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The CO, gas-shielded arc welding process with solid wire is widely used in Japan due to its good weld qual-
ity, high efficiency and reasonable wire and shielding gas costs. However, this process has its drawbacks,
especially in the globular transfer mode at a high welding current, where significant amounts of spatter and
fume are generated. To solve this problem, the author has investigated how to control globular transfer with
a special pulsed current and has developed a regulated method and power source for practical use. The
present report discusses the mechanism of this new method of regulating the globular transfer of molten
droplets, in which each droplet is squeezed at its upper part in peak current duration and is detached silently
in base current duration. Also various effects are reported concerning this new method and its application in
the welding robot system for fabricating steel frames for buildings.

IIW-Thesaurus keywords: CO,,; Controls; Fume; Gas shielded arc welding; Globular transfer; Spatter, Waveform.

"} lintroduction|

The conventional CO, gas-shielded arc welding process
(hereafter, the conventional process) offers high welding
efficiency and cost-effective performance since it does not
need very expensive shielding gas such as argon; for this
reason, this process is widely used in Japan [1]. However,
it has the drawback of generating a large amount of spat-
ter. To reduce this, there has been a great deal of research
and development [2-4], and as a result, a reduction of
spatter in a low-current short-circuit transfer mode to a
low level equivalent to that in Ar-rich-gas-mixture shielded
arc welding has been realized. Among these low-current
short-circuit transfer processes, the cold metal transfer
(CMT) method especially realizes spatter-free welding by
retracting the welding wire when the short circuit occurs,
thus mechanically releasing the short circuit, and by con-
trolling the low welding current [4]. On the other hand,
in the pulsed MAG/MIG welding method, Ar-rich-gas is
used. A rectangular pulse current waveform synchronizes
one droplet per pulse and the transfer mode becomes
possible, resulting in significant spatter and fume reduc-
tion [5-6].

However, when CO,, gas-shielded arc welding uses higher
currents, the metal transfer mode becomes globular in
which large metal droplets irregularly transfer, causing a
significant increase in spatter. Since these droplets show
complicated and extremely unstable behaviour in this high

current range, the metal transfer control has been thought
to be difficult. Even today, 50 years after the CO, gas-
shielded arc welding process was developed, no practical
methodology for low spatter welding with a high-current
globular-transfer mode has been developed.

To meet this challenge, the author has investigated the
methodology of controlling the metal transfer by using
pulsed currents and has successfully developed an
advanced form of pure CO, gas-shielded arc welding
process (hereafter, the advanced process), featuring low
spatter and fume by realizing a regular formation and
detachment of metal droplets. The present paper dis-
cusses the advantages of this advanced process, featur-
ing a regulated globular transfer and reports on its typical
performances, applied in the welding robot system for
steel frames for buildings.

I2 Experimental method

The experimental apparatus is schematically shown in
Figure 1. In this apparatus, a welding current with an
intended waveform can be generated by applying an arbi-
trary 0-10 V input signal (DC, CW from function generator
into the transistor generated regulated power source). The
external characteristic of the power source was set up in a
constant current mode and the DCEP polarity was used.
The wire feed speed was controlled by a feeding system




SPATTER AND FUME REDUCTION IN CO, GAS-SHIELDED ARC WELDING BY REGULATED GLOBULAR TRANSFER
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Figure 2 — Schematic diagram of spatter collecting system

independent of the power source. A 1.2 mm diameter
solid wire corresponding to JIS (Japan Industry Standard)
Z 3312 YGW11 was used for the welding wire, and pure
CO, was used for the shielding gas (gas flow rate 25 I/
min). JIS SM490A steel plates were used for the base
metal. The welding speed was 5 mm/s, and the contact
tip to base metal distance was 25 mm.

The spatter collecting system is schematically shown in
Figure 2. Spatter was collected by conducting the experi-
ments in a copper box so that all spatter generated was
captured. Measurements were repeated three times
under the same conditions. Inverter controlled DC weld-
ing power source (made by DAIHEN Co.) was used for
the conventional process.

Fume emission rates were measured by means of the
suction method using the air sampler in compliance with
JIS Z 3930. In the fume collecting chamber ,shown in
Figure 3, bead-on-plate welding was performed for 30 s,
then fumes emitted were collected by the air sampler (suc-
tion rate: 1.8 m3/min) for 3 min (sufficient duration after
which no residual fume was recognized in the chamber)
on the filter (made by Gelman Science Co.). The filter was
weighed before and after use to obtain the fume emission
rate per unit time (mg/min). At the same time, the melting
rate of wire was measured to obtain the fume emission
rate per unit weight of wire (mg/g). Measurements were
repeated three times under the same conditions.
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Figure 3 - Schematic diagram of fume collecting system

N ————

|8 Features of the advanced process

3.1 Regulated globular transfer

With a high-current globular-transfer mode in CO, gas-
shielded arc welding, the arc is constricted by a thermal
pinching force. This force concentrates at the lower part
of the metal droplet, causing the arc force to repel it
upwards, so becoming larger with time; hence the large
droplet detaches from the wire tip and repulses against
the repelling force of the arc. Figure 4 shows an example
of spatter generation behaviour in the conventional proc-
ess. The globular transfer phenomenon was observed by
a high-speed camera, and as a result, it has been found
that spatter generation mechanisms in conventional CO,
gas-shielded arc welding can roughly be classified into
the following three patterns:

1. The metal droplet and part of the weld pool are blown
off at the moment of arc re-ignition, just after the metal
droplet short-circuits with the weld pool - Figure 5 a).

2. The large metal droplet detaches itself as it is repelled
upwards by the force of the arc, and scatters in rota-
tion - Figure 5 b).

3. As soon as the droplet detaches itself, the arc moves
from the lower part of the droplet to the wire tip, and,
in turn, the high current arc blows off the molten metal,
still remaining on the wire.

v
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Figure 4 — Example of spatter generation behaviour
in the conventional process
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Figure 5 - Spatter generation in the conventional CO, gas-shielded arc welding
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Figure 6 - Example of droplet transfer behaviour
in the advanced process

For spatter reduction, these phenomena suggest
that metal droplets need to be prevented from short-
circuiting and being repelled and deformed exces-
sively. Also, the welding current should be lower at
the moment of metal detachment. Figure 6 shows an
example of droplet transfer behaviour in the advanced
process. This metal transfer phenomenon is differ-
ent from the one droplet per pulse transfer mode of
pulsed MAG/MIG welding. The droplet's upper part
squeeze regularly only in the 1¢ pulse unit of higher
pulse, and the droplet detaches at a low current in the
base period of the 1+ pulse unit. After detachment, the
wire is melted continuously and large molten droplet is

formed at the end of the wire. This droplet is pushed up
along the wire due to the strong arc force in the pulse
peak period of the 2" pulse unit, but in the base period
of the 2" pulse unit, it begins to slide downward due
to the decrease of arc force and it is hung on the wire
end. As restarting the 1< pulse unit, it rapidly squeezes
and detaches from the wire and is transferred to the
pool. This is the one droplet per one cycle of two pulses
transfer mode. The metal transfer phenomenon in the
advanced process is shown in Figure 7. After the metal
droplet is formed, its upper part is squeezed by the
pulse peak current of 1+ pulse unit, and is detached at
a low current in the base period of the 1% pulse unit.
Thereby, this detached droplet is absorbed silently into
the weld pool, while, at the same time, the low current
arc moves from the metal droplet to the wire tip during
the base period, which greatly reduces the blowing-
off of the remaining molten metal on the wire tip. By
optimizing the pulse current for each timing of droplet
formation (2" pulse unit parameter) and detachment
(1%t pulse unit parameter), the metal droplet can be
controlled so as to transfer at a constant size regularly,
thereby preventing its short-circuiting and deformation
as shown in Figure 4.

Metal transfer frequencies in both the conventional and
advanced processes are shown in Figure 8. The fre-
quency in the former process varies greatly; by contrast,
the advanced process exhibits greatly regulated and
higher metal transfer frequencies. Clearly, in this process,
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Figure 7 — Metal droplet transfer phenomenon in the advanced process
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Wire: JIS Z3312 YGW11 1.2 mm
Welding speed: 30 cr/min,
Tip standoff: 25 mm
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Figure 8 - Comparison of metal transfer frequencies

Wire: JIS 23312 YGW11 1.2mm
Welding speed: 40 cm/min, Tip standoff: 25 mm
Torch's push angle: 20°, Weaving width: 3 mm
Weaving frequency: 3 Hz
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Figure 9 - Comparison of spatter generation rates
in flat fillet welding
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Figure 10 — Comparison of spatter during and after welding

smaller metal droplets detach themselves, compared to
the conventional process.

3.2 Reduction of the spatter generation rate

The spatter generation rate in flat fillet welding by both
the conventional and advanced processes are shown
in Figure 9. The globular transfer control in the latter
process significantly reduces the spatter generation
rate and, at a wire feeding rate of 12-16 m/min, it is
decreased by 10 % as compared to the conventional
process. Figure 10 compares the two welding proc-
esses on spatter generation during welding and on
post-weld spatter adhesion on the welds. Obviously,
in the conventional process, there is a large amount
of spatter near the weld bead, whereas the advanced
process produces a better-looking bead with less spat-
ter adhesion.

3.3 Reduction of the fume emission rate

In recent years, manufacturing industries have shown a
growing concern in occupational health and safety, and
they have made intense efforts not only to maintain the
employees’ health and safety in the workplace, but also
to provide more comfortable working environments.
In the welding fabrication field in particular, there has
been an increasing desire for fume and spatter reduc-
tion [1].

The main source of the fume is the metal vapour emitted
from the surface of the metal droplets, superheated by
the arc. The fume diffuses in the air due to the expan-
sion of the surrounding gas associated with the droplets’
short-circuiting and re-arcing [7-8]. Figure 11 shows the
fume emission rates per unit wire weight in both con-
ventional and advanced processes. This rate in the lat-
ter process decreases by 50 % in comparison to the
conventional process, presumably due to the fact that
short-circuiting rarely occurs, and the short metal trans-
fer cycle reduces the time to heat the metal droplets as
Figure 7.

Wire: JIS Z3312 YGW11 1.2 mm
Welding current: 280-290 A
Welding speed: 30cm/min, Tip standoff: 25 mm
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Figure 11 - Comparison of fume emission rates
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3.4 Increase in the deposition rate
or decrease in heat input

Figure 12 shows the relationship between the weld-
ing current and wire melting rate in both conventional
and advanced processes. At the same mean current, this
rate in the advanced process is approximately 10-20 %
higher. Since it uses pulsed currents, the effective cur-
rent becomes higher, thereby causing a higher Joule heat
in the wire extension as compared with the conventional
process, which is characterized by relatively small fluctua-
tions of the current. This is the reason for the higher melt-
ing rate in the advanced process. Therefore, at the same
mean current, this process can provide higher deposition
rates and, in turn, welding efficiency is expected to improve.
Conversely, at the same melting rate, the advanced proc-
ess requires a 10-15 % lower mean current than with the
conventional process. For example, when comparing a
wire-melting rate of 15 m/min, the conventional process
requires about 330 A, while the advanced process needs
only about 290 A for melting the same amount of wire in
the same amount of time. Therefore, for the same deposi-
tion rate, the advanced process can decrease heat input
as shown in Figure 13 and hence, an improvement in weld
metal mechanical properties and a reduction of weld distor-
tion can be expected.

Wire: JIS Z3312 YGW11 1.2mm

Welding speed: 30cm/min, Tip standoff: 256mm
.. 20
£
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Figure 12 - Relationships between mean welding current

and wire melting rate

Wire: JIS 23312 YGW11 1.2mm
Welding speed: 30 cm/min, Tip standoff: 25mm
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Figure 13 - Relationships between wire melting rate

and heat input

3.5 Good penetration shape

The Ar-rich-gas-mixture shielded arc welding proc-
ess is regarded as a low spatter welding process. With
such a mixture, metal droplets are covered entirely by
the arc and are transferred in a spray transfer mode;
thus, spatter generation decreases compared with the
conventional CO, gas-shielded arc welding process.
However, the penetration contour tends to become
“finger shaped,’ meaning relatively narrow with deep
penetration at the bead centre immediately beneath
the arc, which is caused by a strong plasma jet and
high speed metal droplets plunging into the weld pool.
Such a finger-shaped penetration tends to cause gas
to be trapped at the bottom of the finger, producing
blowholes, resulting in perhaps a lack of penetration
and fusion in multi-pass groove welds. By contrast, in
CO, gas-shielded arc welding, the weld penetration
profile exhibits a bowl-shape form with broad and deep
penetration, which is more resistant to weld defects.
Figure 14 shows typical penetration profiles obtained
with four different welding processes. Clearly, the
advanced process produces a good penetration profile
similar to that caused by the conventional CO, gas-
shielded arc welding process, which as stated above is
more resistant to weld defects.

Figure 15 compares penetration depths and cross-
sectional area between the conventional and advanced
processes. At the same mean current, a deeper weld
penetration and larger area can be obtained in the lat-
ter process - Figures 15 a) and b). In contrast to this,
at the same wire melting rate, the weld penetration in
the advanced process tends to become slightly shal-
lower as a lower mean current is required - Figure 15 ¢).
As a result, the cross-sectional area decreases as well
- Figure 15 d).

Conventional Smm
process {ee s

(Wire feeding rate: 13.2 m/min).

Figure 14 - Comparison of penetration profiles
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Welding speed: 30 cm/min, Tip standoff: 25 mm
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Figure 15 — Comparison of penetration depth and cross-sectional area

I4 Application of the advanced
process in the robot system
for welding steel frames

Since the Hanshin-Awaji big earthquake of 1995 in
Kobe, Japan, the construction and steel frame indus-
tries have been more strictly required to secure the
mechanical properties of weld metal under the regula-
tion of controlling heat input and interpass tempera-
ture [9]. These industries have also been required to
improve their welding efficiency, while, at the same time,
suffering from a shortage of skilled workers. In such a
situation, welding robot systems for steel frames have
increasingly become popular over the last few years in
Japan. The CO, gas-shielded arc welding process is
used extensively in these construction and steel frame
industries, though, as mentioned above, it tends to gen-
erate a large amount of spatter. If the welding process
uses a shielding gas nozzle, which becomes clogged
with a large amount of spatter, it may cause insufficient
shielding (nitrogen contamination), which may ulti-
mately degrade the mechanical properties of the weld
metal and hence, cause weld defects such as blow-
holes. To prevent these problems occurring during con-
tinuous operations over a long period of time, automatic
nozzle cleaning or replacement is carried out. However,
when this procedure is repeated frequently, the arcing-
time ratio decreases in robotic welding employed to

improve welding efficiency. Spatter particles adhered
on the base metal also cause a decrease in welding
efficiency because of a longer post-weld cleaning time
required to remove them.

To improve this situation with the pure CO, gas-shielded
arc welding process, the author has developed a new
robot system equipped with an advanced process for
welding steel frames for buildings. The typical welding
performances with this new robotic system are discussed
below. Table 1 shows an example of operating conditions
by both the conventional and advanced processes for
welding steel frames.

Figure 16 shows spatter generation during welding
and spatter adhesion on the work and the nozzle in
the welding of a steel core. Obviously, the new robotic
system with this advanced process markedly decreases
the spatter scattered in the surrounding area when
compared to that used in the conventional process. The
spatter adhering around the weld bead also decreased,;
thus, post-weld cleaning is expected to be reduced.
Furthermore, in comparison to the shielding gas noz-
zles after welding (for about 30 min of arc time), the
advanced process results in less spatter adhesion in
the nozzle. This can decrease the risk of degrading the
weld metal mechanical properties and the occurrence
of such weld defects as blowholes caused by a lack of
shielding (nitrogen contamination). Also, the frequency
of cleaning or replacing the nozzle can be reduced,
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Table 1 — Example of operating conditions for welding steel frames by the Welding Robot System

Conventional process Advanced process
Pass N° e fee(.i mte | Weding =" sed Current Voltage Current Voltage
[m/min] [cm/min]

[A] vl [A] \'|
1 14.0 30 310 345 283 345
2 16.0 25 345 370 310 35.7
3 16.0 25 345 370 310 367
4 16.0 25 345 370 310 367
5 145 32 320 35.0 287 356.1
6 12.8 27 295 328 266 336
7 122 30 280 318 250 326

(BCP325, 22 mm thickness x 350 square, 35° single bevel groove, 7 mm gap).

iNozzle tip with
Bmuch spatter
Tth pass [about 30 min)

4th pass

b) Advanced process

(BCP325, 22 mm thickness x 350 square, 35° single bevel groove, 7 mm gap)

Figure 16 - Views of spatter during and after welding by the welding robot system for welding steel frames

thereby shortening the operation time. For exam-  and nozzle cleaning time. In addition, consistent joint
ple, in the welding of a column of 22 mm thickness  penetration can be obtained as shown in Figure 17.
x 400 mm square, the operation time can decrease  Typical mechanical properties of the weld metal by the
by about 10 %, due to the shortening of the arc time  advanced process are shown in Table 2.

a) Straight weld b) Corner weld

Figure 17 - Cross-sectional macrostructures of core welds by the Welding Robot System with the advanced process
for welding steel frames
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Table 2 — Typical mechanical properties of weld metal

0,
0.2 % Reduction Impact

Tensile
strength
[MPa]

Elongation absorbed

proof in area
[%l] . energy, vEO°C

strength
[MPal

150,149,148

534 635 31 73 Average 149

- Welding process: the advanced process.

- Welding groove: 35° single bevel with a gap of 7 mm; - Plate thickness: 25 mm.

- Pass sequence: 5 layers with 6 passes; - Heat input: 30 kJ/cm; - Interpass
temperature.: 250°C.

I5 Conclusion

The authors have optimized the pulse current for each
timing of droplet formation (2 pulse unit parameter) and
detachment (1t pulse unit parameter). Consequently, it
has been clarified that the metal droplet can be control-
led so as to transfer regularly with a constant size in a
globular mode, thereby preventing its short-circuiting and
deformation. As a result, the advanced process can pro-
vide lower spatter and fume, higher welding efficiency and
better weld quality in the robotic welding of mid to thick
plates. Also, it can contribute to cost-saving by using a
cheaper CO, shielding gas instead of expensive Ar-rich
gas mixtures. However, at the same wire melting rate,
the weld penetration in the advanced process tends to
become slightly shallower.

By optimizing the chemical composition of welding wires
(mild steel and high tensile steel), and power source wave-
form control, the authors will be engaged in further research
with respect to effect of pulse parameter on globular trans-
fer behaviour, and development of higher weld quality, lower
production costs, and less spatter and fume for better weld-
ing work environments, so that the advanced process can
be used in wider applications in the future.

References

[1] Welding Guide Book VI, Results of Questionnaire
Survey, Technical Committee on Welding Processes, The
Japan Welding Society, 2009.

[2] Ogasawara T, Maruyama T, Saito T, Sato M. and Hida
Y.: A power source for gas shielded arc welding with new
current waveforms, Welding Journal, 1987, vol. 66, no. 3,
pp. 57-60.

[3] Era T, Ueyama T. and Brooks M.: Welding steel sheet
with a modified short circuiting process, Welding Journal,
2008, vol. 87, no. 12, pp. 28-33.

[4] Egerland S.: Improving welding-quality and reducing
costs by using the CMT-welding process under pure CO,-
shielding gas, IIW Doc. XII-1993-07, 2007.

[6] Eagar TW. and Kim Y-S Metal transfer in pulsed
current GMAW, Welding Journal, 1993, vol. 72, no. 6,
pp. 279-287.

[6] Castner HR.: Gas metal arc welding fume generation
using pulsed current, Welding Journal, 1995, vol. 74,
no. 2, pp. 569-62.

[7] Suga T. and Kobayashi M.: Fume generation in CO,
arc welding by solid wire, Quarterly Journal of The Japan
Welding Society, 1984, vol. 2, no. 2, pp. 220-228.

[8] Suga T. and Kobayashi M.: Droplet transfer phenomena
in CO, arc welding by flux-cred wire, Quarterly Journal of
The Japan Welding Society, 1985, vol. 3, no. 2, pp. 269-
276.

[9] Mukai A, Nakano T, Okamoto H. and Morita K.
Investigation on MAG welding wires for building structure,
Steel Construction Engineering, 2000, vol. 7, no. 26,
pp. 13-17.

About the authors

Mr Kei YAMAZAKI (yamazakikei@kobelco.com), Mr Reiichi SUZUKI (suzuki.
reiichi@kobelco.com), Mr Hiroyuki SHIMIZU (shimizu.hiroyuki@kobelco.com)
and Mr Fusaki KOSHIISHI (shimizu.hiroyuki@kobelco.com) are all with Welding
Business, Kobe Steel, Ltd, Kanagawa (Japan).

19

N°% 2012 Vol. 56 WELDING IN THE WORLD Peer-reviewed Section




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


