Publishing House
AKAPIT

COMPUTER METHODS IN MATERIALS SCIENCE

Informatyka w Technologii Materiatéw

Vol. 8, 2008, No. 3

A FINITE ELEMENT ANALYSIS OF THE SUPERPLASTIC
BLOW-FORMING IN AN AWL-SHAPED DIE
WITH TITANIUM ALLOY

DYI-CHENG CHEN, HSIN-NENG WANG

Department of Industrial Education and Technology,
National Changhua University of Education, Changhua 500, Taiwan, R.O.C.
Corresponding Author: dyi3510@ms46.hinet.net (D.-C. Chen)

Abstract

This study employs commercial DEFORM™ 3D finite element analysis software to simulate the superplastic blow-
forming of Ti-6Al-4V titanium alloy sheet into triangular, square and conical awl-shaped dies. In performing the simula-
tions, the die model is constructed using 3D solid elements and the titanium sheet is assumed to be a rigid-plastic material
with homogeneous and isotropic properties. The simulations focus specifically on the respective effects of the shear fric-
tion, the sheet thickness, and the damage value criterion on the distributions of the effective stress, effective strain, dam-
age, and deformation velocity within the blow-formed products. Overall, the simulation results confirm the suitability of
DEFORM™ 3D software for modeling the superplastic blow-forming of titanium alloy sheets into awl-shaped dies with

various geometries.
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1. INTRODUCTION

The term ‘superplasticity’ describes the capabil-
ity of certain polycrystalline materials such as 8090
Al-Li alloy, Ti-6Al-4V alloy and so forth, to un-
dergo extensive tensile plastic deformation prior to
failure under specific temperature and strain-rate
conditions. The characteristics of superplasticity,
namely a low flow stress and a high elongation, have
led to the development of a variety of ‘superplastic
forming’ (SPF) processes such as forging, extrusion,
blow-forming, and so on (Miller and White, 1988;
Al-Naib and Duncan, 1970). Senthil Kumar et al.
(2006) investigated the superplastic deformation
behavior of AA7475 aluminum alloy during its
blow-forming into a hemispherical die and com-
pared the results obtained using a simple theoretical
model with those generated by ABAQUS FE code.
Yarlagadda et al. (2002) performed FE simulations
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of the superplastic forming of Al-Ti alloys and used
the results obtained for the deformed shape, the
stress-strain distribution and the thickness evolution
across the facets of the fully-formed surface to opti-
mize the processing conditions and to predict the
forming time. Hambli et al. (2001) presented 2D and
3D finite element models for predicting the optimum
pressure cycle law, the deformed shape, the strain
rate distribution and the thickness evolution during
superplastic forming processes. The validity of the
pressure prediction algorithm used in the numerical
solution procedure was confirmed by comparing the
numerical results with the experimental observa-
tions. Hwang et al. (2002, 2003) utilized commercial
DEFORM™ FE software to investigate the pressuri-
zation profile and sheet thickness distribution of
8090 Al-Li sheets blow-formed into closed ellip-
cylindrical and rectangular dies, respectively. Lee
and Huh (1999) applied FE code to analyze the su-
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perplastic-forming / diffusion-bonding (SPF/DB) of
four-sheet sandwich components. Wang et al. (2008)
investigated the superplastic deformation of Ti-6Al-
27Zr-1Mo-1V titanium alloy, and found that
MaxmSPD (maximum m superplasticity deforma-
tion) processing yielded a significant improvement
in the superplasticity of the titanium alloy compared
to that achieved using a conventional SPD process
with a cyclically changing strain rate.

In a previous study, the current group utilized
the Taguchi design method to identify the processing
parameters which optimized the thickness distribu-
tion of Ti-6Al-4V titanium alloy blow-formed into
an ellip-cylindrical die (Chen et al., 2007). In the
current study, commercial DEFORM™ 3D FE soft-
ware is used to investigate the plastic deformation
behavior of Ti-6Al-4V alloy sheet blow-formed into
awl-shaped dies with three different geometric con-
figurations, namely triangular, square and conical.
The simulations assume the Ti-6Al-4V alloy to be
arigid-plastic material with homogeneous and iso-
tropic properties, and construct the various die mod-
els using 3D solid elements. For each awl-shaped
die, the simulations are designed to clarify the ef-
fects of the shear friction, sheet thickness and dam-
age value criterion on the effective stress, effective
strain, critical damage and deformation velocity
within the blow-formed product.

2. FINITE-ELEMENT FORMULATION AND
MATERIAL CONSTITUTIVE EQUATION

According to Kim and Yang (1985), the FE for-
mulation for the rigid-plastic deformation of an en-
gineering material subject to work hardening has the
form

[ . (& +aniztsEdV +K | £,66,dV -

[ . (i +anf)svds =0, (1)

where & =,/(3/2)0,0, , &=./(2/3)¢,¢, and

g, =&, . Additionally, K, O';f, H’ and a are the

penalty constant, the deviatoric stress, the strain-
hardening rate and the work-hardening constant

(0 < <1), respectively, while /'"and S are the

volume and tractional boundary surface of the work-
piece, respectively.

The DEFORM™ 3D FE simulations performed
in this study are based on a flow formulation ap-
proach using an updated Lagrangian procedure. The
nonlinear equations in the FE software are solved

using a combined direct iteration method / Newton-
Raphson scheme. In the solution procedure, the di-
rect iteration method is used to generate a suitable
initial estimate, and the Newton-Raphson method is
then applied to obtain a rapid convergence to the
final solution. The iterative solution procedure con-
tinues until the following termination criteria are

achieved: a velocity error norm of ”AV”/ ||V|| <0.005
and a force error norm 0f||AF||/||F||S0.05, where
V| is (v"v)"2.

The deformation behavior of a superplastic alloy
such as that considered in the present study is gov-
erned by the relationship between the von Mises
equivalent (effective) stress and the equivalent (ef-

fective) strain rate, and is generally expressed as
follows:

c=Ke"s". )

For simplicity, the equivalent flow stress is as-
sumed to vary as the following function of the strain
rate:

c=Ke", (3)

where K is the material coefficient, and includes the
combined effect of both the equivalent strain and the
grain size; and m is the strain-rate sensitivity.
Various formulations have been proposed for
modeling the damage induced in engineering mate-
rials during their ductile deformation (Klocke et al.,
2002). The simulations performed in this study con-
sider six different damage criteria, namely:
1. Normalized Cockcroft & Latham (C&L):

[ mecgs = @
0 o
2. Cockcroft & Latham:

[ ng o, de=C; (5)

3. McClintock:

[ B gn Bt
0 12(1-n) 2
EL_“Z]dE =C; (©)
4 o
4. Freudenthal:
IF(deformation)dE =C; (7)
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5. Ayada:
Er O
[/ =2rag =c; (8)
0 o
6. Brozzo:
3 20 _
[/ —=megg=c; ©)
o3 (Umax - Gm)
where o, is the maximum ductile stress, o and

o0, are the principal stresses, o 1is the effective
stress, ¢ is the effective strain, o, is the hydraulic

compressive stress (mean stress), n is the strain-
hardening exponent, &, is the effective fracture

strain, F' is a material deformation function, and C is
the damage value of the material.

3. RESULTS AND DISCUSSION

In simulating the superplastic blow-forming of
the Ti-6Al-4V alloy sheet into the three awl-shaped
dies, the following assumptions are made: (1) the die
is a rigid body; (2) the alloy sheet is a rigid-plastic
material with homogeneous and isotropic properties;
and (3) the friction factor between the titanium sheet
and the die remains constant throughout the duration
of the blow-forming process.

As shown in table 1, the simulation parameters
are specified as follows: an initial sheet thickness (¢)
of 1.0 mm or 1.5 mm; a shear friction factor (m) of
0.2, 0.3 or 0.4; a die entry radius (R) of 3 mm; a die
height of 50 mm; a die dimension (L) of 100 mm;
a processing temperature (7) of 800°C; a strain rate
of 0.1 s™'; and an arc radius (Rc) of 2 mm. The major
dimensions of the triangular, square and conical awl
dies are depicted schematically in Figs. 1(a)~1(d).

The geometry and processing parameters con-
sidered in each of the current simulation runs are

Table 1. Constant parameters used in superplastic blow-forming
simulations for all awl-shaped dies.

0.5 MPa. The two right-most columns of the table
indicate the damage value criterion applied in each
simulation run and the corresponding maximum
damage value, respectively. Overall, the results re-
veal that for given values of the geometry and proc-
essing parameters, the square awl-shaped die yields
the minimum damage within the blow-formed prod-
uct, while the triangular awl-shaped die yields the
greatest damage. In other words, the square die sup-
presses the formation of stress fractures during the
blow-forming of the Ti-6Al-4V alloy sheet. In addi-
tion, observing the results presented for simulation
runs #12 and #19~23, respectively, it can be seen
that for a blow-forming process conducted using
a conical die with constant geometry and processing
conditions, the Freudenthal criterion predicts the
greatest damage within the deformed product, whilst
the Ayada criterion predicts the minimum damage.

(a) lllustrates of dimension

(b) Triangular awl-shaped

(c) Square awl-shaped

Fig. 1. lllustration of major dimensions of each awl-shaped die.

. Initial sheet | Shear friction | Die entry L Die dimension | Temperature . Arc radius
Materials thickness (7) factor (m) radius (R) Die height (H) (L) (T Stain rate (R¢)
Titanium g 1 Smm | 02,03,04 | 3mm 50 mm 100 mm 800°C 01 2 mm

(Ti-6Al-4V) > e (1/s)

summarized in table 2. Note that for each simula-
tion, the initial pressure and pressure increase ap-
plied after 10 steps are both assigned values of
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Table 2. Summary of geometry parameters, processing conditions, damage value criteria and maximum damage values for each simula-
tion run.

Factors Thickness| Shear Increasing
Awl-shaped die | of sheet | friction relstl(tll\jlllPa) pressure Ju(lirg;zlti?; of di\izm:l‘zﬁle
No (mm) |factor (m) P after 10 steps (MPa) &
1 triangular | 0.2 05 05 Normalized C& L 313
awl-shaped ’ ’ ’ criterion '
square Normalized C& L
2 awl-shaped ! 0.2 05 05 criterion 0.78
3 cone shaped 1 0.2 0.5 0.5 Norma.hze.d C&L 1.85
criterion
4 triangular | 03 05 05 Normalized C& L 355
awl-shaped ’ ’ ’ criterion '
square Normalized C& L
> awl-shaped ! 0.3 05 05 criterion 0.901
6 cone shaped 1 0.3 0.5 0.5 Normall 1z§d C&L 1.17
criterion
7 triangular | 04 05 05 Normalized C& L 344
awl-shaped ’ ’ ’ criterion '
square Normalized C& L
8 awl-shaped ! 0.4 05 05 criterion 0.998
9 cone shaped 1 0.4 0.5 0.5 Norma.l 1z§d C&L 1.13
criterion
10 triangular 15 0.2 05 05 Normalized C& L 59
awl-shaped ’ ’ ’ ’ criterion ’
square Normalized C& L
11 awl-shaped 1.5 0.2 0.5 0.5 criterion 1.48
12 cone shaped 1.5 0.2 0.5 0.5 Normalized C& L 236
criterion
13 triangular 15 03 05 05 Normalized C& L 3.67
awl-shaped ’ ' ’ ’ criterion '
square Normalized C& L
14 awl-shaped 1.5 0.3 0.5 0.5 criterion 1.48
15 cone shaped 1.5 0.3 0.5 0.5 Normalized C& L 2.93
criterion
16 triangular 15 04 05 05 Normalized C& L 411
awl-shaped ’ ’ ’ ’ criterion ’
square Normalized C& L ]
17 awl-shaped 1.5 04 0.5 0.5 criterion 1.43 E
: Q
18 cone shaped | 1.5 0.4 0.5 0.5 Normalized C& L 1.51 v
criterion %]
z
19 cone shaped 1.5 0.2 0.5 0.5 Ayada 1.11 g
=
<
20 cone shaped 1.5 0.2 0.5 0.5 Brozzo 3.05 2
Z
21 cone shaped 1.5 0.2 0.5 0.5 Cockcroft & Latham 440 §
=
22 cone shaped 1.5 0.2 0.5 0.5 Freudenthal 747 i‘
(a4
23 cone shaped 1.5 0.2 0.5 0.5 McClintock 8.56 "lg
[
=
@)
V)
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t=1 mm, R=3 mm, H=50 mm, L=100 mm, T=800°C,
Rc=2 mm, m=0.2

(a) before forming

0

(b) during forming

(c) after forming

Fig. 2. Snapshots of simulated blow forming of Ti-6AI-4V sheet
into square die under simulation conditions #2.

Figures 2(a)~2(c) present snapshots of the
simulated blow-forming of the Ti-6Al-4V alloy
sheet into the square awl-shaped die. Note that
due to the symmetry of the die, only one-quarter
of the sheet / die model is presented. As shown,
the simulation was performed using the follo-
wing parameters and conditions: ¢ (sheet
thickness) = 1 mm, R (die entry radius) = 3 mm,
H (die height) = 50 mm, L (die dimension) =
100 mm, m (shear friction factor) = 0.2, T (pro-
cessing temperature) = 800°C, Rc (arc radius) =
2 mm, and strain rate = 0.1s”". In addition, an
assumption was made that the titanium sheet
was firmly attached to the perimeter of the die
such that no metal flowed from the periphery
regions of the sheet into the die cavity during
the forming process. Figures 3(a)~3(c) illustrate
the appearance of the blow-formed products
produced using the triangular, square and coni-
cal dies, respectively. Note that in every case,
the simulations were performed using the follo-
wing geometry parameters and processing con-
ditions: = 1.5 mm, R =3 mm, H =50 mm, L =
100 mm, m = 0.2, T = 800°C, Rc = 2 mm, and
strain rate = 0.1 s, As expected from the dama-

ge values presented in table 2, the products pro-
duced using the square and conical awl-shaped
dies have a smooth, flawless appearance, whe-
reas that produced using the triangular die
shows signs of fracture cracking in the tip re-
gion.

t=1.5 mm, R=3 mm, H=50 mm, L=100 mm, T=800°C,
Rec=2 mm, m=0.2

(a)Simulated No. 10 (triangular awl-shaped)

(b) Simulated No.11 (square awl-shaped)

(c) Simulated No.12 (cone shaped)

Fig. 3. Appearance of blow-formed Ti-641-4V products pro-
duced using three different awl-shaped dies.

Figures 4(a)~4(c) present the damage di-
stributions in the blow-formed Ti-6Al-4V pro-
ducts produced in the triangular, square and
conical dies, respectively, using the same geo-
metry and processing conditions as those consi-
dered in figure 3. Observing the three figures, it
is seen that in every case, the maximum damage
is induced in the tip region of the blow-formed
product. Moreover, comparing the three figures,
it is evident that the minimum damage is indu-
ced in the product produced using the square
die, while the maximum damage is induced in
the product produced using the triangular die.
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t=1.5 mm, R=3 mm, H=50 mm, L=100 mm, T=800°C, t=1.5 mm, R=3 mm, H=50 mm, L=100 mm, T=800°C,
Rc=2 mm, m=0.2 Rc=2 mm, m=0.2
(a) Simulated No. 10 (triangular awl-shaped) (a) Simulated No. 10 (triangular awl-shaped)
Damage 287

522

. 175
118 R
/ 120
200

(b) Simulated No. 11 (square awl-shaped)
(b) Simulated No. 11 (square awl-shaped) 26

Damage

148 207

118 158
| . 0
5 K] .Y 110

0582 608

0.206 121

0.000

(c) Simulated No. 12 (cone shaped)
(c) Simulated No. 12 (cone shaped)

268

- I
236 “ 201
189 5 134
¢
“ 141 669
0943 00110
\_4 o Fig. 5. Distribution of effective stress in blow-formed Ti-6A41-4V
' products produced using three different awl-shaped dies (unit:
MPa).
0.000

Fig. 4. Distribution of damage in blow-formed Ti-6A1-4V prod-
ucts produced using three different awl-shaped dies.

t=1.5 mm, R=3 mm, H=50 mm, L=100 mm, T=800°C, Rc=2 mm, m=0.2

w
O
5
b) Simulated No. 11 . =
(a) Simulated No. 10 ((szquare awl-shaped) (c) Simulated No. 12 bJ)
(triangular awl-shaped) (cone shaped) %
4.76 230 <
1.48 =
w
381 184 =
118
286 ~a 138 é
\ I - ¢ - | I z
190 0921 8
0592
o
0952 ” 0.461 I
“ 0296 E
0.000 6000 2
0.000 5
=
Fig. 6. Distribution of effective strain in blow-formed Ti-6A41-4V products produced using three different awl-shaped dies. E
3
V)
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Figures 5(a)~5(c) show the distribution of
the effective stress in each of the blow-formed
products produced using the geometry parame-
ters and processing conditions considered in
figure 3. As expected, the square die induces the
minimum effective stress within the blow-
formed product, while the triangular induces the
greatest effective stress.

Figures 6(a)~6(c) illustrate the distribution of the
effective strain in the three blow-formed Ti-6Al-4V
products produced using the geometry parameters
and processing conditions considered in figure 3.
Comparing the three figures, it is evident that the
minimum and maximum effective strains are pro-
duced in the products formed using the square die
and the triangular die, respectively.

Finally, figures 7(a)~7(b) show the distribution
of the deformation velocity in the Ti-6Al-4V prod-
ucts blow-formed in the triangular and square awl-
shaped dies using the same parameters and condi-
tions as those considered in figure 3. From inspec-
tion, the results show that the maximum velocity in
the triangular die (0.107 mm/sec) is significantly
higher than that in the square die (0.00343 mm/sec)
and therefore accounts for the greater effective
stress, effective strain and damage values observed
in the triangular blow-formed products.

t=1.5 mm, R=3 mm, H=50 mm, L=100 mm, T=800°C,
Rc=2 mm, m=0.2

0.107
0.0853
m— 0.0640
0 00426
00213
000000413
(a) Simulated No. 10 (triangular awl-shaped)
000343
0.00274
0.00206
Tl =

~N 0.000686

0.000

(b) Simulated No. 11 (square awl-shaped)

Fig. 7. Distribution of deformation velocity in blow-formed Ti-
6A1-4V products produced using two different awl-shaped dies
(units: mm/sec).

4. CONCLUSIONS

This study has utilized commercial DEFORM™
3D FE software to analyze the plastic deformation
behavior of Ti-6Al-4V titanium alloy during its su-
perplastic blow-forming into triangular, square and
conical awl-shaped dies. The simulation results sup-
port the following major conclusions: (1) the great-
est values of the effective stress and effective strain
are induced in the triangular die, while the minimum
values of the effective stress and effective strain are
induced in the square die; (2) the square die induces
the minimum amount of damage to the blow-formed
Ti-6Al-4AV alloy sheet, while the triangular die
induces the maximum damage; and (3) the products
blow-formed using the square and conical dies have
a smooth, flawless appearance, while those produced
in the triangular die have fracture cracks in the tip
region.
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KSZTALTOWANIE METODA DMUCHU STOPU
TYTANU W MATRYCACH O KSZTALCIE
OSTROSLUPA METODA ELEMENTOW
SKONCZONYCH

Streszczenie

W niniejszej pracy wykorzystano komercyjna wersje pro-
gramu metody elementéw skonczonych DEFORM™ 3D do
symulacji ksztaltowania blach ze stopu tytanu Ti-6Al-4V meto-
da dmuchu w matrycy stozkowej o podstawie trojkata, kwadratu
i okregu. W pracy wykorzystano petne trojwymiarowe elementy
dyskretyzujace rozpatrywany material. Ponadto zatozono
sztywno plastyczny model materiatu z jednorodnymi oraz izo-
tropowymi wlasno$ciami. Symulacja dostarczyla informacji na
temat zalezno$ci pomigdzy tarciem, grubo$cia probki i warto-
Sciami kryterium pgkania a uzyskanymi warto§ciami intensyw-
no$ci naprgzen, odksztatcen, uszkodzen i predkoscia odksztat-
cenia. Uzyskane wyniki symulacji potwierdzity przydatnosé¢
programu DEFORM™ 3D do modelowania ksztattowania
metoda dmuchu blach ze stopu tytanu w matrycach o ksztalcie
ostrostupa.

Submitted: September 9, 2008
Submitted in a revised form: December 5, 2008
Accepted: December 12, 2008

Ll
O
Z
=
0
%)
%]
—
<
4
=
<
=
Z
%)
a)
o
T
&
=
e
=
>
o
=
o
v

- 137 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


