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Finite Element Analysis for reducing bending of
Variable Thickness Plate during rolling process

H. W. Lee, D. K. Leg, Y. S. Oh, S. H. Kang

Abstract
In this study, finite element analyses were conducted to study the bending of a variable thickness plate during rolling.
The variable thickness plate has a different thickness. Therefore, the roll with non-circular profile was used in the upper
although normal circular roll was used in lower. Due to assymmetry in deformation of upper and lower part of plate,
bending of variable thickness plate is inevitable. Therefore, the method for reducing this bending was investigated
numerically.

Key Words : Variable Thickness Plate, Rolling, Finite Element Analysis,

1 =7 A7 B AedT4 ddAo A4
# AR B AATY B GEATL A Ao FA,
E-mail:kangsh@kims.re.kr
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Thickness prediction of variable cross-section tube
with respect to swaging process parameters by FEA

J. Lee, S. J. Lim, S. H. Kang, S. Lee

Abstract

Recently, monobloc hollow drive shaft is required for the weight reduction of the auto-body parts. New manufacturing
process for the drive shaft using variable cross-section tube has been proposed. At the final stage of this process, the
variable cross-section tube is swaged in order to form the stub part of the drive shaft. Thickness variation during the
swaging is required for the process design of the variable cross-section.

In this study, the thickness variation of variable cross-section tubes after the swaging process has been studied using
finite element analysis. The variation of the final tube thickness and the ratio between thickness strain and axial strain are
investigated with respect to the process parameters such as initial tube thickness, die taper angle and diameter reduction.
The result shows that lower taper angle has positive effect on the tube thickness increases.

Key Words : tube thickness variation, FEA, swaging, variable cross-section tube, process parameter
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Fig. 1 FE model of swaging analysis

Fig. 2 Deformed shapes and effective plastic strain
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Table 1 FE analysis conditions

Classification Spec.
FE analysis solver ABAQUS/explicit
Initial tube diameter [mm] 43
Final tube diameter [mm] 28
Forming rate [mm/rev] 1.0
Punch stroke [mm] 14

2. 290l1d 39 &M

4709 HBAE 7HA = feed-in WA 2] 2901
TAeR 27] H74 43mme] FRE HEF HA
28mmz ¥ 33tk 44 6.0 mm ST35MnB
aAe] =4S A&shdth Fig. 1& FE ZlolH,
Ta x2S Table 1o A8kt
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[1] P. Amborn, S. K. Ghosh, I. K. Leadbetter, 1997,
Modern  side-shafts  for  passenger cars:
manufacturing processes 1l — Monoblock tube
shafts, J. Mater. Proc. Tech., Vol. 63, pp. 225-232.

[2] S. J. Lim et al., 2009, Forming characteristics of
tubular product through the rotary swaging process,
J. Mater. Proc. Tech., Vol. 209, pp. 283-288.
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Development of Variable Cross-Section Tube(TRT)
Forming Process for Applied to the TRB Material

K.R. Cho, S. Y. Choi, Y. S. Chung, S. E. Park, M. Y. Lee

Abstract
In automotive industry, light weight is continually required to improve fuel efficiency. To satisfy customer needs,
They’ve continually developed automotive technology with integration driving module and miniaturization. In this study,
we reinforce stiffness of torsion-bending for driving module part by development of integration tube part of process using
TRB materials with various length and thickness. Through the FEM, we customize roll forming process to handle change
of thickness of TRB materials. Using it we manufacture and analysis roll- forming process.

Key Words : Roll Forming (£ 3¥7), Sheet Roll Forming (*A]E & X1), Tailor Rolled Tube (7}'#

SR R),
TRB Material (TRB 7)), Light Weight (7 % 3})
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Development of Compact Joint and Tubular Shaft

Seungman. Shin

Abstract
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Analysis on the Weld Joint of Steel Plate
by Laser-Arc Hybrid Welding

ol
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O
Flo

S.Son, Z. Lee

Abstract

Laser-arc hybrid welding has both advantages in welding speed and penetration depth. The variable conditions such as
laser power, arc current and welding speed will be used for manufacturing variable thickness hollow drive shaft for
automobile. This study investigates the microstructure of weld joints by laser-arc hybrid welding. The X- ray diffraction
and energy dispersive spectroscopy were conducted to analyze the phase composition. Additionally, transmission electron
microscopy was performed to characterize the microstructure of joints. Finally, the effects of hybrid welding parameters
were investigated to find suitable conditions for stable welding process.

E

24

Key Words: Laser-Arc Hybrid Welding, Microstructure Analysis, Transmission Electron Microscopy
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Simulation of Laser-hybrid welding using the Finite Element
Method

Z.R.Yang, Y. S. Lee

Abstract
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Key Words : Laser-hybrid welding(&l| ] #] 3}o]H2] = 87), Residual stress(3H57-5-2), Finite Element Method(-f-
Fraay)
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Effect of friction and clearance on rectangular case deformation
during impact extrusion of AA1070 aluminum alloys

M. K. Jo, E. An, I. W. Park, I. S. Song, H. Y. Kim, D. Kim, Y. H. Moon, J. H. Kim

deformed rectangular aluminum alloys.

Abstract

Impact extrusion processes are economical and productive processes that can replace multistage deep drawing
processes. It can be used to manufacture cups with a complex section as well as circular or rectangular cups. For impact
extrusion processes, commercial purity aluminum(AA1070) is studied to anticipate flow stress at high temperature and
strain rate by using Hansel-Spittel rheology. In this work, the impact extrusion process was analyzed numerically to study
the effects of process parameters such as friction, clearance between punch and die, thickness of billet and curvature
radius of die, etc. Three-dimensional finite element analysis was used to predict z-axis load & stress of die, and shapes of

Key Words : Impact extrusion, Deep rectangular case, Friction, Clearance, Finite element analysis
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Fig. 1 Finite element analysis basic model
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Table 1 Basic process conditions
Friction coefficient(i1) 0.05
Shear limit(m) 0.1
Clearance 0.68 mm
Aspect ratio 1:1
(Length) (31.84/ 31.84 mm)
Thickness 8 mm
Punch velocity 350 mm/s
Punch stroke 7 mm
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Table 2 Friction conditions
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F1
F2
F3
F4




Table 3 Clearance conditions
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Hydroforming of non-axisymmetric thin-wall tubular
component with variable cross sections

H. S. Kang, B. D. Joo, M. Li, T. W. Hwang, Y. H. Moon

ABSTRACT

Hydroforming of non-axisymmetric thin-wall tubular component with variable cross sections was analyzed. In order to
solve sealing problem occurred due to thin and non-axisymmetric shape, punch available on hydroforming experiment
with thin tube was suggested. Lead patch was attached to the punch to solve sealing problem occurred due to the stress
gradient on the non-axisymmetric shape. FEM and experiments have also been performed to analyze these sealing
problems associated with the punch shape and non-axisymmetric shape. Finally, lead patch is attached at tube surface
where intensive local strain concentration would occur to enhance hydroformability. These methods were successfully
used to fabricate non-axisymmetric thin-wall tubular component with variable cross sections that had previously failed

during traditional hydroforming processing.

Key Words : Hydroforming, Thin-wall tubular component, Non-axisymmetric shape, Sealing problem, Punch, Stress

gradient, Local strain concentration
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Fig. 1 Schematic drawings of cross section of punch;
(a) one step punch, (b) two step punch
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Fig. 2 FE analysis result according to punch shape;
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Fig. 3 Experiment result according to punch shape;
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Fig. 9 Lead patch attached at local strain

concentrated position

Fig. 11 Hydroformed final shape after cutting
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Hollow Partition Turbine Blade of Forming Process
Using Finite Element Analysis

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

Abstract

This study deals with thick plate forming process to manufacturing a hollow partition turbine blade. The hollow
partition turbine blade of turbine diaphragm consist of upper and lower plates, and the upper plate is considered in this
study. SUS409L plate with thickness of 5.00mm in used in this study, and uni-axial tensile tests are performed to evaluste
the mechanical properties including normal anisotropic characteristics. With the consideration of the normal anisotropic
behavior and blank direction, three initial blank are obtained. Thereafter, the forming surface of the punch and die are
designed according to the target configuration of the upper plate And then, the flange angles of the tools are varied to
investigate effects on the deformation quality and formability. Numerical simulation using ABAQUS Explicit are carried
out, and a series of parametric predictions with regard to the deformed configuration at the flange region are also
performed. From the results of the deformed blank In addition, according to the blank direction and its related normal
anisotropic properties, the deformation behaviors in terms of the obtained configuration, as well as the stress and the
strain distributions, are investigated to different pattern

Key Words : Turbine Diaphragm, Hollow-type Stator, Thick Plate Forming, Forming Process, Finite Element Analysis
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Study on Manufacturing Process for Safety vent
of lithium ion battery

J. H. Kim, K. H. Lee, Y. J. Lim, B. M. Kim

Abstract

A safety vent has been considered as one of safety components in lithium ion battery. The safety vent which controls
the increased inner pressure of the batteries uses to protect its user from unpredictable explosions. The cap plate having
safety vent is manufactured generally by welding each components. In this study, a manufacturing process for prismatic
lithium ion batteries is newly proposed to reduce process time in comparison with the conventional process. The safety
vent is deformed through a backward extrusion and coining process with annealed sheet material of 1050-H14 aluminum
alloy. The ductile fracture criterion is adopted to predict rupture of safety vent. Finite element simulation was carried out
both forming process and prediction of rupture pressure for the safety vent. Finally, a rupture test is preformed to measure
the rupture pressure of safety vent and the results were satisfied with the required pressure within 8.5+0.5 kgf/lcm?.
Results indicate that manufacturing process proposed in this study could be used widely to enhance the efficiency of

production.

Key Words : Lithium ion battery, Backward extrusion, Coining, Safety device, Rupture pressure

% 7l
of wRE TGP JEHAMEAL AAS wol FAH AT

Z] 3L

ol

o

ol

1. 52 oighel At~

2. PNU-IFAM = Al&&dT2

3. (F)gdstolel A

# WAA A Ak skl 7] A g s,
E-mail:bmkim@pusan.ac.kr

_42_



B rbeets) 20160 % #ASE S =P

Tailor rolled blank2| SFAEIE ZXo|AM Mo|7Z}
M EEE st 2 Wz dalo Mg

M E! - 2AIY'. ™. g’

Application of direct cooling for ensuring material properties
on transition zone in hot stamping of tailor rolled blank

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

Abstract

This paper aims to apply direct cooling method for ensuring material properties on transition zone in hot stamping
process of tailor rolled blank(TRB). The contact between blank and tool affects cooling rate and material properties of
the hot stamped part. In case of TRB, the material property in transition zone is difficult to ensure because TRB has
thickness difference via a rolling process. Therefore, direct cooling method was employed to improve cooling rate and
material properties of TRB. Before direct cooling was applied to hot stamping tool, simplified test was carried out to
determine condition of direct cooling such as flow rate, injection distance and position of nozzle. The hot stamping tool
with direct cooling device was fabricated considering result of simplified test. For the verification of suggested cooling
method, hot stamping experiment of TRB was carried out and the hardness of hot stamped part was measured. The
experimental result shows that the hardness of hot stamped part by direct cooling was improved as much as 7.32%
compared with that of conventional hot stamped part.

Key Words : Hot stamping(3t2=&133), Tailor rolled blank(7} << FA)), Direct cooling(21% ¥7}), Cooling
rate(*§ 2t <), Material property(Z] & 24J)
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Die Design of Cross Roller Guide in the Shape Drawing using
Die Offset Method

J. H. Park, K. H. Lee, B. M. Kim
Abstract

The multi-stage shaped drawing process is used to produce long product with a smooth surface. Design method for
cross-sectional shapes of an intermediate die is important to manufacture products with a high dimensional accuracy in
the process. In this study, the new method is suggested in multi-stage shaped drawing process. The proposed new method,
die offset method provides a uniform and steady metal flow at each divided section in reduction zone. Therefore, Die
design is carried out by cross-sectional shape and size of final product without additional FE-analysis. The method is
applied to design the multi-stage shaped drawing process for producing a cross roller guide. Finally, FE-analysis has been
conducted to validate the effectiveness of the suggested design method in multi-stage shaped drawing process. From the
results of the FE-analysis, the validation of the method was confirmed to manufacture a sound product.

Key Words : Shaped drawing(3 %<1, Cross-sectional shape of intermediate die(53+ The]2~ &4}, Die design(th

o] A7), Cross roller guide(ZL =2~ E&] 7}o] =), Die offset(T}o] Q.3 Al)
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Fig. 1 Die offset method for corner filling
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Effect of Inclined Angle on Sheared Edge in Trimming of
Hot Stamped Part

J. H. Sin, P. G. Seo, S. H. Cha, B. M. Kim, D. C. Ko

Abstract
Hot stamping process is widely used in the automotive industry to improve crash performance and decrease the weight
of the vehicle. The hot stamped parts are conventionally trimmed by laser trimming process to manufacture a complete
product. The laser trimming process has unsolved problems such as high price and low productivity. Therefore
mechanical trimming using hot half-trimming process was suggested to trimming of hot stamped part for improving
productivity. In this study, the effect of inclined angle on the sheared edge of trimmed part in mechanical trimming using
hot half-trimming process was investigated by FE-analysis and the results were compared with by experiment.

Key Words :
Inclined angle(“ AF2}), Clearance(7F=)
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Abstract

A microstructure-based FE simulation was conducted to predict r-value of dual-phase (DP) steel. The
representative volume elements (RVES) concept was adopted for the realistic image-based FE model. This
was obtained from deconstructed approach by serial sectioning (mechanical polishing) of material then 2D
data was converted into full 3D model. The developed model was applied to analyze microstructure effect on
r-value and stress-strain distribution change under non-linear strain path. The FE simulated used anisotropic
hardening model to give an anisotropic characteristics to mechanical behavior, and the results were compared
with ones using isotropic, or HAH model. Effective mechanical properties of single phases followed the
empirical equation defined by chemical composition and, according to this data, constitutive material
parameters were determined by best-fit.

Key words: Micro-scale, Representative volume element, Dislocation density model, DP steel, Formability,
Finite element simulation

_47_



3 247h8etE 20150 % A 8tE0E =

ASxt AE 2[E2lo[He n™Y 7|0 M=3H
274 B’ dyo'. Do’

Manufacturing Process for High Precision Gear of Automotive
Seat Recliner

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

Abstract

A gear part which is a main component of an automotive seat recliner is generally manufactured by fine blanking press.
However, the use of mechanical press has been increasing in manufacture of gear part because of low productivity of fine
blanking press. In this study, new forming process is suggested to manufacture the gear part with high dimensional
accuracy by using mechanical press. The effect of vee-ring indenter and the restriction of blank edge on the dimensional
accuracy are investigated by FE-analysis. As a result of FE-analysis, the dimensional accuracy was improved with the
restriction of blank edge with regardless of vee-ring indenter. After application to manufacturing of the gear part using
mechanical press, the measured dimensional characteristic was compared with the required specification of final product.
The experimental and analytical results show that the suggested forming process can replace fine blanking with aspect of
dimensional accuracy and productivity.

Key Words : Seat recliner(A| E 2] & 2}°] ), Mechanical press(7] A1 4] | 22), Fine blanking(3} 1 £ ]),
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Effect of Laser Surface Hardening on Wear Resistance and
Microstructure of High Speed Steel H13

Seong-Won Choi', Myeong-Hwan Oh*, Kwang-Hyun Lee?, Chung-Yun Kang*

Abstract
A Aol A FA B bHfAl st wE AAY nREs W CO2 i HjE ARES
s sl aggol wet Hdungxie] Hgo] F43] FTrieta ok sk uk ol gk
9o}t FEe AA AAY Aot ol wel E¥ W (Trimming) A ERY 5372
gt 589 vk, 5389 24wy, X (Chipping)s°] A3t w39 FHo] A3E HeibAle

[€]
el B (Burr)7b FAst] FAY g F Al TAHIL Ak

oo o Ho

oUg Eely FYS FHd FA FL AV AN F9Y A A aste FEdaE
hste] nPEE WEE Py 59 EWS mgstel A4S BAAE Yol AFHI 9
F9% 24 kel A9 FE9ed Mo, W, Cr, V 5& A7kakd n4el 384 ARt A7)
A Fol QAR wrke] FEAast ArhEel mE QAR FSeke BA 24sn Aok #9
#WE A $18 CVD, PYD, AsAelsl 2o wW 78 3¢ A4S 349 A9 3" 59
A7 gfol FY EW S ARHG @A =WYF FAL FAN A 2% mH
dolA d9e olgstel FLRLE §§ AA AFA/E dold FUY(Laser Cladding 3ol
AE 3 YA ;Y Fe] ke EAL B ek

weba] EoAFe] 5AHE EfUYE 5374 7S ATV A% dctez oA dEds
o] &&lo] FHEWE /A= Laser Hardening ProcessE 714t 3farx} sho),

ATt AgE AR F7 15mme] HI13(SKD61)E AFg3tion, #ojA 49L& Nd:YAGE
AbgEtion  #olx & olPAYE Z+zZt 0.2m/sec, 800um= A3 Holx ==HE
2.0~4.0kW= W3}A|A Laser Hardening 542 2183 th

o Az dAel3k H134A e B8] Laser Hardening Process® #-&3 AAje] ZE3Zto] =
bt om et g g4 Z71edth. Laser Hardening A Al #olA &3 o] Z7}3te] ulgt
2A &§o] T/t A3t% Zol(Hardening Depth)7} S7FetA% JEHF] Srto] g Yh&e
Arg A3 AEE A

etA 2 HAF0A=E EHdels H13AM2E Laser Hardening ProcessE HE8H A2
OIAIEA X0IE NMAFBLZ HESIUCH

Key Words: Laser Hardening, Trimming, Hardness, Microstructure
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Study of Dynamic Deformation Behavior of Al6061-T6 under
Impact Test Using Split Hopkinson Pressure Bar technique
W. J. An, M. A. Woo, J. Kim

Abstract

In metal forming process which has been applied to deforming the metal sheets, materials are effected by diverse type
of force such as impact. In the high-speed forming process like Electromagnetic forming method, it is require to consider
about effectiveness of dynamic deformation behavior of specimens’ material. In pursuance of consider the impacts and
applications high rates of strain, material properties is taken account of the strain rate applied to the industrial structure.
The Split Hopkinson pressure bar (SHPB) test is one of the adequate method for getting the material properties under
high strain rates. In this paper, the processing of designing and manufacturing of SHPB and obtaining stress-strain curve
of material properties of Aluminum alloy; AlI6061-T6 is demonstrated.

Key Words : Split hopkinson pressure bar, Mechanical property, High strain rates, Stress-strain curve.
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S ol FaE A3, ol TAA oY EA FAF=H U
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# Corresponding Author : Pusan National University, E-
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laser surface nitriding of Ti-6Al-4V alloy by using nitrogen gas.

T. W. Hwang?, J. H. Kim*, Y. Y. Woo®, T. D. Kil*, Y. H. Moon*

Abstract

Surface nitriding of Ti—-6AI-4V can be achieved by laser melting in a flow of nitrogen gas, and high surface hardness
values could be obtained. In this study, the effect of process parameters on surface nitriding of a Ti—-6Al-4V alloy has been
investigated to achieve higher surface hardness without process-induced cracks. The effects of process parameters were
experimentally studied and process window is provided on the basis of microstructure, microhardness, and cracking of the
nitride layers. It is shown that hardened layers having various depth and hardness can be obtained by controlling the
processing parameters. High scanning speed coupled with lower nitrogen flow rate results in crack-free layer at the
expense of both a lower hardness and a shallower melt depth.

Key Words : Ti-6Al-4V alloy, laser surface nitriding, nitrogen flow rate, cracking, hardness
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Fig. 1 Schematic drawing of direct laser harden
ing system
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Fig. 2 Schematic of multi-tracks laser nitriding
process
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FANG wNE 245
e w2 AsF Zol,
e,

Table 1 Experimental conditions for the laser su
rface nitriding

Nitrogen flow Laser power | Scan rate
rate(I/min) W) (mm/s)
15, 20, 30, 40 150 37~ 440
3. dat ¥ 13
3.1 oo thet =4
Fig. 3 (a)= #olA FAIEE7F 37m/s & F
Wol| Yol HolW Fig. 3 (b)E 146mn/s =

#49o] a3 AL B 4 9o Fig. 3 (o)

440mn/s & FAEE 01]/\1‘“ Tdo] gl AES
rd d3ss B 5 drh. oA FAEET)
WE5E 7o #Aashe )i% gl & 4 9l
=

(@)

(b)

Fig. 3 Cross-sectional view of cracked layers
inlaser hardened surface at nitrogen containing
atmosphere: Scanning rate of (a) 37, (b) 146 an
d(c) 440 mm/sec
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Fig. 4 Process-induced surface cracks in nitrided
layer at nitrogen flow rate of 40l/min: Scanning
rate of (a) 37 mm/sec, (b) 146 mm/sec and (c)
440 mm/sec
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Effect of Hot Stamping on Microstructure and Tensile Property
in LBW and TWB Laser Joints of Advanced High Strength
Steel

Myeong-Hwan*, Chung-Yun Kang®

Abstract
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Springback prediction in hot stamped product
by locally heated tool based on ANN

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

Abstract

In case of a die local heating process, the product has a great variety of cooling history which leads to generate severe
springback because of contacting between blank and heated die. In this study, springback in die local heating process is
predicted through the artificial neural network (ANN). The nomogram is constructed with result of ANN based on FEM
which considering process parameters such as thickness of blank and temperature of die is performed to obtain the
training data of neural network. In order to verify springback prediction by nomogram, hot stamping experiment was
performed and springback of part in die local heating process was measured. The experimental and analytical result
showed that the predicted springback by suggested method is in good agreement with experimentally measured ones with
an error rate of 0.2%.

Key Words : Tailored property, Hot stamping, Die local heating, Springback, Artificial neural network (ANN)

1. M 8 7ME 342 B4 W3 dagk FE uist
A% el A glo] Hgo] AVssiet wat
gk~ B3 (Hot stamping) &8-S x}3F v kA 2389 7t 2%, AF A E 24 FAY
& mHew g A¥el H8Ew e, 2o B4 WiE sl AFE 2L Aol
Rawd FAS Boel AES AT A F e Aol Atk SAW R =R b
1.5GPa °|%¢] Z=g grE 4 1] 3HA T4 Al wFEEIAFO] E(Martensite)o] &1 & AR
W ES ARE Qe AF FE kHAdTAdE o] AAEHI, oo wa} F3EYA](Volume
Aok B4 AT ol Ada] A @ mismach)y@del WASA Hrk) 2 Aa A
Al#E dellA o]F &/ (Tailored property) T3-S Al vl FA gt HF A|EFe ~E
2138t Partial quenching 2-Hol tjgh A7} &t guleko]l F7kstr] Wit AWI Xyl o
3| X&¥a et = o] El_g_g]_x;]_

Partial quenching T% ¥ &3 =% 714 A Kang [3]< 328 FAHAA AHEHE 1
o lle BHow A9 97 =g Aols okl HEasds Faste] 2xguol o
o o]F EAS Tdste THOIYh 3 =% g HJrke JIPstgion, Lee [2]5+2 Green-

wood-Johnson E&lel A WEl A4 o2& A&
1R AR sof 2zug A3 ook P& PUL

#c *#4ro|shal ERCATAF ) o xHLo}oq smmme gza Ao o= gun
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Development of Hybrid Joining Process
for CFRP and Sheet Metal

J. M. Lee, K. H. Lee, M. S. Ahn, P. K. Seo, B. M. Kim, D. C. Ko

Abstract

Recently, many manufacturers of car parts have shown interest in the development of CFRP parts for the light-weight
vehicle. Thus, the increasing use of multi-materials has led to the development of joining process between CFRP and
traditional metals because the welding was impossible. In recent years, hybrid joining process has been shown an
increasing interest to combine the advantages of the adhesive bonding and mechanical joining(hole-clinching, self
piercing rivet, etc.). The aim of this study is to develop hybrid joining of adhesive-mechanical joining to enhance bonding
strength and energy absorption. The experimental investigation for adhesive bonding and mechanical joining were carried
out by lap shear test for CFRP and SPRC440. Finally, hybrid joining specimens fabricated by adhesive-hole clinching and
adhesive bonding-SPR were evaluated for the validation of hybrid joining process.

Key Words : CFRP(EFAA - 73} Zg}~E), Adhesive bonding (8 &4 5 &), Hole-clinching(ZE 3 A), Self
piercing rivet(Z 3 31]o]/d 2] 8l), Hybrid joining(3le] & = H )
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Finite Element Anaysis of Front End Deformation
in Heavy Plate Rolling

J. H. Seo, S. H. Ko, P. J. Lee, M. S. Chun

Abstract

Turn down warping is a kind of shape defect of plate front end that occurs in plate rolling process. Once turn down
warping happens, finally it becomes defective products although performing a rolling pass of several times. Therefore, it is
important to prevent the occurrence of turn down warping but it is difficult to predict the turn down warping using the
existing theory that is consist of relationship of plate curvature and shape ratio. Considering this problem, this study
proposed the numerical process design by finite element analysis was performed with MARC. Numerical analysis model
consider the plate rolling process parameters such as roll diameter, plate dimension, rolling speed. The prediction error
between numerical analysis and measured turn down warping data is less than 5mm and standard deviation is less then
1mm. The results show that the proposed numerical model can successfully predict turn down warping of a plate front end
in the various plate rolling conditions.

Key Words : Finite Element Analysis, Turn Down Warping, Cutting Force , Fromt End, Shape Ratio, Plate Rolling

1. M &

F—T~

& &

A et} o] 3 WHES turn down warping ©]EH8ta o] A S Fig. 10] YEbTH It
down warping© ] WA EH down bendingt-7F F3SHH A feed roll¥}t F&31o] feed roll S ¥
AL Ao WMol A o] ofe tAS Tl = Mo IF FHEFTAHE T
Herst 29]S FadsoF st} Fig.2ol 4] plate making process<] lay outS YFEFI™ on line process®]
hot leveling$-oll == turn down warping®] H&Ha] 2] %] ¢F o off line process2] cold levelere} press levelerS o]-&
sto] F7FAQl Hersl A4S FaEof ol o] FollE FMATR I HESA A Fow HFHOR EIFFE
o2 Atk wehx, $AAl turn down warpingS ol Sk AH A Blo] FaskA|ut 7]E] AFEL
speed mismatch ZZoll A HBHFA h, 3 FIHZFDo)e] HIEZ FAH shape ratios ©]&3l%] down
bending®] o ZEAME Aotsla glu HAA dFEAe R otk AA o= AE-9 5
5 work roll speed”} 5 A&kl 7]1FE AT A Aeksl= speed mismatch %714 2] down bending?] oS ==
= o]-&3te] turn down warpings cl53te 212 ofHth ol EAAS AT st & Aol =
numerical model& ©]-&3} turn down warping®] ol&& A|<ket}h, 3, speed match el A 2AYEHE= turn
down warping®] A& Z743tal 574 vlo|HE FZF3 numeric modelS /3 3ke] simulation & 43 3}od
AR vl

i Fgadoel 9] 7 Ao down bendingo] WAISLAL feed roll¥} FE3hHA] A
]
n

28

1. POSCO 71&A 44
# WA A= POSCO 71 A 7-¢, E-mail: fortran@posco.com

_61_



Turn down
warping region

Bending

Down deflection

bending

Travel — Travel —

Collide with
/_ feed roll

Entry side :
feed roll Lower 'fzé‘gds'[gﬁ
work roll
(@) Down bending (b) Down bending and bending deflection  (c) Turn down warping

Fig.1 Undesirable down bending and turn down warping in hot rolling

Reheating  Finishing Pre Accelerated Hot Cooling Flatness Cold Press
furnace mill Leveling  cooling Leveling Bed inspection  leveling Ieveling

—- H — @ —
QMOO o] @OO Tiiiiif 00O @ OEﬁOO [e) OO%OMO

High speed camera |—»{ Image processing |

Fig.2 On line process and off line process in plate making processt

2. Turn down warping9l &< 43 384 HHrd

2 AFol A= Finite Element Package MARCE E$13Fo] 412l speed match 271l 4] turn down warping <]
ublS Al EgolAdstal =43 turn down warping®] profilex} 4 2 2}9] profileS Bl wdle] A e A
gAS Folstal A E3 turn down warpingS <l537] 913 Aol

Fig.3ol & Aol A ARE3 fdtas simelol o] ¥o] mesh 7+4& yepdth FANE £+ 10
Mz FARE SHoRRE o] HES sl FANE &9 meshe] wols j= 3l& W &gt
aH0] work roll?t &k 0] meshe] FolE ji2& itk Aol W] meshe] £ iR S
w2 R w9l meshe] F5 i2% SHGih o] AE AlEH Ol Aol AL roll biteol]
HARo 2 ol & JEE 317 93 Aot}

A 22 o] work roll<> rigid bodyo] ™ -} a5 work roll 2173 153 &35 feed roll 2172 53t

o Ady T tensionS LA ow gravityol] 2|3 AFFS a1# 3t} Speed match Z7io|=2 =&
&9k a5 work roll <=} wpEA = A ST Feed roll S A& el Al
~. - Upper work roll
U R
wo?b??(gll_’ ™~ \T“\-“.
Travel ~— Turn down warping
Plale_ y image_get position
x-—I e
Travel H
ot - \
I —
HHHH-L L -
A ke T Work 10l - - O
A - Entry 15 feed roll Exit 1¢!feed roll !
Lower work roll

Fig.3 Finite element analysis model and mesh formation of thickness direction and length direction

_62_



3. NNATS ZAIEY Hm

Fig.4olAl 4=57 40mm, YAEE dmisec, ot 20%2) FAoA 9 s nde] Axet =43 tumn

down warping}¢] QAT 2rel thAe] Aol AN sja R o] S o]
HE d5stA FFta dor 47 1A Hy A= 5mm o|stel il XFEWAE Imm o] sfo|Th,

50 —

Displacement-¥ [ ] Measured turn down warping
250 146 42 62 -166 -27.0 B Simulated turn down warping
- 4_ 40 —
- - . |
~ ——— ~ P ~ s ~ S g |
Travel ~ : £ 30
’ s
g 4
c
- é 20 -
Displacement-Y s
[T e —— S A
250 148 47 55 -156 -258 é
@ 10—
- B o E
e “k . S 0 —|
Travel / A / i
0 T T { * \

3000 2000 1000 0
Distance from plate front end, mm

Fig.4 Finite element analysis result and comparision of measured turn down warping and simulation result in rolling
speed 4m/sec, entry thickness 40mm, reduction 20%

2 AFNAE A Ay WY S S fes AR ES A5t speed match Z7ol A
turn down warping 2] o5& f¢ AFE FYsG < e 2.

(1) &dEZclA 2A tun down warpingS =743} 5_6‘}71] 2= f3ta s g
< TAst 529} fAAAE vuwg A3 o
warping2] profileS <Z3tE Ao ® B3I turn down warping "X”é U
olato] il EFWAFE Imm ©]3te| T},

P 2 2= 5mm

;g
:oé
1%
i)
)
o

2 D28

[1] M. Philipp, W. Schwenzfeier, F. D. Fischer, R. Wédlinger, C. Fischer, 2007, Front end bending in plate rolling
influenced by circumferential speed mismatch and geometry, Journal of Materials Processing Technology, 184,
pp. 224~232.

[2] R.Shivpuri, P.C.Chou, C.W.Lau, 1988, Finite Element Invesigation of Curling in Non-Symmetry Rolling of Stock,
International Journal of Mechanical Sciences. Vol. 30, No. 9, pp. 625~635.

[3] Yoshii M., Ohmori K., Seto T., Nikaido H., Nishizaki H. Inoue M.,1991, Analysis of Warping Phenomenon in Plate
Rolling, IS1J International, Vol. 31, No. 9, pp. 973~978.

[4] Y. H. Ji, J. J.Park, 2009, Development of severe plastic deformation by various asymmetric rolling process, Material
Science and Engineering A, 499, pp. 14~17.

[5] A. Kawalek, 2004, Forming of band curvature in asymmetrical rolling process, Journal of Materials Processing
Technology, 155-156, pp. 2033~2038.

_63_



wd3Ee FEM MM S St ok M 3 A
TYE MY Ol EE HHA!

Improvement of Shape Defect by FEM Analysis in the Levelling
Process and the Limitation

S. H. Ko, J. H. Seo, P. J. Lee, M. S. Chun

Abstract

In order to remove the shape defect of plate, the levelling process is import in the online plate rolling process. In the
levelling process, the process condition is related with the perfomance of leveller to improve the flatness of plate. In this
paper, we carried out the simulation the levelling process with various roll gap to find out the best condition. However,
there is the limitation of levelling process to remove the shape imperfections of plate. Due to the arrangement of work roll
of leveller, the plastic deformation cannot be occurred from the end of plate to the distance with the half length of work
roll pitch.
In the FEM analysis, It is to almost impossible to describe the initial condition of plate before levelling. So, the accuracy
of the FEM analysis for the levelling could be poor.

Key Words : Shape Defect, Levelling process, FEM,
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Heat Transfer Analysis of Blast Furnace Copper Cooling Stave

D. R. LEE, T. H. Choi, M. S. Chun

Abstract
Blast Furnace with Copper Stave is widely used in the world steel industry. All furnace using copper stave are worn out
rapidly after operating. This phenomenon made failure of cooling system in furnace. And, because of failure of cooling
system, lots of thermal problems occur. So, in this article, we propose the method of evaluating thermal phenomenon in
cooling system. And, with the sample, we verify the proposed method and evaluate 3 cases(;before/after failure and
after repairment of stave cooling pipe) of thermal phenomenon in cooling system.

Key Words : Copper Stave (-] 2=l o] B), Heat Transfer (& 4 &), Blast Furnace(aL =), Repairment(:.<7)
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Dynamic Characteristics Identification of Circular Saw

S.Lim, S.J.Lee, C.-H.Moon

Abstract
Circular saw is fundamental device in steel-making and rolling plant for cutting and conditioning metals. However, it
requires the robustness to shock and vibration which makes non-uniform surface and decreases replacement cycle of tool
tips. This research explores the dynamic characteristics of circular saw through numerical analysis considering rotating
effect. Based on calculated dynamic characteristics, we obtain available rotating speed. In addition, anti-vibration pad is
designed for suppresion of out-of-plane vibration.

Key Words : Circular saw, Natural frequnecy, Rotating circular plate, Anti-vibration pad
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Finite Element Analysis of Pipe Wear
during Laying Head Coiling

Jong-Bin Lee, Myung-Sik Chun

Abstract

A laying head is used to form a hot rolled rod into a helical ring in the Stelmor cooling system. Due to contact between
the laying pipe & the hot rod, the frictional wear on a pipe and the scratches on a rod are occurred. The dimensions of
layng pipe (L/D ratio) is very important to reduce wear & scratches during Laying Head coiling. Two types of laying
pipes which have different L/D ratio are analyzed by Finite element method to reduce the frictional wear on a pipe and
scratches on a rod. The wear of laying pipe is measured to show the validity of this simulation. The simulated results of
the laying pipe wear are compared with the experimental results and the calculated results agree well with the measured
results.

Key Words : Finite Element Analysis, Laying Head, Wear, Archard’s wear law, L/D ratio, Wire Rod
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Fig. 1 L/D Ratio Fig. 2 Modeling of Laying Head Pipe

Table 1 Conditions of laying head

L/D ratio Rod size Rod speed | Angular speed Distance to Pinch roll Ref.

Type A ®5.5 mm 80 m/s 148.8 rad/s 1000mm Present L/D

Type B ®5.5 mm 80 m/s 148.8 rad/s 1000mm Proposed L/D

Type A ®5.5 mm 80 m/s 148.8 rad/s 500mm
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oo B AEa] A Type Adl miEiAl 3sston el FovkRE SHela @Rz

Ashe} sttt Fig. 37} o] sho] =& 377)e] Frro® o] Awet ¥ 7k iie] nlme Fod
nMAE o] gdte] A, Fraasis AR Fig. 49 o] 3709 IR v & zF 3k )
Akl 544} npRES vl
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[1] Archard, J.F. (1980) Wear theory and mechanisms. In: M.B. Peterson, W.O. Winer (eds.). Wear Control Handbook.
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A study on process design on warm forging of differential gear
cover with Al-Mg-Si-Cu alloy

S. 1. Lee, J. H. Lee, J. H. Yoon

Abstract
In recent years, aluminum and magnesium have used a lot of interest as light materials for manufacturing
automobile parts, because enhances energy conservation and reduces fuel consumption in the automobile
industry. In this paper, we replace ductile cast iron with light weight materials on the differential cover. High
strength Al-Mg-Si-Cu alloys has been applied to the warm forging process and T6 heat treatment. The defects
on the as-forged have been analyzed with microstructures. Comparison of weight for ductile cast iron and as-
forged. The Al differential cover reduced the weight about 51% with ductile cast iron.

Key Words : Differential case cover, Al-Mg-Si-Cu alloy, Warm-forging, Finite element method, Mechanical
property.
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A Study on the Asymmetry Control of Crank Throw
in Bending Process

M. C. Song, Y. U. Leg, Y. H. Moon

Abstract

The core process in the open die forging for a large crank throw is to bend the preform into the “V”” shape blank. The
preform could be bended asymmetrically due to its asymmetrical shape, uneven temperature distribution and the
misalignment between preform and die. Since the asymmetrically bended blank is very difficult to correct, the proper
control method shall be required to prevent it. The purpose of this study is to develop the asymmetry control method in
the bending process of preform. Numerical simulation results show that the principal factor controlling asymmetrical
forged product is identified as the uneven configuration of preform. The floating die was applied to the bending device to
control the asymmetry of preform during bending. The validity of the suggested method was verified by the lab scale
experiments.

Key Words : Crank Throw, Bending, Asymmetry, Blank, Floating Die
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(b) Suggested bending procedure
Fig. 7 Shape comparison of bended blank
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A Study on the engine piston hot forging process using a control
cooling device

D. H. Choi, S. I. Lee, D. W. Cheon, J.H. Lee

Abstract

Piston engine is an essential component in automobile. Since engine piston is used under the environment of high
temperature and high pressure, high strength and high durability are required for the piston manufacturing. In addition,
cost reduction has also been an important issue. In the conventional process, additional heat treatment after hot forging is
necessary to ensure mechanical properties of the piston for Heavy-Duty engine. Thus, necessity of developing new
manufacturing method is increasing to reduce producing cost by reducing manufacturing time and consuming energy. In
this study, by the control cooling device used materials, the existing of the materials used, the test specimen piston
produced by each material was taken to the tensile test, hardness measurement, the microstructure is, after the physical
properties secured through compression test on the basis of the modified material was performed finite element analysis,
and analyzed for moldability and die stress.

Key Words : Control Cooling , Hot Forging, Piston, Mechanical Properties, Finite Elements Method(FEM)
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A Study on Compatibility of Friction Test Methods for the Hot
Forging Process

Y. H. DO, M. C. Song

Abstract

The various evaluation methods of friction factor in cold bulk forging were suggested by many researchers, since the
friction would be a major factor to estimate a forging load in net-shape forging process. The purpose of this study is the
evaluation of the applicability of conventional friction tests for the measurement of friction factor in the hot forging. The
investigated friction tests in this study are ring compression test, boss-rib test and double cup test. For these friction tests,
The calibration curves of isothermal and non-isothermal case were compared by numerical simulations. From these results,
It was found that calibration curve of friction is dependent on the thermal conductance resistance of tested material. In
conclusion, The calibration curves considering temperature distribution is needed to apply the conventional friction test to
the evaluation of friction factor in the hot forging.
Key Words : Friction factor, Heat transfer coefficient, Hot Forging, Flow stress,
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Study on Effects of friction coefficient and a heat transfer
coefficient on cross-section shape in the hot flat rolling

H.S. Kang, Y. Lee

Key Words: Plate rolling (% 1<), Finite Element Analysis (3 2.4~ 34), Friction coefficient (v}2-74]5),
Width Spread (& 3 %), Heat Transfer Coefficient (8 H& A7)

Abstract

It is necessary to be aware of the friction coefficient value in order to more accurately predict the cross-sectional shape
of the material. Cross-section shape need to be considered even with large temperature and rolling reduction since it
affects also the temperature and the reduction rate of the material. In particular, the higher the reduction rate becomes
larger the effect of the contact heat transfer coefficient. Therefore, Conducted a simulation by finite element simulation of
the actual rolling process through the finite element program ABAQUS.

In this study, the reduction rate(20%, 30%, 40%) for the alloy SCM43, the temperature (900 ‘C, 1000 C, 1100 C,
1200 T) was obtained from the experimental cross-section. In this study, we get the experimental cross section shape for
the alloy steel SCM435 to some of reduction ratio(20%, 30%, 40%) and temperature(900°C, 1000°C, 1100, 1200C).
And, compare the experimental cross-sectional shape with cross-section shape simulated at ABAQUS.
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Modelling of guide roll and its applicartion to simulating ring
rolling

H. T. Jin, K. R. Kim, E. J. Kim, M. H. Choi, M. S. Joun

Abstract
In this paper, a ring rolling simulation technique based on full three-dimensional model discretized by tetrahedral
elements with emphasis on a new guide roll model is presented. The new guide roll model is devised to reflect spring-like
behaviors in real situations. The technique is assisted by a powerful mesh system specialized optimally for ring rolling
simulation and parallel processing technique to reduce computational time and applied to an artificial profile ring rolling

process modified from a real ring rolling process.

Key Words : Ring Rolling (38 &%), Guide Roll Modelling(7}o] = & X9 3), Finite Element Method(-3F 2.4 %)
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Fig. 5 History of deformation with emphasis on
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Thermo-mechanical Simulation and Experiment of Boron Steel
Sheet during Heating and Rapid Cooling

T. H. Kwon, C. H. Suh, H. Y. Choi, W. H. An, D. S. Ha, W. S. Moon

Abstract

Water quenching is one method of cooling after hot forming, which is presently being used for the manufacturing of
automobile parts. The formed parts at room temperature are heated and then cooled rapidly in a water bath to produce
high strength. The formed parts may undergo excessive thermal distortion during the water quench. In order to predict the
distortion during water quenching, a coupled thermo-mechanical simulation is needed. In the current study, the
simulation of heating and cooling of boron steel sheet was performed. The material properties for the simulation were
calculated from JMatPro, and the convective heat transfer coefficient was obtained from experimental tests. The results
show that the thermal distortion and the residual stresses are well predicted by the coupled simulation.

Key Words : Boron steel sheet(}.2 7+ F4)), Heating(7}2), Rapid cooling(F ), Thermal distortion(& *H &)
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A comparison and Prediction for Welding of Automotive Parts

S.K. Lee, H.J.Choi, J. K. Park, H. Y. Kim

Abstract
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(numerical simulation)
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Analysis of Spot-welding Strength and Elongation
for High-Strength Steel through Heat Input

S.Y. Park, H. C. Lee”, M. G. Kim, G. M. Lee, H. B. Choi, B. H. Kim, J. H. Song
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Abstract

Because of environmental pollution by vehicle exhaust gas and eventual oil depletion, development of green car
becomes more critical. One of major approach for improving fuel efficiency is mass reduction by applying high-strength
steel and application of high-strength steel is getting increased. Accordingly, various assembling method were studied. In
this study, joint strength and ductility of spot-welding which is major welding method for high-strength steel were
analyzed through tensile test. The heat input was calculated from electric current and duration and the relationship
between the heat input and joint strength and ductility was investigated. Finally, prediction model based on the heat input
was suggested and the model shows more precise prediction than general regression equation model based on design of
experiments.

Key Words : Spot Welding, Joint Strength, Ductility, Heat Input, High-Strength Steel
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CFD Simulation and Design Improvement of Cooling Channels
of Hot Press Forming Die

Y. H. Han, K. Lee, C.H. Suh, J.J. Lee, Y.H. Lim

Abstract
An approach of design improvement for uniform cooling of cooling channels of hot press forming (HPF) dies is
presented. The approach is based on CFD simulation and analysis of relative velocity of sectional velocity profiles.
Potential problematic regions in cooling channels that can potentially cause irregular cooling can be quickly identified
merely through velocity simulation of cooling channels. Two types of widely-used HPF dies that are really used in shop
flows are investigated and suggestions of design improvements for them are illustrated with some examples.

Key Words : Hot Press Forming (HPF), Cooling Systems, Velocity, Gun-drill type, Pocket-type , channel design
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Fig. 11 Velocity plot of Block A (surface velocity)
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Finite Element Analysis of Internal Pore Closing in Rolling
Bloom

J. G. Eom, M. C. Kim, I. H. Son, M. S. Joun

Abstract
In this paper, three-dimensional finite element approach of simulating the closing phenomena of tiny pore defect inside
the initial bloom, which were supposed to be formed during continuous casting process of the base material. The initial
spherical shape of cavity is traced. Because of smallness of the cavity compared to the size of bloom, a special local
meshing or remeshing capability is applied. It has been found that the pore closing speed is quite slow and the effective
strain at the pore closing is relatively high, which is supposedly due to relative low hydrostatic pressure in rolling.

Key Words : English Key Word: Internal Cavity(H]%-7]3"), Blooming Rolling(E& $+<1), Spherical Shape Cavity(7
& 7]%), Pore Closing(7]& 23)
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Fig. 1 Roll geometry
Table 1. Process information
Height of | Width of .
Gap . . Reduction
[mm] workpiece | workpiece of area [%]
[mm] [mm]
Pass 1 258 418 418.9 12.4
Pass2 | 172 332 438.6 16.8
2]

Fig. 2 Bloom and an internal spherical cavity.

Fig. 3 A typical mesh system used for simulating the
cavity closing phenomena
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True stress(MPa)

(c)t=0.249s d)t=0.277s

Strain rate(/s)
Fig. 4 Flow stress of the material used
Table 2. Variation of major geometries in Pass 1

t |0.185 | 0.217 | 0.249 | 0.277 | 0.307 | 0.345
Dx | 0.094 | 0.078 | 0.082 | 0.085 | 0.090 | 0.093

(e) t=0.307 s (f)t=0.3455s
Dy | 0.100 | 0.100 | 0.080 | 0.070 | 0.064 | 0.062 Fig. 5 History of deformation of the cavity in Pass 1

Dz | 0.095 | 0.090 | 0.085 | 0.087 | 0.087 | 0.088

Table 3. Variation of major geometries in Pass 2
t 0.854 | 0.878 | 0.903 | 0.931 | 0.979
Dx | 0.095 | 0.094 | 0.108 | 0.113 | 0.114

Dy | 0.061 | 0.061 | 0.035 | 0.023 | 0.019

Dz | 0.088 | 0.087 | 0.085 | 0.052 | 0.051

(a)t=0.854s (b)t=0.878s

(c)t=0.903s (d)t=0931s

(a)t=0.185s (b)t=0.217s
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(e)t=0.979s
Fig. 6 History of deformation of the cavity in Pass 2
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Rate-controlling mechanism of plastic deformation behavior of
a cold-drawn pearlitic steel in temperature range of 0.2 to 0.3T,,

B. H. Choi, K. T. Park

Abstract
A7 W AAAE AY A cable & AW ASA 9EE 3 7|E FH cable 9 AR EE
Q71 5AE 715 Wl £ A Soll s ¢F 150 C o o|2W, L FHF] FUhs wEf cable <
&= oF 250 C 7HA F7HE Aow gFdrh shARE, o9 e W REWlelA FAA Wzt
AdAe] AW F digh A= AgH oty wekx 2 AT E 02~03Tm =R JelA FA%
W3 AR e A

austenizing % 550 C ¢ ¢1&9] Sewe) Agg A thal 13mm oA 7.68mm(e=1.05)7}F4]
pass & 20%°] @ Aasm Y3k Al A A A9 d AEs dolR ] fls 200, 225,
250 C &0 4A &5 stolA 10°-10° st o] WMPFHEZ A% creep AHS AU 2AAWY &5
715 power law creep I} 9% A AdWE ZEES HEsle] EA3ITE Power law creep &
ol g3t A AWy &4 V)Fe F 4Ed A2A8Y V)R B FAURA groez <
go] ojgYrt. 4% @43t 2AWE =9 = attice resistance control RES o] &ste] AAME 0 K
&Y pure o-iron T HluLdle] Al fFAlEG I, st e kink A S FEE=
g UA R =4 UERTh ol cementite EYE AW - flojA Lol oHE Ho=
= ivt. W, obstacle control RS o] 83l ALtE EAslelvA @ AAe FEA 8TEH=
AR A A FAEIRA L, 0 K 75832 pure a-iron 3 H]w 3} 1 order A YERIA O,
o] cementite E3E Q1% o FIAHAT webx ARoAe] AAWY RS obstacle control

o AT

& 7)ol el =AFstanab skeink miAl =4 AlojE 918 1000 C °lA 10 &
A
3

Key Words : Eutectoid steel, Cold-drawn, Deformation, Creep, Constitutive equation
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A design of cold drawing Dies for improved quality
S. H. Lee, K. J. Yoo, J. J. Park,

Abstract
This paper presents on the influence of drawing dies (especially semi-die angle and total length of WC tip) in drawn

bar on residual stresses were investigated using FE-analysis. In this study, semi-die angle and length of WC tip reduction
have a significant effect on the residual stresses at the surface of drawn bar. In this study, long length dies was applied in
comparison with the previous.  As a result, could change the conditions of the dies internal geometry design easily.
(Changing conditions are as follows - Semi-die angle and Approach length. It can be reduce A-parameter value )

Low semi-die angle and long approach length of drawing dies operation reduces surface residual stresses after drawing

Furthermore it was confirmed that the increasing of wear life tool also.

Key Words : A -parameter, Drawing dies, WC, Residual stresses, Semi-die angle , Approach length
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Evaluation of Residual Stress of Drawn Wire

S. K. Lee, M. S. Jeong, J. W. Lee, D. H. Kim, Y. J. Cho, S. K. Whang, I. K. Lee, B. M. Kim

Abstract
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Study on Numerical Simulation of Heat Treatment for the
Estimation of Residual Stress in Turbine Disk of Superalloy

Eun-jeong Kwak- Gyeong-pil Kang- S. S. Hong- Wan-Chuck Woo

Abstract

The turbine disk is exposed to a high temperature and high pressure environment. The residual stress needs to be
controlled below certain level to ensure the high reliability during the service. The residual stress is developed mostly
during the heat treatment of quenching and aging. The numerical simulation of heat treatment process can be a useful tool
to optimize the material property and process condition. In this study, the heat transfer coefficients of each medium, air
and oil, are obtained by experiment coupled with optimization technique and the material properties are obtained by
JMatPro which calculates the high temperature material properties. The numerical simulation is performed and the
estimated residual stress distribution in each heat treatment stage is shown

Key Words : Heat Treatment, Finite Elements Method, Quenching, Heat Transfer Coefficient, Nickel alloy, Aging
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Fig. 2 Heat transfer coefficient in different mediums.
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Fig. 4 Distribution of maximum principle stress
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Aircraft-Engine Disk Forgings, Presented at the 9" international conference on Numerical Methods in industrial
Forming Process NUMIFORM 2004
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Creep life prediction of vertical radiant tube for high
temperature

Youngho Lee, Sooho Lee, Youngseog Lee

Abstract

Temperature of vertical radiant tube is raised by combustion until 1000 celsius in furnace. This study apply to FEA
analysis that creep life prediction of vertical radiant tube used by this environment. Combustion analysis was processed
by commercial finite element program, ANSYS14.0. Temperature, which s distributed unevenly the
circumference/longitudinal direction in radiant tube, was calculated by combustion analysis. Coupled analysis of thermal-
structure was processed by commercial finite element program, ABAQUS6.12. Thermal stress and deformation of
vertical radiant tube were analysised by coupled analysis. Finally creep life prediction was processed by analysis of creep
behavior. This study was accomplished creep life prediction used by Larson-Miller Parameter.
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Material Characterization and Formability Prediction of
Advanced High Strength Hot-rolled Steel Sheets

Wonjae Kim, Chulhwan Lee, Hyunki Kim, Youngwoo Koh and Kwansoo Chung

Abstract

In the industrial sheet metal forming, the numerical forming analysis to predict forming failure is commonly utilized to
optimize the forming process. In particular, for rather thin cold-rolled automotive sheets which more often than not fail
with strain localization, the analysis is conducted using shell elements under the plane stress condition. As for the failure
criterion, the strain-based forming limit diagram (FLD) is measured and the measured data is converted into various
formulae for numerical applications, which might be insensitive to deformation path history such as the criteria based on
failure stress or effective failure strain. In this work, a numerical analysis procedure was newly developed for rather thick
hot-rolled advanced high strength sheets in automotive applications, utilizing continuum elements. The procedure involves
the numerical inverse method to characterize hardening behavior with its ultimate deterioration before failure as well as to
evaluate failure behavior, based on simple tension and hemispherical dome stretch tests. To predict failure, the new
method directly evaluated strain localization for (critical) material elements without referring to the forming limit diagram.
The new procedure was applied for hot-rolled HB780 sheet and analysis results were experimentally validated.

Key Words: Advanced high strength hot-rolled steel sheet, Sheet formability analysis, Materials characterization
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Fig. 1 Engineering stress-strain curve of HB780

Table 1 Mechanical properties of HB780

E YS UTS Elongation r-

(MPa) | (MPa) | (MPa) | Uni. | Tot. value
0° 196.4 | 7574 | 815.9 10.89 | 1946 | 0.72
45° | 1905 | 7434 | 787.3 10.10 | 19.58 | 1.22

90° | 212.3 |798.1 |840.9 |9.47 | 17.31 |0.79
2.2. g=EEre

B =Fol M= Hill 1948 1231 Hosford &%
45 AR Hosford &84 53
7o Bt B 9= M-value, 5 W ]x} Eia
e Aol YIS Fotstr] skl AREskel
th HES Hilll94s &3k HleAdel Wy
E A5S e e mAe 9FS dojn
7] 9ake] A&tk Hill[4lel o)l Aty o
A RlEd e obdleh 2ol He dnh
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A finite element simulation considering transformation
plasticity for carburizing heat treatment

of automotive gear ring

Dong-Wan Kim?, Won-Beom Lee 2, Kyun Taek Cho? and Heung Nam Han'*
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Investigation of mechanical behavior of AZ31B Mg alloy under

a pulse electric current

Y. C. Her, D. Kim, J. Lee, S. J. Kim, Y. H. Moon

Abstract

In this study, the mechanical behavior of AZ31B Mg alloy sheets under a pulse electric current was investigated by
uniaxial tension and compression experiments. The electric pulse with constant amplitude of electric current was
periodically applied to the specimen simultaneously with measurement of the temperature. The experimental results for
both tension and compression cases showed that the flow stress was rapidly reduced when the current was initiated while
it increased after eliminating the electric current. It was also observed that the material was rapidly heated during
supplying an electric current and it was cooled down after removing an electric current. Furthermore, Joule heating effect
induced by the electric current was studied to take into account of flow stress reduction phenomenon.

Key Words: AZ31B Mg alloy, Pulsed electric current, Electrically-assisted forming, Joule heating
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Shape Fixability of Ultra High Strength Steel Sheet
D. H. Park, Y. H. Tak, M. L. Lee, D. C. Shin
Abstract
This paper aims to ensure the spring back prevention technique for improving the shape fixability by using the ultra
high strength steel sheet more than 80kg class to develop the lightweight Seat Rail parts. The ultra high strength steel

Development of Automotive Seat Rail Parts for Improving

= 447ke s 2015

}

o
e

gives potential for considerable weight reduction and a cost-effective way to produce energy efficient vehicles. The

influence of spring back of seat rail parts on shape fixability in forming processes was investigated.
Key Words : Automotive Seat Rail, Shape Fixability, Ultra High Strength Steel Sheet, Spring Back, Lightweight Parts
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A Study on the Collapse Modes for the Reinforced Pyramidal

Core of a Sandwich Panel

under 3-point Bending

S. U. Lee,D. Y. Yang

Abstract

Construction of sandwich materials involves a composite material structure of light weight, high strength and good
dynamic properties. In recent days, demands for materials with high strength and light weight are ever increasing. In this
study, a micro sandwich structure named as “shaped-sheet pyramidal truss core” is proposed to improve the mechanical
strength by changing the cross-sectional shape at the central portion of the core. In the sandwich with the reinforced
pyramidal truss core, elastic buckling and yielding of the reinforced core, elastic wrinkling and yielding of the face sheets
of the sandwich, and the plastic buckling of the reinforced core and plastic wrinkling of the face sheet after yielding have
been identified as the six competing modes of failure. Analytical expressions for the bending and compressive collapse
strengths in each of these modes are derived and used to construct collapse mechanism maps for the sandwich panel with

the reinforced core. The structural efficiency was affected by the

ratio of thickness of face sheet (t¢/1) and the length of the

core’s base (L /). The maps are useful for selecting the geometries of the sandwich panel with the reinforced pyramidal

truss core that maximize the collapse strength for a given relative

density.

Key Words : Reinforced pyramidal core, 3-point bending test, Collapse mechanism map, plastic buckling
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Fig. 3 Sketch of the unit strut of the reinforced
pyramidal truss core.
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The Effect of Residual Stress on the Fracture Toughness: In-situ
Neutron Diffraction and Finite Element Analysis

Dong-Kyu Kim', Wan-Chuck Woo', and Gyu-Baek An?
! Neutron Science Division, Korea Atomic Energy Research Institute
2 Technical Research Laboratories, Pohang Iron and Steel Company

Abstract

It is well known that residual stresses generated during the manufacturing process have considerable impact
on the structural integrity under the external loading. In the present study, the effect of the residual stress on
the crack initiation and propagation is investigated based on the in-situ neutron diffraction and elasto-plastic
finite element analysis (FEA). Firstly, artificial residual stresses are enforced at the fatigue crack edge of the
compact tension (CT) specimen by local out-of-plane compression. Depending on the location of the applied
loading, it exhibits either compressive or tensile residual stress distribution in the vicinity of the crack edge.
Secondly, the CT specimen is subject to the tensile loading under mode I. Comparisons between the in-situ
neutron diffraction and the FEA were made in terms of the redistribution of stress and strain near the crack
edge. It revealed that the compressive residual stresses were beneficial to increasing the fracture toughness

and accordingly to arresting the crack propagation.

Key Words: Residual stress, Fracture toughness, in-situ Neutron diffraction, FEA




MI|CR E7| M8 2Ho| HEAM |3tAsN
amEH. 4mY. SEY

Crystal Plastic Finite Element Analysis of
Bump Forming Process for Electric Terminal

J.H. Son, J. K. Sim, Y. T. Keum

Abstract

In this study, a bump forming process of electronic terminal was simulated by employing the finite element analysis
based on crystal plasticity. In order to find the best fitted micro-material properties of the specimen, the stress-strain
curves constructed by simulating the tensile test with various micro-material property set were compared with that
obtained by the experiment. The height of bump was compared among crystal plastic finite element analysis, conventional
macro-plastic finite element analysis and experiment. The comparison reveals that the bump forming process simulation
using crystal plastic FEA can improve about 11%, compared to conventional macro-plastic FEA.

Key Words : Crystal Plastic Finite Element Analysis (2
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(a)

(111)

(100) (110

Fig. 2 Pole figures of (a)phosphor bronze sheet and

(b)OFHC copper sheet
Fig. 3& 24 A8 A83 24 A9 A4 w
A F oAEe ol gE-RRE Mnt
Fig. 4o YeEliidct. AARANE F3 =44
SYMEE HEE A4 AFAY $H-NEE
Areob wlustar, wAl &4 detdets =48t
o AA "oy ZHaA stk 1 AE
A S Fa dolzl MAIEA dlolH = Table. 1
7 2t
Table 1. Micro material properties of the specimen
Cl1 Elastic modulus-X 170GPa
C12 Elastic modulus-Y 124GPa
C44 Elastic modulus-Z 75GPa
GDOTO Reference shearing rate 0.001/sec
AM Power law 0.012
SO Initial val. of the def. resis. 362MPa
AHO Value of the initial hardening rate 350MPa
SSAT Saturation value for the def. resis. 960MPa
RHARD Exponent in hardening equation 2.25
QL Latent hardening parameter 14
TEXCAL | Setequal to the time at which you 02
TIME wish to first calculate the texture '
TEXFREQ Set equal to the time increment 1
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Fig. 3 Comparison of ruptured specimen between
experiment and simulation.
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Fig. 5 FE model for simulating the embossing
process.



3.3.2 a4l =7

2 E g% 7} 500mm/min®] %% 0.042mmal %
skel 0.06mm A uhehs A skt
tholo] <l3) uwhgke] APum s spshw
~EgH e} thold o nAHEE P, A
Eg|y, tho], utgt Atole] mpEE FAEQT).
Table 1°] e 1A
e AAEA dlo]

ERS ELEEY

Table 2. Macro material properties of the specimen

Yield strength 620MPa
Tensile strength 804MPa
Young’s modulus 110GPa
Poission’s ratio 0.34
Density 8.8g/cc
3.3.3 a4 Z1
AR Fera s A(CPFEA) A3, AP d

dAfe]l E7] olrt A =7 X (Experiment) 2}
1.6% QA5 Btk v maRsA f3es
A (MPFEA) 23}, E7]19] o]zt A 5744
o} 12.3% 2= X3\ th(Table3 3x).

Table 3. Comparison of deformed bump among
CPFEA, MPFEA and Experiment

CPFEA MPFEA Experiment
Height 19.5880 17.4512 19.8968
[nm]
Error
o 16 123 0
4.8 E
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Rigid Plastic FE Analysis coupled with VPSC Polycrystal Model

Gyeongpil Kang, Kyunghoon Lee, Yonghwan Kim, Kwangseon Shin

Abstract
The asymmetric material behavior during tension/compression of magnesium alloy make it unsuitable for the typical
continuum based FE analysis to be used in the simulation of the magnesium alloy forming process. In this research, we
designed a methodology to use crystal plasticity model as a constitutive equation. To predict the behavior of magnesium
alloy in multi-scale level, we implemented VPSC model into rigid plastic FE code which is suitable for the simulation of
large deformation process such as rolling, forging and extrusion. Application results are shown for the extrusion and
rolling process of pure magnesium.

Key Words : Polycrystal Model(tF2%4 =.2), VPSC(Visco Plastic Self Consistent), FEM,(-+3F2.4%), Texture
Evolution(F &% 4, Crystal Plasticity(2 7 24 8, Multiscale("2 E] 2= 7] )
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2.1 VPSC Z& AJH

24 R (Ploycrystal Model)> WAl Zz=2 3 AAHSIoA 9] AFs Adsts RARA, TAl A9
HPASA g B4 AR, JFxAdAe] ¥MIL-SHAEE =EsA dvh 1 F sl
VPSC(Visco Plastic Self Consistent) =212 7+ A4 {3 1 A4 HS & 72 57} "2 HEM(Homogenous
Equivalent Medium) &= -8 5|1, o} 7oA 2z} AAH2 H] 2 A (inhomogeneity) = 717 ¥ a1, HEM-> 2t 2
AYY AFES Hw#3d mjdoltt. HEMS G (Compliance)o] AR E = WhAle 7zt AAY AXHo A5
HA o3 7 AAHolA e SHH AT WHEEE Hito] HEMZE 38 23 RSt AT w7hA]
HHE A1 Alake] o] Fojxw], 2}7] A (self-consistency) U= #H o2 AAETH2]. Fig. 1> VPSCR 9]

7 g RoFa g

ot J
ko2

Homogeneous Effective Medium

(M(IE):EO:Z)

grain

(M £%.0)

Fig. 1 Schematic Representation of VPSC Model

2.2. O =2 HAOAMS Sd=E

VPSC BdloA 23le EALS 2t &/ 2o i3k A A W3 %8 (Critical resolved shear stress)¥}
#AS geu]EEolth. 4] 1o CRSS#H9 F41& HIl= o] A
st gelulEs AFEFAHY] SH-HYE £ 7 Feted, AR E Fola AlFA e

A3E =&317] g8 FAALnYFES H83 T2 W(VPSC-GA)o] JNEE QT o] TRIa|MLE A]H 9
%27] AFxAY AFGE AFA, CRSS THehulEle] AslexE qjEsoayn, APAe A=
CRss#tetv| Bl S AAsHA ®Hrh ® 19 dHolE= o] ZR2aE Fa AXE EFvlavlde] sk 42
o 9] CRSS dte}n|E]o]th[3]. oA+ 7] AW &7 (Basal slip)Z <173287d (Tensile Twin)e] W& A glgho
W FEolnE FHUHIFIE E lojth

.=, +(m + G D)L-exp (=61 7))] A
Table 1 CRSS parameters of pure magnesium at room temperature
Mode 7, T o, o, h®
Basal 0.740 0.703 415.530 | 100.040 1
Prismatic<a> 37.731 23.458 664.490 | 197.390 1
Prismatic <c+a> 54.990 48.896 996.950 | 173.720 1
Tensile Twin 1.710 1.084 45.575 20.508 1
Compressive Twin 93.521 36.258 1353.700 | 180.230 1
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Fig. 2 Implementation Scheme of VPSC Model into Rigid Plastic FE Code
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Elastoplastic finite element analysis of rectangle deep drawing
process of clad-sheet

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

Abstract

In this paper, three-dimensional elastoplastic finite element approach to simulating a clad-metal sheet metal forming
process is presented. The approach is based on a layered finite element mesh system with tetrahedral elements and a force
imposing die to deal with blanking holder force. The predictions are compared with experiments, revealing that they are

in a good agreement with each other.
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Fig. 4 Predicted history of deformation

Fig. 5 Experiment
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Elastoplastic finite element analyses of a square-cup deep
drawing process using solid elements

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

Abstract

In this paper, an approach of applying the elastoplastic analysis technology to sheet metal forming process using
tetrahedral elements instead is presented. The approach is applied to the square-cup deep drawing process, that is, the
international bench-marking process in NUMISHEET 93. The present predictions are compared with the experimental
results and those obtained using shell elements found from the related literature. Effect of the number of layers in the
thickness direction is evaluated comparing the predictions with experiments. It has been revealed that finite element
predictions using proper layered solid elements are more accurate than those obtained by shell elements.

Key Words : Sheet Metal Forming (%714 3), Elastoplastic Finite Element Analysis (44 f-38.243)4]
Tetrahedral MINI-Element (AFH 2] MINI 2.42), Multi-Layered Mesh System (U+5 2.4)
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Table 1 Comparison of our predictions with the
experiments and other predictions

. DX,
Comparison DY(mm) DD(mm)

Experiment results 27.95 15.36
Elastoplastic 1 Layer 26.50 14.63

2 Lyaers 27.70 15.29
Tetrahedral
MINI Element 3 Layers 27.73 15.32

4 Layers 27.60 15.27
Solid-shell (Xu et al. [4]) 27.17 14.79
MTLFRM (shell) [4] 28.90 16.20
LS-DYNA3D (shell) [4] 30.03 16.43
PAM-STAMP (shell) [4] 28.43 15.46
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Estimation of Orthodontic Forces between Invisible Orthodontic
Aligner and Teeth using FEM

G. Ahn, J. K. Lee

Abstract

Orthodontic aligner is a device used to produce orthodontic tooth movement. The challenge in designing an orthodontic
aligner is to produce an optimal magnitude and distribution of the orthodontic forces between the aligner and teeth. In this
study, the performances of several orthodontic aligners were evaluated by FE analysis. The orthodontic aligners of non-
uniform thickness seem to be promising candidates for effective orthodontic force control

Key Words : Orthodontic Aligner, Orthodontic Force, Tooth, FEM
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Evaluation of lubrication characteristic using boss-rib test method

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

Abstract

Since the lubrication characteristic at the tool-workpiece interface plays important role in metal forming process, the
quantitative evaluation of lubricant is essential for successful production. The boss and rib test based on backward
extrusion process is friction testing method that emulates frictional phenomena on actual cold forming condition. In this
study, the boss and rib test was carried out for various lubricant and materials in order to investigate the characteristic of
lubricant in cold forming process. For experiments, commercial aluminum alloys of 2024, 6061 and pure copper were
chosen as specimen materials. In addition, solid, semi-fluid, and fluid type of lubricants (MoS,, grease, WD-40) were
chosen as lubricant. As a result, the shear friction factor of various lubrication conditions were determined by using
experiment results and calibration curves from finite element simulation. The validity of shear friction factors result were
confirmed with experiment load-stroke curves and simulation results.

Key Words : Boss and rib test, Backward extrusion, Friction testing method, Lubrication characteristic
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Effect of specimen surface roughness on friction characteristic in
boss-rib test method

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

Abstract

Relative surface roughness between tool-workpiece interface influence to friction characteristic. In this study, boss and
rib test was carried out for roughness controlled specimen in order to investigate effect of surface roughness on friction
factor. For experiments, surface of specimens were controlled in two conditions (wire cut, finely mechanical polished)
and characterized in terms of roughness parameter R,, R, using surface roughness tester. Lubrication was varied with
three types of Grease, WD-40, MoS,. On the case of finely polished specimen, the shear friction factor of grease(Semi-
fluid type) and WD-40(Fluid type) were increased. However, the case of MoS,(Solid type) shows same shear friction
factor as rough surface condition. In order to understand the surface roughness independent frictional characteristic on
solid type lubricant, surface condition of expanded surface were estimated using stereoscopic microscope and surface
roughness tester.

Key Words : Boss and rib test, Surface roughness, Friction measurement, lubrication
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The effect of matrix ferrite microstructure on the sliding wear
behavior of spheroidized high carbon steel

H. L. Hur, H. Gown, M. G. Kim, Y. -S. Kim

Abstract

This study was conducted to elucidate the effect of matrix ferrite microstructure on sliding wear behavior of
spheroidized high carbon (1 wt. % C) steel. The high carbon steel was primarily heat treated to obtain full pearlite and
martensite microstructure before the spheroidization. Spheroidizing heat treatment was performed on the full pearlite steel
and tempering was performed on the martensite steel to get spheroidized cementite in ferrite matrix in both full pearlite
and martensite microstructure. Sliding wear tests were carried out using pin-on-disk wear tester with the steel as a disk
specimen. An alumina (AI203) ball was used as a pin counterpart. After the spheroidizing heat treatment and the
tempering, both pearlite and martensite exhibited similar microstructure of spheroidized cementite in ferrite matrix.
Spheroidized pearlite specimens showed lower hardness than the tempered martensite, but wear resistance of the
spheroidized pearlite was superior to that of the tempered martensite.

Key Words : Sliding wear, High carbon steel, Spheroidizing, Tempering, Matrix ferrite
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Table 1 Chemical composition of the tested steel (wt. %)
Cc Mn Si P Cr
1.0 0.31 0.26 0.014 217

Table 2 Heat treatment condition and microstructure

Specimen Symbol Heat treatment Condition Microstructure Hardness (HV,)
P 1050 C for 30 min, 650 C for 30 min, W.Q. Lamellar Pearlite 362.6
SP After P treatment, holding at 700 ‘C for 100 h, F.C. Speroidized Pearlite 225.3
M Holding at 840 C for 1 h, O.Q. Martensite 904.2
™ After M treatment, holding at 650 C for 3 h, W.Q. Tempered Martensite 285.7
2 HESE | DC Motor |
DC Motor
2.1 AHEHZH| :
v oo - . o Specimen ’ <—— Counterpart
2 oATol Age 2ol setrde ® 1¢ 4
gliglar, dAgzas 2o wE mAlzE, A TLoad
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Investigation of tribological mechanism of DLC coating against
magnesium alloy at various temperatures

H. Gwon, M.G. Kim, H.L. Hur and Y.-S. Kim

Abstract

The sheet-forming of Mg alloys is carried out at elevated temperature (250 °C) due to their low formability at room
temperature. The high-temperature process results in a typical surface damage, the galling. In this investigation,
tribologcial characteristics of DLC coating which had been widely used for low-friction processes against AZ31 Mg alloy
were investigated. Dry sliding friction and galling characteristics of AZ31 Mg alloy disks which were slid against
uncoated and DLC-coated STD-61 steel pin were evaluated using a reciprocating sliding tribometer at room temperature
and 250 °C. To represent a real sliding during the sheet metal forming process, single-stroke tests were adapted (10 mm of
stroke length) rather than a reciprocating long sliding-distance test. The DLC coating suppressed adhesion between the
alloy and the tool steel at room temperature, which kept the friction coefficient low. However, at 250 C, severe adhesion
occurred between the two surfaces, which increased the friction coefficient and the galling.

Key Words: Mg alloy, sheet forming, friction, galling, DLC
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Fig 1. SEM micrograph of the DLC coating layer on
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Fig 6. Stereo optical micrographs of STD-61 tool
steel disks slid against AZ31 Mg for 10 mm at 250 °C:
(a) uncoated disk, (b) DLC coated disk.
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Experimental and Analytical Study on the Strength of Flange
Part Affected by the Die Temperature in HPF Process

G. H. Song, D. H. Kim, H. K. Kim, B. S. Cha, H. J. Kim

Abstract

Hot press forming (HPF) process of high strength steel (HSS) sheet is mainly used to produce vehicle body parts like
door pillars that are required to have very high strength-to-weight ratio. This process is also the best method to solve the
low formability problem of HSS sheet at room temperature. If the whole part including flange area that is to be removed
has too high strength by the die quenching effect in the HPF process, it will be very hard and costly to trim the flange part
away in the subsequent process. This study shows that it is possible to have the strength of the flange area stay not too
high by a selective control of die temperature. Finite element analysis of the HPF process is performed under the same
conditions as in the experiment, and the results are compared with the experimental data.

Key Words : HPF(&E 7F>Z # 2~ 3) , Die Quenching(= 3 Ul H5 &), FEA(- 884231 4), Center Pillar(A1 € Z &)
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Causes of fracture occurring in plate forging of clad plate

S. M. Hong, J. H. Hwang, J. W. Sim, W. J. Chung, M. S. Joun

Abstract
In this paper, a three-dimensional elastoplastic finite element analysis is conducted to reveal the fracture occurring in
plate forging of a clad plate. Formability limit diagram (FLD) technique is applied in the clad material which is thin
enough for FLD technique to be applied. To obtain reliable predictions, special layered finite element mesh system is
employed. The predictions are compared with experiments, showing that they are in good agreement with each other.

Key Words : Plate Forging(¥ =), Three-Dimensional Elastoplastic Finite Element Analysis(3%Fgl &HAA] 324
3} 47), Clad Plate(Z gl = A, Fracture(3} ), Formability Limit Diagram(d & $H4] =)
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The Effects of Die Design on Earring of Al Square Cup Impact
Extruded

J. H. Lim%, S. W. Choi?, J. H. Shin?, J. Lee”

Abstract
In this paper, the effects of die design on earring of Al square cup manufactured by impact extrusion process are
studied. The earring tends to happen to products with high friction and aspect ratio, which make metal flow limited. In
case that earring becomes high, the height of final cup can be decreased because material volume should be eliminated as
much height of earring in trimming process. For that reasons, the analysis was carried out with commercial FEM S/W
DEFORM 3D on die design such as die land length and die bottom corner radius to understand metal flow and then
compared with experiments.

Key Words : Impact extrusion process, Earring, Die design
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The study of steel tube forming with gas blow forming process

D. O. Kim, K. G. Kim, S. I. Lee, J. S. Kim, H. Y. Hwang

Abstract

Due to the high demanding for fuel efficiency and more strict regulation for CO2 emission, automotive companies have
focused their R&D activities onto the reduction of body and chassis components by using high strength steel. Some of the
companies have used gas blow forming process for aluminum extrusion parts since it can be formed under the 500 C.
However, its commercialization has been limited due to the high cost of aluminum alloys and relatively low strength
compared to that of steel. Thus, in this research, steel tube has been gas blow formed under high temperature for a chassis
application, and optimized design and process parameters have been studied. Tube bending and bulge forming simulation
has been carried out, and it was compared to the experimental results.

Key Words : Gas Blow Forming, Steel Tube, Bulge Forming, High Strength
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Tool compensation for the Automotive Product with UHSS
by a Die Compensation Module

J. H. Lee, S. H. Kim, K. H. Ha

Abstract
The recent advances in utilizing UHSS in auto-industry have increased to satisfy the requirements for impact stability
and weight reduction of automotive. There are still under challenge in order to overcome the troubles during the forming
process such as formability and springback. A new approach is applied in this paper to satisfy the specification for the
shape accuracy of the press-formed part with an automatic die compensation module combing with finite element
stamping analysis. The target part is the roof rail center with the UHSS having UTS of 980MPa. The initial blank line is
obtained by the inverse analysis and forming defects such as tearing and wrinkling are figured out by the finite element
stamping analysis from the information of the initial tool shape. The blanking line is optimized to meet the shape
requirement of the final product with the stamping analysis and die compensation is carried out with the information of
the springback amount in each process. The specification of the shape accuracy is successfully achieved by the proposed

die compensation scheme with the finite element stamping analysis.

Key Words : UHSS, Tool Compensation, Springback
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Numerical Prediction of the Hemming Defects Considering
Residual Stress in Stamping Process

0. S. Seo, B. H. Hong, H. Y. Kim, J. C. Lee, C. H. Rhie
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Fabrication and investigation of large area metal
superhydrophobic surface with anti-icing property

M. Jung, T. Kim, H. Kim, R. Shin, J. Lee, J. Lee, J. Lee, S. Kang

Abstract

Recently, the development of durable hydrophobic surfaces has received much attention, with anti-icing applications in
harsh environments. In this paper, a design methodology to determine the optimal microstructures to achieve
superhydrophobicity was proposed. Moreover, a top-down fabrication method to form large area metal superhydrophobic
surface was presented. The superhydrophobic surface was formed of nickel, which has a large hardness and corrosion
resistance, making it suitable for use in harsh external conditions. We measured the contact angle and contact angle
hysteresis of diverse metal surfaces were measured (i.e., a bare surface, a random nanostructured surface, an engineered
nanostructured surface, and an engineered hierarchical structured surface), and the anti-icing properties of these metal
surfaces were investigated.

Key Words : Anti-icing, large area metal superhydrophobic surface, continuous metal-to-metal replication, top-down
fabrication methods
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Abstract
B AT A= Aez folA & (selective laser melting, SLM) & A 0.8 Al2¥ AlSiloOMgE+9¢ 9%
Al MAa9Ed MYPAFA v A= wARA e s mEsgTh. AP0 SH A= EBSD(electron
back-scattered diffraction)i-4]3} U F<olo] AHE Exssitu 71&S o]&3lo]  AISIIOMgE &< 45 o144
a9ty WPATS B8t EDS 2 SEM ©mAE o] &3te]l x7] mAzFd wHstE &84
(melt pool) 9} & %3 & (heat affected zone)E -+ 3F31 2.7, KAM(kernal average misorientation)< ©]-&3}o] U5
AFAl mAZA el BAEtE WYY EddAdS EAET o] 2AQ SHelAE AAl 7] A4S

fretasve] A WEdsk & AAsHE wele] 7% CPFEM(crystal plasticty finite element method)S ©]
&35t AEFQGAl AISILOMgE =Y w29 AEdd Ugh Meso-scaleEAH S FP313lth SLMTAHLZ
Az vhFst FaAd ek v Aagsts WE Ase g ol E HE R, ¥F T HPAo] SR
A el =go] & Aow Vi

Keywords : AISi10Mg, Selective Laser Melting, EBSD, Microstructure, Kernal Average Misorientation
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A study on mechanical properties of nitrided 2205dual phase
stainless steel

Jamshid Shukurdjanov, Insoo Kim*
Department of Advanced Materials Science and Engineering, Kumoh National Institute of Technology,
Gyeounbuk, Korea 730-701
*Corresponding author: iskim@kumoh.ac.kr

Abstract
Liquid salt bath nitriding is simple and quick processing method. The duplex stainless steel sheets were nitrided by salt
bath nitriding method. KNO3 salt was used as a nitriding source from 500°C to 650°C for 1 to 8 hours, respectively. After
the salt bath niriding of duplex stainless steels, the changes of mechanical properties were investigated by micro-hardness
and tensile test. The micro-hardness of nitride duplex stainless steel is increased about 30% than initial sample. The UTS
of nitride duplex stainless steel is increased about 10% than initial sample. But the elongation of nitride duplex stainless
steel is decreased about 10% than initial sample.

Key Words : Key words : Salt bath nitriding; KNO3; Hardness
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A study of elasto-plastic deformation on Heat Treatment for the
Tool Steel of Advanced STD61 in Different Mediums

Eun-jeong Kwak - Gyeong-pil Kang - Jeong-mok Yu-byong-koo Kim-Tae-yeol Roh

Abstract

The demand for the improved tool steel is increasing as the manufacturing process becomes severe such as hot press
forming, high pressure die casting and cold forming of UHSS. The design of heat treatment process is one of the key
technology to meet the need for the high toughness, high temperature strength, wear-resistance and minimized thermal
distortion. The application of finite element method in heat treatment simulation can reduce the trial and error in
determining the heat treatment condition. In this study, the process to obtain the heat transfer coefficient of oil bath and
vacuum heat treatment furnace is presented. And we compared results of elasto-plastic deformation of tool steel in
different mediums.

Key Words : Heat Treatment, Finite Elements Method, Quenching, Heat Transfer Coefficient, Tool Steel
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Track characteristics in Laser metal deposition using AISI M2
powder

W. H. Kim*, B. H. Jung®, M. H. Oh? S. W. Choi? D. M. Kang"

Abstract
AISI M2 powder was selected primarily through various reference paper in order to estimate the track. Among the laser metal

deposition parameters, laser power was studied to improve the deposition efficiency in the laser metal deposition using a diode
pumped disk laser. SKD61 hot work steel plate and AISI M2 powder were used as a substrate and powder for laser metal
deposition, respectively. Fixed parameters are CTWD, focal position, travel speed, powder feed rate, etc. Experiments for the
laser metal deposition were carried out by changing laser power.

Key Words : AISI M2 powder (2 A 3}9-1), SKD61(E 7F5 3 7), Laser Metal Deposition(d] ©] A o & T] 32 2] A1),
Track(E 2)
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Laser Light Cable
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CTWD

Workpiece

LMD
/\ Head
Workpiece

Fig. 1 Block diagram of multi-modal chatter
model of a high speed machining center

Powder L
v
Feeder asel

Table 2 Experiment condition of laser metal

deposition
Parameter Unit Range
Laser power kw 0.5-1.6
Tilt angle of LMD head degree 0
Travel speed of LMD m/min 12
Power feed rate g/min 8
Track pitch um 500
Track distance mm 100
Track pass pass 30
3. gz o &
LMD A&l oA &% wa EHF7
SATELE AFA AAAA A s EY

=

2 10um HHo® ZAe] At Fig. 2t
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Fig. 2 The relationship between track depth and
laser power
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[1] H.  Gedda, 2000, Laser surface cladding a

literature survey, Technical Report.

[2] Namhyun Kang and Yeongon Yoo, 2007, Laser
cladding Technology in Overlay Welding, Journal
of KWJS, Vol. 25, No.1, pp. 7-8.
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Development of high-temperature wear test equipment and wear
analysis on variation of steel grade

H.S. Kang, Y. Lee

Key Words: Pin-on-Disk, Wear testing ("} = 4 &), Wear Characteristics("} = 54J)

Abstract

We had to improve the existing experimental equipment created a new experimental equipment to wear test at high
temperature. And, determine using the experimental equipment of a wear coefficient as each steel (spring steel, high
carbon steel, low carbon steel) rolling. This experimental equipment consists of Induction coil, servo motor and cooler.
And, precise temperature control is possible via an infrared sensor. Complete the wear test specimen from improved
experimental equipment is taken wearing surface with microscope. Next, extracts the wear surface of the specimen with
the coordinates border Data. And, after calculating the wear volume by using the acquired Data calculates the wear
amount of each specimen. Finally, Identify the trend through the least squares method (Least Square Method).
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Metal Injection Molding Analysis of 19mm Diameter BTA Drill
Head using Moldflow

H.Y. Kang, Y. G. Song, J. H. Lee, H. H. Shin, S. M. Choi

Abstract

In this paper, grid generation and injection analysis were carried out by using Moldflow AMI which is a commercial
forming analysis program to minimize resin short shot defect generated in metal injection molding according to 19mm
diameter BTA drill head design. Molding condition suitable for process of target goods was set in moldfolw, based on the
result, gate location, weld line and packing time were set and flow characteristic, such as filling pattern, pressure
distribution was measured by injection molding analysis. This paper is directed to improving quality of injection molding
product by analyzing estimated volume contraction, air trap, weld line, sink mark, filling power and grow form and so on
and considering the best result.

Key Words : Metal Injection Molding (& &2 AF&/d3), Moldflow (5 =2 2), BTAdrill (BTA =¥
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Fig. 1 19mm diameter BTA drill head model

Scale 49 mn)

Fig. 2 Finite element model

Table 1 Injection molding conditions

Nozzle temperature(C)

145

Injection time(sec)

Cooling temperature(C)

Cooling time(sec)

Cycle time(sec)

Cavity

Injection pressure(%/ton)
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Fig. 3 Filling pattern
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(b) Top view
Fig. 4 Volumetric shrinkage
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Tool Design and Prototype Fabrication of an Automotive Part
: An Example of Capstone Design

J. H. Kwak, E. H. Kim, B. H. Lee, J. H. Kim, J. H. Lee, S. H. Kim

Abstract

This study is the carried out as a capstone design project in order to learn the fundamental knowledge of the press
forming process for an automotive part with the practical design of dies and process parameters. The product shape is
obtained with the measurement of the oil filter case for the auto-mission. This study obtains basic process parameters such
as the initial blank shape and the blank holding force with the inverse analysis. The incremental stamping analysis is
applied to modify and confirm the tool design concept with the determined process parameters. Tools for stamping the
product are fabricated with the modified design and the sound prototype is obtained from the try-out.

Key Words : Tool Design, Stamping analysis, Tool fabrication, Prototype
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Fig. 1 Shape and dimension of the auto mission oil filter
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Fig. 3 Initial blank shape obtained from the inverse
analysis

Table 1 Obtained size of the initial blank according to
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Fig. 4 Tool and blank setup for the stamping analysis
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Fig. 5 Schematic forming process of the auto mission
oil filter case

Table 2 Mechanical properties of the blank

BHF from the inverse analysis Yield Strength 168 MPa
Blank Holding Force wy (mm) W, (mm) Tensile Strength 300 MPa
1ton 169.6 174.9 Lankford Value R =1.65
2 ton 169.5 174.7
5 ton 169.3 174.3 2.4 49 sffd At
10 ton 169.0 173.3 Agaide Axz FA BExe AYIAERY
30 ton 167.0 170.9 o FHYE BIEZ Fig. 63 Fig. 70 2z A3}
At A T Fave QR FEFAAA HY
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Fig. 6 Distribution of thickness from the stamping
analysis
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Fig. 7 Principal strain distribution on the FLD from
the stamping analysis
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Development of a roll forming process of linearly variable
symmetric U-type cross-section

K. H. Kim, H. B. Shim

Abstract
A new roll forming process that can produce automotive parts with linearly variable symmetric U-type cross-sections
has been developed. The forming rolls have been designed by a 3D CAD system and have been analyzed by a 3D FEM
Software. The designed forming rolls were machined by a 5-axis CNC milling machine and experimental roll forming
operation has been carried out. The analytical and experimental results were satisfactory. It has been found that the

developed roll forming process can be an efficient method to produce high strength steel automotive parts with variable
cross-sections.

Key Words : roll forming(Z 2:%), variable cross-section(7}# W), high strength steel strip(aL73% 73t)
automotive part(AF5=} 3%
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Forming Limit for the Complex Shape of the Aluminum Alloy
Sheet Metal

M. W. Kim!, S. D. Ye?, K. D. Hur?

Abstract

Recently, to reduce the weight of the product, aluminum alloy sheet metal has been used widely. In this study, sheet
metal forming process with a complex shape punch has been studied for AI3003 alloy sheet, and a finite element method
was used for sheet metal forming analysis and a taguchi method was employed for the optimization analysis. Design
variables and response values were selected roundness of die, draft taper and damage factor.

Key Words : Sheet metal forming, Complex shape, FEA, Taguchi method
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Table.1 Control factors and levels for complex
shaped sheet metal forming

Main Effects Plot (data means) for SN ratios
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Table.2 Control factors and leves for complex
shaped sheet metal forming

Damage SIN
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Factor Ratios
1 5 1 3471 -4.8901
2 5 2 3.109 -4.8644
3 5 3 3.621 -4.7483
4 10 1 1.141 -4.723
5 10 2 1.536 -4.7125
6 10 3 0.771 -4.732
7 15 1 0.485 -4.5585
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9 15 3 0.817 -4.6046
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The formability evaluation of E-form Mg alloy sheet using
window regulator forming process.

Y.S. Lee, Y. H. Song, S. W. Kim*

Abstract

E-form magnesium alloy sheet is hard-to-form material which needs to evaluate formability and optimize process
parameters. The present work has been undertaken with an objective to evaluate formability of E-form Mg alloy using
transfer type of forming process. In order to optimize the process parameters before experimentally evaluating
formability, a parametric finite element simulation has been implemented for die geometry, sheet thickness. The material
property applied in simulations were ASTM E8M sheet at 250°C. From the FE simulation result, die set and specimen
were fabricated. Finally, the temperature of specimens and dies were varied to investigate formability by observation of

crack initiation. Heat source implied on experiments was heating cartridge for dies and halogen heater for specimen.

Key Words : Mg alloy sheet, Window regulator, Transfer type of forming , Incremental forming
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Investigation into effect of initial geometry and position of
workpiece on die stress in hot aluminum forging of a fixed scroll

S. W. Jeong, Y. S. Kim, Y. B. Woo, J. G. Lim, J. Y. Park, M. S. Joun

Abstract

In this paper, effect of initial material geometry and position on die stress is investigated using finite element analysis.
Various geometries and positions of initial workpiece are considered to reveal their effect on the die stress, especially in
the region where tensile stress is exerted, which is supposed to cause premature die fracture. It has been found that proper
geometry of initial workpiece can increase die life much longer than expected because it can reduce the die stress in
tension by about 34 percent only with radius of initial material reduced and its center fixed near the point where
premature die fracture occurred. An optimized tilted material can also reduce the die stress in tension by about 25 percent

compared with the flat material with same radius.

Key Words : Die Structural Analysis (53 —3=3l4), Forging Simulation (t+3 A] %l ©] A1), Fixed Scroll (1
1), Optimized Preform (2] 2] <& 4})
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(b) Die fractured

Fig. 1 Die and its fracture occurring in aluminum
hot forging of a fixed scroll
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Fig. 4 Die stress associated with the FE predictions
shown in Fig. 2
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Development of NiTi cored wire with high torque
transmissibility for Polypectomy Snare

J.H. Kim, S.W. Kim, B.D. Kim, Y.S. Oh

Abstract

Transmission of the rotation at the proximal end to the distal tip in real time is very important in determining the
operability of medical devices such as guide-wires, catheters, and endoscopic accessories. Conventional stainless steel
wire cannot meet the requirement issued from medical doctors. In present work, NiTi cored guide wire was developed for
the application in polypectomy snare. NiTi wire was drawn down to have a diameter of 0.3 mm. Stainless steel wire with
a diameter of 0.1mm was coiled two times around the NiTi wire. Frist, the stainless steel wire was coiled in clockwise
direction. After finish the coiling completely, coiling was conducted again in counterclockwise direction. Through this
coiling method, the developed NiTi cored wire could demonstrate very improved rotation tracking ability. The high
maneuverability of the wire is expected to be widely used in medical sectors.

Key Words : Snare, NiTi, Shape memory, Cored wire, Polypectomy
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Fig. 1 Dark field TEM image of Ti-55.5wt%Ni wire
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Fig. 2 Stress vs. strain curves of NiTi wire overlapped with FEM simulation results.
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(@) Friction = 0.1

D.,z= 00 ' D.,;= 0.180

D,,,= 0.305 Deie= 0.339 Dr= 0.360

(b) Friction = 0.3

D.,;= 0.155

D, .= 0497 D= 0751 D= 195

Fig. 3 Variation of D;; value during drawing process according to friction coefficient.
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Step 420

(a) stress (b) damage

Fig. 4 Distribution of effective stress and damage value in the specimen during drawing with 40° die angle.

(a) stress (b) damage

Fig. 5 Distribution of effective stress and damage value in the specimen during drawing with 20° die angle.
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Cold Working + Annealing

Fig. 6 NiTi wires with a diameter of 0.3mm.
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Fig. 7 Stress vs. strain curves of NiTi wires domestically produced and imported from foreign company.
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Approximate estimation of surface defect length of hot cail
due to closing of surface pinhole defect in bloom rolling

C. H.Nam, J. G. Eom, M. C. Lee, I. H. Son, M. S. Joun

Abstract
In this paper, three-dimensional finite element approach of predicting the plastic deformation of tiny pinhole defects on
the initial bloom surface, which are supposed to be formed during continuous casting process of the base material of
bloom. The initial pinhole shapes of which plastic deformations are to be traced are assumed U-shape, based on the
observation of pinholes found in the literature. The surface defect closing phenomena are simulated until the defects are
almost closed and assumption of uniform contraction is utilized to estimate the surface line defect.

Key Words : Pinhole(3 £), Surface Defect(3% ™ 24 $}), Blooming Rolling(£& 1), U-Shape Defect(U-3 % A3},
Surface Crack Length (223 Z o))
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(b) Pinhole geometry with workpiece
Fig. 3 Geometry of U-shaft pinhole
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Fig. 4 Flow stress of the material used
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Table 1. Variation of major geometries in Pass 1

S 200 160 120 80 40 0
Dx 1.56 1.12 1.01 1.01 1.01 1.04
Dz 152 | 092 | 077 | 0.75 | 0.68 | 0.69
H 1.20 | 0.80 | 0.83 | 0.89 | 0.97 | 1.02
Table 2. Variation of major geometries in Pass 2
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Cause Analysis of Defect to AFDEX Simulation
For Cold-Forging

D. S. Min, K. M. Kim, J. H. Kim, T. M. Hwang

Abstract

We want to develop an improvement for a significant defect in the cold-forging process. Our analysis showed damage
critical point for AFDEX simulation program to SWCH45F. The results led to necessary changes of the mold structure
which would ultimately reduce the concentration of stress in the hexagonal bolt part. The damage critical point was
reduced by utilizing the AFDEX simulation result as well as the cold-forging test result. The entirety of this process has
culminated in a proposed method for the modification of a mold, which would result in a far more effective mold.

Key Words : AFDEX, Cold-forging, Damage, SWCH45F
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Fig. 1 Round Point in Mold system (R:0.3, 0.5, 0.8)

Young’s modulus 210000 MPa
Poisson’s ratio 0.3
Density 7.78 g/cc
Coefficient of thermal 1.2e-005 | 1/C
expansion

Table. 1 Constants for elastic material

Fig. 2 Damage critical point of 5.5mm at Round 0.3

2.2 &2AMONHE & for AFDEX simulation program

AFDEX AlEdold 23S o] &3k ®HA
d oultle] 2418 28] 9% WHoR &
AARES E&skch WA Ay Birle] 2
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=371 Y3 Input Data: Table. 13} 7ol
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Simulation Analysis of Defect on Acquaintance Piercing Part

D. S. Min, K. M. Kim, J. H. Kim, T. M. Hwang

Abstract

In this study, we want to analysis an improvement for a defect in the cold-forging process. Our analysis showed
improvement damage for simulation program to acquaintance piercing hole. The results led to necessary changes of the
#4 Die-mold structure which would ultimately reduce the concentration of stress in acquaintance piercing hole. The
damage critical point was reduced by utilizing the simulation result as well as the cold-forging test result. The entirety of
this process has culminated in a proposed method for the modification of a mold, which would result in a far more
effective mold.
Key Words : AFDEX, Cold-forging, Damage

1. M 8
2.

oy

HHA U [stesdM Hut
Yitdezs dutthze] v EHzRl

T HBurme] TS HAse vk ¢ 2.1 & T/0

3 kAl Fefol w9 717k Near Net-Shape] B AFE 9% T/0 HAEES Aaslr] oA
P E/A Gdx2EFS AFE E = Q7] Wi GxIAEE ARAds B AEFS g dA
2k Ak AFS A2 ¢ dvk 2Hy A GxFGdEE A5l

oA Aol o] Fojx]7] “H—r"ﬂ A=A el

A HxaAEgYE I o) AEHA NS = fth station 5th station unsmnm msmnnn stxannn lslsmiau
Haterds @7 dojgrh A oleky ke

< @RS N e Be AFEe] oF

A AL 9laL, Simulations F % WAl Fol AdE B ! g

ol A= o] Fojx i Ut}

2 A= @F Try Out(e]sF T/O)ol A &
A¥ = Aghe stz R 2] A
A% Azl sls) AAl TIOE st 23t

¢

r!

A4S FHelalar Simulations E3) A7 €= !{j i

TAL PPy, Telm o R FE Iz — == -

o] A& o] e WHOR Simulation ¥4 Fig. 1 Forging Flow

< op3laL, A He e § EHA T/IoOS

& A4S Ferargl). Fig. 13} #o] ¥ d+& 9% dxgAd=E
zhgste] TIOH~EE Hdds] By Fig. 29 &
o] HojY FAA AHF Aol HHEIIT

IR ERES o9} & AEF 64*(}—3— AP AF oz ols)
# WA A2} el tmhwang@sjfoma.com webale]l %7] Cutting ©] 9] At Foiw o A]

- 224 -



AR AjrEAo] HFTAG7HA olofxl o= A ST el A3E A fa 4
dhotsioitt whebs] Ao R AA, 3 HEFde] DietE Fig. 3% #o] F75le
o] Punch Pin & TaperAb-&0 2 434 Ad A Simulation HIZEE s Ay 4¥ Dief-9
o] F=S& B3t =4, 4H Die vieF 7t FAoR & 6H VT HE AT AU
= gl BA2] R FASAH (vtEA = 207 FgHstE s A Aejw EdRe
EAE R1.5 — 15° , BAE R1.0) Damage@to] 7] 3.789 W|d] 2.400.% FH23]

o8 E5S @ & 5 A [Fig. 34]

2.3 7fd T/O

Simulation HI2~E ZA¥E o]&ale] fAstar
2} 59 d X42 FLete] S A2 AR
Rar AL 93 AA T/IO HAES WPE
o

Fig. 2 Defect on acquaintance piercing part

2.2 7§M Simulation Analysis

@A) P T ®

Fig. 5 Acquaintance piercing part after improve
mold for simulation analysis

P A3} Fig. 59F o] T+ Piercing & Aol ¢
gk Hole®] X&o] Burrtd BRI ARl A3t
A dxgsE B5S 83 3 5 QA

3. E

(1) Wtdx2 F537] offgld ﬁ:zHQ]
A3 AIES simulations E3 243 3
4 NS kel BRAY

.?_
(2) 22t Simulation’d-2] Flowe] <&l uh&

VEFFHSH AN pxe] Wl we
Fig. 4 (A) Analysis before improvement mold (max o] 2 7] o3
g [¢]

A FEddel A Wds A4k Zagh
Damage critical value : 3.78, (B) Analysis after
improvement mold (max Damage critical = 7|
value :2.40) BodgE g Aaegae] A A= E)
W AbgsAe A0 woh 28 ATy

- 225 -



E2IAE Mo J[AIISY 52 /s EMEIL HT

. QERL. o|F2. JMBR. o=

a4

ot

A Study of Mechanical Properties for Machinability Evaluation
of Engineering Plastic

K. N. Park, D. K. Oh, K. J. Lee, S. H. Rhim, D. K. Min
(Received March 20, 2015)

Abstract

General machinability evaluation was done under various circumstances. It spent a lot of time to get an accurate
evaluation results by doing lots of test. This research will find the influence on machinability from mechanical properties
of material in order to minimize the cost of time. So we have been selecting the most compatible engineering plastic
material to be used for the PCB test Module as the probe base. The hardness test, compression test and tension test were
carried out to get the mechanical properties. The test method was observed by ASTM standard. But some test conditions
followed different optional conditions for real processing conditions. Consequently, this study will propose for
standardization which machinability evaluation can replace it from only mechanical properties.

Key Words : Machinability Evaluation, Mechanical Properties, Engineering Plastic
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Fig. 1 Measurement view of Vickers hardness
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Multi-deep Drawing Process Design for Development of
Eco-fishing Sinker

M. C. Park, M. J. Lee, H. I. Kim, G. H. Lee, H. G. Kang. C. J. Lee

Abstract

Multi-stage deep drawing is to increase or decrease the diameter of the material through a process of several times with
a machining method for forming a cup shaped product. This study is the eco-fishing sinker target products as needed to
solve environmental pollution problems. In the present study was carried out to a eco-fishing sinker development
process designed to apply a multi-stage deep drawing process. When produced in a multi-stage deep drawing process,
the outer part is fracture of shape defects occur due to the large deformation of the material during deep drawing process.
Therefore, by designing a multi-stage deep drawing process is to minimize the shape defect during production eco-
fishing sinker. Finally, using the multi-stage deep drawing process was designed to perform the sinker manufactured, it

was possible to obtain a shape defective products.

Key Words : Multi-stage deep drawing (Tt &

= 29)]), Eco-fishing sinker(%1 -7
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Fig. 1 Schematic of eco-fishing sinker
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Induction Hardening Process Design of Large Track Link

M. C. Park, J. M. Lee, H. I. Kim, S. M. Koo, J. H. Lee, C. J. Lee

Abstract

Induction hardening is a method of curing only the surface in a way that is quenched by rapid heating of the surface of
the material. The track link excavator lower traveling body parts have high strength and durability needed parts. Recent
track link is to be enlarged in order to secure a stable driving capacity. This study was carried out induction hardening
process designed for large track link. A track link, was prepared in accordance with the designed induction hardening
process. And the hardness measurement was carried out to determine the performance of the manufactured product.
Hardness measurement, the hardness can be obtained to satisfy the performance of the product.

Key Words : Track Link(E 2 ¥ =), Induction Hardening(aZ=3} & A 2]), Hardness(7 =)
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Fig. 2 Induction hardening process using the stop
heating
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Fig. 4 Induction hardening coil and work process
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Manufacturing of Gear Include Oil-lessBearing using
Dual Metal Powder Metallurgy Molding Method

B. G. Park’, J. H. Jung®, K. S. Cho*

Abstract
Dual powder metallurgy molding process consists of 2 steps. Different composition of metal power is added in

preliminary molding of metal powder without extraction of the latter. Sintering is performed after secondary molding to
make final product. This process allows not only continuous production of parts which were separately produced, but also
multiple performances at a single part coming from each material.

This study was performed to develop new production process of Gear includeQil-less Bearing by Dual powder
metallurgy molding. The Gear maintains mechanical characteristic at the outside realized by Fe-1.5%Cu-1.75%Ni-
0.59%Mo-0.6%C powder and oil-less bearing property at the inside made by Fe powder and Fe0.6%C powder. Sintering
at 110C was performed after Molding to make the final product.

Key words :Dual Metal Powder Metallurgy Molding, Sintering, Gear include Oil-less bearing
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Study of Tool Shape on Cold Sizing of Precision Complex Tooth

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

Abstract
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Skl gl 7pE A 2 E

Bt Al thal 7] A A s 23t 2

. H/\]-[Hél-_ul 7];;]]:-—61—H

WA A A} S al & H-E3 83}, E-mail: dhkim.iuk.ac.kr

%wmr

- 236 -



BEMIAY, nEM? AL e A SE

A Development of Precision Bending Process of Titanium Spring
for Aircraft

S. J. Park, P. S. Ko, Y. H. Kim, D. H. Kim

Abstract
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Key Words : Titanium spring, Precision bending process, FE-simulation
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A study on deformation length of profiles with variable cross-
sections fabricated by flexible roll forming

J. C. Park?, M. H. Cha? D. G. Kim?, J. B. Nam?, D. Y. Yang*

Abstract

Needs for profiles with variable cross-sections are increasing to meet industrial applications. Flexible roll forming is
capable to fabricate profiles with variable cross-sections. Span length which is a distance between each roll stand is
important parameter to affect longitudinal strain on flange sections of profiles. And span length needs to be longer than
deformation length of profiles during flexible roll forming to reduce unnecessary longitudinal strain on flange sections. In
this study, deformation length is investigated. By studying shape parameters of profiles with variable cross-sections, the
deformation lengths of profiles during flexible roll forming were analyzed. As radius curvatures and transition angles on
transition zones increase, deformation length increases.

Key Words : Flexible roll forming(7} &4 &), deformation length(*¥ & 2 ©]), variable cross-section(7}1 )
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The research of formability on magnesium alloy of deformation
texture

Abstract

Mg alloy has been focused for high specific strength, strong electromagnetic shielding, high recyclability, heat
conduction quality and developed to increase the fuel efficiency and reducing the carbon emissions. Although there are
already several usages of Mg alloy in the automotive and aerial industry, it is not easy to replace for the conventional
transportation parts of Al alloy and steel due to its low elongation at room temperature by the limited slip system of the
Hexagonal closed-packed structure. In this study, in order to observe the formability on the deformation texture of Mg
alloy, the limit dome height tests and the tensile tests along the rolling direction (RD) were conducted. Also,
microstructures were observed. As a result, it was investigated that the mechanical property improvement on the
deformation texture of Mg alloy in comparison with the commercial As-received sheet by the limit dome height tests but
there are the similar tensile test results on uniaxial strength and elongation. This result can expect to present a direction of
Mg alloy development.

Key Words : magnesium alloy sheet, texture, formability, microstructure
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Investigation into double-stage forming in roll bending of pipe
with rectangular cross-section

J. Y. Son, D. S. Shim, E. M. Lee, K. Y. Baeck

Abstract

Bent pipes are widely used in many high-end industries as a structural component. Consequently, pipe roll bending has
become an attractive manufacturing technology for forming lightweight products. For industrial applications, bent pipes
should be accurately shaped into 2D or 3D shapes without defects. In this study, the behavior of pipes with rectangular
cross-sections under roll bending was considered in order to improve product quality. When a pipe product is bent with a
large curvature, the pipe cross-section shrinks under the bending moment. In order to minimize defects and improve
product quality, this paper proposes double-stage forming to regulate the shrinking load, which causes the axial wrinkles
and poor strength, as structural members. In double-stage forming, the bending radius at the pre-bending stage is assumed
to be a key parameter to avoid cross-section distortion. In order to optimize the design of the pre-bending radius, material
behavior was analyzed to figure out the reason for the cross-section shrinkage. The bending stresses on the cross-section
of the pipe material subject to bending moments bring about the distribution of pressures, which induce distortion
moments and shear forces on the cross-section. Considering the combined loading of shear forces and distortion moments,
the collapse condition is determined by using a yield criterion. With the application of collapse conditions, the cross-
section distortion is minimized by regulating the pre-bending radius at the first stage to be below the critical value. The
proposed process design was evaluated through nonlinear finite element simulation using a commercial program and
experiments.

Key Words : : Pipe, Roll bending, Bending moment, Shrinkage
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Finite Element Simulation for Pick-up Tooth of Combine

J. R. Kim, T. H. Kwon, C. H. Suh, J. G. Song, M. S. Ju

Abstract
Pick-up tooth is a part of combine and used to harvest crops. Pick-up tooth is commonly made of plastic or steel.
However, failure is often occurred during use. In order to improve the durability of pick-up tooth, rubber mounted pick-
up tooth is developed in this study. Finite element simulation is used to examine durability. Stress concentration is
appeared in the contact surface between steel tooth and rubber. In order to disperse stress concentration, design
modification of pick-up tooth is conducted and the stress concentration decreased.

Key Words : Combine(F-1}-21), Pick-up tooth(Z ¢ F2*), Finite element simulation( 3+ 43} 47), Rubber(2L%)
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Preform design for transparent orthodontic devices
by using image smoothing filter

W. S. Son, W. G. Jung, S. H. Rhim

Abstract

In transparent orthodontic devices that fit comfortably over man’s teeth and are designed to move them gradually into
the desired orthodontic position, uniform thickness of the device plays an important role in teeth positioning. The devices
are generally made by vacuum thermal forming, which is a technique for shaping plastic sheets into 3D shape. However, It
was observed that large thickness deviation occurs in the transparent orthodontic plastic devices after the vacuum thermal
forming operation. It seems due to the complex shape of teeth shape forming die. In the present investigation, to achieve
uniform thickness deviation of the devices, a new forming process with a preform designed using image smoothing filters
is suggested.

Key Words : Thermal Vacuum Forming, Preform, Blocker, Transparent orthodontic devices, Image filter,
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(b) (©) (d)

Fig. 1 Design process of blocker, (a) final die image,

(b) projected image on xy plane of final die, (c) low-
pass filtered image, (d) blocker image

/aYa)

(a) Final die (b) Blocker

(c) Preform
Fig. 2 Fabricated die, blocker and formed preform

3} € (low-pass filter) S %83} °
Regs s, dojx wIPES FAstEA A
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of ZgES AzZsly] 918 B =27 (blocker) 74+
< 28 F JATH(Fig.1).
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Fig. 3 Thickness measurement of devices (3D scanning)

Table 1 Cross-sectional thickness of formed devices

With Without

preform (mm) | preform (mm)
Anterior | Min 0.6476 0.5014
tooth Max 0.9615 0.8987
Molar Min 0.6368 0.6712
tooth Max 1.0688 1.0202

T 7 A AR 2E)E Gdsk] Sl
&}, MPT(Miniaturized Projection Technique)*32} ¢] 3%}
4 2=AE 71 ARSIt

AyE T wA Fx o] M X F-(anterior teeth)
o} F-X]F-(molar teeth) & Zt2 170 Ao} A=
AEste] (Fig.3), F7E 5433 (Table 1). &
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FAE AT A5 FATE 292% SlEE T
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4. 2 B
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[1] H. B. Shim, H. C. Noh, E. K. Suh, 2001,
Preform Design by the Sensitivity Method,
Transactios of Materials Processing, Vol. 10,
No. 4, pp. 294~301
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Optimized design based on FEM for reducing surface crack
during pipe drawing process

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

Abstract
Stainless steels are used in practical materials for industrial fields because stainless steel have excellent properties such
as high strength, high corrosion resistance, goloss surface, etc. Stainless steel seamless pipes have been manufactured by
hot extrusion, plug drawing, pilgering etc. In this study, optimized designs for plug drawing were proposed to reduce the
surface crack and to enhance the surface quality. For this, FE simulations were carried out to find the process parameters
which have an significant effect on the surface quality.

Key Words : Cold drawing(*87+ 21, Plug drawing(Z 212 <12, SUS pipe(Z=Hl¢l# 2~ 8} #), Optimized
design(3 A 3} A7)
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Interlock Braiding Propeller Shaft
of Material Property and Analysis

D.W. Shin, J.H. Lee, 1.J. Kwon, J.S. Cheon

Abstract
Recently, demand for fuel efficiency and performance car of the car has increase. Transmission part is known that
Chassis 10 times the weight reduction effect is good. In this paper, we conducted a study for forming the Preform to
Interlock Braiding and then to prepare a Propeller Shaft impregnated with Polymers. Therefore, we have studied the
changes in the strength and stiffness according to the amount of such polymer impregnation, the mixture ratio, the forming
condition.

Key Words : CFRP, Propeller Shaft, Integrated, Interlock Braiding, Preform
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Table 2 Material Property (MPa)
% 22.5° 45° 90° Braid
80% | 223.86 688.13 181.88 105.03
70% | 195.88 602.12 159.14 91.9
60% | 167.9 516.1 136.41 78.77
50% | 139.91 430.08 113.67 65.64
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Evaluation of Mechanical Characteristic for Softening Heat
Treatment of 1500MPa Hot Stamping Steel

W. J. Sim, H. J. Jeon, Y. H. Park, M. H. Song, K. B. Kim

Abstract

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

Key Words : Hot-Stamping (3+2=%433), Induction-Heating (2253} <& 3] 2]), Brittle-Fracture (514 3} )
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Table 1 Chemical Composition of Boron Steel

[Unit;wt%)]
C Si Mn p S
0.2170 0.2861 1.5173 0.0120 0.0016
Nb Ti \Y B Fe
0.0011 0.0021 0.0008 0.0026 Bal.

Table 2 Condition of Induction-Heating Process

[Unit: kw]
No. Induction-Power No. Induction-Power
1 35 6 6.0
2 4.0 7 6.5
3 45 8 7.0
4 5.0 75
5 55 10 8.0
E 950 Hot-Stamping
E 00— == == == mm == ]
g Cooling
=%
5
- 7
6 »
0 4 11
Time {min)

Fig. 1 Hot-Stamping Process
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Table 3 Result of tensile test

Tensile Strength Elongation

After Hot-Stamp 1,470 MPa 5.0 %

Fig. 3 Microstructure of after hot-stamping
(a) Low magnification, (b) High magnification

Table 39} Zo] AFAE F A& A A}
S3la = T T olFo HET A
o} ZAdich wA Ao ASE= Lathsh
Martensite 22 3} Martensite Z2] Alo] ol

u A e X EAbo] EA)3F= Bainite 24 ZH o=

FAEo g A2 FAsck

3.2 170 REJY N2 -LESY

nF 9 WA 2l U@ BF LwE
=4 A3} Fig. 49 o] tehith. nFs &
qol 4 4% 240 AL BE LEE
s Ae Fsgn. ot mdd g
FeFol Araus AR S48z
2 &0 s AFol wobAWuA LRI S
she Ae ¢ & A

3.3 15T FEIIY HEA-BEST

- 254 -

Vicker's Hardness [HV]
«

@
=
=

500 |

Average Temperalure [°C ]
S 8 &

°
s

L L L
5 6 7 8 9

Induction Power [kw ]

o

w
FS

Fig. 4 Induction Power due to Average temperature

'
Vickers Hardness [HV]

»

«

Fig. 5 Hardness (a) 50mm by length and (b) 135mm
by length
Fig. 5= 7

3 ]
v"Jr [}
Z_g:

4 A3E UEd Adow
= WEk25mm)e] FAIF-21 10mm
AAE Aerh 7P e S

& 5mm o2 e

T = I
3z
-1
u
Ly

Sz mFst moste] At 0]
o] olFol4|x) ol Lheh}

7‘__]_ O] HOP'O‘l: 50mm9]—
g Age HolE Aoz

_0
135mme
g3tA dojys o=z

4749 7}
e},

fo &
i< J)Y

3.4 130 REJY AHE| -0|H £
Figoe MAZAS 54 Ads e 2
o JE GagE ¥ ade vHzdY b
Arde A4 0

- A
A] Lath3F Martensite %] o]
<7t &5 Lathd

gt me nFs &

Martensite %2]0] 7+4&= 23S Fig. 6 (b
(@dolA =1t = 9}, 1 Fu o] 8.0okw7t




Fig. 6 Microstructure of after Induction-Heating
(@) Induction Power: 4.0kw, X2,000
(b) Induction Power: 4.0kw, X10,000
(c) Induction Power: 8.0kw, X2,000
(d) Induction Power: 8.0kw, X10,000
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Finite element analysis of shape rolling process considering mill
constant

J. G. Eom, I. H. Son, M. S. Joun

Abstract
In this paper, three-dimensional finite element analysis of shape rolling process is conducted considering the movement
rolls due to structural deformation of roll stand due to roll separating force. An iterative approach is applied to meet the
force balance between roll separating force and screw-down force. A stable approach to automatic simulation of a
sequence of multi-stand shape rolling processes is also introduced. A sequence of bloom rolling processes is simulated
using the presented approach.

Key Words : Shape Rolling(34$+1-8-74), Mill Constant("2 *J <), Finite Element Method(--3+2.4~9), Equipment
Structural Deformation(Z3H] 7% A &)
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(a) Initial shape and legend of effective strain

(b) Pass 1

>

(c) Pass 2

(d) Pass 3
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(e) Pass 4
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—

(f) Pass 6

(f) Pass 7

(f) Pass 8
Fig. 2 Predictions of a sequence of bloom rolling
processes
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Finite element prediction of die wear in hot forging of a
crankshaft

J. G. Eom, M. C. Lee, J. H. Lee, Y. G. Choi, D. H. Kim, M. S. Joun

Abstract
In this paper, finite element prediction of die wear is conducted using non-isothermal finite element analysis of an
actual hot forging process for a commercialized crankshaft. The Archard wear model with a law of hybrid friction is
utilized. The non-isothermal finite element method is employed and the predictions are also compared with isothermal
finite element predictions with emphasis on the metal flow lines.

Key Words : Crankshaft Hot Forging(ZL 3 FAFX E dzek=), Forging Simulation(th3 Al & @l o] A), Die Wear(&
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(d) Dies for the third stage
Fig. 1 Process design of a crankshaft
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(b) Non-isothermal
Fig. 3 Comparison of isothermal and non-
isothermal predictions in terms of metal flow lines
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An Experimental Study of Micro Tensile Property of
Tungsten Wire Probe

Joon-Hyeok Choi, Dong-kwon Oh, Sung-Han Rhim, Dong-Kyun Min, Kwangju Lee

Abstract
Since generally contact type probe pin is used for tungsten wire, the tensile properties of wire material is very
important measure in probe module design study. In this study, it is an object to obtain a uniform physical
property by making a jig to measure the tensile properties of 70pum wire. Based on these results and to predict the
future behavior of the micro-wire structure.

Key Words : micro-wire, tensile test, probe test, probe pin

B3} 832 0.00IN ~ 250N o]t} Aol A&
2= A(Load Cell)o] Hthsts2 50N o] %=
1. A_I =2 = 25mN ot}
AhIE B 298 S AUE £
Wi geel AAY A" B AEge o/l Ad Has AAEga, A A8
2 ZAsl7] 918 vle] AR X H 3 (probe pin)& 0.72mm/min £.2. 453
olg] Aol g AgEa ik gutgow i
AEA Z2E A& ®Jad golols Ay g S
oz xdato] ARgstmz, spolo] Aje] Q1%
B4 FAMe 22 mE AAd u$ Fad
Aot}
E AP e A JoumiT H2aEl 9fo]ole)
A Aol A AEE 211% 111 Fahar, o]

2 A 3 Fig. 1 MTS Tytron205 Test System

2.1 QIFAE 2.2 218 A= A%

molAR W9E e Al 9% HFEE ) o
BN Hlo]am ] HAEEZ = A So] vo] AR AR AA Wl asS FHst
dadrh holan AFARE g8 ojga - JIEE FEIAW AU 5 wFes Hd
= 3= Az H L A 3 A S
24 & Fig. 1] MTS Tytron205 o]t} o] Awje] o SUF AP svdstel wiaieide] M
e Aol FaF Aol

;- :{f;iﬁ;ﬂil 31;2;}7“43%;3 B Te| A= K 7o) 70ume] Al <1HAH
3. WEs)E st /AT o S 913l Fig. 23} o] A& AR A1e
¥ o) Eas st /A3

- 263 -



A9 2gNEi dANEoR ARE s BE
2 A7 besws s add AR A%
A 3ol sbsdta AP A R} bsdtns

= F 4dE 9 50umel &
s e AHAE A

e} |O O| e}
adhesive
-3
o} |O O| e}
. 19 | s | 22 | 5
70

Fig. 2 Jig shape for micro wire test

3. H¢

og

i

70ume] ®2ul wlo]A® gholoje] 1 Al
A3} Fig. 39 2 SH-MEE HEE wEe
oh Awe] W wgAFE 268GPacl i, a7
w1 1650MPac] t}.

3500

3000

2500

= &
3 2000 - o-‘
@ &
— p
g 1500 f
o
o2 /

1000

500 }””{

0.00% 0.50% 1.00% 150% 2.00% 2.50% 3.00%

Strain (&)
Test 1 - Test 2 —Test_ 3 = =Test 4 ---Test 5

Fig. 3 Stress-Strain Curve

ARE T $Y-WEE AEe 44T 4TS
veb = 2E Felskt

olfgt ANE ngow A1E ALEdte] A%
H AAL 2mme] 7#Y3 Gage LengthS 7FA| 1

KR
e % 9 Aol Jbssiria waigin,

- 264 -

4. 4 2

A7 o] 70umS] B~®l wlo] A2 9olojdf gk
AFAAE T3t

olg]3 A¥E wpgro® FF 40 ~ 100um 27
o] wpola =2 folo] QJAFAHE Fasto] 27 o
w2 74 BE4s A, Al dHEAs
B3 AL A7 wE FEdAE BAstaA}
=

2 oAre @RATARe] A0 FAA}
Aol A9g o} FasAHL”
#onEd
[1] G. Khatibi, A. Betzwar-kotas, V. Groger and B.
Weiss, 2005 “A study of the mechanical and
fatigue properties of metallic microwires”, Fatigue
Fract. Engng. Mater. Struct., 28, pp. 723 ~ 733
[2] J.P.Lee, H.J.Lee, N.G.Lee, H.W.Lee, J.H.Park,
K.H.Na, K.T.Kim, 2007, “An experimental study
onmicro tension property of Poly silicon material”,
Korean Society for Precision Engineering, pp
683~684
[3] Yong-Hak Huh, Philip Park, Hae-Moo Lee, Dong-
Jin Kim and Jun-Hyub Park, 2004, “Measurement
Technology of Micro/Nano-scale Mechanical
Properties”, Journal of the Korean Society of
Precision Engineering, \ol. 21, No. 10
[4] Sharpe, W.N., Turner, K.T. & Edwards, R.L., 1999
“Tensile testing of polysilicon”,
Mechanics, Vol. 39,

Experimental



JHHEMHA MEZo| e HEY SAEY

H

gl ofnll. 2yl gl

02
Hol

ok

Effect of forming angle on the buckling during flexible roll
forming

Y. Y. Woo, M. Li, H. S. Kang, T. W. Woo

Abstract

The flexible roll forming process makes it possible to produce profiles with a variable width by controlling the roll
stands with CNC. But profile with variable cross-sections by flexible roll forming has a shape defects, so called buckling.
Buckling occurs due to the geometrical deviations which cause longitudinal residual stress in the transitional zones of the
profile between the initial metal strip and the roll-formed profile. Therefore in this study, the effect of forming parameters
of metal blank on the longitudinal and shape error which are affected by several parameters have been performed to
prevent buckling. The parameter investigated in this study is the forming angle. For the flexible roll forming experiments,
symmetrical U-sections are formed from advanced high strength steel (AHSS) blank. Numerical simulations by finite
element analysis have also been performed to analyze strain variations during roll forming. The tracing of incremental
strains at the edge may provide insights to solve buckling problems. From the analysis results, the behavior of buckling in
flexible roll forming process can be predicted with relation between geometry parameters and longitudinal and shape error.

Key Words : Flexible roll forming, Buckling, Forming angle, AHSS
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Development of a Jig for Tilted parts Machining using a
Smartphone Application

J. M. Kim, W. S. Kim, S. T. Won, J. J. Yoo, C. K. Yoo

Abstract

Expensive machine tools such as CNC machining center are used to cut the tilting parts. For universal milling machine
or grinder process parts, additional tools such a Sine bar, Block gauge, Dial gauge and Angle plate are used. Using a
universal milling machine takes cost up and much time because several tools should be used together. A new jig is
developed to process tilting parts using a smartphone application, not several tools such as sine bar, block gauge and so on.

Key Words : Jig, Tilted Parts Machining, Smartphone Application
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A Study on Plastic Deformation Behavior of Torsion bar for a
Foldable Container System

Y-S. Lee, S. H. Yoon

Abstract
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Effect of Heat Treatment on Microstructures and Mechanical
Properties of Severe Plastically Deformed Hypo- and Hyper-
Eutectoid Steels by Caliber Rolling

S. C.Yun, Kim, H. J. Kim, C. M. Bae, K. A. Lee

Abstract

Caliber rolling severe plastic deformation process that is more economical, enabled continuous processes and induces
even microstructures compared to existing severe plastic deformation processes. The present study examined the effects
of post heat treatment on the hardness, compressive properties, and microstructural changes of hypo- and hyper-eutectoid
steels manufactured through caliber rolling process. First, 28 passes of caliber rolling was performed on both the hypo
eutectoid steel(A Steel) with Fe-0.47%C(wt.%) composition and the hyper eutectoid steel(B Steel) with Fe-1.02%C
(wt.%) composition. The caliber rolled specimens were heat treated for 1, 3, 5, 10, 30, and 60 minutes, respectively, at
500C. In the case of A steel(B steel), the microstructure before caliber rolling showed areas divided into typical pro-
eutectoid ferrite(pro-cementite) and pearlite. The caliber rolled steels possessed 300~400 nm sized oval cementite
structure created through elongating and segmentation regardless of the C composition. The observation of heat treated
microstructures showed that cementite structure became globular and ferrite size increased as heat treatment temperature
increased. The initial hardness values of A steel and B steels were measured to be 199.5Hv and 302.4Hv, respectively.
And after caliber rolling, 372.8Hv and 480.1Hv were obtained as the respective hardness values A steel and B steels. As
heat treatment time passed, hardness decreased regardless of steels. Finally, when heat treated for 60 min., the hardness
values of A steel and B steels were measured to be 303.9Hv and 362.0Hyv, respectively. Stress-strain curves obtained from
the results of compression tests of caliber rolled A steel and B steels before and after heat treatment (500 C, 60 min.). The
yield strengths of caliber rolled hypo- and hyper-eutectoid steels obtained were 1097MPa and 1426MPa, and the yield
strengths of the same steels after heat treatment were identified to be 868MPa and 1316MPa, respectively. Based on the

results, this study has also suggested ways to improve the mechanical properties of severe plastically deformed A-B steels
through heat treatment. [ 17" X239 AFH] APo = FPEJom o]o] FAL=HL ]

Key Words : Hypo-eutectoid steel, Hyper-eutectoid steel, caliber rolling, Heat-treatment, Mechanical property,
Microstructure
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Fig. 1. Changes in microstructures before and after caliber rolling ;
(a) initial hypo-eutectoid steel, (b) hypo-eutectoid steel after caliber rolling,
(c) initial hyper-eutectoid steel, (d) hyper-eutectoid steel after caliber rolling.
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Fig. 2. Changes in the Vickers hardness of caliber rolled hypo- and hyper-eutectoid steels over heat treatment time.
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Fig. 3. Changes in the microstructures of caliber rolled hypo- and hyper-eutectoid steels over heat treatment time;
(a) hypo-eutectoid steel, 1 min., (b) hypo-eutectoid steel, 10 min., (c) hypo-eutectoid steel, 60 min.,
(d) hyper-eutectoid steel, 1 min., (e) hyper-eutectoid steel, 10 min., (f) hyper-eutectoid steel, 60 min.
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Fig. 4. Comparison of the compression curves of specimens of caliber rolled hypo- and hyper-eutectoid steels
before and after heat treatment (500 C, 60 min.)
; (a) hypo-eutectoid steel, (b) hyper-eutectoid steel.
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Characterization of mechanical alloyed powders
for direct laser melting process

M. Li, T. D. Kil, W. J. Ji, 1. Y. Oh, Y. H. Moon

Abstract

Direct laser melting (DLM) is an additive manufacturing method that creates 3-dimensional metal parts by using laser
power to fusing together metal powders layer by layer according to computer design figures. Recently, this process has
been extensively used in variety of industry such as aeronautical, automotive, marine, and chemical which is less cost,
capable of fabricating complicated configurations, and uses a wide range of material efficiently. As a powder based
process, it offers great chances to use different material particles with metal powder to form novel metal matrix
composites. The current study is aimed to create proper metal matrix composite of Fe-Ni-Cr used in DLM.

Mechanical alloying (MA), a high-energy ball milling process has been widely applied to synthesize different
composite powders of different metal or alloys through the high energy collision of the ball. Recently, much attention has
been focused on ball milling technique due to the wide range of material possessing good properties that can be
fabricated by this process, especially in the production of metal matrix composites.

MA of Fe-Ni-Cr powder that can be used in DLM process has been characterized in this study. Fe, Ni and Cr powders
were milled respectively by mechanical milling for 24h and 48h, and then separated with testing sieve in different size.
Fe, Ni and Cr powders having similar particle sizes were mixed. The morphology and structure of the powders were
characterized using scanning electron microscopy and X-ray diffraction technique respectively. To estimate properties of
mechanical alloyed powders, direct laser melting experiment has been performed.

Key Words: Mechanical alloying, Direct laser melting, Microstructure.
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Design of Forming Process of Complex Shape Aluminum Alloy
Sheet Metal using Finite Element Method

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

Abstract

Recently, for weight reduction of the product, forming process of aluminum alloy sheet metal is used widely. In this

study, sheet metal forming process with a complex shape punch has been studied for Al 3003 alloy sheet, and a finite

element method was used for sheet metal forming analysis and a taguchi method was employed for the optimization
analysis. Design variables and response value were selected shear friction coefficient, holding force and damage factor.

Key Words : Finite element method (324 %), Sheet metal forming (2 A

&), Taguchi method(tH-# ), Hold
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Fig. 1 Aluminum composite shape of alloy
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Table 1 Control factors and levels
1 2 3
Friction factor (A) 0.11 | 0.12 | 0.13
Blank holding force (B) [kN] 18 19 20
Table 2 Orthogonal arrays and S/N ratios
A B Damage SIN
[kN] factor Ratios
1 0.11 18 2.273 | -4.89011
2 0.11 19 2.265 | -4.86446
3 0.11 20 2.229 | -4.74831
4 0.12 18 2221 | -4.72233
5 0.12 19 2.218 -4.71257
6 0.12 20 2.224 -4.73208
7 0.13 18 2171 -4.55853
8 0.13 19 2191 -4.62434
9 0.13 20 2.185 | -4.60464
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Optimization of Hot Forging Process Parameters for Material
Utilization of Rectangle Plate type Flange

M. S. Lee, S. S. Lim, D. J. Yoon, H. J. Choi, Y. C. Shin, S. W. Park, D. J. Kim, S. J. Lim

Abstract

A rectangle plate type flange is one of the safety components assembled in fuel bombe of LPG vehicle. This flange is a
valve block to safely assemble a charging valve, delivery valve, solenoid valve for emergency stop and display device are
equipped on this flange.

In case of forming a product that has a rectangular shape with pocket throughout the hot forging process, local stress
concentration can be easily occurred due to large forming area and there are many difficulties resulted in die wear and
deformation. In particular, excessive forging material should be applied to escape a defect, unfilled area and die damage
and this makes excessive flash.

For these reason, this study focus on optimizing parameters influencing on hot forging process such as die shape,
material dimension and the number of process. Optimized process parameters and proper dimension has been obtained by
a rigid plastic finite element method. The optimized parameters are applied on physical forming test. we can form a
prototype flange without a defect and improve material utilization more than 75%. Study results also reduce the number
of try and error.

Key Words : Rectangle plate type flange, Hot forging, Optimization, Finite element method, Material utilization
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Process Design of Hot Forging for LM Guide Block

S.W. Lee, W. H. Jo, S. H. Lee, J. M. Lee

Abstract

This paper was designed to develop the hot forging process design of the LM guide block for the machine tool. FE
analysis was used to investigate the effects of the different variables on the material flows in hot forging process and
finally derived the optimal process design for LM guide block.

Key Words : LM Guide Block(LM 7Fe] = £-2]), Hot Forging (&
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Table 1 Conditions of FE analysis

Items Values
Initial billet size(mm) d49, 55.51
Material of billet SCM420H
Billet temperature(C) 1110
Dies temperature( C) 200
Punch velocity(mm/s) 100
Punch and Dies Rigid body
Friction (m) 0.3

Billet
(a) Blocker process

/é E

(b) Finisher process

Low DIE

Flash

Fig. 3 Results of FE analysis (material flows) for 1%
hot forging process design
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Table 2 Process variables of billet size

CASE 1 2 3 4(1%
Wh(mm) 46 47 48 49
WL(mm) | 62.99 | 60.34 | 57.85 | 5551
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Flash Size (Y)
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Fig. 4 Measuring location of flash size
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Table 3 Flash size of results(mm)

Case 1 2 3 4
X 100.45 95.69 95.98 94.21
Y 86.89 83.89 87.35 89.97
X+Y 187.34 | 179.58 183.33 184.18

Casel Case 2

Case 3 Case 4
Fig. 5 Results of FE analysis (material flows) for 2"
hot forging process design

2" hot forging process design

Modified process design
Fig. 6 Modified process design of 2" hot forging
process design
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Fig. 7 Results of FE analysis (material flows) for
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Fig. 8 Die design for optimal process design
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Fig. 9 prototype product by hot forging test
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Study on Numerical Simulation of Manufacturing Process for
the Seamless Boiler Tube
S.Y. Lee, K.P. Kang, E.J. Kwak, Y. J. Park, T. S. Jo

Abstract

Seamless pipe can be produced using the Mannesmann effect. In the piercing process, the preheated billet is cross
rolled into rough tube. The reheated tube after piercing process is then rolled with multi-stand pipe mill to control the tube
thickness and rolled with stretch reducing mill to reduce the diameter of tube. FE analysis was carried out for the whole
manufacturing process and we focused on the simulation of piercing process and multi-stand pipe mill. Also the effect of
various process design parameter was investigated in this paper.

Key Words : Seamless Pipe, Piercing, Finite Element Method, MPM(multi-stand pipe mill),SRM(strech reducing mill)
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Table 1 Case of Simulation

Guide Plug Billet
Case . .
Position Position Temperature
Base Base Base
Base+5mm | Base+25mm | Base+100°C
3 Base+10mm | Base+50mm | Base+150°C
226 4
£
E 224
—
o
U 2224
£
8
0 220
—
()
2
8 218 { =57 Guide position
= Plug position
=== Billet temperature
216 T T T
1(Base) 2 3
Number of Case
(a) Outer Diameter
., 234
£
E
0a 224
(1)
c
4
L
£ 21
3
ﬁ == Guide position
20 { == Plug position
== Billet temperature

1(Blase) I 2 3
Number of Case
(b) Shell Thickness

Fig. 2 Results of Piercing Process.

- 286 -

UERIG. Zhel= A F7tel] whet

T 0 o)\ to
N o

0,
o
)
z
L
i
ol o oft ki d

=

T
2
=
%
Jo
o
fo
o
:(,>l:t
1%

2 AdFE 1as 3 BY(USC)E ferrite
A seamless Tube % Azx7)% MEALY
(2012T100201597)2] U3t A4 7
Y.

l
=
R

ild]

f 1

e

Ao

[1] A. Ghiotti, 2009, Modelling of the Mannesmann
effect, CIRP Annals — Manufacturing Technology
Vol. 58, pp. 255~258.

[2] G. Sola, M. Vacance, 1994, Thermomechanical
Simulation of Seamless Tube Rolling using a 3D
FEM, J. Mater. Proccss. Technol. 45. Pp.187~19



B rbeets) 20160 % #ASE S =P

oy ZEel & HE d¥ Al AAX=HEES st o
e AH dAqof ztst uE

Design of forming steps in roll b_er]c!in%proc_ess of
corrugated sheet metal considering initial buckling strain

E. M. Lee, D. S. Shim, J. Y. Son, P. S. Kang, M. J. Kang,

Abstract

This paper focuses on the design of forming steps in the roll bending process during the manufacture of cylindrical
structural parts from corrugated thin-walled sheet metal. The main defect that appears in corrugated panels subjected to
high amounts of bending deformation is a wavy edge. Numerical analysis indicates that the excessive longitudinal strain
induced near the edge of the panel inevitably leads to the creation of the wavy edge. In this paper, the wavy edge of the
formed panel is investigated in terms of the design of the forming steps. Finite element (FE) simulation is utilized to
predict the local edge buckling factor in the roll bending of the corrugated plate and to determine the strain limit in each
step considering the initial buckling strain. An iteration scheme based on the longitudinal strain that can be used to obtain
an optimized design and ensure that the maximum longitudinal strain is below the limit of the critical value is then
proposed. The results indicate that the proposed design method optimizes the number of forming steps while decreasing
the edge wave caused by excessive edge compression.

Key Words : Corrugated sheet metal, Roll bending, Wavy edge, Forming step design, Finite element (FE)
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Process Design of Hot Forging for Pinion Shaft
of The Automobile Transmission

J. M. Lee,S. W. Lee, W. H. Jo, S. H. Lee

Abstract

This paper was designed to develop the hot forging process design of pinion shaft of the automobile transmission. FE
analysis was used to investigate the effects of the different variables on the material flows in hot forging process and
finally derived the optimal process design for pinion shaft.

Key Words : Pinion Shaft(3] 1] &1 A3 E), Transmission(*H %771), Hot Forging(& 7+k=), Finite Element Method (-
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(a) Blocker DIE (b) Finisher DIE

Fig. 2 Shape of bloker & finisher DIE

Table 1 Conditions of FE analysis

Items Values

Initial billet size(mm) D65, 240

Material of billet SCM920HVSI
Billet temperature(C) 1200
Dies temperature( C) 150
Punch velocity(mm/s) 360

Punch and Dies Rigid body

Friction (m) 0.2
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Fig. 3 Results of FE analysis for hot forging process
design
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(b) Analysis results of the increase(10mm) of the size of billets

Fig. 4 Result comparisons of FE analysis
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Fig. 5 Setting process parameters

Table 2 Process parameters values of Land side R

Case 1(Orignal) | 2 | 3
Z O(Fixed)
R 6 | a4 | 2

Table 3 Process parameters values of a, b side Distance

Case 4 5 6
a 3 5 7
b 3 5 7
R 2(Fixed)
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Fig. 6 Analysis according to the process parameter
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Fig. 7 Results of FE analysis for optimal process
design
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Fig. 8 Die design for optimal process design
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Fig. 9 Prototype product by hot forging test

-290 -

3. 38H+ HIt ¥ HS

Fig. 6= 7 Case ¥ &4 A2 W=7 R g
o] ZtolALE FE AFZEC] ZH&o] Folmi
AL & F vy =3 Hde B2A o
o)EA Aol Zolu= AL 4 4 Q)

wEk B Afo A= Case 59 wAWSEA
S YYArAZES dndx Ay 93 F
R A8k TE Fig. 7 Case 5 239

N
offt
N
)
=)
[
oo

!

N

EL N
ox L nf

o Mt ofd
ol fo o oX

O?L‘HUM

[1] M. S. Joun, S. M. Hwang, H. G. Moon, 1995,
Automatic Computer Simulation of Multi-Stage
Hot Forging Processes - Flow, Temperature and
Die Analyses, Trans. Kor. Soc. Mech. Eng. Conf.,
Vol. 1, PP. 337~340

[2] www.afdex.com



Ze{uHE HolAZES]
= = szl d3l oy

_g>_|_2 ; _—'.4_9_723

— —_o

oy
=

1; 1 1 1
HMul*. Sotd!. Fatell. shate’. AFKY

A study on deformation after quenching
of Main shaft shape for wind turbine

W. B. Jeon™, A. Y. Jang?, S. I. Jeong®, S. D. Park?, J. J. Kwon?, S. W. Kang?, Y. C. Kwon?

Abstract
Main Shaft of wind turbine which is connected with Rotor hub and Speed increaser and sent high torque and turning
power of low speed to gear box or generator is significant component. Main Shaft 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 Main Shaft after

quenching using Fe-analysis.

Key Words : Main Shaft; Wind turbine; Quenching; Machining allowance
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Study for Hot Forging Process on Disk of Rotor Shaft
Depending on Shape Parameters

J. W. Jeon, H. S. Jeong, J. R. Cho, S. K. Choi

Abstract

The rotor shaft is a major part for high efficiency of turbo charger that is composed of disk and shaft. The disk is joined
with the rotor shaft by friction welding process. The disk is manufactured by hot forging process. During hot forging
process, a preform is required to fill the shape of disk and the maximum forging load should be determined to select a
forging machine. The aim of this study is to predict the shape of final forged product and maximum load during hot
forging process depending on shape parameters. The billet for hot forging was proposed according to three shape
parameters, such as volume of billet, diameter of billet and thickness of flash. The finite element analysis was employed to
predict the characteristics as the shape parameters of the billet.

Key Words : Hot forging, Disk, Rotor shaft, Finite element analysis
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Table 1 Shape parameters
Diameter of Volume of | Thickness of flash
preform (mm) | preform (%) (mm)
360 105 5
380 106 6

Fig. 1 Geometry of rotor shaft
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Fig. 2 Forging dies
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Fig. 3 FE model for hot forging process
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Fig. 6 Forging load prediction on hot forging

Aol A =
AH, 473

=
FELLD)

-
el

ox (& 1o

(

2 ox ot E
o ot 2 N oft ox 2 rfz
= o

o ¥2
ofl _,VL 5

T
an)
PN

4 B e N o

Qo o B i © Mook g

2

ﬂoﬁ:
ol
o
ol
2
|}
_I’_(

o,

2

3

X,
ogt 32
o ox 32

,

<ol &d3 St

N 32 o o o
fru
il
i)
»
o
fru

0 [o

O
et

ool 2 oo 30 12 )y o &
POk 8 ox (O

23N ot [o 2

- 294 -

Fwse bz Agstgon, o 47
P47k AR AHY A A
Saa F7b wsel @ 4ol olFol Ak @
Aoz o Ahr)
—=—105%, 15 .
_ 6.0x107 —*—105%, t6 o
z A 106%, 15 o -
7| —¥—106%, t6 -
E 5.8x10 e
256010 .
<
'E 5.4x10 A
= i
£ : - )_7)’,-—'
E 5.2¢10 p— .
E ;
% 5.0x10'
= —
4.8x10 T |
360 380

Diameter of pre-form (mm)

Fig. 7 Maximum hot forging load according to
shape paremeters

I

il

o

R

[1] J. Monaghan, 2001, A Finite Element Analysis of
Cold-Forging Dies Using Two and Three
Dimensional Models, Journal of Materials
Processing Technology, Vol. 118, No. 1-3, pp.
286~292.

455, 2% r

1,

=
=

, ol
g S o] 83
A, g aA 7he o3
266~270.

71

3], #4d4t, 2007,
EMEZE Az2FH

164, A4Z, pp.

(2]

[3] 44,



g Ad 7haeks] 20159

bt
A
)
e
el
e
okt
i
Mo
™

T4eT TYMNES DS o7 HEZo Y=o|E

Optimized design of aluminum cold forging process for a part
with reverse draft for both high yield and high productivity

S. W. Jeong, H. T. Jin, S.D. Choi, M. S. Joun

Abstract

In this paper, precision simulation of a process design for fabricating an aluminum cold forging of a commercial car
part with reverse draft is carried out with emphasis on the lateral forging stage to minimize the machining cost and
achieve near net-shape forging with reduced number of forging stages. The proposed process design is characterized by its
compound process of lateral forging together with conventional longitudinal forging to reduce the number of forging
stages and minimize the material loss. To realize the idea, an optimized preform is purposely designed, which can separate
the deformation into two parts in the consecutive forging stage, that is, the upper part for longitudinal forging and lower
part for the lateral forging.

Key Words: Lateral Forging (5™ v %), Optimized Process Design(Z % -4 4]), Forging Simulation(¥+% A] &
o] A), Aluminum Cold Forging(&FnF Y1dx)
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Table 1. Process information

Material AAB061

Workpiece Initial size

#91.5mm = h31.8mm

25C

Temperature

Coulomb friction coefficient | 0.1

Die velocity -1.0 mm/s
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Analysis of drawing properties and upper bainite
transformation behavior in high carbon steels

S. W. Jeong, J. H. Park, K. S. An, W. J. Nam

Abstract

High carbon steel(0.9 wt%) were austenitized at 950 °C for 5 min and quenching into a salt bath at 450 °C for 1 h to
obtain upper bainite morphologies. SEM studies showed that by increasing the transformation time, morphology varies
from austenite to upper bainite. The results indicated that the morphology of bainite carbide show multifarious shapes,
like plate, fibrous wedge and so on. There was no condition of carbide formed in intercrystalline of bainite ferrite, bainite
carbide nucleated on the boundary of bainite ferrite and the carbon-enriched residual austenite, and grown along the
boundary. The evolution in the characteristics of the cementite phase in a bainitic wire has been followed by using SEM
observations as a function of strain. In the initial state the cementite plates and particles have no preferred alignment.
Observations in longitudinal sections show that drawing to low to medium strains (¢=0.5-1.5) results in a continuous
change in the cementite to give a preferred alignment parallel to the wire axis, with this transition complete at a strain of

e=1.5. Drawing to higher strains results in a lengthening and thinning of the cementite.

Key Words : Drawing, upper bainite, cementite, high carbon steel
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A Study of Burr Minimization in Plastic Micro-machining

U. G. Jung, S. H. Rhim, D. G. Min

Abstract

Recently, the needs for highly precise, smaller and deeper drilling techniques are increasing to produce printed circuit
boards(PCB), air bearings and fuel injection nozzles. However, it is not easy to determine optimum cutting conditions
since the micro drilling process is very sensitive to various disturbances. Thus, in this study, micro drilling of plastic
material is investigated to determine optimum cutting conditions. Three cutting parameters(cutting speed, feed rate, step)
are associated with minimizing burr. Selected conditions are verified through required experimental works. As the results,
it is shown that the experiments can be applied to micro drilling processes to determine optimum cutting conditions.

Key Words : Micro Drilling, Burr Formation, Cutting Condition
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Table 1 CNC milling machine specifications

Unit Figure
Spindle speed RPM 3,000-60,000
Cutting feed rate mm/min 15,000
Table working area mm 550 x 350
x/ylz axes displacement mm 450/350/200
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Thermoplastic CFRP plate manufactured using a hydraulic press

E. C. Jeong, J. S. Kim, S. H. Lee

Abstract

CFRP (Carbon Fiber Reinforced Plastic) is a composite material using plastic as a matrix of carbon fiber. It has a high

stiffness and strength than the metal. Because of these properties, this material is preferred as light-weight materials in

automotive industry. For CFRP using a Thermoset plastic requires the curing time. However, Thermoplastic CFRP does not

need curing time. This can reduce the cycle time. Also, thermoplastic CFRP has the advantage that it can reused.

The purpose of this paper is produced thermoplastic CFRP using a hydraulic press for the study on Thermoplastic CFRP

production in the injection molding process

Key Words : CFRP, Thermoplastic, Press, Injection Molding
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High Precision Hot Forging Process Development
of the Automobile Shaft Connection Hub

Automotive Hub as part of suspension connected to axle and prop up load. So, Hub is needed to high strength and
precision. Hub is produced by three hot forging process such as upsetting, blocker, finisher. By inappropriate material
flow in blocker process, some defects occur such as unfilling, folding of the material. To solve these defects, repetitive

W. H.JO,S. W. Lee, S. H. Lee, J. M. Lee

Abstract

mold modification should be performed.

The main purpose of this paper is to find out various causes of defects using the finite element analysis. In order to

produce a Hub of high strength and high precision, we have studied optimum hot forging process design.

Key Words : Hot Forging Process(€ 7Fe3-37), Finite Element Analysis(f-3F8.24~3]4]), Automobile Shaft
Connection Hub(AH5 2} x5 A2 & H)
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(b) Blocker
]
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-
(c) Finisher

Fig. 2 Three-stage process of original hot forging
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(a) Folding of material
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(b) Unfilling of material

Fig. 3 defects in finisher Process
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Table 1 Conditions of hot forging process

Items Values
Material SCr420HB
Initial billet size @50 X 79.1mm
Initial billet volume(mm) 15531.249
Die speed (mm/s) 100
Friction (m) 0.3
Material temp.(C) 1110
Die temp.(C) 200
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Table 2 Process variables to improve defects
Defect

Values

R of blocker die (mm)
5 | 9 | 13

Folding

Thickness of flange in blocker (mm)

Unfilling

86 | 88 | 9
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Fig. 4 Analysis results according to R of blocker die
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Fig. 5 Analysis results according to thickness (L) of
flange
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Fig. 6 Analysis results from the optimum process
variable (R=5mm, L= 9mm)
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Pusan National University, Pusan, pp. 428-431
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Development of Automobile Engine Mounting Parts using
Precise Cold-Hot Forging Technology

Y. H. Tak, D. H. Park, M. L. Lee, S. C. Han

Abstract
This paper aims to ensure shape precision by using cold-hot complex forging technology for developing engine
mounting parts. Cold-hot forging technology is possible to be increase productivity improvement and cost reduction.
Forging possible of engine mounting parts applied material property was investigated.

Key Words : Engine Mounting Parts, Combined Forging, Hot work, Cold work
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Verification of aluminum tube of free expansion Finite Element
Analysis and Experiment for hydroforming applications of heat
exchanger tubes

Deokhyun Han, Geon-Hong Kim, Byungmin Ahn

Abstract

Aluminum AI1070 was proceeding in finite element analysis and experiment of free expansion aluminum tubes for the
purpose of application of tubes hydroforming process, was analyzed with respect to variables that result in differences
occur.

In general, tube hydroforming process simplifies the manufacturing process at the same time to replace expanding of
the tubes using bullets of the conventional heat exchanger, a technique to implement the integration of parts. But
hydroforming process is accurate pressure regulation necessary technology. Therefore, defects such as burging or
buckling occur when the selection of materials and improper pressure. The defect was occurred by necking that occurs
under excessive tension. Recently, study of the process parameters to avoid burging defect have been actively conducted
upon application.

In this study, we compare the results of free expansion test experimental and finite element analysis. Finite element
analysis was set up inside the uniform conditions, —shaped aluminum tube. Result of finite element analysis pressure is
applied on the basis of the free expansion test. Tube used in the experiment was made by SAMWON Copper Tube.
— shaped tubes were generated after experimental results and the difference between outer diameter and thickness
variation of the analysis, the results with respect to the gap is generated were analyzed.

Key Words : Hydroforming, Aluminum tube, Finite Elemnt Analysis(FEA), Free expansion test, Heat exchanger.
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Microstructure, Tensile and Fatigue Deformation Behavior of
Hypereutectic Al-Si Extruded Alloy

G. S. Ham, M. S. Baek, S. Y. Sung, J. P. Kim, K. A. Lee

Abstract

This study investigated microstructure, tensile and fatigue deformation behavior of hypereutectic Al-Si extruded alloy.
OM microscopy, Scanning Electron Microscope (SEM), Energy Dispersive Spectrometer (EDS) and X-ray Diffraction
analysis (XRD) was examined as well as hardness, room and high temperature (150, 200, 250, 300C) tensile tests, and
high cycle fatigue tests. Hypereutectic Al-Si extruded alloy consisted of Al, Si, AlzNi, AlFeSi phases. Room temperature
tensile properties of hypereutectic Al-Si alloy was obtained as Y.S. : 125MPa, T.S. : 247.1MPa, El. 13.8% at room
temperature. Elevated tensile properties at 300°C was measured as Y.S. : 51MPa, T.S. : 56MPa, El. : 38.4%. High cycle
fatigue results showed the hypereutectic Al-Si alloy to have a fatigue limit of 187.5MPa. This study also discussed the
tensile and fatigue deformation behaviors of hypereutectic Al-Si extruded alloy through the abovementioned mechanical
properties as well as fractographies
[ A7e a7y Ades Adugton ofo A=Yt ]
Key Words : hypereutectic Al-Si alloy, extruding, microstructure, tensile, fatigue
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(1) | Atomic % |[ 2) [ Atomic %
|| Mg 0279 Mg 0.847
Al | 22555 Al 84381
Si 76,852 5i 0.857
Fe 0.089 Fe 0174
Ni 0.197 Ni 12.146
Cu 0.048 Cu 1.024
100.000 100.000
(3) | Aromic %
Mg | 0373
Al 84.032
5i 8.980
Fe 1.895
Ni 3.087
Cu 0.731
100.000

Fig. 2 SEM microstructure of hypereutectic Al-Si extruded alloy
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Y.5.[MPa] U.T.5.[MPa] EL[%]

Room temp. 125 2471 13.8
150°C 113.2 209.8 17.5
200°C 105.6 1773 17.7
250°C 81.6 93.3 32.8
300°C 51 56 384

Fig. 3 room and high temperature tensile test
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Fig. 4 Room and elevated temperature tensile fractography
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Fig. 5 high cycle fatigue test of hypereutectic Al-Si extruded alloy
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Design of Strip Bridge for Unsymmetrical Deep Drawing Progressive
Stamping of Automotive Seat Side Cushion Panel

I.S. Hong, C. S. Joung, D. Y. Lee

ABSTRACT

For mass production of stamped parts which do require complicated in-press operations, it is always advisable to use a
progressive press. But it is difficult to choose progressive die if stamped pats need deep drawing and especially they are
unsymmetrical. Because unsymmetrical deep drawing parts are very sensitive to the effect of weight during moving next
stages, they are hard to be located exactly on die face. Automotive seat side cushion panel is about 80mm high,
unsymmetrical and its low edge needs hemming, so it is hard to produce using progressive die. In this paper to adopt
progressive stamping for seat side cushion panel, 5 cases of strip bridges are considered to be strong enough to move next
stage die exactly by CAE analysis.

Key Words : Deep drawing, Progressive stamping, Strip bridge, Unsymmetrical seat side cushion panel
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