moon?, S. Lee!, H. S. Kim“%#
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Keywords: Mg alloy, Micro-digital image correlation, Second phase, Deformation behavior, Finite element method
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2. AlEHHH

Mg-1 wt.%Zn-1 wt.%Ca &=(ZX11)2 O|AtalEIA2} SFy
FEME 300 °C oM L7t AASIGCE A7 odg S
(A400) ¥X2lE Zdg2ni, Folof 100 °ColM 302(PA100) ¥X2lE HASIFCH ol =
2|2 OIM(Orientation imaging microscopy) 24 AZEQOHE 7|8t Z MR} T8t A2F 3| ™
(EBSD; Electron back scatter diffraction)2 0|&35t0] EAME[UCt QAT A2 MA20M HEY
=5 10° sl R ERon, FH 2 mm, EE Hel 5 mmel QA A|He| oIE AlFo| Al
S| ACt X-ray &A™ mfEH 2 XRD(X-ray diffraction) ZH|E S3l 40 kV, 30 mA Z=Z40llA 26
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Comparative Study for Formability of Experimental and
Numerical Results using Flexibly-reconfigurable Roll Forming

M. G. Kil, J. W. Park, J. S. Yoon, B. S. Kang

Abstract

Flexibly-reconfigurable roll forming is a novel technology conducive to manufacturing the multi-curvature sheet
metals. FRRF produces the multi-curvature sheet metals by distribution of strain along longitudinal direction using a
couple of flexible rollers and guides which can be controlled height of its own. FRRF has a difficulty of inconsistent
between the results of the numerical simulation and the experiment. This problem is directly related to the reduction of
the reliability of the numerical simulation for saving the material cost and time. Therefore, the distinction between the
experimental and numerical simulation results should be reduced. In this study, the numerical simulation and experiments
were conducted using three different sheet metals, Al1050, Al2024, and AI5052 to determine which of the manufacturing
process factor makes distinction of the results from each method. The numerical simulation was conducted by ABAQUS,
commercial program, and the prototype machine was used to do the experiments. The thickness deformation was
measured to verify the strain along longitudinal direction is applied appropriately. Finally, from the results, the way to
reduce the distinction between experimental and numerical simulation results was presented.

Key Words : Flexibly-reconfigurable roll forming, FE simulation, Experiment
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Numerical Simulation of the Flexibly-Reconfigurable Roll
Forming Process: the Sensitivity of FE Results to Various
Process and Simulation Parameters

H. Ghiabakloo®, M.G. Kil*, J.W. Park®, J. Kim?, B.S. Kang**

Abstract

As a response to the needs of modern manufacturing lines for doubly-curved sheet metal surfaces in small-lot batches,
the flexibly-reconfigurable roll-forming (FRRF) process is introduced that is capable of producing such parts
continuously. In this process, a curved roll gap which is non-homogeneously distributed in transverse direction produces
a residual stress field in the material that makes it undergo curvature changes after rolling. Since the final shape is
unknown in FRRF unlike the conventional die forming processes in which the final shape is imposed by the solid dies,
the first step of analysis is shape prediction in this process. Several solution approaches have been proposed in the
literature based on the volume constancy principle or by the finite element method that most of them lack accuracy or
efficiency for the analysis of FRRF. In the present study, we introduce a new numerical approach based on the FEM by
taking into account the special deformation mechanism in FRRF. Then, we evaluate the sensitivity of the final shape to
various simulation and process parameters and compare them with those achieved from the other studies.

Keywords: Flexibly-reconfigurable roll forming process, Finite element method, Elastoplastic analysis
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Multi-objective Optimization of Multi-point Forming Process
with Uncertainties

M. Abebe’, B. S. Kang”

Abstract

The significance of the stochastic nature of a multi-point forming (MPF) process for final product accuracy has been
extensively recognized. It is also an under-researched area in terms of effective techniques and computational tools for
easy industrial applications and implementation. It is recognized that wrinkling and dimpling are the most MPF product
defects. Deterministic multi-objective optimization algorithms and finite element (FE) analysis have been used to
improve the formability of the MPF process; however, not considering noises of the system could affect the variation of
the final product quality. In this study, the uncertainty parameters are considered to reduce or avoid the random variation
of the final product accuracy for the same control process parameters. In addition, to avoid the computational expensive
FE analysis the metamodel is introduced for both product defects. A Monte Carlo simulation is applied to find how the
variation in the uncontrollable parameter affects the final product quality regards to wrinkling and dimpling. A six-sigma
robust optimization is applied to obtain both reliable and robust MPF products. A result of a convex target shape shows
that the wrinkling and dimpling defect can be controlled by optimizing the process parameters. This approach can also be
simply applied to any metal forming processes in any cases where attainable accuracy is an essential criterion.

Key Words: Multi-point Forming, Metamodel, Wrinkling, Dimpling, Uncertainty
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Prediction of Delamination of PET Coated Steel Sheet Using
Cohesive Zone Model

S. H. Yun, J. Jung, J. Y. Jeong, J. H. Kim

Abstract

In the polymer coated sheet metals, coating layers are prone to delamination during sheet forming processes such as
deep drawing and bending. In this work, peel tests were carried out for the PET layer of the PET coated steel sheets. To
account for the effect of deformation on adhesion, peel forces were measured for the pre-strained samples. It was found
that the peel force decreased with pre-strains. Finite element simulations were performed for the peel test using the
cohesive zone model. The predicted peel forces agreed well with the measurements.

Key Words : PET film(PET film), Delamination(2}2]), Finite element analysis(f-3+ 24 3|4]), Cohesive zone
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Prediction of hole expansion ratio using microstructure based
finite element analysis

S. Park?, J. Jung!, K.I. Kim', S. I. Kim?, M. G. Lee!, H.N. Han*

Abstract
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Factor governing stretch-flangeability of sheet metals

Jae Ik Yoon, Jaimyun Jung, and Hyoung Seop Kim

Abstract

Stretch-flangeability, measured using hole expansion testing, represents the ability of sheet metals to endure edge
fracture during complex shape forming. Regardless of a property essential for automotive part applications of advanced
high-strength steels or ultra-high-strength steels, factor governing stretch-flangeability are still not well understood. The
aim of this study is to discover factor governing stretch-flangeability, which is universally applicable to various sheet
metals. To investigate these governing factors, the mechanical properties of sheet metals with various microstructures
were evaluated using tensile, fracture initiation energy, and hole expansion tests. It was found that the fracture toughness
is a universal governing factor of stretch-flangeability. Also, we showed that the hole expansion ratio could be well
anticipated using the finite element analysis related with a simple ductile damage model, without explicitly considering
the microstructural complexity of materials. This simulation validates the fracture toughness as a key factor governing
stretch-flangeability of sheet metals.

Key Words : Hole expansion ratio, Mechanical characterization, Advanced high-strength steels, fracture toughness,
Finite element method
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Mechanical joining behavior between an aluminium tube and
sheet using electromagnetic forming

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

Abstract
A2L7] A1 (electromagnetic forming) &2 FZ Yol I oUA S =HH oz WMAANA 7Y FH HAd
27178 Aol e HAF Abeld *Ji g o2 WAsE 2= Fl(Lorentz force)s ©]&sto] AAlE
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Key Words : Electromagnetic forming (1 2}7] 4 &), Tube expansion (2+3}), Mechanical joining (71414 A 2), Helix
coil (9+3 =), Aluminum alloy tube (&Fv|& 3= ¥Al), Multi-physics simulation (th& 2]
a1 4)

1. @=7IAA+Y F4d Asdta
2. FAbo| gt 7] A 5 s
# WA AA: 7| AGDTY A AEAT A, E-mail: daeyong@kims.re.kr

118



= 437ke s 2018

s

Wl
4o

[32]
0

&l
0

-

Springback Analysis of a UHSS Sheet
Considering Tool Deformation

S. H. Seo, K. K. Kwon, H. J. Kim, J. H. Joe, J. H. Song
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Manufacturing a telescopic tube screw using a hydroforming
process

J. H. Ra, H. S. Jeong, S. W. Han, Y. H. Moon

Abstract
The telescopic tube screw, which can provide an adjustable length feature, has been used in a wide variety of
applications that allow for a secure and perfect fit. This study investigates an innovative hydroforming process for
producing a telescopic tube screw with internal thread on the outer tube and outer thread on the inner tube. The
investigation is supported by finite element analysis to determine the optimum thread shape. The structural strength of
tube screw is experimentally estimated by lateral three-point bending test. The superior structural strength of the tube
screws strongly confirms the reliability and applicability of the telescopic tube screws manufactured in this study.

Key Words : Telescopic tube screw, Hydroforming, Finite element method (FEM), Lateral bending, Thread
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Fig. 1 Schematic illustration of tube hydroforming process: (a) load concentric tubes and (b) hydroforming of
concentric tubes
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Fig. 3 Lateral three-point tube bending test Fig. 4 Measured lateral bending loads with punch stroke
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Effect of Circular Holes on Warping of Blank during Flexible
Roll Forming

P. G. Kang, Y. Y. Woo and Y. H. Moon

Abstract

During flexible roll forming process, web warping can be generated in roll formed products. Web warping is one of the
major shape defects found in roll formed products. In this study, the characteristic features of the web warping occurring
in the flexible roll forming of perforated blanks was investigated numerically. In order to investigate the cause of web
warping on perforated blanks, the longitudinal strain variations during flexible roll forming are examined in terms of
position of holes. The results showed that holes intensify web warping due to the increased difference of longitudinal
strain between flange and web zone. And the degree of web warping varies with position of holes. From this results, the
optical position of holes in the blanks are proposed to reduce the web warping.

Key Words : Flexible roll forming, circular hole, web warping, finite element method
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Die compensation according to heating condition
in hot stamping process

G. H. Shim, J. H. Kim, C. J. Park, B. M. Kim

Abstract

Recently, hot stamping process has been widely used to improve the formability and spring-back. In the automotive
industry, the tailored property has been applied to the hot stamping parts. The manufacturing of such parts is carried out
by using different variables of the conventional hot stamping process or by utilizing tailored semi-finished parts, such as
Tailor Welded Blank (TWB), Tailor Rolled Blank (TRB) and partial heated blank. Generally, in the hot stamping process,
it is expected that no spring-back occurs. However, when partial heated blanks are applied to the hot stamping process,
spring-back occurs in heated regions to low temperatures. In this study, spring-back was predicted to compensate the
spring-back in the hot stamping process by partial heated blank. Also, the effect of spring-back on the heated range and
the length of the transition zone were evaluated. Finally, the hot stamping die with compensated spring-back was

designed using the geometry data.

Hot stamping(3r2=%1-3), Die compensation(=3 X)), Spring-back(2=3~ % %), Partial heated blank

Key Words :
(3 7hd 22 4)
900°C heating part  700°C heatingpart ————————
\ [ High strength part
T o e 00
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Low strength part

=

N =
()

— | I
Flat sheet blank Partial heating Hot stamping Part
(Forming & Quenching)

Fig. 1 Hot stamping process by partial heating
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Development of Heat Protector Parts using Aluminum Alloy
Sheet for Automobile

D. H. Park, J. B. Kim, Y. H. Tak, Y. W. Lee, J. H. Seo

Abstract
Low cost manufacturing in the automotive industry is one of the main targets in most of the industries due to the ever
increasing global competition. Lightweight materials such as aluminum alloys are used to realize low fuel consumption
for automobiles. This paper is to develop heat protector parts using aluminum alloy sheet for automobiles to improve the

formability and reduce the wrinkling.

Key Words : Heat Protector, Aluminum Alloy Sheet, Forming, Automaobile, Die
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Fig. 3 Heat protector parts of aluminum alloy sheet
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Materials Science and Engineering, Volume 88, Issue 2, pp. 68-74, 2017.
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Development of automatic optimization program for drawing
process considering mechanical properties of material

D. H. Cho, I. H. Baik, Y. Lee

Abstract

A GUI program is developed which suggest optimum process parameters of drawing process when mechanical
properties of materials and optimization goals are given. Artificial Neural Network(ANN) and Non-dominated sorting
genetic algorithm-11(NSGA-11) are applied to design optimum drawing process (determine die angle, reduction of area,
etc.) according to mechanical property of materials. The goal is to maximize strain and minimize drawing force and
contact stress without fracture of materials.

Data for training ANN were created by finite element analysis(FEA) which was validated by 45 cases of physical
drawing experiment. Fracture locus is employed to predict ductile fracture of material during drawing.

With the developed program, whenever material properties from typical tensile testing are entered, engineers can get
results of multi-objective optimum design for the drawing process automatically. In other words, one can determine the
best drawing process parameters within 10seconds for any metallic materials.

Key Words : Artificial Neural Network, NSGA-1I , Multi-Objective optimization, Drawing, Ductile fracture, Design
automation,
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Design of Extrusion Dies for Seamless Titanium Tube using
Finite Element Analysis

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

Abstract
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Fig. 1 Titanium welded Tube & Pipe Fig. 2 The extrusion process of titanium seamless tube was

designed using finite element (FE)
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The development status of In-situ-MgB2 Superconducting wires
fabricated by drawing process

S.H.Jang', H. S. Kim%, J. D. Im', S. H. Kang?, Y. S. Oh?and D. Y. Hwang*

Abstract
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Key Words : MgB,, A=A, PIT, A, tho]2, drawing force,
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Development of Hybrid Drawing Process for Manufacturing of
High strength Ultra Fine Grained Wire Rod

D. H. Cho, I. H. Baik, S. B. You, Y. Lee

Abstract

A hybrid plastic working process which combines groove rolling process and drawing process was developed based on
FE analysis. Steel processing companies are trying to induce as high strain as possible on the material under
recrystallization temperature to improve mechanical properties of steel products. But there is a limitation of cold working.
Crack occurs in the material when the plastic deformation exceeds limitation due to ductile fracture.

Wire drawing and groove rolling are one of the most used plastic working process for manufacturing wire rod. Both
processes have limitation. During drawing process ductile damage are accumulated in the center and sometimes crack
occurs which is called chevron crack. In contrast, during groove rolling process ductile damage are accumulated on the
surface of wire rod and it causes surface defects. With the hybrid process, higher strain can be induced without crack
occurrence so that improvement of mechanical properties are increased. Moreover, distribution of strain is being
uninformed.

Key Words : Drawing process, Groove rolling process, Chevron crack, Surface defect, Grain refinement
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Tailor Rolled Blanks with Thickness Deviation in Two directions

S.W. Han, Y. Y. Yun, T. W. Hwang, Y. H. Moon

Abstract

Tailor-rolled blanks (TRB) is a semi-finished part, which changes the blank thickness during a rolling process that
leads to a continuous thickness transition between thick and thin. In the previous TRB research, Only the characteristics
of the thickness variation in the longitudinal direction were considered. However, for auto-body door ring, thickness
variations in the width direction as well as in the longitudinal direction are required to maximize the performance.
Therefore, a TRB with Thickness deviation in two directions (longitudinal and width direction) was investigated in this
study. The manufacturing process of TRB was analyzed by FE simulation using three types of the solid blank and hollow
blanks having circular and square holes. This study suggests using hollow blanks with circular and square holes instead
of solid blank which can manufacture sound blanks with acceptable.

Key Words : Tailor-rolled blanks (TRB), FE simulation, Transition zone, Hollow blank
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Fig. 1. Schematic of a TRB with thickness deviation
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Fig 2. Finite element simulation model
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Fig. 3. Comparison of TRB shapes: (a) solid blank, (b) circular hole and (c) square hole
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[1]R. H. Lu, X.H.Liu, S.D.Chen, L.Feng,X.L.

Hu, Lu, L. Z. Liu, 2017, Springback Behavior of
Tailor Rolled Blank in U-Shape Forming, J. Iron. Steel Res. Int. Vol. 24, No. 8, pp. 787~794.

[2] A. Meyer, B. Wietbrock, G. Hirt, 2008, Increasing of the Drawing Depth Using Tailor Rolled Blanks—
Numerical and Experimental Analysis, Int. J. Mach. Tools Manuf. Vol. 48, No. 5, pp. 522~531.
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DOE approach in the FEA of Liner Forging Process

Y. G. Kim, K. P. Kang, S. J. Seo, J. K. Lee, T. S. Yoon, K. H. Lee

Abstract
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Key Words : DOE(Design of Experiment, 2% 72 %¥), Finite Element Analysis(+-3F.2.434]), Forging(th=),
Optimization( % 3})
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Fig. 1 Liner forging process
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Table 1 Factors and levels used in FEA
. Level 5
Factor Unit -
Max. Min.
A Punch Angle | degree 12.5 175
B : Die Diameter mm 125 175
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Fig. 3 Region of interest in 2nd forged product

C : Die Angle | degree | 125 | 175
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A Study on Hot Open Die Forging Method of Blade Cylinder
Root using Al 5083 Alloy

Y. C. Kwon, Y. S. Yoon, S. S. Kim

Abstract

The blade cylinder roots is one of the key components connecting the blade and pitch bearing of a wind turbine and
accounts for 20% of the manufacturing cost of the blade. Typically, blade cylinder roots are manufactured by open die
forging method using steel alloy. However, the blade cylinder root for 750KW class wind turbine is manufactured using
Al 5083 casted material in order to reduce the weight. This study aims to develop a hot open die forging method through
Experiment and FE-Analysis using Al 5083 material manufactured by continuous casting. In case of the open die forging
for large forged part, pass schedule of forging process is most important because it can affect final dimensions of product.
In this paper, the forging process was designed by applying the mandrel forging method. Hot compression tests were
carried out to obtain the flow stress of cast microstructure at different temperature and strain rates. The measured dates
were used to simulate the forging process of cast ingot using the practical material properties. The control parameters of
each forging process, such as temperature, damage value, strain and stress, were analyzed and compared to predict the
suitability of the mandrel forging process. Finally, high productivity, internal quality, shapes and dimension was verified
by the prototypes manufactured by the proposed forging process for blade cylinder root. In addition, the prototypes were
investigated the mechanical properties for direction.

Key Words : Open Die Forging(XHf-©t32), Flow Stress(-+5-5-2), Mandrel Forging(s1 =% t©h=) , Blade Cylinder
root(Ed o= AT FE), Wind Turbine(F =27 7])
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A Study of Hot-Forging Simulation and Property for Ni-base
superalloy CEDM Nozzle Development

Y. D. Kim*, H. N. Bael, S. H. Park?

Abstract

A dARS] dAAs AHNSS Aofst= AolE ol5S 918 CEDM Nozzleo] AHgHT}. 2% &7
L 12 ts 2 T o =FFHo] gdom Ni base? Inconel 6900] AFEHTH, = BRE HHLE
A ool o)t o] |7 E 714 "ol oHlgs A AR, Ax AE Av] FHF Lo
A dAE B4 2 TR 87 Spec. 22 13 AFAN AFAZIL oJHh. B AFNANE EF
AEZT AAREE, 254 2 H4 g2 #3E 75 stk 53], 93t 9dx 34 FRE
slo] e W8 22 Simufact .Formings o83k 2@ Bl ¥ ©xad EAdulelyt A
548 183 Y dxZ2ZAAE AY st ALA 9z, €48 F AFEFIME 53 87 Spec. &
WSSk 20S g3

AR Aol #HEH & =Ho| faf sa-7iHiol=E2 FHE MoiES0| =AM WE

M(Control Element Drive Mechanism) Nozzle £&0| Z s}

StAZZH2 12, cfEs 2 =9H2,500ps)22 &AM+ Ni-base2| Inconel 6900|CH1].

=L wWMA= MY sieed e/Estn U H7| X JiHe ot el FofXbo|X| 2 ZZAke

Ho|E fMsfiof AFEo|Ct e iMeE ote] ME8MU| F&F, €72t HAHE FofT|s =

= 2 7Ict22 27 Spec.g THEHoF st {2{g0| RUct 2 AFAM= S FHZY |
A

—
A 7 ofx, dMEVs2 FEst 4F MHE X 27 Spec.g UFRSH= J|s/HEE o|F A
= =
= o

ct. E3|, FEAZH Z2HH Ygas sle o7& MeS 25l Simufact.Forming 14.0 S/W
£ 0|25l ZeA Efel & ZH A|ZEo|ME A5 T 2AMA J|uE MESID A BEF
Mz = A"t 510 2 E Spec.2 THESE =HES &E S

2. N7l =gt= dedy w=f

dEaMe 42 28 HelolM d&2 FA=E HAE F VIMHESR Z2|E MASHIcH ESR
A Al 2 (T, Al )8 48y &« 2M8F =2 12{50] Slag =d X =H=HS
T&otof HM=EStct I8 12 ¢380xL4,580 , 4.28 =1 ESR 3d = ¢550xL2,160 &1
£ HMEfsielct 2 12 2 = 235 M= & d2Z02 27 Spec.g ZF UFSIRACH

—

55

# AR} FAAFEY VlEdTY AATENEE,
E-mail: youngdeak.kim@doosan.com

11 FaE3d 7ed T aA7IENLd

2: SIMECS, SIMUFACT.FORMING

136



VIM : $380xL4,570

Fig. 1 Photograph of manufactured ingots by using the VIM+ESR process

Table 1 Dimensionless composition of manufactured inconel 690 product

Contents © Si kN P 3 Cr Mo Al Cu Co Ti [ls} Fe i
0.015 0.005
017 ~| 0.2 ~ | Max. | Max. 0.2~ | Max. [0.01 ~|0.25 ~|0.01 ~| 9.2 ~
Spec.(wt. %) 0005 | 027 | 03 | 0004 | 0003 28 ~ 30 gois | 03 | 0015 | 003 | 035 | 003 9.6 Fem

Dimnesionless

" 1.00 955 | 1091 | 0.26 0.03 1,299 038 | 1045 | 014 073 | 1384 | 094 4288 Rem
composition

2-Die RFM 4-Die

Terparstre ()

Fig. 2 Set—up of forging window and forging process factors through FE simulation
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=82 482

Y$=275MPa_

Tensilo(Yield) stross(MPa)

g 8 8§ 8 8 8

(Block B. Inconel 690 RFM E/%)

e /
Fig. 3 Actual forging product and test results for CEDM nozzle
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[1] EPRI, Proceedings: alloy 690 workshop, 1989, NP-6750-SD PJT S408-1

[2] Y.V.R.K. Prasad, Metall. Mater. Trans. 27A (1996) 235~236
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Consideration of VVoce’s flow stress model and its variants

M. K. Razali, M. Irani, M. S. Joun

Abstract
In this paper, conventional mathematical models of expressing flow stress curve at the elevated temperature are
criticized in terms of accuracy and applicability. A potentially promising approach is introduced which is still under
developed. The approached can describe the flow stress curve with applicable scheme of obtaining its associated
parameters. The model has six parameters that can be determined systematically. It is shown that he stress-strain curve
acquired by this model are in great concurrence with the experimental data.

)

Key Words: Voce Flow Stress Model (Voce &

(3% )

1. Introduction

The understanding of deformation behaviors of
metals and alloys at the elevated temperature is of
great importance for process design engineers in
metal forming because it can give them some
insights on conceptual process design. During hot
metal forming, the materials are subjected to
complex deformation history under strain, strain rate
and temperature, which causes different
metallurgical phenomena [1] such as microstructural
evolution and heat treatment.

Plastic flow stresses at the elevated temperature are
too complicated to be revealed in a practical way by
the application engineers, for example, because the
hot materials are hardened at small strain below the
peak strain and softened at the larger strain due to
dynamic recrystallization, i.e., the dominant
restoration process in microstructural evolution.

Many researchers have suggested mathematical

1.
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models of the stress-strain curves of some selected
materials for a certain range of temperature and
strain rate. Among those previous works, Voce [2]
attracted more attention in the 1970s when analysis
of large strain curves gained interest. He formulated
the flow stress in terms of Zener-Hollomon
parameter Z, describing the combined influence of
strain rate and temperature. The flow stress divided
into two terms, whereby the first one describes the
strain hardening and the second describes softening
by dynamic recrystallization. This model is suitable
to take into account both for strain hardening and
for dynamic softening occurring during hot forming
conditions.

Recently, Ebrahimi et al. [3] have improved the
Voce model and studied the flow behavior of a Ti-
IF steel.

In this paper, the Voce model and Ebrahimi et al.
model are criticized in terms of accuracy



200 |

Experiment
Hensel Spittel
Voce

160 F--—-"--- ImprovedVocebyEbrahlml
- L = -
o
S 120
& 80
40
| Strainrate=0.1/s 1200°C
O||||I||||I||||I||||I||||
0.00 0.15 030 045 0.60 0.75
Strain

Fig. 1 Comparison of Voce, Hensel-Spittel
and Ebrahimi et al. with experiments

200 -
F Experiment
----------- Improved Voce and Ebrahimi by the present author
160 [ NnANoO~
g
s 120
3
5 80
(2]
40
_ Strainrate =0.1/s 1200°C
O|||||||||I||||I||||I||||
0.00 0.15 0.30 0.45 0.60 0.75
Strain
Fig. 2 Comparison of experiments with new
model.

2. Voce model and improvements

According to L. W. Meyer [2], Voce model reflects
well the flow stress of 20MoCrS4 material while
Hansel-Spittel does not give good results. The same
results were presented by P. Opéla [1].

In this study we compared Voce, Hensel-Spittel
and Ebrahimi et al. with experiments, as shown in
Fig. 1. It can be seen that no flow stress model can
cover the whole sampled temperatures. Especially
5-parameter Hansen-Spittel model is the worst
because it exhibits distinct difference in flow stress
especially in steady-state condition at the higher
strain.

Voce model predicts the flow stress with
acceptable accuracy for the lowest temperature.
However, it gives inaccurate flow stress for the
other two temperature. It can be seen that Voce’s
problem was much improved by Ebrahmi et al.
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However, the proposed scheme is relatively
complicated. Ebrahimi et al. model have 10 material
constants that need to be identify systematically
from detailed observation over several characteristic
curves.

Based on the understanding of previous studies,
the authors are studying material characterization
for two aims. The first aim is to improve the flow
stress model for the higher accuracy and more
systematic and easier way of determining the
material parameters. The second aim of our study is
to generalize the model for covering wide ranges of
strain rate and temperature to give flow stress
information at any condition during metal forming.

Fig. 2 involves our intermediate results of fitting
the flow stress curves for the same example with
those in Fig. 1. As can be seen in Fig. 2, our curves
best fit the experiments.

3. Conclusion

In this paper, flow stress models of metal material
at the elevated temperature including Voce’s model,
Hensel-Spittel model, etc. were criticized and the

improvement direction was given with an
application example.
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Acquisition of Coefficients of JMAK Model for Microstructural
Evolution using a Hot Forging Process of Outer Race

M. Irani, S. G. Lim, M. S. Joun

Abstract
The coefficients of Johnson-Mehl-Avrami-Kolmogorov (JMAK) model for predicting grain size are obtained through a
new method recently presented by the current authors. In this method, an optimization tool minimizes the error between
experimental values and corresponding finite-element solutions iteratively. A three-stage forging process is employed to
obtain the main coefficients of the grain size equation for 100CrMnSi6 alloy steel. A good agreement was observed
between the predicted grain size using the obtained coefficients and experimental values.

Key Words : Dynamic recrystallization (&2 2| 2 7d), Grain size (A% 71.71), Steel (%), Material Properties (&4d X])

1. Introduction
The size of recrystallized grain is calculated via
Johnson-Mehl-Avrami-Kolmogorov(JMAK) model

[1]:

Dyry = a dlte™é™ exp (g) +c 1)

RT
The nomenclature of the above equation is: T,
temperature (K); gas constant (R = 8.134472]/
Kmol); d,, initial grain size( pm ) ;Dgpe
recrystallized grain size(um); Q (J/mol), activation
energy for dynamic recrystallization and a, h, n and
m are material coefficients. The coefficients are
typically obtained from experimental observations

using the regression techniques.
In this study, the first and second stages of a three-
stage forging process is employed to obtain the

BAejsta 1A%
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coefficients of the equation for 100CrMnSi6 steel
using finite element analysis and optimization
techniques.

2. Material and methods

The chemical compositions of the studied steel are
given in Table 1. A metal forming simulator,
AFDEX2D coupled with HyperSTUDY s utilized
to predict Dy, in the first and second stages. The
error between predicted grain size and experimental
value is minimized to acquire the DRX coefficients.
Fig. 1 shows the schematic diagram of the forging
process used in the experimental procedure.

L

Initial

|4

Secand stage

First stage

Last stage

Fig. 1. Schematic diagram of the three stage for
ging process with metal flow lines



Table 1 Chemical composition of 100CrMnSi6.

Element C Si Mn P S Cr
Wt.% 099 0.62 1.1 011 001 152
Element Ni Cu Mo Al Ti Fe
Wt.% 003 001 0.01 0.26 0.2 Bal.
The objective function is defined as [2-3]:
n
1 2
Y= EZ(Ddrx,exp o — Ddrx,pre(i)) (2)
i=1

where Dgrxexpiy N0 Dy prey are the measured and
predicted grain sizes at i"" sample point.a, m, n, Q
and h, respectively are considered as the design
parameters. The constraints are applied as:

0.0<a<20,00< h <1.0,-05< n <05,

-0.5< m <05,-100.0< Q <-50.0 @)

3. Results and discussion
The variation of objective function with iteration
is depicted in Fig. 2, showing the value converges
to 0.92 after 50 iterations.
7.0
S 6.0
; 5.0
: 4.0

e fi
u
=)

2.0
1.0
0.0

Objectlv

0 10 20 30

Itreration

40 50

Fig. 2. Variation of objective function

The obtained values of the coefficients are
represented in Table 2.

Table 2 Obtained DRX coefficients

Coefficient Value
a 9.3x103
h 0.261
n -0.085
m -0.065

Q(kJ/mol) 76.49
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(A)

(B)
Fig. 3. Parent austenite grains at points A and B
shown in Fig. 4

Parent austenite microstructures at two selected
points are illustrated in Fig. 3. We used the
obtained coefficients to predict the grain size at the
last stroke of final forging stage. The results are
depicted in Fig. 4 showing a good agreement
between the predicted and measured grain size with

the average error of 10.5%.

20.3
Y162

., Measured (um)
Predicted (um)

Fig. 4. Measured and predicted grain sizes at
the final stage
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Analysis on The Development Trend and Manufacturing
Technology of Aircraft Parts and Its Material Connected with
The Fundamental Manufacturing Technology(Ppuri technology)

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

Abstract

Aerospace industry is generally stated as a developed industry and the future of manufacturing industry on a scale of
market, profitability, market growth and the ripple effect of technology. Also the key technologies forming an aerospace
industry are combined and complicated technologies such as machine, new materials, software, electricity and electronic,
and IT. Most of aircraft parts are made of fundamental manufacturing technology named as Ppuri technology. Ppuri
industry is the fundamental industries that manufacture materials into parts, parts into complete products through main
Ppuri technologies such as casting, molds & dies, metal forming, welding, surface treatment and heat treatment.
Automobile, shipbuilding, semiconductor and aerospace industry are closely connected with Ppuri industry. Specially
increase of the technology power in the manufacturing the aircraft parts is a key role of competitiveness for the aerospace
industry. And then the long-term development of the parts manufactured by the Ppuri technology is needed for growing
the national aerospace industry. In a viewpoint of the material treated in Ppuri technology, military aircraft require the
characteristics of stealth, composite and smart material to obtain weight-lighting, making smart and stealth function. On
the other hand, commercial aircraft needs those of composite and smart material to obtain weight-lighting and making
smart. Especially in aerospace industry, the development process from a material to manufacturing a part corresponds
with the certification steps form MMPDS/AMS to NADCAP. Also QT and evaluation should be satisfied by customer
audit related to requirements of manufacturing company of the aircraft.

Key Words : Aerospace Industry, Fundamental Manufacturing Technology, Ppuri Technology, Ppuri Industry, Weight-
lighting, Aircraft Parts, MMPDS, NADCAP
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Analysis of aviation MRO IT solution with industry
S.D.Kim, C. H. Lee
Abstract
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Development of high-strength Al alloys for aerospace
application

S.Y. Yang, B. H. Kim, S. K. Kim

Abstract
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Forging Characteristics Evaluation Technology of Aluminum
Alloys for Aerospace Components.

Y. C. Shin, H. J. Choi, B. H. Kim, S. H. Ha, T. K. Jung, S. K. Hyun

Abstract

In this study, a standardized test method is proposed to evaluate the formability of aluminum alloys suitable for forging
process and to evaluate material properties and fatigue characteristics depending on the strain level. A testing dies, which
is suitably combined of the progressive strain imposition characteristics of free forging and the reproduction
characteristics of the die forging, is devised and used to gradually accumulate deformation in the center of the rod-shape
specimen with the increase in the upsetting pass. In particular, the shape of the dies and specimen is designed to enable
upsetting under plane strain conditions to ensure that the strain in the longitudinal center is as uniform as possible. After a
continuous upsetting, the specimen remains the same after the upsetting. Since it is possible to extract tensile and fatigue
specimens according to ASTM standard from the upset specimens, it is possible to evaluate the variation in tensile
properties and fatigue characteristics depending on the strain level of the specimen center for aluminum materials of
interest. In addition, the formability depending on the temperature of the aluminum materials can be assessed from the
number of upsetting passes, where cracks are observed at both ends of the specimen, within the range of approximately
130% strain. Through the test method developed in this study, it has been verified that the characteristics of aluminum
materials for aircraft that require high reliability can be quantitatively analyzed from various perspectives.

Key Words : Forging, Formability, Forgeability, Characteristics Evaluation, Aerospace component
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Development of 21,000kPa-class Fittings in Aircraft Hydraulic
Systems

W. S. Jung, Y. W. Kim, D. G. Lee, H. I. Kim, C. J. Lee

Abstract
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CF/PPS L-Clip

A Study on Process Control of Hot Compression Molding for
CF/ PPS L-Clip Quality Contorl

I.S. Heo, H. J. Lee, Y. J. Jeon, C.J. Lee, D. E. Kim
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Thermal barrier coatings for the hot section parts of the gas
turbine engine

S. Lee, E. Byon, Y. W. Yoo

Abstract
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Preparation of Metal Powders for 3D Printing Process

S.Yang, J. H. Yu, Y. J. Kimand S. K. Kim

Abstract
Spherical nickel and titanium powders were prepared by various kinds of inert gas atomization methods. In these
methods, the parameters that determine the size of the powder include various parameters such as gas pressure, gas
density, viscosity and surface tension, but the relative velocity between the injected gas and the molten metal is the
powerful factor. Various gas atomization methods to control the size of the powder will be introduced. Process variable
experiments with cubic parts prepared by powder bed fusion (PBF) type 3D printing process will be also introduced to
optimize the process using the prepared metal powders.

Key Words : Metal, Powder, 3D printing, Gas atomization
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g5 REE 35 0o AN -2 E S0l =2 ElolEHs Eant D2UAMn =Ud 5
o S0l 5t U &F0l F2 AFSED Uct olHst FHEFS ALESHd 3D ZEIE J[&(3At
¥ 2| CAD dataE &-&35t0{ 3oLt 7[AHA 7t3 810 I Xt L EXME HM=sote 7|8)E $38
FEZS M =5t 218t faMe= F5 M(wire)o|Ht 25 2 (powder) HEIZE T2 ALZEICH

%L BEUS AIEst= 3D Z2E dio= powder bed fusion(PBF) Ald} direct energy
deposition(DED) &+A] 37|17+ a2l

o] F2 AlE=1 oo, I ghrlof ujzt Al2Es 229
PBF E':“A!EI 40 10~45 um 378 20| FE ALSED DED 4ol A 2ol= 45~150 um
A7|e| R0l AIEED R FSE(E8M)7 Eolof st22 F=2 T FLUO0| AFSEICL
Ty :"—T =E2 F=2 7%’“ 22 (gas atomization)22 H==[of o] gHHo|= vacuum
induction inert gas atomization process(VIGA), vacuum induction inert gas atomization
process with cold crucible(VIGA-CC), electrode induction gas atomization process(EIGA),
plasma gas atomization process(PGA) 0| RUC}t VIGA 882 Z3 Hi7| & &M JIA =2
X 2tE 21Z My LRl Mate EItHetA FH(ingot) g RE(MEH7IE waloz 1o
Z Jldsto] A MEje & SEHES UED o EEHE 22|T A(orifice)E S50 otz H
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EIGA 2H2 34 2ME UBZ siof of BX TN RE JiHS Si BX B £20 =
ob ofelz xRsistel of BF Vol Tetel JIAE EAlstol 2% LS Azl
VIGA-CC BHe Mi2t2 Zoh thalof == T2 M=l 3% Sk (cold crucible)S At
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Table 1 Characteristics of various kinds of gas atomization processes

mH 3ol
I S Brt= £%
(Dso, tm)
scrap, -HEEA KM elS -in—situ &2 &A Jls
VIGA ingot, 10~300 -Ti, Zr 27l= -o0|2f M2tel =¢l
bar, - -AMHA o|M 22 S = L P
scrap, - EsA KM |lS -in—situ &= AA Jis
VIGA-CC ingot, 50~300 -HteMaE Js(TN 2 52 MY A
bar, - Aoz =2 &5 -UE MM oHF
-flE s HIEA| 24 S i
EIGA bar 60~300 =2 JIA AREF A 2 2L 37
-ZHH| = ZbE S| = L P

FS R |

[1] R. Kaiser, C. Li, S. Yang and D. Lee, 2018, A numerical simulation study of the path-resolved breakup behaviors of
molten metal in high-pressure gas atomization: With emphasis on the role of shock waves in the gas/molten metal
interaction, Adv. Powd. Tech., Vol. 29, pp. 623~630.

[2] P. Sun, Z. Z. Fang, Y. Zhang and Y. Xia, 2017, Review of the Methods for Production of Spherical Ti and Ti Alloy
Powder, JOM, Vol. 69, No. 10, pp.1853~1860.
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Technological trends of metal additive manufacturing

Hanshin Choi

Abstract

At the current state of metals additive manufacturing, powders, wires, and sheets are used as feedstock according to
building principles. Among them, powders are widely used. According to feeding manner of feedstock powders, metals
AM can be divided into blown powder AM and pre-placed powder AM. Powders are carried into moving molten pool
with carrier gas for the former blown powder AM (directed energy deposition AM). On the other hand, 2 dimensional
patterns are directly translated on pre-placed powder layer in the latter pre-placed powder AM (powder bed fusion AM
and binder jetting AM). In the case of sheet lamination AM, metallic sheet layering, ultrasonic welding of the sheet, and
laser cutting for pattern formation are repeatedly carried out until completion of 3D part fabrication.

Metals additive manufacturing technology is compatible with the keywords of future manufacturing paradigm such as
resources utilization efficiency, mass personalization, decentralized supply chain, smart factory, open architecture
products, bio-inspired design, manufacturing-on-demand, and so on. With respects to industrial adoption of metal AM,
market penetration has been tried for low-volume market products, low buy-to-fly ratio products, expensive products,
difficult-to-machine products, complex designed products, and spare/obsolescence parts. However, extensive adoption
will happen only after it cross the chasm in the disruptive innovation technology adoption life-cycle. Uncertainty for final
product quality, lack of materials selectivity, low productivity, and lack of expertise are considered as main obstacles for
AM market expansion. Lots of researches have been devoted to overcome the obstacles. Uncertainty of product quality is
caused by complexity of current AM technology. There are lots of parameters affecting processing ability and
corresponding product quality. To solve the problems, in-situ diagnostics and feedback system and multiscale simulation
of whole life-cycle prediction are extensively studied. In-line monitoring of molten pool characteristics is an example for
the in-situ diagnostics and feedback system while powder layering, laser-powder interaction, consolidation, temperature
development, and stress-strain generation are simulated and they are interfaced. In the case of surface finish,
hybridization of metal AM technology and CNC is prevailing for PBF AM-CNC, DED AM-CNC, and so on. Multi-laser
system is introduced to improve productivity. Materials become hot issues in metal AM technology. Processing ability
and part properties are largely dependent on materials properties and cost-effectiveness is determined by materials cost.
Last but not least, qualification and certification for materials, machines, and parts are key issues for industrial AM
adoption in particular for regulation-intensive industries such as aerospace, bio-medical devices, pharmaceutics, and
construction. Standardization activities are briefly overviewed in this study.

Key Words : Additive manufacturing, 3D printing, metal AM, standard technologies
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3D Printing in Aerospace

S.C.Lim
Abstract
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Technological trends of metal additive manufacturing

Y.M. Lim and T.K. Park

Abstract
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Dry sliding and erosive wear behavior of the Hadfield steel

B. W. Gu, Y.-S. Kim

Abstract

Metals used in industrial fields need to have advanced mechanical properties including high wear resistance. Many
processes and equipments such as a shot blast, crusher liners, and jaw crushers require abrasion and erosion resistance.
The most commonly used steel for the processes and equipment is the high-manganese hadfield steel. The steel is known
to have superior work hardening capability, which gives the steel high wear resistance. During wear of a metal, a
subsurface layer is formed, which has different properties from those of the original wearing metal. Since the wear occurs
at the layer and material properties in the layer are different from the underlying body, it is important to understand how
the wear rate varies with the character of the layer. This study was conducted to investigate the sliding and erosive wear
behavior of the hadfield steel under various conditions including very high load and particle velocity. After the wear tests,
worn and eroded surfaces, wear debris and cross sections were analyzed by SEM and TEM. Wear rates of the hadfield
steel specimens tested at different loads, sliding speeds and erosive particle velocities were analyzed considering the
effects of the severely deformed subsurface layer with different thickness and distribution.

Key Words: Hadfield steel, AP1 X70 steel, Sliding wear, Erosive wear, Severe wear condition.
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HE chedt 7 AM EMo=z MYsty| ofyA stot um2iM ofEH EHE (0|t LR #
7lghel d@M 7|7t o|=0| otHol| o|x|= ¥&2 olslist= Aol of FLsict ASF, WE
AN, Mef Hx MY S| oy MY HFAAM Bo| AMEEE=E 25 MEs 8% w2t 5
St 7|IAAM M D ctekst 2 f =7Zof tfst ofE XM &M ol 27 E CE Shot blast liners, Crusher
liners, Jaw crusher &1t &2 ZHH[0|M T == WfotE SM2 AAD FAlolHo| st Mgt
Moz ol =do MEtst 42 D7 (High-manganese steel)olch Cf Al matzizho|
stLt2 s EE E=EZH(Hadfield steel)& & = RUCH1, 2]. & AFo A= sHEZ=Z2S| ojnHoOt
Hu FHAofE HSE o2 =AM AFICE XMotE5n 1OstE 7oA o|NHOIEAIES
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Fig.1 Variation of sliding wear rate (a) and erosion mass loss (b) of the Hadfield steel specimen as a function
of load and impact angle of the erodent. The erosion mass loss of the APIX70 steel is compared.
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[1] Erick Oberg and F. D. Jones Machiner’s Handbook Eighteenth Edition Industrial Press Inc. 1970 Page.

[2] S. Bhattacharyya 1966, A friction and wear study of hadfield manganese steel, Wear, Vol. 9, Issue 6, pp. 451-461

[3] B. W. Gu, H.W. Gwon, Y.-S. Kim, 2016, The influence of the counterpart on the sliding-wear rate variation in a pure
iron, KSTP Spring conference, pp. 146~149.
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Variation of microstructure and mechanical properties
according to aging time after hot forging of 6082 aluminum
casting and rolled materials

H. W. Jeon, C. H. Suh, T. H. Kwon, S. K. Oh, J. H. Jeon, H. Y. Choi

Abstract
Suspension parts of automobiles have been manufactured using iron-based materials, but in recent years, attempts to
apply aluminum materials have been increasing. Al6082 is widely used for suspension parts. Aluminum billets are
prepared and T6 heat treatment is performed after hot forging for part manufacture. In this research, variation of
microstructure and mechanical properties according to aging time after hot forging of 6082 aluminum casting and rolled
materials is studied. In both materials, the strength increased as the aging time increased. In cast material,

recrystallization hardly occurred. On the other hand, in rolled material, recrystallization and grain growth occurred after
heat treatment.

Key Words : Aluminum(&51] %), Cast material(5=Z#]), Rolled material(%+<3 A1), Hot forging(& 7Fe+%), Aging
treatment(A] & A &)
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Development of Aircraft part forming technology used SPF
Process of Ti-6Al-4V Sheet.

S.W. Kim!, K. H. Kim™, Y. N. Lee!, Y. N. Kwon?

Abstract
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ECO Mg(with CaO)% HIlst ndx-1nodAl
Al-Mg(7, 9wt.%) a2l o[M =% & Q& HE HE

wolM ' AT, UMBE, U882 o7t

Microstructures and Tensile Deformation Behaviors of
High strength-elongation Al-Mg(7, 9wt.%0) alloys
with ECO Mg(with CaO) added

Min-Seok Baek®, Young-Kyun Kim?, Shae-K. Kim? Bong-Hwan Kim? Kee-Ahn Lee®"

Abstract
2 7= modified Mg(with Ca0)S E7bsh 1 ZHE -4l Al-Mg(7, Iwt.%)EH ol DIMII?‘I 9l olE iy
HSoll thalf =AFSIHCH Mg S22 ZH2ZF 7, owt%Z 5wi% O|Ake| Mg O EIF=of & grain boundaryoll
Mg,Al; A+50| MEE A &SI 2L modified Mg &7I2 215 Mg,Al; A Atololl Al,Ca 4to] &
A =0], MgyAl; 2H50| 2HAF SEf(network) 2 O|01X UX| &£ EHE HoZ ZHEEUCE AT 2xfel 7|

e
A 542 Lot27| 2ol &2 AY AledS $HSIAU20, modified Mg &&0| ZotA+SF ZJt ekt
2= Ag =elstcth £k AME2e 2 modified Mg BF2F0| =otElof w2t st ZdEs 2R,
248 Al-Mg 230l Hlo =2 dalg FES EUCE 4V 2™l JAN S48 AYStRA oM =21t
oIz oot s 2A/HESIN 20! modified Mg E7toll o5t olMl=AlA B3t 3 J[AH 54 ol o|x|
= OlM =2 QIxtE DESAL St

r

1. M&

A-Mg BES Al B3 3 T, MM, YA Sol ea3l0 25d [SH, MY, ¥T FE SO
SopilA PEMEE g2l AFBET Uk Ol2{E A-Mg B3 Mg B0l HolE$= A SMo| &
A=l 2z e

FMgol EIHE Al 235|2] 7|AN EMo| Mol=les Hez Y™ Uch, OIE MgO| matrixoil
DEEX 2t brittle® MgoAl; 0| EME7| mf-2o|ct w2iM =2 g
HMojstzi= A7 A= ULt
zZoll= Seo et al.[1,2] & HMXEL o™ AFoM 7|= HMof gzt ctz2H A-Mg 2ol ECO
Mg(with Ca0)E H7I5l0 EI|HoZ Mg.Al; & Hol & EA 3 Hb *UAck Ll
A2024 2 7075 &30l Cfst o] AdRot fsliE9lon] o|M=A=
geat ofL|2} tHE 29 A7 E2 oxidation SAoll =Xo| Fo{x| Uct.
et 2 AFo|M = ECO Mg(with CaO)7t H7teEl DZE-ndA Al-Mg &322 olM=% 2 7|AH
gc—’io 7|l:i|-o§ o|7t|- I:|1od 7.150 .H.l:ldo|._T!_7(|. o|.01[_|.
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5l% 204, electron back—scattered diffraction(EBSD, OXFORD) ZHH|E o|235fo{ 2t
2M T2 step size 50~500 nm2 2 15kV Z=Z45tol|l TSI Cf

FOPE AL 7Mg, 9Mg 2Afe| AE L QIF AlFe F=#alRUct HAE AIF2 Vickers
MITUTOYO; HV-100)E AR5t S0 X &5t data B2 E 2ol AIHE 123 o|Ate] AlY
r o1&} A|o4 Ztti|£ INSTRON 8501 ZHH|E 0|23t 20 AlE =712 strain rate 107°/s2
IR 2 AEN SHEE Qs AlHY 334 Q& A|l"E ZI™ st

—

EBSD £ &all ¥o{&l inverse pole figure(IPF) mapZ} average grain size(AGS) A ZIE Fig. 10|
ZAISIHCE 7Mg &Mel AGS= 10.70 um, 9Mg £Me| AGS= 5.93 umZ ECO Mg&E#o| =255

T=T1T
AGS7t Zaste dE2 HUch

ECO Mg(with CaO)E& &7tst & 2| Vickers hardness & QIZF AlHES E5 ol J|AX EM A}
ECO Mg °"Et0| Sotetrs dx 9 2

O:‘AI'%Ol _I_ ECO Mg = = bl (=]
o|Ahof |5 fj? =2 =Zof L5t USS & = Upch

oL, &8 Al-Mg &3(7 wt.%Mg

Table 1 Mechanical properties of Al-Mg(7, 9wt.%) alloys with ECO Mg added.

Vickers Y. S. [MPa] U.T.S. [MPa] El. [%0]
Hardness [HV]
7Mg 108 244 429 26.4
9Mg 129 276 479 21.2
4. ZE
2 AFo|M= ECO Mg2 #Itsto] Al-Mg(7, 9wt.%) alloy2 M =3t ECO Mg &kl w2 o|M =23,
JIAH SM (M2 Ehol il =Aen 2ot 22 dES 22 5 AUct
5 uEsl

[1]1 S. H. Ha, J. K. Lee, S. B. Jung, Y. J. Kim, H. H. Jo, Shae K. Kim, 2006, Effects of CaO and Ca addition on
microstructure and ignition resistance of pure Mg, J. Kor. Fou. Soc. Vol. 26 pp. 146-151

[2] S. H. Ha, J. K. Lee, Shae K. Kim, 2007, Development trend of high temperature Mg alloys, J. Kor. Fou. Soc. Vol. 27
pp. 193-197
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Sun Xiaoguang®

Electric Resistance Double Spot Welding Process of Mg Z31

Plates by Using Heating Dies

X.G. Sun -1. T.Jin

Abstract

In this paper, a double spot welding process using electric resistance heating dies is suggested for the spot welding of

Mg Z31 plates for spot welding. This double welding process has two heating methods for the fusion welding at the

interfacial zone between Magnesium plates, such as heating method by thermal conduction of electric resistance heated

dies by welding current induced to heating steel dies, and heating method by electric resistance between contacted

surfaces of two plates by welding current induced to copper electrode. This double welding process has welding variables

such as each current induced in heating dies and in copper electrode, and outer diameters of heating dies.

Key Words :
Electric resistance

x
rh

Double spot welding, Magnesium plate, Heating dies, Copper electrode, Welding strength,
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|| copper electrodes

aluminum plates

heated dies

Fig. 2 Electric reéistance spot welding machine
using heated dies and copper electrode
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Fig. 3 Appearance of surface and welded zone
after tensile test
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Effect of Refining Elements Addition
on Tensile & Wear Property of Al-Si-Cu Alloy

Y. J. Kang, J. Y. Heo, S. I. Yoon, K. A. Lee

Abstract

oATE AsA FEE&(EEA) AlSi-Cu tho] =" A (ADC12)9] mAIE; 4 FH 7t wE Az
A Q1 A wiE 540 tiste] AbeRivh B A2 AAIG VA 54& dotrT] 95t
Al-Si-Cugtwell wAlsE d2:(Ca, SE FH7Eek3inh 7] -+ &Ale] XRD 4 41 Aol A Al 719 Si,
Alg(Mn,Fe), Al,Cu 50l A=t nA 22 #ZA3 F Al EF Al dendrite 2 374 SidEo] &3
HRom, dendrite ARl ALCudI thztE el Alg(Mn,Fe)ido] yEFSETE SDAS(secondary dendrite arm
spacing)S ADC12 Aol A °F 10.6um F=FC =, (Ca, SNA7F 2AlA ¢k 75 ym FFoE A E o,
374 Sidel =71 ZH7F 15.2um, 2.5um & #EE o] (Ca, SN 7E Al A dAE] ol AL A 4
Q) vl 2182 Pin-on disk FH] S o] &3lo] dry =AM 2,3, 4kgf, 1h SaEFT 1 AT} dkgfol A
1A =3 % wear lossi= ADC12 Aol Al 0.049g, VM3 Y4 H7F AAjolA 0.031ge.2, 37 HlAx
2 #Z Aol A sivdo] wAEHA YERE (Ca, SHH7F Al UintR SAJo] A dTh A AlES
INSTRON 8501 ZH]Z o]-&3&}o] strain rate 10%s 27 o & WaPH AT} FH7 == ADCI2 : 155.5MPa,(Ca,
SNE7E 24 1 1749MPa® U ERSE I, AAE-S ADCI2 : 3.0%, (Ca,Snd7F &A1 : 44%= v A|3A] H7b &
Al A Arel Axgo] X7 F7he AR eyt F7H4 R FE-SEMS o] &3te] miR wE 7
2R W EAS Algetglon, A7) ZIAA B wA e wAlzAA el wAs 94 1Tt

abol e Eolstauzt etk (¥ ATE AYERAAR, FAMNAT G0 Qo U2 23002
2AE 7)1 MA e A9de] oJste] ol Fol1 A

Key Words : Al-Si-Cu alloy, Refinement, Wear property, Tensile property
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Figure 1. Microstructures of Al-Si-Cu alloy (a) ADC12 (b) refined Al-Si-Cu alloy
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Investigation of Formability for Ti-6Al-4V Alloy Sheet at
Elevated Temperature

D. Yoo, J. Lee, Y. N. Kwon, Y. S. Lee, D. Kim

Abstract
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A study on Automation for Hot forming of ship Hull plates

S. . Lee, S. J. Park, K. Y. Kong

Abstract
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Fastening force analysis of connecting pipe of the hydrogen fuel
tank for FCEV considering the formed shape

J. M. Lee, J. H. Jeong, S. H. Choo, J. S. Park, M. S. Chon, H. W. Lee

Abstract

= =]

2
i)
o,
D!
o
o
1
o
>
oo
ol
N,
2
o W
o,
=2
i)
i)
o
[o
>,
o
&
=
|
ol
=2
i)
of
K-
>~
ol
+
B>
A
oX,
2
o Mooy
v

Fodel W& AAES vustes stk d4 Al Pipes] 43
718 Fo] BAEYS u#tth ol AAL fittings-

5 AA vjte] 71hE = 1.541(1050bar) <]
e w2 AAE, AFH2] von Mises 53 2

Key Words : Pipe fitting end, Hydrogen fuel tank, FCEV, Fastening force, Surface pressure

@) (b)

Fig. 1 Comparisons of deformed shapes in fastening stage (a) the designed model, (b) the model from forming
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Deformation and Tendency Analysis of High Density Electrode
Retainer for Secondary Cell Battery

J. W. Kim, J. O. Shin, K. Y. Yoo, J. I. You, Y. J. Seo, M. H. Kim

Abstract
22174 A58 Retainers =3 S22 o]FojA Q= 2adAY] S¥9E 52 AUER HAdshe
AFozH F3e] ndEstz Qlete] A w2 XFFEUEE 735t e FAo|th wabA w9 A
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A fAFoloF gk olel, & Ao AE Retainer A& F LAY S Qe
SE

AAHES 918 Aldnt SA7E
HE 2 WA FTE LA 6
S5 A7teke] W= ARE M|

2 S

B3 a2 @%o}oq Retainers 43191 .1, Retainerol] 4] 3
2 BN BaaA Aed wE AR Awnr) sl a4

Key Words : Retainer, 22} %], B34, A=

1. ME 2. Algahy

AR =38 Retainer= 2&t™ X[ F Retainer= &M XM &=+ SKD11 A2
oe =2 MUz Mosies HEcz =2 28X E HESIRen, M= 3BF
ool DAUESZ Qs MAE =2 X+ o Z&AX(USN 150 B, UPN 069, URN 300
UTE 275t Uch 2 AFMAM= B)S HMEsIYcCE a&E5=x=H2 Von Mises &
Retainer AtE & Mg = UAs #Hy 2 SXRUE AMESSIU20, siiAe Xuf 2HH
HIPAEE EX|5HY| 25t S E A A2 ot 2ok
&35t0 Retainerg T&SIF2H, St
MZof| w2 Retainere| Wy 3 ZAEMHES [K®]{AU} = {AF}
M5t flsll Mg THSICE HEA
20| 2 Retainere| H& HTE iAo A ZEo| St IS Fixed Support2 11
Hrdst= HH2 dAXoz Hel E7hs6t Hqe AIZ = Ml stEg 2ItskULCh
7| mj-=ofl Retalner01| ool stEE ¢2lutst Case 12| 4, Retainere| Z 0| HaHXF) &
0] Hexl= HEE Hlu 2 2M5IF o0, ZBO=Z 4F/F2| s1E(1,000 N, 2,000 N, 3,000
S M2 e dEMS A Egct N, 4,000 N)y2 ¢lrtet = 47iX|e] ZZE
REITETEEeE (SKD11, USN 150 B, UPN 069, URN 300 B)of
2. Lo Zzmelo}ey e HEy MTE sHAstR M, Case 2=
. @ir?j‘itﬂm Retainere| % YeKYF) AH2=2 4572
#pf;?x] (zH)Ja]»EfQ]-E_‘L g E AT, StES 2lutet = 471X MEol|l cistod sf

E-mail: hujiitzky @ktr.or.kr Me %\—@3|-%E|-. EEgl_l‘, Case 39| 75‘—?—,

179



stzol wa| w2 HHS SYs ofF
S Zol wa W = wao| Sl Jtet

Case 30llM Total Deformation0| AtCHM o=z
3A  iigtend, MAEW  mE Total
Deformation2 Case 10|lAM SKD11g& 7|&E2
2 584N e #HE0| USM 150 B= 1.08 %,
UPN 069= 2.78 %, URN 300 B= 3.46 % %
2 Zfo| uigtch E£ESE Case 20lM= USM
150 B= 2.26 % =7, UPN 069 2 URN 300
BE ZtZt 229 %, 448 % S Ligteni,
Case 30lA{= USM 150 B= 201 % =7,
UPN 069 2 URN 300 B= 2tZt 3.05 %,
491 % 2 Hs2 =elstct

O— SKD-11

O—USN 1508
00002004 |~ ypwN 089 B
-~ URN 300 B
. 0000175 4
E
£ o.000150 - &
= 7
E]
s
g ooo012s 4
£
& 0000100 o /@-
= #
8 &
2 0.000075 4 /
0.000050
0.000025 r . . . .
0 1000 2000 3000 4000 5000
Force (N)
ig. 1 s144Z7}
Fig. 1 sH& &2} (Case 1
0.0030 4 g SKD-11
|-e— USN 150 B
|-A— UPN 069
00025 [~v—URN 3008 ,
3
E
E 0.0020 4 '
®
E
§ 0.0015
,_Q .
2 0.0010
L g
0.0005
T T T T J
o 1000 2000 3000 4000 5000
Force (N)

Fig. 2 sl & 1} (Case 2)

0.0035 1 CaT8SKD-11
- USN 150 B
& UPN 069

0.0030 4 |w— URN 300 B !
E
§, 0.0025
s
5 !
g 0.0020 4
k=3
8
B 00015 e
=

0.0010

"
0.0005 ; , T . .
1000 2000 3000 4000 5000
Force (M)
Fig. 3 s{A{Z 1} (Case 3)
4. &

Retainerol| &l2(2 =
AASH ZAaop 2 ASMHES EAME Ao 7
Lot STA el EMof w2l HEEo|
Cia 2efx|u) gutd oz seaxis 27|
ot d|wsto], =2 ZL2
f 20l Retainers =%t

_O,E
of
o
\J
_ol
2
:Oll__l
1z

: 2444 o 2
o —_ o
HME 4 e Hom motEc E3 N
S

g5E =aaniel SMol wat Wl of
S0 2aix7| feol MM Y

oh BMB JixlE Baax Mol B
a

|

o
-
+

o
|0

2 AIREOH, E3 MAME =23
M2 Retainerol| efQld sh= al
SOl w2t Bol gt 75 & 5
Mel 2Mo| getr = U7| 2o A
ANEe saistoz M oMol ot EfetA

dEstojof & ez HOo{ZICh

Z7|

= AFUHS2 S ChX| S EHoll A
5h 20179 ACIR&BD Y ZFZEEHALY
AtH[O|™ 7| sAtdEHe X2 ot
St A it

(ZHH| 1 5 : R0005369)

4 2 >
02 o ot

EHDEH

[1] Ol =X, &&=, Analysis and Simulation of
Ultrasonic Wave Propagation and Scattering in
Unidirectional Fiber Composites, Sh=tt|Z}n|H
AFEE3I X[, Vol. 21 No. 3, pp. 269 ~ 276(2001)



ASxE =8 AAB 2 2l Mao]ld S5 MZEE

C-1PS

1 = = 1 1 =] 1 2
olMm'. HEE'. AN AYH . PAT?. M) yF

i

Cold Forming Process of Inner Serration Hollow Shaft
Assembled in Vehicle Steering System

S. Lee!, H. J. Choill, S. S. Lim?!, Y. C. Shin', Y. K. Kim?, 1. C. Shin?, S. J. Lim*

Abstract

An inner serration hollow shaft is one of the steering functional components assembled in steering column shaft of
an automotive vehicle. The inner serration hollow shaft which is considered for steering performance and stability
characteristics in the automotive steering system has a lubrication surface for smooth longitudinal movement after
assembly. In particular, the inner serration hollow shaft having thin thickness involves stringent forming requirements
and it is very difficult to form a high dimension precision and geometrical accuracy under a cold extrusion process due
to folding and buckling.

The present study was performed to optimize parameters influencing on cold extrusion process such as reduction
ratio of area per pass, number of forming process, dimension of specimen, length of die land to form an outer serration
of shank and head part of anti-symmetry. As the experimental and finite element analyses results, the optimized
forming conditions to get a final product with good dimensional accuracy and surface quality were like these, length of
die land was 3~5mm, area reduction ratio of three steps was about 23%, 16%, 35.8% respectively.

Key Words: Hollow shaft, Precision forming, Serration, Cold forming, FEA
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A study on design of the Sill-side roll forming process using
1500MPa grade steel sheet

S. Choit, J. Lee, S. Lee!, W. Noh?, G. Kim?

Abstract

The roll forming process is a continuous process for manufacturing the automotive parts having the same cross section
by passing a sheet metal through tandem set rolls. In the bending process such as the roll forming process, there is a
problem that the sheet metal is not entered or the parts are not manufactured in the target shape by occur the springback.
When the strength of the material increases, the amount of springback increases. Therefore, the research and
development of roll forming design technology for manufacturing parts using high strength materials is needed. In this
study, the roll forming process for manufacturing the sill-side is designed considering the springback of 1500MPa grade
steel and finite element modeling and simulation are performed to verify it. The tensile test was performed to confirm the
material property. The roll flower was designed considering springback. The 18 stages roll forming finite element model
was made based on the roll flower. The Finite element analysis was performed using the LS-DYNA, a commercial finite
element analysis program. From the result of the finite element analysis, it was confirmed that the sill-side can
manufactured using the 1500MPa grade steel sheet. The experiment was performed through the actual roll forming
process. As a result, it was confirmed that the sill-side could be manufactured actually.

Key Words : Cold roll forming process, Finite element analysis, Springback
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Investigation of high-temperature hardness and micro structure
of super alloy powder deposited by a laser melting process

J. Y. Son, H. S. Yoon, K. Y. Lee, D. S. Shim

Abstract
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Study on tensile properties of PBF built SUS316L repaired by
DED process

W. J. Oh, M. S. Kim, W. J. Lee, D. S. Shim
Abstract
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Simulation of piercing processes in a helical rolling mill using
the QForm VX

Gahyeong Song, Hotaek Kwak, Paul Mordvintsev

Abstract
Cross roll piercing is a process for producing hollow tubes from initially cylindrical billets. Typically, a two-pass
process is used in cross roll piercing, but with the use of computer simulation it may be possible to identify a one-pass
procedure that reduces machine time and increases productivity. This paper details the development of a QForm
computer simulation of a one-pass piercing process, and compares the simulation results with results obtained
experimentally. This approach to the development of the production process can reduce tryout costs when designing new
piercing regimes in order to implement them at the present production facilities.

Key Words: Simulation, Cross roll piercing, Finite Element Method, QForm VX
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Box for
refining mesh

Pusher | Workpiece | Guide | Working roll | Guide | Plug rod | Plug

Fig. 1 Geometrical model of the workpiece and the tools of piercing stand TPA 70-270 for QForm simulation

(a) Snout (b) Flare
Fig. 2 The shape of the front and rear end of the pipe during the QForm simulation

Table 1. Comparison of the simulation and experimental results

. . Deviation, %
1o Simulation (T/O-Simulation)
Diameter, mm thickness Diameter, mm thickness Diameter | Thickness
Case 1 278 48.0 273.8 46.8 15 25
Case 2 202 34.9 203 33.9 0.5 2.9

= fIs =39 mzlnlgHE =
£ ik FARRI D, Hl Z 3= Table 1
of StQUCE Fig. 28 2™ 2xfe| & chol A3 = snout, flare Ot3 S2| HEfI} LIE=
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[1] QForm VX, QFX Simulation Ltd, www.qgform3d.com.
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Aluminum Extrusion Simulation for Heat Plate

Gahyeong Song, Hotaek Kwak

Abstract
Aluminum extrusion is the best one of methods that can produce a thin and large profile such as heat plate. We studied
the effects of die bearing on aluminum profile extrusion process using QForm VX. After we modified of bearing degree
and length, the results were compared and analyzed. We used QExDD(QForm Extrusion Die Designer) to design and
modify extrusion die.

Key Words: Aluminum Extrusion, Heat Plate, QForm VX, QExDD(QForm Extrusion Die Designer)
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(a) Result of case 1 (b) Result of case 2 (b) Result of case 3
Fig. 2 Distribution of velocity

pdy

Fig. 3 Deformed die orifice
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[1] Yang D. Y., Kang Y. S., 1996, “A Three-Dimensional Finite Element Analysis of Hot Square Die
Extrusion Considering the Effect of Die Bearing”, KSTP 1996 Fall Annual Meeting, pp. 185~191.

[2] QForm VX User’s manual, QFX Simulation Ltd, www.qform3d.com.
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Investigation of T-bar bending forming process parameters for

shipbuilding offshore plant

S. G Hong, J. Lee, J. H. Yoon, K. Y. Kong, S. I. Lee, J. H. Lee

Abstract

T-bar is essential elements for large ship building and plant. It usually demands of 30% or more of the raw material
form ship building. It is manufactured by butt welding between two pates of the thick plate and is formed by bending
process. All processes are performed manually and it is necessary to carry out the most ideal process in consideration of
accuracy and process time. This paper, the effort of the process variables such as material thickness, holding pressure,
friction coefficient, punch displacement were investigated using finite element analysis and comparative analysis of
prototype was evaluated by 3D scan with finite element analysis. The mechanical property of welding area was obtained
using indentation technique and implemented into finite element modeling. Finally, the mathematical equations to predict
the bending radius of the product were derived to take into account of aforementioned process parameters.

Key Words : Finite element analysis (-3t 2.4~ 3|4]), Forming process parameters (43 3% ¥35%), Bending

process (w3 A3 FT4)
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A Study on the Springback Prediction of Aluminum Warm U-
Drawing
W. J. Kim, H. K. Kim
Abstract
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J. D. Rho, J. K. Park

Optimization of Process Variables to Improve Burring
Formability of Automotive Parts
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Hot asymmetrically rolled AA1000 Al alloy sheet
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Texture change of hot asymmetrically rolled AA3000 series Al
alloy sheets
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Post Heat Treatment Effect on Mechanical Properties of Al
7075-T6 Alloy

Y. 1.Son, S. J. Lee

Abstract
In this study, we investigated the effect of post heat treatment on mechanical properties of Al 7075-T6 alloy. Room
temperature tensile test and hardness measurement were carried out with the microstructural observation. The fraction
and average size of the precipitates were predicted according to the post heat treatment condition by thermodynamic
calculations. The variation of the mechanical properties with the isothermal temperature and holding time during the post
heat treatment were evaluated.

Key Words : Al7075, Post Aging, Precipitation, Mechanical Properties
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A Study on Springback Characteristics of AZ31B considering
time-dependency and in warm bending forming

J.HYu, HW Kim, C.W Lee

Abstract

Magnesium alloys are widely used in automotive and aerospace industries because of their high specific strength.
Magnesium alloys have HCP (hexagonal closed packed) structure hence formability is comparatively better in warm
forming conditions than at room temperature. As the temperature of the material increases, the flow stress decreases
along with the increase in elongation. As a result, improvement in the formability of the material and consequent
reduction in springback is observed. One important factor while considering warm forming of magnesium is its creep
behavior. In this study, L-bending and V-bending experiments of the magnesium alloy sheet were carried out at high
temperature. The springback variations were measured with respect to holding time within the punch-set. The magnesium
alloy showed a decrease in springback over time in L-bending and V-bending.

Key Words: Warm bending Forming, Springback, Magnesium Alloy Sheet, Punch radius, Die radius, Time-dependency
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A study on the Prediction of Curvature Area of Ironing in the
Multi-level Deep Drawing Process

C. H. Lee?, Seokmoo Hong"

Abstract
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Analysis of defects in the Al-Si coating layers of boron steel
according to heating condistion

D. S. Min, S. H. Kim, S. D. Kwon

Abstract

In this study, the heat treatment phase was tested in the hot stamping process, which has recently been under
construction. During the heat treatment phase, we observed mainly the variation in the Al-Si coating layer that coating
layer of the boron steel by the hot stamping material. The comparison was made between the conditions of heating at
950C after heating for at 15 seconds and five minutes. The micro-structure were analyzed using SEM(Scanning electron
microscope) and OM(Optical microscope) equipment, and the hardness of boron-steel was tested using a Vickers test
device. As a result, we analyzed the extent of crack(defect) and formation of coating layers under the heat treatment
conditions caused by rapid heating and normal heating. In this case, we intend to make a comparative analysis based on
the Intermetallic phase and the inter-diffusion phase.

Key Words : Hot stamping, Ai-Si coating layer, boron steel, Press Hardening, PHS, Car body, Heat treatment
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A Study on the Life of Cold Forging Die of Actuator Ball Nut

Y. H. Lee, D. H. Kim

Abstract
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Key Words :  Actuator ball nut, Forging die life, Fatigue life prediction, Stress-life curve
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Fig. 1 Flow chart for prediction of die life Fig. 2 Failure part of die in FE-simulation
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A Study no the Improvement of Springback Accuracy

S. H. Kim, D. S. Min, S. D. Kwon

The current paper introduces work that was conducted during the development of a stamping die for a
reinforce center pillar made from high strength steel. In the current study, the Bauschinger effect on the
springback analysis was studied by comparing simulation results with real panels, which are currently in
production. For a complicated part shape, quantitative measurements of the deformed shape are not easy in
general to obtain. An adjustment procedure of the shape data for some chosen sections has been suggested to
improve the accuracy of the quantitative measurements. The results show that the kinematic hardening model

provides more accurate results.

Key Words : High Strength Steel, SpringBack, Bauschinger Effect, Kinematic Hardening Force
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Development of Hot forging technology for Austenite Strainless
steel Forged ball

C.H. Lee, I. H. Lee, N. Y. Kim, H. C. Ro, J. M. Lee, H. S. Chang, K. P. Kim

Abstract
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Stamping Tools for Products with MART 1470

MART1470
Comparison of Wear Amount of Surface Coatings on the
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Thermoelectric properties and microstructure of Bi-Sb-Te alloy
bulk manufactured by spark plasma sintering process

D. W. Shin, M. W. Lee, S. M. Yoon, T. H. Lee, K. S. Kim, J. M. Koo, S. J. Hong, G. A. Song

Abstract
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Microstructure and mechanical properties of extruded Al-Si
alloys

S.S.Ahn', J. M. Koo', H. J. You!, C. H. Baeg? S. J. Hong" G. A. Song™*

Abstract
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Fig 1. SEM Micrographs of Al-Si Extruded bars
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