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Study on the Additives of the Paint type Lubricant for the
Stainless Steel Drawing Process

J. Namkung, Y. J. Lee, J. C. Park, K. S. Lee, J. H. Kim, B. M. Kim
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An Optimum Cross-sectional Design Technology of Two-step
Drawing Process for Fuel Rail Pressure Sensor Made of High-
strength Stainless Steel

S.J. Bae', J. Namkung?, J.H. Kim®, B.M. Kim?, S.B. Hong*, S.K. Hong*, S.H. Chun®, K.S. Lee"

Abstract

In this study, the influence of cold drawing process variables such as cross-sectional shape and the friction
coefficient on the microstructure, hardness, and residual stress of the cold-drawn fuel rail pressure sensor made of
STS304 was systematically investigated.

Key Words : Stainless Steel, Cold Drawing, Cross-section, Finite Element Analysis
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Fig. 2. Modeling and expected time-load curves for two-step cold drawing under different drawing speed.
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Design method for the intermediate die in multi-stage shape
drawing process using die compensation

J. H. Kim, B. M. Kim

Abstract

The shape drawing allows excellent surface finished and closely dimensions to obtain in long products that have
constant cross sections. The unfilled defects occur easily on the corner of complex cross section because of differences of
the velocity of material by position. Therefore, in order to drawing for the rod having complex cross section such as ball
spline or cross roller guide, the intermediate die should be designed for corner filling of drawn product.

In this study, the intermediate die design of shape drawing using die compensation was carried out for corner filling of
ball spline and cross roller guide. The method of die compensation is to reduce of difference of the velocity by position in
deformation zone. The velocity of material in deformation zone can lead the radius of material by position based on the
upper bound theory. Therefore, the die compensation was performed by considering the velocity of material in the
deformation zone. FE-analysis was performed to verify that the difference of velocity of material was reduced through
the method of die compensation. And then the multi-stage shaped drawing experiments were carried out to verify the

effectiveness of the corner filling. As a result, the cross sectional shape had the good dimensional accuracy with
allowable tolerance £0.1 mm.

Key Words : Multi-stage shape drawing process(tht o1& <1 ¥7), Intermediate die(Z %t thol), Corner
filling(Z Vvl A+%), Die compensation(t}o] R.7})
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Production of high strength stainless steel fuel rail pressure
sensor using drawing and analysis of microstructure and
residual stress of it

S.-J. Kim, J.-E. Jung, S. J. Bae, S.-P. Hong, S. G Hong, K.-S. Lee

Abstract
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FEM analysis to develop the net-shape forging of bevel gear by

warm forging

M.J. Shin, Y.S. Lee, E.Y.Yoon, S.J. Bae, D.G. Kim, T.D.Nho
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Experiments for Improving Tool Life of Warm Forging Product

Y.S. Oh, L.H. Kim, D.M. Son, E.Y. Yoon and Y.S. Lee
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Comparison of wear resistance and hardness
depending on types of nitriding for warm forging die

E.S.Go*? -K.H.Jung!
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Prediction of grain size during TMPC (Thermo-Mechanical
Control process) rolling for heavy steel plates of HSLA (High-
Strength Low-Alloy) steels

Changhyok Choi, Jeong-Suk Lim, Se-Hwan Chun

Abstract
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Development of KCW1 for Warm Forging Tool Steel

Dongmin Son, Soonkeun Park, Joohwan Park (SeAH Changwon Integrated Special Steel)

Abstract
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Design of MgB, superconducting joint using
Drucker-Prager Cap model

Y.S. Oh, H.W. Lee, S.M. Park, 1.Y. Moon, M. Ranot, D.Y. Hwang and S.H. Kang

Abstract

Persistent current joints are an indispensable component for large-scale applications of superconducting wires. The
superconducting performance of joints is influenced by joint structure such as the relative position and current transfer
length of parent wires in the joint. In the fabrication of magnesium diboride (MgB,) superconducting joint, the pressure
applied on the intermediate material is of critical importance to the superconducting performance because it attributed to
the connectivity between parent wires and intermediate material. In this work, the structure of MgB, superconducting
joint was designed using finite element (FE) analysis. In the FE analysis, the effect of relative position of parent wires and
applied pressure on density distribution was investigated. For this, unreacted magnesium and boron powder mixture was
considered as a continuum material and Drucker-Prager Cap (DPC) model was applied to simulate pressure-dependent
constitutive model for powder mixture. The parameters of DPC model were obtained by die compaction test and cold
isostatic pressing. From above investigation, the optimum design of MgB, superconducting joint considering internal
density distribution was suggested.

Key Words : MgB,, Superconducting Joint, Drucker-Prager Cap model
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Mechanical properties and microstructure change in
hydrostatically extruded MgB2 superconductive materials by
various processes

J. B. Lee, S. Y. Park, D. Y. Hwang, H. G. Jeong

Abstract
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3 BEVI7R WEe 2R EAS FEE gtk B9 MgB2 2 EAAlE 12z EAAeE @
d guHoR sz, APTE, e oA B YAt AYsTh MgBF ZE A7)
MRIQ] w1yl RE o7 ARgo] 7bssh, #8387 A E MgB2 wireZ A Z35}ko] of UPD} MgB2 wire A

ZE Ko7 insitu 2 ex-situ PIT (powder in tube) & o2 A|Fato] <k FAd o) AAZ A z3
th o7]A, insutu= Mg 93 B B8-S FHO Wi Zo|al, exssitui= MgB2E FH| At ol
oh QI 3 fetEo] Hopx B FES woled AV Ak £ FXEo] o E4Y ¥
el A MgB2 AT FAlol 7189 E&o] EobAA @ A HF FEs vEA "

B AT E inssitu PIT 322 Nb FHo A=Al Cug AMSS UEAlS Axsta 8o &S
=ol7] e A4t b= FAH O Z Mg,B core/Nb/Cu sheath StEAS Al xs o). @Az 74317 984
T TR, 29olA, TEUA TABE ALt g e 3 A& wE GEAY TAA 54,
A 22 H3leS A48T Culayers hall-petch?] 2 w2X] ko™ Nb layerdl A= @2 7Hao] 2
3 <100>, <110> fiber7} 343 = AT}

Key Words : MgB2, hydrostatic extrusion, swaging, caliber rolling, hardness, microstructure
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Se Hoon Jang, Hyo Sung Kim, Jae Duk Im and Duck Young Hwang
Abstract

Study on the deformation behavior of Mg, B particles during
the drawing process of MgB, SC wire by PIT method
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Cu-Nb-NbTiZ2 Z &= o|ZAA| 2l

ZaMl. olZA . AN QAL WM. BNF . Yo

Kiswire Advanced Technology Ltd, .Daejeon, Korea,

’Korea Institute of Materials Science, Changwon, Korea

Study for drawing process properties by area ratio of different
materials combined into a Cu-Nb-NbTi

Hyo Sung Kim®, Kwang Jin Lee*, Jay Dee Im *, Young Seok Oh? Seon Myung Park?, Seong Hoon.
Kang® Duck Young Hwang*

2

e AEexo wal, AL&ZAE(LTS, Low Temperature Superconductivity) 41
= (HTS, High Temperature Superconductivity) AA= FEHATH, A 48304
A 2= NbTi ©F NbsSn 7F =4, NbTi 2A =A== dA2E 9.4K o]sF A 29
E4S Yl 7keAdol £a1 Wge) Aslr] W] 7Hd wWol AlgEo] skt
NbTi Z2-% Ao AR &Foke o548 MRI, dFFaydx], @757, 418 NR, =Y,
7] so &8 ok, 53] MRI wF2Hl-& NbTi A7 dubd oz g3t o] Q.
NbTi A1 71+= Cu-Nb-NbTi 2 AFH o|F 24 722 o3l NoTi et ET gioz I
Hol = B3 725 7 o] Al g 2 HAAHsr A= AA HAS AAE)
v 8% 847 Ha vk 53] AAEFY 58S A7V fsiAe 29I AR NbTi
o HE&E FTVRAACE st Axm HEYAT U= Cu o HES A7 g o]y
CulSc Hl &5 S5A =W QI 7F3A] 9oy F-99] &Aool F7tste] & A3tE oA

717 =t

2 rlo
H B

B el A= Cu-Nb-NbTi 2 ZAFE o]F &AAE CuSc WA v &o w& AW 71g 54
of hat 7= s 53] AT kAl T 227 He tolx A ARG E,
trolzb Bl wlojs ol v HEE stk FEM di4S S tholx Al At o

il

=
=
2 Drawing force, Stress-Strain W 3}S A3} o, Q1 7LFA] ZA ¥ = Drawing force W 3}ol
e olF A WY As 4 2 HA 21 APE sl
A8 Ay, CulSc HA BlE Aol mE ~A9o]d QI 7hE 3t B EF(Cu) E4EC] =
ofA F& FAQ AWt VpE Edd Wy Aol HASIGITh o] &Y Cu div] uF
ol ARl A=A AEgte] ow, AAE AW o] YA X AHOA I EF
FTAHORE ThFo] HFEHA LS

F

Key Words : NbTi, superconducting wire, swaging process, drawing process, damage of sheath
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Study on improving superconducting properties of NbTi
applying ECAP.

S. M. Park, 1. Y. Moon, Y. S. Oh, H. W. Lee, H. S. Kim, D. Y. Hwang, S. H. Kang
Abstract

The critical current density (Jc), major performance parameter of NbTi superconducting wires, can be
improved by fine precipitates of a-phase which serves as a pinning center. The fine precipitates can be
achieved by cumulative strain which makes more grain boundary triple points for nucleus of precipitates and
repetitive heat treatment. In this study, we fabricate wires with improved superconducting properties by
applying the equal channel angular pressing (ECAP) to refine grains of NbTi billet. Then repetitive heat
treatment and drawing was applied. Firstly, the finite element analysis of ECAP were performed to check the
strain distribution according to number of passes. The NbTi billet (3 44) with a cumulative strain of about 4
after 4passes of ECAP was assembled into mono wire (Cu-Nb-NbTi). Then, the wire was drawn until its
diameter reach 1mm to measure the critical current density. The a-precipitation fraction and the critical
current density of NbTi superconducting wire made with and without ECAP process were analyzed.

Key Words: NbTi Superconducting wire, Equal channel angular pressing (ECAP), Drawing, Critical current
density (Jc), Finite element analysis
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Development of Hollow Drive Shaft using Tailor Rolled Tube

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

Abstract
B AT e AEA FeEe % 23S A% TeF AR A% Pe sl & ATkl
M 7] R gEA S 2 5o RV vE FEE AFs] RE FeEs itEe W
e AlRbedth FAVE e FEE VM duS vhET] 93 93k o A4 olE FEHE wET] 9
g Zx1, el steln FJE &3 T4E AA A Hd o] F TETEHS AAET] fdke] 2H
B R oS AR ERE Fote] Fdsta VAVbEete] AE AES S oYY #4e Fd
@;ﬁ%ﬂ%mm0km%1%ﬂlﬁW}é%%%%%%m%aﬁq

Key Words: Tailor rolled tube, Drive shaft, Hot Rolling, Roll forming, swaging, Hybrid welding
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A Study on how residual stress caused by roll forming process
affects Laser arc hybrid welding condition

Subum Yim, Youngseoog Lee

Abstract

The purpose of this study is to analyze the effect of strain residual stress on the setting conditions of laser hybrid
welding in the roll forming process for manufacturing variable section tubes. The conditions of laser hybrid welding are
welding sequence and welding speed. The strain residual stress and weld residual stress in the roll forming process and
the laser hybrid welding process were calculated by the finite element method. The material used is ST35nB and the
methods used for residual stress measurement are x-ray diffraction, instrumental pressure method, and hole drilling
method. The validity of the weld FE model was verified by comparing the calculated residual stress with the measured
residual stress. The effect of welding residual stress on the welding conditions was analyzed by comparing the residual
stress with the residual stress due to roll forming. The laser hybrid welding conditions were investigated to minimize the
welding residual stress distribution

= AFoME JHHEIHFEE Hx=8 & 24 SHOAM Mol 2dsh= M THFS0| 2 o]
A stolEElE E=AMTo ofet 2 olXls BEE EMSIAL kTt 20[A 5ol
Hole ol =2 YAt E¥Ezolct & =Y Y1 oA slolEElE BESH
oM HMes HY NHFSHD SYUFSHS Rt e So ALSIAUCH ARBE 22X =
ST35nB 0|11 ZHFEH ZHol| ALSE U2 xtd Y, AT, 2 =28 3Holct
AttE RS SYE HRSHS 8lustel Y FERYE S REME AESIct 8 =Y
of ogt ZHRSH 2l 7ol wet EYTFSH0| oL Hatst=A| vl = EY=A Aol
0|x= d&E 245t SYMREY 227t 2las =] flet 2o[A stolEElE EZF=E
ds At

Key Words : Laser welding, Gas metal arc welding(GMAW), Hybrid laser-GMA welding, Finite elements method(FEM),
Residual stress, Heat affected(HAZ), Roll forming, X-ray diffraction, instrumented indentation, hole
drilling
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Development of Swaging Process for Forging of a One-piece
Drive Shaft Assembly

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

Abstract
24 HEstE 3 w5 oA e A E B A dAY FE A8 gddivt SO
33 glth 58], 2471714 S B89 Fu JYE zﬂw} shagk 84S o] 43 go] AEE
OTQ_L], \7/1— q B

piece drive shaft assembly) A/ %S 93 7} @4 51 (varlable cross-section tube) 29 ] 174 48354 /Mg
star AE 4™ A 9 U Ae] A4S HAETE 53 34ES WstAIATIY 2dold Ad FF A
9% S92 38 wed GE A0 fuel 49 9 A90E JUnd ek qael /)
WO FHo] 531 47 F AEUEE g FANLS AT

Key Words : swaging process, one-piece drive shaft assembly, variable cross-section tube
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Analysis on microstructure of hollow shaft during forming
processes

S.Son, 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
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Development of Tubular Shaft and Compact Joint

Seungman. Shin

Abstract
(H/Shaft)& oA Y EF9& 35S ET9 HE glo] @50 ddste F
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Numerical and Experimental Study on Large Curved Surface
Forming using 409L Stainless Thick Plate

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

Abstract

Nowadays, electricity is one of essential resource to live human being. It comes from steam power plant mostly.
Because of ecological problem, carbon emission quantity is strictly limited. Steam power plant works by combustion of
fuel so it is critical problem. Raising efficiency may be one of the solutions. But high efficiency makes low temperature
exhausting steam. It is dangerous since water droplet erosion phenomenon. In low pressure steam turbine, steam have
low pressure and temperature. It leads to condensation in the turbine and creation of water droplets. These droplets
impact turbine blades and erode it. Eroded blade cannot control steam flow properly and the turbine needs more frequent
maintenance. All of it reduces efficiency of steam power plant. To avoid this problem, many solutions are suggested.
Turbine blade with suction slots is one of them. The suction slots absorb water droplets and discharge to the outside. To
provide passage for suction slots to outside, hollow blade is needed. This paper deals with forming method of hollow
turbine blades with suction slots. It has multi-curved shape and undergoes deformation after forming caused by elastic
recovery. It makes manufacturing of hollow-partitioned turbine blade difficult and geometrical error treatment such as
overbending.

Key Words : Steam Turbine, Water Droplet, Hollow-Partitioned Turbine Nozzle, Suction Slot, Multi-Curved, Elastic
Recovery, Manufacturing, Overbending
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Evaluation and prediction of hole expandability according to
hole processing conditions of SAPH440 steel sheet

K.Y. Seo, B. M. Kim

Abstract

A hole expansion ratio(HER) of steel sheets has become an important performance index for manufacturing automotive
component. In this study, hole expansion tests and finite element analysis were carried out to investigate effect of the hole
processing conditions on the hole expansion ratio of SAPH440 steel sheet. Experiments were performed with various
hole processing conditions. In the case of punching, six different punching clearances and the burr direction generated in
the punching process were used to compare each condition. In particular, the hole expansion ratio was evaluated by
performing the chamfering on sheared edge according to each clearance. FE-analysis with EWK rupture model were also
performed to investigate prediction of the HER. From the results, It was found that the Chamfering of the sheared edge is
effective in improving the HER of SAPH440 steel sheet and Fe-analysis results were helpful to predict the HER. In this
study, a polynomial fitting method was used to determine the onset of crack for specimen of hole expansion test.

Key Words : Hole Expansion Ratio(7% 244 H]), Chamfering process( ¥ ¥ 7), Hole processing
condition(7-% 7} 371), SAPH440, Polynomial fitting method(t}32] & wH)
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Numerical and Experimental Verification of Dynamic Stress
Equilibrium in SHPB Experiment using Pulse Shaping method

Y. H. Kim, B. S. Kang, J. Kim

Abstract

In the analysis of high-speed forming such as electromagnetic forming and electrohydraulic forming, dynamic material
properties are required. The split Hopkinson pressure bar(SHPB) experiment was suggested for measuring dynamic mate-
rial properties in 1000~10000/sec strain rate. In the SHPB experiment, the engineering strain and stress of the specimen
are derived assuming that specimen reached the dynamic stress equilibrium. A pulse shaping method was used to improve
the stress equilibrium of specimen in the SHPB experiment. A pulse shaper attached at the front of incident bar is used for
dynamic stress equilibrium of specimen through stress wave control. Numerical analysis was performed to verify that
pulse shaper affects the dynamic stress equilibrium about Johnson-Cook constitutive model of copper. In addition to anal-
ysis, SHPB test were performed to demonstrate stress equilibrium about copper and Al6061 specimen. The result of
SHPB test and numerical analysis show that the pulse shaper contributes to the dynamic stress equilibrium. Based on the
improved stress equilibrium using a pulse shaper, the flow stress curves about copper and Al6061 materials were obtained
at strain rate of 1344.4/sec and 1291.6/sec, respectively.

Key Words: Split Hopkinson pressure bar, Pulse shaping method, Dynamic stress equilibrium, stress wave control
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Application of Hot Forming Quenching on Patchwork blank
using Friction Stir Spot Welding

D. S. Jo, B.M. Kim

Abstract

The objective of this study is to investigate the advantage of applying Hot Forming Quenching(HFQ) on
patchwork blank using friction stir spot welding(FSSW).Firstly, the Design Of Experiment(DOE) was used to
optimize the Friction Stir Spot Welding(FSSW) process parameters to make a patchwork blank. The results showed
that the optimal levels of the rotational speed, dwell time and plunge depth were 1400rpm, 8seconds and 2.6mm.
Secondly, a patchwork blank was made using the optimal process parameters. And then, hat shape forming test was
experimentally performed to find out feasibility of applying HFQ.Andthen, T6 heat treatment was performed.

The hardness of the weld zone was measured to confirm the degradation in mechanical property compared with
the conventional forming method, which shows the validity of the application of HFQ to patchwork blank using
FSSW. Finally, the 3-point bending test was performed in this study to find out the advantage of HFQ, which was
then compared with those of the conventional forming method.

Key Words: Friction stir spot welding(H2
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Numerical Study on Prediction of Flow Stress of Fiber Metal
Laminate based on Self-Reinforced Polypropylene
using Artificial Neural Network method

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

Abstract

The flow stresses have been required to the numerical simulations to simulate the deformation behavior of the
materials. In order to obtain the flow stresses, the uniaxial tensile tests should be conducted. However, the fiber metal
laminate based on the self-reinforced polypropylene should consider the temperature effect due to the stress drop as
compared with the conventional metallic materials. To predict the flow stresses of the fiber metal laminate, the flow
stress model considering the temperature effect should be constructed with more accuracy and simple procedure. In this
study, the artificial neural network has been constructed to predict the temperature-dependent flow stresses of the fiber
metal laminate. Firstly, the flow stresses data were obtained by the uniaxial tensile tests at four cases of the temperature
condition. Next, weighting value of each neuron in the artificial neural network was calculated by the Levenberg-
Marquardt method. Finally, the artificial neural network was evaluated by comparing the coefficient of determination. In
addition, the numerical results of the artificial neural network were compared with the suggested models at the previous
study. It is noted that the artificial neural network showed accurate prediction of the flow stresses with low costs beside
the previously-suggested models.

Key Words : Artificial Neural Network, Fiber Metal Laminate, Flow Stress, Flow Stress Model, Temperature-Dependent
Flow Stress
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Mechanical properties of a heat treated aluminum alloy 7075
sheet

& ®ol'- o|M 2. oly

Y. M. Choi', S.K.Lee?, M.G. Lee®

Abstract

As the vehicle light-weighting becomes an important issue, high strength aluminum alloys have received
great attention as an alternative to advanced high strength steels (AHSS). An aluminum alloy 7075-T6
exhibits superior strength, but has technical challenges for sheet forming at room temperature due to its
limited formability. Therefore, numerous trials for heat treatments during or before forming have been made
as alternative to conventional room temperature or warm forming. This study aims to characterize mechanical
properties of the heat treated aluminum 7075-T6 sheet, which include basic elastic-plasticity, anisotropy and
formability. Using the measured mechanical properties, the constitutive equations for (initial) anisotropic
yield functions and hardening laws are suggested for future sheet forming simulations.

Key Words : Aluminum alloy, AA7075-T6, heat treatment, mechanical properties
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Experimental and Numerical Verification of Electro-plastic Ef-
fect Mechanism in Uniaxial Tensile Test

H. G. Park, B. S. Kang, J. Kim

Abstract

The electro-plastic effect (EPE) is a phenomenon that instantaneously reduces flow stress when an electric current is
applied to a material during plastic deformation of the material. The electrically assisted forming, which combines the
EPE with a general forming process, has attracted attention as a process for improving the formability by decreasing the
forming load by using the momentarily reduced flow stress. but so far the mechanism of the EPE remain still unclear, and
some researchers are still arguing about the existence of a pure EPE. Therefore, in this study, the mechanism of EPE and
the relationship between EPE and temperature were investigated by tensile test, numerical analysis, and microstructure
observation with electric current pulse in high strength steel. a uniaxial tensile test with an electric current pulse was car-
ried out using a self-designed device; this device can apply a 2kA electric current pulse to the specimen for a short period
(>100ms). The experimental result reveals the stress—strain curves, thermal variation and micrographs of tested specimen.
By using the finite element method (FEM), the simulation of tensile test with an electric current pulse was conducted for
comparison with the stress-strain curve of the experimental result. The comparison with experimental results show that
flow stress drops by a maximum of 350MPa and temperature increase by maximum 150K in DP980 with electric current
pulse: four different conditions. Changes in the microstructure were not observed, and actually the increase of the temper-
ature was in the range not affecting the phase change.

Key Words: Electro-plastic effect, Uniaxial tensile test with electric current, Micrograph, FEM
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Development of Constitutive Equations for TRIP Steels
Considering Phase Transformation

J.Jung, S. Jun, H. S. Lee, B. M. Kim, J. H. Kim

Abstract

Transformation induced plasticity (TRIP) steels have excellent strength and ductility in which retained austenite in
ferrite matrix transform into hard martensite during deformation. TRIP steels exhibit the strength-differential effect which
is known to be caused by the dependence of the transformation rate on deformation modes. In this work, a material
model that accounts for the phase transformation was developed by introducing the phase transformation-strain tensor.
The model parameters of the proposed models were determined from the uniaxial tension and compression, and cyclic
tests for using a TRIP steel with a tensile strength of 1180 MPa and a thickness of 1.0 mm. The developed model was
validated by the 3-point bending and U-bending tests.

Key Words : Transformation induced plasticity (TRIP), Springback, Martensitic Transformation, Asymmetry
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Comparative Study of Experimental and Numerical Results
using Flexibly-reconfigurable Roll Forming

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

Abstract

The existing sheet metal forming processes are economically limited to form the diverse figure of sheet metals due to
the fixed shape of the apparatuses. To resolve the limitation, flexible forming processes have been suggested in recent
years. As one of the flexible forming process, flexibly-reconfigurable roll forming (FRRF) has been suggested. FRRF
produces the multi-curvature sheet metals using a couple of flexible rollers and the guides which can be controlled the
height of its own. Since the FRRF makes from the 2D configurations to 3D results, it is hard to predict the outputs.
Therefore, forecasting the results using the numerical simulations is important to reduce the materials consumed for
experiments. However, because the conditions between the experiments and the numerical simulations are not same, the
results are different. To make it similar the results of the experiments and numerical simulations, in this research, the
conditions of the numerical simulation such as mesh, friction coefficient, and so forth are changed. The numerical
simulation was conducted by ABAQUS, commercial program to figure out how the conditions effects on the results. The
results from the numerical simulations were compared with the experimental results to find out specific conditions.
Finally, reasonable results were derived so that the experimental results can be predicted by the numerical simulation.

Key Words : Flexibly-reconfigurable roll forming, FE simulation, Experiment
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Quiality of grain flowof metal formed products

M. S. Joun'* M. C. Lee!

Abstract
In this paper, quality of grain flow is studied to be evaluated. The grain flow is defined bya state variable, which is a
vector function of coordinates. Each component of the vector function at a point is that of its initial coordinates which can
be calculated with ease in finite element analyses of metal forming processes. The gradient of the vector function, defined
as grain flow density is proposed to evaluate the quality of grain flow.

Key Words: Metal Forming (&4 7}-3"), Grain flow (&-71), Quality (% 3)
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Fig. 2 Grain flow of the test process
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A numerical simulation of the Jominy end-quench test

K. O. Lee!, S. H. Chung®

Abstract

A computational model of the Jominy end-quench test is developed. Scheil’s additivity rule and Johnson-Mehl-
Avrami-Kolmogorov(JMAK) model was used to model the diffusional phase transformation. And the difusionless phase
transformation model of Koistinen and Marburer(KM) was adapted to predict the transformed volume fraction of
martensite pahse. The model was implemented in a commercial finite element code of AFDEX-HEAT. Temperature
history, volume fraction of microstructural phases of a S45C steel during the Jominy test were calculated. The simulation
results was verified by experiments.

Key Words: Jominy, Quenching test, Hardness, Phase transformation
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Consideration of validity of non-isothermal analysis using skin-
element

M. K. Razali!, M. S. Joun”

Abstract

In this paper, accuracy of non-isothermal finite element analysis of an upsetting process is discussed using a special finite
element mesh system with skin elements. Effects of number of skin elements and depth of total skin elements on the
temperature of material and dies are examined. It has been revealed that proper skin elements can improve solution
accuracy in non-isothermal analysis of hot forging processes of steel.

Key words: Non-lIsothermal Analysis (¥15-3ll A7), Skin Element (3] F8.4%), Temperature Gradient (=== 7"4l)
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Complete FE analysis of a simultaneous hot forging
process of inner race and boss of auto transmission

S. W. Jeong, H. K. Moon, J. H. Yoon, M. H. Bae, M. S. Joun

Abstract
In this paper, a complete analysis of an axi-symmetric hot forging process is conducted, which is a fully coupled
analysis between die elastic deformation and material plastic deformation as well as between flow and temperature
problems. An complicated hot forging process which is exposed to excessive die deformation is solved and the predictions
are discussed in terms of the effect of die deflection.

Key Words : Complete analysis(2- 3l A1), Hot forging(& ZHEEE), Finite element method (7 SHR 2~H)
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Study on Ductile and Shear Fracture during Metal Working
Considering Stress Triaxiality
S. Hong™, M. S. Joun?
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= 437ke s 2017

}

o
e

et

of wg} 1

e

=
©

Ahgo]

ol A

el
=

A T2

o

oh A8

N

fod

A& o]

AU AAet o

0

& w7hs

=
=

o

I

s

yal

St TFD(Triaxiality Failure

2 T

el

‘.mo

I

o

e
i
N

24

Diagram)=

_61_

il: smhong@kongju.ac.kr

Key Words : TFD( Triaxiality Failure Diagram), Shear fracture, HSS(High Strength Steel)



FF 247 20179% FASERS 257

38 +9 oS

Die life prediction in hot forging

R. Sekar!, M. S. Joun®

Abstract
In this paper, the three different failure mechanisms of a hot forging die are introduced. Functional relationships
between the number of cycles of a hot forging die and the significant influencing factors are discussed. These equations
are employed in a metal forming simulator and tested with an industrial hot forging process of a crankshaft. Based on the
research carried out, suggestions are provided to generally enhance the die life in a hot forging process.

Key words:Abrasive die wear, thermo-mechanical fatigue, die life, hot forging, non-isothermal analysis, crankshaft

1. Introduction

Abrasive die wear (70%), failure due to plastic
deformation (2%) and die fracture because of
thermo-mechanical fatigue (28%) are the three
established die failure mechanisms in a hot forging
process [1]. The wear is gradual in the case of first
two mechanisms and can be detected from the
workpiece shape. On the contrary, fracture due to
thermo-mechanical fatigue happens suddenly as the
cracks keep growing on the die and reach a specific
macro depth. The fact that this is not reflected on
the workpiece shape emphasizes the importance of
a method to predict the die life also based on
thermo-mechanical fatigue. In this paper, functional
relationships on factors influencing the die life have
been identified and have been implemented in a
forging simulator for an industrial hot forging
process of a crankshaft. The process design,
geometry and operating conditions are as presented
in [2]. As the wear due to plastic deformation occurs
very rarely, it is not described here.

2. Die wear prediction

Archard’s wear model [3] has always been the
reference equation for predicting the depth of die
wear. Over the years, researchers have made the

1.
# WAX mail: msjoun@gnu.ac.kr

model closer to reality by including actual process
phenomenon. For example, the die’s hardness was
formulated to be a function of temperature and
process duration. The modified Archard’s wear
model is presented in Eq.1.

t
a):kj H(T 5 v, dt (1)

Where w is the wear depth, s, is the normal contact
stress, the die hardness H is represented as a
function of temperature T and process duration time
p anduy is the relative velocity between the
workpiece and die. The value of the wear
coefficient k is very crucial to the accuracy as this
acts as a calibrating factor between the predictions
and actual process. Figure 1 shows the die wear
predictions of the finisher die of the crankshaft.

o U

B

Fig. 1Die wear prediction — Finisher die
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3. Prediction of thermo-mechanical
fatigue fracture
A statistical approach using the response surface
modelling technique [4] was used to predict the die
fracture due to thermo-mechanical fatigue. The
methodology consists of three steps. First, the
significant factors influencing fatigue are identified
and their responses are detected. After using
statistical methods like ANOVA, maximum and
minimum die temperature (T max
andT i,) during the forming phase and the ratio of
von Mises stress (o.4) to yield strength (Y) were
identified as the significant factors. The second step
involves characterizing these factors as shown in in
Eqg. 2 using the response surface methodology. N,
the predicted number of cycles to failure is given by
Eqg. 2, was implemented in a commercial forging
simulator and the prediction of number of cycles
can be seen in Fig. 2. It was also observed that
maximum temperature and the ratio o,,/Y(T) had
equal impact on the thermo-mechanical fatigue life.

N =

1.384.10° — 3376.982 Typgy — 450.922 Tppip —
4.372.10%.0,,/Y(T) + 2.317. T2, +

0.904.T2;, + 82713.342. (Geq/Y(T))Z -

0.259 Tgx Trnin + 439.219 Tgy (004 /Y (T)) +
22.656 Trin (06 /Y (T)) 2

The last step will be the validation of the developed
model by comparing the predictions with experiment
results. Literature [4] reports that the predictions
obtained using this method are more than 90%
accurate. In this example, as can

be observed from Fig. 2, the number of cycles to
fracture seem to be very high when compared with
the real process. This can be because the dies of
crankshaft predominantly fail due to the die wear
(first mechanism). The effect of thermo-mechanical
fatigue is expected not to be very significant.
Nevertheless, the model needs to be improved
extensively in the near future based on proper
alignment with industrial processes.

501510

401208

351057

250755

150453

50151
1o

Fig.2 Number of cycles for die fracture

4, Summary

Research on die life mainly revolves around the
phenomenological approach, which  means,
experiments are required to calibrate the prediction
results. This is inevitable. Mathematical models for
prediction of die wear and fracture due to thermo-
mechanical fatigue have been presented along with
their implementation in a commercial forging
simulator. Further improvements can be made in
these models and the accuracy can be improved by
calibrating the predictions with experiments. Some
suggestions for an enhanced die life would be
reducing the resting time of the forged part in the
die and using a cooling system without a drastic
effect on die temperature. Increasing the initial
temperature of the workpiece also plays a key role
in die life as it improves the workpiece deformation
ability thereby reducing the normal stress on the die.
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Estimation of temperature change of mold during forging
by repeated analysis

H. N. Song}, G. M. Kim? T. M. Kim?, M. S. Joun”

Abstract
In this paper, recursive non-isothermal analysis of a hot upsetting process is conducted to reveal temperature change of
dies and its effect on the predictions. Finite element analysis model with skin elements is employed. It has been shown
that the temperature of dies drastically changes with time within10 strokes while the change of die temperatures becomes
slower and it changes linearly with time.

Key words: Recursive Analysis(WH=5-3141 ), Non-isothermal Analysis(R]5-2314), Upsetting Process(A® 2-3)

1.ME 25 2xot e Eesich MESY SM2 oo
Pt 247tE 3Hel s Ao FEe 2 st7| 28t A2 220|1, ¥€e m&, 835

3tE 1Esh oM, = HIS26M 7I#el ALgOl MW EZ AT oz g ofF5Y| fs sHeEE

Hzstn Act 53] S&sHE o5 7|eo Wy SRSeh ol2e e et d7ietd 37| o

S o 4X| AZb 2 xlstH MAe| @FZ o] 7| M2 MAA S Fo w2t B2 AFXEo 2fst

Mol a2 X&EMoz Zytg Muo|ct of Age|dct J2Lt ttx ZHES 2 vhEHY
" o] 7l&e &8 U & IHX| 2 A of A= E235HX| ok

b Act. ARel EVIRE= LME HHH, FEHI of =z0lMe FHELMEY ST grEsiMS

ZI7|2E= fIAoich o231 AlZbol| mal ct2ch S5t AMIISESl Mok o mE FE E o

FE2 ckeo HMES MzEE ol 2E2f 2 ezl Wit SEM8 Z=AMSIOXAL Shot

M3t7t ele MadEZin 2 F A= 2 ME

of ToHstch 1 olMakx| MEtE aMrlzEe 2 2. HM|E 2| HH=E|AN

HESR XMelsts g7t Lebdolct, Makatel ot Fig. 12 0Ol AF0lM AL2EH HZHAME SHO|

axA cE 2k aomw MAE ~MTIEES o EEeAE XMEst AXel 2o FoteA b

JIAA Mo Ha MEn ot xtol|7F EX S| Moes LEM T Uk (54: 0.6 mm, 33) M8

=Zolct ZH|IE LAHMoZE FXZ M S 2 AAISt o|F 01F ZoF M FSIH, 08F Sot

2EE ®Xlst7| fIstod FEE JHdstes Aol 0| &ste Ao Z ZtFsict My Fo| X2t 2

ghxolct 28 2x9 TI|x= Mol 2rHst HO|AMYAFE=001W/mm2°C 2 ZtF5IH D,

g oplgict.
sHA{mol ZololME Harselo] Ty Sme

101 th7|2te] dMEAST=3-107°W/mm?°CE 7+
Fotch a2 AMF Y olS ST F AWEHA
£ 0.003W/mm?°C 2 ZHFESIch  Stefan-

Moz

1.724 08w 7 A 332 3h 5 Boltzmann&t+E ¢ =3.968- 10" “W/mm2°C* 2 Z+F5}
2.694 ﬁzni ct
#A A2 A skl 7) A ahE s e lol TUA, 2o FEs8e FRES [20 F=SE UsS

E-mail: msjoun@gnu.ac.kr

_64_



A3 D MYst=  diel Zoni, oOjEA
0.0252 7ZH™stoict =7|9 4x 2=2
2T 22zt 1100°c 2t 150°col0{, 7|
20°Co|Ct. £E & Fig. 20ilM E2& dHiep Zc}
TEE250%0|Ct AN EFR]LHHEEEAIS
ct.

Fig. 3=1702t507H 2| &M718
2 2 AsT slgel 2 2EE
Ch.Fig. 4= Y= sliAel =of wa} &
25 2Eo| HetE LEH D AUch

ro oq
O Hir H1 oo >
orrlorqr

0=
A
S0

el
mjo
g I >

| LU ]

=
kl

1o 30 lo

ol
o
o2

30 i 40

>
0e

\
N
0L

w
o

Fig. 1 Finite element model of a test upsetting process and
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Computer simulation of precision cold forging process for 35R
hub clutch made of aluminum by controlling the spring
attached die motion

Y. M. Huh, E. C. Hong, B. J. KIM, S. M. Lee, G. O. Lege, J. A. Kim

Abstract
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Key Words : Computer Simulation, Spring Force, Cold Forging, Aluminum
Hnes
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Materials Processing Technology, Vol.33. pp.57-74. 1992
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Study on friction in aluminum cold forging

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

Abstract
In this paper, a general formulation of coefficient of Coulomb friction is introduced and its effect on plastic
deformation behaviors in cold upsetting of aluminum is studied. Various frictional conditions, which are constant or
functions of strain  or/and pressure, with a wide range of strain hardening exponents are tested to reveal their effects on
the plastic deformation of a cold upsetting process in terms of bulged shape. It has noted that effect of normal pressure on
the barreling of the test aluminum specimen is distinct. The predictions are compared with experiments in a qualitative
way.

Key Words: Friction (7}, Effect of normal pressure (32 2] % &), Aluminum upsetting (Z-F v 53 A 8)
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Precision finite element analysis of an inner diameter
expansion process for stainless seamless pipe

J. H. Lee, J. M. Park, S. W. Jeong, M. S. Joun

Abstract
In this paper, an inner diameter expansion process to fabricate preforms of its related extrusion process for stainless
seamless pipes is studied using a rigid-thermoviscoplastic finite element method. Considering the process characteristics,
an optimized finite element mesh system is proposed to predict sharp change of plastic deformation mode at the region
where the material separates from the die. The validity of the finite element predictions are discussed in various ways.

Key Words : Inner diameter expansion (234), Seamless pipe (Al 7d-3), Finite element method (- gH8-4H)
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Table 1 Thermal information

Heat transfer 0.01W/mm?°C
Die coefficient
Thermal capacity | 0.005J/mm® °C
Initial Punch 25°C
temperature Container 400°C
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Prediction of chevron crack during a multi-stage open cold
extrusion process.
Y. S. Lee, H. S. Hwang, S. M. Hong, M. S. Joun

Abstract
In this paper, a chevron crack during a multi-stage open cold extrusion process is predicted using theory of ductile
fracture and compared with experiments. Oyane et al. damage model is employed the process. A difference between the
predictions and experiments of the crack is observed, revealing that the Oyane et al. model predicts better solutions.

Key Words : Ductile fracture theorem(<1/d 313 ©]&), Chevron crack(Al B & =), Open extrusion(7l% &%),
Ovyane et al. model (Oyane 52 =9)
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Cockcroft-Latham
EME 2UES ASMNEE Axel #HHI} I}
£ zdo|ct o
Dol ol XHALEl 2}
{0 H{ 5 BH O}

M ot I&stes

Oyane et aI &4 &35to] M EE
3 UM o ZIE LHEFL AL,
S UM AT FAISH S 26l
Oyane Abo| Zte 12 MHSIYcl 39|
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(a) Normalized Cockroft-Latham (b) Oyane et al.

Fig. 3 Comparison of Oyane et al. with normal-
ized Cockcroft-Latham damage model.
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Fig. 4 Chevron crack predicted by Oyane et al.
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Simulation of High-speed and Precision Radial Forging Process

M. K. Moon, M. C. Kim, J. M. Cho, S. C. Lee, M. S. Joun

Abstract
Radial forging is a special open die and an incremental forming process using four tools on the same plane, where the
total deformation is achieved by successive individual forming steps. Radial forging is a cost-effective, better product
quality and material saving forming process for reducing the round, square and rectangle cross-sections of rods, tubes,
and shafts. In this paper, an analysis model of a high-speed radial forging process is presented for non-isothermal finite
element analysis. An application example is given, which shows the characteristics of the high-speed precision radial

forging process.

Key Words :High-speed Radial Forging (1< 7 ©%), Non-isothermal(H] 523} 4),
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v Center of strike, xc = (¢l + ¢r)/2 where ¢/ and ¢r

Body force (FL/Volume)
or fixed

g2

Plastic region

are extremum X-coordinates of contact nodes.

In this region, x-DOF can be fixed, if needed
for convergence and time efficiency. Its
width can be adjusted by an input parameter.

g(l), g@) w(b),

1. Material rotates periodically.
2. Pusher (manipulator) moves with material periodically.
3. Punch moves periodically with profile motion.

4. Pusher can also be placed additionally or alone on the right of material.
# The positions of punch and/or pusher with material can be adjusted before each new period.

If xc-g (2)<g (1), g (1) is replaced by xc-g (2).

and w (2) are inputs.
F

FL

Fig. 1 General analysis model of radial forging

(a) Initial

(b) Intermediate

(c) Final
Fig. 2 Shape of workpiece

(a) Experiment
Fig. 3 Comparison of flow lines

(b) Prediction
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Study of the effects of die geometry on deformation
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comparison between the properties of solid
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Manufacturing technologies of main shaft for cost saving use of
off shore wind turbine

N.Y. Kim, J. M. Lee, C. H. Lee, B. D. Joo, S. H. Heo, S. R. Yoon, H. S. Chang

Abstract
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Azl 7lee] A77F AFAoltt. 59, dtFELAIE F8 f—fwﬂiﬁ%% Main shafte= 7%, 12 ¢l
4 %01 gt 7AH BE4E a78] "t nERAE FXEHA AR AE S -’%Etﬂ% oF gt}
2 A A= Main shafte] AlzFge BA435te] 7t 348 A7HE7T 3 Jﬂr S5 5 = Wl
b (RS2

FaAT, WAATE DENIAA FEAZN T BRE Ao Hadel AL A
G NG AN T2 A IS Aagond WHAEIE Auad. BT, F4e
e : 7%

of 7FAAZE AFH daA FATE das A ez ¥ 594 o A7 F S
2191 Main shafte] Alzs7dol Bla] Arbdztasts Soist skl

Key Words : Off shore wind turbine, Main shaft, Cost saving, Semi-die forging, Riser ratio, Alloy design
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Effect of microstructural changes on fatigue and fracture
characteristics after hot forging and heat treatment of Cr steel

M. S. Kim, D. J. Lee, G. E. Ku, Y. N. Kwon, S. H. Heo, N. Y. Kim, J. M. Lee

Abstract
crd2 XM2elMx P &4 Mo| st, HAME SES 728 ZH =2 dXel 82 &
3 27E= 7IHAMME S Foisict 2 A= crd E7ickx 2 dRX2 ™S ST olM=
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M EMO| LiEtgD, EXel SHe o|M=zle A2 HIEE ol2HAO|Ex=ZA0| RHEEON, =
2 mfyolde| JIAM EMZS LIENCEH

Key Words : Cr steel, Hot forming, Heat treatment, Fracture toughness, Fatigue test , Microstructure, Tempered
Martensite,
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Table 1. the result of tensile test

. Tensile .
Yield Strength Error Error Elongation Error
(MPa) ®) Sengih (& (%) ®)
B (MPa) B B
As-cast 468.8 9.8 600.3 41.2 19 0.6
Forging 756.9 142 1000.6 11.3 8.0 14
Forging +
726.3 13 845.6 25 19.3 11
Heat treatment
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A Study of Hot-Forgin% Properties on the 1-ton class Ni-base
Superalloy for 700°C HSC Rotor Material Selection

Y. D. Kim®, J. W. Kim*, S. T. Kang*

Abstract

DAL F7lero mef dHaso] JFS werh HI7hA AFEFAA HLEa e
T712% 610°CH USCZE Atk o 2 E&TUE 98 HAPAE F41 22 700°CH HSC 7l
o] 3 FHan JA|NE oo AY 4 = ZE A Ee] ulel Frojof dr, on| i1 3lo|
A9 4 A= 47 FEAA ] B8] 120kg Lab. scale 71 2A5 Fall 27HA = FF ¥o] HAth

B AFoXs AAH H 27HA] FH A (Nimonic 263, Haynes 282)l ts}e] <F1EF Prototype
ATE Ea HE 1A 2AE AAstaA} o) o2 9)ste] VIM+ESR 43 AlZ, dibdx
% O‘ﬂiﬂ‘v‘q FA=ET A dxE ZﬂZ}—% T 3 2}3, E}}_Aéﬁé.f_)\é% %/ﬁlgi %é‘j%}'\# 8]—04
74 83 235O0 = Haynes 282% A ¢HaF i T,

Key Words : HSC Rotor, Ni-base superalloy; Candidate material, Nimonic 263, Haynes 282, Forging ability
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GtMgege SHE s 2 2=, 24 500°CZ(SC), 600°C=(USC) olx|gt =&
700°CZ(HSC) o|atez 1996 RE S Al&o =z iz Xl 7igho] FZXE Aot E
SHE HE L5 Axgto] JhAE{EIe] 700°C20 AlE = X|2H A S™o| w2 AXs 1
22| ZI7|2EoM ALSSHK] 2l 7|1& Aol Jig 2 SHIeo| Eesict HSC ZE el F
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Fig. 1 Photograph of manufactured ingots by using the VIM+ESR process for HSC rotor

Table 1 Chemical composition of manufactured superalloy ingot

Composition(wt.%)
i Si Mn 2 S i Cr Mo Cu Fe Al Ti Co

N_263 | 0.054 | 0.157 | 0.727 | 0.004 | 0.001 |Bal.| 19.687 | 5.793 | 0.010 | 0.268 | 0.4z26 | 2.058 20.815

H_z82 | 0.057 | 0.122 | 0.209 | 0.007 | 0.001 |Bal.| 20.045 | 8.160 | 0.176 | 0.551 | 1.364 | 2.218 9.261

Lag [Strain rate, +']

Temperature ['C]

Fig. 2 Set—up of forging and heat treatment process factors for superalloy manufacturing
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Fig. 3 Actual forging product and test results for HSC rotor superalloy
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[1]Y.D. Kim, J. W. Kim, S. T. Kang, 2016, A Study of Hot—Forging Properties on Ni-base
Superalloy for HSC Rotor, KSTP, pp.106~107
[2] Y.V.R.K. Prasad, Metall. Mater. Trans. 27A (1996) 235~236
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Facile fabrication of superhydrophobic metallic surfaces
using plastic deformation process

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

Abstract

Superhydrophobic surfaces(SHSs) have been received much attention because of its many applications. The
superhydrophobic property is caused by the micro/nano pattern of the surface. Techniques such as lithographic patterning,
chemical deposition, electrospinning and imprinting have been applied to make these surface artificially. However, these
processes are expensive, complicated and can be adopted almost non-metallic materials. In order to overcome these
limitation, facile fabrication using plastic deformation process have developed. On the die surface, sinusoidal patterns
were fabricated via wire electrical discharge machining(WEDM). This EDMed surface has micro-scale wave and also
nano-scale discharge craters pattern so called multi-scale pattern. This multi-scale pattern contributes to the water
repellent property. Using this die surface, aluminum 7075 alloy were pressed so multi-scale pattern was replicated from
die to workpiece surface. The contact angle was measured by using the fabricated workpiece. As a result, it was
confirmed that the hydrophobic property was presented.

Key Words: Superhydrophobicity, Multi-scale structure, EDMed surface, Plastic deformation, Die press
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A Study on the Prediction of Deformation Behavior
in Aluminum Alloy during Multi-axis Diagonal Forging

J.H. Shin, S.0. Kim,*> M. S. Kim%, S. C. Kwon®, S. T. Kim?, S. Lee*, H. T. Jeong®, S. H. Choi**

Abstract
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Study on the Optimization of Cam Ring Gear Parts using Hot-
Cold Forging Technology of Small Bar

D. H. Park, Y. H. Tak, S. S. Lee, G. J. Kwon

Abstract

This paper is to develop cam ring gear forging parts by cutting and welding a small bar with circular shape.
Conventional cam ring gear parts have a problem of waste of raw material and durability life due to many chips generated
by machining round bar material. In order to solve the waste of raw material and durability of the product, we developed

cam ring gear parts using hot-cold

forging technology.

Key Words : Cam Ring Gear, Hot-Cold Forging, Small Bar, Optimization, Welding
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Fig. 1 Cam ring gear parts of truck
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A Study on the Property of Hot Forging Product
Applied Intensive Quenching Method

S.R.Yoon, J. M. Lee, N. Y. Kim, C. H. Lee, B. D. Joo, S. H. Heo, H. S. Chang

Abstract
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Investigation of Optimization Preform design in hot forging
process for development of Thin-walled Hook Al alloy
component

S.G. Hong, S.G. Yoon, J. Lee, J.H. Lee

Abstract
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Key Words : Aluminum alloy, Hot forging, Finite element method, Mechanical property
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Tensile Properties of Aluminum Alloy under an Electropulsing
Condition Considering Pre-strain effect

M. Kim, J. Song, H. Huh

Abstract

Tensile properties of AI5052-H32 under an electropulsing condition were evaluated considering the pre-strain effect. In
order to confirm the formability and the electroplasticity, material properties of AlI5052-H32 were investigated focused
on the level of flow stress and the elongation at fracture. Tensile tests were conducted under a test condition containing
pre-straining without the electropulsing and tensile testing continuously with the electropulsing. Under the test condition,
tensile tests with the electropulsing were carried out at the quasi-static of 0.001 s™ to verify the effect of the starting point
for applying electric current. The levels of the pre-strain were determined based on the uniform elongation of Al5052-
H32 obtained from tensile tests without the electropulsing. To measure the strain of each specimen, the DIC method was
used with the ARAMIS system. The temperature history of a specimen during the test was measured by utilizing the
infra-red thermal imaging camera of FLIR-T621. Experimental results reveal that the elongation is enhanced as the pre-
strain increases with delaying the starting point of applying electric current.

Key Words : Electroplasticity, Tensile Property, Aluminum Alloy, Electropulsing
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Study on the Yield Locus of Aluminum 7075-T6 Alloy Sheet
Using Cruciform Specimens

J. S. Kim, J. J. Kim, J.G. Park, M.K. Bae, Y.S.Kim, P.Q. Tuan, Y. S. Kim
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1 A-IE go°utekoll A et SH-AMHEE MEZO|C Al7076-T6
: = o] EFMAE E=79.7GPa, &5 SH2 o,~ 473MPa,

.,_

v
e * AMo|gtM A== Re=0.485,Re=0.798 22 HI}I= Al

o
0= Ee| Jt5HSE M2 Kim-Tuan HEA[3]22 Ct
2ot Zo| LfEffZIc

Ao ZEs FHoER ULl FY¥ UYRolE
2ol ol F7tst ACtES| 50004 L (Al-Mg)t
60004 & (Al-Mg-Si) LF0lg It XM e Tz
ALEED e Jted #3718 €Folg &&el 7000

o\.

ik
ﬂl?-?ﬁ

0.594 (])

c =T < o =457 + 470 .6{1—exp(2869 &) }e +0.002)

A2 (AlznMgCy) RZ= SwolE BHF H2d £ Fig. 2= 26| 113} 2:10] tHeh S 2NHEE M=
=2 - | o = e

S WARICH AT0ST6 BHE 42 24 Jk3Hol olch SrtasYel #alB3|E MESHT 2 S0

I?‘C’h0|' 200°C X-IOO‘HA-I 7|’ o|-01| Al"a‘ﬂ—l— %!E—l' [1] 4[\_@@_ /é 4711}QI_ E—|‘ |7(|‘O-||A‘|°| g@;é }% g“.:'j
2 o ToMe T6 AXHel m{7I=A HIt=

o '*j‘; =< < E; et U= T‘;ﬂ 5783 82549(MPa)01| e of_ OF%%EA% Table. 10 L}

ChEolZt MEE & JI3dEEMNE TS, 25 EbLyoich

O| X} AlHES E3 _J‘\_gigl-g %2 t5tA i - - .

g Amg Sl = 71SE Hersiast Table. 12| ZItE Fig. 32| S 37to|l LtEHAACE Fig. 3

0. AlE HHH Oil/\‘i Holzl e=3HuUsSS FAHASI Von-Mises =
. S H Al Hill48 E=A! J2|3 YLD2000 E=EAlo=z JLl%'?_

=2 7o ALSE AlE2 FH 1.0mme| Al17075-T6 EHAY ZIE Fig. 40l LtERHACE A17075-T6 HHMS| Z2= S

olct. el&AFE 2 KS B 0801 13B A|ﬂ12 o|235l0f KS B 2ZO0IR B EO|AM FL{EALS ZH= YLD2000 @gggq

0802 FZioll wat 10mm/mine £E2 A0 EFAA Hill48 grEAlo] MEZTE o & UElCE HEg ¢

T, O|UWMAS, JIsHEEME MFQ.*OF‘?&EF. 2ECTA £ Ach Hildg SEAlo|M= FGHSl olgA ofzitH=s

e YTl FAE eHE AES 1S01684[2] A2 at% g=338Hat 0,,04,,0, = EIISIACE

2 HMZESto] 2% QIFEAIETIZ 33H| 1.0, 21, 1:1, 122, Fig32o| 2zt &=53HEON ~MHEE HEHE LIEHH

0:1 st ZESIM MEES st E=3HE & ZMEREH AMHEE HE = =530 FE AS

stoict Holn 9101 T UAAM g FSH = (associated

flow rule)o| M= "= HEhEICEH

3. A4t & nF 4. HE

Fig. 12 Al7076-T6 HA{oll CHHA{ @bedgrgkoll o°gteknt 2 oAM= Al7075-T6 THHZ CfAlo =z chEolxtal
1. A=gss ey 2EQIAAME S MAISIY FEIZHE EESIRSN O
2. DYTEC 479 ZItE Von-Mises 52, Hill48 &=4! 2 YLD2000
3.(FEAWAA g=AD g WStk ct,

LERUAE A
# BAAR: ARt AT,

E-mail: cackim@knu.ac.kr -89 -



800

—_— UT 800,
_____ o Ul Stress ralio)(‘x:_\') =2:1
— 600 _ CLb g
A < L
& - oor ____———
© 400 | B |
A ©
] % 400f
f 200 v =79700x - 16 i:)
£ . 0
= 0 0.008 001 015 E 200k
True strain, & =~
0 1 1 1
0 0.05 0.1 0.15 0.2
True strain, 0% 0.01 0.02
Plastic strain, P
Fig. 1 A17075-T6 ®Aje] SH-HEE MT 800 ——
oStress y)=1
L X
Table. 1 &M Eo| WE &5 S [MPa] o Ty
P e .
€0 0.01 0.015 0.02 E —
SR X Y X Y X Y o
2 400r
1:0 489.2 0 495.5 0 501.3 0 =
2 L
2:1 553.3 276.0 | 569.8 | 283.8 582.8 | 289.0 q_-_g)
— e
& 200
1:1 505.2 504.3 5142 | 513.8 523.0 | 522.0
1:2 276.0 | 5533 283.8 569.8 289.0 | 582.8 0 ) . )
0 0.01 0.02
0:1 0 | 4850 | 0 4937 | 0 | 5004 Phistlc sraiii, o
&
Fig. 2 Al7075-T6 Etxje| SH-~MHHEE M
800
Al7075-T6 g 14
r o 0.01 r o Al7075-T6
12 +
600 L o 0.015 S eI
= a 0.02 E . -
E f ©
g ¥ 0.8
o 400 | &
3 g
2 E 0.6
o I -
2 o = .
& o | 50_4 | Y1d2000
- 4 b o 0015 e Hill4s
02 +
r a4 0.02 — Mises
0 N L m 0 — — :
0 200 400 600 200 0 02 04 06 08 1 12 14
True stress, o, [MPa] Normalized stress, o; [MPa]
Fig. 4 Al7075-T6 Exje| gh=2=m™

Fig. 3 A17075-T6 EAje| HEm=H st538

SAHEE e

028 (M2

_90_



o|2t o|H

188t S5 HFY B4
2k
gk

Obtaining parameters of dynamic recrystallization Kinetics u
sing FEM and optimization technique.
M. Irani, M. S. Joun

Abstract

A new method for obtaining the coefficients of Johnson-Mehl-Avrami-Kolmogorov (JMAK) equations for dynamic

recrystallization (DRX) kinetics is presented. The method consists of finite-element analysis and optimization techniques.

An optimization tool minimizes the error between experimental values and corresponding finite-element solutions iteratively.

Isothermal backward extrusion of AA6060 aluminum alloy was used to acquire the main coefficients of the kinetics equation.

A good agreement was observed between the optimized coefficients and reference values from the literature.

Key Words : Dynamic recrystallization (-5 A JA4 ), Material identification AME A

1. Introduction

Various types of empirical, semi-empirical, and
mesoscopic models of grain evolution are employed
to predict the DRX Phenomenological
modeling is an empirical approach that has been used
frequently [1,2]. The kinetics of recrystallization are
classically addressed using the Johnson-Mehl-
Avrami-Kolmogorov(JMAK)  equation [3]. The
coefficients of the equations in the model are
typically obtained from experimental observations
using the regression techniques [4]. According to
JMAK model, the DRX ratio is expressed as [5]:

mm=1—%pPBG:£iY] M)

€05

ratio.

where ¢, €,,€y5 are effective strain, strain at which
the flow stress reaches its maximum, strain for 50%
recrystallization, respectively. a, f and k are the
coefficients of kinetics equation conventionally

1A e ok 71
# Aot 71 A& E-E /@l ol ZEA
E-mail:msjoun@gnu.ac.kr

1571)

determined through a set of experimental tests. In this
study, a combination of finite element analysis and
optimization techniques is employed to acquire these
coefficients and reduce the experiment costs.

2. Material and methods

A metal forming simulator AFDEX 2D with an
optimization software HyperStudy is utilized to
predict DRX ratio in an isothermal backward
extrusion process. AA6060 aluminum alloy is
extruded at temperature of 350°C and forming rate of
0.1 mm.s’!. In the initial run, the material parameters
of DRX were extracted from the literature [S]. The
objective function is as follows:

¢1 = Z(rDRX,tar(i) - rDRX,pre(i))Z )]
i=1
where Tpry tariy and Tprxpre(; are the predicted
DRX ratio at ith sample point using the reference and
optimized coefficients. The constraints are

0.0<a<2.0 3)
0.0< B <20 (4)
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00< k <2.0 5)

Note that &,, and &y, in  Eq. 1 are given as 0.05
and 0.15 respectively [5].

3. Results and discussion

The variation of objective function with iteration
is depicted in Fig.1, showing the value converges to
0.015 after 35 iterations.

04

91, Objective function
s

[ 5 10 15 20 2 £ £ 40 4 E

Iteration
Fig. 1 Variation of objective function

The optimized and reference values of the
coefficients are represented in Table 1. The result
shows a good agreement between optimized and
reference values.

Table 1. Comparison between optimized and
reference coefficients.

Coefficient Reference Optimized
a 0.100 0.113
5 1.000 1.026
k 1.000 0.998

Fig. 2 illustrates the predicted DRX ratio at final
stroke of extrusion process using both reference and
optimized  coefficients, showing that the
coeffiecients acquired by the proposed method are
reliable.
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4. Conclusion

In the present study, a practical method of
determining the parameters for DRX kinetics is
proposed. The results show that the parameters of
dynamic recrystallization kinetics can be obtained
successfully and economically.

TIME: 7.000000E+01

RECRYSTALLIZEDRATIO

+1.00000E+000
+9.12638E- 001
+8.26276E- 001
+7.37913E- 001
+6.50550E- 001
+5.63188E- 001
+4.75825E- 001
+3.88463E- 001
+3.01100E- 001
+2.13738E- 001
+1.2637SE- 001

(a) Reference (b) Optimiied

Fig. 2 Predicted DRX ratios at final stroke
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Effect of cooling rate & Al contents on mechanical properties of
low-weight steel

J. Y. Park, S.-J. Park, H.N. Han

Abstract
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A study of correlation between intergranular fracture and
plastic deformation in tungsten using nanoindentation

Yeonju Oh', Keunho Lee*, Hyun-Min Sung?, Nojun Kwak®, Won-seok Ko**and
Heung Nam Han®*

Abstract

Tungsten has been considered as the most promising candidate for plasma-facing materials(PFMs) in a
next generation fusion reactor. However, tungstenis well known to exhibit serious brittleness after
recrystallization. Therefore, it is necessary to establish the cause of degradation in toughness after
recrystallizationfor developing tungsten as structural applications. In this presentation, a fracture behavior of
tungstenwas investigated by micro/nanoindentation at room temperature for both thermo-mechanical
processed and recrystallized specimens. After micro-indentation, cracks along grain boundaries were observed
in recrystallized specimens, while only highly deformed regions were visible at the indented area in thermo-
mechanical processed specimens. In order to quantitatively understand this distinction, the maximum shear
stresses at pop-ins on nanoindentation load-displacement curves, which are corresponding to yield stress,
were compared with theoretical fracture stresscalculated by molecular dynamics simulation. The
microstructural difference between the specimens was observed from the Kernel average misorientation
(KAM) and grain boundary maps measured by electron backscattered diffraction (EBSD). This study proves
that the pre-existing mobile dislocations could increasethe ductility of tungsten by improving the capacity of
plastic deformation before cracks initiate at grain boundaries.
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Warm Deformation Behavior and Mechanical Properties of Ti-
Al-Fe alloy

Y. Lee, J. W. Won, J. T. Yeom, K. Y. Lee, C. S. Lee

Abstract

Ti-Al-Fe based alloys were recently developed receiving a great attention as a replacement of Ti-6Al-4V alloy due to
its cost efficiency and higher formability. This study was focused to enhance mechanical properties of this alloy utilizing
warm deformation. Warm-rolling was progressed up to reduction ratio of 80% at 973 K and annealing at 1103K was
subsequently progressed. Electron backscattered diffraction(EBSD) was used to measure microstructure characteristics
such as grain size, aspect ratio and phase fraction. The results showed that warm rolled Ti-Al-Fe alloy exhibits great
combination of strength and ductility, which was superior to warm rolled Ti-6Al-4V alloy. The effects of rate-limiting
solute partitioning and boundary characteristics on mechanical properties were discussed in this study.

Key Words : Titanium alloy; warm deformation; texture; Mechanical properties
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Aging behavior of a Mo-free Lean Duplex Stainless Steel

1.S. Shin', K. C. Chung?, J. Y. Choi?, K.-T. Park*

Abstract

The o phase usually precipitates during aging of stainless steels (STS) and is known to deteriorate mechanical
properties of STS. Cr and Mo promote o phase precipitation. In order to suppress o phase precipitation, a Mo-free lean
duplex STS was prepared and its precipitation behavior was studied by aging the STS at 600-1000 C for 5 min. Because
of the absence of Mo, no o phase precipitation occurred. Instead, Cr,N precipitated in the vicinity of the austenite/ferrite
interphases and correspondingly the Cr and N depleted zone was formed. Upon quenching, Cr and N depleted zone
transformed to martensite consuming the primary austenite. As the aging time and temperature increased, the martensite
fraction increased and the deformation mode changed gradually from transformation induced plasticity to dual phase
mode.

Key Words : Duplex Stainless Steel, Aging, Precipitation, Martensitic Transformation, Tensile Deformation

1. ME

Mo
Hu

oat2 AH A AZ(STS)S| U2 Alg Al ME== Crot MoZt B0 etwE a57tatst
M Z1AH MEo odeks olElct [1]. #2 7|& STSZ OiH| 2ads HH2
HEf R7| M E 018510 7|AH 54 & F4 EM2 JHMAIZ! lean duplex STS 7H2H0
5| ZM=ln Aot [2,3]. olof w2l & AFME o&t MES AMSH| fIsh Mo FHIt
duplex STSZ2 =Sty & 12 Alg Al & ASH A& =4 e el & 7|
HeE HatE =AU

2. Agdy

Fe—0.03C-20cr-3Mn-1Ni-1Si-0.25N M-Z2| lean duplex STS ¥ E 1100 CollA 5&22F

H=t M2l & =4 =, 600-1000 ColAM 527 Al XM2[E WSIUCE Alg XM2[Xel Alg=x

of e ME=1nt MHsE &stso|d, EBSD, TEM % HAADFE o[ &35t & sIict 2t
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N
s
o >
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>
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Ag Al ME=e M 2 42 T2 AZA FoM 2atEl9ion], HAADF 24 Al 22
Cr.N ollend (Fig. 1a), Al& A =2 2T Z7to| w2t Cr,N ME22 =715+t (Fig.
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showing the phase change under various aging conditions.
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Cr.N AZo| oaf MAM=E Cr 2 N 3AMcfe| primary
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Fig 2. Tensile curves of the steel aged at 700 C.
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Analytical Model Development for Predicting Joint Strength of
Al-Fe Sheets Joined by Self-Piercing Rivet Technology

C.Y.Kim, S. J. Ko, H. J. Kim, M. G. Lee

Abstract

In this study, analytical models for predicting joint strength of aluminum-steel hybrid sheet joined by the self-piercing
rivet (SPR) technology were developed and validated. The predicted joint strengths include lap-shear and cross-tension
methods. To investigate the deformation mechanisms in the constituent metal sheets during the SPR process, finite
element simulations were used. The simulations consist of axisymmetric riveting step, which is followed by the 3D lap-
shear or cross-tension simulations. Between the two steps, the state variables such as material’s hardening and damage
indicator were transferred to increase the accuracy of the prediction during the second step simulation. The analytical
models approximated the geometries and mechanical properties of the rivetted regions, which are inspired from the finite
element analyses. Then, their model parameters were optimized from the measured joint strengths of selected SPR sheets
with different combinations of sheet thicknesses, rivet shape, sheet thicknesses etc. Finally, the prediction accuracy of the
developed analytical models was evaluated by comparing experimental data, which showed significant improvement in

comparison with existing analytical models.

Key Words : Self-Piercing Rivet, SPR joint strength (SPR 1 37%), hybrid sheet joining(ZA] ©]F 3,
mechanical joining (71414 7 3}), analytical model
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A Study on the Mechanical Properties of Ti-6Al-V4 Alloy after
High Temperature Deformation

H. J. Kim, Y. N. Kwon

Abstract
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Finite Element Analysis by Deformation Mode Using
Constitutive Equation Considering Strain Rate

H. D. Kim!, W. J. Chung®

Abstract
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Table. 1 R-value of DP590

Direction 0 45 90

R-value 0.94 0.89 1.1
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Table. 2 Formability Comparison in Circular
cup drawing [1]

Results(S:Success,F:Fail N:Necking)
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Measurement of Strain-rate Dependent Forming Limit
for 7000 Series Aluminum Alloy Sheet at Elevated Temperature

D. Yoo, J.-H. Hong, M. S. Kim, Y.-N. Kwon, Y. S. Lee, D. Kim

Abstract
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Prediction of Fracture in PET Coated Sheet Metal Forming

S. H.Yun, S. W. Jun, J. Jung, J. Y. Jung, S. J. Go, H. W. So, J. H. Kim

Abstract

In the polyethylene terephthalate (PET) coated sheet metal, the coating layer is often damaged during sheet metal forming
processes. Especially, cracks occuring in the PET layer during drawing and bending are major defects. In this work, the
fracture limits of the PET film was measured for various loadings. For validation, finite element simulations were
performed for the drawing and bending process. Using the fracture limits of the PET film, fracture of the PET coated
sheet metal was predicted. The predicted location of the cracks agreed well with the measurements.

Key Words : PET film(PET film), Sheet Metal forming(®A “d&), finite element analysis(5-3F Q4 dSHA),
Fracture(Thd)
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Forming limit diagram prediction using crystal plasticity

Y. Jeong

Abstract

Forming limit diagram provides a convenient measure of sheet formability in a wide range of strain paths, which is
also often incorporated into finite element analysis for forming operations. Nevertheless, the experimental procedure for
forming limit test is prohibitively exhaustive in that it requires repetitive operations of multiaxial loading and preparation
of various sample geometries. Moreover, since the forming limit strain is dependent on the loading path, it is almost
impossible to experimentally measure all the desired loading scenarios diverged from proportional loading. To that end,
predictive models for accurate forming limit diagram are highly demanded, which can prevent unwanted failures and
help to achieve early prototype production of the desired components. In this study, a predictive model based on crystal
plasticity framework is presented. This model employs crystallographic texture and is able to capture its evolution with
respect to plastic deformation. The computing time of crystal plasticity is slower than that of phenomenological approach,
which makes its application for industrial problems difficult. For the current model, this drawback has been significantly
reduced by means of multi-threaded run using the multiprocessing package of Python. The predictive capability of the
model is estimated in comparison with the experimental data obtained for interstitial-free steel and magnesium alloys.

Key Words : Forming limit, Crystal plasticity, VPSC, texture, Marciniak-Kuczynski.
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Optimization of Piercing Punch to Prevent
Punch Breakage in Tee-pipe Piercing Process

Y.S. Lee!, C. H. Song*, J. S. Kang?, S. Hong"

Abstract
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Prediction of Friction Coefficient using Surface Asperity
Contact Model under Different Assumptions

K.J. Lee!, J.Y.Lee!, M.G. Lee'”

Abstract

For the optimization of sheet metal forming process, finite element (FE) simulation has been often used in
the automotive industry. In order to increase prediction capability for the formability and springback of sheet
metals in the FE simulations, advanced numerical technique and constitutive modeling have been
investigated by numerous researchers. However, friction behavior has not been thoroughly studied although
it is one of major factors influencing the accuracy of the simulations. For example, most of the sheet metal
forming simulations for predicting sheet formability and springback employed Coulomb friction law with
constant value. But, it is commonly accepted that the friction is highly dependent on the normal pressure,
surface quality, sliding velocity and so on. In this study, based on the understanding of the friction
mechanism at micro-scale, an asperity deformation model proposed by Westeneng [1] was used to predict the
friction coefficient under different conditions. In particular, various underlying assumptions for the analytical
solutions were theoretically evaluated. As a future work, the developed model will be validated by proper
friction experiment with different sheet metals.

Key Words: Friction model, surface asperity, sheet metal forming

[1] J. D. Westeneng. Modelling of contact and friction in deep drawing processes. PhD thesis, University of Twente, 2001.
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Development of Manufacturing Technology
for Advanced High Strength Steels using CEM® Process

J. S. Chung, J. P. Gong, Y. S. Cho

Abstract

The CEM® technology, the innovative strip making process, has been developed by POSCO over the last couple of years.
CEM?® means compact endless casting and rolling mill. In order to develop a new competitive process of thin slab endless
rolling against conventional hot or cold rolling mill in thin gauge production, POSCO accomplished the highest casting
speed of 8.0 m/min with 80 mm slab thickness and high throughput continuous casting facilitates smooth production of
ultra-thin gauge hot coils through endless rolling. Many technologies were developed to overcome the general problems
in the high-speed casting and endless rolling operation. In the end, CEM® technology was developed to produce thin
gauge products with high productivity for various steel grades like low carbon, medium carbon, high carbon, HSLA(High
Strength Low Alloy), AHSS(Advanced High Strength Steel) and etc. In this paper, the AHSS manufacturing method of
CEM?® endless rolling is investigated in detail.

Key Words : CEM® , High Speed Casting, Endless Rolling , Advanced High Strength Steel
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Development of Rolllng Temperature Analysis Model for the
CEM® Endless Rolling Process

Y. S. Cho, J. S. Chung, J. P. Gong

Abstract

The compact endless casting & rolling mill (CEM®), the energy saving steel making process which directly links a
single continuous caster and a single hot rolling mill, has been successfully developed by POSCO. From the direct
linking of high speed caster and endless rolling mill, CEM® is able to manufacture ultra-thin-gauge hot-rolled products of
high and uniform quality. Endless rolling mill includes the rolling stands for the reduction of the thickness and the
induction heater to obtain the temperature for the rolling. For the CEM® process, sound prediction of the temperature is
vital for achieving the desired temperature (FDT) because the metallurgical properties of product are substantially
affected by it.
In this paper, mathematical model is presented for the prediction of the temperature distributions during the rolling, the
cooling and the heating. The model consists of a model for the prediction of temperature distributions in bite zone, a
model for the prediction of temperature distributions in the cooling regions and a model for the prediction of temperature
distributions at the induction heater. The model in bite zone considers the energy terms of deformation, friction and the
heat transfer from the strip to the roll. The model in the cooling regions considers the radiation and the convection. The
model at the induction heater considers the heat generation due to the induced eddy current.
From the combination of these mathematical models, the temperature distributions can be predicted in the whole regions
between the exit of the continuous caster and the exit of the finishing mill. The prediction accuracy of the proposed
model is examined through comparison with actual data.

Key Words : CEM?, high speed casting, endless rolling, temperature model, induction heater
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Simulation of material damage in roughing mill of hot caliber
rolling

D.H.Kim, T.Y. Kim, Y. Lee

Abstract

Many types of surface defects on material are frequently created by diverse causes in caliber rolling process. These
material surface defects are most often found in roughing mill of hot caliber rolling. So, in this study, we investigated the
occurrence of surface defects in roughing mill of hot caliber rolling. Finite element analysis was performed to simulate
damage on material in the roughing mill in caliber rolling process. Element deletion method coupled with the Bao-
Wierzbicki ductile fracture locus was employed to simulate the occurrence of surface defects. In this study, damage of the
material passing through the 5 - stand, the roughing mill process, was simulated. We also compared how the damage to
the material changes depending on the initial temperature of the material and the worn roll geometry.
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Key Words : Caliber Rolling(X1 2 3+<1), Surface Defects(3£ ¥ -5-), Damage(£=-) , Ductile Fracture Locus($14d 33 =
), Stress Triaxiality(3}Z-5-2 H]), Strain To Fracture(¥}¥] 3 &)
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Study on the tension control of RSM stand for wire rod rolling
D. H. Kim!, Y. H. Kang? C. H. Moon”

Abstract
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Process design technique for magnesium rolling mill
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The Development of Ship Couple Ring(Middle Ring) Using
Rotate Bending Process

S. M. Bage, M. S. Joun, D. H. Kim
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Effect of Powder Size and Shape of iron powder on porosity
form during DLM

T.J. Jeon, T. W. Hwang , H. J. Yun, Y. H. Moon

Abstract

Direct laser melting (DLM), layer by layer melting can lead to porosity defects caused by lack of fusion, balling. Machine
process parameter optimization becomes a very important task and is usually accomplished by producing a large amount
of experiment. Parts manufactured in DLM have generally used spherical shaped powder. The purpose of this research is
to investigate the influence of powder form on the formation of porosity in the DLM process. DLM experiments
evaluated laser processing parameters such as laser output, laser focus and line spacing. In this study, we discussed the
effects of powder form and laser processing parameters on the formation of voids in the DLM process.

Key Words : Direct laser melting, Porosity, Powder Shape, Powder Size, Processing Parameters
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Table 1 Processing parameters of experiment

Size of spherical Size of non- Focus Laser Scan
powder spherical powder Distance Power rate

(mixing %) (mixing %) (mm) (W) (mm/s)
Powder 1 20um (100%) - -3,-1,0,1,3 100, 150, 200 110
Powder 2 20pm (50%) 20um (50%) -3,-1,0,1,3 100, 150, 200 110
Powder 3 20um (50%) 40um (50%) -3,-1,0,1,3 150, 200 110
Powder 4 20um (50%) 60um (50%) -3,-1,0,1,3 150, 200 110
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Fig. 1 Influence of DLM process parameters on the total porosity
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[1] G. Kasperovich, J Haubrich, J Gussone, G Requena, Correlation between porosity and processing
parameters in TiAl6V4 produced by selective laser melting, Materials & Design, Vol. 112, 2016, pp. 160~161
[2] Chunlei Qiu, On the role of melt flow surface structure and porosity development during selective laser
melting, Acta Mater., Vol. 96 , 2015, pp. 72~79.



Development of High Strength Plastic Fuel Tank for 4WD
Multi-purpose Management Car

B. C. Kim!, D. H. Kim*

Abstract
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Highly deformed layer formed during the sliding wear test in
repressed oxidation and crack propagation.

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

Abstract

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

Key Words : Sliding wear, Pure iron, Counterpart, Subsurface layer, Environment.
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Fig. Fig. 2 (a) Fig. 2(b) Fig.
Fig. 1 Cracks found in the highly deformed layer of the pure iron specimen tested in an Ar
atmosphere (applied load: 100 N, sliding speed: 0.1 m/sec, sliding distance: 300 m).
Fig. 2 Cross sections of the tested pure iron specimens at different sliding distances: (a) 150 m,
(b) 300 m (applied load: 100 N, sliding speed: 0.1 m/sec).
Fig. 3 The variation of wear rate of the pure iron specimen as a function of sliding distance
(applied load: 100 N, sliding speed: 0.1 m/sec, Ar atmosphere).
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[1] N, Jin, 1997, Effect of microstructure on rolling, sliding wear of low carbon bainitic steels, Wear 202, pp. 202~207
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Crystal plasticity model for describing anisotropic hardening
behavior of steel sheet during strain path changes.

Hwigeon Kim, Frederic Barlat, Youngung Jeong.

Abstract

During sheet metal forming processes, a material experiences non-linear complex strain path changes, which
may lead to large fluctuation in the hardening behavior such as Bauschinger effect, hardening with high rate or stagnation,
and permanent softening. Many studies have shown that this phenomena has to be accounted for an accurate modelling of
springback, that is, the unwanted shape distortion of a formed part after the forming load is removed.

In order to capture this type of complex features using finite element (FE) simulations, a precise description of the
constitutive model is highly desirable. Many macro-mechanical constitutive descriptions were successfully developed for
the analysis of hardening under strain path changes, but these models are not directly related to microstructural features
such as crystallographic texture, slip/twin systems and dislocation evolution in individual grains.

As an alternative method, micro-mechanical models based on crystal/dislocation plasticity [1-4] have been proposed to
model strain path changes. Some of these models are closely linked to microstructural features in particular, the
accumulation and annihilation of dislocations due to slip and slip reversal, and the building-up of a back-stress. Although
micro-mechanical models are not suitable for FE simulations of forming due to high computational cost, they provide a
finer physical description of the plastic deformation mechanisms and can be used to improve macroscopic description
through virtual experiments. The study of dual-phase steel with crystal/dislocation plasticity models is an important topic
at the present time because most modern steels are multi-phase alloys. However, not many studies have dealt with the
behavior of these materials under strain path changes, which is different from that of single-phase steels. In this work, the
yield surface changes predicted by a micro-mechanical model, VPSC-RGVB, under non-linear loading is used to develop
proper evolution equations of the state variables in the macro-mechanical model.

Key Words : Crystal plasticity, Dislocation, Microstructures, Strain path change.
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Development of stamping simulation system by accounting for
realistic friction and lubrication conditions

M. S. Moon, C. H. Lee, J. Hol, B. Carleer

Abstract

Friction modeling is the one of the most important variant for improving accuracy of sheet metal forming. Most
common standard is currently to apply the Coulomb friction model with a constant coefficient of friction.

The actual friction conditions, on the other hand, are determined by the tribology system, which depends on the blank
materials, coatings, die materials, lubrication and process conditions used in the real process.

In this paper, newly development of a stamping system applies various tribology systems in real process is introduced.
There are various effectiveness of simulation can be improved through the newly developed system, such as formability
accuracy by increasing draw-in difference, springback accuracy and punch force etc. compared with tryout results. The
results of the validation project with several automotive company confirmed the expected effect of applying the new
method.

Key Words : Sheet metal forming, Friction modelling, FE simulations, Tribology systems
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Application of a integral-type nonlocal model
to fiber reinforced composite damage model(FRC)

J. Y. Park, J. W. Yoon, S. J. Yun

Abstract
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Key Words : Nonlocal theory, Damage mechanics, Fiber reinforced composite, Finite Element Analysis(FEA), Mesh
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Prediction of deformation of a slab for continuous casting
process during saw cutting process by the finite element analysis

Changhyok Choi, Jeong-Suk Lim, Se-Hwan Chun, Kwang-Su Park

Abstract
A7rol vkAE 2] el H% AL FRIAAA AA FEje &S
ol A Ur H o]l EHEM
ol %

_Z,__
 WAEES Eﬂrom

845 s dd4E AAA F
i Q25E Eod] BAs Aol 2
2EW, Fojxl FHL wA7|oA EutgE T A
o] 2000mm, 7|7} 250mm, 2 o]

l—og g}o:h;} 011:1]-7(4 o
 ARHEE Bl oy

ﬂl

)
>
i
SL
E o
rio
_0|L
rL
E
2
rSl
r
2
OH
O JIIJ
i,
i
o
oo
)
>
AL
z
rlr
Al
o

H
HUr J*Zﬂc’l Zli Az A3t =9
SHo

Y o T
2
N
=2
(i O\J
Ay
ol
g, ot
i
=)
o
of
o
L
K
= N
>
o
N
fru
rEl
il
2
)
v
4L
(o3
=2

ok
(ol oft
2o
e
o
O o=
oo
&M
o OST“’ =
SN
o
olo
{
o -
)
L)
o
ol
N

it oo
Ho
ot
ko
B
%
Y
2
K
il
ol
ol
o
2
i
e}
>,
e —
o
ol
o,

Key Words : Slab(£2}2.), Continuous casting($1$5=22), Saw cutting(F & ©1), phase transformation(“3-31 Ell), grain
size(2 4 ©=17]), residual stress(ZH-3-2)
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Multi-objective optimal design of bar drawing process base on
Artificial Neural Network and Genetic Algorithm

D.H Cho, K.K Kim, J.T Oh. Y.N Park, H.K Choi, Y Lee

Abstract

In this study, optimum conditions of bar drawing are derived through finite element analysis, artificial neural network
and genetic algorithm. As the objective function, strain, strain deviation, drawing force, residual stress, etc. were selected
and the occurrence of cracks in the material was restricted as the constraint condition. Base on design of experience
approach reduction of area, die angle, and friction coefficient were selected as process parameter. The properties of
material (strength, ductility, fracture properties) were also considered as parameter by compare FEA result of the five
materials with different properties.

The parameters were combined and sampled using the latin hypercube sampling. The objective functions were
calculated by finite element analysis and the predictive model was generated by artificial neural network.

Based on the predictive model, optimum conditions that could optimize the strain, strain rate, drawing force, residual
stress, etc. without crack were derived by using genetic algorithm. By analyzing the optimized results of different
materials, optimum solution which varies by property of material were proposed.

Key Words : Drawing(213}), chevron crack(#] -2 =), Multi-object optimization(t}5-2 = 2 3}), Artificial
Neural Network(?1 3417 ), Genetic Algorithm(F- 2k &a12] <)
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Manufacturing and Fastening of Tube with Screw shape using
Hydroforming

H. S. JUNG, J. H. Ra, Y. H. Moon

Abstract

Tube hydroforming technology is a process to obtain desired shape by using hydraulic pressure. The hydroforming
process is being used in various fields such as pipe parts, household pipes, accessories, exhaust pipes and structural parts.
In this study, a method of manufacturing a pipe with screw shape using hydroforming technology was investigated. The
method includes a fastening step through the rotation of the two pipes after fabricating an inner tube and an outer tube
each having screw shape. In this process, it is important to determine the dimensions of each pipe and set the proper
loading path to facilitate the fastening of pipes with different diameters. The compression test was performed to confirm
the durability of the tube having the screw shape.

Key Words : Tube hydroforming, Loading path, Screw shape
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Fig. 1 Hydroforming die set for manufacturing tube with screw shape
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Fig. 2 Final hydroformed shape : (a) Outer tube, (b) Inner tube, (c) Tube extension by fastening inner
tube and outer tube
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Kaushik Bandyopadhyay' - 0|&&'- o|"d 7™
Modeling for prediction of phase transformation in steel bar

Kaushik Bandyopadhyay, J. H. Lee, M. G. Lee

Abstract
In modern days, reinforcing steel bars are very essential material in the construction industry to impart strength in the

concrete. Different specialized heat treatment techniques are followed to produced steel of desired material quality.
However, prior prediction of transformed phase fraction at the end of the process is necessary for efficiency in the
planning stage. In this present study, FE modeling of phase transformation kinetics of steel bar subjected to two different
heat treatment processes were performed implementing a user defined subroutine. The Johnson—Mehl-Avrami-
Kolmogorov (JMAK) type equations were considered for diffusional transformation of ferrite, pearlite and bainite from
austenite. On the other hand, Koistinen-Marburger equation was utilized for modelling diffusion less transformation of
martensite from austenite. Along with modeling of phase transformation kinetics, the related thermo-mechanical issues
were addressed. The heat transfer condition during quenching and heat generation due to phase transformation were
incorporated in the model. Similarly, strain increment associated to temperature change, phase transformation and plastic
deformation were also considered in the FE modeling. Finally, the model was equipped to estimate evolution in hardness
and strength in the steel bar during the complete heat treatment processes. The developed FE model was validated

comparing the FE predicted phase fraction and hardness with corresponding experimental results.

Key Words Phase transformation, IMAK model, FE simulation, Hardness, Strength
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Finite element analysis for the 4-stand roll forming
process for steel tube with rib

D. W. Jung

Abstract

Roll forming is a continuous profile production process to form sheet metal progressively into the desired shape with
closer tolerances. The process offers several advantages such as complex geometrical shapes, high strength, dimensional
accuracy, closer tolerances, better quality and consistency, high production rate, improved conformity, and good surface
finish. Several parts of automobile body are produced with this process. Nowadays roll forming technology draws more
attentions than before in the automotive industry. In this paper, A Finite Element Method applied to study von mises stress,
equivalent plastic strain, thickness, plastic strain, longitudinal strain and spring back of the metal sheet with ribs formed
by roll forming process. The thickness variation was almost -6.144%.

Key Words : Roll forming process, Steel tube, Stress distribution, Thinning strain, Thickness, Finite Element Method,
Spring Back
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Study on the produce technology of the automatic transmission
parts by using flow control forming method

E. S. Park, K. J. Lee, S. M. Lee, E. Y. Jung, W. K. Joo, B. J. Kim

Abstract
This study is a research on the manufacturing of automatic transmission parts using flow control forming of aluminum
material. In this study, optimization studies were carried out on forming characteristics, heat treatment conditions, and
molding parameters for each material. In addition, optimum conditions for each variable were derived and conditions for
immediate application in mass production were derived. The results of this study will be helpful for the implementation
of aluminum parts for automotive parts.

Key Words : Automatic Transmission Parts, Aluminum, Flow Control Forming
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Study on the Design of Cold Forming Precision Molding of Ball
Joint Housing Using Finite Element Method

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

Abstract

The ball joint has a function of connecting the steering knuckle and the suspension control arm, and
functioning as a rotation center shaft of the steering knuckle when the steering wheel rotates, so that the
vehicle can be turned freely. The ball joint consists of ball stud, seal, polymer and ball joint housing. In the
case of a ball joint housing, mechanical strength is demanded as a component directly receiving impact
transmitted from the road surface. In the case of existing products, it takes a lot of time and expense to
produce products by including heat treatment for improvement of moldability and strength, and processing
for securing precision of inner diameter dimension. Therefore, the optimal design of the product was studied
by using the finite element program to improve the productivity of the ball joint housing and the internal
machining process to be omitted.

Key Words : Precision Cold Forming, Ball joint, Finite Element Method, Optimization
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Study on the Design of Rear Floor Assembly Considering Crash
Characteristics

S. H. Cha, J. H. Kim, B. S. So

Abstract

The Rear floor assembly is located in the lower part of the vehicle body, and it is essential that the safety of the
passenger and the design not damaged at the fuel tank and electric battery in the event of a rear-end collision. Although
most of the studies have been applied to the rear floor assembly design by performing the crash analysis for the entire
BIW, it takes a long time to perform the crash analysis, which limits the evaluation of various design variables. In this
study, the rear floor assembly design is applied in consideration of various load directions. The rear floor assembly
deformation pattern and load-displacement graph are compared and analyzed after the crash analysis. This study is used
in LS-DYNA software.

Key Words : Vehicle body, Rear floor assembly, rear-end collision, oblique-end collision, Load-Displacement Graph
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A new design technique to prevent thinning of sheet in roll
forming process

D. W. Jung

Abstract
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The bow defect and spring back in roll forming process

D. W. Jung

Abstract

With the development of the automotive industry, the automotive industry put forward a new appeal of safety,
environmental protection and energy saving. The emergence of high-strength steel meets the requirement of those highly
impact factors. High strength steel not only can achieve the same strength but also effectively reduce the material
thickness. High strength steel forming technique has been widely recognized on the market, so the insiders pay close
attention to this technology. However, with the increase of strength, the elongation and plastic property of the sheet have
been reduced, the forming performance decreased and it is difficult to make deformation at room temperature. At the
same time, because of the work hardening, the product is easy to crack and have a large spring back angle. To solve this
problem, some researchers come up a method to apply the pre-heat to the sheet before the forming process. With the
preheat process, the microstructure of the steel has been changed, thereby affecting the phatic property and the elongation
of the sheet, reduce the deformation resistance and make the sheet easier to deform. In this paper, we have set up a roll
forming model with the high strength steel using ABAQUS software The sheet in these models have been measured the
contour bow defect of displacement and the stress are used to analysis the deformation of the sheet. The spring back also
has been developed in the simulations. At last, experiments were carried out to verify the validity of the proposed models.

Key Words : Roll forming process, Finite Element Method, Bow defect, Spring back
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Effect of TiO, Addition on Microstructure and Wear Property of
Extruded Al-15wt.%Si Alloy

Y. J. Kang, J. Y. Heo, J. H. Kim, J. I. Hwang, K. A. Lee

Abstract
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Effect of TiO, addition on the Microstructure,
Tensile and Fatigue Properties of Extruded
Hyper-eutectic Al-15 wt.%Si alloy

J. Y. Heo, M. S. Baek, J. H. Kim, J. I. Hwang, K. A. Lee

Abstract
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Fig. 1 Results of SEM of
Hyper-eutectic Al-Si (CuP) and Hyper-eutectic Al-Si (TiO,) alloys.

Table 1 Tensile properties of Hyper-eutectic Al-Si (CuP) and (TiO,) alloys

YS[MPa] | UTS[MPa] | EL[%]
CuP 391 426 3
TiO, 394 431 3
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2404
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10* 10° 10° 107
Number of cycles to fatilure [N]

Fig. 2 Results of high-cycle fatigue test
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Thermal Plasma Coatings
K. S. Choi, J. W. Lee, M. K. Kim, J. S. Park
Abstract
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Process Design for Multi-Stage Profile Forming of Shaped Wire
by Electric Field Analysis

S. C. Park, S. 1. Ji, B. M. Kim, K. H. Lee

Abstract

In this study, the design method of multi-stage profile forming process has been developed to manufacture the shaped
wire with both upper and lower surface contours by the electric field analysis. The multi-stage shape rolling process is
designed by the three-dimensional electric field analysis, and then more suitable intermediate roll profiles are obtained
by additional metal flow analysis. To verify the proposed design method, we carried out FE analysis by developing
reliable 3D-FE models using DEFORM software, a commercially finite-element platform and shape rolling
experimentation using high carbon steel wires. The proposed roll design method gives the sound wire shape and
correct dimensions within an allowable tolerance. Therefore, it can be concluded that the proposed design method can
be widely used to design roll profiles in the actual shaped wire production.

Key Words : Multi-Stage Profile Forming, Shaped Wire, Intermediate Die Profile, Electric Field Analysis
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Design of Integrated Forming Process for Manufacturing
Al6061 Alloy Bolt

S. C. Park, W. R. Dong, K. H. Lee

Abstract

This study presents the design method of an integrated forming process including bolt heading and thread rolling to
manufacture aluminum alloy bolts with Mg-Si as its major alloying elements. This design method consists of three
stages; fundamental design, optimization, and verification. At the first step, initial process conditions were determined by
theoretical equations and basic principles. And then process variables were selected to optimize preliminary design
through design of experiment(DOE). According to DOE, we conducted numerical study by FE analysis using DEFORM,
a commercially finite-element software and derived optimum process condition. To verify the proposed optimized
process, aluminum bolt forming experiments were performed and the results meet mechanical property requirements and
dimensional accuracy within an allowable tolerance. Thus, it is considered that the proposed integrated design method
could be widely used to design bolt manufacturing process.

Key Words: Al6061 Alloy Bolt, Bolt Heading, Thread Rolling, Design of Experiment, FE Analysis
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Deformation analysis of the fitting end of a connecting pipe of
the hydrogen fuel tank for FCEV

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

Abstract
In this study, the deformation analysis of the pipe fitting end of the hydrogen storage device was performed. The
changes of shape of pipe end, contact pressure on the plug and axial force of the nut were analyzed. In order to satisfy the
axial force criterion of 10 kN, an axial displacement of at least 0.34 mm should be given. The maximum pressure of the
contact surface on the plug was predicted about 700 MPa or more at the upper end, and the contact pressure at the lower
end was predicted about 530 MPa.

Key Words: Pipe fitting end, Hydrogen fuel tank, FCEV, Surface pressure
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Fig. 2 Deformed shapes and distribution of von Mises stress of displacement of 0.4 mm: (a) loading, (b) unloading,

(c) load curve, (d) experimental result
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Fig. 3 Deformed shapes and contact pressure of pipe end with respect to the displacement of nut: (a) loading, (b)

unloading, (c) contact pressure on the plug surface.
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Surface pressure and gap analysis of sealing rings
of a high pressure manual valve for FCEV

G Y. Park, K. J. Yang, E. Ro, H. C. Kim, J. S. Park, M. S. Chon, H. W. Lee

Abstract
The design of sealing structure of a manual pressure valve was conducted with FE analysis in solenoid valve module
for hydrogen fuels charge/discharge system of FCEV. The damage of the O-ring was predicted by the gap analysis of the
backup ring according to the internal pressure. It was found that the contact with the cylinder body was started at the
internal pressure of 18.5 MPa and the gap was completely closed at the internal pressure of 29.7 MPa. Considering the
deformed shape of the O-ring, it can be predicted that the O-ring would not be damaged under the gap between the
backup ring and the cylinder.

Key Words : FCEV, High pressure valve, sealing rings
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Evaluation of fracture characteristic and formability of
hybrid sheet material(\VCM)

K.Y. KIM, J. H. Yoon

Abstract
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Fabrication of micro-nano pattern on mold material using
femtosecond laser

H. U. Lim, T. Y. Hwang, M. W. La, S. K. Hong, J. J. Kang, K. H. Yoon

Abstract

Recently, it has been demonstrated that the technological difficulties in engineering can be overcome by mimicking
phenomena in nature, and the number of cases itself keeps increasing with the advancements of technology. One of the
most pronounced examples is a hydrophobic effect observed at the surface of a lotus leaf [1]. Actually, the hydrophobic
effect is originated from the micro-nanoscale hierarchical surface structures at the leaf. A lot of efforts have been made to
apply these properties to various commercial products requiring a clean surface. Currently the representative processing
methods are lithography, metal anodization, and laser ablation. In our experiments, using femtosecond laser ablation, we
first fabricate various sizes of conical structures at the mold surface, and then imprint these structures to PMMA. By
controlling the size of conical structures, we observe changes in the wetting properties of the PMMA.
Key Words: Femtosecond laser, Conical-microstructure, Hot-stamping forming, Contact angle measurement
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Fig.1 The SEM images of fabricated micro-nano pattern using femtosecond laser with different fluences at
2mm/s scan speed. (a) the size of pattern is 7~10 pm with 0.58 mJ pulse energy. (b) 15~20 pm pattern size
with 0.77 mJ pulse energy. (c) 20~28 pm pattern size with 1.3 mJ pulse energy.
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Deformation Characteristics of Microstructure in Ultra
Precision Machining

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

Abstract
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Eng. Vol. 49, pp. 115-121.



SR ERERY

3L

=]

=

|1 EQ#
S

- A

Electrical Resistance Heating
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A development of roll forming process for steel tube with
guadrilateral shape rib

D. W. Jung

Abstract
Roll forming is increasingly used in the automotive industry to form High Strength Steel (HSS) and Advanced High
Strength Steel (AHSS) for structural components. Increased product performance, higher quality, and lower cost with
other advantages has made roll forming process suitable to form any shapes in the sheets. In this study, A Finite Element
Method applied to study stress, strain and thickness distribution in the metal sheet with quadrilateral shape ribs formed by
roll forming process. Stress distribution was almost uniform hence maximum 15.5 thinning strain achieved.

Key Words : Roll forming process, Quadrilateral shape rib, Steel tube, Stress distribution, Thinning strain, Finite Element
Method
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[1] A. Abvabi, B. Rolfe, P. Hodgson, M. Weiss, 2015, The influence of residual stress on a roll forming
process, International Journal of Mechanical Sciences, Vol.101, pp.124~136.

[2] J.-C. Park, D.-Y. Yang, M. Cha, D. Kim, J.-B. Nam, 2014, Investigation of a new incremental counter
forming in flexible roll forming to manufacture accurate profiles with variable cross-sections, International
Journal of Machine Tools and Manufacture, Vol.86 , pp.68~80.

[3] F. Heislitz, H. Livatyali, M.A. Ahmetoglu, G.L. Kinzel, T. Altan, Simulation of roll forming process with
the 3-D FEM code PAM-STAMP ,Journal of Materials Processing Technology, 59 (1996) 59-67.
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A development of roll forming process for steel tube with round
shape rib

D. W. Jung

Abstract

Roll forming process, due to increased product performance, higher quality, and lower cost with other advantages, has
been made suitable process to form any shapes in the sheets. In this paper stress, strain and thickness distribution in the
steel galvanized hot coil commercial (SGHC) sheet with Round shape ribs formed by roll forming process was
investigated by a Finite Element code, ABAQUS software. The stress and strain distributions are considered during
forming. Since in round shape ribs the flow of material is easier than quadrilateral one, the Stress distribution was more
uniform and thinning strain was concentrated in the ribs with maximum value of 14.5% while this value in quadrilateral
shape rib forming is 15.5%. The results show that this method is applicable in reducing the thickness strain.

Key Words : Roll forming process, Round shape rib, Steel tube, Stress distribution, Thinning strain, Finite Element
Method
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[1] A. Abvabi, B. Rolfe, P. Hodgson, M. Weiss, 2015, The influence of residual stress on a roll forming
process, International Journal of Mechanical Sciences, Vol.101, pp.124~136.
[2] J.-C. Park, D.-Y. Yang, M. Cha, D. Kim, J.-B. Nam, 2014, Investigation of a new incremental counter
forming in flexible roll forming to manufacture accurate profiles with variable cross-sections, International
Journal of Machine Tools and Manufacture, Vol.86 , pp.68~80.

L AFoeta 71 AdE

# WA AR AFden 7] A -, E-mail: jdwcheju@jejunu.ac.kr

- 158 -


http://www.sciencedirect.com/science/article/pii/S0890695514000959
http://www.sciencedirect.com/science/article/pii/S0890695514000959

2 ol BHA. B4

Development of Dual Ring Compression Joint (SRII-JOINT)
for Water Pipes and Minimization of Load

S. Kim%, Y. S. Lee’, J. S. Kang?, S. Hong"

Abstract

T TA AFEY AEHQA S, 7k wlg, 2 ude] o % SUFsta ik v wjg Abo]
2 ddaFE 92 Bools @ o7t AgH e, R FAY 9SS BHAske] 1Al A7) A
e A7l & o]Fo xar o A AAE = AFES SRI-IOINTE Wio] T3t 5ol <l
AsA Ax=o] &, APste & oot AW SRI-JIOINTE AH&&elA ¢z & mFgo] &
&3 gy R UHEY 7 AE FE EY, SUaY Az, wEH gl oste] HE FUt
ol AHA AVE T T wAHe] AT olEgt FAAES AW uFPF HEHFY IFFRSHL
2 Qlste] BAgT #F-SHo| oW F S Fo F2o] AA gdo] dojuA HEd. HFTHS
w37 Qe E o589 5P E oA Ak ) oY TAHES Hst] 8, E AFelAE
FE5YY nFHE o]FA A AA s SRI-IOINTE /HEslsith. ojdAg 7l AXE ZF58L 4as)
3, 35S T wiidd HAPES Fol A&5la, ek & T AFE of BE dES HAs)
st7] f5te] AFolA 5&5P9 A AP R HE& A MFE T, &F F oA AF
= AdE Fo7] fske 43 Y S wAs 73 24 A4S JYsith /3 24 A4S
s A3}, SRI-JOINTF SRI-IOINTE HwslS o, e A= 758 sHAA olte] e
WEAZ|HA, 2 Fel ZgetE kol HAFEE av vehwd

Key Words : Minimization, Dual ring compression joint(SR II -JOINT), Finite element analysis, Parameter study, Water
pipe, Residual stress, Water leak, Watertight
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Effects of microstructural factors on the tensile fracture
in hyper-eutectoid steel wires

K. S.An, C. H Lee, J. H. Park, J. H. Kim, J. Y. Jeong, W. J. Nam

Abstract

HeA] el dAe el gk Al shdws} ezkag o] wAd vAE Gl wate] =
Abetgith dAels 7hd2 % 900, 1000C = 3% 7tdglon, dWE 255 580C, 620C= Walsle] 3
T Bt F2WEHE AAsinh sdve] fde 7P dvE FEste] F MR EREI:
Havtd, ddata, YA o, Hohsk, s b 230 ddels LaEuelE AAY A
719 &2 flglen dewd o 25 Astell wE 4 wAg AR Frbs gt v, @
A EE Jtd2 Rt FenEenr) Ao mel Astslon, o= #dFgAdolM ] Ak
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Key Words : Steel wires; Surface fracture; Austenite grain size; interlamellar spacing; Ductility;
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ZItAlZ ot opllal nZE ZMel M= s15tx A2 Fe-0.92C-1.3Si-0.6Mn-0.3Cr (Wi%)
€ ZolsHH & F= A= FHEE JIX 2 U olct 13mm & MAE 4.9mm 7EX| ZA A MM
Ct, DEAS ZMo M35 = dM8e chizd 2 AMAISH &AM E 0| 3501, HOo|HEZS &
28, Mg, e, geloy 2 S0 Mzl =70l 7[HXM MZof ojxle s
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Ho| EnEQent, Mol odMdol o|x= Table. 1 initial microstructural parameters
0,_I7(}9|- HHE 22 dUHe=zE HA & Sample | Austenizing Trans. AGS Block Sp
A UCh [1] Temp.  Temp. size
a2t 2 dAFoME oetH 2M g Sof (C) (0 (um) (um) (nm)
dxe| x=do| HHAF0 olx= FEo Steel A 900 580 119 982 653
CHal dEstRC Steel B 900 620 119 1136 726
igﬂiiéfﬁ@ﬁ—i Steel C 1000 620 202 1354 727
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Abstract

Binary titanium alloys intend to develop with high stregth and elongation compared to pure titanium. In this study,
experiments were carried out on the effect of grain boundary segregation of solute element on the mechanical properties
and texture. In order to segregate the grain boundaries in titanium, yttrium was selected as a positive enthalpy of mixing
by thermodynamic calculation. Solute Segregation reduces the total free energy of the defect and system in the material,
and also reduces the grain boundary mobility due to the solute drag effect, thereby inhibiting rate of grain growth. To
prepare the titanium-yttrium alloy, yttrium was prepared from 0.1, 0.5, 1, and 3 wt%, respectively. Titanium-yttrium alloy
ingots were prepared with 600um plate and recrystallization heat treatment was carried out at 873K to 1123K for 30
minutes. To confirm the microstructure according to the yttrium content, it was analyzed by optical microscope and
electron backscattering diffraction method. As a result, the grain refinement effect was confirmed as the yttrium content
was increased. The mechanical properties of the titanium-yttrium alloys were confirmed by tensile tests. The texture was
analyzed by electron backscattering diffraction and X-ray diffractometer(XRD). In addition, transmission electron
microscopy and 3-Dimensional atom probe analysis were performed to confirm the formation of secondary phase of
yttrium and the presence of yttrium segregation in titanium.

Key Words : grain boundary segregation; yttrium; mechanical propertis; texture
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A Study on Gas Injection Molding of Magazine Top
Using CAE Analysis

S.H. Kang, J.D. Kim, S.Y. Lee, S.H. Lee, and - O.R. Kim

Abstract

Since gas injection molding is a method of injecting gas into the inside of the product, there is no need for a
hot runner system and a mechanical slide. Accordingly, since the degree of freedom of design increases, there
is an advantage that various finished products with higher strength can be obtained. In this thesis, we selected
products of CD case which adhered much ribs to products with injection molded product thickness of 2 mm.
CAE(Computer Aided Engineering) was carried out after confirming the optimum conditions such as mold
temperature of gas injection molding, molding temperature of raw material, charging time, raw material
injection amount, gas injection timing, gas pressure, gas pressure holding time, etc. moderate bending occurs
on the walls on both sides on the outside after gas injection molding, and the assembling accuracy of the CD

case is It improved.

Key Words : injection molding, injection molding analysis, gas injection molding, molding accuracy
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Static Stiffness of Al Oil Pan Considering Forming Effect

B. S. Choi, J.C. Kim, I. C. Kim, D. Y. Lee

Abstract
To reduce the weight of automotive oil pan panel, aluminum can be used instead of steel. Usually it is recommended
that the thickness of aluminum should be increased more than half of steel’s to replace steel. If the forming effect is going
to be considered, the static stiffness of considering it can be increased than that of without considering it because work
hardening effect is added. To confirm the results of forming effect, the static stiffness of 1.6 t of aluminum oil pan panel
are compared to that of 1.2 t steel after analyzing all forming processes using PamStamp CAE software.

Key Words : Static Stiffness, Oil Pan, Aluminum Oil Pan, Forming Effect
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29 He| 2 URo|E 2 MEHS 0|85t MES YA DR St ATOE AZE
o Ao 2 AFME AL MAMMS Deisto] d7F MEHS AlZstch MEMA —‘-“S
EWZ T, 1 38 EE2Y(drawing), 2 38 EE2Y, E2|Y(trimming)2t 1|04 (piercing) ¥, 3 =
N Z#ZA(flanging) sM22 TAED], 12t 2 &/ 2 16 t &FolE e 2zt —_"—7“01| EHOF
of Ml oA U A= uh siM S FHSCEL MYEAH Tl st JHE 2 Keeler?t Bachofen®
of olsif MAI=A20] & A2 mh It EESE Keelerd & ALESHACH

A slilA 3 Azd 8 siMo| bR E 2 X ¥ LFolE 2o Cistod CHS Fig. 4
Fig. 52F 20| & X|HolA HZUMS d|wstoich 2 (steel ball)e| AEZF(stroke)= 20mm, 2
Witel ojEAFE= 012, MY = InsE A S s 20, dtead g dlwsty| 98 &
Tofl CHet & &2 (contact force) 2 =415+ CH

oAk Table 1 Contact Forces between Al & Steel
Contact Force (kgf)
Ball Location Al Steel
1% point 721 652
2" point 930 850
Blank Blank
Fig. 4 1¥ location of ball Fig. 5 2" location of ball
for checking static stiffness for checking static stiffness
ool me| =ZaA MY Dhmel MY o/2d2 Tastod Fig. 4 2 Fig. 52 Zo| £ XIFo| YT
2 s3s i, 16t YF0lg 2 o 279 YEH2 FAHE 2F 12t 4 2 HECH &

10% 8= O =H chgtet

4. BE

4y 0[xH2 1UHs5te] 2 ol YLHE Moz blus) 2 22 1.2t 2 2ME 16t Y
Eﬂl'ﬁ SME HAE S5 TF ole2 YEHE ¥2 & USS &sict w2t 2
3= flof LFolEe=z AME WA O, FEO0| ZA dEo2 MEAECHH °F 13 F&
—'|:-7HI% 37M|94': 7‘”*3% TS TE O|dez HEHER 0|E % 4 HES=z H55HH
wEc A VIEeR HEdY 3 US R 2 JlHEch
HonzEs
(1) ol&=, 29, AAS, 2000, " LWL Az 23F FPIAE B A, AH A 7rE A,

A9, A63, pp. 670~680.
(2) Keeler, S. P. and Bachofen, W.A., 1963, "Plastic instability and fracture in sheets stretched over rigid punches", Trans.
ASM, Vol. 56, pp.25~48.
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Prediction of Angle Compensation in Circular Pipe Bending
using Springback Analysis

B. S. Choi, J. C. Kim,S. G. Oh, D. Y. Lee

Abstract
After bending process, elastic recovery, that is, springback phenomenon, causes dimensional defects. If the bending
process is not performed at an accurate angle, the productivity of the connecting work process may be extremely reduced.
Therefore, it is necessary to predict the amount of springback in the bending process and to perform bending process by
revising value. The material used in this study is SUS316L 1.5t, ®15 pipe which is widely used in pneumatic and
hydraulic seamless pipes in the ship. The bending process and the springback analyses were performed to predict the
compensation amount by springback, and the analysis results were verified in comparison with the actual product.

Key Words : Angle Compensation, Pipe Bending, Spring back Analysis

1. ME

ZIATIE & WY Jt3ole =3TE ALSE HEHEH, HOIE4!, 74l S Ciefst HHE
O ALt ol HHS ALZsiHEE 2d#H 0| dojLER WY MY = BHM3S 5 A
ull (springback) Aoz ZtT wHgo| oSt x5 £2f0| wWMFCh st zZtEz HY MY
Ol O|FO{X|X]| Eget'd A4z 3Ho Yatdol Fo| Mote= 2H7F wde = ez
#HiY MY DHoM AZ e SIS Ao ofFst, ol HEAstol Y Mg MAlE
Lot Uch 2 04—?01|H AESH X =M FEE U YR ED HE F3Y S
Alg|A mo|ZoflM Ha| A}RE|_T'_ A= SUS316L 1.5t, 15 mo|=Zo|Ct o|of Cistod 15° wlE 2t
2 AE2SZ 180° 7HX| 15° ZtHAS=Z HY Y I ATE M S SEsto] ATYU 2t

2Es 55t A HI%T—F H|W5to] oA ZE ASSHACH

2. Alguhy
#Hie 38 28 S(tool) 7AH2 CHS F 'g 11t Zct #HjolA E(base tool)°| 37|= R500[09, £
Y I (clamp)= Tho|= FHe|l Halg YUX|SH7| fI5t0d ™ol ot =M & (rotation type)2 =

ZX|

-/ =9
stct WY o 3™ 7—.‘—.5% 0.05rad/min0|0{, ZtE=+ 15° “.ﬂ'é”—"; AlZto 2 180 %N
15° ZtA2 =2 siM s FEotct HY M ZY =Tt 7<|7<|<>LT'_ U= AEfollA Y EO0| H
ol B9 BAE 7|&E2e= il"ﬁ}““‘l O|F0o{Zlct mol=Zel @4+ ZolHe 4mm, AFLet
0.87mme| ZF st F7[(uniform mesh)2 =225t C}

A e A et E
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| sfAfollAM o 55t 2.89°2 EMX|E
Fig. 32 Higo| 2t2E & 3/Mgy SYzo

| ?IAE LIEHH EP.

Bending-Tool

Clamp

Base Tool

Fig. 1 FE-model of pipe bending tool Fig. 2 States before, after Springback Fig. 3 Final state of clamp

3. &t & 1F

Table 10 15° ~ 180° 7kX| #HIGA| EM2ts Me|stieny HM 2o st FMME Fig. 40l
LIERHACE WY 3 siiA 2 Azl siA AE HEst7| 2lsto] EM2ts 2.89° X &3t
(02| C

gyl

of 90° M MEBIHUo, 3R AHUES ALBSIOf A% T WYZE SMAUCH SHED
8074° o 2152 BYon, oM RN 289°BHS $ AT 89.71°2] HIE o MK
M Zuet & Uxlgte =elsiico

Table 1 Compensation angle

Bending Angle Compensation angle 4
15° 1.46° 3:
30° 1.67° 2s PR,
45° 1.79° 2 — S8 (232
60° 2.21° 15
90° 2.89° !
120° 3.43° “2
180° 4.6° 0 50 100 150 200
Fig. 4 Trend line of Compensation angle
4. ZE
& 970l M= SUS316L 1.5t, ®15 Ito|=Zof Cist HiT I siA U AZZE M S Sl
MY ZteH HYEEFS o Fs1¥ 1, ol utdst & MEZS HMEstol £, H|WEe=ZM siA

Anel Heol dxjeteg ol on AxEul BHE ofF & J?*%BI Er“é% HEstAcCh

FS Ry |

(1) He, N. and Wagoner, R. H., 1996, "Springback simulation in sheet metal forming", NUMISHEET'96, pp.308~315.

(2) Leu, Daw-Kwei, 1997, "A simplified approach for evaluation bendability and springback in plastic bending of
anisotropic sheet metals", Journal of Materials Processing Technology. Vol. 66, pp.9~177.

(3) Samuel, M., 2000, "Experimental and numerical prediction of springback and side wall curl in U-bending of isotropic
sheet metals", Journal of Materials Processing Technology. Vol. 1.5, pp.382~393.
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Development of Metal-Composite Hybrid Part for light weight
reduction and high strength

M. S. Ahn, K. D. Kim, K. D. Lee, S. H. Do, J. D. Nam, J. D. Seo

Abstract
s GANAE AT 2dstel gir] edem AR COx wiE R An] Al Aol wE
slo} o7 oS 9% A FE AL oAl AT B AGH 2 dFo|vh A AFIE Ad
7] Y93kl 71E F5 A HFFEAL Mg), SA(CFRP,GFRP) 4£4 o2 Az glow, &
= olAAlS Ry Y8 & A= W ZHS o]L3 xuAE 7

= I
= FAYH

ol
S Qe A% A GAAE BAG Fush A0 ol ero BEI BEA T A
g 5A6] QP A%d @ A7 A Folth B ATAE T A4 el wAshs gupd vy
& WAL FAS B A7 98 AED AAE A8F FE-BEA Solues RES Al
Ak
pIs .

Key Words : Metal-Composite, Hybrid part, Light weight reduction, High strength, CFRP Prepreg, Compression
Molding

Compression

J—Compamte (CFRP prepreg) DLl 1

Upper Die

Heating
element

Lower Die

Laminating & patching Forming & Curing De-molding
[Schematic of forming process]

¢ ® o

I ——— ’. / . -7 ,'L':é:"-n' = ) . [ ‘ ~
= : B 2 LELLERAT,

@® Metal-Composite Blank @ Positioning ® Forming & Curing @ De-molding
(with Adhesive)

1L N 7EdT2 [Schematic of manufacturing process]
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Effect of grain size on surface properties of metal oxide

J. H. Min, S. Fatimah, M. P. Kamil, J. B. Song, I. K. Choi, Y. G. Ko

Abstract
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Prediction Model for Mechanical Properties of Al 7055 Alloy

Y. 1. Son, H. Maeng, S. J. Lee

Abstract
In this study, we investigated the relationship between precipitation behavior and mechanical properties of
aluminum 7055 under heat treatment conditions and predicted yield strength and tensile behavior based on
this. In order to control the fraction and size of the precipitates, a two-stage aging was carried out, and the
first and second times were different. The fraction and size of the precipitates were measured by the
analytical instrument and compared with the actual results by thermodynamic calculations. The predicted
yield strength and tensile behavior agreed well with the data.

Key Words : AA7055, Aging, Precipitation, Mechanical Properties, constitutive model

1. M2
&F0ls 3%% 1920'—4 olgiz 7pH2, £2 W74 2|1 &40 Wdol AN &57] =
e MEEM E2| AFZEOR21 Urt S57| LFEDE of2t XS KE, gk '='0|t01IA'|+ Ehy

Moz R—TLEI': =2 Zdket W2 dx 5, nd[ZdEe HEHeE tEE s YFo|ls a2
TXXXA &2olg &30lct of a2 A-Mg-ZnAZ Z[X| Lol o|Mlet MEMS FHAZH2
2M MZE ZA7l= MEZaY g=50lch of SolAM 7055 YFolg =2l 29 HluH
=2 JHeE g2 chE g2 YAl 70752F 2 TXXXAIZo| s AUt HlmA F &
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TS0 AlE MEAl dM== MEL XAof tet 2AMolLt A& 7| AA d2o gk "y
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EF ExMatXel= 471ColA 508, AlEXMEl= 120TCoHlA 2~8A[ZF 160TCOIA 5.5~8.5A|ZF
Woh 2z = AlHS 1.0x10°% '] 52 Q& Alge Rslistn, 239 A7 |2
H3ict oM =2 Ee% -r|0H OM, FE-SEM, EBSD, TEM2 A5t 11, XRD FH
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[1] S. Liu, C. Li, S. Han, Y. Deng, X. Zhang, Effect of natural aging on quench-induced inhomogeneity of microstructure
and hardness in high strength 7055 aluminum alloy, J. Alloys Compd. 625 (2015) 34.
[2] K.C. Ho, J. Lin, T.A. Dean, Constitutive modeling of primary creep for age forming an aluminum alloy, J. Mater.

Process. Tech., 153-154 (2004) 122.
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Microstructure Evolution and Mechanical properties of Al alloy
Fabricated by Cryogenic Shear Deformation

H. W. Yang, I. P. Widiantara, O. D. Putri, Y. H. Lee, Y. G. Ko

Abstract

This paper reports the correlation between microstructure evolution and mechanical properties of Al 6061 alloy
fabricated by cryogenic differential speed rolling (CDSR). The combination of cryogenic treatment with differential
speed rolling (DSR) effectively increased mechanical properties without an appreciable decrease in ductility through the
ultrafine grained the Al 6061 alloy. For this purpose, the Al 6061 alloy has been subjected to DSR process at a cryogenic
temperature of 90 K and the results were compared with that processed via DSR. Microstructural analyses using optical
image (OM) and electron backscattered diffraction (EBSD) measurements showed that the samples with CDSR resulted
in ultra-fine grain with improved uniformity as compared to that processed with DSR. In addition, uniformity of vickers
microhardness for the samples via CDSR was higher than that via DSR.

Key Words: Al alloy, Differential Speed Rolling, Cryogenic, EBSD (electron backscattered diffraction), Microstructure,
Mechanical Property

L. 227
# WA AR Qs Al AT

i-mail: younggun@ynu.ac.kr



a7l 2017d9% FAEWE] 253
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Evaluation of Forging Formability for DCT Gear of Actuator
Ball Nut

Y. H. Lee, B. C. Kim, D. H. Kim

Abstract
Ball Nut= AFs2t % W£7]9 a843 Abs W&7|e] AAds BT z2kE REAI28 F08 H%F
7?1 DCT(Dual Clutch Transmission) Gear Actuator2] &4 -3 3 shijo|tl & o 7sld s ow
AR Qlete] a4, ], 318 ZAE JHAdeaLAt 84 DCT /el #dlglel xasa v &
A P A8A stolBg= 2psak, dA7]AbsAkek DCT G4 Asak Aikske] 5

Nute] ol A4k 2 A= Aakdr dgbe] aFH AR 7|E T2 IFYES B2 F UHE 342
2 Q1% 8 Fu A, @t A, A 34 A 4 felEde] sk EAVF k. ol EA=
Wi vx 3o e TS Fola AEY U A 2 A 2 &S AA 59 S8 I TAE
A EY F Jduh B Ao E AE A AlEwolde o]&3sle] Ball Nut W3t @¢x A4 HE
Fastaal dh AE AZEYoQl DEFORM-3DE o]&3le] W7k dx daS 43 3t 49
Ball Nut ¥38 T2+ 7|2 243 % CAE 34 A¥xE BEd2 F89 x5 A4 333 Ball Nute] &=

Key Words : Ball Nut, Cold Forging, Forging Process Finite Element Analysis
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Deformation Simulation of Undercut during Forcible Ejection
at Injection Molding

S. K. Hong, J. T. Lee, Y. K. Kim, E. G. Yun, S. Y. Kim, S. C. Lee

Abstract
When designing an undercut in an injection molding product, it is necessary to consider not only the function but also
the method of ejection from the injection mold. In addition, the injection molding condition is also an important variable
to finally meet the design dimension. In this study, CAE analysis was carried out to understand the process of
deformation of the molded part during forced ejection in injection molding. To simulate the thermo-mechanical response
of the amorphous thermoplastic polymer, a parallel network model was applied to the material model. As a result, the
deformation shape and deformation amount of the undercut were predicted similar to the experimental results.

Key Words : Injection Molding, Undercut, CAE Analysis, Amorphous Thermoplastic Polymer, Acrylonitrile butadiene

styrene
1. ME
AEMEY M EAM AN Z (undercut)2 HAE e O 7|s#0E ot2t FE oA F E(ejection)
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== &= Xl(amorphous thermoplastic polymer)O|
Ch & HHOIM 2= H|S2, HHYE MEE ASCE ME 2Eo FAHUYAR 2E-H
HAESZT-HEE o2 12{=0jof eich 0| floh el EAE 22E, SEEE
StR o QUFEAIH2 AEMYES Sofl ME st iy D2Ate| AFAIHALE fig. 1(a)ollM
ez HoiF Aotk F2 2Eo| IEXMAM e o2 LIEHI= intrinsic softening HS S
2ol Ao 2E2f HEE fHTo FHE X0|S Eo|1L Arct 0|2t €2 HESE ZAISH|
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Fig. 1 Comparison of experiment data for ABS and response of parallel network model(a), predicted deformed shape(b)
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[1] L. C. A. Van Breemen, T. A. P. Engels, E. T. J. Klompen, D. J. A. Senden, and L. E. Govaert, “Rate- and
temperature-dependent strain softening in solid polymers,” J. Polym. Sci. Part B Polym. Phys., vol. 50, no. 24, pp.
1757-1771, 2012.
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Pass Design for Cold Roll Forming Based on Strain Distribution

D. K. Kim, Y. K. Kang, K. S. Park, H. J. Jeon, Y. H. Moon

Abstract

During roll forming, sheet metal is continuously and progressively formed into a product with the required cross-section
and longitudinal shape. Roll forming occurs by passing the sheet through a series of forming rolls that are arranged in
tandem. Each pair of forming rolls in the roll forming line plays a particular part in obtaining the required cross-section
and longitudinal shape of the product. In the current study, pass design method based on strain distribution was proposed
by considering the longitudinal strain and total effective strain occurring during the roll forming process. The feasibility
of proposed method has been estimated through the fabrication of automotive Bumper Beam. On the viewpoint of the
shaping accuracy and process stability, the proposed method based on strain distribution is proved to be useful in the
process design of roll forming process.

Key Words : Roll Forming, Roll Flower, Longitudinal strain, Total effective strain, Strain limit, Over bending
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Proposal of cross-sectional shape design of car body part
using Finite Element Analysis for 3-point bending

C. H. Lee, D. K. Kim, K. S. Park, H. J. Jeon, Y. K. Kang

Abstract

In recent years, vehicle parts using high strength materials have been developed to lighten the vehicle weight and
improve impact resistance in the automobile field. Among the car body parts using high strength steel, the bumper beam
is mainly produced through the roll forming process. The roll forming process is a part forming method using continuous
bending, and is a process of passing a material through a continuous forming roll to form a part having a desired cross-
sectional shape. Especially, it is very important to optimize the material and cross-sectional shape because the rigidity of
the material and the cross-sectional shape determine the rigidity of the bumper beam. In this study, 3-point bending
method was applied to evaluate the rigidity of bumper beam. For the purpose of optimizing the bumper beam cross
section, FEM(Finite Element Method) of the 3-point bending for each bumper beam section was performed, and the
repulsive force was measured for each section, the cross-sectional shape was determined through comparison evaluation.

Key Words : roll forming, cross-sectional shape design, 3-point bending, finite element method, rigidity, repulsive force
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Study of Thick Steel Plate Deformation Behavior during Cutting
Process

K. S. Park, Y. K. Kang, Y. H. Moon

Abstract
In the slab cutting process using the cutting saw, clamping the saw is caused by deformation of the cut part. This is
assumed due to the residual stress of the material during the manufacture of the slab plate.
In this paper, we investigated the deformation of the slab due to the residual stress when cutting the top cutting area
instead of saw cutting analysis. In order to prevent the deformation of the slab, a clamping device was fabricated and the
optimum deformation resistance cutting method was studied by calculating the clamping force and torque.

Key Words : Slab Plate. Residual Stress. Circular Saw Cutting, Plate Deformation, Cutting Force, Clamping Force.
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A Study on static & dynamic stiffness analysis of the sideouter
applied hot stamping process

M. G. Kim!, H. C. Lee™ S. N. Han?,

Abstract
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Key Words : Bending Static Stiffness, Torsional Static Stiffness, Dynamic Stiffness, Modal analysis
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Mechanical Properties of Artificial Graphite for Mechanical
Structures

J. W. Kim, J. S. Go

Abstract

In this study, it was found that the process conditions of high viscosity Pitch Binder synthesis and the high viscosity
Pitch Binder and Cokes composition ratio with optimal strength characteristics were obtained, and Pitch carbon fiber
powder (CHOP) Mechanical properties (hardness, strength, density, friction coefficient). Viscous Pitch Binder for
Molding was 403cp at the polycondensation reaction temperature of 300 C and reaction time of 5 hours. 300g of Pitch
Binder and 1,000g of Cokes were mixed and tested for moldability at a molding pressure of 0.4 ton/cm?. As the CHOP
content increased, the strength increased from 39MPa to 42MPa, and the density increased from 1.40 g /cm® to 1.43g/cm®,
the hardness decreased from 86Hs to 80Hs, and the coefficient of friction decreased from 0.185 to 0.140.

Key Words : Graphite, CHOP, Carbon composite, Viscosity pitch, polycondensation
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Effect of yttrium segregation on corrosion of titanium
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Investigation of Integral Side Outer Using Forming Analysis for
Hot Stamping Process

M. G. Kim, H. C. Lee, G Y. Go, S. Y. Park, S. N. Han

Abstract
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Prediction of Asymmetric Square Nut Forging by Backward
Extrusion

J. Y. Seo, J. H. Park, J. Y. Seol, K. H. Lee, J. Y. Kim

Abstract
The important point in this study is to produce a product with a clogged structure using a stronger material

than ordinary mild steel. This product is an asymmetrical square column shape with one corner part having
different shape and it is produced by cold forging. It is important to apply the backward extrusion technique
to some processes and to predict and prevent breakage of molds and tools due to stress concentration during

asymmetric molding

Key Words : Cold Forming Process, Forging analysis tool ( AFDEX ), Asymmetrical square nut
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Effects of Crashworthiness of Hot-Stamped Side Outer
depending on Different Cooling Rates

M. G. Kim!, H. C. Lee’ G. Y. Go%, S. Y. Park®, S. N. Han?
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Prediction of Distortion patterns of Steering Rod for Powder
Products Using FEA.

Y. J.Choi, I. K. Lee, S. Y. Lee, S. K. Leg, S. K. Hwang, K. J. Cha, A. R. Jo, M. S. Jeong
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Microstructures and Mechanical Properties
of Low Carbon Steel by Controlled Cooling

S.J. Bael, E. Y. Yoon¥, Y. S. Lee!, M. J. Shin?, D. G. Kim!
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Design of Al Porthole Extrusion Welding Chamber to Improve
Welding Press
S.Y. Lee, I. K. Lee, J. W. Lee, Y. J. Cho, D. C. Ko, S. K. Lee
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Optimization of piercing punch in an open-die forging

M. C. Kim, S. H. Chung, M. S. Joun

Abstract
In this paper, an approach of optimizing punch geometry by using AFDEX 3D and optimization software, HyperStudy
is presented. Optimization target was die shape parameters, radii of certain corners determining punch shape of an open-
die forging process, to minimize forming load. The punch shape for three-dimensional finite element analysis is modelled
by a cylindrical description scheme of an axi-symmetric die in three-dimensional space, defined by an axis of symmetry
and die profile. The methodology of optimizing the three-dimensional metal forming process is established in this study.

Key Words : Three-Dimensional Forging Process (31 T3 7d), Die Profile Optimization (53 <2373
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Practical finite element analysis of a flow forming process

J. G. Eom, S. M. Hong, M. S. Joun

Abstract
In this paper, a practical approach to finite element analysis of a flow forming process, which has needed much
computational time in the conventional approach, is presented, based on a rigid-plastic finite element method. The
approach uses a part of solution domain defined two artificial planes of symmetry to reduce computational time. A flow

forming process found in the literature is solved.

Key Words : Flow Forming(Z 2--3%), Incremental Forming(3 214 &), Finite Element Analysis(-3F.2. 43} 4])
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Flow stress identification from cold compression test using finite
element method and optimization technique

M. C. Kim, S. K. Park, K. M. Kim, M. S. Joun

Abstract
In this paper, a practical approach to reveal flow stress of an aluminum at the room temperature from compression test
is introduced, which employs finite element method and optimization technique. The flow stress is expressed by a
piecewise linear function of effective strain. The flow stress obtained from compression test data with that from tensile
test. The optimized flow stress curve and the numerical characteristics are discussed to verify their validity.

Key Words : Material identification (&~ 574 3f9), Compression test (%=~ &), Optimization technique (] & 3}
7]'H), Finite element method (38 242H)
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A study on fine grain size and small crack control of austenitic
stainless steel boiler tubes ASTM S30432

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

Abstract
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Key Words : Oxidation resistance(2F3} 4 3+41), Cold drawing(*d7+<1%h), Micro-structure control(W] A7+ A 9]),
Stress concentration(-5- 2 3 %)
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A Study on hot-cold multi-point forming process

I. K. Lee, S. Y. Lee, M. S. Jeong, S. K. Hwang, B. M. Kim, S. K. Lee
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A design method for the roll flower considering spring back
property for an Aluminum 7075-T6 automotive impact beam.
S. Lee!, S. Choi', J. Lee!, J. Song?, S. Choi**, G. Kim?

Abstract

This paper investigates the roll flower design method for the cold roll forming process of an automotive
impact beam using Al 7075-T6. When Al7075-T6 material is applied in an empirically designed roll flower
design based on steel material, there were some problems such as the coil did not enter the roll or fractured at
the bending region. Firstly, the dynamic explicit analysis was performed for the whole roll forming process
by using commercial finite element code, LS-DYNA. And the implicit analysis for the spring-back was
performed for each roll forming step considering that it was caused by the spring-back characteristics of the
al7075-T6 material. Through the comparison between shapes obtained numerical analyses and initial roll-
flower design, the cause of problems occurred in actual roll forming process was investigated. It figured out
that In addition to the deformation caused by the bending in width direction considered in designing the roll
flower, it was necessary to consider the strain factor in the thickness direction and the longitudinal direction
due to the spring-back. As a result, a modified roll design was proposed, and the results of the roll forming

simulation by applying it was judged to be satisfactory about previously occurred problems.

Key Words : Cold roll forming process, Roll flower design, Aluminum 7075 T6 , Spring back
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A failure prediction of Al7075-T6 cold roll forming process
using GISSMO damage model

J. Park!, W. Noh', S. Lee', S. Choi*, J. Lee', J. Song*, S. Choi**, G. Kim?

Abstract

The purpose of this study is to predict the fracture of AI7075-T6 cold roll-forming process using finite element
analysis. In order to predict the fracture, a GISSMO damage model (Generalized Incremental Stress State Dependent
Damage model) was used. The tensile test was conducted on various load paths to derive fracture strains according to
triaxiality. The material behavior of AI7075-T6 was analyzed by DIC (Digital Image Correlation) technique. Because the
GISSMO model has mesh dependent properties. Numerical analysis for the uniaxial tensile test was conducted in order to
correlate element deletion along to element size with load drop obtained by experiments. By applying GISSMO model to
the AI7075-T6 roll-forming simulation, the fracture phenomenon occurred in actual roll forming process was compared
with the numerical results

Key Words : Cold roll-forming process, GISSMO, Aluminum 7075-T6 alloy, Finite element analysis
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Multi-pass Drawing Process Design for Fine Rhodium Wire

S. K. Lee, I. K. Lee, S. Y. Lee, D. H. Kim, K. J. Cha, J. H. Sung, Y. Choi
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Numerical Analysis of Press Forming of an Al-Mg-Si Alloy Sheet
for Automotive Door Inner Panels

J. H. Kwak, B. W. Kang, J. H. Song, S. H. Kim, C. Y. Jung
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Prediction of carburized case depth and distortion during
carburization heat treatment

K. O. Lee', S. H. Chung? M. S. Joun”

Abstract
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A study on the measurement of melt viscosity at high shear rate
using structure of injection molding machine

J.H. Lee!? J.S. Kim*

Abstract
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Key Words : Melt viscosity, High shear rate, Injection molding, Capillary rheometer,
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Development of Wear Resistant Parts of Different Materials for
Continuous Molten Metal Plating Bath with High Temperature
Vacuum Brazing

Y. H. Tak, D. H. Park, H. R. Lee, J. T. Hong

Abstract

In this paper is to develop bush parts of continuous molten metal plating bath by using wear resistant alloy steel and

tungsten carbide material. Conventional bush has problems of high material cost and durability life due to high load and

molten zinc. In order to overcome the cost reduction and durability of products, wear resistant bush parts made of wear
resistant alloy cast steel and tungsten carbide materials were developed.

L8 Eeax

Key Words : Continuous molten metal plating bath(1 ), Sink roll(“d &), Tungsten carbide(Z7),
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Steel Plate

Zn Bath Sink Roll Before After

Fig. 1. Parts of continuous molten metal plating
bath
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Table 1. Hardness of wear resistant alloy

material HRC
Stellite #6 38.7
Stellite #20 48.4
Tribaloy T800 55.6
Tungsten Carbide 68.5
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Fabrication and Characterization of
Roll-Formed Bumper Beam

Y. K. Kang, D. K. Kim, K. S. Park, H. J. Jeon, Y. H. Moon

Abstract

A recent car parts trend is to use high performance and high strength steel in light of stricter environmental regulations
and a fuel-efficiency improvement. Accordingly, high strength steel and forming technology have been developed. Roll
forming process used in this study is a technology with a constant section and it is used to fabrication car boy part
products. Because this technology has benefits of improving qualities and high production rates, it is applied automotive,
shipbuilding, and architecture industries. In this study, we propose an optimized manufacturing process technology for
bumper beam that protects passengers in the event of a car collision. For the reason, the parameter analysis of 1.7GPa

high strength bumper beam fabrication and characterization was performed..

Key Words : Roll Forming, High strength steel, Roll pass, Bumper beam, Longitudinal strain
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Study on the Cold Forming Process of Outer Serration Tubular
Shaft Assembled in Vehicle Steering System

Y. C. Shin!, H. J. Choil%, S. S. Lim?, S. Lee!, Y. K. Kim?, I. C. Shin?, S. J. Lim*

Abstract

An outer serration tubular shaft is one of the steering functional components assembled in steering column shaft of
an automotive vehicle. The outer serration tubular 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 outer serration tubular 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, number of forming process, dimension of specimen, friction factor, 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 14%, 22.6%, 41% respectively and die
entrance angle was range 33~35 deg.

Key Words : Tubular shaft, precision forming, serration, cold forming, FEA
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Study of Formability and Springback Characteristics of Mg
alloy sheet by Process Characteristics

H.W Kim, C.W Lee

Abstract

Recently, as pollution caused by automobile exhaust gas is considered as a big environmental problem of society, many
researches have been conducted on the forming processing technology of magnesium alloy sheet to reduce body weight
of vehicles. Magnesium has a lower specific gravity than steel and has a higher specific strength. Mg alloy sheet has low
formability and a lot of springback due to its high yield strength and low young’s modulus. As the temperature increases,
the yield strength of the material decreases. Warm forming increases formability and minimizes springback by heating
material and die to reduce the required load at forming. In this study, Temperature of the AZ31B sheet was controlled to
reduce springback and increase formability. The load and springback amount required for forming according to the
temperature and forming time in the bending deformation were analyzed.

Key Words : Warm Forming(27}t A &), Formability(4 & A), Process Characteristics(3- 4 573), Springback(A =

2lely), Magnesium Alloy Sheet(0} 14| & &2 EHY)
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Fig. 1 Schematics diagram of punch, die and sheet
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Warm temperature deformation behavior and processing maps
of 5182 and 7075aluminum alloys

D. H. Jang, W. J. Kim

Abstract

The tensile deformation behavior and processing maps of commercial 5182 and 7075 aluminum alloy sheets with similar
grain sizes (about 8 um) were examined and compared over the temperature range of 423-723 K. The 5182 alloy with
equiaxed grains exhibited larger strain rate sensitivity exponent (m) values than the 7075 alloy with elongated grains
under most of the testing conditions. The fracture strain behaviors of the two alloys as a function of strain rate and
temperature followed the trend in their m values. In the processing maps, the power dissipation parameter values of the
5182 Al alloy are larger than those of the 7075 alloy and the instability domain of the 5181 Al alloy are smaller compared
to that of the 7075 alloy, implying that the 5182 alloy has a better hot workability than the 7075 alloy.

Key Words : aluminum alloys, warm temperature, mechanical properties

1. M2
The present work aims to study the warm tensile deformation behaviors and the processing maps of 5182 and

7075 alloy sheets over a wide range of temperature and strain rates. The differences between the two alloys
are discussed.

2. Alg4hy
The uniaxial tensile tests were conducted to evaluate the mechanical properties of the 5182 and 7075 alloy
sheets in a range of strain rates from 5x10* to 1x10* s * and a range of temperatures from 423 to 723 K.

3. &3 & 1

The 5182 alloy exhibited larger m values than the 7075 alloy under all conditions. As a result, the 5182 alloy
exhibited superior tensile ductility compared to the 7075 alloy. The contribution of grain boundary sliding to
the total plastic flow is higher in the 5182 alloy compared to the 7075 alloy at high temperatures because the
former has a more equiaxed grain shape and a higher fraction of high-angle boundaries, which favor
activation of grain boundary sliding. In the processing maps, the power dissipation () values of the 5182
alloy were larger than those of the 7075 alloy under all conditions. The instability domain of the 5181 alloy
was smaller compared to that of the 7075 Al alloy.
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5182 alloy exhibits a better hot workability than the 7075 alloy below 723 K.

Hones
1. O.D. Sherby and P. M. Burke, Prog. Mater. Sci. 13, 323 (1968).

2. X.Yang, H. Miura and T. Sakai, Mater. Trans. 43, 2400 (2002).
3. S. Gourdet, E. V. Konopleva, H. J. McQueen and F. Montheillet, Mat. Sci. Forum 217, 441 (1996).
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Analysis of tooth profile accuracy of enveloping worm thread
depending on end mill tool shape

S.J. Kang, D. J. Yoon, Y. H. Kim

Abstract
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Development of wear-resistant parts for long life applied the two
dissimilar metal alloy materials to the continuous Hot dipping
line

J. T. Hong, S. W. Jeong, H. L. Lee, D.H Park

Abstract

Continuous molten metal plating is widely used as a kind of steel type plating. In particular, zinc and aluminum plating
plays a major role in steel consumption, and demand for automobile exterior materials, exterior materials for home
appliances and exterior materials is increasing day by day. The purpose of this study is to improve the service life and life
time of bearings immersed in plating baths by using the characteristics of tungsten carbide materials with superior
abrasion resistance. In addition, it is possible to reduce the cost by selectively applying the tungsten carbide, which is
relatively expensive compared to the wear-resistant steel, to the worn portion, and to develop the high-precision parts by
positioning the different materials under optimum conditions.
Key Words : Bush (F-A]), Stellite (=2 g}°]E), Continuous Hot Dipping Line(1% 47t =3 291), Wear

Resistant(L] 7} &)
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3. Z1
Average disk wear(g)

WC(Pin)-#6 0.0351
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Injection Molding Analysis for Development of Control Arm
through Al Insert Injection Molding Process

K. J.Cha, S. Y. Lee, M. S. Jeong, S. K. Hwang, J. H. Sung, Y.-J Cho, J. W. Leeg, S. K. Lee, D. H. Kim

Abstract

Recently, weight reduction of automobile materials and parts is interesting with the trend of international
environmental regulations and fuel economy regulations and raising the price of energy resources. Among the automobile
weight reduction methods, improving the physical properties of existing materials and developing and applying new
materials are representative. Especially, weighting effect can be expected by maximizing the advantages of metallic
materials such as Al and Mg, etc. and polymeric materials and applying it to parts suitable for the right material. However,
depending on parts, manufacturing process should be different for material change, so it is also should be conducted
research on molding analysis for decreasing trial and error. In this study, optimization of gate design was conducted for
development of control arm through Al insert injection molding process.

Key Words : Weight Reduction, Al Insert Injection Molding, Control Arm, Flow Analysis, Gate Design,
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Figure. 1 (a) Automobile control arm part, (b) Finite elements
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Figure 2. Flow analysis for gate design #1 and #2
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Figure 3. Results of filling analysis and pressure at end of fill through the gate design (a) #1 and (b) #2
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Deformation Characteristic of Cu-Nb Clad bar in Swaging
Process

Duk Jae Yoon and Eung-Zu Kim

Abstract
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Progressive Plate Forging Analysis of a Vibration Motor Base
Plate

S. M. Cho', R. W. Park?, J. H. Lee?, C. W. Hwang? W. J. Chung”

Abstract
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J. S. Song, K. T. Youn, C. D. Park, J. Y. Heo, Y. H. Kim
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The influence of durability properties on piercing pin for side
hole in air-bag housing depend on pin shape

l. C. Yoon, K. T. Youn, J. H. Heo, K.K.Jeon, W.H.Park, Y.H.Kwak
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Analysis of Tribological Properties of Cold Forming Dies for
UHSS according to the Surface Texturing and PVD Coating

H. C. Lim, K. T. Youn, J. Y. Heo, J. S. Song, K. K. Jeon, C. D. Park, H. S. Lee, B. H. Kim

Abstract

In this study, the properties of die steel according to the surface treatments were analyzed to improve the
formability and service life when cold press forming was conducted with UHSS(UItra High Strength Steel)
sheet. It was applied on the SKD11 that each of surface treatments is the surface texturing and PVD coating.
In order to analyze friction property according to whether or not to apply surface texturing on the dies,
intaglio pattern of cross and stripe shapes each were carved on the die tips will be used on plane friction test.
PVD coatings are TiCN, AICrN, CrN, TiN(O), Multi-CrN, CrTiAIN, TiAIN and TiN(l) and experimental
works such as hardness test, scratch test, the plane friction test, pin-on-disc wear test and spiral test were
carried out to evaluate the durability of PVD coating. Specially, additional spiral test was conducted to
compare coated and not.

The results show that friction coefficients when surface texturing was applied on the die tip are lower than
not applied. And when stripe shapes are carved on the die tip, friction coefficients decrease while contact
pressure increase. However, friction coefficients of carved die tip with cross shapes and die tip without
intaglio pattern increase because of the edge effect and durability of based material each. Also, thickness and
hardness of coating layers without TiCN are above 4 ym and 2000 HV0.05 and critical load for delamination
of TiAIN, AICrN and CrTiAIN coating layers is above 60 N. As a result of spiral test with coated specimens,
the value of torque doesn’t change even if the number of cycles increases. On the other hand, when using
uncoated specimen, torque increase gradually. Because wear and galling occurred on the boundary between
specimen and UHSS sheet, while spiral tests are conducted. The results of pin-on-disc and spiral test
according to the kind of PVD coating show that tribological properties of TiAIN, AICrN are excellent than
other.

Key Words : PVD coating, Surface Texturing, Spiral Test, Pin-on-Disc Wear Test, UHSS(UItra high Strength
Steel)
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Finite element analysis of a trapezoidal thread rolling process

H. N. Song*?, E. Z. Kim?, S. J. Kang®, D. J. Yoon?*

Abstract

In this paper, finite element analysis of a trapezoidal thread rolling process is conducted to make it certain that special
conditions, i.e., trapezoidal thread with deep teeth and small number of threads, can be formed by thread rolling. An
investigation about plastic deformation characteristics and mechanical stability with respect to the stroke, effect of die
shapes on the process and forming load characteristics is conducted.

Key words: Thread Rolling(t}A}F% %), Finite Element Method(f+3+8.24~), Analysis Model(3}l4 = 2), Trapezoid
Shape Crest (AFt}h2] 2 L}AF2E), Cross-wedge Rolling (22914 &23)
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Investigation of high-temperature hardness of super alloy
powder deposited by laser melting

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

Abstract
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Cold Forging Process Design for EPB Spindle Part

Y. H. Seo, S. D. Choi, S. J. Lee, K. H. Rhee
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Development of cold forming technology for the 316LN curved
plate components

l. K. Kwon

Abstract
Cold forming process was developed for manufacturing of the 316LN curved plate components for power plant
equipment. For three dimensionally curve plate components, 2-step forming were applied. In 2-step forming, the plates
are firstly formed into spherical shape and finally formed into 3-D curved plate shape. Radius of sphere for preliminary
are determined using anticlastic curvature phenomenon of beam theory and the final forming dies were designed
considering springback. Forming tests were carried out to check if the dimensional accuracy, mechanical properties and
the microstructure of the formed products satisfy the requirements.

Key Words : the 316LN curved plate (316LN =), 2-step forming(2t *d &), die design(=}-©] 42 7)), forming test(A]
A 4¥)
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Hot stamping technology of automotive part applying tube with
variable thickness

J. K. Park, Y. S. Kim, Y. S. Kim

Abstract

According to vehicle safety and environmental regulations, the vehicle industry has been researching light weight parts
in terms of the structure, materials, and methods by applying ultrahigh strength steel (UHSS) plates. Especially for hot
stamping, it solves quality concerns such as cracking and springback that could happen during cold forming, and are
caused by the low elongation and high yield strength of high strength steel. As they realize their ultrahigh strength
through phase transformation, UHSS plates have become very effective for weight reduction and their application range
has quickly and widely expanded to vehicle body parts as well as chassis parts. The hot stamping process is divided into a
direct method and an indirect method according to forming sequence and quenching method, so called die quenching and
water quenching. Each of these methods has limitations in the aspect of dimensional accuracy and strength. Hybrid
quenching is a new quenching method to simultaneously perform die and water quenching during hot stamping. In this
study, direct hot stamping with hybrid quenching was applied to develop an automotive tubular type torsion beam. The
proposed hybrid quenching method was evaluated through a variety of analysis and experiments for such temperature
distribution, phase transformation, mechanical properties and thermal deformation. Additionally, tailor rolled tubes were
applied to the hot stamping for the additional weight reduction of tubular beams. Through the thickness optimization,
tubular beam could be reduced the weight around 1 kg. The hybrid quenching method has been found very effective in
applying tailor rolled tubes as well as uniform thickness tubes through a variety of experiments. If the hybrid quenching
is applied to hot stamping items, it will improve the productivity and product quality.

Key Words : Hot stamping, Die quenching, Hybrid quenching, Tailor rolled tube
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Abstract

Study on the Characteristics of Sputtered Coating Bolt
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