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Optimal design of forging process of the first generation hub
bearing outer race considering the symmetry of metal flow lines

H. K. Moon, M. C. Kim, M. S. Joun

Abstract
In this paper, optimal design of forging process of the first generation hub bearing outer race is conducted to obtain the
symmetric metal flow lines between upper and lower sides. In this study, a simple but fundamental metal flow function
itself is employed for the objective function. That is, if the values of metal flow line function defined at two points lying
symmetrically in the final shape are equal, the metal flow lines in the final shape satisfies the requirement on the sym-
metry with respect to the central horizontal line. AFDEX 2D is employed with an optimization program, HyperStudy to
accomplish optimization of the process.

Key Words : Optimal Design (] 24 ), First Generation Hub Bearing (1At 3 2w o] &), Metal Flow Lines (& <
SEA, TR
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Optimal design of forging process of tapered roller bearing
considering surface affinity of metal flow line

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

Abstract
Quantification of metal flow line of forged part is important in terms of process optimization, where it is known that
the cross angle of metal flow lines after forging and surface direction of product crucially affects the life cycle of the
product. In this paper, a methodology to quantify the degree of distortion of metal flow lines against the tangential
direction of product surface, cutting index, was introduced and the cutting index was applied to optimize the forging
process of tapered roller bearing.

Key Words : Metal flow line (5 41), Cutting index (2 2] 4=), Optimal design (3 % 4 Al), Forging (¥+3)
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Optimal design of an axi-symmetric forging process
of pulley-like product to avoid local sinking of metal flow lines

M. C. Kim, M. S. Joun

Abstract
In this paper, optimal design of an axi-symmetric forging process of pulley-like product is conducted to avoid local
sinking of metal flow lines, which is different from overlapping of metal flow lines. A fully automatic forging simulator,
AFDEX 2D is employed with an optimization program, HyperStudy to accomplish optimization of the process. A typical
application example of a pulley-like forging is given, which is exposed to local indentation of metal flow lines around the
corners.

Key Words : Process Design (37342 7)), Optimal Design(Z %} A A]), Local Sinking of Metal Flow Lines (=5 &-F4
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Fig. 1 Typical locally-sunk metal flow lines defect of
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the initial process design to be optimized
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Optimal design of clinching process for maximizing joint strength
R. Sekar, M. S. Joun

Abstract
In this paper, the influential process parameters in a clinching process are considered and the process is optimized for
maximizing the joint strength using deterministic optimization method in HyperStudy with an elastoplastic finite element
method in AFDEX, showing that in the case of metal forming, the synergy of the forming simulation software and an
optimization tool is very important in reducing the development time of the process, eventually saving time and cost

Key Words: Clinching Process (2% 3 74), Multi-Body Simulation (TH& | A] & 2 ©]4), Process Optimal Design

(&4 AL

1. Introduction

Among the different joining methods that are
available, welding is not suitable because of a
natural oxide layer surface formation as well as
the high thermal conductivity of the material [1].
The clinching process was found to be an
economic alternative for welding process as well
as the riveting process. But cost is not the only
main parameter. Contrastingly, it was also
observed that the clinched joint was 50-70%
weaker compared to the spot welded one. So, it is
important to increase the joint strength of the
clinching process if it is being looked at as a
viable alternative for the welding process. This is
probably the reason for a lot of research
happening in this arena where researchers usually
investigate the relationship between the clinching
process parameters, the tool geometry and the
strength of the mechanically clinched joint. In
this work, a suitable FE analysis model of the
clinching process is first formulated. After
establishing  the  influential  geometrical
parameters in the process, the global response
surface method is used to maximize the joint
strength.

1. = A
# WA XX ZAAH & E-mail: msjoun@gnu.ac.kr
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2. Setup of a FE model

The actual clinching process consists of only
one stage. For the sake of testing and improving
the joint strength, a second stage is included in
this study. The first stage is where the actual
deformation happens to clinch the two sheets
together. And the second stage consists of
applying a tensile load that will pull the two
clinched sheets apart. Higher this force, greater is
the joint strength. The joint strength, which is the
tensile load or the second stage forming load will
be used as an objective function which ought to
be maximized.

Stage 1 - Start Stage 1 - End Stage 2 - Start Stage 2 - End

= Workpiece: 2.5 mm thickness = Friction coefficient: 0.12

= Alalloy: ¢ = 310.83¢°957 MPa = Clamping force: 100 kN

Fig. 1 FE model of a clinching process and details of
the simulation

3. Setup of optimization problem
Optimization is effective only if the objective



function, constraints, design variables and the
search algorithm are chosen properly. Based on
literature survey and further verification by
carrying out FE simulations, the most influential
parameters affecting the joining strength of a
clinching process are considered as design
variables (Fig. 2).

Fig. 2 Design variables of clinching process

The forming load in the finishing stage of the
clinching process in which the punch moves
backward with the other dies or tools fixed, is
considered the objective function which needs to
be maximized. The global response surface
method (GRSM) in HyperStudy is chosen as the
optimization method. This deterministic global
search method generates a set of designs for
every iteration and these are solved in parallel.
The response surface is nothing but an algebraic
or numeric expression describing the model’s
response as a function of the design variables.
Several evaluations are carried out within the
feasible design space and the optimized values of
the design variables are presented in Fig 3.
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Fig. 3 Optimizing the design variables
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| —— No Parameter Initial Minimum | Maximum
10 @ | Dievasewign | 400 380 420
e \ © | Derdis 584 554 6.14

| (5] Die depth 794 764 824

| © | Punchradius 0.50 0.20 0.80
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The optimized(maximized) joint strength values
are also plotted in Fig 4 with respect to the
iterations.

:
:
.

1.6118 kN

3 H B 10 1 ] 1 0 2
norason

2.1985 kN

Fig. 4 Optimized joint strength

Optimized design variables as well as the
joining force are presented in Table 1. It can be
observed that the strength of the joint has been
increased by a significant 36.4% through this
optimization.

Table 1 Result before and after optimization

No Parameter Initial Minimum Maximum I
Value
o Die base width 4.00 3.80 420 394
(2] Die radius 5.84 554 614 5.94
o Die depth 7.94 7.64 824 794
o | Punch radius 0.50 020 080 020
joiningtorcs | 1SMBKN | i, || 2teeskN

Summary
The joining strength of the clinching process of
two aluminium alloy sheets of 2.5 mm thickness
was maximized to be increased up to 36.4%
using elastoplastic finite element method with
deterministic optimization approach in this work.
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Optimal design of die for minimizing product forming load from
multi-stage deep drawing ironing forming

Chang Hoe Lee?, Bonjoon Gu' and Seokmoo Hong*

Abstract
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Investigation of coefficient of friction
for the piston aluminum forging process using optimal method

S.W. Lee, J. W. Jo, M. C. Kim, J. M. Lee, M. S. Joun

Abstract
In this paper, optimal design of the piston aluminum forging process is conducted to fill a local area. The friction is as-
sumed to be affected by strain. A fully automatic forging simulator, AFDEX 3D is employed with an optimization program,

HyperStudy to accomplish optimization of the process.

Key Words : Piston Forging (¥] 2~ & %), Optimal Design(Z] & A4 7)), coefficient of friction (7} 2 7] 4%)
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Practical Acquisition and Application of Flow stresses Emphasizing on Influence of
Recrystallization Using Optimization Technique.

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

Abstract
New mathematical model to express the flow stress curve at elevated temperature applied to upsetting process design.
The approach was apply to common steel AISI1020 whereby the constants were determined using Generalized Reduced
Gradient (GRG) Nonlinear optimization technique. The influences of the new model on recrystallization effects
quantitatively criticized compared with another model studied. The deformation behavior in term of effective strain rate,
effective strain, effective stress and fraction of recrystallization were focus on to see the validity of the new mathematical

model. The new model with optimal constants described the behavior of dynamic recrystallization during the deformation

process which showing the real mechanical phenomena in metal forming industry.

Key Words : Flow stress curve, Generalized Reduced Gradient (GRG) Nonlinear, Recrystallization

1. Introduction

The comprehension of disfigurement practices
of metals and alloys at the elevated temperature is
of incredible significance  for  process
configuration builds in metal framing since it can
give them a few bits of knowledge on defining
process outline. Amid hot metal framing, the
materials subjected to complex disfigurement
history under strain, strain rate and temperature,
which causes diverse metallurgical wonders [1],
for example, microstructural advancement and
heat treatment.

Plastic deformation at the raised temperature
are excessively entangled, making it impossible
to be uncovered essentially by the application
engineers, for instance, on the grounds that the
hot materials are solidified at little strain
underneath the peak strain and recrystallize at the
bigger strain because of dynamic recrystallization,
i.e., the prevailing rebuilding process in

1. At 7)1 A a3 ah 5
# WA AR A 7] A &g
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microstructural development.

In this paper, two different models criticized in
terms on influence of recrystallization effect
during deformation process. The Generalized
Reduced Gradient (GRG) method used to
determines the constants for the new models. The
GRG code has been proven in use over many
years as one of the most robust and reliable
approaches to solve difficult nonlinear problem.

2. Material model studied
Two model studied which are Model 02 and
Model 28.
o= max(aéb, aéfnin) [©))]
Model 02 as in eq. 1 based on three constants
a,b and &,;, which are strength coefficient,
strain rate hardening exponential, and minimum
yield strain rate respectively.

=a(5)es(-5)

ife<eg, )



—%’—%)] ife>e,  (3)

Model 28 as in eq. 2 and 3 required five
constant for specific material. The constants
Op, &y, Cp, 05 and C, are peak stress, peak strain,
hardening coefficient, steady state stress and
softening coefficient respectively. The constants
C, and C; determine using GRG Nonlinear
optimization technique and the remaining three

o =05+ (ap - O'S) exp [CS (s

constant extracted from experimental data. This
solver method looks at the slope of the objective
function as the input change and
determines that it has reached an optimum
solution when the partial derivatives equal zero.

values

3. Application of two different models
The two models applied to common upsetting
process design. The flow stress curve in Model
02 did not show recrystallization behavior
whereby  Model 28  shows that the
recrystallization take over after the deformation
reach the peak strain. These based on the flow

stress curve for each mathematical model studied.
LOAD vs. TIME: YY

INIT. KNvs. s (e)
5000642

MAX. +4 B54E+2
NIN: +0 000E+0

B UPPER_DIE_1
B LOWER_DIE_1

Fig. 1 Load vs Time: YY.
Fig. 1 shows Load vs Time in y-axis. Model 28
fluctuated due to recrystallization effects. The
effective stress quantitatively compared to see the

recrystallization effect during deformation
process between two models as shown in Fig. 2.

Recrystallization defined as the process in which
grains of a crystal structure come in a new
structure or new crystal shape. Fig. 3 shows the
fraction of recrystallization predicted using
JMAK model. At higher fraction of
recrystallization, the effective stress prediction
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should be low. Based on effective stress
distribution, Model 28 prediction are in a good
agreement with JIMAK model.

9

(@) Model 02 (o) Model 28

Fig. 2 Effective stress.

Fig. 3 Fraction of recrystallization.

4. Conclusion

In this paper, mathematical Model 28
predicting recrystallization phenomena, which
cannot presented using Model 02 with application
of steel AISI 1020 whereby the constant can be
well-determined using GRG  optimization
technique.
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Numerical and experimental study on microstructure and hardness
using optimization technique

M. Irani, S. Mun, S. H. Chung, K. O. Lee, M. S. Joun

Abstract

An optimization technique has been employed to improve the accuracy of FE prediction of microstructure and hardness
during the Jominy end-quenched test of bearing steel. First, the difference between the predicted and associated measured
temperatures was minimized through optimizing the heat transfer coefficients, which were applied to predict the
microstructure and hardness. A secondary optimization was carried out to minimize the difference in error between the
predicted and measured phase fractions by varying the adjustment parameters in the Kirkaldy-Venugopalan (K-V) model.
Using the optimized adjustment parameters, the hardness distribution at the final stage of the Jominy test was predicted
and compared with the associated measured values at sample points showing a good agreement between them.

Keywords: Hardness prediction, Phase prediction, Jominy test, Optimization

1. Introduction Bgs ) in (K-V) model are considered as design
In the Jominy end-quenched test, a standardized variables:
cylindrical specimen of the steel is heated until the Pearlite transformation:
austeni‘Fizing temperature and the? cooled at one £,(G,T) = 28r16=D/2(ge, — T)3Fr2D (D)
enq with sprayed \fvater. Numerlcgl models are 1 1 0.01C, + 052Gy, @)
being developed to simulate the cooling curves and = 57800 T Prs 37000

exp(—fpz ~p7 ) exp(—fps =7 )

predict the phase fractions as well as hardness [1].
In this study, a finite element optimization

this s . £, (Comp) = Bpe(179 + 5.42(Cer + Cuo + 4CuoCr)) (3)
technique is used to obtain the heat transfer

coefficient during spray cooling (ag) minimizing F(X) = X2Bp7(A=X/3(1 — x)2Bp7X/3 4
the error between the predicted cooling curves and
experimental values from the literature [1]. ag; to Bainite transformation:

i 27500
ags (heat transfer coefﬁments . at sz.lmpled £,(G,T) = 268:6-D/2(B_ _ TY2P52exp(—fps o) %)
temperatures) are the design variables in the

optimization. The optimized values of a  are then fp(Comp) = 0.0001854(2.34 + 10.1C; + (6)
applied to the simulation to predict the phase 3.8Cc + 19Cy,)
fraction during the Jominy test. At this stage, the F(X) = x2Pes(1=X0/3(1 — x)2Pask/3 (7

adjustment parameters (fSp; to Bp; and fg, to

_ 2 (1.9C¢ + 2.5Cyy + 9Cx; 8
L et A ARgeen Z(X) = exp(BreX (+1-7CCT ac, - 2.6)) ®)
2. MFRC
3. Mg AV EATLE
# WA AR et 2| AT,

E-mail: msjoun@gnu.ac.kr
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For more information about the abovementioned
equations refer to Ref. [2]. To simplify the
optimization all of the adjustment parameters

except Bp2, P2, B3, P and Bggare given as 1.0.

2. Material and methods

The Jominy test was carried out on cylindrical
specimen of 100CrMnSi6 steel. Fig. 1 shows the
schematic diagram of the Jominy test used in the
experimental procedure. AFDEX and HyperStudy
are utilized to perform the simulations and
optimizations [3], respectively.

G254

Thermocouples Position (TP)
TP1-1.6 mm

TP2-4.8 mm

TP3-6.4 mm

TP4-9.6 mm

TPS- 12.7 mm

101.6

S
P3
™1

Water inlet

Fig. 1 Schematic diagram of the Jominy test

3. Results and discussion

Fig. 2 compares the measured and predicted
cooling curves using the optimized «, (Table 1)
indicating a good agreement between them.

The optimized values of adjustment parameters
are listed in Table 1. Table 2 shows the measured
and predicted phase fractions at the sample points.

900

TP1 (Experiment)
800
TP2 (Experiment)

3
700 TP3 (Experiment)
—TP4 (Experiment)

)

TPS (Experiment)

o600
i TP1 (Optimized)
.8 TP2 (Optimized)

TP3 (Optimized)

b3
2

..... TP4 (Optimized)

Temperature (C

300 TPS (Optimized)

200 \

100

TOLIICEaz s i

300 600

Time (s)

Fig. 2 Predicted and measured cooling curves

400 500

Table 1. Optimized heat transfer coefficients

Temperature (°C) 400 580 650 850
a,(Wmm'K") 3.24x102  3.15x107  1.06x102  0.2x107?
Table 2. Optimized adjustment parameters
Bp2 Bg2 Bs3 Bgs Bge
0.98 1.024 0.736 0.843 0.936

Table 3. Measured and predicted phase fraction at the
sample points

Distance f

g 5 =1 ] ] I o
& rom quenc = = a @ = &
9 E 3 E 3 E 2
2 hed end(m 2 3] 2 k] 3 5
=) 3 S 3 £ @ Es)
= o 5] 51 o 51 o
v m) = & = & = &
1 1.5 1.00 1.00 0.00 0.00 0.00 0.00
2 3.0 0.84 0.95 0.16 0.05 0.00 0.00
3 7.0 0.79 0.62 0.21 0.33 0.00 0.05
4 9.0 0.50 0.63 0.50 0.33 0.00 0.03
5 13.0 0.00 0.31 0.49 0.00 0.51 0.67
6 25.0 0.00 0.00 0.20 0.00 0.80 1.00
7 35.0 0.00 0.00 0.09 0.00 0.91 1.00
8 40.0 0.00 0.00 0.04 0.00 0.96 1.00
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Mar: martensite, Bai: Bainite, Pea: pearlite
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Shearing analysis and its application

M. S. Joun, M. C. Lee

Abstract
A novel scheme of conducting shearing, piercing and trimming of bulk material in three-dimensional finite element
analysis is introduced with two typical application. The scheme is based on traditional theory of ductile fracture assisted
by mesh refinement technique. Element degradation scheme is employed to soften the damaged material before separation
of material to be sheared, pierced and/or trimmed. Two application shows the characteristics of the scheme.

Key Words : Shearing (%1 &), Piercing/Trimming (3] ¢]/J/E 2] ), Finite Element Analysis (32 4 34]), @AW=
A o] (Mesh Density Control)
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(b) Bird eye’s view
Fig. 2 Application example 2
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A Study on the Effect of Hardening Models in Spring-back of
Sheet Metal Forming using Finite Element Method

S. M. Cho', C. W. Lee?, W. J. Chung”*

Abstract
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3D High Speed Measurement and Finite Element Structural
Analysis for Analyzing the Causes of Die Damage during
Press Mass Production

S. M. Hong, J. Y. Kim

Abstract
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Fig. 1 Measurement of die displacement
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Influence of the size of severely deforming region
on the predictions of flow forming process

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

Abstract
In this paper, a practical approach to finite element analysis of a flow forming process, which needs much
computational time in the conventional approach, is presented, based on a rigid-thermoviscoplastic finite element method.
The approach defines the deforming region or sector by the input angle and the nodes outside of the deforming region are
constrained to decrease total degrees of freedom. A flow forming process found in the literature is solved and the effect of
the deforming region on the predictions is revealed.

Key Words : Flow Forming(& 2 -9-3 %), Incremental Forming(% %4 &), Deforming Region or Sector (3 )
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Table 1. Calculation time according to deforming angle

Angle (°) | Calculation time (%) Results (%)
15 35.8 73.4
30 38.2 89.7
60 46.1 95.9
90 51.1 96.9
360 100.0 100.0
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Finite element prediction of plate forging process of a combine-
harvester knife and its verification

Key Words : Plate Forging(%+3), Combine-Harvester Knife (33 9}91-42H8- d), Elastoplastic FEM(§FAA -3t
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Abstract

In this paper, elastoplastic finite element analysis of a plate forging process of combine-harvester knife is conducted to
reveal the behaviors of plastic deformation of the global shape as well as of the major deforming region of teeth in the
knife edge. The predictions are compared with experiments in terms of plastic deformation of the hole in the less
deforming zone to verify the validity of the analysis model for process design improvements.

HH 30

—_

)

47

pal

5o A A Ks50|ct <&
o| "™ HollM Aol
PSRRI

=ch 8L @R A &M E Bt
ez 47 o 2 e SEEANM

=2 A=

THO| HYy =0 =2z HAECE o AT



olM= Zxfel olnt Aol FHo| Watet 7
Hol pidg SHHMe=Z ctF 1A Bk

Fixed die

Fig. 2 scehmatic drawing of the process to be studied
Fig. 2= 3388 HEHD Uct o] 32
Hxl, Jtol=, S, Bheel G FHo= of

FOiM Uk HE= AZFo| o[sto] X[X[ =

o UAck,

Fig. 32 siMZ1z 2SE HeE % 7Y
g HyAZIe AEH Yol o, 8 &
EZE LIER T Qlot Fig 32 HEE = xo|

of 2o
1 EX|
-1 O

%
ISR
s
4]

VAvATATAViy 5
VaTava VL
4$ e

SRR

i,
T,
[ raonee,
v

VA
PO
e
KR
L]
Partte
o
s

AVATAYISS
TATATATITL
VAVIATATIL
AVAVAVAVATS

AVAVAYA®AY,
VAVAVAVAWAVLY.>

£e

ATAAYS
Naryavy e
S ATAYAYARAY®
SVAVAv vy

By
RRCCTOE1N2

e

(b) Stress component Oy,
Fig. 3 Finite element predictions

48

Fig. 3(b)oll M E = Hfe} Zo| ZARR R
o EZFo=2 2lstof &RIE Jtol= uhEk
oz 4dz|A ==, ol& XNX[sk= st&0|
2ol ZisiZIct olzfst o|f= H|MEFo
M A=l 2hysto, o|Zdo] HE EHH
THE EfoZ HEA|F|A ElCh Fig. 4= 5l

MADpet AEANE vlWstn ot

(a) Predictions with hole deformation

SRR
REEROOOREAY
<2t %% :’v

e )

= v
Tas
5
Vv,

YAVAVAVaAY:.
AVA}
R

£
SAVATATATLS
ATAYAVAVAVAVAYE i,
RAAAAFITSPR
KIAAAANANNANN
EFA‘A‘A‘A‘&"‘AVA";‘;‘A‘AV
" ¥

2 SOAVAVAVAYAV, (AVAV.Y,
STAVAVAVAVAVAY, SI4T:
Ay

(b) Experiments
Fig. 4 Comparison of predictions with experiments of the

elliptical hole
3. 28
of &=20ME Zulel-55tg ol Wehx
Zre eaN goesdAsi), 2F Akl
ZH 2 felg EAMSHect deZuet H
wE Sstof Aol EtFM S HESHRUc
FS o

[11M. S. Joun, J. K. Eom, W. J. Chung, 2014, Finite
element analysis of springback phenomenon and
residual stress in plate forging, KSTP Spring
Meeting 2014, pp. 182-185.

[2] J. H. Kim, S. M. Hong, 2015, Process and die
design of square cup drawing for wall thickness,
J. Kor. Aca. Ind. Coop. Soc., pp. 5789-5794.



H¥aA 7|22 ol88t XS ZE Ho|A Z0|E2|

Process design of Plate forging progressive of Vibration motor
base plate using Forming analysis

K. S. JUNG, W. J. CHUNG

Abstract
T2 aHAE FAFL F olFY FAHol SAHoZ P HEA A3
7t ol thEatel Hgslm

AEA7IE AR sfolHes gola A Abeah, ARl Zhde WA gle sl
ZEadAE F4L feves 23 B AR s ARglelA A7E A gl AlvlEeld

&+ AgellMs AR AEE AHAAFS Al HAshe Y s == ) AFDEX_V7R00E ]85t
P=Fo AHgE = M BE wolx FolES sAsta Al F4at vlasioltt. w3k wadd eA )
2 dA el AofESHY ANFandEs vasklth. A= SPCColth. Sl 1/4 3D 2
ARESESITE. 2719 Al A7) AER oo FAS/HES wEst] AA 130m® , A 1.2m= A
shalet. s Ash 10de] ZRat 3We] HAEIS AHE F 13 gHoR HF HE dols &
dolEe] 4% 7Hsde mFakgint. 34 Auns 24 AF vade W 53 HdEsit. 5
38l 71 ARE] ol ¥R AT A we FRe] eakg 2ol R A AE wags u oo
$ FAete AS =Eeilth. @ad e BaA eid e HAdifasHt AofadgEe) v
Avp abel7h &S SQetdth. Eek g5 Gl Agste st vlwd A Aad diXe] da
e R =& As =EFSAUY

_VI7RO0E ol-&3te] x5 RE "ol Edo]EE AlAstr] $13 vhaAairo] 7}
;g S

olf

Key Word: Simulation(FEM), Progressive process, Plate forging, Rigid-plastic, Elasto-plastic, AFDEX

L AgRs st dudeted 7)AAA 383 5
# WAL A&k Wt 7] A A 228 T 2ol 33t
E-mail : wjchung@seoultech.ac.kr

49



UFolg 23 ASCIetYZictx & 9| v

on

=5l 4

AU |AS - ek

Non-isothermal analysis of an aluminum forging process of yoke
in room temperature

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

Abstract

Investigation into behaviors of aluminum alloy to be metal formed at the room temperature is conducted. An index is

proposed to evaluate the sensitivity of temperature, that is, index of relative normalized temperature rise to steel. An

aluminum material found from the literature shows that the index of aluminum to steel is quite high, implying that

temperature effect as well as rate-dependence effect on the forming processes of aluminum alloy at the room temperature

cannot be neglected.

Key Words : Non-Isothermal Analysis (H]e < 3ll4]), Aluminum Alloy (&% ¥ %), Forging (¢3), Room

Temperature (73-2)
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Three-dimensional finite element analysis of piercing
and trimming processes in metal forming

S. M. Jang, Y. T. Park, S. W. Jeong, M. C. Lee, M. S. Joun

Abstract
In this paper, three-dimensional elastoplastic or rigid-plastic finite element analyses of a clod shearing process of rod
material for automatic multi-stage cold forging process and three-dimensional trimming process are conducted using a
new scheme of shearing, piercing and trimming simulation in metal forming, which is based on an appropriate way of
element deletion of degraded elements due to accumulated damage coupled with traditional ductile fracture approach.
Predictions of the shearing process are compared with experiments in terms of sheared pattern and shape, indicating that
the predictions reflect the experiments quite well.

Key Words : Finite Element Analysis(+-3F2 4:34]), Shearing Process(X @ &7), Element Degradation Scheme( -
25 3H7]9)
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Fig. 3 Prediction of a trimming process

gHH, Fig. 32 T Ho| =418 ez 2dst=
Aoz ZiFeh dEfolM 2SE E2Y 37
o sfAMZIE LIEIH 2 UC AL Xto| 2|5
of X|Igel o8 X £ I8 &40 o
2 faE 4Tt =XH22 MAECH
of mj, ctHol FAHES 13| & 24
of MH oFE TAHez ZFY5IH, 2EH

o2 ciool|A| HiEd 7t 022 HolX|=

i
0 s J
Hn

4 54
=72 2ejE 2o-est AME M Ao}
3. 42
0] ==20|MEe Wriotx & MotaxD E
2|y ZAo| mE 3iY RILsAS A
Alstgion] R=Eciohdzicts 2Ao| Al A
Tlete| H|WE Esto] Zofo| EEMES A

Moz HZsgch

M2 oHE £510] RAAM L
2 Yot e Mo mojA/Ee|Y iAol Al
24Mo| el=gch

=7

O] e MAEAIXIRI S| HBAK 27}
MetZ2dE AT |SEAALY (MBS
10081334)2| X|¢g ol A AT

2nes

[11 M. C. Kim, W. J. Chung, J. H. Kim, M. S. Joun, 2014,
Finite element analysis of a deep piercing process, KSTP
Spring Meeting, pp. 186-189.



Effect of vibration induced by an oscillatory splining die in recursive
axial forming of splined end of a hollow stepped bar

J. B. Byun, M. S. Joun

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

Key Words : Vibration(¥1 "), Spline(2232}<]), Elastoplastic FEM(¥tAA F3t 24 H)

1. A= oSz Y5 OKAF st
e B s9e AE3™o| 83 59 A%
2iol M3 ZMo=z AMZE 1 AcH1]. P. Grupp 2. SUrEk MEZHoIM S B2t 53}
[1]0ll 2lstH, e deyzsdolM Zs Rit= Fig. 12 A7 jael 55 Fo| sdet 4y
Fdet My ZdolM MEsts daE =St A ZIE LIEHHCH1]. Fig 2= MEaAToA
= ZHez 2E1sct Heles AMisA Bt g5l sder ME3™AAM Rs Fote geks
5|X|= LUX|TH, ASA Hatn g As F B zl
Ttof| whE otEte| Mz ggkolztn FESHA ig.
Ct. =5
J. C. Hung [2]S& O&e| ZAaE FA[SH AEf
oM 5= Fo| Zol AzZglelg MEsies =%
oM s Fotof w2t 2k 13%2| stE ATt
2dsto, O 9sty dwjds S+l dF Aok O
2t Zls Foof w2t 28 Sl # x|t
Cta Zotstol 28 +Hol= FElsHk] 2SS
SHich olzHd2 AMel #EoAM dEYstn U=
satntE 22 Znto|ct
o dAFolMe= FAZE &2 B3 Fo Eo
ZWHAlE otEel Harh S8 JAo| olx= & Fig. 1 Predictions of an axial forming process to be
g2 BAMzozM S oo ANE YN studied

E-mail: msjoun@gnu.ac.kr

54



Case 1

12 ‘
Case 2

10 Case 2

Z 8

$

o

—

X 6

kel

3

2 4

E

(=]

w2 Case 1
0
0 1 2 3 4

Time (s)

(@) Forming load

450
750
1050 250 1050
1600 1350
1350
2000

(b) Die stress
Fig. 2 Effect of oscillatory motion of punch in axial

forming of spline

Fig. 3()0llAM 2= Hiet Zo| J&S 2{5Hx|
22 YEfolM Aol AESHE SHE aiAlst
g1, vE S35 H FAHIL A2z 27
St ™ol g€sZE olstol HE=L Ak
JgLt ghek F Fo| 2 49, 7EH ogd
2 fI5td SzhollM 2xE Fob Fojof et
of ¥&k2 TuskAl e{str| fIstod 2xH E
oM gEteasiME MAISHICH

ST = stollM 27iel ofE HAIEHE

Atgsto] siAlg IR e, O ZAIE Fig
3(b)2t Fig. 3(c)ol LHEHHRACE. Fig. 3(b)01|A-| ag
of ofsto Hof #F W&o R .02 mm HLIE

Jtstct o Z=f, =/l

TE3H0| 338 MPaoﬂ
et ond, olde g=sdTo ol It
Aoz X d|tfaMo| 53F9 =IEX &
Mg of7|AF7|AH =t w2tM o] 2 15%
Lielel st HAZRE MY & I35 24713
2o wE el UMs I EY = US
Aoz mot=Elch me2tM s 23l e F
o o das FE AN E ZE MAe F
M3lE 510 JME # UctH, IS 23b F
gsk Mazde ol ME oHoM= sa5ict

55

k! |
\
\ 175
245
A R
315 \)' 330~
{ S
265\ +“—
—
I
—

(@ No clamper case (b) Clamper case

Fig. 3 Effect of oscillatory motion on the effective

stresses
3. 48

o ==2oM= ZlZo|l FatEl Exlof 2fgh &
Eofel M= 3FHE BN REaME 0|8
stod sifAfstiend, Hxlo 2otEl TSe| Exf
£ FEXoz WIch Hel FHIt ot =
Moz FAdst S=F0 azZzlelg MEsh|
?ieh SHAAM 2™ ZEX|of 2o|Ft =7|E™H
of MEstEoll ofsl IRl 2ol EHEA B
tet RESYH2 MEQ =R 24UtseE oA
22 & Ach o2t olHE Hol= 10-20%
of Mysts Havt =3 2o e 2 &
oL AS Aoz EEhECh

HoE#

[1] P. Grupp, 2012, Lightweight design innovations in
the passenger car gear production, Proc. 45th
Plenary Meeting (ICFG 2012), Nagoya Japan, 9-
12.

[2] J. C. Hung, Y. C. Tsai, C. Hung, 2007, Friction
effect of ultrasonic-vibration on upsetting, Ultra-
sonic 46, 277.

[3] C. M. Suh, G. H. Song, M. S. Suh, Y. S. Pyoun,
2007, Fatigue and mechanical characteristics of
nano-structured tool steel by ultrasonic cold forg-
ing technology, Mat. Sci. Eng. A, 443, 101-106.






%
Al

B~

ox
N
oK

Lot
ot
[\}

)

»
r v

k
o
)
1%
)2
=
ok
P
S
o

&&& Elo|ElE il M=T|s A A" &#E
JEES

Manufacturing technique of Titanium billet for extrusion and
application for a scrap

H. W. Lee
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Analysis of Mechanical Properties of Titanium Hollow Billet
Castings by Casting Method

C.S.Youn, Y. J. Lee, H. W. Lee, D. G. Lee

Abstract
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Figure 1. Microstructure of titanium hollow billet castings
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A study on Preheating Technology of Titanium Hollow Billet
for Seamless Tube Extrusion without Surface Defects.

Y. C. Shin, D. K. Joung, H. J. Choi, S. J. Lim, S. H. Bae, S. H. Oh

Abstract

Extrusion is a typical manufacturing process of titanium seamless tubes. Unlike typical extrusion processes, seamless
tube is extruded using hollow billets and a double action controlled mandrel in extrusion press. Because high material
loss occurs when solid billets are processed into the hollow billets by drilling, we are researching a system that minimizes
titanium material loss in the tube extrusion process by using the hollow billets which are manufactured by centrifugal
casting. In this study, we propose a technology to prevent scratches on the billet surface during pre-heating and transfer
process of hollow billets for the purpose of improving the surface quality of extruded titanium tube. In the existing
horizontal moving type billet induction heater, in general, some contacts are occurred between billet surface and rod
shape rails during the billet move inside the heater by the force of pneumatic cylinder. When titanium billets are
preheated to over 8007, a large amount of oxide scales are inevitably occurred on the surfaces of titanium billets.
Furthermore, scratches are generated on the billet surface due to line contact with rails during billet pull out of the
induction heater. If the titanium extrusion was conducted by cone-shape extrusion dies, the scratch is likely to remain on
the extruded tube surface by material flow. In order to prevent scratches on the billet surface during billet transfer process,
until now, vertical type induction heater or low friction coated rails have been applied. However, in this study, new billet
transfer system is proposed which uses the center hole of a hollow billet to transfer billets into the induction heater and
pull out it outward without line contact with the transfer rails. Through the proposed billets transfer system, it is expected
that the surface quality of the titanium seamless tube can be improved and the damage of extrusion dies caused by the
scratches of the billet surface can be reduced.

Key Words : Titanium Seamless Tube, Hollow Billet, Scratch, Induction Heater, Billet Transfer System
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Optimization of extrusion dies design for
seamless titanium tube using finite element analysis

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

Abstract
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Key Words : Seamless tube, Titanium, Finite Element Analysis, Extrusion
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Fig. 1 The image of titanium seamless tube extrusion process conducted by finite element method(FEM)
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Selective laser melted Ti-6AI-4V &r22| O|M[=%|,

=3 =
M-TI2 OfE 9 3 WE AHS
ol7|e - AT utag’ erar’

Microstructure, room- and high-temperature compression and
creep deformation behavior of selective laser melted Ti-6Al-4V

K. A. Lee™ Y. K. Kim? S. H. Park®, S. S. Yang*

Abstract

2~ B [} x5 e) el
B4 B B¥ F YA 99 §4A7E

Metal additive manufacturing 7|& <2 w2 (powder
bed fusion, PBF)3} £ 2 o] A& F Ao FA}st= ®4(direct energy deposition, DED)S. & 3%
3 Y} o] Ao A= PBF #24 F 3}kl selective laser melting(SLM) 343 o] &3}e] Ti-6Al-
4V 3 2AE Azt oo digk mAxz 9l ’b‘ 1L F, T4 BA, 12 Ay 4y Al sk
o ZAFSESITE. o9 Al Aol wE VIAA E4 P A g diste] Getr gkttt 7] v
Mz2 #% A3} as-fabricated®] 7% fully a'-martensite &% 9], stress relieved?] 4% a’'¢} &4 a,
B %3Z9], heat-treated(above B-transus)® 7d-- widmanstatten ZZ o] #ZHAT 4F Ag A3
SLMed Ti-6Al-4V &2 w4 Hold 7|A|4 A4S Bolon 54 &% oA fE = A
AsS YeiY, 9, 12 I 9Y2] 49 martensite 229 H]E] widmanstatten ZZ& o] 54 &
A Fuides =4 Ay HEE YeWo RN 7tEgle]l dA4E g o] &dte A9 54

KR
°“: 74°i FRAHMA. 47 AH4ES EUE SLMed Ti-6A1-4V =9 wAzA A, 112 7|4

F7 BAE Lol &% additive manufactured A2l A Wkl i Eolstaz} 3T
[% AT ARAdTAe] Adow FPHAOH ol TAL=EHUT]

o_>L
L

Keywords : Selective laser melting, Ti-6Al-4V, microstructure, compression, creep
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As-fabricated | :

Fig. 1 Initial microstructure of selective laser melted Ti-6Al-4V
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Fig. 2 Stress dependences of the minimum creep rate of the as-fabricated and heat-treated specimens.

65



S A 7heeks 20189

ki

9[Zd 100 mm O[5l ElO|ElE FAHSH M=E
et AESH AR
WA B NS . 245

A study on extrusion process for manufacturing of titanium
seamless tube below 100 mm outer diameter

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

Abstract

Titanium (Ti) alloys have received much attention to date for their high specific strength, corrosion and erosion
resistance. Ti seamless tube has depended entirely on imports. The reason for this is that, at the level of domestic
technology, it is possible to manufacture only a welded pipe by welding a plate. This study focuses on development of
seamless tube production process by reducing process steps and improving the quality of tubes. The reduced process
could replace on extrusion process by a designed simple double-acting system which can be driven dependently the main
cylinder and mandrel, instead of rolling, hole/taper process, pre-heating and tube expanding. The outer diameter size of
tube is produced to 80 mm by a extrusion dies and its wall thickness is controlled to 5 mm by a mandrel in the extrusion
process. The maximum size of the surface profile, length and its wall thickness for seamless tube was 80/2500/5 mm,
respectively. And an error tolerance of outer diameter is £0.2 mm. In the extrusion process, the significant parameters
such as entrance angle of dies, billet temperature and ram velocity are investigated and considered. The aim of this study
is to localize the manufacturing technology of Ti seamless tube and provides a foundation for manufacturing the seamless

tube

Key Words : Titanium alloy, Grade 2, Seamless tube, Extrusion process, Double-acting cylinder
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Warm deformation of cp titanium using X-ray line profile
analysis

M. H. Kim, H. W. Son, J. W. Lee, S. W. Kim, G. S. Lee, T. K. Jung, S. K. Hyun

Abstract
In this study, warm deformation characteristics of cp titanium were investigated by torsion test and x-ray line profile
analysis. The torsion test was conducted at 473 — 673K and deformation behavior was determined by x-ray diffraction.
The flow stress obtained by the torsion test was increased with decreasing temperature and flow strain showed the
opposite tendency. Slip activity of <a> and <cta> dislocations and twin frequency were calculated by the eCMWP
method and the microstructure and texture were analyzed by EBSD.

Key Words : X-ray line profile analysis, cp titanium, warm deformation, deformation twin
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Figurel. The twin frequency and the dislocation density of cp titanium as a function of temperature at strain 1
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Brazing Process for The Production of Linear Evaporation
Source Chamber(Ti grade 2)

H. J. Park, S. H. Lee, I. S. Yoo, S. S. Kim, K. I. Moon

Abstract

U= A Ao Al&%+= Linear evaporation source chamber+= OLED S2&r3- Ao A FEo 2 E|E}
w, graphite 59 WAA, W3ddoe] 53 LAQE AT 53] SHASAEY MEA 0T F U=
= Aslstr] 8 EEtE 2 2ol FiEa = Asto|td. 7]¥£ 9] Linear evaporation source
chamber+ ElEhF izﬂe 7hEske] FAstetAY HEl #S £33t ARgske] AR & JHEH| 9
SAAZS R Q13 2 AT dAsE dHE Ay gl
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Key Words : English Key Word: Times New Roman 9pt (¥t= ®}3-*9pt), Ti grade 2, Linear evaporation source
chamber, Brazing , Surface pre-treatment
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1. Duo Donga, Dongdong Zhua, Huixia Zheng, Gang Wang, Haitao Xu, Feng Lin, Qin He,

Chengyuan Ni: Brazing TiC/Ti matrix composite using Ti-Ni eutectic braze alloy. Vacuum, 156
(2018)411-418

2. Yongjuan Jing, Xinggiang Gao, Diyao Su, Chong Zhao, Jun Jiang : The effects of Zr level in Ti-Zr-
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Studies on Tailor-Layered Tube Hydroforming with Dissimilar
Thickness

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

Abstract

Tube hydroforming is a material forming process that utilizes pressurized fluid and the axial feeding force to
manufacture products in the shape of a die cavity with complicated cross-sectional geometries. This study suggests for
tailor-layered tube hydroforming which can fabricate hollow tubular parts with dissimilar thicknesses without joining by
welding process. The proposed tailor-layered tube is composed of outer, center and inner tube with homogeneous
material AISI 304, and it is divided into two and three-layered tube segments according to the combination of tubes. The
effectiveness of the proposed tailor multi-layered tube was experimentally verified by analysis of the formed shape and
thickness profiles. The results show that the proposed tailor-layered tubes are sufficiently capable of achieving the
tailored properties with dissimilar thicknesses without joining by welding process unlike tailor welded tube.

Key Words : Tailor-layered tube, Tailor-welded tube, thickness distribution.
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Fig. 1. Schematic of tailor-layered tube hydroforming process
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Fig. 2. Final shape after hydroforming Fig. 3. Thickness distribution
4. EE
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El 472l (No. 2012R1A5A1048294).

Sk

[1] J. Y. Park, S. W. Han, H. S. Jeong, J. R. Cho, Y. H. Moon, 2017, Advanced sealing system to prevent
leakage in hydroforming, J. Mater. Process. Technol. Vol. 247, pp. 103~110.

[2] M. Merklein, M. Johannes, M. Lechner, A. Kuppert, 2014, A review on tailored blanks—Production,
applications and evaluation, J. Mater. Process. Technol. Vol. 214 No. 2, pp. 151~164.
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Prediction of plastic flow localization with shell element in thick
AHSS sheets

Minsu Wi, Choi, Ferederic barlat

Abstract
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Analysis of the molten pool of SLM process of using finite
element method

Y. Y. Woo, S.W. Han, L.Y. Oh, T. W. Hwang and Y. H. Moon

Abstract
A three-dimensional finite element model for the selective laser melting process was developed to analyze the melting
behavior of H13 steel powder. In the model, DFLUX and USDFLD user sub-routine were used to consider the moving
Gaussian surface heat flux and phase change of the material. The transient temperature distribution was investigated, a
very high temperature gradient occurred in the molten pool. The temperature gradient at the front of the moving laser
beam was much steeper than that in the rear side. The temperature of the powder bed was elevated rapidly under the
action of absorbed energy. The maximum temperature in the molten pool was above the melting temperature of H13 steel.

Key Words : Additive manufacturing, SLM process, Molten pool, Finite element method, H13 steel.
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Table 1 Thermal properties for H13 steel[2], T is temperature in kelvin.

Temperature, K Density, g/ m* Latent heat, J/kg Thermal conductivity, W/m-K Specific heat, J/kg-K

298 ~ 1873 7650 ~ 7000 280000 18.29 + 7.5 x10°T 18.29 + 7.5 x10°T

200 um

Molten pool

Symmetry plane

150 um

z
Yol X

Laser scan track

Laser scan track

Fig. 2 Temperature distribution and molten pool of

Fig. 1 Modeling of flexible roll forming with . .
FEM simulation

leveling roll
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1. Li Y, Gu D, 2014, “Parametric analysis of thermal behavior during selective laser melting additive
manufacturing of aluminum alloy powder,” Mater Des; Vol 63, pp. 856-867
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of metallic components—process, structure and properties,” Prog Mater Sci, Vol 92, pp. 112-224
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Verification of HAH model by nonlinear strain path experiment

Shinyeong Lee, Jinhwan Kim, Frederic Barlat

Abstract

During sheet metal forming processes, the sheet undergoes a nonlinear strain path change as well as a linear strain path
change. This nonlinear strain change causes large fluctuation in the hardening behaviors such as bauschinger effect,
transient behavior and permanent softening. Therefore, it is very important to describe these hardening behaviors for
accurate forming simulation. Recently, Homogeneous Anisotropic Hardening (HAH) model has been proposed to
describe hardening behaviors under nonlinear strain path [1]. Unlike conventional kinematic hardening, HAH model
predicts hardening behaviors based on distortion of yield surface.

To verify the validity of the HAH model, a nonlinear strain path experiment is required. First strain path was selected
by tension of transverse direction (TD) which is inclined 90 degrees from rolling direction of the plate. Large tensile
specimens and grip systems were used to obtain a sufficient size area with a uniform strain distribution [2]. After the
tension in the TD direction, the experiments proceeded in three strain path directions which are tension, shear and biaxial
strain path. The results predicted from each experiment were compared with the results simulated by HAH model. These
comparisons show accuracy and shortage of the HAH model. Comparisons with these experimental results will be
helpful in improving HAH model.

Key Words : Homogenous Anisotropic Hardening, Nonlinear strain path change experiment, sheet metal forming, yield
surface
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Prediction of the springback on the roll forming process
with ultra high strength steel using
Yoshida-Uemori model

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

Abstract

The application ratio of high-strength steels for lightweighting of vehicles in the automotive industry is increasing.
However, excessive springback occurs when ultra high strength steel (UHSS) is used. The high yielding point and
nonlinear hardening behavior of the UHSS make it difficult to predict the springback accurately.

In this study, Yoshida-Uemori model was selected since it can express the hardening behavior of DP980 steel
accurately. To determine parameters of the model, several material tests were performed. The tensile-compression test and
loading-unloading test were performed to investigate the hardening behavior and the elastic degradation. The finite
element analysis was performed based on the Yoshida-Uemori model and the springback prediction result was analyzed.
It was verified that the FEA using Y-U model can produce better springback prediction efficiently. Because DP980 steel
has noticeable hardening behaviors, applying a hardening model that accurately expresses them can predict springback
effectively.

Key Words : Cold roll forming process, Springback, Yoshida-Uemori model, Y-U model
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An analysis on springback characteristics of
Magnesium Alloy Sheet considering temperature and time

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

Abstract
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Key Words: Warm bending Forming, Magnesium Alloy Sheet, Time-dependency, Punch holding time, Springback
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Process design to prevent distortion of sunroof parts of
excavator cabin

J.H.Yang!, S. K. Lee', J. S. Lee** | Y. H. Yoon?, Y. M. Heo®

Abstract

In this paper, numerical analysis on the deformation after press forming in press forming of the sunroof part among the
cabin frame parts for excavator was investigated. Many parts, such as part shape and process change, can cause post-
distortion of the product. In the case of Sunroof parts, springback occurred at both corners in the actual process. In order
to analyze the cause of the springback occurring during the press forming, the forming analysis was performed using the
commercial finite element analysis program PAM-STAMP. As a result of the analysis, it was confirmed that the uneven
stress distribution around the embossment was the cause of the springback. To alleviate the uneven stress distribution
around the embossment, it is expected that the springback will be reduced when cushion load is increased during the
process conditions. Therefore, the analysis was performed by increasing the cushion load. As a result, it was analytically
confirmed that the springback was reduced from approximately 26mm to 1.3mm when the cushion load was increased to

1500KN.

Key Words : stress, cushion force, Press forming, springback, cabin frame components for excavnevenator.
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A study on the Cross-sectional shape of Incremental sheet
forming according to the Forming process

K. S.JUNG, C. W. Lee

Abstract
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Key Words : Incremental sheet forming, Dieless, Deflection, AI3003, Sectional shape, Forming process,
Simulation(FEM),
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Surface asperity based contact friction model and its
applications to springback simulation

K. J. Lee'?, M.G. Lee?”

Abstract

Finite element (FE) simulation has been the most useful numerical methods for optimizing sheet metal forming
process. To predict formability and springback of sheet metals in FE simulations with accuracy, advanced numerical
techniques and constitutive models have been critical issues and thus they were investigated significantly. However, in
most of forming simulations friction behavior has not been thoroughly studied although it is one of major factors
affecting the overall accuracy of prediction. For instance, sheet metal forming simulations often employ the Coulomb
friction law with a constant friction coefficient, but experimental observations show that the friction is a function of
contract pressure, surface condition and sliding velocity. In this study, a surface asperity based on microscale friction
model [1] was evaluated and modified by introducing additional realistic contact conditions. The modified friction model
was used to predict the friction coefficients in consideration of contact pressure and sliding velocity, and the calculated
friction results were compared to experiments. Finally, the FE simulation of U-draw bending was conducted by applying
the proposed friction model and the accuracy of the springback was evaluated.

Key Words: Friction model, surface asperity, sheet metal forming, springback
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A Study on Improvement of Dimensional Accuracy in Two Stage
Roll-Die-Forming Process

J.C.Ryu, H. S. Lee, B. M. Kim, D. C. Ko

Abstract

Recently, the transmission is required to minimize size and weight in order to improve the fuel efficiency and reduce the weight of the
vehicle. Therefore, it is important to improve the transmission efficiency by adding minimal planetary gear and clutch/brake to the
limited mounting area. Roll die forming (RDF) is a plastic forming process that can manufacture the precise transmission parts with
complex shape such as the drum clutch by using a fixed die and movable rollers. The process design of the drum clutch is very difficult
owing to the problems of dimensional accuracy caused by spring-back and unfilling defect. Especially, the degradation of dimensional
accuracy is occurred due to the mold temperature increase in the continuous process. In this study, the effect of temperature on the
dimensional accuracy of the product in the continuous RDF process was evaluated and then the limit temperature of the molds was
proposed to satisfy the dimensional accuracy of the product. First, the amount of elastic deformation of the mold at room temperature
was measured by finite element (FE) analysis. The load applied to the area where the maximum load occurred during the forming
process was measured and the amount of elastic deformation of the roll was calculated. The compensation method considering the
elastic deformation of the mold was applied to design the roll. Next, the FE analysis of 5 cycle for continuous RDF process was
performed to accurately predict the mold temperature increase amount. The curve of the measured temperature increase for each nodes
of the mold was used to predict the amount of temperature increase to the target temperature depending on the nodes of the mold.
Dimensional accuracy of the first and second tooth for the drum clutch was evaluated when the maximum temperature of the mold was
100°C, 2007, 300°C, 400°C, and 500°C. Finally, the effectiveness of this prediction method was verified by comparing the
dimensional accuracy with the manufactured drum clutch.

Key Words : Roll die forming(Z tho] %), FE-simulation(f-3+8.24:341), Drum clutch(=% Z&]A]),
Dimensional accuracy(*] 5= % & =), Structural analysis(7-3= 3}14)
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Prediction of Bending Stiffness for CFRP Components

K. H. Jeong, J. M. Lege, B. M. Kim, D. C. Ko

Abstract

Recently, Carbon fiber reinforced plastics (CFRP) are used widely in number of composites applications owing to the
growing concerns about reducing energy consumption and protecting the environment. Various attempts have also been
made to apply automotive parts with CFRP composite because of the superior mechanical properties of CFRP composites
such as specific strength and stiffness than metal alloys. In the prepreg compression forming (PCF) process which can
manufacture the CFRP product by simple press stroke, the shear angle caused by twist of fabric occurs owing to the
friction between the laminate and mold. Since the mechanical properties of strength and stiffness change according to the
shear angle, the method for predicting mechanical properties of CFRP considering the shear angle is required. The aim of
this study is to predict the directional mechanical properties of CFRP according to shear angle using finite element (FE)
analysis. First, the fabric CFRP is divided into two layers of unidirectional (UD) CFRP to apply the mechanical
properties according to the shear angle to the FE analysis. The FE analysis of 3-point bending applying mechanical
properties of UD-CFRP was performed and compared with experiment using the specimen with shear angle to verify the
this method. Finally, this method is verified by applying it to the S-rail with various shear angles.

Key Words : Carbon fiber reinforced plastics (CFRP), CFRP components, Prepreg Compression Forming (PCF), Shear
Angle, Finite Element Analysis
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Cyclic Behavior of Polyethylene Terephthalate Film

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

Abstract
Polyethylene terephthalate (PET) is a semi-crystalline polymer with the crystallinity depending on thermal and
deformation history. PET films with higher crystallinity have strength and stiffness over the films with lower crystallinity,
but show reduced elongation or early breakage. The change of crystallinity during deformation complicates the analysis
of forming processes of PET films. In this work, cyclic loading-unloading-reloading tests were conducted using PET
films. In Fig. 1, the PET films exhibited complex nonlinear cyclic behavior with varying elastic moduli depending on the
stress state and deformation history. In order to describe the complex cyclic behavior of PET films, the Quasi-Plastic-
Elastic model was modified to account for the change of mechanical properties with crystallinity. The developed model

was validated by the springback test of the PET coated sheet metal.

Key Words : Polyethylene Terephthalate (PET), Film, Crystallization, Constitutive Equation, Springback
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Fig. 1 Cyclic stress-strain curve of PET film
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Analytical model for predicting joint strength of self-piercing
riveted sheets

C.Y.Kim}, S. J. Ko? H. J.Kim® M. G.Lee*

Abstract

Self-piercing riveting (SPR) is one of mechanical joining techniques for sheet materials. Joining performance of an
SPR joint can be validated with several mechanical tests such as a lap-shear or a cross-tension test. In this study, an
analytical model for predicting aluminum-steel hybrid SPR joint strength was proposed based on analysis of finite
element simulations in the SPR zones. Finite element simulation of SPR joining and performance tests were conducted to
observe local deformation behavior during the riveting process and joint performance test. In the axisymmetric self-
piercing riveting simulation, ductile fracture criteria were adapted to simulate piercing of an upper sheet with a rivet leg.
As validation, geometries of riveted zone with the fracture criteria were compared to those of measured shapes. For the
FE simulation of joint performance tests, the calculated geometry of riveted specimen was transferred to 3-D lap-shear
test model. Material deformation history was also updated using user material subroutines. Geometric features and
material properties of the riveted zone were simplified and parameterized with observation of the finite element analysis.
Stress distribution near rivet zone during the joint performance test was also considered in the proposed analytical model.
Model parameters were optimized with experimental joint strengths resulted from different combinations of sheet
materials, thicknesses, rivet shape. Joint strengths predicted by the developed analytical model showed good agreements
with experimental data.

Key Words : Self-piercing riveting, SPR joint strength (SPR 7 &7 %), Mechanical joining(”] 1% &), FE
simulation, Analytical model
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Experimental Study on Mechanical Properties of CFRP Cured
by Microwave Heating Process

E. T. Park, Y. H. Lee, K. Kim, B. S. Kang, W. J. Song

Abstract

The conventional curing processes such as the autoclave and the hot-press plate require long processing time and yield
an expensive cost since the composite prepreg is cured by indirect heating. Microwave heating process cure the
composite prepreg by indirect heating as well as direct heating. For these heating mechanism, the microwave heating
process can reduce the processing time and costs. The objective of this paper is to validate that the conventional curing
process can be replaced by the microwave curing process. Firstly, the mold was comprised of a PTFE
(polytetrafluoroethylene) plate and two quartz glass plates. Next, the flame test was conducted to check the generation of
the sparks in the mold. The carbon/epoxy composite specimen was manufactured by the microwave curing process and
then the mechanical properties were obtained by the uniaxial tensile tests. Finally, the mechanical properties of the
microwave-based composite specimen were compared with the conventional curing process. As a result, the microwave
heating process can reduce the processing time effectively and suitable mechanical properties of the composite specimen
were obtained by the experiments

Key Words : Cohesive Element (5% £.4~), Double Cantilever Beam Test (¢]% <] Z X A]¥l), Energy Release Rate
(A=A a5, Fiber Metal Laminate (41 -5 < % 5-¥1), Levenberg-Marquardt Method
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Formability Evaluation for the Friction Stir Welded Tailor
Blank of a Dissimilar Combination of Aluminum Alloy Sheets

W. Noh, J. H. Song, 1.J. Jang, S. H. Gwak, C. H. Kim, C. Y. Jung

Abstract

Application of tailor welded blanks (TWBs) is being expanded in car body structure as an efficient way to achieve
reduction of vehicle weight without compromising structural integrity of a vehicle. Non-ferrous metal sheets especially
for aluminum alloy ones have been somewhat problematic to join with such a conventional method as resistance spot
welding process so that friction stir welding (FSW) process recently receives much attention as an alternative joining
method for TWBs of light-weight metal sheets. In this study, formability for the friction stir welded tailor blank
(FSWTB) of a dissimilar combination of aluminum alloy sheets was investigated by both experimental and numerical
approaches. A tensile specimen of the FSWTB was designed to involve FSW region and local variation of deformation
across the FSW region during its tensile test was measured by digital image correlation (DIC) method. Based not only on
the tensile test results but on the hardness distribution along with metallographic observation, the FSW region was
discretized into several characteristic zones and the flow stress-strain curve of each zone was characterized in an
analytical sense. In addition, formability of each zone was numerically calculated by utilizing the Marciniak-Kuczynski
model whose calculation of forming limit is known to be susceptible to flow stress-strain curve. Furthermore, a finite
element (FE) model was developed for the FSWTB in order to incorporate aforementioned inhomogeneous
characteristics of the FSW zone. The FE model was validated by the limiting dome height (LDH) test, in which the FE
simulation of the LDH test showed good agreement with experimental result in terms of failure location as well as LDH
index.

Key Words : Aluminum alloy sheet, Friction stir welding, Formability, M-K model, Local property
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Spring back behavior according to natural aging time of
solution treated Al7075 alloy.

J. Park? S.H. Jung', Y. B. Kim*, J. Lee"*

Abstract

Recently, the application of Al7075-T6 alloy is increasing due to the weight reduce in auto body and improvement in
passenger safety. However, Al7075-T6 alloy has a few disadvantages such as low formability at room temperature and
spring back after forming. Therefore, the W-temper-forming method that cold-forms a solution-treated Al 7075-T6 alloy
draws attention. The mechanical properties of Al7075-W alloys change according to the natural aging time at room
temperature. In this study, the changes in the mechanical properties and the spring back behavior of Al7075-T6 alloy
solution according to the natural aging time were investigated. For the solution treatment conditions, the Al7075-T6 alloy
was heat-treated at 475 ° C for 35 minutes and then quenched in cold water (~ 10 ° C). The max natural aging time is 24
hours. The effects of the natural aging time on the mechanical properties of solution treated AI7075 alloy were
investigated by the hardness and tensile tests. U-draw bending experiments were performed to verify spring back
behavior due to natural aging time. The spring back analysis modeling with the natural aging time was also performed
and compared with the experimental results. The W-tempering improves the cold-formability of high-strength aluminum
alloy. And then, it has been confirmed that it is preferable to perform the forming within 6 hours after the solution
treatment.

Key Words : Al7075-T6 alloy, W-temper forming, U-draw bending, spring back, natural aging
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Study on the relationship between dendrite arm spacing and the
diffusion behavior of the solute element in Al-6.5Mg-1.5Zn alloy
billet during homogenization treatment

M. G. Kim, H. M. Yang

Abstract
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Key Words : Al-Mg-Zn alloy, High Solute Element, Homogenization Treatment, Dendrite Arm Spacing
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Case Study of Higher Accuracy in Mold Filling and
Solidification

Y.H. Yim, S.B. Kim, J.M. Yoon

Abstract
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Key Words : Hybrid Method, Partial Squeezing, Gas Porosity, Vacuum
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Fabrication of various mesh patterns using direct laser melting
process

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

Abstract

The direct laser melting (DLM) process can be applied to the additive building of complex metal parts using melting
metal powder with laser scanning. A metal mesh is a common type of metal screen consisting of parallel rows and
intersecting columns. It is widely used as transportation, industrial, agriculture, machine protection sector and
construction. This study used the DLM process to fabricate various mesh pattern parts with AISI 304 stainless steel
powder. The formation of a variety of mesh patterns can be increased cost efficiency and the ability of the DLM process.
To fabricate a thin mesh patterns, feeding the powder on the copper base plate and thin laser layering was conducted. The
high thermal conductivity of copper allows heat to pass through it quickly, and prevents the adhesion of a thin laser
melted layer. Laser process parameters such as laser power, scan rate, scan direction affect to the size and accuracy of
mesh patterns. As the analysis results indicate, a part with a mesh pattern was successfully obtained, and the application
of the proposed method was shown to be feasible with a high degree of reliability.

Key Words : Direct laser melting, Mesh pattern, Copper plate, AISI304 powder.
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A Study on the Sheared Edge of Magnesium Alloy (AZ31) Sheet
Blanks at Warm Temperatures

P. Fazily, J.H. Yu, C.W. Lee

Abstract
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Proposal of a Robust and Strategic Springback Compensation
Process using Sheet Metal Forming Simulation

M. S. Moon, J. H. Kwak, C. H. Lee

Abstract

Springback in sheet metal forming is one of the most difficult to manage among forming defects and one of the most
chronic reasons for the increase in additional costs to achieve desired levels of dimensional quality. In practice, correction
processes are actively applied to predict and resolve these problems in advance.

In this study, the cause of troubles were analyzed that are likely to occur in practical work process through several
cases, and a complementary procedure through simulation method is suggested. If a large number of operations are
proceeded, additional plastic deformation may occur in the post operations, which is one of the factors that adversely
affects the stable compensation operation. The effects were analyzed by applying scaling and drawing shells as an
additional simulation strategy to minimize such plastic deformation.

In addition, we proposed a strategic correction method for the compensation of multi operational processes which
shows various trends. When applying this process, the accuracy required for the die development process can be
guaranteed and cost reduction can be expected. The application effect is analyzed in several cases.

Key Words : Sheet Metal Forming, FE Simulation, Springback, Compensation, Scaling, Drawshell, AutoForm
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Effect of Yield Function on Formability Prediction of
The Hole Expansion Test

J. J. Kim, Q. T. Pham, Y. S. Kim

Abstract

In sheet metal forming, hole expansion test in one of the most important test used to estimate the formability of the
tested material. This study presents the effect of yield function on formability prediction of the hole expansion test for
DP908 sheet. To achieve this goal, different yield functions including Mises, Hill48, and YLD2000 functions are adopted
to describe the material’s anisotropy. In addition, Kim-Tuan hardening function is employed to capture the stress strain
relation until large strains. According to simulation results of the hole expansion test, it is seen that the sensitivity of
punch force on the selected yield function is negligible whereas formability predictions such as failure position and
thickness distribution on the hole edge are significantly depended on the accuracy of yield function. As a conclusion, the
yld2000 yield function calibrated by a conventional strategy for its parameters provided an unsatisfactory prediction for
hole expansion test of the examined material.

Key Words : Hole expansion, Yield function, FE-simulation, DP980

1. MEB

Numisheet ZAIHE A 2| Fx|Zo|M= 23 HIX|OP3Z DP980 X =of CHE = &AM |22 M
HIch ol2ist MEs & HEE 7222 oF 10% Uelel H2 AAMES LIEX|oH mhot
IR = 2MHEE J|& 2F 092 2 HEES LIEHHCE o|d2 & &Ed Al"dAM e dEss
oEA t=& ol o stufolod, AN EEZo|MI ofztzix|olct w2tMd, 2 AFoMME &
3T = YA o Fol|l o|xl= Q&2 FE-simulation2 Sl H7IskQict

2. offAdHH

Fig. 12 2018 Numisheet [1]oIM XM ZTH = =& Aol tish 7HREE HEICEH Fig. 20l=
DP980 A =Zof CHEh M SH-ME HYE Ao T2z F fHEye MEHASS & ZAtsks
Kim-Tuan 4I[2]& 0|85t €2 TJ2i=ZE &7 LEHYCE 2 AFoM = AERrsHES ALS
7| wf2oll 37tX| ct2 gg=8t2l Mises, Hill48 % YLD2000S o|&3Hct E5H VUMAT M=
FES 0|83510] siMES 20, TIHFEHE2 Numisheetol Al XS SH Bao-Wierzbicki =2 [3]
2 7|dtez2 A2 Ho|EE ARZSIQiCH

3. 21t # ¥

Fig. 30l 374X Ct2 &=5g=7t DPI80 M=o &53=, ol

0x
na
0
A
jJd
|'E|
2
2
T
0z
F
ne
Rl

1. A5 dgta 7)1 As8 7t
# WA AR AEWEn 7] AF S, E-mail: caekim@knu.ac.kr

105



@195 ) 1600

DPY8O e

Before = 1400 e
Upper die = T
:’_4:,' 1200 Pt
%:f 1000 | #
E 800 Fxperiment
Kim-Tuan
Lower dle h("?) 0 0.2 0.4 0.6 0.8 1.0
' - ]'Equi\i:llcn\pl:ml‘iu.«;lruin. ’
Fig. 1: geometries of the hole expansion test Fig. 2: Stress-strain curve of DP980 sheet
St=Xlofl s LHEHHCH (@)= 0=FE 90=7tX| & 77HX|el Zt=E CHRQIFCR 22 58
o et g=gteE o35t €2 Jsi=E LERH Zdo|Ch Hill48 2 YLD20002 AlZnt
£ A2 & LERHACE (b)y= Ol A SZ, YLD2000= A elstile AEHZIE Z o F5HX|
xetchks A8 & = ULt (o= g==Hol it 215 HEPH AR, M JHX| =52 =2

T Yas| o E5HK Rege & 5 ok

1.06 12 1.5
| D98k Drosn DP9ED
T @ | ®) 1.2 ©
Z 1.04F s 2
i . . -~ e
H AR e B \%\
=T T I s 09} :
_ £ ¢ \
7 ., v
3 ; 2 . ° Y
L - T | 0.6 - v Experiment .
E - - . - 0B . Mises |
2 . i Experiment - ® Experiment s Hillds Fi
5 Mises [ —— Mises = 142000 H
| Hill4g Hill4g |
~ldD 1
0.96 . . yld2o00 | 06 . X i Y2000 00 L L
[ 3n &0 90 [ 30 &0 90 0.0 03 06 09 1.2 1.5
Angle from the rolling direction (%) Angle from the rolling direction (0%) afa,

Fig. 3 Directionally anisotropic predictions of various yield functions for DP980 sheet
Fig. 40ll= oM ZIE LIEHICE ()= osiAel HX st&s & fIxl, (b) & ()= A & sfi4e
uteh IR, FH Hes 242t LIEpHCE HR| stE A 2= Hill48, utth x| = yld2000, FH
M RE SExZA0| B oS5tk RFCh

— o L i
0,00

150 . (b) r | DPO80 (c) *  Experimen
DPOED | * Exp ises
120 @ E 30 %0 s | o Mises . ™ :':unx
é £ —. 50 A Hillag g [ e 4142000
i 5w T4 | o yid2000 é'"“”' '
Z;f " —e— Mises :;;; 10 o Fat \\‘.“-_30 g—[i(]o-’- . -‘." : e ' "_ -
30 e Hilld$ % 0 \ (i e e
e 12000 ; 0 \ 15 |
ruI;—/ o % - 0 - A E —
Punch steake (man) oe 1o Angle from rolling direction (%)
Fig. 4: Comparison results between FE predictions and experimental measurements
4. EE
= AFoME 5T & Y oS0 o|xls ¢S EIUlst7| fIsto] 37HX| ChE &=
TS AT iAot Ay ZIE "ok O Z1 YLD2000 St tAAHeRE MY
s Z ol Fstct a8, dEE 52 fsiM= YLD2000 ZHofA mi2io|e{e| X =st
A Yol I =ojof & HoE EEhEICt
AFAL
2 AT MASAHXEE MAT|SHE 7| X HAE (HFFIXAME, RO003356) A t=

2M ZHAIRE M A HALER U CL

InEL
[1] Numisheet conference, Benchmark 1, 2018

[2] Q. T. Pham, B. H. Lee, K. C. Park, Y. S. Kim, “Influence of the post-necking prediction of hardening law on
the theoretical forming limit curve of aluminium sheets®, International Journal of Mechanical Sciences, Vol. 140,

pp. 521-536, 2018
[3] Y. Bao, T. Wierzbicki, “A comparive study on various ductile crack formation criteria”, J. Eng. Mater. Technol.,

Vol. 126, No. 3, pp. 314-324, 2004

106


javascript:void(0)
javascript:void(0)

Development of Wire Drawing Technology for Cold-Rolled Steel
using Multi-Stage Die of Hard Metal

D. H. Park, Y. H. Tak, M. J. Lee, H. H. Kwon

Abstract
The wire drawing die for cold rolling is to produce a wire rod with desired diameter by drawing. Drawing lubricant
was applied for producing a wire rod of desired diameter through the drawing die. Existing cold rolled drawing die has
friction and abrasion due to contact pressure and sliding motion. In order to solve this problem, multi-stage die was
developed to manufacture wire rods with good quality. In this study, we developed manufacturing technology that can
reduce the deviation and bending of a wire rod due to friction and abrasion caused by the wire manufacturing process in
the case of drawing for cold rolled steel.

Key Words : Wire Drawing, Cold Rolling, Wire Rod, Multi-Stage Die, Friction
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Effect of Material Characteristics and Process Parameters on
Wrinkling During Redraw Process of a Beverage Can Using
FEM Simulation

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

Abstract
Wrinkling of beverage cans continues to be experienced by can manufacturers and some aluminum material suppliers.
Wrinkling in the bottom of aluminum can occurs when the material is subjected to compressive stresses during the forming
process. Many factors such as material characteristics of the aluminum sheet and process parameters impact to wrinkling
including the effects of sheet thickness, coefficient of friction and punch profile height. This paper indicates the effect of
material characteristics such as can thickness and process parameters as friction coefficient, and punch profile height on
wrinkling during redraw process of a beverage can.

Key Words: friction coefficient, can thickness, punch profile height, wrinkling, wrinkle factor.

1. Introduction

Finite element model were assembled together including cup locator, redraw sleeve, redraw die, punch and
material to investigate the wrinkling during the redraw process (fig.1). Manufacturing experience indicates that
redraw wrinkling is impacted by many factors such as mechanical properties of the aluminum sheet (yield stress,
r-values) and process parameters including contact conditions, tooling geometry et al [2, 3]. This paper uses

main factors such as friction coefficient, can thickness, punch profile height to investigate the wrinkling as
shown in fig.2

S|

Blank Draw  Redraw 1% 2™ 3"jroning Doming Trimming

-3~ 1

Trimming Necking Flanging

Figure 1. Drawing and ironing can (D&l can) Figure 2. Real can shows wrinkle occurrence
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2. FEM simulation

A method for measuring the redraw wrinkling from ABAQUS/standard finite element analysis is employed.
The dimensions of tool and can are followed by commercially available steel D&I can (355 ml capacity). The
material is aluminum AL3104, the can geometry is assumed to be idealized and uniform thickness.
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& 100 J2D S8 AU N
S A A Voce ) N
0 I I I 1 \ 7
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Strain Redraw die  Can

Figure 3. Stress strain curve of real can AL3104 Figure 4. Schematic of can redraw process
The can material properties: Young modulus 69GPa, Poisson’s ratio 0.33 and density p=2700 kg/m?> et al [1].
This study compares application of the J2 flow theory (J2F) and J2 deformation theory (J2D) on simulating the
can redraw processes to predict the wrinkling behavior. In the J2F theory, the flow stress was described using
the Voce equation: 0=A-B.exp(-Ce ), where A, B, C are the Voce material constants. In contrast, in J2
deformation theory, material model is applied as follow (fig.3):

‘Gl n-1
Ee=c +a[—J a

JE)

Where ois the stress, ¢is the mechanical strain, £ is Young's modulus, ais the yield offset and n is the
hardening exponent for the “plastic” (nonlinear) term: n>1.

The wrinkle factor is used to measure wrinkling and compare results together, the wrinkle factor is calculated
as the percentage of the maximum normalized arc length relative to the unit length calculated from each contour
based on the radial coordinate plot data et al [2,3]. A wrinkle factor of zero indicates no wrinkling.

3. Results and discussions

From the FEM simulation for the redraw process (fig.4), in the J2 flow theory, 4 wrinkles for a quarter section
were predicted. However, in J2 deformation theory, 10 wrinkles were predicted for a quarter section (fig.5). In
real can, 11 wrinkles for a quarter section are observed in the bottom of can as shown in figure 2. It is clear that
J2 deformation theory is better than J2 flow theory to simulate wrinkling for redraw process of a beverage can.
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Figure 6. Radial distance contour plot
at friction u=0.05, thickness t=0.3 mm,

punch profile height h=9.3 mm

Figure 5. FEM simulation shows wrinkling for J2D
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Maximum distance between two points for each line in figure 6 is called wrinkle deviation (Ah), Ah = 0.005mm
in the J2F, Ah = 0.07mm in the J2D and Ah = 0.108mm in the real can. Besides that, the friction coefficient also
impacts to wrinkling, the result indicates that friction coefficient increases from 0.02 to 0.05, the wrinkle
decreases. The thickness increases from 0.28 mm to 0.32 mm, the wrinkle also decreases. The punch profile
height varies from 8.8 mm to 9.8 mm, the result indicates that the punch profile height increases, the wrinkle
also increases.

4. Conclusion
Due to the space limit, we omit the conclusion.
Acknowledgement

This work was supported by Priority Research Center Program through the National Research Foundation of
Korea (NRF) grant funded by the Korea government (2010-0020089) and a grant No.R0003356 (Tuning
Professional Support Center in Daegu Metropolitan City) from the Ministry of Trade, Industry and Energy
(MOTIE).

References

[1] Jaesuk Park, “Development of optimized can making process to improve the dome wrinkles in aluminum 2
iece D&I beverage can”, Master thesis, Kyungpook National University, December 2014.
2] Dick. R.E. “Improvements to the beverage can redraw process using LCSDYNA”, 7" International LS-DYNA
Users Conference, 22 July 2014.
[3] Dick. R.E, “Effect of material characteristics on wrinkling during dome forming of a beverage can using
LS-DYNA”, 10" International LSDYNA Users Conference
[4] Jaebok Nam, “Finite element analysis of deep drawing and ironing process in the steel D&I can making
process”, IS1J International, Vol. 40, No. 12 (2000).

111



o
STE. SRE. SAAHL. UM IR, o HA2. YR E

Evaluation of Durability in Ti & Cr based PVD and Thermal
Spray Coating on Cold Work Tool Steel for UHSS Forming Die

K. T.Youn, J. Y. Heo, J. S. Song, I. C. Yoon, C. D. Park, H. S. Lee, B. H. Kim
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FoE W7k THAFYP HE 7
7175 thgstste] Ul+AdS vy : 4]
YT 7E A8S 71Este] SIDIL 2AIE 59 Zdo= dAEE AAEn uE @ oAl
FeE2 HT 7HEe §F AA AR FHoR P
FYZe T/ L AR, Ax adn EA ZHS
B kAol Ball on Disc wFEAI ST} SHA
sc WtE, I2la Al2E WHo| &Koz wpEAA wl
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Al
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& ¥Eshs Spiral mREAR, WHSF
< 7 & aLFstal vy 7hek et

=497y Ad, TIAIN G ZEFe AxZE Mg w%a, 99 3y AsS e

HES
SZSHC0rTIAIN Z® o] 71 I A YERTE. Pin on Disc WIEAIE § 7} 39 3] Ao nfR WA}
Zlol2 =AHI A3 FIYZE AL A er = TIAIN 3IH”He]l 7P¥ 9489 ow | Spiral
AREAIFGE HAAZd S8ES H SDSHC0rTIAIN 28 Zo] 978 vy EA4S Yehgdes. z
Y39 Ring on Disc WIEAIY H7b= AlF A F9o miRAEE A4 3 AYF5A7= AR
wtE TR Point B EolE S48t W HgEF2 3D 29 A E o] &5kl bW HA WEAS
Z3 o] WA BE&S vweE WAS Waskdtk. Ring on Disc mFEAIE A3 Multi-CrN, TiAIN,
CrWTiN =Z¥-e umtEAo]l 9431903, CrAITiN 3 &ZF+CrTiAlN 292 WazAlo] U433k Zow

Key Words : UHSS(Ultra high Strength Steel), PVD Coatings, Scratch Test, Adhesion, Pin/Spiral/Ring-on-Disc
Wear Test
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Development of smart vision system for mold alignment and
clearance inspection

S. H. Choi', Y. N. Song*, W. J. Lee, Y. H. Jeong?, J. H. Lee? J. H. Yoon”

Abstract

o] =2 FE w3 AY 42 Fold2E A e AT oA A rEd B AYUY. 22
FEAE ve APAHS 1Y By oflgl A A H(edge cracking)dll tidk #3Hgo] vro} HukEA
(£°27, 93, =4 34 )l Addde] F43 ¢ Hburnd 8ESE g4 8 287k A
om, Aok x¥e FHS 58 49 9 23 vk g AojHrR 538 HEe 5 dd FHS
B8] Y& AAztez #AHojor gy, mpelA, 2= CCD(Charge Coupled Device) 7hdle}l<}
g8 o|xgl 7Y &8l Ao R FYI FHAqARE HAE £ dE A= NEESlE
=t

Key Words : CCD camera, image processing, AHSS, Vision system
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Cold forging fatigue life prediction process by relationship
between stress concentration factor and fatigue stress
concentration factor

J. H. Seo™ - K. H. Jung** - Y. H. Seo®

Abstract

oM 27bEs st AGAE ddke AEE APsHAEe WiadEe Ty Fol M A7l
ol £ 7t AFALEE 2 AHS AUr FE2 BE EE UER AFE A H&dd 5
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He A7k B ol AR} ek AFe] I sk 2ol dewohin BEIE 7144
ZEol vz Xate dis tHew 539 wA % AE vge wet 34 dA e s &
PgoslE a9le] Hth oo Mz sy}t WA= ;o] FH Arol $HUYF o BS HEAA 7
SN = A3 g@dFH odS5o] Jhestthd ve 2849 dx A4S VIdE ¢ S Aotk &
Aol e, AAl Btz T4 F WC-Co a2z FA4%E Fo] 304 TAHE 92 I =H4&
w3 Al 52] grain size®} cobalt §Hkell x}O] Hol= Az o2 Z8Ad et w7 185 AFHAS
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o dojAe= FHTATToRERE EHA S d5S ATANE F AS Ao ol 585
x| 7

Key Words : Cold forging, Fatigue test, WC-Co, S-N curve, Stress concentration, Fatigue stress concentration
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Wear of Coatings for Forging Dies at High Temperatures

E.S. Go", S. H.Ji** N. H. Yim"® J. H. Seo™*, K. H. Jung**

Abstract
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using finite element analysis and characterization of warm
forging parts properties
K.H. Kim, S. J. Bae, Y. S. Lee, T. G. Kim, E. Y. Yoon
Abstract

Warm forging process design of steel-based car-driven parts by
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Effect of remelting temperature on the microstructure and
impact resistance of flame-sprayed self-fluxing alloy coatings

Eungsun Byon, Sunghun Lee’, Uk-Hee Nam®, Youngseon Lee', Lee-Ho Kim?

Abstract

Many industrial machinery parts including automotive parts are being mass-produced by means of forging dies. To
meet the demand for improvement of quality and production efficiency, surface hardening and/or coatings on the surface
of the dies has become an interesting issue.

Nitriding is one of the surface hardening processes in which nitrogen is added into alloy surface to increase the surface
hardness resulting in longer die life. The nitride layer shows brittle nature resulting in chipping during the service.

In this study, self-fluxing alloy coatings which have high hardness and toughness are applied on the surface of dies
using flame spray and remelting processes. The effect of remelting temperature on the microstructure and impact
resistance of flame-sprayed self-fluxing alloy coatings is investigated.

5 min 10 min 15 min

Fig. 1 Microstructures of the remelted self-fluxing alloy coatings at various temperatures and holding times.
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Controls of dimension and microstructure of ferrous driven part
by warm precision forging

Youngseon Lee’, Eunyoo Yoon', Taedoo Nho? Younghoon Moon?

Abstract
Warm forging is the one of the good processes for near nest shaping since the warm forged parts have good
microstructure, surface quality and others. Moreover the process gives some advantages to reduce and eliminate following
steps compared to the conventional hot forging. However, it is essential to have appropriate process parameters and then
control the related metallurgical phenomena. Additionally, the control of dimensional accuracy of warm forged part is
very important to reduce the following process, such as cold sizing or machining.

In this study, straight bevel gear for automobile differential unit is used to investigate the microstructures and
dimensional change of warm forged part. SAE4130 is used as the material for bevel gear forging and high speed steel is
used as die material. The hot compression tests are performed to select an appropriate warm forging temperature. A bevel
gear is fabricated practically by warm forging using crack press. According to the microstructure evolution and dimension
measurement of forged part, the effective process data can be obtained.

[ Temperature,°C ] [ Microstructures ]
-~ . max : 952.12 = -
< Scan VS. Modeling > min : 667.24 as-received as-warm-forged
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A study on die stress analysis for input shaft of vehicle MDPS

A.R. Jo, M. S. Jeong, B. M. Kim, S. K. Lee, T. M. Hwang, S. K. Hwang

Abstract

Input shaft= AXFSXAF Z=8FEFX| 2l Motor drive power steering®| +2 FE & slHz F=2 7|HIISS &
HMz==lof gch J2{ut ©e MMMI =2 MELAMZ QIS Input shaft M=o 3% M3to| X[HXHo
E EFA717] flsll 2 AFoMe crest 38 & choh dzickx =

A o

2T Uk o] RFE 2 et x= S S8 39
HAE StAF Bk 3F = S23F A

F MAO AM el TAS o|E5D TS SHAA
olct b, xt2F MDPSE Input shaft &= Al Qs
29 Shrink fit & ofoll cq

rlru
Dif. =

Key Words: Multi-stage Cold forging (t}& W@dxtk=), Finite Element Analysis(f-3t8.4:3141), Die stress
analysis(= 3 -5 2 3l 4)

1. ME

Input shaft= XFEIP =&HAX|2l MDPS(Motor Drive Power Steering)el £+ £& & stz +#
SHE MYste FL 7152 7K1 U J|AIIS22 M=o RtCh SHX|ZE J7[AH 7= 2
SMa B2 AN 2= F@’.‘JQ, =2 ME&MS Fest7| 2o olE hAl Jtseh M=Z
2 330 @FEch cietst 28 & MMMol =11 M0l M2 Ciet HZHEHEE S5 3
H ™etg stuAf shot

UotMoz WZICIEAl Fd ot Axfel obE, gtsHel MM Sof off JHX| He==2 2ld
=89 o ¢ ot2 E JtsMo| Aot w2iM ojz| o F5t0] ZEto| WdsIX|] REF I3HS
MA St= A2 of? SRSICL nf&2 Mol AFE = O IHOZHE 0|2 M0| MEst
of ZM™ME = mgof o2 =Ho meg F=2 HtEXCel oIS o5 wdsto] A F&
HZ2 2M5t= WOl ZRSIEHL) T2 AASEFNME AME, SHE, HolAZR FMHE Fgo
2 MAHE sto

| SHUYo| YESAS Jisl FH FYUS BUAIIE WHES AZBict 2Lt
MRAHTOIME M J|zel REOR MUE YES Huo| 0SS HD Uk wWAN B
=2oiME BYSHAS Sof I Tt =stn =& Shrink fit HOE 5ol T8
#e MBI Bt
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Fig.12 Input shaftS X1I+o+7| 25t & 63 TP wWE HWHES e FE3SH
A2 7ta HE 50| =2 6T ™S 7|E2Z2 QAMED Us F2, QAME} SHEL
= 4%, IMEL S %EP 91|0|*7F 25 A= A2 FEo5t0] Mg T otch At
Fig2 2t 20| AAMEDE U= ZHS Table 1 off Lt U= AMES LT 2,683 MPa ZrCh
2 X$E Holz= AE =gl & 5 AUYCh a3 AN =2 SHGel 1,960 MPa 2 LHEHA
of ST} AHolAI} FIECR I == US &l & £ JAYch SH D AHolaE 2F
Z % olXl= HE =eol & + 3den Fgo| ghe 33 gol Zotq &

Strain - Effective (mm/mm})
00

| | 2 I
Die material Elastic modulus Yield stress I l l e
Insert (w/C) 468 GPa 2683 MPa 125
Stress ring 0750
215 GPa 1380 MPa
(SKD61) a I /
a . || o02%0
Case (SCM440) 205 GPa 1110 MPa # 2 4 46 0000
Max 177 204 204 1.46 2.68 3.05 <Input shaft>
Table 1 Material properties of the forging die. Fig.1 Numerical results of the effective strain
Stress - Max principal (MPa)
Insert Insert + Stress ring | Insert + Stress ring + Case Shrink fit 0.1% Shrink fit 0.3% Shrink fit 0.5% 2000 I
Max 1,960 MPa Max 1,780 MPa Max 1,750 MPa Insert Max 1,130 Insert . Max 2\2? Insert I Max 83.5 710
Stress ring Max 278 Stress ring Max 885 Stress ring Max 1,090
i I
& 1150
860

575

Shrink fit

[
290
500 I
-280

Fig.2 The effect of stress ring and case in the forging die and comparison of the die stress among various shrink fit conditions.

3. 28

2 AFE Solf Input shaft & AH Al Shrink fit Xﬁ|01e =off 2ol JtellX = S8 EXE
THE £ AAgct T F Shrink fit 240l 2F 0.3% Y wf 2o JIEiXl= 83 2zt 28 Y
Saboll SN deks o|E A= Holn, 38 mis é':'dOiIH Aoz gelgd Az o
cHEICE
AonEs

[1] J. C. Choi, B. M. Kim, 1994, Tool life in Metal Forming Processes, Trans. Mater. Process. Vol. 3, No. 2,
pp. 147~155.

[2] S. C. An, Y. T. Lee, 2002, Optimal Design of Dimension of Extrusion Die with Multi Stress Rings, J. Kor.
Soc. Mech. Eng. Vol. 26, No. 10, pp. 2211~2218.
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. Y. Moon, H. W. Lee, Y. S. Oh, S. J. Kimand S. H. Kang
Abstract

Hot imprinting process using electrical discharge textured mold
for superhydrophobic AI6061 surface
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Microstructure of AA1100 and AA6061 by Multi-Axial Diagonal
Forging(MADF)

H. T. Jeong, S. C. Kwon, S. T. Kim, D. V. Kim, M. S. Kim, S. E. Lee, S. Lee, S. H. Choi

Abstract
F 2ol sk A 7REHS Abdeld %73t v o2 e 2 (MADF-IPH, Multi-Axial Diagonal Forging -
Initialization of Prior manufacturing History, ©]&} MADF) 7}%%8 71E9] Z7MEHES vusted 3 F A
Egl &Aool A Qi 7t S PARsE glong RiEHo R Jhgo] Tk o}E} MADF®] XA ¥
2 12 passE 1 cycleZ FAFoJglor, o] Ao s WAJWAHFCC) A% AAL1002} AA6061
< 25 mmAole ASAUAR A Zek T 1, 2 cycles 7FEEI T MADF 342 9] OH}H ol FAl &
st HE ZEaE AMEElon, FARAE 0% FAR et giztdzZt 135°9 diitdxzz A5

o
M
o ATellM= SulAY vAlTEet FEA Az 22T 5SS 2 MADF A4S 4835
7hE R AA11007 AA6061Ol tiste] A-A1e] f A" EBSDSF XRD=74& Eato] A2 3 ghx4
HES WAl 248k e, MADFs el odk A | mAlst a3tE s skl

Key Words : AA1100, AA6061, MADF, XRD, EBSD, Texture

1. Ze95 gt

2. At

3. AT A

# WA} FeYF 8k, E-mail: htjeong@gwnu.ac.kr

128



HF2Y7FEAE 20189% FATEDI 22

HAEAEYHE M85 2to[] ttx 3H FE4d A (2)
Zen . ZZEW. MBS o[M 2% BEHAL. o|ZE
DOE approach in the FEA of Liner Forging Process(2)

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

Abstract
goly Adyztekete] vBEE FASE FEoE YT s A E vAgstEA 249 A
2HE ZFA sk Aol HQdith ol B AFAE golu] dx FAY fetaidAe] AEAEES 4
L3t AF A oA HFE Az 7Y 22 AA ASF 23S AASAT 1S AFA 2gAe
goly dx FA 3 A4S AANTE AAS AT v glon 2 AFdA = oH] dFE]
FAs F7F AFE dAgste] 3 kel AW AANSe] JEEE Hrkekelvh

Key Words : DOE(Design of Experiment, 213 A2 %), Finite Element Analysis(+-3F.2.4~3]47), Forging(thx),
Optimization(Z] 4 8})

1. AME 2. Tx|& DOE H&
2 2ol = MZEZHA Chst Aol 21 2lojl] Bt=x e
dste SIeAHS BRI AHMEYS alo|= 2 EhAle| ofx BHES HHM A
S5 2AM5t0] e =HS MHSE o Z chxEZS otE $ HA By S AX o
TEo0| AlZED ok Ml =, daxiel sefol wat 2
2 oPollME $RIH MEAEHS 58 of Z7t2 # Uk BEE ALXE ZAN
Moz MZ5IEE 1otEl DEFORM AlA Jl2HoZ H=xXEo=Z RAILSE L= E
B S ARSI0] 2lol Etx ZFel 2H A goz JlzmEC 2 ARoME YAXI}
Aol H2siUct 2lolHE MERH Sof x| Abzbsi o] Hhbar) HEjR JtZEol w2t
WExZS o|MststEM SAe HAIS =t o2 YEsoz Mysl= 1 A EhxE =X
A 57| Qe HEEe FASE o|20fof o} Mot ZHo| £7tE0 & 4 e BHS
stch wi2bM 2lol shEZEoIAM ofs| o 2 PAECHFig. 1).
Z=E 84, cix 2 HAZ MAusz
MEASto] RMZ RloMel HEE B} [1stforging] [Cuting]  [1stForging] [ 2nd Forging ]

Jba e w4 xatg MESIQC =
Aol E 28t el 2ol Eix =H p

o
IHBAS MAHSEE MESt0] odTE b
glon| B oRoA= ofy| chxZo| sAb
=7} Mz MAS0] 28 Mt HE " -
Aesol dstz= "otslgic

Fig. 1 Liner forging process
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A Study on Manufacture Process of Blade Cylinder Root using
Open-die forging and Ring-rolling Method

Y. C. Kwon, Y. S. Yoon, S. S. Kim, J. H. Kang

Abstract

The mechanical components for wind turbine are mainly manufactured using open-die forging. The blade cylinder
roots is one of the key components connecting the blade and pitch bearing of a wind turbine and accounts for 20% of the
manufacturing cost of the blade. Typically, blade cylinder roots are manufactured by open-die forging method using steel
alloy. However, the blade cylinder root for 750KW class wind turbine is manufactured using AA 5083 casted material in
order to reduce the weight. Recently, blade cylinder root were manufactured through hot open-die forging using AA5083
alloy. This research introduces an advanced forging method to produce the blade cylinder root. The advantages of this
new forging method are an increase in the raw material utilization ratio and a reduction in energy cost. In this paper, the
forging process was designed by applying the open-die forging and ring-rolling method. Hot compression tests were
carried out to obtain the flow stress of cast microstructure at different temperature and strain rates. The measured dates
were used to simulate the forging process of cast ingot using the practical material properties. The control parameters of
each forging process, such as temperature, damage value, strain and stress, were analyzed and compared to predict the
suitability of the proposed process. Finally, high productivity, internal quality, shapes and dimension was verified by the
prototypes manufactured by the proposed forging process for blade cylinder root.

Key Words : Open Die Forging(A-©+%), Ring-Rolling(H = %), Flow Stress(+5-% 2 ), Wind Turbine(Z 224 7))
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Development of Temperature Distribution Analysis Model for
the CEM® Induction Heater

Y.S. Cho, Y. J. Ko, H. J. Lee

Abstract

The compact endless casting & rolling mill (CEM®), the energy saving steel making process which directly links a
single continuous caster and a single hot rolling mill, has been successfully developed by POSCO. From the direct
linking of high speed caster and endless rolling mill, CEM® is able to manufacture ultra-thin-gauge hot-rolled products of
high and uniform quality. Endless rolling mill includes the rolling stands for the reduction of the thickness and the
heating device to obtain the temperature for the rolling. To achieve the metallurgical properties of product which are
substantially affected by the desired temperature (FDT), the highly efficient induction heater was developed for the
CEM® process.
In this paper, mathematical model is presented for the prediction of the temperature distributions during the heating and
the cooling. The model in the air cooling regions considers the radiation and the convection. The model at the induction
heater considers the heat generation due to the induced eddy current. The types of induction heater are LF (longitudinal
flux) type and TF (transverse flux) type according to the direction of magnetic field. There exists the difference in the
distribution of heat generation depending on the type of induction heating.
From the combination of these mathematical models, the temperature distributions can be predicted in the inductive
heating regions. The prediction accuracy of the proposed model is examined through comparison with actual data.

Key Words : CEM®, endless rolling, temperature distribution, induction heater, longitudinal flux, transverse flux

b

S~ o

&

* =
&l

2251, E-mail:ozinda@posco.com

135



a2 7ress] 20189 E FAtEWE] 257

CEM® AtAtRtei7| I3 & otz 24 2 &35}
o[z MA=!. IHAF!. =2M!

Optimization of the Work Roll Shift Pattern for the CEM®
Finishing Mill

H. J. Lee, J.S.Chung, Y. J. Ko, Y. S. Cho

Abstract
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Key Words : CEM®, high speed casting, endless rolling, work roll shift, optimization, genetic algorithm
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Microstructural analysis based on coupling CFD and cellular
automata for casting process

W. J. Lee!, Y. H. Jeong?, C. H. Won', S. H. Kang?, H. W. Lee?, J. H. Yoon*

Abstract
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Key Words : Casting simulation, Microstructure, Computational fluid dynamics (CFD), Cellular automata (CA), Growth
kinetics
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Defect analysis of ring rolling process with flange shape

1. Y. Oh, S. W. Han, Y. Y. Woo, T. W. Hwang, Y. H. Moon

Abstract
In the profile ring rolling process, various shapes of ring products having asymmetrical cross sections can be
manufactured. The ring shape of the asymmetric cross section causes various defects because the force applied by the die
is locally different. In this paper, the defects occurring in the ring rolling process of the flange shape are analyzed. FEM
was used to analyze defects occurring at flange corners. Defects occurring at the flange corners of the blank were
improved by modification of the blank shape. FEM results were verified through physical modeling using lead.

Key Words : Flange shape, Profile Ring Rolling, Finite Element Method, Physical Modeling, Defect Analysis
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Fig. 1. Schematic diagram of ring rolling with flange shape; (a)ring rolling process, (b)defect in the corner.
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Fig. 2. Changing the blank shape considering the order of contact between the blank and the driving roll; (a)contact order,
(b)modified blank.
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Fig. 3. Results of FEM and physical modeling; (a)FEM, (b)physical modeling
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Modelling of Ring Rolling, J. Mater. Process. Technol., Vol. 45, No. 1~4, pp. 143~148.

[2] J. B. Hawkyard, W. Johnson, J. Kirkland, E. Appleton, 1973, Analyses for Roll Force and Torque in Ring
Rolling, with some Supporting Experiments, Int. J. Mech. Sci., Vol. 15, No. 11, pp. 873~893.

[3] K. H. Kim, H. G. Suk, M. Y. Huh, 2007, Development of the Profile Ring Rolling Process for Large
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Injection Molding of a Plastic Micro-fluidic Device
for Blood Sample Preparation

Y.-E. Yoo, S. W. Woo

Abstract
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Key Words : micro-channel, micro-fluidic device, plastic, injection molding, blood sample, lysis, mixing

1. ME
AEWI gAHoILt MY Fof AIRE 0|25t0{ HYUAo|Lt HHS Cfsh sFoAM ZHASH
S5 DetstAL E445H7] flet olMlf=E Z|Bte| Tch AXtof ofgh o7 JiEo| &gs|
%L*El RUCHL2]. ol AE== € 52 Al2s 87 M=, ttid 5 ofgst 4F0] 22
dEfz2 dEet Me/EME fIiM e ctdet dE8 225t X2l STol ER5ict LBty
o2 N Z2 ARol d& &2 3o MAMel= FM=2[ol 2l o|FoiX|1 oLt FHE
2ol gt Zo| AlRe| ol M1, FAAo| ot vt HEoIMe HHI|IZL E2et 47
HalEe 382 M80| oot o2t 2HME sHZSH| fI5t0d o|MRE %9 T 2d
=2 75 S42 0|85t d=E2 =Eelste 52 X2 Jls H Xt thet AL 2es| o

25
{, Felojst 2ot E0E10 Ao AZstol st Z|tioF HX D Ack 2Lt
OMFEE 7|8te =z 4 2 QM= 2kAto| JtsEl MEH|2o=zo =22
ol 7tsst At & ol9 =7z /L of? FRoi, tFE2 7= PDMSH A'F'-|-.'_-J_1F
22 Lol o oA H SHol sl o], A= ChAOM B2 ofz{Fo FHS2
UL

L @A e g ddrd, Ag9ared
2. A7) AATY, A+
# AR ST AT g AATA, AYAFY, E-mailiyeyoo@kimm.re.kr

143



2 AToME 2E[L 20 WEE Y AR MH2IS 9l oMK |
2 IR AR W ALE A

I}
Rl
o
d
or
_?k

9.'.'
flul
]
=2

bal
fok
4>
30
Hn
I
e
il

HXElE flet olMFEE 28[12]12 &1I5t0] otz et Zo|l MASIACt oM 72

% 500um, ZO| 100umg! Atz&detolod, chel HAME Pl LT E F0[7] 2lsl At
2d5t0d 2F 1,000mme| Zo[7t =HESF StCt MAE olMFw=zRI HEE ZFE2AH
2 ?I5tod, olo|3z L ST 2 0[835t0d 3 A0 E 7t=5HCh JisE olM#
0|&3t0 TPU, COC, PC 52| 2 ¥I7tad Z2IAE &M E 0[85H0] AtE
Ch AtE dd7[£ ADIERS IS4 AFEHYT| (SE-50D)E AHSSHIICE

-
HA
s HU

o
ol
kU
2

0x Hu N o2 rr
o rH

Mo =F 10

4 0z

0% = gt

o

2 i

0

Fig. 1 Micro-channel design for lysis of blood sample
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Design of Wire Drawing Process for Fine Rhodium Wire

S.Y. Lee, I. K. Lee, D. H. Kim. M. S. Jeong, S. K. Hwang, S. K. Lee
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Fig. 2 FE analysis
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Fig. 3 Result of wire drawing experiment
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A Study on the Residual Stress Change due to Preheating Effect
of Base Material in Metal Additive Manufacturing of
Heterogeneous Material

M. P. Hong, J. H. Sung, W. S. Kim, M. G. Lee, Y. S. Lee, K. M. Bae, and Y. S. Kim

Abstract
T 3E54S7ME 71ES o8 1as Ve a8A 7iEl
AZ7HE 71E2 71 AXUHE 7)) vaste] AgE& ey v 8=

FaA AF1E 16 A48T A5 FEARA A5 §
EU

DL
olo
|
o r
o 12
o, &
LZE »
l
)
m;&m i
= H
o,
d
T
E (e
dn‘,_l
+ o
ol
=
)
i)
o o
-
Enéﬁ O}{J
o ol
ol
ﬂ&fﬁ&r\r"
o
o e >
o
4 rﬁl
> H o
o 2o T ok
N N

B o
E

lo

= W
)

JZi

JZi

ofj

)

o =
%7} 40%°]4 9-54=3F HTCS-150, HTCS-23042 A& o s 14 %=
el AZ7EA AN BAl D7) Ee A8e] AR Hnz

ol
2
=2
=
:(,)lji
ra
-
ol
il
32
o

S 7|
s
2 AT AT FATsTIENEAY FAH S (NK 170095)9] A Yoz 3 Hlom,
AR EEA A =HY)
Sk

1. Hong. M. P, Kim. W. S,, Sung. J. H., Kim. D. H., Bae. K. M., Kim. Y. S,, et al., “High-Performance Eco-Friendly
Trimming Die Manufacturing Using Heterogeneous Material Additive Manufacturing” International Journal of
Precision Engineering and Manufacturing-Green Technology, Vol. 5, No. 1, pp. 133-142

1 @871 EA 7Y F37be 7| 0E, A+
2. HEAE A APNLE, B
# nAAR AEgsa 7] AF s, 14, E-mail: kimcae@knu.ac.kr

149



st
A1
B
oX
)
ok
Lo
tot
\}
)
&

I
o
X
I
i
=
tot
P
Jfu
jira)

o222 7ial v|FA 4xfe] M85 R ot
At QAUB. M. HRHL. O|SE. YFAY

Formability and abrasion of amorphous materials

K. S. Choi!, W. C. Yang?, S. J. Kim?, J. H. Jung?, S. J. Lee?, J.S. Park?
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Development of Lightweight Two Piece Brake Disc using Sheet
Forming Process

S. M. Lee, B. J. Kim

Abstract

Recently, there are the various efforts to counter environmental regulations such as the fuel efficiency and CO:
emission of automobiles. The light weight of the suspension, called the unsprung mass which takes up most part of the
automobile, can help increase the ride and steering of the vehicle. It is also a good area for reducing fuel efficiency and
emissions as well as for accelerating and braking of the automobile due to its lighter weight. In this study, two piece type
light-weight brake disc is proposed. It maintains the equivalent performance against with existing type, that is one piece
type brake disc of gray cast iron and reduces weight by approximately 10%. It is a shape made by mechanical coupling of
steel hat and disc of gray cast iron. For the design of the proposed product, optimal disc shape is implemented through
FEM thermal/structural analysis. Also, an assessment of the proposed product is conducted by making the trial product,
testing brake disc through dynamometer test and verifying their performances against one piece type brake disc of gray
cast iron.

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

1. Mg

X=X =23o|3 ClAAE 230|323 HEE UEAHA HE
e Aoz RHAtel ofF ¥ XFe| Mo 2 Fas
Mgss 2o|3 Clads HERE 2FE 2ME AS
TH dAY 2 E2 30 THTJ 2 ol47t 51 U= xtFe| ZFstet odAd|2Hof etE2
dES ojxls FE2= olzfst BEo| g dFst A7t deMe=z o|F0o{Xof Fhoh 2
AToM= 7|& 3FH Mgz ¥ Fo Efo|3 AT FES st &x= hAlst
1, 0|2 2MII3SE2 St 7|AH AMALA R HEs A|Z £ As LS H kst Ch[1]~[2]

o= o
F 2zolct #A AHS xfol
|8 7x=2 =o{Uch o|a+o+ 3]

IE YMAIF AZE HX|A
S

2. HE Mz
2 ATollA xﬂ F5h= 22o]3 ClA3E Fig. 1 (a)oll LiERH Batn Zoo, Aol P& &

o E(Wheel)2} QIZE WD} ojEKfol OIS UoH HE ofme sho MEsz TEei)
HERs 7|= %'ﬂl?g ClA3el S5t 3| FH 4TS ARSI o0, 8 L2 A 25
J|E BFH ANE ZEHStee)S 2 CHA AT

F4AT2, oA, E-mail:bjkim@kc.co.kr

152



Hat

(a) Geometry of Brake Disc (b) Schematic of Clinching Process
Fig. 1 Two piece Brake Disc

Aup MsFeo ZE2 Fig. 1 (b)ol LEHH 22 = (Clinching) 32 X851, ol A
(Disc) ®M&AFoll AE2iel dME TS = M (SGAPH4A40)E M SF(FC00D)0 el = C
£ 3™AI7|0] ToolZ2 S EFASI] ZH A ZSH0d A &fstRUCt[3]

3. 85 4%

MZtEl Two piece 203 ClAa3Fo ChsiA Z|&
3173 dHME Cla3et 5 HlwE AASIAULD ESt
clo|Lt2 E|AE(Dynamo Test)S Zl&istol 1 Mse
ASsIUCt Cho|HtE HAEE EFJUTF ZE Alds
£3510{ Two piece ClATLS HHMES HAZEHUD I
MOAIY, ool S SsiAM chtst Msof st 4

o= [=] oL oo
—~ .
52 st

4. EE

2 ol 7oAl Mokt BNl MY =g
c

[

gaote o 7t Aoz JehElch g
Clo|Lt= HIAE 2ot M H2AE &Z0AM 7|& 3FH MY Aot S8 £ 1 0fakg
AduE HEE Adg =eld & AUk
FS R |
[1] Y. C. Kim, S. J. Kim, J. Y. Lee, J. K. Kim, S. H. Lee, K. D. Yi, K. J. Kim, 2013, Development of light
weight brake disc using hybrid type material, Trans, Kor. Soc. Automot. Eng, Vol. 2013, No. 11,
pp.1161~1162
[2] J. Y. Yoo, 2012, Lightweight for automobiles disk brake simulation, J. Adv. Eng. Technol, Vol. 5, No. 4,
pp.355~358
[3] ERNST GROB AG(CH), PCT Patent WO 2015058314 A2, Oct, 22, 2014

153



toty
P
I
N

S A 7heets 2018 % FAIE

Hg o|l8st AEX HE NEJ|& e

o

g =y

OH

ds-older MEE* 28|

A study on the Development of bumper rail manufacturing for
technology applying high strength material by roll forming
process

D. K. Kim, C. H. Lee, H. Jeon, Y. K. Kang

Abstract

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

useful in the process design of roll forming process.

Key Words : Roll forming, High-strength steel, Bumper rail, Spring back,
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Roll Forming Process Design of High Strength Car Body Parts
by Finite Element Analysis

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

Abstract

Recently, in the automobile industry, it is required to develop a high safety lightweight body in order to satisfy the
characteristics of lighter weight for energy saving and higher strength for safety improvement. For the purpose of
accommodating these demands, the use ratio of high-strength steel plates is continuously increasing. At the same time,
the weight saving effect can be obtained by reducing the number of parts by integrating parts. The roll forming process is
a forming method using continuous bending, and is a process of passing a material through a continuous forming roll to
form a part having a desired cross-sectional shape. If the material has high strength, problems due to the forming load
may be caused, such as device breakage or dimensional accuracy degradation. In this study, the problem of the bumper
beam forming process was predicted through FEA and the process design was carried out based on this prediction.

Key Words : Roll forming, High-strength steel, Cross-sectional shape, Bumper beam, Finite Element Analysis(FEA)
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A study on the design of worm hob for machining double
enveloping gear

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

Abstract
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Evaluation of Press Formability on Annealing Conditions of
Low Carbon Steel using Image Process Method

S. J. Jeon

Abstract

Formability is one of the most important factors for cold rolled metal steel sheet. The analysis methods used for determination of sheet
metal formability were investigated and compared in terms of their usability and accuracy. We experimental evaluated a BAF simulator to
estimate the effect on the press formability for BAF conditions. Conditions for the batch annealing process consist of same annealing time
and different annealing temperature are 15hr of soaking time and 710°C to 730°C of heating temperature at A10°C. For evaluation of
formability used the Automated Strain Analysis and Measurement Environment (ASAME). It is strain-measuring system is used for detect
deformations in deep-drawn parts and calculate material strain using optical measuring techniques. To analysis of quantitative strain after
press forming applied a grid marking by silk screen. It is one of the common experimental methods for deformation measurements by
press forming. In this study, strain energy of metallic cold rolled metal steel sheet for electronic appliance such as drum front after press

forming was studied.

Key Words : Electronic Appliance(7} Al ), BAF(“d 4=+, Annealing Conditions(& *] 2] 2=71), Sheet metal forming(3+4d &),

Soaking Time(-7] A1 Z1), Formability(’d 38 /3)
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ASAME Target Model(Automated Strain Analysis and
Measurement Environment)S |~ AE FAd 9
g FEIAY 2AdNES SASE ATV

ojth[1] WA E o= QF AAje] Crack HAY

R84

I

]

2.2 =M =

Fig.1-> Drum Front Paneld& 2742 FAALELA
ASAME 418 2Z# 2~ 7hy AlEolth id A
150 §9=#y~ 2 X-Die 8<% o] &3t
Lab test A2} T} Table 12 AR AFEZ A o)

w

Fig. 1 BAF annealing lab tester & ASAME sample

Table 1 Conditions of BAF Annealing Simulation

Index Annealing Simulation Conditions
Temperature 710C,7207C, 730TC
750°C
600°C
450°C —
Time e BAF Soaking Time
150°C —
80C
1
10Hr 20Hr 30Hr 40Hr SO0Hr 60Hr 70Hr 80Hr 90Hr 100Hr 110Hr 120Hr
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Actual Thickness
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Forming Limit Diagram (ASAME)
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Fig. 2 Results of ASAME analysis for BAF samples
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High Cycle and Low Cycle Fatigue Properties of AISI 316L
Alloy Fabricated by Selective Laser Melting Process

G. S. Ham, S. H. Park, S. S. Yanh, K. A. Lee

Abstract
B AFol = &% 3D TUE FAH F 3yl selective laser melting 332 o|&3Fo] AISI 316L &
< bulk type(20cmX5cmXbem) O.2 A|ZE dFal, A|Z % SlMed AISI 316L w9 mAZRZ, A%, 15
7] @ AF7] A2 54 dis) 2AEIGT. 54 3D THY 3 mE WS Ed A% 3RSE ol
EAE Z1AA EAZ At ofr|He] Ayt 43R 27FHY. wEkA stress relieving (650T
/2hr) EXEE AT, SlMed 316L 2 laser AUWeko g nmHzz o] WG om  molten
poole] #HFH UL, GAYE FAHFANE molten pool> AFFAA %o}, low angle boundary &
£ 9] %‘ié}“’ high angle boundary &&¢°] S7lsle= Aoz AHSY. &3 EAelE st wet
PEDCE= 76 8 MPaol| Al 433.2MPaZ 7+Astgl o), Q7T = 543 4MPacl A 567.1MPa, 12182 30%o
A 33 502 AZ Z7EY. 1E7]) A2 AlFe] A9 g Zdto] 350MPaR A H o] SlMed 316L FFS
conventional 316L AR 438 137 2 EAS Ad AS FQ & £ . AFV] A= AY
o] A9 SLMed 316L A A+ annealed 316L Faxtt & EAS BYP o coldvorked 316L &3 A}
gt A7) I2 BEAS AW AS & 5 AJT. Ve A3t gEo] mdud A& Fs8] SlMed 316L
Alst
o %

r& L rlo

o] aFr] D AFY] "y Asel ﬂ%oﬁ w] A 2] 2}
[ A= KINSe] dNkAIA Y] A Yoz 5o, o

Key Words : Selective laser melting process, AISI 316L, High cycle fatigue, Low cycle fatigue
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As fabricated
Heat treated

(a) (b)
Fig. 1. Microstructures of SLMed AISI 316L alloys; (a) as fabricated, (b) heat treated

Table 1. Tensile properties of SLMed AISI 316L alloys

Hardness [Hv] Y.S. [MPa] U T S [MPa] EL[%]
As fabricated 200 476.8 543.4 30
Heat treated 196 433.2 567.1 33.5
420 u_; ] v m  Heat treated

9
T 400 RTE v
o W
= 2
[+4]
0 o) 0.4
g 380 %
@ l:l=: H:dey, = 1. 2(2ZN) 04
g 360 g 0s ]
E P Run out g A
1] —
= A : coldworked 2161
= 0 E v:g?neggdeslé_
T T o T T T T T T
10° 107 10° 10° 10° 10° 10°
Number of cycles to failure [N,] Number of cycles to Failure (2N,, cycles)
@ ®)
Fig. 2. (a) High cycle fatigue and (b) Low cycle fatigue properties of SLMed AISI 316L

alloys
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Roll forming process analysis of the architectural frame
by Finite Element Analysis

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

Abstract

In recent years, standards for fire safety and disaster safety have been gradually strengthened in the US / EU, and the
process and control technology for manufacturing fire resistant parts to improve fire safety and structural safety of
building is urgently needed. Therefore, the development of curtain wall products for building using high-safety fire-
resistant steel materials is being studied. The roll forming process is a forming method using continuous bending, and is a
process of passing a material through a continuous forming roll to form a part having a desired cross- sectional shape. In
addition, it is advantageous for low investment cost compared with the press process and for manufacturing the shape of
a closed cross section, especially for manufacturing high strength material with low elongation and high strength. In this
study, the roll forming optimization process for manufacturing steel curtain wall for building and the process analysis for
roll design were carried out by Finite Element Analysis.

Key Words : Roll forming, High-safety fire-resistant steel, Architectural frame, Finte Element Analysis(FEA)
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Development of Rotor Straightening Process using Neural
Network Algorithm

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

Abstract

Rotor straightening tests were performed. In these experiments, specimen made of 1.25CrMo steel with 240mm
diameter rod was used, The experimental results were compared with the predicted results by using the finite element
analysis. The result was well agreed with predicted one. The database of the calculated results were organized for the
purpose of using neural network algorithm. A neural network algorithm was employed to predict the bending deflection
of turbine rotor using input parameter for diameter, length, heating time. Finally, rotor straightening procedure for

bending deflection was well-established.

Key Words : Rotor bending, Straightening, Neural Network, Finite Element Analysis, Pilot test, Steam turbine Rotor
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Table 1 Test Result (Amount of displacement)

Heating Max .

: Displacement

time Temperature

50 Sec 480 T 0.15 mm

60 Sec 520 C 0.17 mm

100 Sec 1040 C 0.31 mm
3. 7t A5y

AlHg 285t Mol d=olle sHHIE AU
7] 2o FeteasiMEs &85t0{AM ool
B Ho|AE ZMsiQict AMFdY L2|E
of M&st7| ?lsiM= thEel dlolgfrt &
2st7| mZolct wEteisiMZH Fig.2

Ol LFEFLH AT,

Gravity : 9.8m/s
l l Heating jig\- l l l

Support Support
Y Ux=uy=uz =0 Ux=uy=uz =0
z

Fig. 2 Boundary condition on the rotor
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Numerical Simulation of Blow Molding for Optimization of
Preform Thickness

S. K. Hong, G. S. Yoon, S. Y. Lee, O. R. Kim, C. O. Kwon

Abstract
E29 =49 (blow molding)S 43 #do] vl eslr] witol ZaF(preform)e] AAZF H4E #4
& Agga S selo] opd Aolth AW AA AFAAE ol ZelFol AT oA % 3

goll ojFEsta 9k ol7le]l CAEE Z&3td

EU

Be FANE ARE B F dnh B =R

[
Polyflow®] parison program& ©]8-8to] Ze]Fe] 4 FAAE <Se3itt. s A= @%751}9% H] 2L

of ATsklor Hx T F 439 HAE S & FHEJT

Key Words : Blow molding, Preform design, CAE, Optimization

1. Mg
E2% =Y (blow molding) SH2 LEOILL ALEO 2af FEASZE oflH|M & (Parison)S SHCl.
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Hrde AMEE (SRhoop) 2 2 3022 & An_leE(SRBIowup) 08 ZcCoh EER 332
Injection Blow Molding (IBM)&Alo 2 ALEME S| HS 0[85t04 Ei—r st =
Stretching ratios: SRBlow-up(6.0)=SRaxial(2.0) X SRhoop(3.0)
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[1] F. Thibault, A. Malo, B. Lanctot, and R. Diraddo, “Preform shape and operating condition
optimization for the stretch blow molding process,” Polym. Eng. Sci., vol. 47, no. 3, pp. 289-301,

0s 086 s 1.0s Thickness
THICKNESS THICKNESS THICKNESS (measure./sim.)
Contour 1 Contour 1 Contour 1
2.712e+00 2.474e+00 1.645e+00 0.45
2.6250+00 2.3896+00 1.518e+00 / /b 5
2.5390+00 2.304e+00 1.390e+00 -
2.452e+00 2.219e+00 1.262e+00
2.368e+00 2.1346+00 1.134e+00
2279e+00 2.0498+00 1.007e+00
2.192e+00 1.964e+00 8.789e-01 /
2.1068+00 1.879e+00 7512601 0.7
2019e+00 1.794e+00 6.2340-01
1.932e+00
1.709e+00 4.957e-01
1.846e+00
[mm] 1.624e+00 3.680e-01
[mm] [mm]
[ es
/0.48
Fig. 1 Blow molding simulation result
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Fig. 2 Optimum thickness result (a)bottle & (b)preform
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Influences of the Process Parameters on the Scattering of
Springback Amounts according to the Material Strength in the
Sheet Metal Forming Process

M. K. Son, S. H. Kim

Abstract

HAF-EF AEFE A BALA AFstol we g A2y 5 FA Fol| A EYS EE
A2 FANE % AFAF FAAEES MEE A YEUA Tk B =EddAe U 34
A 4y ftes eSS AAstn IAED AE Al BAste ~2XY9 o X E APt
3 AAZYEe whEl WAYStE ~x ] ko] eSS BASITh dA &A= 590, 780, 980, 1180, 1470MPa
o JIFAEE 7= A5 sttt #Ae ALtz o A dAsts A2 E vkedsty] Yt A7
5, 35A%, 2AFA 5o &A AEE Ao nEeiglon, vpEA S 2 ddE 5o TS
AEE G Ao mHSATE AFE WA A] Axulo] WASE £ 9= A, HA@S FE5H] st 4
WHaeo] 8-S A, A, PHo R Fsta A A E H(Design of Experiment)E &-&3o] 7} W] At
Yo W2 Axgul o] IAXNE EEIAUTE A FETF S W Abxze] S vluldte] 2L
& Wit A8 Al #AskE Atxe] 2V E AZFsista g aEgeld] T FEAHe FUMF ~xgd A
Fo] Azko] v A= GFS AR

Fig. 1 Shape of U-Bending Channel

)i
; /
i /
!
[Gravity&padding] [( ing] i e

Fig. 2 Procedure of the stamping operation o

Fig. 4 Stochastic distribution of the springback
amount of the SPRC590 sheet

L oieista ookl Z1Agstat, AAbtd
# AR PR AR, 0
E-mail: mvksh@daegu.ac.kr

166



EX L ENVERE

Comparison of reduction limit of single pass drawing for high
strength steel according to ductile fracture criterion

D.H. Cho, Y Lee

Abstract

The drawing limit of high strength special steels is investigated. When the bar or wire is formed by the drawing process,
mechanical properties such as the strength of the material is improved. In order to improve the mechanical properties of
the material, it is desirable to reduce the diameter of the material as much as possible. However, if the reduction ratio is
excessively high, rupture or internal cracks may occur. In this study, the internal damage of the material after s a ingle
pass drawing process was calculated by drawing experiments and the finite element analysis. Four types of ductile
fracture criteria were used. Some criterions show good agreement with the experimental results. The results of this study
propose appropriate ductile fracture criterion when high - strength steel is drawn. This criterion present that when
reduction ratio of drawing process is high, lubrication is important and die-semi angle should between 7°~10°.
Key Words : High strength special steel, Ductile fracture criterion, Drawing process, ABAQUS, VUSDFLD
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Progressive Die Design and Prototype Fabrication
for an Automotive Steel Bracket

K. M. Na, S. H. Jeon, Y. G. Park, M. K. Son, S. H. Kim

Abstract
This paper deals with the design and fabrication procedure of the progressive die for the bracket part of an automobile
carried out by a research group of the undergraduate students. The forming process is consisted of the shearing process
such as piercing with notching and forming process such as bending with restriking. Tool shapes are designed from the
information given from some equations in design handbook and the finite element forming analysis. The sound bracket
product can be fabricated with the proposed designed progressive die and several operations.

Key Words : Progressive die, Tool design, Stamping analysis, Tool fabrication, Prototype
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Change of Specific-cutting Energy According to Sectional Shape
in Precision Cutting

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

Abstract
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Numerical study of heat transfer according to variation of
substrate temperature in direct energy deposition
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A Study on the Relationship between Hardness and Strain of
Cold Forged Parts

S. H. Park, M. T. Ahn, J. H. Park

Abstract
The hardness of each part of the parts is different due to the uneven strength and hardness of the initial material during
cold forging. This not only interrupt the continuous process in the forming process but also causes a problem that the
mechanical properties of the desired parts are obtained. Therefore, in this study, we compared the Vickers hardness data
with the effective strain through FEM. By analyzing the relationship between Vickers hardness and effective strain, we
tried to predict the hardness of parts in cold forging.

Key Words : Hardness, Strain, FEM(Finite Element Method), Cold Forging
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Improvement in life span of cold forging of a pinch bolt yoke.

H. N. Song, T. M. Hang, K. M. Kim, U. H. Lee, H. D. Park, M. S. Joun

Abstract
In this paper, we propose an improvement model for the breakage of pinch bolt yoke, which was revealed in the
previous research, pinch bolt yoke cold forging punch, and compared it with the existing punch using finite element
method. The finite element analysis method is elasto - plastic finite element method and die structure finite element
analysis.

Key Words: Cold forging(*d {F'23), Die Fracture (538 3}<=), Elastoplastic Finite Element Method (§t44 38
1), Die structure finite element analysis(5 3 T2 314])
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Redesign of Cold Drawing Process of Coil Wedge

by Finite Element Method

S. J. Bae, S. J. Kim, J. E. Jung, J. NamKung, S. M. Kim, S. I. Kim, K. S. Lee

Abstract

Key Words : Cold drawing process, Finite elements method, Coil wedge, Austenite stainless steel
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Predictive Model for Optimal Aging Condition of Al 7055 Alloy

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

Abstract
The effect of aging treatment on mechanical properties in Al 7055 was investigated in the present work. The two-stage
aging treatment conditions were systematically varied. Room temperature tensile tests were carried out and hardness
values were compared. The microstructural feature was observed by means of OM, FE-SEM, and TEM. The precipitate
particles were experimentally analyzed through XRD, EDS, EBSD and were quantitatively evaluated by using the
thermodynamic calculations. Three different models were proposed and the process map based on the proposed models
was suggested to find the optimal aging condition to achieve the maximum properties.

Key Words : AA7055, Predictive Model, Aging Condition, Precipitation, Mechanical Properties
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Development of Injection Molding Technology with Super
Engineering Plastic for Lightweight of Caliper in Automobile

K.J.Cha, S. M. Lee, H. H. Lee, J. S. Han

Abstract

Recently, weight reduction of automobile materials and parts is interesting with the trend of international
environmental regulations and fuel economy regulations and raising the price of energy resources. Among the automobile
weight reduction methods, improving the physical properties of existing materials and developing and applying new
materials are representative. Especially, weighting effect can be expected by maximizing the advantages of metallic
materials such as (Super) engineering plastic. However, depending on parts, manufacturing process should be different
for material change, so it is also should be conducted research on molding analysis for decreasing trial and error. In this
study, we tried to develop the parts of the caliper manufactured by the casting process as the PEEK which is one kind of
super engineering plastic.

Key Words : Super engineering plastic, Injection molding, Caliper, Lightweight
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Figure 1. (a) Caliper, (b) scanned 3D CAD data of caliper, and (c) modifying 3D CAD data for mold design
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Figure 2. (a) Finite elements of the caliper, (b) result of deflection by experiment design, and (c) significant parameter
about deflection and optimized condition
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Figure 3. (a) Injection mold for caliper and (b) injection molded caliper with PEEK
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Evaluation of Drawability of Ultra High Strength Steel by Slide
Motion Control

J. S. Song, K. T. Youn, J. Y. Heo, I. C. Yoon, C. D. Park, Y. H. Kim
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Prediction of thermal deformation and weldment shape
of T-bar in tandem welding process

C. H.Won?!, H. G. Kim?}, K. Y. Kim?, S. H. Choi* S. I. Lee?, K. L. Kong?, J. H. Yoon*

Abstract
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A Study of Hot-Forging Properties and Evaluation to Superalloy
Material Selection for Power Plant High Efficiency Rotor

Y. D. Kim# H. N. Bag, J. W. Kim?!

Abstract
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Key Words : HSC Rotor, Ni-base superalloy, VIM, ESR, Inconel 263, 282, 740H, 617, Forging ability
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(Lab. scale) (Prototype scale) (Mockup scale)

Fig.1 Photograph of manufactured ingots b usin the VIM+ESR‘process for HSC rotor
O 12 M2l = 425 EX2E Fst %FI'—I AENZA XS mHAE S LU E =E
St
Table 1 Chemical composition of manufactured superalloy ingot

Composition{wt.%)
Ttem
C =i Mn P = MNi Cr Mo Cu Fe Al Ti Co
Iﬂ%%ﬂz'ej' 0.057 0.122 0.209 0.007 0.001 Bal. 20.045 | 8.1680 0.176 0.551 1.364 2.216 9.281
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Fig. 3 Actual forging product and property test results for HSC rotor superalloy
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[1]Y.D. Kim, J. W. Kim, S. T. Kang, 2017, A Study of Hot—Forging Properties on the 1-ton
class Ni-base Superalloy for 700°C HSC Rotor Material Selection, KSTP, pp.79~80
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Evaluation on Grain Boundary Strengthening of High Mn TWIP
Steel by Nano-indentation Tests

B. S. Jeong!, W. J. Cho', J. E. Lee!, H. S. Kim!, W. T. Cho?, H. N. Han'*

Abstract

As regulations for environmental protection have been strengthened around the world, there is a growing demand for high
strength and lightweight steel used as automobile parts. In accordance with this demand, a high Mn TWIP steel is promising
material for vehicle because of its high strength and elongation ratio attributed to mechanical twinning formed during
deformation. However, high Mn TWIP steel has not sufficiently high yield strength to be used as an automotive body
material. In order to overcome this problem, lots of researches have been actively carried out to increase the yield strength
using grain refinement and precipitation hardening. In this study, to confirm the effect of increasing the yield strength by
grain refinement, the Hall-Petch coefficient of high Mn TWIP steel with no precipitates was evaluated using pop-in
phenomenon (elasto-plastic transition) observed by nano-indentation tests. And the Hall-Petch coefficient obtained from
nano-indentation tests was compared with that from the uniaxial tensile tests and we confirmed that the values of two
coefficients are similar each other. Next, the nano-indentation tests on grain boundaries were performed on the high Mn
TWIP steel containing 0.3 wt% Vanadium. The result showed that larger pop-in stress was required for dislocation nucleation
in grain boundaries with precipitates comparing to no precipitates. Based on these results, the Hall-Petch coefficient of high
Mn TWIP steel containing 0.3 wt% Vanadium was evaluated using the maximum shear stress value obtained by nano-

indentation tests. It was confirmed that Hall-Petch coefficient increases when precipitates exist at grain boundaries.

Key words : High Mn TWIP steel; Hall-Petch relationship, Nano-indentation test
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A Study on Magnesium Alloy Engine Cover Molding System
using High-frequency Induction Heating Press Technology

K. H. Hur, J. B. Kim, J. Y. Lee, S. M. Lee

Abstract

Magnesium provides more advantages compared to aluminum, as it is more lightweight and boasts higher stiffness. For
this reason, it has traditionally been used in cylinder head covers, transmission cases and oil pans for automobiles, and its
application range has been continually expanded for the purpose of reducing the weight of vehicles to enhance fuel
efficiency and minimizing noise and vibration. Magnesium alloy material has poor productivity due to long molding
cycle time. To improve this, a system is developed to produce engine room cover by applying 100~150 C of medium-
low temperature mold after heating material using high frequency heating system. Basic configuration of high frequency
induction molding system can be divided into 4 main parts - uncoiler and leveler feeder that are peripheral devices of
press, high frequency induction heating system, mold, and press device. Also, temperature analysis & measurement
module is added to measure heating temperature distribution of magnesium plate

Key Words : Magnesium engine cover; Induction heating device; Warm Molding Mold; PEO surface treatment;
Lightweight material
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A study on Ship Hull Plate Forming Automation using Vision

S. L. Lee, S. J. Park, H. Y. Kong, K. L. Kong
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Development of multi-pass profile ring mill system

J. H. Shin, N. M. Sung, C. K. Park, S. W. Kang, C. J. Lee

Abstract

The purpose of this study is to develop a new type ring mill system, as called "Multi-pass profile ring mill system". In
this ring mill system, profile rings are continuously formed by the multi-pass ring rolling process. This system can
improve productivity because it reduces time loss caused by tool changes. Also, production cost can be reduced because
the process is carried out without reheating. A new ring mill system consists of a transport table and a ring mill system
without axial rolls. The transport table has been developed to enable horizontal feed for material transfer during ring roll
and vertical feed to be moved to the next phase of the profile ring rolling process. In ring mill system, the axial rolls,
which interferes with the vertical feed of the transport table, was removed, and instead the guide roll was used to control
the vertical flow during ring roll. The two-pass profile ring rolling experiment for bearing outer shape was carried out to
verify the effectiveness of multi-pass profile ring mill system.

Key Words : Multi-pass profile ring rolling, Ring mill system, Continuous profile ring rolling, Profile ring, Bearing outer
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A Study on the Influence of DrawBead in Stamping Process

S. H. Kim, J. H. Jung, S. D. Kwon

Abstract
As the shape of stamped part is complicated and as the trend toward light eight continues, the higher level of difficulty is required in
making stamping die because of inevitably poor formability. The poor formability can be improved if the material flow during the
stamping is carefully controlled. Application of drawbead became commonsense used to retard metal flow of blank into the die cavity at
the region where wrinkle is expected. In the study, the concept of beadles stamping process is proposed and the method how to realize the
beadless stamping process is presented. The validity of the proposed method is confirmed by the application of the real auto part.

Key Words : Optimal Blank , Stamping, Drawbead, Digital Tryout, Radius Vector Method
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A Study on the Residual Stress Change due to Heat Treatment of
Drawing ERW Steel Pipes.

S. B. Lee™, J. 1. Shin?, M. O. Jeon®

Abstract
In general, steel pipe was satisfied dimensional and mechanical properties by drawing process, which was a kind of
plastic working. Such plastic deformation has an effect of increasing mechanical properties such as tensile strength and
hardness, but there is a problem that durability of the product is lowered due to an increase of residual stress. Therefore,
this study discusses the change of residual stress due to heat treatment of drawn steel pipe.

Key Words : Residual Stress, Steel pipe, Heat Treatment, Drawing, Plastic Working.
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QIEZEZ(MPa) | HIHAZZ(HV 10) | X722 (MPa)(32lH )
ST (2 ) 511 155 96
AL (EF ) - - 116
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[ 2] &t 738 =Y Zogk
7 = 2d(mm) | & ® 21d(mm) A (mm) HF S (MPa)
AR (2XH) 76.69/76.68/76.72 | 76.28/76.28/76.28 6.03/6.01/6.05 94.7/92.1/102.0
I (BEF) | 76.75/76.85/76.73 | 76.28/76.28/76.28 6.07/6.10/6.08 | 109.2/133.0/104.8
dXal™M(=2A) | 58.40/58.42/58.42 | 57.99/57.99/57.99 4.22/4.21/4.22 | 114.5/119.8/120.1

AXEIH(EHT)

58.34/58.42/58.42

57.99/57.99/57.99

4.22/4.23/4.23

97.9/120.4/120.4

X2 F(=2A)

57.87/57.91/57.82

57.99/57.99/57.99

4.20/4.21/4.25

33.7/22.5/48.3

A2 F(EFHF)

57.86/57.86/57.87

57.99/57.99/57.99

4.23/4.22/4.23

36.7/36.7/33.9

*Alg® Zo| : 2k 100 mm

Ext
5 X

1—n Df X D

S = Minimum and Maximum residual circumferential stress

E = Modulus of elasticity (204 GPa)
u = Poisson’s ratio ( 0.3)

5=+

e F(Exg| Myols LI SIISHHAM HRSH0| Sitste &8 2oL, EEF &
HErobs 2AF HolMel S7tE0] 558 & F AUrch ol ZEkel A Al A HoM 24Tt
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ASTM E 1928-07, Standard Practice for Estimating the Approximate Residual Circumferential Stress in
Straight Thin-walled Tubing
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Study on the Development of Aluminum Integrated Roof rack
for Automobile

G. H. Shim, C. J. Park, T. W. Kim, J. H. Chun, H. J. Park

Abstract

In the recent automobile industry, researches on high strength and light weight products have been actively carried out
in order to satisfy enhanced environmental and safety regulations. In addition, demand for SUV/(Sports Utility Vehicle)
has increased due to the diverse needs and safety of consumers.

In this study, a roof rack for automobile was developed as an integral type using aluminum extrusion and 3D-bending
process. The roof rack of integral type is excellent in terms of design. However, it is difficult to manufacture because
various processes are used in combination such as extrusion and bending. Firstly, the section of the roof rack was selected
for aluminum extrusion, and the extrusion section was further optimized through the DFSS(Design For Six Sigma)
methodology. Also, to verify the formability of the bending process, the final cross section and the bending radius were
determined by FE-simulation. The product was manufactured with the determined cross section, and verification was
completed through measurement deformation of FE-simulation and experiment.

Key Words : Roof rack (53 ), Extrusion (&4%), Bending(:s &), Design For Six Sigma(DFSS), FE-simulation(--$F

QA

Generation 1 : Bridge type Roof rack

. Generation 2 : Partial type Roof rack

o«@ |
. Generation 3 : Integral type Roof rack
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A Study on Stress and Winding Force for Stent Processing of
Drawn Nitinol Wire

G.D. Lee, G Y. Kwak, J. H. Lee, S. M. Byon

Abstract
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Key Words : Wire Stent(2}o]o] ~®lE), Nitinol(4 E] ), Winding Force(A412]), Cylindrical Jig(¥ =53 % 1),
Finite Element Analysis({- 3.4 3] 4)
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Fabrication of Volume-Controlled Micro Prism Pattern Having
Random Depth and Fixed Pitch

Y. A. Jang, J. Y. Jeong, J. R. Lee, S. H. Moon, D. S. Choi, T. J. Je

Abstract

thekst oge) mlolaz diHe] Ay FFIEL tyaEdo] AFd AEEo] FEALS FIAT=
75 @t faEde] AFY AEE FSA7I7] Ast] AR A)] @AY AS ZEE dido] wol
ARG EARE, FUE G| Wi EE HHE AN A AJE e FEE AES 7AW, FolEek 2
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AE ol 8sto FA9 ZdolE 2t A4 T F uAMddS Az f3 AdFE ISR, HAE
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Study on Element Technology for Development of Automotive
Steering Parts using Non-heat treatment CHQ

Y. H. Seo, W. J. Song, K. H. Jung

Abstract
A 2EEE AGAFdA = FF QUHERE S 4V AAE ALE $13ke] CHQ AAY
ZI(SA, LA, QT)9] A=Fe] @7= 1 du}. EA e Ak we} LA =gt Qs A4 9ot
zx Z 7t BAo] A Jom, JYstE s RE A3t 535 A ddEd. 4y
A 2 287 Aste FAHHE Fse 2dEte] EAE At & v &8 avE AAAZE =t
& o2, old digt A& SV AFAE D F3FE A VE el aTHT. EXE A

CHQ A& A7t AA5a 2F5-F /NEE ek A4 chevron 33 o5, T2 AFAA oF, dx 59
T dS, g2 wguE 45 3 S35y Y § eavlE AES SIS

Key Words : Non-heat treatment CHQ, Automotive steering part, Formability evaluation, Die life cycle estimation, Cost
saving

1. MMBHo| A2l chevron crack oE 7lo|=2fQl 7l gt

Hardness [HV)
1000

- ol 42t 57t
T oauWwdhs Hess 3E ga
o] sweoowz:ge gwenes

Failure area

e
800
- ; i MezEo| we AESTOIM I ¢ o

600
400

200

Safe area

gt 0 - CHOl #HEE &7 43 B (5 )
* 16\ 20 - A ZEE F71: 10 S 20% (F )
10 Reduction of area [RA, %]
1. POSCO #A&EFAvHALGY 49A7 18, Add74
2. waboeta, Qs
5. BRI LAY AP EATIE, ST
# SLAA R} POSCO A4 FHnHAE A, Alel 74,

E-mail:yhseoO@posco.com

204



V-notchst ATI0] Cig BEINE +8

b B33

Final step

Critical damage value: 673 0320

Formability evaluation: SAFE

2 4t=H| 7[8F bulk o

3B

e Aol g fEe LM 4y ey r_‘
A (

x7| ohehAEL
3 FEUHE M= a8

Critical damage value: 609

Formability evaluation: SAFE

based on the Oyane criterion

based on the shear test
@ Testdata

Estimated limit curve

Further examination

@ Simulation data
Estimated limit curve

Estimated limit curve

Effective plastic strain

> PR

I
ol U 4Ed "ot 2HHA
£y A

L
04 02 00 02 0.4
Stress triaxiality

Ol = 4=2:00,0002]
A1 H14-%: 00,0009
Ol = 2t 6.6%




MG HRoH . oMY . EaEH. HEML Rejz2

Fabrication of Pyramid Array Pattern Having Variable Height
and Fixed Pitch Using Ultra-Precision Planing Process

J.Y.Jeong, Y.A.Jang, J. R. Lee, S. H. Moon, D. S. Choi, T. J. Je

Abstract
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o FEH H5g FIAIE 715S drt o]H s ofdo] Fol mlo]aR FFH|=E ofF o]
st & g FEt Vl5s Al Zied ady, sd 34 2 279 J3Y R E
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Micro Channel End-milling of PMMA Material for
Metamaterial Structure

S. H. Moon, J. R. Lee, J. Y. Jeong, J. K. Jeong, J. H. Sin, E. c. Jeon, S. D. Choi, T. J. Je

Abstract
H, 1A WE 72A AxE 9 IS dd FEEF L AxEHEC] AFH glon, v
olARM e FFE7ES o] 8T wEh F2A Azl tid 7]|Ewe] Zats] e 9k B Aol A
T Fol vE ol A WAl Ad S e dETxAd AxEsE 8 vHARAd A9l
PMMA(Polymethyl methacrylate) & EAZ ste] mlo]a 2 A== FHE 0|43 nA Ad /AP S
Tk olF AAAE AL o e 144 i, WHF AL FL 350 meolH, ThEEok e T
o]:= 40 mmolth. Zhztel Ad HE aste] o AEe Jheels A4 100 mel Ad=" ST AREH
AL, i e 7heel= 274 200 me] & -7F AFEE AT R B A3l 100nme] o] FAUEE
ZE= X, Y, 29 3% 7FEU]E VIRt R, ZzF wle]la R ded F5E AT e % W 29E
= WAt ARGtk WielF Ade] by 2312 Fds a4t &R 50,000 rpm, ©]FHE
3mm/s, 13] A2tzlo] 10 ime #-&skdtt. o= gk PMMA 2A]e] ARZb mo]A = x
3 g tE 5AS Hotsta AEEE Adshe 84 24 2 2 S A% o] AFHUT
AEE vpolaw AV FEAS Thestr] fsiM s 2R RS Aol gk
Al A olF 2 AAE AT AF7F FAHAJT. I, AHE FRo A2
ol shtel Ad FE ] AsiA= T3kl Bk st ofdl w
ﬂ1ﬂﬂﬂ‘%ﬂﬂohiﬁﬁlﬂ%£m4 e B w7E gE2A YEide AS :
7be AEE Fokel PMMA AAje] whelaz A Al @4 A ThevlEe] FyEflen, £ a4
o e 2AE U 7hed & e vholAw =W by ZINb7lse] SEEH A

an
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5

o

AT YT AAFA
Fefstin 7] A 4] 28 F 53}
etn Ax 2 Ay}
347159 AL5A B35
sAgv A st Ve Ry 2k

sl»rr Ak A F sk

A =7 AATY e ddTd, AdA T, E-mail: jti@kimm.re kr

3k

Rt al
J°“J-UIH~1-0J-U

oo &
)

2

R N
rd
_A_;&\

=l
>

207



2471 E e 20180E FAEYE 257
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Fabrication and Design of Meta Surface of Simple Structure
Using Equivalent Circuit

T.J.Je,J.R. Lee, S. H. Moon, J. K. Jeong, J. H. Shin, E. c. Jeon

Abstract
el Helg AAA NN E EAH] AdEE B4 AES Ve EFEA gudoezes 2"t
A 28 g BE g 75 g¥dste 28 7Hsd Jlsoltt. o] T FAHELORE AEEHE L"EA
HElE AL FU LA 29 7|eS 7FA7] A8 HEolE AAE AFEStE o] dnkyoltt, kx|t
HgtolE AAl= HFo] o} A IS uw AR ARV FUFsta g9 S50t AstE = TAAE

Sol gtk £ AFelME she Eelu AAsh A4 9AE o getel FAEOR A 5T Y
Ao N 29 4B AAE EHERS A 2L Az Savh. Fuddels 29s 4E5e wol
= owElEEe] A7elt RIC % o2 0 oj=rEa mee] A8HT. RC 2 A%, A, %
A7) o Foldl Wy] Fme, BeldolA: T2 wFAge] ed AANRE oGt o2 o] 3

of 4435 HAL Fo) EEAS A7 @ ), ARAR 2ol ARA dA%} WHAEAZ 2ol F
W FAE A4 5 Avh. EF, RC Aol DSHUAE AR} 49 B WEEAe] B A7
7 Bastt B ATANE oF 3 G wedd FRAT AASD old U AXPES ATet

Atk olF ¥ FxA @A) A7) 4.791mm#4.791mmol 3L, AEA Y] FAE 25meln], F&]v
FAE 2smelth oF ® Fx T A% AW FE lgm, HRE Q9] e 350mz HAH UG
et el Thgel FTHA AxEe] BAE vzl 3% T 2AW HEI0 AR, b &
A olzd, 7tE F e A 100m 2 AF 200me] d=dol AREHEAT. F slEWAL
150mm+150m=. ¥ by A g 102400l h3E AE Sl Ang das A vEEus A
et 1 AzTYL S

FF AFelAE AstE veEdel g8 9y yEQD 2478 &
RAale] ~dx S Wrleta o]2 A7 ylolE e} vmw BAEE AT
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g3kl viEh mHe] Wb
£ 5 @ ARt
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Study on suppressing cracking with excess deposition in
repairing of parts by using direct energy deposition(DED)
process

W. J. Oh, M. S. Kim, J. Y. Son, D. S. Shim

Abstract

B A3 golA AA oluA A3 (direct energy deposition, DED) 714S o] &3 ¥ B A oA
NAS5E 5 AW #4 Aol #e Aot DED FHE ol &8 B oA, BAe} B4t
o} Aol M= Zlgold A9 S Aol UEhr|x dnh 58], AW #d2 HF oA &8 4T
TN FE &8 o W wE A SEuisl, dRFAT] Aolm BAE = d5Hd
ofgk Zoltt. o] g AL HaE HEo A S F£4 €L dFS 73 wEkA, 2 Al A
= Ao #dE AAE] 98], B47E Baw A o] oz A ZF (excess deposition) 3t &%
Fuje} H&9S GFux vy A4S 98 sus3leLe] Euy mAE Algsglon, BAlE FE] bl
B 9 7hgske] 1mm zlol o] AlthElE grooveE Z:=E V)7 ThEegith A Sl wE wEkE

8 ' ]

5 F wslol st Exk U WEAA F3e9m, ARSI F3A0 3
49 AR 79 B4S BASAL 1 A%, A5 ol A5l

= g ng gEo o
Aol Aol ddo] T Bas 3?} 1ehgivh, =3k s S8 45 A4 < ASH 2= s}
S WESI HAT w7t AdeE YAEET} ‘%O}U% & g U=, ol Aol AwelA ] ol
ojxlEl dlolgta & 4 vk viAo® wa Alde] tid I 54 24 S fd 9F AES AAyst
Sar, 1 A3k Aol o] AZ Al e AHTES AT MES AFFE A&l 47
10%, 15% 8= skt ol & Fste] Aol <3t #d JA axs SAd 5+ A0

Key Words : DED, Repair, Crack, Excess deposition, Tensile test
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Study on hardness variation of DED processed high-speed tool
steel using ultrasonic nanocrystal surface modification (UNSM)
technology

M. S. Kim, W. J. Oh, K. Y. Baek, D. S. Shim

Abstract
IELE FT7; (high-speed tool steel) AISI M4E A7l w3 WupRAlo
t energy deposition, DED) &3S T3] W3t Tl G o5 %
gy ¥z 2 5382 vpEe] o3t wpre} Fdo] wAs] AR A =&Y, 589 1
g TFo] Fof &S FEsi ol s EAHE Hesly] & IAE W AT FolA 259
£ 782d 7)< (ultrasonic nanocrystal surface modification, UNSM)& %53} % oYX & o] &
W3 (severe plastic deformation, SPD)S -X3le] W Z2A 22 WA FAd FW
ZWAZT B AT E 58 A T4 B AsEA AMEE 14

| moma Holx &5 H=
(hardfacing)ell 483 4 <l

<
LI

KN
KS STD11& ZAZ XA3te DED ¥4 T3 AISI M4 F5E4S 453 5, 2 Edo| UNSM
AALES WHIAA A&k AldY v AeE 43 A7}, UNSM A PS 4§ THoZHE
o] ¢F 410 m7HA] AL} FE e, TR o Ze AT FYdA e oF 780HV, &3 F-i-dlA
7} ZAasigrl 2A) RREe] AxE 2526HVE EE Tk UNSM

B N o HTOEN o O T o kY

wel Bres Hdl ed06HVRACH, FA shEut WMSARS W] e Aol 9546HVIITE ©]E %
HeE, A stgol Adss ZHel HeiAe SANUALLTE Skske] Frrh dsshe A Ee
Epgth 7 7bA WS 2@ste] oA E R did A% wEE RS w, Ao 979.0HVE 0T
UNSM AjshA] o2 aAle] Aertth of 2550 FHT= & 771 Atk °15 &3] UNsME 4
&bz ol glofA 34 dAsel we HA 2is EFdor §& AT+ A

Key Words : #@o|# €& #= 7|% (DED), Hardfacing, AISI M4, &3 tx=FH714d (UNSM), Micro-
hardness
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A Study on the Progressive Process Design for
the Development of Integrated Plate Lower

M. C. Park, Y. H. Lee, D. H. Kim

Abstract
H, 282 oA gste] BE Axdrt AAE -9 R o AAolnt Axdrt AE
AWA T4 G5, A5 T 7lEo] AEEHIL o) B = FEY Axdrt B AstE f18hd
TAF GFHS EFE 33 Yk A g2l Plate Lower ¥-3%2 WyAal o] AAH o] olF W I
S AA3E HAF-Foltt 719 Plate Lower F-3#9] AZXHL FHo 538 ©|§3ko] 2PCS Plates
Azt §2YE olgste] AR FaIsITt. olHe FH e FHEFT FAo] LAty AT
g & = 89l HAG wmEhA, B AFex e nELAY ALAES &R Y5k Plate
% H

Lower §-%9] AAY AZWHE ALt A Ax2gH-2 3 F Progressive &3S ©]83to] ¢
A& Plate LowerE Alxdh= Wolth, A7WE&2 AA Y Plate Lower 372 A x5 ¢35}

FdsaL fFFessH S o)gstol HE B EA83Ih A= Plate Lower 7% 45

g e
_O‘L
£
N

|
4=, Damage, JdtFS elste Tt HTHoR, FHLLHNARE vFoR AAY Plate
Lower -3 A& $1%k Progressive w82 Azt 4= A3, Progressive 5HS o]-&3to] UAE Plate
Lowers Alz=3 4 UAth. AAE Plate Lower -39 ¢ % A& EA3 43, ¢53 2945 =

2~
T Ak

Key Words : Progressive, Process design, Finite element analysis, Integrated Plate Lower
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Deformation Characteristic of Trapezoidal Thread Rolling
Process

D. J. Yoon, S. J. Kang, E. Z. Kim

Abstract

At & UARE o] e B9V FAY A AE gol F 3 Ag&oR gy AMEHI dnt. At
Y& Arbe] Zo] Zo] dntdor dAFHS o] gete] Azt ol JtEHHE A At
S HRAh, B, AxFAFL AAY 58, AFEY, A 59 FHT gEo] ggas 9 1
A FHEAZz gl we g 853 vt olef 22 Aol ggAAe iR 4
ALl A xzell o]go] Ha dr}. HE Abeab AL kI HoE FuiA7I7] % FE UF
A3 Adeddol I A-[EE Jdo] &ds] M k. E AT = @ ke fAbgk
A E Uabel tist Az AP EALS gotstaat st o7 Al E UAbe] B X 4.99] 94
020mme] 3L 2F AL, MEFHYPL HEPYS 83 dxFg wigdd uE Uik A 9 A3
A4S AT, gk AT E Ut A2 fetesdAl s AAste] APEAL B4 &83)

gk,

A

ag o

Key words: Trapezoidal thread, Thread rolling, Finite Element Method, Rolling limit, Thread pitch
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The Study on Valve Casting Construction Machine with The
Tensile Strength of 700MPa and Elongation of 7%

J. H. Lee, S. Y. Song, D. U. Yang

Abstract

The current excavator is composed of a traveling body and the upper revolving body which is mounted on the traveling
body. It is rotated 360 degrees along with a working device. The hydraulic device excavator is divided into a swing
device, a traveling device, a hydraulic pump, and a hydraulic valve. The swing device is an accessory for rotating the
upper swivel of the excavator 360 degrees. Basically, it is divided into Hydraulic Motor, Valve Casing and Bearing.
Among them, the Valve Casing intends to develop heavy-duty Valve Casing. The Valve Casing plays an important role in
prevention of cavitation and overload prevention while providing supply and recovery of hydraulic oil to the swing motor
and connection with external piping. The need for such development is largely due to the downturn of the energy industry
in 2016. Due to the drop in oil prices, resulting in a significant decline in exports of medium and large excavators over 20
tonnes. In preparation for such market conditions, heavy equipment manufacturers will try to reduce costs through
component integration by developing new technologies to maximize common use of construction machinery parts
platforms. In this paper, the mechanical properties of the valve casing were confirmed by the initial test and the casting
method was optimized through the solidification analysis to confirm whether shrinkage defects occurred.

Key Words : Valve Casing(*8 2. A o]#] ), Construction Machinery(714d 7] 7), Development of Technology(53=7] &
7R, Solidification Analysis(-&- 2131 49),
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HEHE/SREEE TN 248 st FESL/RSHAY JlE FxAE 52 St
AMeFx SHHTE 2MSICH o, A 2 TENe £ Yol wE ZFE o
M3t #st etatg stelst SsiM S S8 Fxuet MHE ASHAct A= Helstu of
Mg Tdslon] TOP RISER AtO|=E J|& 3l Msttd gotoz sfMg Tesioict
1. M =A
kS Eh= | CAV FAs (ko) (BF8) MESH Fd | F
(FCD) | (kg B11 B9 B7 2z | Azt
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Design of Press brake Process for Cr-Mo-V Heavy Wall Reactor

. K. Kwon
Abstract
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Key Words : Cr-Mo-V Reactor(CrMoV HF-$-71), Segmented Shell(=3F ©+34), Press brake( 3 71%) , Forming
Load(A] 8 3}%), Forming simulation(’d & 34), Mockup test(5%1 A1E)
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Evaluation of the Mechanical and Fastening Properties on the
Super High Strength Fasteners according as the Manufacturing
Processes

l.J. Lee, S. W. Song, Y. H. Lee
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Development of Re-melting Analysis Model for the Metal
Additive Manufacturing Process Using Plasma Electron beam

D.G. Ahn, H.J. Lee, B.L.Chua
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The Effect on Die Material and Slide Motion Control
on the Durability of Shear Die for Ultra High Strength Steel

J.Y. Heo, K. T. Youn, J. S. Song, C. D. Park, J. D. Lee, H. I. Shin, J. H. Cho

Abstract
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A study on the incremental forming process of the ultra thin
stainless steel sheets

M. S. Jung, K. I. Lee, J. H. Lee, K. S. Jung, C. W. LEE
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Development of bucking prevention device for Cyclic Tension
and Compression Test of Sheet Metal

J. G. Park, K. T. Youn, J. S. Song, C. D. Park

Abstract

Recently, as global warming and environmental pollution become a social issue, demand and sales of electric vehicles
are increasing in the automobile industry. As results, ultra high strength steels and non-ferrous metals such as aluminum
and magnesium have been actively applied in order to satisfy the demand for weight reduction on the vehicle body.
There are various problems such as wrinkles, breakage, and mold wear when cold forming of aluminum and ultrahigh
strength steel, and springback is recognized as the most important issue for shape fixability. Numerous studies have
been conducted to accurately predict springback. In particular, the YU model is widely used for precise springback
prediction through sheet metal press forming simulation. The material constants of the YU model are obtained by cyclic
test of tension and compression; however it is difficult to obtain accurate material constants due to the buckling
occurring in the compressing test of the sheet metal. In this study, cyclic tension and compression tests were performed
by installing a simple jig on the uniaxial tensile test machine and the test results were compared with the test results of
various dedicated test machine.

Key Words : Cyclic Tension and compression, Sheet metal, Springback, YU model, buckling,
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A Study on the technology of double extrusion coating and
material mixing of carbon heater

S. H. Sung, D. H. Sung, J.H. Moon, J. H. Kim

Abstract

Recently, functional heating products (exothermic mat, outdoor clothing, heating sheet) utilizing carbon heat-
generating fibers with high thermal conductivity have been widely developed and applied in various fields. It is coated
with polyethylene (PE) resin in order to secure the protection of the carbon heating fiber and the electric insulation, and
the graphite dispersion technology is applied to the PE material to apply the graphite dispersion technique to the material
and silicon to maximize the thermal conductivity, Development. In order to solve the problem of the flexibility of the
carbon heating functional mat, a coating technique using a double extrusion device is secured in order to apply the nano
carbon material dispersion technology.

Key Words : Carbon heating, Double extrusion, Quilting, Carbon coating
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Fig 2. Temperature change by carbon mixture ratio
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