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Analysis of Influence of Draw Bead Location
and Profile in Hemispherical Cup Forming

A. Murali G., B. Gopal M. and C. Rajadurai A

Abstract—The quality of sheet metal part is secured by
the material flow into the die cavity. Drawbeads are often
used in sheet metal forming to restrain the sheet from
flowing freely into die cavity. In this paper, finite element
method was used to optimize the location of a circular and
rectangular drawbeads and analyse the strain and thickness
variations during the cup drawing process. DYNAFORM
and LS-DYNA, a commercially available explicit FEA code
were used to model and analyze the forming process
respectively. In simulation, a hemispherical cup of diameter
100mm was considered and simulation studies were carried
out for all possible locations of drawbead-, and location
which gave minimum Vonmises stress and maximum
thickness was taken as the optimized location. Experiments
were conducted using a die block of 102mm inner diameter
and punch of 100mm diameter on cold rolled steel of
thickness 1.02mm. Circular drawbead of specific height was
made on the binder surface at the optimized location
corresponding groove was machined on the die surface and
forming of cup was completed.The experiment was repeated
with rectangular drawbead also. Strain and thickness
variations were measured for the cup drawing process. The
results show good agreement between numerical method
and experiment. On comparison, rectangular drawbeads
restrain the material more than circular drawbead.

Index Terms—Drawbead, LS-DYNA, Plastic strain, Sheet
metal forming.

L INTRODUCTION
In sheet metal forming, the rate of material flow into
die cavity must be controlled so that a better quality is
maintained and defects like wrinkling, tearing and galling
are prevented. Generally the restraining force required to
control the material flow is provided by either the blank
holder or the drawbeads. The blank holder creates

restraining force by friction between sheet and the tooling.

When a high restraining force is required, higher binder
pressure must be applied to increase the frictional
resistance force, which may cause excessive wear in the
tooling and galling in strip. In some cases the required

binder force may exceed the tonnage capacity of the press.

Hence a local mechanism is desired which restrains the
material flow sufficiently at relatively low blank holder
pressure.

The draw bead consists of a small groove on the die
surface / binder surface matched by protrusion on the
binder surface / die surface as shown in Fig 1. After the
binder closure, the sheet metal is drawn over the
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drawbead and is subjected to a bending and a subsequent
unbending around the entry groove shoulder, bead and at the
exit groove shoulder.  These bending and unbending
deformations together with the frictional force account for the
draw bead restraining force.

blankhalder

Fig 1 Location of drawbead on press tool

1L LITERATURE SURVEY

Quite a few efforts have been focused on the study of the
drawbead. These include study of steady state experiments
conducted by Nine [1-2] who used simplified geometry to
investigate the various parameters affecting the restraining
forces in the bead. Wang [3] proposed a mathematical model
of the drawbead forces for calculating the force required to
draw sheet metal past a drawbead of constant cross section.
Levy [4] had improved Wang and Nine’s study on drawbeads
in 1983. A theoretical model based on virtual work principle
was proposed by Chen [5] to calculate the restraining force
produced by the drawbead located on a stamping die surface.
Samuel [6] devised a numerical model to determine the pull
force, shear force and bending moment required to form sheet
metal subjected to plane strain. A simple and very effective
algorithm has been outlined and demonstrated for the optimal
drawbead design problem for deep drawing cups without ears
by V.Vahdat et.al [7] in 2006.

The work reported in this paper concentrates on numerical
analyses about a circular and rectangular drawbead position on
the die surface and their effect on the strain and thickness
distribution over the formed cup. Numerical investigations are
carried out using LS-DYNA to observe strain and thickness
distribution. Experiments were conducted to validate the
numerical findings. The results obtained were used to validate
the numerical findings.

II. NUMERICAL MODELING

Modeling of press tool and blank and pre-processing were
done using DYNAFORM and finite element analysis was
done using LS-DYNA. The punch and die were modeled
using shell elements and have been assigned with RIGID
MATERIAL MODEL [8]with surface mesh option. The
diameter of punch was 100mm and diameter of die was
102.2mm with entry radius 6.5mm. The blank of 174mm
diameter was assigned with
TRANSVERSELY ANISOTROPIC ELASTIC-PLASTIC
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model [9] and shell element with uniform thickness of
1.02mm. The material considered for this study was cold
rolled steel (AISI 1008) and its properties are given in
Table 1.

TABLE 1 MECHANICAL PROPERTIES OF MATERIAL

Material Cold rolled steel
(AISI 1008)

Young’s modulus,GPa 210

Mass Density, kg/m’ 7800

Poisson’s ratio 0.28

Yield stress, MPa 280

A. Numerical simulation

In numerical simulation , contact is necessary between
the sliding bodies for the metal forming process. In this
study
CONTACT _FORMING ONE _WAY_ SURFACE _TO
_SURFACE title algorithm [8,9]was used for the contact
between the punch, die, blank holder and blank. The
blank was treated as master surface and others were
treated as slave surfaces. The static coefficient of friction
between the contacts were taken as 0.14. An artificial
velocity of 5m/sec was given to the punch in z direction
downwards with stroke distance of 40mm. The binder
force was set as 8.5 tons towards negative z direction.
The flow of material on the drawbead during forming
process is controlled by bending and normal load curve
provided in DYNAFORM. Numerical simulations were
carried out for the given conditions and results were
obtained. The circular and rectangular drawbeads were
modeled on the die surface with the dimensions given in
Table 2. The profile of drawbeads given in DYNAFORM
is shown in Fig.3. A uniform gap of 0.2mm was
maintained between blank, blank holder and die surface
using AUTOPOSITION command.

TABLE 2 DIMENSIONS OF DRAWBEADS

Drawbead type Circular Rectangular
Depth 3.5mm 3.5 mm
Width 6.5 mm 6.5 mm
Entrance radius 1.5mm 1.5 mm
Groove radius 1.5 mm 1.5 mm
Groove angle 55" 55’
Entrance angle 55 55
Entrance angle Entranca radius Enirance angla Entrances radius
i
Groove angla radius. Gnnvamvlr Elmwm, Groove radius
(a) (b)

Fig 2 Profiles of Circular and Rectangular drawbeads

B Optimization of Drawbead Position

The positioning of the drawbeads is crucial to their
effectiveness. They should be close to the area requiring
restraint and perpendicular to the flow of material.The
drawbead is positioned at various locations over the
binder surface from the center of the die cavity. Initially

at a distance of 62 mm from the centre of die cavity a circular
drawbead of width 6.5mm and depth 3.5mm was created and
numerical simulation was carried out. Effective strain, Von-
Mises stress, maximum and minimum thickness were
identified. The same procedure was repeated by positioning
drawbead at different locations from 62 to 67mm in steps of
Imm and the outcomes are presented in Table 3. All the
outcomes are plotted against the drawbead position and shown
in Fig 3, Fig 4 and Fig 5. It is clear from the graphs as the
drawbead is moved away from the die cavity the effective
strain increases and thickness increases whereas Von-Mises
stress decreases. On further shift the trend goes in opposite
direction. At one location ( 65mm) the curve direction gets
changed, and this location is considered as an optimized
position since effective strain is minimum, Von-Mises stress is
minimum and thickness is maximum.

TABLE 3 OPTIMIZATION OF DRAWBEAD POSITION

Dra»\{ l_)ead Effective | Von - Mises qulmum Ml_mmum
position Strain stress (Mpa) Thickness | Thickness
(mm) (mm) (mm)
62 0.2900 757 1.0480 0.7990
63 0.2960 735 1.0500 0.8110
64 0.2970 725 1.0430 0.7610
65 0.2840 720 1.0500 0.8080
66 0.3070 760 1.0465 0.7899
67 0.3068 764 1.0460 0.7899
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C  Numerical results

Numerical simulations were conducted in three phases
namely, hemispherical cup forming without drawbead,
with circular and rectangular drawbead at optimized
position similar to the experiments , which were
performed later. Post processor of LS-DYNA was utilized
to obtain the thickness distribution, strain distribution,
Von-Mises stress distribution on the formed blank and the
observations are given in Table 4. The thickness of drawn
cup was noted at locations in the direction starting from
the centre of the cup to the edge as shown in Fig 6 . The
numerical results of thickness variation for all three cases
are shown in Fig 7, Fig 8 and Fig 9.

Fig 7 Thickness distribution
(Numerical- Without drawbead )

Exinge Leve

1.039e+000

Fig 8 Thickness distribution
(Numerical - circular drawbead)

Fig 9 Thickness distribution
(Numerical- rectangular drawbead )

Iv. EXPERIMENTAL WORK
For the wvalidation of finite element analysis,
comparison with experimental finding is very important.
Experimental setup was prepared and press tools were

designed and manufactured in order to obtain appropriate
experimental results. For drawing a hemispherical cup of
100mm diameter and 50 mm height from the flat sheet blank
of 1.02 mm thickness, the press tool was designed using
standard press tool design procedure [10]. Diameter of blank
was computed as 174 mm. Punch was manufactured from
high carbon high chromium steel stock. Die block was made
from oil hardened steel. The inner diameter of die was taken as
102.2mm including clearance and outer diameter was taken as
250mm to accommodate the blank .Thickness of die block
was taken as 50mm to facilitate machining of drawbeads.
Based on the punch force the 100 ton hydraulic press with die
cushion rod was selected. The ram speed of 10mm/sec and
maximum stroke distance of 150mm were selected for the
experiment The complete die set, which comprises of die,
punch and binder, was mounted on the hydraulic press with
the help of suitable fixture as shown in Fig 10.

\‘ ! \ \‘.‘

Fig. 10. Experimental Setup

Fig 12 Cups formed without and with circular
drawbead

Few number of hemispherical cups were formed without
the presence of drawbead. The thickness distribution of
formed cup were measured at selective locations as shown in
Fig 6 wusing dial gauge. At optimized position circular
drawbead of height 3.5mm was machined on blank holder
(Fig 11) which was centrally placed over the sheet metal blank
and a contra bead called the female bead was machined on the
die surface. Cups were formed ( Fig 12 ) and measurements
were taken for comparison. The same procedure was repeated
with rectangular draw bead of height 3.5mm and experiments
were conducted.

V. RESULTS AND DISCUSSION
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To obtain the effect of drawbeads in sheet metal
forming few cups were drawn without the presence of
drawbeads and thickness was measured. Circular and
rectangular drawbeads were introduced at optimized
locations at die blank holder interface and experiments
were repeated.

A Thickness Distribution

The details of the thickness measured at 15 locations
are given in Table 4 for experimental and numerical
studies. When no drawbead was used the thickness of the
cup had varied from 0.786mm to 1.03mm in the
experimental  specimens, whereas in  numerical
simulations the variation is from 0.87mm to 1.05mm. The
thickness comparison graph for numerical values and
experimental readings are shown in Fig 13 and Fig 14
respectively. Both the curve show thinning is more in the
middle region where stretching taking place, gradually
thickness increases towards the bottom portion. Due to
compressive strain the flange portion has the maximum
thickness, which is even thicker than original sheet
thickness.

From the Table 4 it is observed that there is a deviation
of about only 10% between experimental and numerical
findings which shows good agreement between them.
Introduction of drawbeads reduces the thickness in the
side and bottom portion of the cup but there is no
considerable change in the flange area. From Fig 13 and
Fig 14 the thickness reduction caused by rectangular
drawbead is more compared to circular drawbead due to
the reason that blank is bent and unbent four times over
rectangular bead instead of three times over circular bead.
Since the rectangular drawbead controls more material,
the flange portion is thicker than other two cases. This is
proved by the right end of the curve ( locations 13 to 14 )
in Fig 14.

—s— without draw bead
—a— circular draw bead
—e— rectangular draw bead

are shown in Fig.15, Fig 16 and Fig 17. .The plastic strain
values are measured from numerical outcomes and presented
in Table 5. The same values are plotted in a graph for better
comparison. in Fig 18.

——
s.oz0-am1 ]
. |

1.2180-001
1.057e-001
6.9630-002

60
0.0806955)

Fig 17 Plastic strain distribution ( Rectangular drawbead)

TABLE 5 COMPARISON OF PLASTIC STRAIN
(NUMERICAL )

11 Plastic strain

T ! Locati Without With circular Wlthl
E o9 ocations drawbead drawbead rectangular
® drawbead

g o8 1 0.1956 0.3332 0.3395

E 07 2 0.2081 0.3321 0.3427

064 3 0.2014 0.3351 0.3445

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 4 0.1992 0.3464 0.3654

Locations 5 0.1971 0.3465 0.3681

6 0.1901 0.3498 0.3767

Fig 13 Comparison of thickness distribution 7 0.1910 0.3511 0.3675

(Numerical) 8 0.1895 0.3509 0.3663

11 e Withoutdrawbead 9 0.2101 0.3563 0.3437

———circular drawbead - 10 02574 03436 03269

14 — -+ --rectangular drawbead 11 0.3063 0.3177 0.3005

'g 12 0.3545 0.3601 0.3265

Pl 13 0.4013 0.3945 0.4083

£ 08 14 0.4324 0.4047 0.4072

£ 15 0.4354 0.3775 0.3476

07 16 0.4071 0.3010 0.2019

17 0.3452 0.2230 0.1155

0.6 — 18 0.2680 0.1815 0.0960

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 19 02146 0.1638 0.0800

Locations

Fig 14 Comparison of thickness distribution
(Experimental)

B Plastic Strain
The numerical simulation of distribution of plastic
strain during cup formation with and without drawbeads

The strain distribution patterns obtained during cup
formation without the presence of drawbead shows that the
strain distribution is constant over cup wall region where as in
the neck region the strain value increases and near flange
region it comes down. This curve pattern is true for other two



TIACSIT International Journal of Engineering and Technology, Vol.2, No.4, August 2010
ISSN: 1793-8236

cases also but at flange region strain induced due to
rectangular drawbead is lower than strain induced when
circular drawbead is used. This is due to the reason that
when the sheet passes over rectangular drawbead material
flow has been restricted largely due to its geometry.

0.5 4
0.45 4
0.4 4
0.35 q
0.3
0.25 4
0.2 4
0.15 4
0.1
0.05 4
0

Plastic strain

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Locations on cup surface

‘ —e— without drawbead —=— circular drawbead —a— rectangular drawbead ‘

Fig 18 Comparison of plastic strain distribution
( Numerical)

VL CONCLUSION
Two drawbead profiles have been used to identify the
thickness and strain distribution pattern in hemispherical
cup forming wusing finite element analysis and
experimental analysis. For the purpose DYNAFORM and

LS-DYNA have been used. The FEA outcome have good

agreement with experimental outcomes. Based on the

study the following remarks were drawn:

1) Drawbead locations are crucial to their effectiveness.
If the drawbead is too far from the punch opening line,
then the drawbead is unable to supply sufficient
restraining force to control the material. Whereas if
the drawbead is too close to the punch opening line
then the material is pulled over bead easily. The
simulation allows to try out different locations for
optimization. The drawbead located at 65mm from

2)

3)

4)

centre of die cavity has been considered as a optimized
position for further studies.

The reduction in thickness of the wall indicates that the
presence of drawbead offer high restraining force or
resistance to the flow of material.

On comparison circular drawbeads are preferred since the
thickness reduction is lesser than when rectangular
drawbeads are used.

Flange area thickening is more in the case of rectangular
drawbead which is not desirable since the flange portion is
generally trimmed off as a waste.
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14 1.04165 0.935 1.00900 1.028 1.03217 1.000
15 1.05276 1.030 1.02546 1.031 1.03517 1.053

360

International Association of
Computer Science and Information Technology
WWW.IACSIT.ORG




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


