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Levenberg-Marquardt 7|8t Hafi4 J7|H S o| et HRaH
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Numerical Study on Prediction of Mode | Adhesive Behavior in
Fiber Metal Laminate using Inverse analysis based on
Levenberg-Marquardt Method

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

Abstract

Fiber metal laminate is a type of hybrid composite materials consisting of the metallic and the fiber-reinforced plastic
sheets. In order to apply the fiber metal laminate to the product in the industry, the numerical analysis should be
conducted to evaluate the performance of the product. Before the numerical analysis, the adhesive behavior between the
metallic and the fiber-reinforced composite sheet in the fiber metal laminate should be identified because the
delamination may introduce the performance degradation of the fiber metal laminate using the experimental procedures.
The double cantilever beam test has been conducted to identify the mode | adhesive behavior by obtaining the mode |
energy release rate. The mode | energy release rate can be calculated by observing the delamination length, the grip
stroke, and the axial load. However, the visualization of delamination length is difficult when the environmental
temperature is high. Therefore, the objective of this study is to develop the inverse analysis technique which can predict
the mode | adhesive behavior of the fiber metal laminate. First, the mode | energy release rate was obtained by the double
cantilever beam test. Next, the inverse analysis was carried out to search the mode | nominal stress and energy release
rate of cohesive element using the Levenberg-Marquardt method. Finally, the load history has been compared with the
experimentally obtained load history. It is noted that the proposed inverse analysis technique can predict the mode |
adhesive behavior efficiently.

Key Words : Cohesive Element (5% £.4), Double Cantilever Beam Test (¢]5 <] 2 X A| &), Energy Release Rate
(NAA] s¥-E), Fiber Metal Laminate (353 4% 5 3), Levenberg-Marquardt Method
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Roll design of Multi-stage Rolling Process Applying same area
ratio

H. S. Jung, B. M. Kim

Abstract

The design of intermediate roll profiles in shape rolling is important as a key role in improving product quality and
dimensional accuracy. Multi-stage shape rolling process is more complex than the plat rolling due to many geometrical
parameters. These geometrical parameters include spread and elongation of the material by width reduction. This study
proposed a multi-stage rolling process applying the same area ratio. The profile of virtual roll that makes equal the rolling
forces of all passes was designed using A.Geleji's equation. The effectiveness of the designed roll profiles was verified by
FE-simulation and experiment with plasticine. The material properties of plasticine was measured experimental
verification. The proposed method was applied to the shape of Cross-shape wire. From the results of the FE-simulations
and experiment with plasticine, the proposed design method led to a rolled product with a sound shape. The dimensional
tolerances of the product were within the allowable specified tolerances.

Key Words : Shape Rolling(Z7d $<1), Metal Flow(#] & +-5), Intermediate Roll Profile(z%t & @4, FE-
simulation(f § 2.4~ 3l 41), Plasticine(& 2F2= €l A1)
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Derivation of Process map for Filling rate according to the
Aspect ratio of the Rectangular bar in Drawing process

P. S. Ko, J. H. Kim, J. Namkung, K. S. Lee, B. M. Kim

Abstract

The rectangular bars can be classified as aspect ratio, and the shape complexity of drawing process is determined by the
aspect ratio. In general, the rectangular bar with a low aspect ratio is manufactured only by the drawing process. In other
hand, the rectangular bar with a high aspect ratio is manufactured by drawing process after the rolling process. In this
study, a process map for filling rate according to the aspect ratio was derived in the drawing process of rectangular bar.
FE-simulation of the multi-stage shape drawing process was carried out with 4-type of rectangular bar. The result of FE-
simulation were trained to leam the nonlinear relationship between the shape parameters using Artificial Neural
Network(ANN), and the process maps were derived from them. The optimum half die angles were determined form the
process maps on the filling rate. The optimum die half angle was determined in the process map of filling rate. The
validity of the process map was verified through FE-simulation and experiments.

Key Words : Multi-Stage Shape Drawing(t}&3 <14, Rectangular Bar(%] A2} 0}, Process Map((ZZ A2~ ),
Filling Rate(Z %1 &), FE-simulation(+-3+2. 23| 41), Aspect Ratio(Z & H])
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Springback Reduction of UHSS Extension Rear Side Member
Using Restrike Process

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

Abstract

Prediction of springback has become important issue due to the recent trend of application of high strength steels in
automotive body parts. In addition, many researchers are actively studying to improve dimensional accuracy of high
strength parts. In this study, restrike process was applied to achieve excellent dimensional accuracy in manufacturing
process for extension rear side member using DP980 sheet. Various experiments were performed to obtain the material
constants of the Y1d2000-2d yielding function and the Yoshida-Uemori hardening model. Determined material constants
were implemented into the FE-analysis for prediction of springback. The amount of springback which was generated
after cold stamping was compensated using change in gap between tools and sheets or bending radius. In order to verify
the designed restrike process, the experiment was performed and its result showed that As a result, dimension of
extension rear side member was satisfied for the target tolerance of £ 1.0 mm.

Key Words : Restrike process(2] 2~E 2}o] = -&7), Ultra high strength steel(Z 117 =7), Yoshida-Uemori model(2-
Atk $-ol 2] =9l FE-analysis(- 32 43| A1), Extension Rear Side Member Parts(2] =~ 8l 2] A A}
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Optimization of Process Parameters using Taguchi method
In Two-stage Refilled Friction Stir Spot Welding
of Al6061-T6

D.S. Jo, B. M. Kim

Abstract

Two-stage refilled friction stir spot welding(TFSSW) is a novel process based on conventional friction stir spot
welding(FSSW). This process consists of two stages. The first stage is a conventional FSSW process and second stage is
a refilling process. In this study, the shear strength of the welded joints produced by TFSSW is investigated for various
process parameters such as tool rotational speed, dwell time and plunge depth. The parameters were optimized by
Taguchi method. Taguchi method was used to minimize the number of experiments and applied to draw maximum shear
strength of the welded joints. The analytical results based on experiment showed that the tool rotational speed in first
stage and plunge depth in second stage is the most important parameter in TFSSW. The experimental results showed that
the optimal levels of the rotational speed, dwell time and plunge depth were found to be 1400rpm, 8seconds and 2.6mm
in first stage and 1400rpm, 4seconds and Omm in second stage.

Key Words : Two-stage refilled friction stir spot welding(2¥+A] w2 Hkd &%), Optimization(Z 4 3}), Shear
strength(Z ©7+ =), Taguchi method(tH1# 7]H)
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Effect of Hole Processing Conditions on the Hole Expansion
Ratio of SAPHA440 steel sheet

K.Y. Seo, B. M. Kim

Abstract

A hole expansion ratio of steel sheets has become an important performance index for manufacturing automotive
component. In this study, hole expansion tests 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
such as laser cutting, wire-EDM and punching. In the case of punching, three different punching clearances were used to
compare each condition. The burr direction generated in the punching process and the presence of chamfer were also
considered. The hole expansion ratio was compared with according to experimental conditions of SAPH440 steel sheet.
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-"d 272 H]), Hole processing condition(7-d 7}& Z71), SAPH440,
Punching clearance(¥1 x| 7+=F), Polynomial fitting method(tha+4] 3& )
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Experimental Study on Flexibly-reconfiguable Roll Forming
Process for Statistical Prediction

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

Abstract

Flexibly-reconfigurable roll forming (FRRF) process is a flexible forming technology which can be applied to
manufacture the curvature sheets. The array of curvature adjusting rods could be implemented curvature of the roller. The
final shape is determined by the curvature of the reconfigurable rollers and varying gap between rollers. It is hard to
predict the results of FRRF, because 3-dimensional curved surface is formed by the 2-dimensional curve in FRRF process.
Therefore, statistical model is utilized to predict the curvature of the sheet. The input parameters of the model are
compression ratio, curvature radius of the transverse direction and blank width. The output parameter is longitudinal
curvature after forming. To utilize as sample data, the experiments are carried out using FRRF equipment in this study,
and the regression analysis is carried out. The goodness-of-fit tests are conducted to verify the reasonability of this model.

Key Words : Flexibly-Reconfigurable Roll Forming, Regression Analysis, Experiments
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Numerical and Experimental Studies on Flexibly-reconfigurable
Roll Forming of Al2024, AZ31B, and C1220 Sheets

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

Abstract

Existing sheet metal forming processes have economical limitations for use in small quantity batch production
processes due to the fixed shape of the device. As a way of resolving these limitations, flexibly-reconfigurable roll
forming (FRRF) has been proposed. FRRF creates multiple curved sheet metals using punches which can control the
height of its own, and a couple of flexible rollers. As the demand for sheet metal in various fields continues to increase in
recent years, the applicability of FRRF to various materials is needed. In addition, the formability of diverse materials is
necessary to be compared. This study investigated the applicability of FRRF to various materials such as aluminum,
magnesium and copper alloy sheets and the formability of these materials. First, numerical analysis under the same
conditions was conducted by using ABAQUS, a commercial software, and the experiments using FRRF apparatus were
carried out to verify the simulation results. Finally, the applicability of FRRF for chosen materials and the formability of
these materials on FRRF were ascertained through the results of experiments and simulations

Key Words : Flexibly-reconfigurable roll forming, FE simulation, Experiment
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Numerical and Experimental Study on Press Forming of Thick
Plate for Hollow-Partitioned Turbine Nozzle

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

Abstract

Most of electricity is generated from steam power plant or nuclear power plant still these days. Steam turbine is crucial
part for power plant’s efficiency and service life. Steam turbine consists high pressure turbine and low pressure turbine
generally. In the last stage of low pressure turbine, because of low vapor pressure and enthalpy, water droplet is formed.
This droplet impacts next rotor blade and causes serious erosion problems. To solve this problem, hollow-partitioned
turbine nozzle is suggested. This type of nozzle has suction holes for remove the droplets and internal passage to drain it.
To view of manufacturing, hollow-partitioned nozzle has advantages of low cost and faster processing time since press
forming. Existing turbine nozzle made by cutting from forged solid steel makes much scrap and requires long time to
work. But press forming have critical disadvantage of elastic recovery. It makes the accuracy of final product lower so
causes assembling problem or efficiency problem. To resolve this problem, overbending technique is applied to reduce
geometrical error from spring-back phenomenon.

Key Words : Steam Turbine, Water Droplet, Hollow-Partitioned Turbine Nozzle, Suction Hole, Manufacturing, Elastic
Recovery, Multi-curved, Overbending, Spring-back
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Evaluation of thermo-mechanical properties of glass pad
in hot extrusion process
Y. N. Song, S. H. Kang, H. W. Lee, J. H. Yoon
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Development of the technology of an integrated process for
manufacturing titanium seamless tube

S. H. Bae, S. M. Choi, K. H. Min

Abstract

This study discusses the integrated methods of a simple extrusion for manufacturing Titanium seamless tube. The
manufacturing process of Ti seamless tube comprised three steps: the first step is extrusion process by a designed simple
double-acting system which can be driven dependently the main cylinder and mandrel. Subsequently, the outer diameter
size of tube is reduced to 50 mm by a drawing dies and its wall thickness is controlled to 2 mm by a cylindrical mandrel
and a pipe bell in the drawing process. Finally, straightening process is a roll process to straighten the long range
curvature of mill annealed tubes. It is known that the state of residual stress of the final tube depends on specific details
of the straightening process and OD grinding. The maximum size of the surface profile, length and its wall thickness for
seamless tube was 50/6000/2 mm, respectively. And an error tolerance of outer diameter is =0.1 mm. In the control
extrusion process, the most significant parameters such as temperature of billet, ram velocity and extrusion ratio are
investigated and considered. The aim of this study is to localize the manufacturing technology of Ti seamless tube which
depends on the whole import and provides a foundation for manufacturing the seamless tube in the future.

Key Words : Titanium alloy, Simple double-acting extrusion, Seamless tube, Drawing, Straightening.
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Design of drawing process for seamless titanium tube using

finite element analysis

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

Abstract

ZWE Ao F2 2olE BlolBg 43S &35 S8 52 A (stress corrosion cracking)e] WA O =
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Key Words : Seamless tube, Titanium, Finite Element Analysis, Drawing
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Fabrication of Photocatalyst filter Using Ti scrap

H. W. Lee

Abstract
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Development of induction heating technology
for preheating of titanium hollow cylinder billets

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

Abstract

The aim of this study is to develop mass production type induction heating technology for the preheating
of titanium hollow cylinder billets used in the extrusion process of seamless titanium tubes. Titanium is
rapidly oxidized at temperatures of more than 800°C, thereby a thicker oxide scale is formed on the billet
surfaces. The formation of oxide scale reduces the material utilization rate and deteriorates extrusion quality.
Therefore, oxidation prevention technology should be applied during and after preheating process of billet
for successful titanium tube extrusion. In this study, we will minimize preheating time up to 1 min, and
develop oxidation preventing system using inert gas. Moreover, we are considering the development of the

glass powder uniform application system to minimize oxidation during billet transport to extrusion press.

Key Words : Titanium, Hollow billet, Induction heating, Oxide scale, Extrusion process,
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Relations of microstructures and properties of titanium
fabricated by high vacuum casting

Y. K. Park, C. S. Youn, Y. J, Hwang, D. G. Lee

Abstract
This study investigated microstructures and mechanical properties relation of titanium ingot fabricated by high vacuum
casting. To evaluate titanium ingot, we divided by three parts that is Top, Middle, Bottom. Results of microstructures,
side of ingot is chilled zone and center of ingot is equiaxed structures. Hardness of side is higher than hardness of center,
because microstructure of center is bigger than side. Therefore side’s hardness have high hardness. Tensile properties of
titanium ingot have UTS 363 MPa, YS 289 MPa, El 18%. Through this, titanium ingot fabricated by high vacuum casting
was able to confirm the soundness.

Key Words : Titanium, High vacuum casting, Microstructure-properties relation
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Evaluation of the hot workability of CP titanium

using the torsion test

M. H. Kim, J. W. Lee, T. K. Jung, C. S. Lim, H. J. Choi, Y. C. Shin, S. K. Hyun

Abstract

In this study, optimal processing conditions were derived by evaluating high temperature characteristics of
commercially pure titanium using hot torsion test. Hot torsion test was conducted at the temperature range from 1073K to

1273K and the strain rates range from 0.1 to 10s™.

The flow stress obtained by the torsion test increased with decreasing

temperature and increasing strain rate. To determine the optical process conditions, the activation energy map and the
processing map were derived through the flow curves and the microstructure was observed by an optical microscope.
Key Words : Hot torsion test, CP titanium, Processing map, Activation energy
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Figure 1. Flow curves of CP titanium at various deformation conditions
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A Suggestion on the Forming Limit Determination of Sheet
Metals by the Time Dependent Method

S. G. Kim, H. J. Kim

Abstract
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Measurement of Forming Limit at Biaxial Tensile Modes using
Blow Forming Process

D. Yoo, J.-H. Hong, M. S. Kim, Y.-N. Kwon, Y. S. Lee, D. Kim
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Evaluation of punching pin failure with GPa-grade steel

C. H.Won, S. R. Lee, J. H. Yoon
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A Study on Reduction of the Longitudinal Bow during Flexible
Roll Forming using Finite Element Analysis

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

Abstract

Flexible roll forming is an advanced sheet metal forming process that allows the production of variable cross-section
profiles. Longitudinal bow is one of the major shape defects found in roll-formed products. There is required longitudinal
deformation in the flange according to the blank shape during flexible roll forming process. Longitudinal bowing occurs
when required longitudinal deformation is not sufficient. To reduce the longitudinal bow, leveling roll system is proposed.
Leveling roll system consists of two idle rolls designed to move vertically to web plane. The relationship between
leveling roll position and the longitudinal strain. The result shows that longitudinal strain decrease with increasing
leveling roll height.

Key Words : Flexible roll forming, longitudinal bowing, finite element method, leveling roll
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Hybrid incremental sheet forming for car body

V. C. Do, X. Xiao, Y. S. Kim*

Abstract
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In previous studies of incremental sheet forming (ISF), the blank sheet perimeter was fixed to prevent it from drawing
during the forming process. As the results, the main deformation mode is stretching and the thickness distribution is
described by the sine law. This study we proposed hybrid incremental sheet forming which combines stretching and
drawing mode in forming area by hole lancing in the flange area. In detail, the application of hybrid ISF for car body part
was performed numerically an experimentally. Simulation process was done first to predict the forming process and
thickness distribution of the part. The simulation clarified the effect of hole lancing on improvement of formability and
thickness homogeneity. Based on the simulation results, the hole lancing strategy was defined and cut off on the sheet
before experiment. The experiment was done to clarify the effect of hole lancing on the springback minimization and
thickness distribution.

Key Words : Car body, Hybrid incremental sheet forming, Hole lancing, Fracture, Thickness distribution

1. Graduate school, Kyungpook National University
2. School of Mechanical Engineering, Kyungpook National University
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The Study on Sheet Metal Forming
for Prototype Lightweight Body Part

B. B. Bae, Y. E. Yoon, J. H. Nam, S. H. Jung, Y. S. Lee

Abstract

In the automotive industry, for proper response to strengthening of emission standards, fuel cost regulation
and crash regulation; automobile companies have significantly increased applications of high strength Al
alloy. In this study, Steel and High strength aluminum alloy were applied to cold sheet forming for Center
Floor Tunnel and finite element analysis was progressed. Mechanical properties of both materials were
analyzed for FEM and effective plasticity and failure prediction were performed. FLD of both materials were
compared and design modification of cold forming die were studied to supplement low elongation of high
strength aluminum alloy. When compared to FEM and forming conditions, cold forming conditions show
severe friction characteristics, real fracture area were coincide with severe thinning prediction part from FEM.

ol

Key Words : Cold forming (*4 %+ *d 3), Sheet metal forming (4] “d 3), Finite element analysis (3t 8.4
AI7075 alloy (%775 7075 =)
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Abstract

The reduction of springback for a U-shaped channel using a double drawing process was investigated. In this test, the
punch strokes of the 1st and 2nd stamping steps were controlled and followed by unloading. The simulations were
conducted using kinematic and distortional hardening models, which were implemented into a finite element (FE) code to
describe the Bauschinger effect and its associated anisotropic hardening effects during strain path change. In addition to
the usual mechanical characterization tests, in-plane compression-tension experiments were conducted on DP980 and
TWIP980 to determine the constitutive parameters. Experimental and FE simulated results of the channel shape were
compared for both materials to understand the effect of anisotropic hardening under non-proportional loading on
springback. The advantages and drawbacks of the kinematic and distortional hardening models for the prediction of
springback were discussed.

Key Words : Springback, Finite element, AHSS, anisotropic hardening
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Finite element modeling of rubber-pad forming process for Al
2024 sheet

J. Lee, H.I. Park, Y.N. Kwon, S.W. Kim, S.H. Kim, D. Kim

Abstract
Rubber-pad forming process is a multi-purpose sheet metal forming process used in commercial aircraft applications.
This process is well suited for the production of small quantities of sheet metal parts. In this study, a rubber-pad forming
process of aircraft component to reduce wrinkles on Al2024-O sheets is investigated using finite element analysis. In
order to perform a finite element modeling, various experiments are conducted on elastomer and Al2024-O aluminum
alloy materials. The nonlinear mechanical properties of elastomer materials are reproduced using a hyper-elastic material
model. The plastic deformation and fracture behaviors of Al2024-O sheets are also taken into account. From a

comparison of experimental results, the finite element prediction of rubber-pad forming provides reliable and robust
simulated results.

Key Words : Finite element (+3+ 2.4~), Rubber-pad forming (225 3= 43 &), Sheet metal forming (&4 44 3)
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Influence of nonlinear elasticity models on springback
prediction in split-ring tests

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

Abstract

The elastic moduli of sheet metals have been conventionally assumed as constant in most forming and
structural analyses. However, experimental observations have revealed that the elastic modulus decreases
with plastic deformation for many kinds of steel sheets. Because the elastic modulus strongly influences the
springback prediction, it is necessary to include this nonlinear elasticity in constitutive modeling for forming
and springback analyses to improve the prediction accuracy. In this study, the nonlinear elastic behaviors of
two kinds of advanced high strength steel (AHSS) sheets were experimentally investigated and characterized
using three different elasticity models: conventional Hooke’s law with constant Young’s modulus, chord
modulus and multi-surface models. The elasticity models were implemented into a commercial finite element
(FE) program and applied to cylindrical cup drawing and subsequent split-ring simulations. Comparison
between the measured and predicted split-ring results demonstrated that the prediction accuracy could be

significantly improved by using the nonlinear elasticity models.

Key Words : Springback; Elastic model; Multi-surface elasticity model; Split-ring test
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Effect of Sliding Speed on Frictional Behavior between Tool and
Steel Sheet and Related Change in Deep Drawing Formability

Keecheol Park, Seoknyeon Kim

Abstract

In order to investigate the effect of sliding speed on frictional characteristics between tool and steel sheets, a friction
tester which is able to control sliding speed up to 200mm/s accurately is developed. Cold rolled steels (including mild
steel and high strength steels) and coated steels are tested by using the friction tester at sliding speed between 10mm/s
and 200mm/s. Friction coefficients are rapidly reduced as increasing sliding speed and the rate of friction reduction is
influenced by the viscosity of lubricant. At high viscosity lubricant (drawing oil) cases friction coefficient at 200mm/s is
about 20% of friction coefficient at 10mm/s. But at low viscosity (washing oil) cases friction coefficient at 200mm/s is
about 75% of friction at 10mm/s.

Key Words: Friction Coefficient, Sliding Speed, lubricant, Viscosity, Deep Drawing, Formability
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Fig.1 Relation between friction coefficient of cold rolled sheet steels and drawing speed.
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Fig.2 Relation between friction coefficient of cold rolled sheet steels and drawing speed.
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Effect of Rubber-ring on The Sealing Efficiency of
Hydroforming Process

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

Abstract

The tube hydroforming(THF) process is a manufacturing process that use a pressurized fluid as the forming
mechanism. Sealing of the fluid is an important parameter affecting the formability in the hydroforming process. In this
study, a methodology improving the hydroformability by preventing the pressure leakage from the end of tube was
investigated. In order to enhance the sealing problem, rubber rings designed for the die are located at the both ends of the
tube and compressed by the axial feeding of the punch. The reaction force acting on the rubber ring contributes to the
prevention of pressure leakage occurring at the end of the tube by keeping the feeding pressure constant. The sealing
effect of the tube hydroforming process using the rubber ring was confirmed by comparing the experimental results with
the conventional hydroforming process.

Key Words : Tube Hydroforming, Sealing, Leakage, Rubber-ring,
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Fig. 1 Schematic drawings of the tube hydroforming with rubber ring
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A study on prediction of heat treatment deformation
of integral type crankshaft by FEM

H. W. Jeon, C. H. Seo, C. D. Park, W. B. Jeon, K. P. Kang, S. G. Oh

Abstract

The existing marine crankshaft manufacturing process is to connect one throw after manufacturing.
Conventional working methods have several drawbacks such as forging and assembling work, which leads to
low efficiency. In order to improve the existing working method, a method of continuous operation of the
crankshaft thrown has been development. It is important to control the heat treatment deformation during the
developed manufacture of crankshafts. In this study, the heat treatment deformation of integral type
crankshaft is predicted through finite element analysis. For the prediction of heat treatment deformation, the
heat treatment experiment of laboratory unit was performed. Through the heat treatment experiment of the
laboratory unit, the cooling rate according to the material thickness was measured. Convective heat transfer
coefficients were derived from J-mat pro based on experimental data. The measured convective heat transfer
coefficients were analyzed to derive the heat transfer coefficient of an integral crankshaft. The deformation of
the heat treated crankshaft was predicted using the derived heat transfer coefficient. The DEFORM-3D finite
element analysis program was used to predict the heat treatment deformation.

Key Words : Crankshaft, Heat treatment Deformation, cooling rate, Finite element method
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Development of contour hardening technology by dual-
frequency induction heating system for transmission spur gear

C. H. Suh, T. H. Kwon, Y. C. Jung, Y. D. Kim, S. K. Kim, H. J. Sung

Abstract

Carburizing is normally applied for improving abrasion and fatigue resistant of transmission gears. However,
carburizing has some disadvantage like thermal distortion occurred during carburizing process. To overcome this
disadvantage, contour hardening process using dual-frequency induction heating is developed. In this study, high power
dual-frequency induction heating system is developed. Thermo-mechanical simulation is carried out to predict thermal
distortion of spur gear during contour hardening and bending fatigue test performed to evaluate fatigue characteristic of
spur gear. The results show that the thermal distortion is well predicted by the coupled simulation and fatigue life of
contour hardened gear by dual-frequency induction heating is excellent.

Key Words : Spur gear(*3 71¢]), Contour hardening(&-2 7 8}), Dual-frequency induction heating(®] =534 %=

7}+4), Thermal distortion(& ¥ &), Fatigue(¥] &)
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Study of deformation after hot stamping using die with curved
type cooling channel

T. H. Kwon, C. H. Suh, C. D. Park, Y. H. Lim, J. H. Kim, J. S. Sung, K. Lee

Abstract
The cooling channel of the hot stamping die is generally linear but the linear type cooling channel has a disadvantage

that uniform cooling of the blank is somewhat difficult. In order to overcome this disadvantage, it is required to develop a
curved type cooling channel capable of keeping uniform distance between the forming surface and the cooling channel.
Therefore, in this study, the formability and the deformation after forming in the hot stamping process using the die with
the curved type cooling channel were investigated. The prototype of automobile front pillar was manufactured by hot
stamping process using die with curved cooling channel. The formability and the deformation after forming of prototype

were compared with the simulation.

Key Words : Hot stamping( 7+4] &), Curved type cooling channel(=f A& 37} 9), Deformation(*] &), Die(= %)
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Effect of Powder Shape and Processing Parameters on porosity
form of iron during DLM

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

Abstract

Direct laser melting (DLM) is a high-speed manufacturing process technology that can produce parts by depositing metal
powder by layer. The characteristics of the manufactured parts are greatly influenced by the characteristics of the metal
powder. 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, 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

3. &z & &

14 14
13 —&— spherical powder 13 —m— spherical powder
12 } —®— non-spherical powder 12 —@— non-spherical powder
11 11F
10 10
S g 9
~ 8 F g 8t
2 7L 2 7t
) 7]
© 6F S 6
g5} g st
4 4
3F 3}
2 F 21
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Power (W) Focus distance (mm)

Fig. 1 Influence of DLM process parameters on the total porosity

T - 2 H U2 HE|EHMoZ 88 AA AMZYE|S DLM M E sHE F 5 Ch
go|X &8 100W=Z FAl 312 O 7+, H|78 =& A0|7t 7P<F 37| LtEGT, 2 o] X
£850| =255 33 50| A LIEIRCH

glo] ™ He| Hals = AdoMMeE = A7 Hoid e o 2280 HF¥ D geo =
Z ot2E 3 50| MA LIEIGC

4, HAE

eldzro| ot w2l 7y 24D =5 2o S=E2| Xto|7t HAsiH, Be| =EoE
25 A7l Ho{& =5 33 E2| xo|7} S7tstct.

DLM &3 7|=2 0|335t0d 2o|lx &3 L "o =& 5o 3™Ho Wl ctasd 259

d¥o| Jhsstot

FS Nk

ot

[1] B. D. Joo, J. H. Jang, H. S. Yim, Y. H. Moon, 2009, Effect of Process Parameters on
Forming Characteristics of Selective laser Sintered Fe—Ni—Cr Powder, Trans. Mater. Process.,
Vol. 18, No. 3, pp. 262~267

[2] G. Kasperovich, J Haubrich, J Gussone, G Requena, 2016, Correlation between porosity
and processing parameters in TiAI6V4 produced by selective laser melting, Materials & Design,
Vol. 112, pp. 160~161

_67-



27k ets) 20179 A% WS 257

AR5t FTES

A O[AT . WEH!. K QMTL. 0| FHY

Study on Hot Swaging Process of Variable Cross-section Tube
for Integrated Drive Shaft Assembly

Y. B. Kim, S. Lee, J. Baek, Y. Choi, S. J. Lim, J. Lee
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Study on Depaneling of PCB Using Blanking Dies

H. S. Choi, Y. J. Jeon, D. E. Kim, W. C. Choi
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A Study on Structural Characteristics of Split Mold for
Profile Mandrel

M. C. Park, J. M. Lee, H. I. Kim, N. M. Sung, C. J. Lee
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Optimization of Piercing Punch Profile to Prevent Tearing
During Tee Pipe Burring

Y.S. Lee, S. H. Lee, J. S. Kang, S. Hong"

Abstract

A tee, the most common pipefitting, is used to combine or divide fluid flow. Tees can connect pipes of
different diameters or change the direction of a pipe run. In order to manufacture this tee type of stainless
steel pipe, combinations of punch piercing and burr forming have been widely used in industry. However, this
method is considerably time consuming with regard to performing the empirical work necessary to attain the
process conditions able to prevent upper end tearing of the tee product and to meet the target tee height. It
was shown from numerous experiments that the piercing profile is the main cause of the defects mentioned
above. Furthermore, the mold design is formed through trial and error according to the pipe diameters and
changes in requirements. Thus, the proposed study performed piercing and burring process analysis via finite
element analysis using DYNAFORM in order to resolve the aforementioned problems. An optimization
design method was used to determine the piercing punch profile. Three radii of the piercing punch, i.e., large,
small, and joined radii, were selected as design variables to minimize thinning of a tee pipe. Based on the
analytical results, using correlation and multiple regression analyses, we developed a predictive
approximation model able to satisfy the requirements for both thickness reduction and target height. The new
piercing punch profile was applied to the actual tee forming using the developed prediction equation; model
results were found to be in good agreement with the experimental results.

Key Words : Burring, Optimization, TEE-pipe, Coefficient of correlation, Multiple regression analysis
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Hot forging process design of main shaft for wind turbine using
round bloom
S. H. Heo, H. S. Chang, J. M. Lee, N. Y. Kim, C. H. Lee, B. D. Joo, S. R. Yoon
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Causes of fracture occurring at the exit in
a cold shell nosing process

S. W. Byun, S. W. Jeong, M. S. Joun

Abstract

In this study, causes of a fracture occurring in a cold shell nosing process are revealed by finite element methods. The
material is identified using a tensile test based on material identification technique which gives fracture information as
well as flow stress at large strain. It has been shown that the sound material near the fracture region is ductile enough to
be cold forged. Various well-known damage models are applied to reveal reasons of the fracture, showing that the damage
models have nothing to do with the facture because all models have predicted much less damage values than the critical
damages. The comparison between the experiments and predictions has shown that the fracture is due to higher maximum
principal stress than the strength of the material around the fracture region.
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(b) Detailed view
Fig. 1 Fracture occurring in a cold shell nosing
process
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Development of a composite forging technique for components of an
automatic transmission in order to maximize material recovery

H.S. Kim
Abstract
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A Study on the Collision Characteristic of the Side Crash
Simulation with Three Dimensional structure

M. S. Lee', J. H. Whang', C. G. Kang®

Abstract

Recently in the automobile industries, the development of environment friendly materials for improving the safety and
fuel efficiency of automobiles has come to the fore. As the demand for the technological development to achieve high
performance and high efficiency increases, the research on applying advanced high-strength steel to parts manufactured
by the hot press process has progressed. Further, research and development for fuel efficiency through additional weight
reduction using tailor welded blanks (TWBSs) and partial quenching (PQ) has quickly spread in the automobile industry.
Moreover, lighter materials than those currently used, materials having a high strength-weight-ratio and specific strength,
are required such as hybrid steel/CFRP composites. Many car components have been replaced with various materials to
improve collision toughness and safety during car crash. However, the standard of evaluation to replace auto part is still
lacking. The standard needs to depend on mechanical properties of tensile and bending. The car crash test was conducted
at ITHS to evaluate safety. But it’s expensive and hard to evaluate collision toughness each car component. In this study,
the side crash test was conducted by simulation and the collision characteristic of the center-pillar was evaluated. Fracture
toughness was compared according to materials to propose a standard of collision test condition. As a result, the
correlation between mechanical properties, weigh reduction and collision toughness was investigated.

Key Words : English Key Word: Times New Roman 9pt (¥+= 4} A 9pt), Carbon Fiber, Cutting Force , Carbon Fiber ,
Cutting Force

1. Introduction

Since safety regulations are being further strengthened, the automobile industry have been interested in
passenger’s safety the during side crash. The car crash test was conducted at 1IHS to evaluate safety. The
information of car crash is still lacking such as how much car part absorb during side crash. Now, the
standard of collision test just depends on mechanical properties of tensile and bending test. However, it’s hard
to evaluate collision toughness and safety. In this study, the side crash test was conducted by simulation and
the collision characteristic of the center-pillar was evaluated. Fracture toughness was compared according to
sedan parts to propose a standard of collision test condition.[1]

In this study, simulations were performed using the ABAQUS/explicit software. Fig.1 shows the modeling
of the monocoque body. The A-pillar, B-pillar and C-pillar are red, green and blue color respectively. The
simulated part had the same dimensions as the actual car. The dimensions of the sedan are 4,580 x 1,820 x
1,250 mm as shown in Fig.1. The shell model was used. Because the shape of the sedan was complex, it was
curved and had many holes. The sedan part was also meshed using a bottom-up mesh technique.
Correspondingly, the element type was SR4. The collision region was finely meshed, while the region distant
from the collision area was roughly meshed to reduce the analysis time, as shown in Fig.1.

Fig. 2 shows a schematic diagram of the side crash simulation. The weight of the impactor was 1360 kg,
and the initial speed was 13.8 m/s (approximately 50 km/h) according to IHHS crash conditions

1. F2getal 7] A4 minsik2@pusan.ac.kr
# WA AR Fakdistal 7] A g sk

, E-mail:cgkang@pusan.ac.kr
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2. Simulation

2.1 Geometry and modeling of center-pillar reinforcement

- Weight
B-pillar (Green color) Sedan : 1.820 kg
: " - _ A-pillar : 5.9 kg
A-pillar (red color) + » Bopillar : 8 kg
C-pillar : 10 kg
—__Impactor : 1.360 kg

C-pillar (blue color)

v = 13.8 mm/s

® : Friction coefficient: 0.1

Total number of element : 16311
Element type: SR4

Fig. 2. Boundary conditions and schematic diagram
Fig. 1. Modeling and geometry of sedan car
3. Test result and discussion

Fig. 5 shows the changes in the velocity during collision according to the sedan parts and impactor, in
accordance with time.

Fig.5 Changes of the velocity according to sedan parts
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Figure 1. Residual stress path plots from bottom to top region of workpiece in (a) axial, (b) radial, (c) hoop
direction measured by neutron diffraction and finite element method.
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o2 st olF RS (161.50 MPa 17133 MpPa)2 oL, & #ekez = ojofgt g &
FS2 (148 MPa)O| EXES 2elsHACt

i
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o
ot

—

1] H.H. Lee, K.D. Gangwar, K.-T. Park, W. Woo and H.S. Kim: Mater. Sci. Eng. A 682 (2017) 691.

_8‘|-



Ryt 20179E FAGEY 254

LM rSs5Ho| HESHX[ o o|x= &

0ok

TCRE

of
o

Mo
Flol

Parametric analysis on the effect of material flow on the
deformation processing map

J. Y. Park, 1. Y. Oh, Y. H. moon

Abstract
In this study, the effect of metal flow on the deformation processing map is analyzed. Deformation process maps are
based on dynamic material models and created by hot compression test. By using the efficiency factor and the instability
factor, the deformation processing map is created and the formability in high temperature is analyzed. As parameters,
such as strain, strain rate, and temperature change the material flow, and the effect of these parameters on the deformation
processing map has been analyzed. Also, the possibility is analyzed that replacing the compression test data with the
tensile test data in the deformation map.

Key Words : Deformaiton processing map(*H & &-74 #] I=), SUS304L, Hot compression test, Hot tensile test

1. ME
2oMel MEM HIF XEds= oy 7PKI7P A= thEAel ZHez HIIHAZ

(deformation processing map)ZF UACH1]. 2 AFoM= HESHXZAM &% &5 SH0|
HY SHX Lol o[x[= &2 M E TR} <.>_HZP.
2. Jé'?:'l I:IH:H

o4 Lo AP%E.J 2= SUS304L0|0y 12 A= Gleeble AlE2 =74 900°C, 1000T,
1100°C, 1200C OllA 22t HHEE =5 0.01, 0.1, 1.0, 10(s—1), CUTAEH 2 Z2 2= =ZAH0|
M HEESE 0.01,0.1,1.0(s-1) 22 S$HSIFC}

E 0|23 12 MM "®Ho}
N Prasad[2]7} M otstQict HEE £& DIZ- T (strain rate sensitivity, m), It
2 24 58 ¢QlAH(efficiency factor, n), &4 =¢td ¢l XK(instability factor, &)[3]7F 2tz &
ol=ict HEIMX|T= niE LIEIHO{X|= power dissipation mapLP (S 2 LIEHfOX[=
instability map2 AXMA LIERHD], no| ¢

s CLF@EF Tzho|oy o] S0l adEckd ¢
Ztolct,
3.2 &MwsS4H0| HISHX o o|xl= & &4
22 HYE, HHE &5 =AM L2d45 mits matst glalskE ngtol sotxl= &
stg Holof of eHMSICHFig. 1(a),(b). ¢ Gt D2YFSF b 7zio| SryElct 28 HHEE,
L wadst AAS R AUkEA Y 4948 9 29 Al
2. st /AT FUATA LY 3UAY 2 FYHE ATAE

# Corresponding Author : School of Mechanical Engineering, Pusan National University, Busan 609-735, Korea, E-mail: yhmoon@pusan.ac.kr
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=t HASHA = LdFAA HOEE 0

|23 =M= X|3HFig. 2(a)) XA HolEZ f
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oM 2okl Ao 8RS LEILOLL 12005 F20IM ADE LMSIHCt £8 n@E 2
o o]

’
A
A7b SRt el HolH= HESHe Rolz ¢lsf % Holeet tfE S48 2ot

4. EE
(1) 257} £24% =2 HEE 45 AREme =2 WY B4 58 ox(n)E I
= a2 Zolof of okysich
(2 HMEE ST7} 5255 2oHH AR ol Zhste HS Holf, &N By o
od0| HAlCH

(3) HESHX ol AtEE= YFAE HOIHE ATAY Ho|HZ CHAs Euenq, 2l
o AFe B EMo Xfo|2 sl chE SM2 20 QA LU SACE

Sk
[1] E.J.Jung, J. T. Yeom, J. H. Kim, D. G. Lee, N. K. Park, C. S. Lee, 2006, Evaluation of High
Temperature Workability of A350 LF2 Using the Deformation Processing Map, Trans. Mater.
Process., Vol. 16, pp. 333~339

[2] Y. V.R.K.Prasad, S. Sasidhara, 1991, Hot working guide: a compendium of processing maps,
ASM, America, pp.5~8

[3] H. Ziegler, 1963, Progress in solid mechanics, John Wiley and sons, New York, pp.93
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Fet4HE 0|88 & ZYU(Roll Forming) & A A+
e Pze . olzE

Analysis of Roll Forming Process using Finite Element Method

Y. G. Kim, K. P. Kang, K. H. Lee

Abstract

= EH(roll forming)> theke] 3] E Atole] & AAE THAA FAR HHL Thate] 7 w3t
£ H2stetuA ol dadol dAsta dolr) 1 AEE e er Arkshs otk ARl & X
W AEOR §HgHe] glow], wAlo] 7] Fud WYe shshs Beo] Atk (breakdown) T}
H5& T AA AW (edge)el FAEE Frste] AR &40l 7hsshes sk A2 (pin pass)
&7gol deom o SHTAI Aol (sizing) &8 Tol ootk o3 Ay & xW AHE 7e9
A AAF] F2E Ha AT LA TheAstE Hastehe slolth o714 A=A A F
T WARTE Zolu SAA Smrge] FEo ey A4S wet HA o AR 23 A9
FE7F e s BAEY 2 JAoR dEA o

gy o] B E #E V)es sl oEstal glow dxelA Ao Aol AlEe
of ojEste] AlEE Aatstal 7] wiitel AAAS 7w FHo] v AdEjoltt. 1ol wEh A3} 7
W R FEeadYS olgste] A B W eAS AFsetE s dh @ s o] gton, 7] 249
Z3k AA G, B AR LA w¥E, dagel #e AU FE olFa vk I HZole 1L
A AEe Forh ASHeR aq-gel wel Atz Q1 Ave] FAE ] i AAE=TF ST
star glow, el M FA8 kel el 24 wd WEAE ARkl E Yl 2ad JYstea
HEgEFe Adtste] Adnje) kS A7 Ak o

el s A ' A A fiteaddeld ALE Sl4 W2} Lagrangian SfAW e wlalskglo
™, Lagrangian 34 Rel M= Eo] 3dstal 2A7F HAE = F-5-(Case 1)9F &A= Ao lal E0
A7hs d-(Case 2)5 242 vlaL sfAsglet. oefdt & xW A FEessdE Faf el WY

= X9
B, 2 AHY5s 59 dZsta v gESYer, a&4 2aAEA /U At &9

Key Words : Roll Forming(& X %), FEM(f-8t8. 4 %), ERW Pipe(% 71 A 38-8-5 7+3), ALE(arbitrary Lagrangian
Eulerian), Lagrangian(2} 3 #| ¢H

2 @) 543, E-mail : klee@solution-lab.co.kr
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328

Fig. 1 Analysis model of roll forming using ALE(Arbitrary Lagrangian Eulerian) method

Fig. 2 Case 1 model of roll forming FEM analysis using lagrangian method

Fig. 3 Case 2 model of roll forming FEM analysis using lagrangian method
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Measurement of Advanced High Strength Steel Tailor Welded
Blank Weld Zone Tensile Behavior

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

Abstract
Tensile behavior of advanced high strength steel that is used at car body, was measured. Because of small region
and high energy density, it is difficult to get mechanical behavior of weld zone property. A digital image correlation
system used to measure character of tailor weld blank. Notched specimens, which have weld line size notch, were
designed for tension experiments. Heat affected zone and fusion zone compose weld zone and they indicate different
flow stress from base material in tension mode.

Key Words : laser welding, digital image correlation, advanced high strength steel, flow stress, tailor welded blank

1. M8

A BolX BFE ole 2L A2 HH|et oMM E SAlM FF A7 = ME
2 F= gt Ach[3] stA|TH EHAfe| MAH F 2ol dlshAM &S| &2 FES XX|sts EFF
2ol £ 2ol AT YTl Mottt J|ANE SHs LV|= X 2ot o] AFoAM=
Digital Image Correlation (DIC) 7|22 Z=I1Z=2Z+Ql DP980t DP590 &hA|dtEtel =4 Fe¢l
Y R J[AHH EMHE Y5t

2. A3

DP980Z} DP590 EHallBHEH(Fig. 1) 7 £9/= DP590Z LW sHE DP9gZE AUHEHE gotyz B
HIFA FE MEOR PUS Lhs 4 YUKUCHI] LHHOIT 2 8YEE EEE
AHEZ HESID 48 DICE tsMEAE?|2 AW AdTste AlH2|
IR ER[2] HHHA| B2l 2F 2o URQATMUAS Soll 242 UL (Fig. 2)
1200 Uniaxial Tension test
1000 pmn
g 400 /—\
200
000 005 010 015 020 025 030
Eng. Strain
Fig.2. DP980, DP590 Z7A{2| & SH-HYE M

1. FAkdista 7))
2. Asd+4a

3. FAtdEta A s s
4. YR AT
# WA AR} B el 7] AlE 8 E-mail: kimjh@pusan.ac.kr
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1. Guangyong Sun, Fengxiang Xu, Guangyao Li, Xiaodong Huang and Qing Li., “Determination of
mechanical properties of the weld line by combining micro-indentation with inverse modeling,”
Computational Materials Science., Vol. 85, pp. 347-362, 2014

2. H. Smith and B. Eng “Microstructure and mechanical properties of the fusion and heat-affected zones of a
laser welded DP780 steel,” McMaster University., 2015.

3. Fengxiang Xu and Chao Wang, “Dynamic axial crashing of tailor-welded blanks (TWBs) thin-walled
structures with top-hat shaped section,” Vol. 96, pp. 70-82, 2016.
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Modified Drucker-Prager Cap 2& £ 0
olad&n 22 &8s °| rESH

2. ghMy!. o[ F ' - Mahipal Ranot - = g?. M

Die Compaction Simulation of Mg and B powder mixture using
Modified Drucker-Prager Cap Model

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

Abstract

In this study, numerical simulation of die compaction of magnesium and boron powder mixture was simulated using a
modified Drucker-Prager Cap (DPC) model. In order to obtain cap parameters of DPC model which represent hardening
behavior of mixed powder, uniaxial die compaction experiments with various loading conditions were conducted. After
compacts of mixed powder ejected from the die, diametrical and uniaxial compression tests were carried out to measure
shear failure strength of the compacts with different stress state. The modified DPC model was implemented into
commercial finite element method software ABAQUS to predict densification behavior of compacts during die
compaction test. The predicted density distribution of compacts was validated by experimental one measured by optical
image analysis.

Key Words : Modified Drucker-Prager Cap model, Magnesium diboride (MgB,), Powder compaction

1. ARATA
2. Kiswire Advanced Technology
# DA AR A FEA A E-mail: kangsh@kims.re.kr

_88-



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

B. C. Kim, D. H. Kim

Abstract

B ATeAE 45 e tEA BEakg dswa il #d f3as dNs S5
349 Andae) B2e 9 49 48 FAAY. A 2R g 39 3
&S Surface o2 AAE 3 F F38A TaWor o B A4S AP
. 48 4 Ave 49 A ke A P T 23 FEen, 339
AAe] e ARWA Wwe] FA BT wmd STk 4 A3 sfele] BAF gl o
aho] Aol Wl W B oke 5o SAson, Y] AXd we Aelee] ¥ 2ol
3 2ot o] A4S Falol A BelAg Tehsy dnwae IS AL He
W, 4 B2 e Fol AFL YR

Key Words : Blow forming, FE-Simulation, Parison, Extrusion Blow Molding, Diameter.

L Azt Azsggesa
# Corresponding Author : Dept. of Aircraft Parts Engineering, International University of Korea,
E-mail:dhkim@iuk.ac.kr
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Multidisciplinary Optimization of integrated inside door
handle housing using Collaborative Optimization
J. H. Han, M. K. Jung, Y. J. Kim, H. G. Lee, H. K. Lee, D. S. Kim, J. S. Lee, J. S. Lee, S. I. Kang

Abstract

2 AT = CtREoFSEMA WHE F 5ttel CO(Collaborative Optimization)S 083101 QIAOIE T
of HE JAHY st z& HdAE F™HSIUCE 7| dAE BEM HSHERoM Ldlsts SHO|
AIZZETE Zofsto 0|5 o883 OlstE2 En SAlol SIX| oA LUMst= Z/Of Shrinkage %
warpageE ZAaAl7|0| FAZ MAE 9IS A MA EME FAS ot AWH{EEE ARESto] Hi
EMZ2 &6l AsX($o oist A #Hfo| QLEE =elsict M2 /& oi2n|eE 0|85t £
of BAE idlste FXNETet 72 ¥ EH ZHQ MetxHgsE UEshe UHEEMH ZAN ZEE
MM R2ZES SO METE "I D, Activeset YDE|E2Z FAHE COE MESIH 2HE
StXCE COE Soff MHEE =& MA nf2jo|HE M5t 2ol disf] F=shAMn AEMYsiAS Sall o
A Z2AMA g 5 dH ZnE AESsIUct
Key words : Multidisciplinary Optimization, Collaborative Optimization, Response surface methodology

1. M2 2. ZAEHMA A4S

E2taE BE2 AMEMEs Sofl HEEo 21 AE Fol 24
dezxEdo w2l MES, FHEE, JIAH =4 211 F=6iA
ol ct27 tetEy| =0l ol& M 3tsH7| 2 ANSYS 16.15 0| &5t0{ =7| MAE JMH
S AU =S| o|ROIRLCt TJ|IE ALE MY sty o tist FxsiAE ALt B
2ol thh =3 AdAxs FE M€ z2H A A, st steFol YEste FEoA
s, € Y2 =™z AolE-2lH FAHE S SMSt= S20| 12261 MPaZ 7| & AT™LUES
AMELY =UHE XSS AR FE T Zotet= ZIME =elsteict
et =N okdMg nEfshA| AUA2=
2 0| 1efet = A MAJ 2T ECh 212 AEMEEHY

= HFoME CclEolsetdA wWHE F 5t Moldflow 12E 0]|&3to{ F=siAfol ALZ2E S
Ltel CO(Collaborative Optimization))S 0|-&35}0 A5t mHof s ArEMESIME s™oICt
AESAE ARl CIA0lE £ BHE LA E st sl ZI, SHEn SHRFE HeER IFss
8 =¥ MAE F¥sICL COo =FHE Y SIX| F&2ollM Shrinkage2t Warpage?} 24 EHS
252 &ol =&E A m2inleHE XME5hod solstolct
TxMI AtEMYA S T>StD ZTE H]
watozmM MA Z=MA 2 FH MA Zils 2.2 FHMA H4 st
HEsICE HEYEFo| LMst= SHot SIX[FolM LY

Y TEEELE ] Ste= Shrfinl_@geﬂ \_Narpage% _.7:.‘¢);I9IE =M M

2. AuAEZ R&DA T2 AE 57| ol HEPSE FHo 2|2 +

# AR AA sk 7] A e, T2 X409 BIXE xaE2 MAH HLEz MM}

E-mail: joonlee@yonsei.ac.kr, jleej@yonsei.ac.kr,
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ShrinkageE Hlet=71gt+2 CtS3Tt 20| LtEHHA
o=2M M HA HASE F=dSICt

Minimize  fueignt

Subject t0 Ggress (X1, X2, Xa, X4, X5, Xg) < 101.3MPa
gwarpage (Xlx X2, X3, X4, Xs, XG) = 0.4mm
gshrinkage (X1. X2, X3y X4, Xs, XG) = 10.5%

Table 1. Design parameter & parameter range

Variable Description & Range
Hinge height
X1 (7Tmm < x; < 8mm)
Fillet radius
X2 (0.5mm < x, < 1mm)
Housing thickness
X3 (2.75mm < x; < 3.25mm)
Wall thickness
X4 (Bmm < x, < 4mm)
Rib thickness
Xs (Imm < xs < 2mm)
Rib height
X (5.6mm < xs < 9.6mm)
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Table 2. Collaborative optimization result

Variable Optimum parameter
X1 7.00 mm
Xz 0.51 mm
X3 3.25 mm
Xq 3.72 mm
X5 1.00 mm
Xs 8.52 mm

Table 3. Verification of CO and FEA

. Collaborative FEA
Function Optimization Result

fweighl 145.52 g 145.15 g

stress 102.91 MPa 98.24 MPa

Ywarpage 0.4045 mm 0.4092 mm

gshrinkage 10.51 % 10.86 %
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Finite element analysis of ring rolling processes using optimized
tetrahedral finite element

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

Abstract
In this paper, an optimized finite element mesh system for profile ring rolling simulation is proposed and finite element
analysis is conducted using the optimized tetrahedral finite element. The mesh system is optimized in terms of number of
finite elements and reduced number of remeshings. Several typical applications are given with experiments, showing the
validity of the approach from standpoint of application.

Key Words : Optimized Mesh System (] 4 2.4 ), Ring Rolling (¥ &%)

1. ME 2. adlr Ex
2Eg ZHe J|5lEM ciadoz 275} g Ego| gsteasiMo MEst 24 Zof
T o e FEHAo mE A5ty 2 4= siLbE E HIO|EO|A Q] FES Ztotsh shatb
XX 2H Ll HAAZE So 2HZ ol5tod B xURAo|ch 2BE AMHA AT MAMT|Ho
8o ddiMo| HEEX| b= 2X7F Uch cf HEAUA| osto] Mol=ElE axfel 3N
27| AF= AHAAZED BREE Zo| T2 ZAES ZAMZ0=2 She dtAlo] xEeAd
sHMSICH HEACQl of7f ol 4ol & Riy|He F=stH, HEAAM 24
0|0y, ALE Alo] M2z A|ZEQACH AMHA  UZ7l =2 stato] zaesigto] MME %
QATtS ALESHE, AMBIso wEsMS 2t UCh 0|2EH ATS ALRSIH, QALK

obst wrstMe XU Aoty JferE[Qici2].  AMe| BIEE I Y 7} Yot
JEL) RE g So| 2EE 22X o Fig. (= Mg Cjael =g H Zolct
SAE LwZ59%ct £3 QALK TAMOEZ o MES EXS oo AKX Bto| mz
oI5 sAto| QIQIA WAoo oI5t Hmol ¥ melo| MEHE zio|ct o] Zzmelo| MEs
3t 2 AA x| Hsto| w2 ol £xH M2 A MESH 4t xUsIt Wes|
528 52 slZsy| flsto] cigel $x&™ . YZe AMo|7| H2of DM xS £
7o o|=sjof sh= 2MIF UAACH of MMozr WMEHD Axje| HES X
232 HABECO AHAMZEo RIS Sutof AL F e UhH olAS o|ef A ct=ct
mal olz{st 2wEMe Zoled MEE @ ook Fig. 29F 20| R4gtS xeUSHAIF|H,
~oto] WMol M7|Eof fct o] oA Fe QAuxTMoz olst HAHx ZHe
= 223 Z™o| E3tE e Mok X wiZo| £7imst, Azs xztoz
stm O 22 AlEs AyZalet s MAlst  HMeo|E stao| EAE Cr2 Azty x=ztoz
= Edste HOZRE WMstE X8 Q2
oIzt ol9™ Hmeisiyl ZAsCH  miEfM
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Quantitative study on effect of coupled analyses of die
deformation and temperature on the predictions

Y. S. Kim*

-H. N. Song*

-M. S. Joun*

Abstract
In this paper, the effects of theoretical models of material and die on finite element predictions of a hot forging process
are presented to give process design engineers and researchers some insights on the theoretical approaches on which they
are relying. The material is assumed rigid-viscoplastic or rigid-thermoviscoplastic and dies are assumed rigid or elastic.
An example problem of die fracture occurring in hot forging of aluminum fixed scroll is studied, which is sensitive to the

theoretical models.

Key Words : Coupled analysis of material and die(4~

1. M2
AM7IZ
3 At

A 7z
olzx{oz
olF ol EHAMEol A
ol O|=0ix| T SUct. MEe| ZEo|ME Ofal
Jixlct. Eo @Al ke ME 2Yel i

| 4ol A =
e 0|$01X4

ote
T2 B oA

A

2ot MZo| M ste ALCt.

S&SH &K ZHo ALSH UM B2 EE
7|&9 =3 dyntel =g ni¥o| Z4x
olct. o] dAFoM= 2ME AN H EH
Moz 7W6+" 282 4A ¥ EtMdAHZE
JIMst0] A2 471el =gtof| Cfsto] RSt
CIRSE=S ’é‘/\lom# O ZIE dH|uEezN Ao
M 2 FEel M zHo| ojxles gEgds 2
M5t RE Shot,

2, BE

Fig. 12 O 7oA silM ez st
18 A3E =389l siMdE fe 2 2
1. Aduleta Ankojstel 7)A &3 F ey
# A A2} ARG E A 7] A B F-E e

E-mail: msjoun.gnu.ac.kr

_94-

A A &) A), Fixed scroll(a23 2

=0l x7I0ﬂ

2 (wrap) =
’_|=E_=I|9_| HFAHEE EH

=89 Ri%*OIEF. ol
b2l & At o|od, glele
2X =7 xfoloﬂ ="
2o| gz FEof st oIz S 7P6H7‘|
740IE+ [1] M= YFRO|IE2E :L %%83—1
5-Csm 22 ®HEUCH2]. =T E
-200mm/sS 2, OEHTE 022 7}7“ & o
=28 M=ol EFMEA 2 ZotdH|= 22t 210
MPazt 0.280|ct. 2xf 2 FE MEo =7
2= 22t 450°c2} 180°colct ARl €H
= 2 YA FOEFCZ s
Table 10 A 272t F&o| HEZHS 27
= Hl 7|.x|o| A‘li ,:_l_E I:II-AIOI 5HA-I 7C7-| EII
22E Holstct. Table 1o 4l ZtX| Z <ol
Cistod AlZaloldE AAlst Z3f, A2
2 FAreH 23t I—P bCh, 2ot 2&e| mf

urn i
o
O

=2
—

clof EFM2 otEof ABH mA| 28,
Fig. 204l 2= btet Zol, Ul 7txle] Zaiot
loF REoA HHel o1% S| ol2E I

Mol M $£518h xtolg Helct,



Table 1 Material and die models of each simulation
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Case 2 Viscoplastic Elastic
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Simulation of friction stir welding process
using ALE and CEL method

D.J. Myung*, W.R. Noh?, M.G. Lee"*

Abstract

Friction stir welding (FSW) is a joining method which can be applied to hard-to-weld metal like aluminum alloys. The
FSW process has a complicated mechanism involving simultaneous thermal, mechanical, and metallurgical phenomena.
In this study, fully coupled thermal-mechanical finite element model was used for the simulation of the FSW process. To
prevent severe mesh distortion and to avoid non-physical modeling of temperature-rate-dependent flow behavior,
Arbitrary Lagrangian-Eulerian (ALE) and Coupled Eulerian-Lagrangian (CEL) methods were used instead of fluid
dynamics based method. Comparative study on the computational methods and their influences on the prediction of the
FSW process are presented in this study for a model material, AA2024-T3. Sensitivity simulations were also performed to
evaluate the effect of main process variables on temperature field and its resultant mechanical properties of the welded
joint.

Key Words : Friction stir welding, Arbitrary Lagrangian-Eulerian, Coupled Eulerian-Lagrangian, Thermo-mechanical
process

1. Department of materials science and engineering, Korea university
2. KITECH
# 1A A 2} Department of materials science and engineering, Korea university, E-mail: myounglee@korea.ac.kr
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Julian Litzkow® - Markus Raabe’ - Ingo Neubauer® - Ralph Bernhardt® - & 9182
Mastering the challenges of joining of multi-material structures

J. Litzkow, M. Raabe, I. Neubauer, R. Bernhardt, 1. H. Hwang

Abstract

The still unbroken trend and the environmental need for further weight reduction in vehicles favors more and more the
development and manufacture of hybrid components and systems. Although joining techniques such as mechanical
joining with all its variants or even resistance spot welding are established technologies in the body-in-white
manufacturing, new materials, coatings and material-thickness combinations make it a challenge to get the right process
set-up in continuously shorter development cycles. Up to now, each connection needs to be investigated by physical
tests in order to find suitable parameters of the joining process itself. By using numerical process simulation, physical
testing can be shifted to virtual models, saving both development time and costs. In this case provide the nonlinear
finite-element methods a suitable way to most realistic modelling of mechanical joining.

To validate the variety of potential joining variants under efficiently, a powerful optimization infrastructure for
mechanical joining in Simufact Forming is available - the so-called “joining process optimizer” tool. It allows to
automate the simulations around the mechanical joining process. This software provides a complete joint feasibility study
on a click, allowing to find the best suited joining layout for a particular combination of materials and thicknesses (so-
called “stack”). By employing an upfront loop on multiple stacks, the most appropriate joining layout for all these
joints, manufactured with one joining system, can be derived based on pre-defined quality criteria.  As well as a fully
automatic 6-step structural welding simulation for the resistance spot welding in Simufact Welding.

Both approaches will presented and discussed using examples of this.

Key Words : Weight Reduction, Mechanical Joining, Body-In-White, Numerical Process Simulation, Simufact Forming,
Joining Process Optimizer, Resistance Spot Welding, Simufact Welding, Nonlinear Finite Element Method

—

. Simufact Engineering Gmbh
2. Fapqlo] 2 AT E ol
# A A AL B glof] 2 23X E 90] (), inhyuck.hwang@mscsoftware.com
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Abstract
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Key Words : Dual Phase Steel, 3D Microstructure, Damage Initiation, Finite Element Analysis (FEA), Crystallographic
Orientation
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Correlation between Uniaxial Tensile Properties and Hole
Expansion Ratio of Sheet Materials

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

Abstract

A new approach to predict the hole expansion ratio (HER) of machined hole in sheet material using uniaxial tensile
properties was proposed. Lower HER in twinning-induced plasticity (TWIP) steel than interstitial-free (IF) steel was
explained with this approach. The width stain (g,) calculated using average normal anisotropy (r,) and total elongation
(TE) showed a linear relation with the HER of machined hole, and therefore it is possible to predict the HER of machined
hole with uniaxial tensile properties. In addition, the HER of TWIP steel is lower than that of IF steel in spite of large TE,
because TWIP steel has lower r,, than IF steel. In conclusion, simultaneous improvement of r,, and TE is needed to
enhance the HER of machined hole in sheet material.

Key Words : Stretch-flangeability (217 Z %] A), machined hole (71 A1 7}& +), punched hole (H X 71-& ),
width strain (Z 3 HFE), TWIP 4 771 2437
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Development of a hardenina model for describing asymmetric
behavior of TRIP steels

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

Abstract

The cyclic hardening behavior of transformation-induced plasticity (TRIP) steels showed tension-compression asymmetry,
which is known to be attributed to the transformation of the retained austenite into martensite during deformation. In this work,
the asymmetric cyclic behavior of TRIP1180 steel was measured using a sheet tension-compression tester. The role of the
transformation was examined by measuring the transformed martensite volume fraction using a ferritescope. In order to
represent the asymmetric hardening behavior of the TRIP1180 steel, a cyclic hardening model was proposed by modifying the
Armstrong-Frederick type combined isotropic-kinematic hardening model. The proposed hardening model showed better
accuracy in describing cyclic behavior compared to conventional hardening models.

Key Words : Martensite transformation, TRIP steel, Advanced High Strength Steel, Bauschinger effect,
tension-compression asymmetry
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Plastic anisotropy and deep drawing behavior of
CoCrFeMnNi high-entropy alloys

J. W. Bae, J. Moon, M. J. Jang, D. Yim, M. H. Seo, H. S. Kim

Abstract
Herein, anisotropy and deep drawing behavior of an equiatomic CoCrFeMnNi HEA and its microstructure and texture
evolution are first studied for future applications. The CoCrFeMnNi HEA is successfully drawn to a limit drawing ratio
(LDR) of 2.14 while the planar anisotropy of the drawn cup specimen is negligible. The moderate combination of strain
hardening exponent and strain rate sensitivity, and the formation of deformation twins in the edge region play important
roles in the successful deep drawing. In the meanwhile, the texture evolution of CoCrFeMnNi HEA has similarities with
conventional fcc metals.

Keywords: High-entropy alloys, Deep drawing, Microstructure, Texture
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drawn cup specimen. Orientation distribution functions (ODFs) in Euler space ¢, = 0% 45 and 65° sections
for the (e) annealed and (f) drawn cup specimens.
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A Study on the Mechanical Properties and Deformation
Behavior of Various AI/STS Clad Sheets
B.B. Bae', W. Bae', D. Kim', K. Euh', M.J. Kim? K.S. Lee**
Abstract
Deformation behavior and formability of various AI/STS dissimilar metal sheets were investigated through
tensile and drawing tests. After performing a series of room-temperature tensile test for AI3004/Al1050,
Al1050/STS439, and Al3004/AI1050/STS439 clad sheets, it should be noted that anisotropy was affected
mechanical properties between Al1050 and Al3003. The influence of ground tamping and heat treatment on the
roundness and ground flatness of the cold-drawn 3-ply clad sheets were also discussed.
Key Words : Aluminum, Stainless Steel, Clad Sheets, Annealing, Drawing
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Achieving High Strength and Ductility via Cross-Shear
Deformation in AZ31 Magnesium Alloys

H. W. Yang, Y. G. Ko

Abstract

Magnesium alloys have recently attracted great interest due their lightweight and high specific strength. However,
because of their hexagonal close-packed structure, they have few active slip systems, resulting in poor ductility and high
mechanical anisotropy at room temperature. In the present work, we used a cross-shear deformation imposed by a
differential speed rolling (DSR) technique to improve the room temperature strength and ductility of AZ31 magnesium
alloy sheets. To introduce the cross-shear deformation, the sheets were rotated 180 deg. around their longitudinal axis
between the adjacent passes of DSR. The sheets of the AZ31 alloy subjected to the cross-shear deformation showed a
uniform fine microstructure with weak basal textures. The fabricated sheets showed a simultaneous high ultimate tensile
strength and elongation-to-failure, i.e., ~333 MPa and ~21%, respectively. These were explained based on the structural
features evolved due to the cross-shear deformation by DSR. The high strength was attributed to the uniform fine
microstructure, whereas the high ductility was explained based on the basal texture weakening.

Key Words : Magnesium Alloy, Differential Speed Rolling, Strength, Ductility, Cross-Shearing
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Kiswire Advanced Technology Ltd, .Daejeon, Korea,
’Korea Institute of Materials Science, Changwon, Korea

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

H.S. Kim*, K. J. Lee', J. D. Im}, S. H. Kang?, S. M. Park® D. Y. Hwang"

Abstract
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The Optimization of Drawing Dies for Improvement of Shape
Accuracy of shaped Drawing Product

S. H. Lee, I. K. Lee

Abstract
During the cold drawing process of shaped products the corner filling is very important, unlike the round product
drawing. It has also influence on the shape accuracy of shaped drawing product. In this paper, the shaped drawing process
has been simulated by the finite element method(AFDEX) in order to investigate the effect of drawing dies angle to the
under filling. And compared with FEM and actual measurement data.

Key Words : Cold drawing process(*§ 7+ 1% 34]), Shaped products (©] 3 #|5%), Drawing dies angle (t}o] =7+ %),
Under filling(2<), FEM (f-38.434)
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Predictability of chevron crack by conventional ductile fracture
theorem and its limitation

H. S. Hwang, Y. S. Lee, M. S. Joun

Abstract
In this paper, a chevron crack is predicted by conventional ductile fracture theorem and compared with experiments. The
process is a 4-stage open cold extrusion and normalized Cockcroft-Latham damage model is employed. A great difference
between the predictions and experiments of the crack is observed, which reveals the limitation of the approach based on
the conventional theory of ductile fracture. Based on the observation, the direction of a new approach of predicting the

chevron crack occurring in the process tested is proposed.

Key Words : Ductile fracture theorem(<1/3 31} 3] ©] &), Chevron crack(4] 2.2 = =), Extrusion(%=)
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Study on extreme cases of various numerical approaches to
open cold extrusion

M. Akash, M. S. Joun

Abstract

In this paper, an open cold extrusion process is studied to reveal the effects of material and die models on the reduction
of area. The four cases are studied, which are combination of two material models of rigid-plasticity and elastoplasticity
and two die models of rigid and linear elasticity. Effects of number of elements and solution steps on the predictions are
examined and the maximum reductions of area for the four cases are obtained, revealing that elastoplastic material model
and elastic die model give the largest allowable reduction of area.

Key Words : Rigid-Plastic Finite Element Method (7
[e]

f-3+9 2~1), Open Cold Extrusion (/1'% 3

1. Introduction

Information about limitation of reduction of
area in open cold extrusion is very important to
conduct successful process design with
optimized reductions of area and reduced
number of stages. It has been well known that
there are some difference between experiments
and predictions [1, 2] and that the predictions
are much dependent on applied theories of the
approaches, that is, material model and die
model. Many CAE engineers are curious about
the effect of die deformation during extrusion
and elastoplastic material model on the
allowable reduction of area. Because of high
dependence of the results on the schemes,
application engineers usually employ a
frictionless die to prevent bulging or rigid-zone
deformation removing scheme [2], which may
cause big problem in many cases.

In this study, the effects of material model and

24 #3224 9), Elastoplastic Finite Element Method (¥4~
7h4§g

L st Quretel ) A5 o)
# WA AR A 7 AF st/ el
E-mail: msjoun@gnu.ac.kr
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die model on the allowable reduction of area in
open extrusion are revealed.

2. Analysis of an extrusion process

Fig. 1 shows predictions together with process
geometries. The unloaded die radius at the die
exit is fixed 15 mm and half die conical angle 30.
It is assumed that the flow stress is Y,(1.0 + &/b)?
MPa where Y, = 451 Mpa is strength coefficient,
b = 0.0167 is strain reduction ratio, a = 0.1341 is
strain hardening exponential and that the
coefficient of Coulomb friction is 0.025. Die
velocity is assumed unity because of rate-
independence of the material.

Table 1 Cases of models of material and die

Cases Material Die

Case 1 Rigid-plastic Rigid
Case 2 Elastoplastic Rigid
Case 3 Rigid-plastic Elastic
Case 4 Elastoplastic Elastic




The aim of this study is to find the maximum
radius of initial material for the four cases of
material model and die model, which allows
normal extrusion without any material contact
with die in the entry side, are listed in Table 1.

As seen in Table 1, Case 3 and Case 4 need
coupled analysis of material and dies for
deformation. Four different finite element mesh
systems composed of 1500, 3000, 4500 and 6000
quadrilateral finite elements for the material are
used to reveal the sensitivity of the predictions
with respect to numerical scheme. The mesh
systems together with effective stresses are
shown in Fig. 1. The state variables in the

extruded material show residual effective stresses.

Fig. 1 shows the effective stresses of die and
material of Case 4 at the elapsed time 26.0s when
steady-state condition is reached.

+1.08981E+003
| +9.98989E+002
+9.08172E+002
+8.17355E+002
+7.26538E+002
+6.35720E+002
] +5.44903E+002
[ +4.54086E+002
+3.63269E+002
+2.72452E+002
+1.81634E+002
+9.08172E+001
+2.17469E- 011

(@) Material

(b) Die
Fig. 1 Effective stresses of Case 4

Fig. 2 shows the effect of number of elements
and solution steps for the all four combination of
die and material models on the limit initial radius.
Elastoplasticity  predicted  larger  possible
reduction of area than rigid-plasticity by almost
0.78%, which cannot be neglected. Also elastic
deformation of die increases the reduction of area
by 0.37% for both theories compared to rigid die
case. Limit initial radius increases with increase
in the number of element. Although, the
difference of increment is keep reducing as the
number of element increases. Solution steps has
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influence on the shape of extruded part. The
chances of distortion at the entrance is more at
the lower number of solution steps.

1851
184}
- L
= L
k=] [
S 183+
3 L
= L
= [
=182}
£ I
- N i 2
18.1; === Case 4
r A\ : 200 Solution steps
O :300 Solution steps
18.0 i s |:|‘:4(?OSIqu‘tionst‘eps‘ .
0 1500 3000 4500 6000

Number of elements

Fig. 2 Limit reduction analysis with respect to
number of elements and solution steps.

3. Conclusion

In this paper, an open cold extrusion process is
quantitatively studied to reveal the effects of
material and die models on the reduction of area.
The results of this study showed the sensitivity of
allowable reduction of area in open extrusion
with respect to applied models of material and die
as well as the number of elements and the
number of solution steps.
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FE Simulation of surface defects such as seam in caliber rolling
process with a fracture locus model

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

Abstract

Many types of surface defects on material are frequently created by diverse causes in caliber rolling process. One of
them is a mismatch of mass flux (roll speed multiplied by cross sectional area of outgoing material) at each stand (pass)
attributable to roll wear. In this study, surface defect such as ‘seam’ was investigated. Finite element analysis was
performed to simulate surface defects on material usually in the roughing mill in caliber rolling process. Element deletion
method coupled with the Bao-Wierzbicki fracture locus was employed to simulate the occurrence of surface defects. The
validity of the approach proposed in this study was verified by comparing the surface profile of material obtained from an
actual caliber rolling mill with FE simulation. Results reveal that the surface defects such as ‘seam’ always occur
whenever mass balance between stands is incorrect due to roll wear in caliber rolling process.

= = q o) TN E Al(seam)d TS
EHEES 2AEIY. fFdeAHS T A 24 FAHAA A EESS BAEIYY ®
HES EASHZ] 98] Bao-Wierzbicki 3 54-& ZA3st @ 4AAHS AFE3Ich & A+
o A A¢ts HZHol BlFAL A AAGdAdA 98 AA FHEZI FE EAES v ushy]
AR 2 Ao Ay AALA FAHAA B vfEE Q1Ete] AFujEHo] EUX T u
vith 3AF A(seam)d 22 T Eo] HAZITE AL HolF )

Key Words : Caliber rolling(%1 71 9t<1), Surface defects(3E %), SCM435 steel, Mass flux(Z %l &%), Fracture
locus(¥}-] =+41), Stress triaxiality(4F 552 1))
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Practical Approach to Determining Material Parameters
iIn Microstructure Evolution

M. Irani, M. S. Joun

Abstract
A method composed of simulation, optimization techniques and experimental studies is presented to determine the
material parameters in microstructural evolution. An isothermal hot compression test is modeled to investigate the
accuracy of the method. In this regard, dynamic recrystallization of AA6060 aluminum alloy is studied at temperature of
350°C. Three main material parameters in Kolmogorov—Johnson—Mehl-Avrami relation obtained using the proposed
practical approach. A good agreement is observed between the material parameters obtained using this method and

experiments.

Key Words : Dynamic recrystallization, material parameters, aluminum, simulation, optimization

1. Introduction

During metal forming processes, different
metallurgical ~ phenomena  such as  static
recrystallization, dynamic recrystallization (DRX)
and grain growth may take place [1]. The kinetics
and grain size of recrystallization are classically
addressed using the Kolmogorov — Johnson — Mehl
— Avrami (KJMA) relation [2]. The coefficients in
this model are typically obtained by extensive
experimental obser-vations [3]. According to KIMA
relations, the DRX grain size is expressed as [4]:

RT) ¢ @

dgry = adlte™é exp( Q
where dy, . .Q, R and T are initial grain size,
effective strain, effective strain rate, activation
energy of recrystallization, gas constant and

1. ZAddgn qeed 71433
# 7% oiEtal 71 A e E s /&
E-mail:msjoun@gnu.ac.kr

3
I o]‘:l ]F OIM]

temperature respectively. a, h, m, n and c are
material parameters conventionally determined
through a set of experimental tests. In this study, a
combination of finite element analysis and
optimization techniques is employed to acquire
these parameters and reduce the experiment costs.

2. Material and methods

2D-AFDEX metal forming simulator with
HyperSTUDY is utilized to predict DRX grain size
in an isothermal hot compression test. AA6060
aluminum alloy is compressed at temperature of
350°C and strain rate of 0.1 mm.s™. In the initial
run, the material parameters of DRX were extracted
from the literature [1,4]. The objective function is as
follows:

A= Z(dDRX,exp @ — dDRX,opt(i))Z
i=1
where dprx exp) @Nd dprx simgy are the predicted DRX
grain size at i™ sample point using the experimental
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and optimized material parameters. The constraints
are

6x10"%< a <8x10™
-1<m,n<0 3)

The values of h, ¢, dy, Q and R are given as one,
zero, 137 (um), 161 (kJ/mol) and 8.314472 (J/kmol),
respectively.

3. Results and discussion

The variation of objective function with iteration
is depicted in Fig.1, showing the value converges to
2.1 after 50 iterations.

100

80

Objective function (A)

Iteration

Fig. 1 Variation of objective function

The optimized and experimental values of
material parameters are represented in Table 1. The
result shows a good agreement between
optimization and experiments.

Table 1. Comparison between optimization and
experiments

Parameter Experimental Optimized
a 7.22 x10% 7.4x10"
m -0.105 -0.107
n -0.985 -0.929

Fig. 2 illustrates the predicted DRX grain size at
final stroke of hot compression test using both
experimental and optimized material parameters,
showing that the material parameters acquired by
the proposed method are reliable.

2. Conclusion

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

(a) Experimental

(b) Optimized

Fig. 2 Predicted DRX grain size (um) at final
stroke
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Hydrogen Embrittlement of Stainless Steel

S.W. Baek, E.J. Song, J.H. Kim, U.B. Baek, H.M. Lee

Abstract
We report hydrogen embrittlement (HE) behavior in austenitic stainless steel (STS) for hydrogen service. Conventional
HE phenomena of cold-rolled STS are introduced with the various HE theories. In present research, HE resistance of
powder metallurgy (PM) processed STS was discussed in terms of in situ tensile test results, fractography and dislocation
behavior. A 120-MPa gaseous hydrogen environment materials testing system at KRISS was used to investigate the effect
of hydrogen on mechanical properties under pressurized gaseous hydrogen. Under gaseous hydrogen, PM-processed STS
samples showed small dimples and a cup-cone shaped ductile fracture with depressed phase transformation.

Key Words : Mechanical property, Deformation, Fracture, Austenitic stainless steel
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A Study on the aging behavior during pre-strain
of Al 7075 through DSC analysis
S.H. Jung, Y. B. Kim, J. Lee
Abstract
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Electric current-induced phenomena of magnesium alloys
J.-W. Park?, H.-J. Jeong*, S.-W Jin*, M.-J. Kim?, J.J. Kim®, H.N. Han"
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Finite Element Analysis for Manufacturing Process of Main
Shaft for Wind Power Generator

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

Abstract
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Development of flex-forming dies for wrinkle reduction and

shear cutting of Al sheet part

S.W. Kim!, S. H. Kim*, H. S. Park?, D. Y. Kim?, J. W. Lee?, K. H. Kim*
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for Automotive Door Outer Panels
B. W. Kang, I. J. Jang, J. H. Kwak, W. Noh, J. H. Song, S. H. Kim, S. W. Nam, C. Y. Jung
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Numerical Analysis of Press Forming of an Al-Mg-Si Alloy Sheet
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Formability Evaluation of AI5083 and Al6061 Tailored Blanks
by Friction Stir Welding

I.J. Jang, J . H. Bang, Y. B. Kim, S. H. Gwak, W. Noh, J. H. Song
Abstract
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An Experimental Study of Strain-rate Influence on the
Formability of SGACUD and DP590 Steel Sheet according to
Deformation Modes

H. D. Kim', S. M. Cho?, C. D. Park? W. J. Chung”

Abstract
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2t
Table 1.Formability Comparison in biaxial Stroke 2LO ISISISININISINIFIS]S
stretching (SGACUD) 215 | SISISISINISISINISIS
Results(S:Success.F:Fail,N:Necking) (mm) 220 INJFISISINIFINISISUE
Speed 3 SPM 30 SPM 225 |FIF|F[S|F|N[N|[N|F|F
205 1 slslslslslslslslsls 230 | FIF|F|F|F|F|F|F|F|F
210 | slslslslsls|sInls|N Table 6. Formability Comparison in Circular cup
Stroke ) 915 | s|s|S|S|S|IN|F|F|N|N drawing (DP590)
(mm) 220 | NI N| S| S|S|F|F|F|F|F Results(S:Success,F:Fail,N:Necking)
225 |FIFININJFIFIFIFIFIE Speed 3 SPM 30 SPM
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Table 2. Formability Comparison in plane strain
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Table 4. Formability Comparison in biaxial [1] H. D. Kim, E. H. Jang, W. J. Chung, A Study
stretching (DP590) on the Influence of the Strain-rate on the
Results(S:Success.F:Fail N:Necking) Formability in Automobile Steel Sheet
Speed 3 SPM 30 SPM Forming according to Deformation modes,
150 | S|s|s|s|s|s|s|s|[s]|s 2016,pp 257~258
Stroke | 155 | S| SIN|S|S|N|S|[S|sS|S
16,0 [ N|F|S|N|S|F|S|F[N|S
(mm)
165 |FI|F|F|F|N|F|F|F|F|F
170 | F|F|F|F|F|F|F|F|F|F

Table 5. Formability Comparison in plane strain
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Dieface design and Forming simulation using TRB

I.S. Oh, S. H. Hwang, H. K. Park, J. W. Jung

Abstract
In the automotive industry, TWB(Tailor Welded Blank), TRB(Tailor Rolled Blank) stamping process are broadly adapted
to reduce weight of the car and improve impact capability. TWB process should need welding process to get variable
thickness blank, but TRB process could omit welding process to get variable thickness blank. In this paper studies the die
face design for TRB using Diemaker for CATIA v5 and forming simulation progress for Formability using PAM-STAMP

2G.

Key Words : TRB, Tailor Rolled Blank, Die face design, Diemaker for CATIA V5, PAM-STAMP 2G
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Process Design of Plate Forging Component using Design of
Experiment and Finite Element Analysis

M. C. Park, M. S. Joun, D. H. Kim, H, J. Shin, C. J. Lee

Abstract
2 AFE &FvE Bz FAA AF gxde] wAste AT Ay FEel B AFE S
StTh Al Edol A ste] A, dukx BE 54 e S s whx] Bt whabA,
FATE Axgelr] sl AAAGED FFesHe olgd AHAAE ST TR
t AL BAN] 9% 23 93 L 224 29 Aol uE A& AFAY P e}
FRoasde $YSYT, FAAFL Aagete AANGE AP S AUk AFHoR HHe) 4
ARFE A83te] APAF S TN, Forddag & X3S &0 & = U

Key Words : Design of Experiment (2 ] 7 2 }), Finite Element Analysis(+- 3.2 43} A1), Process Design(& 732 4)) ,
Plate Forging(H &%)
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2 FUHE ¥ ES 1T7|7] S4oA Stol Table 10 AEAEYH A ReteasiMds
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E(Vent) £Z2| Fig. 1z} Zo| ZHol| & z} Zole| Hlo|ct,

— =
st gyl M (Fordingt

il

A

=

= =]

(Wrinkle)2 = 431517| Qs 7S 35t
qich gMzdsEE zZastsh?| @5t 29
o AL =T7|AA e &Atol| CHsto] AlH
Aegn fEadde olgstol 2ol

L. d=AEa 79 :
2. ZAxdstal 71423 o \
3. A ety - RE ey} ’
4

#

. Egols o 2~ Fig. 1 The shape defect of vent part

WA A A} YA AFY | E-mail: cjlee80@kitech.re.kr

-139-



Table 1 The levels of design parameters < ®Helt ol& HFshr] #sl HA AA
Design Level =, AARS A9 35F, B2 25 F, Cof 2
Kﬂfahm(im o EE—— +xzoz gitesilde $YslIch R
L fm | 07 0 07 22304 238 Fig. 20l Lherfgich o)A
C _ ab 2.2 2.3 2.4 2o, FEHEE Table 29| No. 92Ct 0.19
of REHEEO LASICH ol HIES

3. Zol g pE Z MEMYS YD AIgMY dats

Table 20 AHAEHo| o|st Fot sl Fig. 3ol LIERHRICE AldAds Z3, HME
MADE LERYACE NooZl FEHES ol Hel % F80| 7IZ HMFof| i
ol 7F&F A LiEFZCH ol2{st A olX} S S| 2 WS gelg = Ut

=0 mEHEED ofmMsr Z&ol A=A
ot 7| 2/5t04 ANOVA(Analysis of Variance)
EAMEM S AMA[SIUCHE ANOVA 24HEAM A
oS Table 30f LHEHHACE ANOVA E4HE
A 2O MAES A B, Co 22 HEH

Table 2 Lo(3°) orthogonal array for FE-analysis

Design :
FE-analysis . . . . .
No Parameters _ Y Fig. 3 The result of experiment using optimal design
A B C Strain- values
Effective
1 1 1 1 3.73
2 1 2 2 3.41 4, d8
3 1 3 3 3.75 2 dFolMe Eox FE MYAl xH
T R 332 of wMsts HAAES x251510| 9510
6 2 3 1 3.14 AEAEHI RetLsiAM s o|E5t0] #
7 3 1 3 3.36 Ho| HdAMHLE TE&oict =& A
g [ 3 2 1 3.01 of MAMSS Sof NEMES SUSIHD
v 18 3 2 218 o= mEO uo| HAZE wMo| Fofs
AE =l & 5 AUActh olof HEA =Y
Table 3 ANOVA table for otl)jective function I} SEQAAMS 0|25 ZHAMH T} AlIF
Design Leve M3iDl & olx|3tS Blo| SF & olod
Parameters 1 ) 3 F-value Meul 2 adx|gts 2ol g = AAgCt
A 3.63 313 3.05 6.82
B 348 311 322 2.55
C 329 318 3.23 0.21 7|
= 7= S27[YEAM X |5 2016
HE AeboidE T =702 (No. C0405616)2]
Aoz = ELCh

—

1] S. J. Park, S. G. Lee, D. H. Kim, 2016, Studies
on Precision Bending of Motor Spring, Trans.
Mater. Process, Vol. 25, No. 6, pp. 366~372.

Fig. 2 The result of FE-analysis using optimal design
values
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_, Mini V-bending A& _A|
Mgele EAlol Zgldol et AT

Z 21| Jaiveer Singh, Z[A|&

Abstract

Mgete HAY A AaA FaS 93 dFoMes F2 Ha #3325 (minimum bending
radius) 2 ol 2l<= A S=(Erichsen index)S S7d3ste] AFAAS Hrbsta Aok AFoA = 71&
w3 AAHe A AAA SHe dHs Beetr] 918l mini V-bending Al RH-S Al )FeES
2t Vebending A1 ¥+ mini V-bending 213 Al E-form Mg&& Aol F7eEo = v
&84 (deformation twins) 2 7] A §Z A (microtexture) 2] B+ LS vlwslr] Yste] EBSD
ol gate] AgHom HAsIGar, #3F24d A (finite element analysis, FEA)S ©]24 o2 H
ST o] 274 34 AyE EYE V-bending A& A W& &3 397 (bending radius)
A= o]% 72l (punch stroke)d] A#ABAE sl AT Al 2.7 2 Q8 &4
Zxol A 9kg mini V-bending 71 A& o mA MgEEo w3 ok S22l Hrt
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Investigation of T-bar forming process parameters for
shipbuilding offshore plant using FE analysis

S.G. Hong, D.H. Choi, S.G. Yoon, W.J. Lee, J.H. Yoon, S.I. Lee, J.H Lee

Abstract

T-bar is used for forming a skeleton on a large ship and has a demand of 30 % or more of the raw material form ship
building. Two plates of the thick plate are manufactured by butt welding together and then using the bending process the
T-bar is manufactured. However, the proposed process is performed by the manual operation of the operator, which cases
a problem of the working time and precision. In this paper, the influence of the process parameters on the finite element
results in the forming process is investigated. The finite element model used in this study has been already evaluated in
terms of accuracy and robustness by comparing the experimental results. The material thickness, friction coefficient,
holding pressure and displacement of the punch are considered as the process variables. The effects of the process
parameters on the prediction of springback are also studied.

Key Words : Finite element (-3 & 4), forming process parameters (‘4% &4 <), Bending process (F3 433
TA)
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Measurement of friction coefficient
for warm forging process using ring compression test

E. S. Go, K. H. Jung
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A study on deformation after quenching
of Crankshaft shape for Marine Engine

W. B. Jeon™, S. I. Jeong*, B. K. Song*, J. Y. Han, S. K. Oh? H. W. Jeon?

Abstract
Crankshaft which is seated in crank case of marine and generator engine and changed from a reciprocating motion to
a rotary motion of Piston, is significant component of an internal combustion engine. Crankshaft is quenched to meet
mechanical properties and after quenching, that is causing the deformation of the product is essential. If it makes a lot of
setting the machining allowance, that should not be efficient on many machining, reduction of the mechanical properties,
and etc. Therefore, this study determines the best machining allowance to anticipate deformation of Crankshaft after
quenching using Fe-analysis.

Key Words : Crankshaft; Marine Engine; Quenching; Deformation; Fe-analysis
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Abstract
Flange is a component that connects two hollow cylinders. Large forging load is required to manufacture the flange by
closed die hot forging, even though it is aluminum. Two kinds of incremental forging process are suggested to reduce
forging load, and preforms are designed. Forging loads and deformed shapes are compared in three forging cases. The

optimal process and preform are proposed.

Aluminum Flange
J. W. Nam, K.H. Lee, J.R. Cho, C.B. Jang, I.W. Lee

Development of Incremental Forging Process for Large

ME

Key Words : Flange, Incremental Forging, Aluminum, Preform

1.

ol
i

Hinl

100

od
4l
-
i
)
s
(o]

iy

-

md

<

160

o

i

100

b

[<)
=

AlZ171 2

CIE3He R M=

100
=)

i 10,000 ton & Ol

b

ol

160

Toll

B

M AlSH

2t(preform)2

ot of 5|

A3

e

of

d AA

P
o

=1
o

2.

M0

5 o
<°::>l glht

Al 2|

[=x]
S

tAct ofsld

tol MdAI5

S

2 1y

51 A}
S o

ot

-

S
as]

FAEL

9

AA

=

b

4

to1 Fig. 1(b) 2t Fig. 1(c)et

tol dAlst &5 =

[S)

= dAZ17] 2

ro
I+

<0

b

ol1, Fig. 1(c) &

1A
=}

100

@
ol
TR

0l
700
0

<+
ofu

160

S

2 g

51 A}
S o

4

=
=

_l_ro
ol
IR

o

160

Z12 Tablel off HEHARACE

M
A

=
1o

—
[e]

- 149 -

al

13

3 ¥

#o} ¢

A
o

i

=

1

=<

=1

) PSM

E-mail:cjr@kmou.ac.kr
kel A

@l st 71735

# WA A= S
L
ol Y]

i

=

1.
2.
3.
4.




Forging A
Direction e ——— 7/
_ ] 7 ) A )
Top Die , % Lt %// il /"”’”’%{{/{/{{{% ,/
— Workpiece ////////////’Z///;///// ///////%///f////f/ - / /////////////////////////’/
—Bgttom v
Die CONE DIE CONE DIE
@) (b) ©)

Fig. 1 Schematic diagram of forging processes (a) closed die forging (b) incremental forging process | (c)
incremental forging process 11

Table 1 Forging conditions
Workpiece temp. Die temp. Friction factor
400 °C 300 °C 0.5
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Effect of air trapping occurring in hot forging

D. I. Roh, H.K. Moon, M. S. Joun

Abstract

In this paper, a three-stage gear blank hot forging process is simulated with emphasis on prediction of under-filling
defects due to air trapping phenomena in the cavities enclosed by material, dies or tools and plane of symmetry. The basic
approach is introduced to deal with air trapping phenomena. The volumetric strain of each cavity is traced when the air
pocket has no air hole and its pressure that is a function of the volumetric strain and maximum normal stresses of the
neighboring contact interfaces is exerted onto the surface of material inside the air pocket. The presented approach is
applied to a three-stage plate forging process in which the air trapping phenomena can be sensitive to the plastic
deformation of material. Predictions are compared with experiments, showing that they are in excellent agreement with
each other.

Key Words : Air Trapping (3717 3]), Hot Forging (& 7F&+3), Metal Flow Line (&4 54 =)
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(a) Without air hole (b) With air hole

Fig. 3 Comparison of the cases with and without air
hole
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Engineering design of a cross-wedge rolling process of hot-forging
preform of a ball-joint case

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

Abstract

In this paper, an engineering design of a preform of hot forging of two pieces of ball-joint case at single stroke is presented with

emphasis on its effect on improved yield rate and decrease in forming load. A rigid-thermoviscoplastic finite element method is employed.

A cross-wedge rolling process for the preform is proposed and its possibility is studied using the finite element method.

Key Words: Cross-wedge Rolling (7. 2225 ),Ball-joint(E =31 E
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Fig. 3 Predictions of the new forging process
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(b) Experiments
Fig. 4 Comparison of predictions with experiments of the new
process
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Analysis of springback and its verification of an automatic
multi-stage precision cold forging process of a yoke

M. C. Kim, K. M. Kim, H. N. Song, T. M. Hwang, W. J. Chung, M. S. Joun

Abstract
In this paper, an automatic multi-stage precision cold forging process of a yoke is simulated with emphasis on
springback analysis using an elastoplastic finite element method. The unloading process is simulated to reflect real
situation in analyzing the springback. The distance between two ears is measured at the final stroke and it is compared
with experiments, revealing that they are in a good quantitative agreement.
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Fig. 2 Elastoplastic finite element predictions : (a) Whole process, (b) Punch returning process in Stage 5
(nodal velocity), (c) Measurement of distances between measuring points at ears before and after the
punch returning process
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Finite element prediction of deformation of material due to
springback after material removal of a forging

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

Abstract
In this paper, finite element prediction of deformation of material due to springback after material removal of an axi-
symmetric forging fabricated at the room temperature is conducted. An elastoplastic finite element method is employed
considering die plastic deformation. The predictions of springback analysis conducted after the final stroke of an axi-
symmetric cold forging process containing residual stresses are utilized to be mapped onto the final material after the
material removal.

Key Words : Springback(2~ 3 & ), Axi-symmetric Cold Forging(% % “37}tck=), Material Removal(Z2})
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Study on roundness of cylindrical hole formed by non-axi-
symmetric cold forging

K. M. Kim, M. C. Kim, S. H. Chung, T. M. Hwang, M. S. Joun

Abstract
In this paper, causes of formation of elliptical cross-section in the cylindrical hole cold formed or backwardly extruded
by cylindrical punch with round cross-section are presented. An automatic multi-stage cold forging process of pinch-yoke
is simulated to reveal the reason of formation of elliptical cross-section. The predictions are compared with experiments.
It has shown that backward extrusion for a round hole onto the material with non-axi-symmetric cross-section including
rectangle is exposed to formation of elliptical cross-section because of non-uniform deformation due to the

incompressibility.

Key Words : Roundness (X9 =), Cylindrical Hole (48 ™), Non-Axi-Symmetry(H] Zth %)
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(a) Initial (b) Stage 1 (c) Stage 2 (d) Stage 3 (e) Stage 4 (f) Experiment
Fig. 2 Predictions of the pinch yoke process and experiment
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= Act
W chodo| e|ZtMol (el HXZ H|FCHE S
: chHE mojde mf, nsiol & M2 F2
| d HASSHTe Zxo|ch Hush= M ek
O of MMHEEST MEol g2 00| =ofo}
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(a) xy-plane (b) yz-plane 57|
Fig. 3 Deformation on planes of symmetry ™ ) _
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_ o £ FX| 2 4 - o
olok Axjo| o mo| BE Zao MEstD ZJE{HE'ET\I‘L:AF%(T—WIIHJQ. S2415560)2 x|
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AcH, olMxel R5 x2S |AB| st = HOL TRE ATl
of stEEl AXTI MY YHoZ SUB S _ _
o =5 5 5 = rS syl
2 fSofoF otx|gh, srywstel ax £y HLTE
Cl2oz olsto] olgis SE2 Aojg £} [1] K. Tamura, M. Akiyama, J. Tajima, 2005,
glch =, wlzubsto] Axjo| =7} &t = O.ptlmlgatlon of_z?nwl design for ensuring
oloflA] A3 ubsto| HHMH{SEaEo| Sl dl_mensmnal precision of forged rqund lf)l||et
z=ujo| Axfo| 2o|5t0 MX| =D CHA Mo 2% VYIt.hOUt fc.)rglr)g_ defects by threetdlmensmnal
x5t HME{E S0 712 X 5ot rigid-plastic finite element analysis, J. Mech.

Eng. Sci., Vol. 219, pp. 461~475.
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Study on Microstructure and Wear Property of Hyper-eutectic
Al-15wt.%Si alloy manufactured by DC casting and EMS
processes

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

Abstract

B Aol A= DC(direct chill) Casting 2 EMS(electromagnetic stirrer) 542 AxH 334 Al-SIi &5
of mAlEA g utR AES ZAREGIT A7) S AAe] XRD B EPMA & 24 Aol A Al 7]#]9) s,
Alg(Mn,Fe), Mg,Si, AlLCu *E°] A= wAx2 #2AZH3 DC LAlolA <F 846um FFo Z=dis
273 sidte EAE Felsld o, AAYHY A7 185 umE SAHHAY. WhH EMS LAl E 2F
Sidrel Z=77F 329um, AAY A7) 13.7umE EMS &8¢ wgt %A Sidte] Av|et 2R Y A7)
As] Zad 432 Felegtt. npRAIH S Pinon disc FH S o]&slo] wet S ® 3, 4, 6kgf, 1h
gapler, drow By AlSI Fao] WrtE 542 24 Side] A7), @4 2 Ex 2
Wethar A Atk o whEk E AFeA e A mAzRA A 5EA4E alge® HFA AlS
b S M= 2 Side] A7), @4 22X IS dotR A et [¥ dAge
=gl Adem FEdon ofd A=Y ]
Key Words : Hyper-eutectic Al-Si, Primary Si, Wear property, Pin on disk test
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aldl M= &Ed|o w2t = Sidto] Moo= J[AM EA £t sAtEIctT SHEChE] 2 o

Toll A= DC castingZ} EMS processZ =& t=Zd Al-Si &
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Te st 209, Fig.10l HtEFHACE DC 2 of 2Est= D|MAES F7|= =& Sidto| 84.6um,
=24 Siato| 4.34pm, ZHE 2 13.7um 2 SHEACt gH EMS S3H 22 M=E Fel EFF
ZHESiAe| 37|17} 32.9um=Z 2F 258 ZASIH 20 Sietnt Z™e 37|= 242 3.78um,
13.7umZ DC AMECH #2451 2Ast &
5 gael uotz E4 "W E 25l pin

Qo

st¥ch =" AlSI 2E2 25 8 ASA X FE0d MU A= 48 FE Mo
|5l =5 wear loss Z4S LIEFA S0 3kgfet dkgfoll M= ofZ 20| el LIEtLEX] ebfct 3}
Y AlSi gtg2| ot2E2 6kgf SHSOIMFE LS| ARSI =0 EMS Aol Z9 DiR

=)
2ol ZI7t7F o|o|gt vt =H SiMe| 377t =i H DC Aol ot=2&o| 6kgf SHSOIA =
#s| Zotstaich, _
o0sod| == Batoy |
l ~* Calloy |
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? 020
£ oons ]
®
£ o010
1oad [kg1]
Figure 2. wear loss value against increasing load of cast iron, DC alloy and EMS alloy
% <-—-—— - . Wear ﬂirec:ion» é._— o w:é‘ar t.lire'cﬂon
m'ﬁigure 3. worn out surface of EMS alloy
4. Z2E

= AFoM=E SHE AlSi 23 W oM =2z Yotz E4dof| o|x= EMS 32| Fekll
o =ALSIRICH, Lotz E42 =d Sidte| F7|of I3 dekg e A2 4=t
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[1]S. Tomida, K. Nkata, S. Shibata, 1. Zenkouji, S. Saji, 2003, Improvement in wear resistance of hyper-
eutectic Al-Si cast alloy by laser surface remelting, Surf. Cout. Tech., Vol. 169~170, pp.468~471

[2]F. U. Ozioko, 2012, Synthesis and study on effect of parameters on dry sliding wear characteristecs of Al-
Si alloys, Leonardo Electronic Journal of Practices and Technologies, Vol. 20, pp.39~48

[3]J. W. Yeh, S. Y. Yuan, C. H. Peng, 1998, A reciprocating extrusion process for producing hypereutectic Al-
20wt.%Si wrought alloys, Mat. Sci. Eng. A, Vol.252, No. 2, pp. 212~221
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A study on occurring zig-zag shape crack during aluminum roll-
forming process

S. Leel, J. Lee!, S. Choi*, G. Kim?, Y.B. Kim*

Abstract

The objective of this paper is to investigate zig-zag shape crack occurred in cold roll forming process of aluminum
7075-T6 sheets. In automotive industry, the use of aluminum alloys is increasing for lightweight. Especially T6 aged
aluminum 7075 has good specific strength but poor formability. So various ways are being considered in forming of
Aluminum 7075 T6 currently. But the best way economically is cold forming. In this study W shape bumper beam was
cold formed by 20 stages roll forming process practically. And the numerical analyses were conducted by commercial
finite element code, LS-DYNA. The zig-zag cracks were observed during forming process. The cause of zig-zag cracks
and their propagation were explained with numerical analysis results.

Key Words : Cold roll forming process, Zig-zag shape crack, Aluminum 7075 T6 alloy, Finite element analysis
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Influence of Work Hardening Characteristics
on Springback of the TRIP1180 Steel Sheet

J. H. Kwak, I. J. Jang, B. W. Kang, Y. B. Kim, W. Noh, J. H. Song, S. H. Kim, D. H. Park, J. H. Lee,

C.Y. Jung
Abstract
2087y T AY JEEY 34 AEE S 8 AY g 2 2= d4Ss fee s
a4 oz BA3S] x|~ 4y A B /AP B AT 54 oS 96 AFgSSH
AdE Fdsta v 3dAGT, HolAeAs, JFT7Astdde dEeTt. olget HsATe FA4L
o574 sk el d11hel Yoshida-Uemori 2H& 3|4 wele] Agaioict. U =2$ w3 AAL 59 =
=ulg S4aa 84 Ageh viaste] 4 wulel B e AEAAAY. AEE A4 2L A
ARE AYTAH D 2T S AREASID AlPgAY MuE Fate] aAle] AEAEe] LXMW m
A QI o WS PFH o B

Key Words : Isotropic hardening, Kinematics hardening, Springback, Ultra high strength steel, Finite element analysis,
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Tendency Analysis of the Pipe Forming Process according to the
Size of the Drill Hole

M. H. Kim, J. H. Jeon, G. T. Moon, Y. Seo

Abstract

-2 Al pdol B4Rl A8 s1y] widel 4kl Aukell A glojA s oF H= 840t o]
e A1g HEAo weE 277 Zosith A ] WAL T ol al#s U A FHE b g
7] 18 sk WAelt dAl &3] AMEEHE XY Ve WS B At S HAIA 7MY Holg
g Aot B Ao AMEEE XY 7HE ¥ AaE =2Ydle] XYAY WHoeR ¥
W AFbe]l 5 2 o2 #omw xH 1114 @b gk Agety] izl 2 AAA ol HFET ol
I qAE AR E vEelth B ATdA e Bruide] A8 BA F 2E Z7(#EA delyrt B A
ol M= G 9 FPHS Yolr7) %’43@4 e ArYS o] &3 AP HAAEALE WPttt

Key Words : Forming, Pipe, Drill Hole, Forming Jig, Residual Stress
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Structural Design and Strength Analysis of 34ton-class
Composite Driving Device

S. M. Bae!, B. C. Kim?, D. H. Kim*

Abstract
A, 93 %“71 T At Z2A7E o] gl A 2 2 ThaE AFAA 2 Al Al E
9 BEI(EY)o] FFote] aEe dHdgo] dAs oyt HAHS MASt A FA H
e AN 4 9% DREAE ol8d AR B RIS BF AR Jed Farulol

i

25 stz dvh 71E Fyuutol el His) FAtm 24 A BLQS £E5 AAstuA
3 EI(ZEE o)L ArlolA mEES BAEH ASE ma o P 9 AAR 2o
F&Aolm b mek FAAI7Iazt gt Aol AE A A S H Rl BE
Abgo] 7Thest 8 tufolx IS 913 7} FiEo] A B ArsiA e st A
S Wrketdlth A WMo s FYrintolze] fRE B EaddER Fo 7t Fo Fud
AAsEGon, A AR ¥ B EEo] i FEEe TS S S Hotst

Key Words : Excavator, Driving Device, Strength Analysis, Structural Design, FE-simulation
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Ht7| M, Nabeel Jahanzeb, ZA|Z

Ki-Seong Park, Nabeel Jahanzeb and Shi-Hoon Choi

Department of Printed Electronics Engineering, Sunchon National University, Suncheon, Jeonnam, 540-742, South Korea

Abstract
TIG(tungsten-inert gas) &3k Hgfo] EAl SS400703 L ~E|Lo]EA 316L ~HQlE] 2~ 7o
o] &3 8755 (weld zone, WZ)U] A3} 240 B3+ A (strain heterogeneity)oll ™) x| = W] A%

2o J3FE o]EAH o= olgfatial AT i A= TIG &XT olFf}=Y 7+ 9
|15, oo 3 (heat affected zone, HAZ) = X 7)|(base metal, BM)2] H]#] 2~ 7d %= (Vickers Hardness,

Hy)ot FE54 %, 7t 4 sAG B 784 8kx] 479 2337 (Correlation) & & slo] AU
st 4~ dlAS =305kl tl. EBSD(electron back-scattered diffraction) % % A1AFE A v 7 (FE-
SEM)S o] &3l olFda ST FA weow AxwE FAA ZZ(columnar structure)S
39tk DREAM3D &£XEQJo]E o] §3te] F44 2] &4 (morphology) % A7 34 W
%] (crystallographic orientation)ol] t) 3} % 7] 4 (statistical) ©|o|E]S F33&}o] 7}4F2](synthetic) 3%}
nAza 2z A-Ho| thak 329 2 A (3-dimensional element)E A st AR W)
of 71%3te] AoJZ Taylor Factor 2 33 wHZ22S 1#3 F3e4rsXs 3o, d=

Qg A SR ARAE 2 BRAYL A T 5 Aok

Key Words : TIG welding, Strain heterogeneity, Columnar structure, Synthetic 3D microstructure, Taylor
factor
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Analysis of the high-hardness layer formed during the sliding
wear of pure iron in an Ar atmosphere.

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

Abstract

During the sling wear of a ferrous metal, a subsurface layer is formed, which has different properties from those of the
original wearing metal. Since the wear occurs at the layer and material properties in the layer are different from the
underlying body, it is important to understand how the wear rate varies with the character of the layer. 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

= A O u}
7oA st Zh oM FME ES2l AH0[E EISIUCH3]. EnE AT
ball 2 &tHZ | otEE =H A[HQ

=
of HME DAT WEB0|gon, o] B2 HEI 890 HVs.2, 35 100 N, 0| ST

A MZo o™ olE EMo| o|x|E o|M xR Heke AbtMoz I J|HXM EAM Xio|
£ &olff LiEttcH1]. J2fur 22 M=o o/ o Fo|= ofEH Asto| 4SS, MML
(Mechanically Mixed Layer), &AM#H3E S3} Zo| =7| =&1= o ct2 EFsH F(0lst
2522 #7|gHo| gMECH ol §F ZEE2 MEQ n|IH ofHZTol BstE Chesh
AN EMo=z MUESH| O{YA Stot w2t MEZEe| oy ofE EMES YWEs| fEsh|
?oiMe ol 230 dME= §F 52 84 7|72 o|F0| otEof| o|x= F&s olsist=
ol o9 Zsict 252 4 7|Fol= olE M ME, A" stF 12/ o|NEEE S
of o|NHOlE A= &, 2%, J2|1 gas 297 52 Alg &Ho| Hdeks o|Ect
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St

ME At US| 2 AFM = ferrite ThatZA
Ho| EHE SiC AoiX|Z Hdojst & % 3 um CIO|oFEE suspension2Z polishing St
ball-on-plate OIZAIE7|E 0|&3t0] A20AM AlFsIQCE otE MUHMZ= M2t X2l
alumina balle AFE3I3 1D, Alg 352 100N, 0|13 £=£= 0.1 m/s 2 39D, o/ A
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Fig. 1 TEM micrograph of the high hardness deformation layer.
Fig. 2 Cross sections of the tested specimens of different sliding distances: (a) 100 m, (b) 150
m, (c) 200 m, and (d) 300 m (applied load: 100 N, sliding speed: 0.1 m/sec).

J8 12 70 ymFAHe nEx HYE AFE FIBE 0|85t MF s =, O =2 S TEMRE
#haeh Aot of 52 250 nm F7[2] ZFEEE O|F0M UASS & + AL, o] €2 0|
Mz=x2 Zdod7ts(sPD)El =21t of 9 RAISICH o Atz ojEMel DHZHAEEO| SPD
ZHo| ddnt b5t SAe HYyo| o5 dd = AWE & 5 Uck IF 2= o|nFEAZ 9
ool e =& AlEel ot x2of HalE Eo{F 1ot o[1FHAHZ 100 m, 150 m AlH
chH (a3 2 (a), (b))ollM 2HE HEEZS FHE= 40 yumo|22, IAE HY S gk HAS
BAO| B2 cavityS0l & =2 Aot a8 2(c) = olOH HEl 200 m AlH CtHo =z,
60 pm FHS| HYE LTt Aot HYEo| GAoM dHo| gEEct a8 2(d)= oln™
el 300 m AlES| ©HHOZ 70 um T2l DA X WHEF0| ook a8 2 (d)dMsE 2
T HYESH Lot HYE0| oE2 F3o| A XM, @M (crack surface)ollA FE2
cavityS0| ZEE[QICt 0| Zuts UZE HYE S UF 2 £ LUt HAS I F Ao
JHE 02 FHE cavityol 2o HM=1D, NFE HY S| otijet ojof wHHE ofEO|

of ol d&n A= ASS LIEHACE

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

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

[3] B. W. Gu, H.W. Gwon, Y.-S. Kim, 2016, The influence of the counterpart on the sliding-wear rate variation in a pure
iron, KSTP Spring conference, pp. 146~149.
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Microstructure, Tensile and Fatigue Properties of Al-7075 Alloy
Manufactured by Twin Roll Strip Casting Process

J.Y. Heo!, M.S. Baek?}, K. J. Euh?, C. D. Yim? K. A. Lee'*
Abstract
2 A= Twin Roll Strip Casting(TRC) M2 2 M == AlI-7075 Te 2ol & 3 12

E Mo CHstod =AlSICE 0|2 &7 MEAXE A= Q= Direct Chill(DC) 22X 2| Al-

7075 T651 Aot 2bH Hlw =MSIQUcH TRC 3&2 ETOAMFE A HME ditg
o

As SR, 7|& Y2 S Xl ool d2F =+ Ao ZMH FEo| A gt
dijroz g2 Fx {EE ®AY 5 A2z #HAo| M=, ZHEE A7|7t H45H
Fx= =Ho| gdalixl= FH Lot JHE = Atk 2 AFollM TRC 3HES 083 FH 9
mm, & 400 mm 2| AI-7075 & AEEE M=, T6 EX 2| = ALEsIUCE TRC Al-7075

5
T6 Moo= 231 ZRCE o 4S50| MM E=EACE DC Al-7075 T651 &M=
Moz Jdstn olMstA 2xE HS Folg £ AYct TRC ¥ DC Al-7075 &K o
XRD 2 EPMA 24 ZI} Al Z|X[oll n/n’(MgZn,), Al;CusFe, Mg,Si ¥ o(AlL,Cu) AH=0| ZHz
=it JIAM §M HIE 25t TN M2 QX A 5l TRC AAjo &= 2+

o

o
mjo

T = 464.5MPa, ztf Q& ZdE+= 568.3MPa I2|1 AMEE2 15.5% 2 YO{FMCt DC 2K
of &5 ZT+= TRC &MECt 39.6 MPa Of =1 of Q& ZE= 4.9MPa O 2Uten

9.4% 2 LIEtGCt 1FJ| ZZ A[EE INSTRON 8501 ZH|E 0|38l stress
ratio(R) = 0.1, frequency(F) = 10HzZ A20M a5t o2 A" Z1 TRC 2&=XM7F DC
AMECt D2 S40| 55t LB olet & ¢lE ¢ m|E2 metH EEE &5l TRC

3822 M= & A-7075 T6 =32l olM =% & J|AH EM DC 3822 M=x& Al-7075

T651 a2 Bl EAMiELIX SHRCH [& AT s MASHAHFY FHLMSEEFHM
B FEAES XYz AN Ofo HAIERLCH]

Key Words : Twin roll Strip Casting, Al-7075, T6 Heat treatment, High cycle fatigue, Tensile test
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Fig. 1 Results of SEM observation for TRC and DC Al-7075 alloys.

Table 1 Tensile properties of TRC and DC Al-7075 alloys.

Y.S.[MPa]

U.T.S.[MPa]

EL[%]

TRC alloy

464.5

568.3

15.5

DC alloy

504.1

559.4

19.4

Maximum Stress [MPa]

Fig. 2 Results of high-cycle fatigue tests for TRC and DC Al-7075 alloys.
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A Study on Effect of Die Design in Extrusion Process for
Aluminum

G. H. Song, H. T. Kwak

Abstract
We studied effect of die bearing on aluminum profile extrusion process using QForm VX. Checked effect of the die
bearing on results. And having comparative analysis on result after modify of bearing degree and length. Modify process
was simple thanks to QExDD(QForm Extrusion Die Designer).

Key Words : Extrusion(3¥%), Die design(=+3 “7]), Die bearing(¥% Hl°1¥), QForm VX, QExDD(QForm
Extrusion Die Designer)

1. ME

LR0|E AE 3Y2 TS otH A4S IR A E Mitst=dl JHE EnAo|n FE Al
=3olct Zefoll YFolg Z2atd AFoM DEFAEel MEZo| 7= AUct SHX[g TEFHA
of Z2udg MIZIXMo=R Mitsty| flsiMe YE Al 288 £ 2x2 ¢&E0| JtsE 2
AL estct 4S8 £ 2EXE fdl a5wsel =Fo| Zesd O YEoe=z=s ¥
(web), E2 7t0|=(flow guide), == (choke), =& H|0{Z (die bearing)s= 0| &st= 2ol U
Chi1] 71&E 9 HoE R M= dA™oAM ZFET 2o 2 =
ARE, meteadid J(se WMoz FERs ¥ £ 2xo o F0| Jtsal @ AA/
2 5282 & F U= AHo|ch

by, 2 =20Me A8dA AZEQofel QForm VX[2]E AtESto] @, =3, Ho{Zo| &

Folgy Zzaod Lo o|x= Jeol| tioll 7St

2. TeteAsA

SHM2 =7| B (case 1), ¥ T Z(case 2), =3 THZH (case 3), HAY Zo| =8 =&
(case 4) & 47HX| caseoll CHoll ZIHstFCH &, HHE S FE LA = QExDD(QForm Extrusion
Die Desighner)& AFZ35HQICt Fig. 1 (a)= case 1, Fig. 1(b)= case 22| 54 Zzlo|ct o MAH
4oz xV| REERCctE £ BEmryl ASstn o 7zl Zzoll t&Eo| Jhssich Fig 2 (e
case 3, Fig. 2(b)= case 42| sil4f Zzlo|ct =39 Moz f#S5st &5 2xo ¢t&0| 7t535
2, Hold Zo|7tx| £d™e xB2HoME HE EEXEE =20/ o] 2oz AE
=t

IR
Hu
H
mO

L. G el o] o ] A= 2] A
# WA AR (F)R el o] o] ¥ i 2] A,
E-mail: htkwak@caetech.co.kr
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(a) Result of case 1 (b) Result of case 2
Fig. 1 Effect of change the die web

Workpiece
Velocty Z

Wodkpiece
Velocty Z

mis

I -0.0025
-0.0075

-0.0125

ms

l -0.0025
-0.0075

-0.0125
-0.0175 -0.0175
-0.0225 -0.0225
-0.0275 -0.0275

-0.0325 -0.0325

. -0.0375 . 0.0375

(a) Result of case 3 (b) Result of case 4
Fig. 2 Effect of change the die bearing

4. ZE

QForm VXE 0| &3l &dFo|lg Z20td A&
of MAHE HASIo] ZT2ull MAol o|xE A
AA @A AR Aol A el oEsT] B

AA7} o] Folzltt AAH o R F o]5o] | Fo|gtal wrher)

ZHnEsl

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

[2] QForm VX User’s manual, QFX Simulation Ltd, www.qform3d.com.
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Effect of surface condition influencing tensile property of high
temperture-high pressure hydrogen charged high-Mn steels

Han-sol Baek, Hyun-Suk Lim, Seung-Yong Lee, Byoungchul Hwang

Abstract

In this study Fe-30Mn-0.2C-(1.5Al) high-Mn steels with varying surface condition were charged at high temperature-
high pressure hydrogen atmosphere, followed by tensile testing in air at room temperature. Yield strength of 30Mn-0.2C
specimen increased with decreasing surface roughness by polishing, but that of 30Mn-0.2C-1.5Al specimen was not
affected by surface condition. On the other hand, tendency of hydrogen embrittlement of two high-Mn steels was not
sensitive to hydrogen charging and surface condition in terms of decrement of elongation and fracture behavior. By
EBSD analysis, only small decrement of elongation of charged specimens was attributed to the enhanced dislocation pile-
up around grain boundary by hydrogen.

Key Words : high-Mn steel, hydrogen embrittlement, high temperature-high pressure hydrogen charging, surface
condition, tensile property

1. ME
Cieet 25 MES2 4 AlAH st ALE Jtsd gotet Mote| aad 35 M2 MY
AT st AE=D Ack MBS 7ol Mn 22 A 200 A AHelzlA &Fn A
25 F7F Hobst DA MESH ME AT o|HXE ZES MAE ntd & 55 7|
AX EMds Zs cietst &3S0l HEEo of2f ZofdlM A= Ut FHZ L7t
TWIP(twinning-induced plasticity) 22| =4 X|91 I}2[(hydrogen delayed fracture) 140l O|X|= Al
7 Gol cHaiA =ekstA oA E B ULt 0| F ATFAE2 Al EIPF n27k4e| £4 F
3t AHMAIZICtD 2SI oLt MI|ssty 4 Fl wAlo] F2 o|f[Men 4 e g
Ao w2t =2 FA HES ¥ FUFE So| HEtE 5 Aok 2 AFoAM = ciket EH x749
Fe-30Mn-0.2C-(1.5Al) nUZtAS T 2-11¢F =4 F F 2AH AHES S5t0] Q& Hant H
g 3 m Azol chaiAM Z=AFSHICH
2. Algdhy
MZ= 900 °COlA 2EoAM 30 mm FHZE F2t A= EAMZ 30Mn-0.2C AlE1b AIO 1.5
wt% =7t HI7tEl 30Mn-0.2C-15Al AlHE &3stct &8 72l 10 mm, HE[ 1 mm, FH 0.6
mme| &g QIE AlHo=Z el dreknt Hallst
2% AL T &N kA o oo o Cio il oior
# WAAR: euetr]zshi A2 A T ok} A 7tsst =& oot =S 2lsto] Ltehey
E-mail: bhwang@seoultech.ac.kr gl AHAdES HMAHMFTAUCE QIF A2 1.6%10
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olgigs8 a5 47t B7tsks HHH 30Mn-0.2C-1.5A1 AlEH2 odop =743 zhAglo| &=
2o U2 Evnt F AEH 25 o Flol wEt AMES HAE 5% OlUE H[ WA
AKX fA20{, 30Mn-0.2C AlHO|M FEH Aot =7 Xtojof| wE s FAZ HaT HAIH

¢l Xto| & L}ERX| ZStHCE.

2 AT T o|2st de2 SotEheLt HEE9 20|
0 mb ESE LEERLEX] e B2 o2t ohH Zabe=
T4 FUE AlHe| EBSD AFXIZ AIM5| AEHEH ZAE -
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Faet Ao 2 Eoteo] of2 2lsf ofzhe| Adils Hav

=
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= AFoME nZyE ZY| chE EH EZAolM 1=2-02 a4 22[7] StolM FAS
T 42 ol EE TSt & Fa S 8| nsint 4 F2o| dojLt ofo wE &
SZE7t 75T 30Mn-0.2C-15A1 A|HS| 9 EH Zzdn &hziglo] &= 27t S7tet
AES 2ot Al ®7iof| ofet Jdetez Heoloh F AlH 25 AMEn mppo| 2 Bty 2E s
A| tACH EBSD =M S Sofl Hid 7|7 Hats LUSHA| fEguort ZHEA FoM 2ot
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B. C. De Cooman, J. K. Kim and K. H. Chin, High Mn TWIP Steels for Automotive Applications, INTECH Open Access
Publisher (2011).
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Microstructure and Tensile Properties of High Two 600 MPa
Grade Strength Reinforcing Steel

H. N. Seo, S. I. Lee, B. C. Hwang

Abstract
H AE9 mFste} AAl E3rolA BAStE AHo R Q] HEHEo| Ut kA Fa
ATt HTole AR ekAXYHL gAY == FE 3 o] x|zl 200038 %
19.3 3ol Al 2000 ©]% HFE 47.4 32 FAs] Z7FTE. T 20169 09€ AHAFA
5.8 AZE sEo A #3E A Hd R Aot o]dd @Al wf UxE &
T2 Al s TAle] FFHa Ao, 11 F Fx AAY T4 a4l HEY A
4ol a7 H I ). oo wE Fu FAIAIES JxIe] FHS =Yt
A5t A3 A2HE (2 AL E s Ho o] E
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Key Words : English Key Word: Seismic Resistant Reinforced Steel Bar, Tempcore, Hardness Microstructure
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MoO|MZ=2Dl ol& EMol AMLAAE SHAMSHIX} Stotb LIEE
CHH| QIRFZFE(TS/YS H|)Z7F 1.250|AH0| =|0fof st=0| MBI} &=
MM M Zol ZFi K= ol 4X|E Bo] Eg £ A0 XX 9
Ct, 215, 20 HAE 2o st ok steof X[ZFlof ChH|517|
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2. Al

2 7ol ALRE AIHES AAZFE ZZLS 600 MPaZ Yyt DUE HIAIHI v 3
2 Z7MAI7l YR DZE HIAIHO|G 22} ‘SDE00'T ‘SDE00 S'2 E7| S oS IS
1,100 eColaloil 4 A7t&5tm, 800 °C Ol &lollA 7 16 mm=z BZheted 1%UCh SDBOO Al
He oted = gmmojets U2 AABIGCH of FIHel MZE AIHES ¢lo}

EWHoZ ofa F Zstein|Zoz EHEE ZANKX oM =2gS d™ 2tHAo=Z E T FAL
MAsio|doz MME =22 &fsto] mESIQICH LS HIZHA HAEAIEI |2 MY 5132
500kgf, 15=% 1mm ZtH22 AT E FH5ICt QAEAE 2 KSQUAH[KS D 3504]0 ket
XE 16mm ¢ AlHo| ZECIHXMES 1086 cm? @2 7I25t1, ZHstE 100E29 Tt=ME
Al®IZ|E AIE3510 ZH2ZF CHE cross—head £EZ AF20M QIZ Al™ 5t Ct

3. €1t & ¥
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o o
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=] E=
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o o
= 400 400
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g 30 g 0
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0 o

v v v r v v r . v v v r
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Engineering strain (%) Engineering strain (%)

CIZIANE S Zt ZABEZE cross head =S HsA|Z|0d Zt2ZE 200 mm/min, 20 mm/min, 2
mm/min =AM XSt AsSHE0| @M= SD600 Hcob vel 2 SIMAFH SH
SD600 S o &=L, olzzs, s5ZE CiH] AEUE, dAMEg 25 =Cf. a5

o
2ol S7t=of gt H2to[EolM E=HS0| Lo

MUEE= C, Si, Mn S99 ®IMA

1g2Zst g2 FZIME HeZ 2ol =2 HE2l0|E 280 o6 dAge =1 58

H| QI EE= =2 WO Z Hot=Elct 22 SD600 A|HE 27| CI2 cross head =422 Al
S o It HESEQ 200 mm/min ZHOA g=ZE, LT HdAS0| JHE =40
sh=ZtE ChH| QIFEZTE JFE Wct SD600 S AlE EFH 22 kA2 Ho|so| Cross
head &£ E7) WE+2 ZTIF E715k= W2 Cross head £ & =dL/dt Ol =& HHE

Ct. Me7F €830 ohls ZojES 3557 s 2
St olHXlE =22 JiXle HEE STof 22 27t A= M7t s e
N etsao] MMECH AKX Aol HN As2 M7 o2 =0 T5S & AolH,
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A study on optimization of process condtion to obtain micro
molybdenum powder by hydrogen reduction method

S.S. Lim*® S. J. Lim!, Y. B. Kim!, J. S. Yoon?, C. D. Cho*

Abstract

The hydrogen reduction method which is composed of 2 stages to obtain micro molybdenum powder is carried out at
temperature between 600°C and 1100°C under hydrogen atmosphere. Raw material MoOj is reduced to MoO, at the first
stage and micro molybdenum powder is finally obtained by reducing MoO, at the second stage. Various parameter
conditions during the reduction process not only directly affect the microstructural characteristics of the reduced powder
but also determine particle size of the molybdenum powder obtained after final stage. In general sintering process, small
size powder is very important because the sintering force is improved and the time for full densification can be shortened
as the powder size becomes smaller.

In order to obtain the finest molybdenum powder through the hydrogen reduction process, this study shows combination
of the process conditions such as hydrogen flow rate, hot zone temperature, loading volume and molybdenum oxide size
at the first stage.

Key Words : Molybdenum powder, Hydrogen reduction method, Sintering, Molybdenum oxide reduction

. ello]E A(F)
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Abstract

AAE FEQQ BHE 9 LUEZ guHE saU(Fastener) AlGS AAIAoR whd 2&A0 A4S
Boli gtk o] AAANG HFEL 3% FFoE AR na Hgo] e FF WEn
ow, a9 AL gl Aol AAAL Yk @A k2 G SF BAEL BHoR <1 7
E TR 2Hd A S o83 WEAA SadrE A8t # AdgelMs Azt whae] A
Fet sTS304 AAle) stetza HAE 95 3 Case o wal] FFAEAE A oM, AA AbdelA At
How g5z STS304 449 Mo, Cu B N & 3¢ spshxdol tisf Case MR e W L2 &
ARe Hrtste]l Ao FF AL AASL LLEAALE IMatPro SIW 2 o] &3 4P L
sttt AT AAE 2AE ol 8ste 2k % MFE S mE dNAFAPE s, g5
LARTEHE olgste] WITAALE T HAHo vx2E ¥ NMPE SEE AAsld. @x
A A BT F Y 249 At ex dsel ute JP4e Fsglon], ¥ dAvs H 8l

]

Key Words : STS304, Fastener, Hot flow stress, Alloy design, Deformation processing map

1. ME

MHE stAH A2 Y EUES UHez UWEREAY MERE ol8st FEL 277t
=435 S7t5t len], DRIt S5ag =2f2l Jigo| Eesich AH el A ZE2l STS304
HE2 dAd 2 doll det ZESE JIAN 4ol et HIAY 2F0l0, AH QA
EE2 HES 49 &= I tiote| JtAZMHOoZ olslf M o] of&Es5tn A= AFHo|oh.
= ATFoME HAM oRfel STS304 2AE ol 2T Fad & HESHXZE S8 22X
Chx =S MEsSto] thx A Al 2E7tdo] e ddd 2 &elstil, M30 Hex Socket Bolt
of Al &E MZste FF2 F2 A 74N S42 gItsiich
2. Agdy

g7t Mdd SHE 2ol 3 Case off CHall E=HAE SHACE E 10 LIEFH STS 304 2742
=z stetxd MHE S fIsi IMatPro SIWE 0| &5t0 FMHAE SHACH

® 1.8TS304 =2 3tstxy
7= C Si Mn P S Ni Cr Mo Cu N
Case 1 | 0.053 | 0.288 | 1.758 | 0.029 | 0.027 | 8.04 | 18.49 | 0.145 | 0.572 | 0.074
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Residual stress distribution

of equal-channel angular pressed copper
using neutron diffraction method and finite element analysis

Hak Hyeon Lee', Kapil Dev Gangwar®, Kyung-Tae Park? Wanchuck Woo®, Hyoung Seop Kim"*#

Abstract
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Finite element and experimental analyses on sheet formability of

CoCrFeMnNi high-entropy alloys

J. W. Bae, J. Moon, M. J. Jang, D. Yim, M. H. Seo, H. S. Kim

Abstract
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