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Introduction 
 

For successful anti-submarine operation of a surface ship, 

the mounted-type sonar on the ship must have sufficient 

detection ranges. To achieve this, the fluid-flow noise around 

the sonar dome and the self-structural noise of the sonar dome 

must be blocked during the sonar operation. A design that 

minimizes the transmission loss and the distortion of the 

acoustic wave that arises from the sonar dome itself is 

essential in improving the operation of the sonar. To address 

this requirement, the acoustic window that surrounds the sonar 

dome must be manufactured with a highly transmissive com-

pound material, which can be selected based on the results of 

this study on the acoustic characteristics of various materials.  

Polymer materials are widely used for the damping of 

acoustics and vibration.1,2 Polyurethane (PU) is often used 

in studies on acoustic characteristics. It is highly wear-resist-

ant and has the characteristics of both rubber and plastic. It 

consists of polyol in its soft part and diisocyanate in its solid 

part. Depending on its diverse chemical structures, it has a 

wide range of glass transition temperatures (Tg).
3 It is 

generally known that a polymer with a low Tg can convert 

acoustic or vibration energy into thermal energy.4,5 

Weibo manufactured a compound with PU and epoxy, and 

reported its damped vibration characteristic.6 Foam-type PU 

and multi-layered PU were manufactured using polypro-
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초록: 가교제인 trimethylol propane(TMP)의 함량변화에 따라 다양한 폴리우레탄(PU) 평판을 제작하였다. DMA 

측정을 통하여 TMP 함량에 따라서 PU의 Tg는 34.8 ℃에서 49.9 ℃로 증가를 확인하였다. TMP의 함량이 4%

에서 12%까지 증가함에 따라 탄성률은 322 MPa에서 423 MPa로 증가하였고, 인장강도는 10.6 MPa에서 14.8 

MPa로 다소 증가하였으며, 신율은 62.8%에서 49%로 감소하였다. 음향특성의 경우, TMP의 함량이 증가함에

따라 가교 정도가 높아지며, 음속은 증가하였으나 음향감쇠계수는 감소하였다. 제작한 PU 평판은 4주간 수중에

서 안정적임을 보여 주었다. 
 

Abstract: Polyurethane (PU) sheets were fabricated by the reaction of polypropylene glycol (PPG) and 

liquid diphenyl methane diisocyanate (L-MDI) with various trimethylol propane (TMP) contents. The Tg

value was varied from 34.8 ℃ to 49.9 ℃ according to the TMP content. As the content of TMP was 

increased from 4 to 12 wt%, the modulus of the PU sheet was increased from 322 MPa to 423 MPa, its 

tensile strength was increased from 10.6 MPa to 14.8 MPa, and its elongation was decreased from 62.8% 

to 49%. In case of acoustic properties, the sound speed of PU sheet was increased while its attenuation 

coefficient was decreased as the content of TMP was increased. The fabricated PU sheet was stable 

in water bath for 4 weeks. 
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pylene glycol (PPG) with a molecular weight of 1000 g/mol 

or 2000 g/mol, and their excellent sound absorption charac-

teristics at a frequency of 1000 Hz or higher were reported.7,8 

In this study, a PU flat-sheet acoustic window that has 

diverse Tg values due to the varied contents of its cross-

linking agent was manufactured, and its acoustic charac-

teristics, including sound speed and sound attenuation were 

examined. 

 

Experimental 

 

Materials. Liquid diphenyl methane diisocyanate (L-MDI) 

and PPG (Mw: 1000 g/mol and 3000 g/mol, respectively) 

were used to manufacture the PU flat-sheet window, and 

trimethylol propane (TMP) was used as a cross-linking agent 

for the control of the PU’s rigidity. Kumho Mitsui Chemical 

supplied the L-MDI, and KPX Chemical supplied the PPG. 

The TMP was purchased from BASF Korea.  

Manufacture of the PU Sheet. In the preparation of the pre-

polymer, PPG with a molecular weight of 3000 g/mol and 

L-MDI were mixed at a normal temperature and stirred at 

75 ℃ for 2 h and 30 min. The mole ratio of prepolymer, PPG: 

MDI was 0.7: 1. The reaction occurred in the vacuum oven 

while the foam was being removed. The prepolymer solution 

was stored in an oven at 70 ℃. Then PPG with a molecular 

weight of 1000 g/mol and TMP were mixed at specific content 

ratios and kept in the oven at 70 ℃ for 8 h: MDI/PPG/TMP= 

2.4/1.06/0.8, 2.4/1.06/0.4, 2.4/1.06/1.3, respectively. The 

prepolymer was mixed in turn with the PPG/TMP mixture 

solution at room temperature and slowly stirred to minimize 

the creation of foam. The foam of the liquid-state PU was 

further removed in the vacuum oven. The liquid-state PU was 

poured into the die on the glass plate that had been preheated 

at 100 ℃, and after six hours in the oven, the solid-state PU 

sheet was obtained. Figure 1 shows the PU flat sheet that 

contained 4 wt% TMP. The size of the PU flat sheet was 30

×30×10 mm, and it was transparent and uniformly sized, 

without foam. 

Measurement of the Mechanical and Thermal Characteristics of 

the PU Sheet. In order to check the Tg and elasticity of the 

PU, a dynamic mechanical analyzer (Seiko Exstar 6000, 

DMA/SS6100) was used to examine the dynamic viscoelastic 

characteristic. The temperature was raised at a rate of 10 ℃/ 

min within the temperature range of 25-250 ℃ and at a 1 Hz 

frequency under an N2 atmosphere. A force of 200 mN 

and the tension/sinusoidal mode were applied. This setup 

allowed us to obtain measurements of the storage and loss 

moduli (E′ and E″ ) and the loss factor (tan δ ), which is defined 

as the ratio of tan δ=E′/E″. 
In the tension test, the mechanical property was measured 

with tension specimens based on ASTM D 1708 at a cross-

head speed of 10 mm/min using a universal tensile machine, 

UTM (Lloyd, Inc., LR 30 K). 

Measurement of the Acoustic Characteristics of the PU Sheet. 

As the acoustic characteristics of PU depend on the contents 

of its cross-linking agent, the sound speed and sound at-

tenuation coefficient were measured.  

Time delay estimation based on the transmission method 

was used in the water. The time differences between the 

received signals with and without the specimen were used 

to determine the sound speed.9 The sound speed of the 

specimen, c is determined with the equation (1): 
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The value d is the thickness of the specimen; cw is the 

sound speed in the water; and Δt is the time difference bet-

ween the received signals at the hydrophone with and without 

the specimen in the water. As an acoustic transmitter TKS 

IMA73 was used at 200 kHz while Reson TC4038 as a hy-

drophone. The temperature of specimen and water was kept 

constant at 28 ℃ during the experiments. 

The sound attenuation coefficient of PU according to the 

contents of its cross-linking agent was also measured. TKS 

IMA73 and TKS IMA052 as acoustic transmitters and Reson 

TC4038 as a hydrophone were used for attenuation mea-

surement around 200 kHz and 500 kHz, respectively. The 

attenuation coefficient α is determined as follows: 
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where,  

 
Figure 1. Photo of PU sheet-window with 4% TMP (30×30×
10 mm). 
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Pref and Pr are the sound pressure amplitudes without 

specimen as reference and with specimen, respectively. 

Tws is the pressure transmission coefficient from the water 

to the specimen, and Tsw is the pressure transmission 

coefficient from the specimen to the water. Zw and Zs are the 

characteristic impedances of water and specimen, respectively. 

 

Results and Discussion 
 

The TMP cross-linking agent was added to PU at contents 

of 4%, 8%, and 12%. The thermal, mechanical, and acoustic 

characteristics of the PU were compared according to their 

TMP contents. 

Analysis of the Mechanical Properties. The mechanical pro-

perties of the diverse PU flat sheets according to their TMP 

content were measured using a UTM. Table 1 shows the 

mechanical strengths at a break point according to the TMP 

content. The PU flat sheet with a 4 wt% TMP content (Sample 

1) showed a tensile strength of 10.6 MPa, an elasticity of 

322 MPa, and an elongation percentage of 62.8%. The tensile 

strength and elasticity slightly increased with the increase in 

the TMP content from 8 to 12 wt%. The elongation decreased 

with the increase in the TMP content. The error-range of 

the value was 2.9%. This seems that higher cross-linking 

density allows enhanced mechanical strength with the 

increase in the TMP content in the flat sheet. 

Analysis of the Dynamic Characteristics. Figure 2 shows the 

tan δ (ratio of loss-to storage moduli) curves under tension 

mode for the composites. It is a complex quantity defined 

with elastic (storage) and viscous (loss) components; denoted 

E′ and E″, respectively. TMP was employed as a cross-

linking agent in the PU matrix. The peak of the tan δ curve 

changed according to the TMP contents, and the fine tran-

sition phenomenon, an effect of the cross-linking agent, was 

observed. The Tg of the PU flat sheet was 34.8 ℃ for the 4% 

TMP content, 40.3 ℃ for the 8% TMP content, and 49.9 ℃ 

for the 12% TMP content, respectively. These data clearly 

show that Tg increased with the increase in the TMP content. 

This seems that cross-linking density increases with the 

increase in the content of the cross-linking agent, which 

was caused by the reduced free volume in the polymer as 

the result of the shortened chain distance between the 

cross-linking. The cross-linking agent content contribution 

to mechanical properties of PU sheet is shown in Table 1. 

Enhanced values of mechanical properties were observed 

according to the content of cross-linking agent. 

Analysis of the Acoustic Characteristics. Figure 3 shows 

the sound speed of the PU specimen according to its TMP 

content. The sound speed increased with the increase in the 

TMP content, and the characteristic impedance, which is the 

product of the sound speed and the density, also increased. 

These indicated that the cross-linkage became strong with 

the increase in the TMP content, and the resulting reduction 

of the free volume of the polymer raised the sound speed, 

which increased with the increase in the tensile strength and 

the elasticity. 

Figure 4 shows the sound attenuation coefficients of the 

PU specimens around the frequencies of 200 kHz and 500 

kHz. The symbols represent the experimentally measured 

attenuation coefficients, and the lines represent the linear 

regression fittings with the measured values. The attenuation 

coefficient, which is depend on the cross-linking of material, 

Table 1. Mechanical and Thermal Properties of PU Sheets 

Sample 
TMP 

(wt%) 
Tensile 

strength(MPa)
Strain 
(%) 

Tensile  
modulus(MPa)

Tg 
(℃)

Density
(kg/m3)

Sound  
speed(m/s)

Impedance 
(MKS Mrayls) 

Attenuation coefficient
(Np/m),@ f (kHz) 

1 
2 
3 

4 
8 
12 

10.6 
13.8 
14.8 

62.8 
57.0 
49.0 

322 
390 
423 

34.8
40.3
49.9

1123 
1141 
1160 

1942 
2024 
2076 

2.18 
2.31 
2.37 

1.7×10-1 x f 
1.6×10-1 x f 
1.5×10-1 x f 

Figure 2. Tan δ curves of PU sheets with TMP contents as a
function of temperature. 
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meats the loss of sound energy by the absorption or diffrac-

tion of sound in material. They show that the attenuation 

coefficient linearly increased as a function of frequency.10 

It seems that the free volume of the polymer and the atte-

nuation coefficient decreased with the increase in the TMP 

content. Table 1 shows the mechanical, thermal, and acoustic 

characteristics of PU according to the measured TMP content. 

Underwater Stability Test. To examine the stability of the PU 

flat sheet in water, the PU flat sheet with a 4 wt% TMP content 

was kept in a water tank for one to four weeks, and its 

mechanical properties were measured according to the 

elapsed time. The size of the specimen was identical to the 

sizes of the specimens in the above-mentioned mechanical 

property analysis. As shown in Table 2, the tensile strength, 

elongation, and elasticity of the samples that underwent the 

acoustic tests had constant values, without special differences. 

That is, the PU was stable in the water after its four-week 

reaction in the water after acoustic tests. The length was 

also measured to examine the degree of expansion. It had 

constant values, which indicated the stability and reliability 

of PU in the water. 

Conclusions 

 

As the acoustic characteristics of PU depend on its 

cross-linking agent, its sound speed and sound attenuation 

coefficient were measured. Its sound speed increased with 

the increase in its cross-linking agent content from 4 to 

12 wt%, but its sound attenuation coefficient decreased. 

These indicated that the cross-linking and elasticity became 

strong with the increase in the TMP content, and that the 

resulting reduction of the free volume of the polymer raised 

the sound speed, which increased with the increase in the 

tensile strength and the elasticity. The attenuation coefficient 

linearly increased with the increase in the frequency. The 

free volume of the polymer and its attenuation coefficient 

decreased with the increase in its TMP content. Thus, it is 

expected that the mechanical, thermal, and chemical pro-

perties of the polymer medium can be non-destructively 

predicted using acoustic characteristics, and that its pro-

perties can be closely monitored in a more non-interven-

tional manner during its manufacture. 
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Figure 3. Sound speed of PU sheets with TMP contents. 
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Figure 4. Attenuation coefficient (symbol: experiment, line:
linear regression fitting) of PU sheets with TMP contents as a
function of frequency. 
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Table 2. Mechanical Properties of PU Sheets as a Function of 
Time 

Period
(week)

Strain
(%)

Tensile 
strength(MPa) 

Tensile 
modulus(MPa)

Depth
(mm)

0 
1 
2 
3 
4 

62.8
62.8
62.9
62.8
63.0

10.6 
10.6 
10.7 
10.7 
10.5 

322.1 
322.1 
322.2 
322.2 
322.1 

14.05
14.05
14.17
14.05
14.19



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Century
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /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
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /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
    /GothicB-HM
    /GothicR-HM
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansB-HM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2cysB
    /H2cysL
    /H2gprB
    /H2gprM
    /H2gpsM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2hdrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2ta2B
    /H2wulB
    /H2wulL
    /H2wulM
    /Haettenschweiler
    /HeadlineR-HM
    /HYGoThic-Extra
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeorimyungjoXB-HM
    /MicrosoftSansSerif
    /MingLiU
    /MiniPicsArtJam
    /MiniPicsClassic
    /MiniPicsLilCritters
    /MiniPicsLilEdibles
    /MiniPicsLilEvents
    /MiniPicsLilStuff
    /MiniPicsLilVehicles
    /MiniPicsRedRock
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyungjoR-HM
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /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
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /TimesNewRomanMT-ExtraBold
  ]
  /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 0.15
    /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 807.874]
>> setpagedevice


