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Abstract

For predicting welding distortion and residual stress generated by laser-arc hybrid welding (HYBW) with high accuracy by
the 3D thermal elastic-plastic analysis based on FEM, a heat input model considering the dual heat source of HYBW was
proposed. By using the proposed model, welding distortion and residual stress generated by HYBW on the general structural
steel under several welding conditions, in which the heat input ratio of laser and arc were variously changed, were obtained.
Comparing with the results obtained by experiments and analyses, the validity and generality of the proposed heat input model
could be verified. The tendency and magnitude of welding distortion varied with the heat input ratio of laser and arc. The results
indicated the possibility for controlling welding distortion generated by HYBW with the optimum heat input ratio of laser and

arc.
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1. Introduction

Application of laser beam welding (LBW) has been
tried as a new joining method for achieving the joints
with high performance and high quality. Due to the deep
penetration, the narrow bead and the high speed welding
by LBW, it has been confirmed that the welding distortion
and residual stress were largely improved (Inose et al.,
2008). However, LBW requires quite severe control of
the root gap of welded plates for avoiding generation of
under fill (Kim et al., 2011a). To this problem, application
of laser-arc hybrid welding (HYBW) has been investigated
for improving manufacture efficiency. By supplying deposit
metal by arc welding, the control of the root gap of
HYBW is expected to be easier than that of LBW without
deposit metal.

Because HYBW wuses the dual heat source, the
characteristics such as heat input and bead shape
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extremely differ from those of existing welding by using
only laser or arc. Therefore, it is unknown how distortion
and residual stress are generated by HYBW.

For predicting welding distortion and residual stress
generated by HYBW with thermal elastic-plastic analysis
based on FEM, a heat input model considering the dual
heat source of HYBW was proposed. By using the model
treating the dual heat source separately, the welding
distortion and residual stress generated by HYBW on the
high strength steel could be simulated with considering
the phase transformation at the relatively low temperature
in the cooling stage (Kim et al., 2011b).

In this paper, for verifying the validity and the generality
of the proposed heat input model for HYBW, a series of
welding experiments are carried out on the general structural
steel in which the phase transformation in the cooling
stage little affects the generation of welding distortion
and residual stress. The experiments are simulated by the
3D thermal elastic-plastic analysis. It is examined whether
the welding distortion and residual stress are accurately
obtained by the proposed heat input model even if the
welding conditions such as the heat input ratio of laser
and arc are variously changed.

Furthermore, the possibility for controlling welding
distortion generated by HYBW with the optimum heat
input ratio of laser and arc is investigated.

@ Springer
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Figure 1. Test specimen.

2. Welding Experiment

2.1. Experimental procedures and specimens

Figure 1 shows the shape and dimension of the specimen.

In order to obtain distortion and residual stress generated
by butt welding with high accuracy, it is necessary that a
specimen is made so that a linear misalignment due to
tack welding does not occur (Lee ef al., 2010). Therefore,
welding by using dual heat source of fiber laser and CO,
MAG arc is performed on the specimen made by one
plate with I-shape slit (groove) of which the width is
0.1 mm.

The material is a general structural steel of which
tensile strength is over 490 MPa (SM490). The thickness
is 7mm. The filler wire used for arc welding is 490 MPa
class (JIS Z 3312 YGW16). Table 1 shows the chemical
compositions and the mechanical properties of the
materials.

Table 2 shows the welding conditions.

One of the main objectives of this study is to verify the
validity and the generality of the proposed heat input
model for HYBW. For this objective, the heat input ratio
of laser and arc are variously changed.

The heat input ratio of laser and arc is around 5:5 in
Basic specimen. That is around 7:3 in L.E. (Laser
Emphasis) specimen. That is around 3:7 in A.E. (Arc
Emphasis) specimen. However, the total heat inputs by
the dual heat source of these conditions are almost the
same.

Thermo couples are attached to 2 points (y=15, 30
(mm)) of the upper side of the specimen (z=7 (mm)) in

Table 2. Welding conditions
Energy (kW)

Heat input (J/m)

9 9 9 Speed
L: Al T (m/min
Laser  Arc Laser Arc  Total ( )
Basic 4.8 44 290 265 555 1.0
L.E. 6.8 2.8 410 169 579 1.0
AE. 2.9 6.7 173 403 576 1.0

the center of the welding direction (x=10 (mm)) and the
temperature histories are measured. Because of the size of
HYBW system, the thermo couples could not be attached
near the weld line (y<l15(mm)).

After welding, the penetration shapes are confirmed by
obtaining macrographs. They are also used for making a
grid in simulating the experiment by FEM. The welding
distortion is measured and residual stress is obtained by a
stress relaxation method. In the stress relaxation method,
the specimens are tried to be cut to the small cubic of
which the edge length is around 15 mm.

2.2. Experimental results

Figure 2 shows the macrographs of the welds of each
specimen. Due to the difference of the heat input ratio, the
penetration shapes of the three specimens are variously
changed.

The shape of the weld metal of Basic specimen is equal
at the upper and lower surfaces. In the case of L.E.
specimen, the weld metal at the upper surface does not
rise up at all although that at the lower surface sags
largely. This is because of the deep penetration by laser
beam. On the other hand, the weld metal at the upper
surface of A.E. specimen is extremely large. That at the
lower surface is not shaped.

Figure 3 shows the welding distortion of each specimen.

The angular distortion of Basic specimen (the circular
symbols in Fig. 3(a)) is V-shape. The magnitude is
0.28 mm. That of L.E. specimen (the triangle symbols) is
inverted V-shape. The magnitude is 0.52 mm. In the case
of A.E. specimen (the square symbols), although that is
V-shape as well as Basic specimen, the magnitude is
considerably large (1.9 mm).

The longitudinal bending distortions of the three
specimens are extremely small (Fig. 3(b)).

The angular distortion is caused by the difference of
temperature between the upper and lower surfaces of the

Table 1. Chemical compositions and mechanical properties

Chemical compositions (mass%)

Mechanical properties (MPa)

C Si Mn P S Yield stress ~ Tensile strength
Base metal 0.17 0.40 1.41 0.015 0.004 436 535
Consumable* 0.10 0.72 1.36 0.010 0.012 490 590

*catalog values (JIS Z 3312 YGW 16)



Verification of Possibility for Controlling Welding Distortion Generated by Laser-Arc Hybrid Welding

325

(a) Basic specimen

(b) L.E. specimen

(c) A.E. specimen

Figure 2. Macrographs of specimens.
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Figure 3. Welding distortion obtained by experiment.
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Figure 4. Residual stress obtained by experiment.

plates. It can be confirmed that the tendencies and the
magnitudes of the angular distortions are variously
changed with the heat input ratio of laser and arc.

Figure 4 shows the residual stress obtained by the stress
relaxation method.

The residual stress distributions at the upper and lower
surfaces are almost the same because the thickness is thin.
Therefore, the stress distributions in the figures are the
averages of the upper and lower surfaces. By the way,
when obtaining the stress at the weld metal (y=0(mm)),
the strain gages are attached after removing the weld
reinforcement.

The stress component o, along the weld line is noted

(Fig. 4(a)).

The stress distributions of the three specimens are
almost the same. The tensile stress from 330 to 390 MPa
is generated at the weld metal. The compressive stress
from 30 to 40 MPa is generated at the base metal for
balancing with the tensile stress.

The stress component o, perpendicular to the weld line
is noted (Fig. 4(b)).

The stress distributions of the three specimens are
almost the same as well as the cases of ;. The tensile
stress at the weld metal is from 60 to 110 MPa.

It can be said that the difference of the heat input ratio
of laser and arc does not affect the distributions of the
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Figure 5. View of simulation model.

residual stress when the total heat input by laser and arc
is almost constant.

3. Numerical Simulation of Welding
Experiment

3.1. Models for simulation

The welding experiments are simulated by the 3D
thermal elastic-plastic analysis.

Figure 5 shows the view of the model.

The 8-nodes solid elements are used. The half model is
adopted with considering the symmetric conditions at the
weld line. The heat input elements are decided by
referring to the macrograph (Fig. 2) (Kim et al., 2010).
By the way, in FEM modelling, physical constants and
mechanical properties of the materials consider temperature
dependence. Specially, Young’s modulus of the weld
metal over 1400 degrees Celsius is made to be constant at
20 MPa (Kim et al., 2007).

The heat input model for HYBW was proposed in
which the dual heat source of HYBW was treated separately.
It was confirmed that the welding distortion and residual
stress generated by HYBW on the high strength steel
could be simulated with considering the phase transformation
at the relatively low temperature in the cooling stage
(Kim et al., 2011b). The validity and the generality of this
heat input model are verified by comparing the following
two types of treatment of heat input by HYBW.

Figure 6 shows the types of the heat input models.

In the case of Model A, the sum of the magnitude of
heat input by laser and arc (qr) is given inside the
penetration shape. By dividing the total heat input; Qt by
the area of the weld metal, qr is obtained. On the other
hand, in the case of Model B, the penetration shapes are
separated by laser and arc. This is the proposed heat input
model. In each part, the magnitude of heat input by laser
(qr) and arc (qa) are given respectively. They are obtained
by dividing the heat input of laser; Q; and arc; Q4 by the
area of the weld metal of them each other.

3.2. Results of analysis
The non-steady heat conduction analysis is carried out

Heat input model

Macrograph
rograp A B
ar (qa*qu)
qa \I
qu
Basic specimen
ar (ga*qr)
q
qu

L.E. specimen

qr

A.E. specimen

Figure 6. Heat input models.

on the three models by using the two types of the heat
inputs.

Figure 7 shows the temperature histories.

They are measured on the upper side at the cross-
section of x=10(mm). The distances from the weld line
are 15 and 30 (mm), i.e., y=15 and 30 (mm). The symbols
represent the results obtained by the experiment and the
lines represent those obtained by the analysis.

In both cases of the heat input models A (the broken
line) and B (the solid line), the temperature histories
obtained by the analysis successfully agree with those by
the experiment in the all specimens.

When comparing the temperature histories of the three
specimens, the differences between them are small
because the total heat inputs of them are almost the same.

The 3D thermal elastic-plastic stress analysis is carried
out with using the temperature histories obtained by the
heat conduction analysis.

Figure 8 shows angular distortion obtained by the
experiment and the analysis.

The results obtained by the analysis without separating
the penetration shape by laser and arc (Model A; the
broken line) differ from the experimental results in the all
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Figure 7. Temperature histories.

cases of Basic (Fig. 8(a)), L.E. (Fig. 8(b)) and A.E. (Fig.
8(c)) specimens (the circular symbols). Especially, even
the tendency of the welding distortion cannot be simulated
in the case of Basic specimen.

On the other hand, the results obtained by the analysis
with separating the penetration shape by laser and arc
(Model B; the solid line) agree with those obtained by the
experiments in the all specimens.

Figure 9 shows longitudinal bending distortion of L.E.
and A.E specimens obtained by using Model B.

Longitudinal bending distortion tends to be large a little
comparing with that of L.E. specimen as anticipated from
the macrograph (Fig. 2).

Figure 10 shows the distribution of residual stress

component in the welding direction; o;, obtained by the
experiment and the analysis.

The results obtained by the analysis without/with
separating the penetration shape by laser and arc (Model
A; the broken line, Model B; the solid line)) are almost
the same. They agree with the experimental results in the
all cases of Basic, LE. and A.E. specimens (the circular
symbols).

The differences between three specimens are small
because the total heat inputs of them are almost the same
and specimen size (mechanical situation) is the same.

Welding distortion and residual stress generated by
HYBW under several conditions could be simulated by
the proposed numerical modeling of the heat input. These
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results indicated the validity and the generality of the
proposed heat input model.

4. Possibility of Controlling Welding
Distortion by HYBW

Welding distortion and residual stress are inevitably
generated in constructing steel structures such as bridges,
ships and so on. Welding distortion is generally corrected
from the view point of the accuracy of fabrication and the
appearance. Correction of welding out-of-plane distortion
is one of processes not to be ignored.
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In fact, from three results of the experiment and the
analysis mentioned in the above section, the magnitude of
angular distortion of Basic specimen (the heat input ratio
of laser and arc was almost equal) and L.E. specimen (the
heat input of laser was about 2.4 times larger than that of
arc) is small. On the other hand, although total heat input
was almost equal, the magnitude of angular distortion of
A.E. specimen (the heat input of arc was about 2.3 times
larger than that of laser) was large as anticipated from the
macrograph (Fig. 2).

Considering from the production mechanism of welding
out-of-plane distortion, a temperature gradient through the
thickness largely affects it. Unless there is a temperature
gradient, no welding out-of-plane distortion is generated.
At any rate, if the heat input ratio is controlled so as to
make a temperature gradient through the thickness as
small as possible, welding out-of-plane distortion becomes
small to infinity.

From the consideration above, the results of the
experiment and the analysis indicated that there is a
possibility that the process to correct welding out-of-
plane distortion, which cannot be ignored in constructing
steel structures, can be omitted by controlling the heat
input ratio of laser and arc.

5. Conclusions

A series of welding experiments was carried out on the
general structural steel under the several heat input ratios
of laser and arc. Simulating the experiments by 3D thermal
elastic-plastic analysis, the validity and the generality of
the proposed heat input model for laser-arc hybrid welding
were verified. Then, the possibility for controlling welding
distortion was considered.

The obtained main results are as follows.

From the experimental results:

(1) Although the tendency and the magnitude of angular
distortion were variously changed with the heat input
ratio of laser and arc, the magnitude of longitudinal
bending distortions were extremely small regardless of
the heat input ratio of laser and arc.

(2) Even though the heat input ratio of laser and arc
varied, the distribution and the magnitude of welding
residual stress were almost the same.

From the results of the analysis:

(3) By using the heat input model treating the dual heat
source by laser and arc separately, the tendency and the
magnitude of angular distortion variously changed with

the heat input ratio of laser and arc could be simulated
with high accuracy.

(4) The magnitude of angular distortion of Basic
specimen (the heat input ratio of laser and arc was almost
equal) and L.E. specimen (the heat input of laser was
about 2.4 times larger than that of arc) was small, and
longitudinal bending distortion of two specimens was
extremely small. On the other hand, the magnitude of
angular distortion of A.E. specimen (the heat input of arc
was about 2.3 times larger than that of laser) was large,
and longitudinal bending distortion tended to be large a
little.

(5) The distribution and the magnitude of the residual
stress could also be simulated with high accuracy by the
above heat input model. The above-mentioned results
indicated the validity and the generality of the proposed
heat input model.

(6) The possibility for controlling welding distortion
generated by laser-arc hybrid welding was shown.

References

Inose, K., Lee, J-Y., Nakanishi Y., and Kim, Y-C. (2008).
“Characteristics of welding distortion/residual stress
generated by fillet welding with laser beam and
verification of generality of its high accurate prediction.”
Quarterly Journal of The Japan Welding Society, IWS,
26(1), pp. 61-66 (in Japanese).

Kim, Y-C., Hirohata, M., Mutyaba, G, and Inose, K.
(2011a). “Fatigue characteristics of laser beam welded
joints for high strength steel and their dominant factors.”
Proc. National Symposium on Welding Mechanics and
Design 2011, JWS, pp. 399-402 (in Japanese).

Kim, Y-C., Hirohata, M., and Inose, K. (2011b). Modeling of
laser-arc hybrid welding considered phase transformation.
Document of ITW 64" Annual Assembly, TTW, Doc. XV-
1380-11.

Kim, Y-C., Lee, J-Y., and Inose, K. (2010). “Determination
of dominant factors in high accuracy prediction of
welding distortion.” Welding in the World, 54(7/8), pp.
234-240.

Kim, Y-C., Lee, J-Y., and Inose, K. (2007). “Dominant
factors of high accurate prediction of distortion and
residual stress generated by fillet welding.” International
Journal of Steel Structures, 7(2), pp. 93-100.

Lee, J-Y., Inose, K., and Kim, Y-C. (2010). “Verification of
validity and generality of dominant factors in high
accuracy prediction of welding distortion.” Welding in
the World, 54(9/10), R229-R285.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


