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Effect of Pit Surface Texture on Lubrication Performance of
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KOU Baofu LI Zhenshun ZHANG Zhang LI Ruiging
(School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: In view of the problems that the high water-based spherical joint pair is difficult to meet the hydraulic power demand of
high-pressure and large flow axial piston pump due to the prominent tilting eccentric load effect, intensified wear and serious loss of
mechanical efficiency under bad working conditions, a series of studies are carried out with the spherical joint pair as the research
object. Different pits are arranged on the concave surface of the slipper ball. Combined with the theoretical calculation results, the
lubrication model of the ball joint pair in high water-based emulsion is numerically simulated by computational fluid dynamics
method. By analyzing the pressure distribution on the upper surface of the oil film and the velocity distribution of the pit section, the
wear reduction mechanism of different surface textures and the influence law of the pit geometric parameters on the bearing capacity
are sought. Finally, the friction and wear are analyzed through experiments and compared with the simulation. The results show that
the pressure on the oil film decreases gradually along the graduation circle of the pit. When the emulsion flows in the pit,its maximum
speed is located in the front half pit. The influence order of working condition parameters and geometric parameters on oil film
bearing capacity is pit shape > rotating speed > area ratio > depth diameter ratio > high water-based emulsion concentration > film
thickness. The optimum horizontal combination is the film thickness 4.5 um, the cylindrical pit with rotating speed of 1500 r / min,
concentration of high water-based emulsion is 3%, the depth diameter ratio of 0.1 and the area ratio of 10%. From large to small, the

bearing capacity of the three pits is cylindrical pit > conical pit > spherical pit. The friction coefficient of high water-based emulsion
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concentration of 3% is the smallest, about 0.2. The simulation and experimental results show that the friction reduction effect of ball

joint pair with concave surface texture in high water-based emulsion medium is better than that of ordinary smooth surface. The

influence of surface texture of high water-based ball joint pair on its lubrication performance is obtained, which can provide a

reference for improving the lubrication performance and mechanical efficiency of axial piston pump.

Keywords: ball joint pair of plunger; surface texture; high water base emulsion; bearing capacity
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1. Swashplate; 2.Auxiliary support liquid tank;
3. Slipper inner liquid chamber; 4. Shoe damping hole;

5. Slippers; 6. Plunger; 7. Plunger damping hole;
8. Plunger cavity.
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Fig. 1 Working principle of axial piston pump and
hydrostatic support ball joint pair
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Fig. 2 Simplified calculation diagram of

hydrostatic support of spherical joint pair
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Fig. 3 Pressure distribution along the radial
direction on the concave surface of sliding shoe ball
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Tablel Lig (3%) orthogonal test simulation scheme

Experimental factors

Bearing capacity

Testnumber A Filmthicknessh B Spee.d C Concentration . t shape E Depth diameterratio F  Area ratio FIN
[ pum n/ (r/min) /% ) S1%

1 1 (3) 1 (1200 1 (3) 1 (ball pit) 1 (0.1) 1 (10 193.48
2 1 2 (1500 2 (5) 2 (cylindrical pit) 2 (0.3) 2 (15 232.76
3 1 3 (1800) 3 (6) 3 (cone pit) 3 (0.5 3 (20) 146.82
4 2 (45) 1 1 2 3 3 169.61
5 2 2 2 3 1 1 246.85
6 2 3 3 1 2 2 182.07
7 3 (6) 1 2 1 2 3 122.35
8 3 2 3 2 3 1 220.73
9 3 3 1 3 1 2 228.35
10 1 1 3 3 2 1 170.05
11 1 2 1 1 3 2 182.07
12 1 3 2 2 1 3 194.88
13 2 1 2 3 3 2 180.77
14 2 2 3 1 1 3 170.17
15 2 3 1 2 2 1 247.95
16 3 1 3 2 1 2 182.07
17 3 2 1 3 2 3 197.52
18 3 3 2 1 3 1 151.09
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Table 2 Bearing capacity of different surface textures

Surface texture Bearing capacity / N

Spherical 193.48
Conic 199.56
Cylindrical 212.62
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(a) Spherical pit ANSYS
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Fig. 15 Velocity vector diagram of longitudinal section of pit
3.2.4 EATHEG S R RoABIHA, TM0 mo XA IR 6 UBLEAE
R 3 ToX A FFICRAK 6 UBRJFAES pm R 3um MAEZRBOIIIIME. TaX AL ToXA, TaXA,
®3 EXRAWERDT

Table 3 Analysis of orthogonal test results

Experimental factors

Number AFilm thickness B Speed C Concentration D Pit shape E Depth diameter ratio F Area ratio

h/um n/ (r/min) 1% S SI/%
T, 1120.06 1018.33 117255 1001.23 1215.80 123015
T, 1197.42 1250.10 1128.70 1248.00 115270 1188.09
T, 110211 1151.16 1071.91 1176.86 105170 1001.35
o 7336 330,44 290,85 333.743 405.27 410,05
n 39014 416.70 276,23 416.00 384.23 396.03
ms 367.37 383.72 357.30 390.29 35036 333.78
Range R 31.77 77.26 3355 82.26 54.90 7621
Primary and D>B>F>E>C>A

secondary order
Superior level Ay B, C, D: = Fi

Excellent combination A,B,CD,EF,
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Fig. 16  Spherical joint model
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Fig. 18 Friction factor with and without pits at the optimal level
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Fig. 19 Three dimensional shape and outline of wear mark

43 HESREEEEK

5L 2 T 14 0 7 G L JEA T 43
SRR, RIS T AR ), ik
BAIMERT . E T LA 30 0 204 1 o R e e
Chn Pl 18 T by e Ak SR 47 2045 31 i B DR 0D
TR 10 PR DR BT LS o S0 BT R 5. 4 AT )
SAET IR R R B AT LU R IR, BRAR A7 2
SR I A MR A A — B, RIS

NI BRI EUAH 22 0.04 Ao o i LR MBI R
[ITEAY AT RGP E g /IR P < ST BN AP o WS
BeErERg: WA AT MBT E, A LB
HRAA WL R A J3E 2 R R A R R T 2R 1)
SO o o A R 07 E AT P BE R DR L, E
W T 2T AR ER B A A LT R A D o

5 ZEip

(1) BEFRILE & EAS RIS R I, TS
B S UL U 25055 45 DR 300 i K LA
JE 7 2 S (R FH R 30/ ks [T >HE 3> 1]
BTN 26> UL RAR bl > i 7K 56 LA A > g i
B, HEMBKPAEGNEE 45 um, iE
1500 r/ min, E/KIEFALBIRE 3%, AFEYUE.
VAR 0.4, AR 10 %. X 7] b S K EEERER FIlE
PRI BT S iR R .

(2) K EEBRE R AA R ) 2 B s s g it
FUEIH 80N, BRI T70 A7 5 A Ak ) e
WIE % N I PSS SRR QUIE R @ EE S b
(P FERR o R K I FLAR R ST s g AT 2F= 170 B
PR PN, ERTRE T Jit R 2 DU v P AN i
it TR ) B R, B T i
(kEk Jy, HAEYU S i, 36 s gk, 3
RS AR ) R B IMR I ST > 3
HELT > [RIERYT. X2 W BRE B (12 i M BT 46
REdR /KRR &k 3 ), Bhim A B w3
THPERE

() RIGLEREN], m/KRIEFLAEER B R
AU R R L TE ML /s 0.02 24y, iXde
MG LA B T IEEE R . RS RS
17 BLI EE 2 Mk R AL A — 3, 3R WA
EBRAER 1) 2 TN T35 > F T 0 230 0 ik /) JBE
DRI, B4 e PR DR R

2 ¥ X M

[1] SWHr. RUR KL R b9 7 ) IR BT 5E[D]. K
Jis RJRBETOR%:, 2017
MA Shuxin. Study on large flow and high water-based
electro-hydraulic proportional directional valve [D].
Taiyuan: Taiyuan University of Technology, 2017. (in
Chinese)

[21 5, MG, oK, & Rk ZE R IREER R )2
FPE AT 5] HUKR LW, 2020, 48(21): 78-81
LI Shaonian, LIU Hao, ZHANG Lei, et al. Analysis and



o541

ELRAR

S [MIGUR MU 0T i /K FEER B R T P RE K 52

185

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

calculation of mechanical characteristics of returning
spherical hinge pair of axial piston pump[J]. Machine Tool
and Hydraulics, 2020, 48(21): 78-81. (in Chinese)

TR RS AE JE 5 LTSN Jg 2 A 4 T
FU[D]. HPK: HPKK, 2018

WANG Ji. Study on dynamic modeling and control of
double rope winding hoist in ultra deep well [D].
Chongging: Chongging University, 2018. (in Chinese)
YR, SRR, KK, 5% mKIEFUAGBAE T RUK
TUIF BRI BVE BEWT T 0] T B B, 2021, 46(7):
102-107.

LI Zhenshun, KOU Baofu, ZHANG Zhang, et al. Study
on friction and wear performance of hydraulic
components under the action of high water-based
emulsion[J]. Lubrication 2021, 46(7):
102-107. (in Chinese)

BT s SR ER B R SR S ) KSR AR D] T S
@24k, 2005, 6(11): 127-128.

A,
HU Xinhua. Study on the support load of the ball friction

Engineering,

coupling based on hydrostatic bearing[J]. Lubrication
Engineering, 2005, 6(11): 127-128. (in Chinese)

FVE, B, RS, A A ZE A (R ER B I i A
Fs ST AL T[], S= T4, 2017, 38(3): 424-432.
WANG Tao, MAO Ming, TANG Shousheng, et al. Study
on formation mechanism of oil film lubrication pressure
of return ball joint pair of axial piston pump[J]. Acta
Armamentarii, 2017, 38(3): 44-432. (in Chinese)

IRALHE, 2o, WA, 45 KW A ZE AR MERER
il A7 AE I T URN St BETT O], TREBEvE 244k, 2002,
9(3): 116-118.

XU Zuyao, LI Zhuangyun, YANG Shudong, et al. The
problems and improvement of slipper socket in a water
hydraulic piston pump[J]. Journal of Engineering Design,
2002, 9(3): 116-118. (in Chinese)

HANILTON D B, WALOWIT J A, ALLEN C M. Atheory
of lubrication by micro irregularities[J]. Journal of Basic
Engineering, 1966, 88( 1): 177-185.

PETTERSSON U, JACOBSON S. Influence of surface
texture on boundary
Tribology International, 2003, 36(11): 857-864.

SUH N P, MOSLEH M, HOWARD P S. Control of
friction[J]. Wear, 1994, 175( 1-2): 151-158.

REUDE, BOUR, i, S MR R i 2E
R 1S PR R I SE 0] LR S EOR,
2009, 28(12): 1630-1633.

YUAN Mingchao, QIAN Shuanging, LIU Yijing, et al.

lubricated sliding contacts[J].

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Experimentalstudy for improving the tribological
performance of pistonring / liner by surface texture[J].
Mechanical
Engineering, 2009, 28(12): 1630-1633. (in Chinese)

ETSION I. Improving tribological performance of me

Science and Technology for Aerospace

chanicalcomponents by laser surface
Tribology Letters, 2004, 17(4): 733-737.
TALAIGHIL N, FILLON M, MASPEYROT P. Effect of

textured area on the performances of a hydrodynamic

texturing[J].

journal bearing[J]. Tribology International, 2011, 44(3):
211-219.

HGHEEMT, KA, Eerh. fhia A TE R SR AL R #l i)
ENAFFEHTE]. HUBRL 7 50K, 2015, 34(3):
404-407.

DENG Haishun, ZHU Jiaxiang, WANG Xiaolei. Study on
dynamic characteristics of textured port plate pair in axial
piston pump[J]. Mechanical Science and Technology for
Aerospace Engineering, 2015, 34(3): 404-407. (in Chinese)
ETSION |, HALPERIN G, BRIZMER V, et al.
Experimental investigation of laser surface textured
parallel thrust bearings[J].  Tribology Letters, 2004,
17(2): 295-300.

ZUM G K H, MATHIEU M, BRYLKA B. Friction control
by surface engineering of ceramic sliding pairs in water[J].
Wear, 2007, 263(263): 920-929.

BORGHI A, GUALTIERI E, MARCHETTO D, et al.
Tribological effects of surface texturing on nitriding steel
for high-performance engine applications[J]. Wear, 2008,
265(7): 1046-1051.

NORITAKA K, SUGIMORI H, MORIMOTO H, et al.
Development of cutting tools with microscope and nan
scale textures to improve frictional behavior[J]. Precision
Engineering, 2009, 33(3): 248-254.

WALSH M, WILLIAAM Sellers, MCGINLEY C. Riblet
drag reduction at flight conditions[C]// 6th Applied
Aerodynamics Conference,Williamsburg, V A, USA, 6-8
June 1988, 1988: 2554.

PETR B M, GOSMAN A D, IOANNIDES E, et al. CFD
analysis of a low friction pocketed pad bearing[J]. Journal
of Tribology, 2005, 127(4): 737-747.

YA rm s U Kl 1) A 2 S PC VR A R 7 AR A D
HRMmHIFI[D]. &R Ml Ky, 2015

FAN Donglu. Study on bionic non smooth surface of
valve plate friction pair of high pressure seawater axial
piston pump [D]. Qinhuangdao: Yanshan University, 2015.
(in Chinese)



186 h B X W L B 2022 &

[22] B RA. e s i 7Kl ) AT 5 252 o B A 0 74 Al 6 e S 1 [29] W e Hs g Al ) A 26 A A ZE R 05 A ARG T R T
WRHERTFD]. 25 5. #alikez, 2015. WFFI[D]. 8y ek, 2015,

SUI Ran. Lubrication characteristics of bionic hon smooth HU Wei. Study on bionic non smooth surface of piston
surface of slipper pair in high pressure seawater axial pair in high pressure seawater axial piston pump [D].
piston pump [D]. Qinhuangdao: Yanshan University, 2015. Qinhuangdao: Yanshan University, 2015. (in Chinese)

(in Chinese) [30] YU H, WANG X, ZHOU F. Geometric shape effects of

[23] fjat, M5, T, &5 PrAgUgsiid L ok surface texture on the generation of hydrodynamic
AR RERE I [J]. B 2 m T2, 2020, 33(3): 18-32. pressure between conformal contacting surfaces[J].
HOU Qimin, YANG Xuefeng, WANG Shouren, et al. Tribology Letters, 2010, 37(2): 123-130.

Types of anti biosphere texture and its effect on surface [31] #RFABH, e, A%, 5 BOLRIMAMMITES
friction properties[J]. China Surface Engineering, 2020, SRR 5 A o0 B AL R A e R i sg ma [3].
33(3): 18-32. (in Chinese) [0 TR, 2021, 34(4): 149-156.

[24] =M, SR, KRB, & RIS R A AT XU Yangyang, HAN Xiaoguang, XU Jiujun, et al. Effect
T AR ) BE A PR RE 0 ST R SR 9], v I R i R of surface texture micro-pit morphology and area density
2020, 33(2): 15-28. on tribological properties of nitrided cylinder liner[J].
FU Jingguo, XU Changgi, ZHU Xinhe, et al. Research China Surface Engineering, 2021, 34(4): 149-156. (in
progress on tribological properties of surface micro Chinese)
textured composite solid lubricating materials[J]. China [32] skthsg. WiAAS# MY dbnt: m558E Bk, 1996.
Surface Engineering, 2020, 33(2): 15-28. (in Chinese) ZHANG Yeying. Fluid mechanics[M]. Beijing: Higher

[25] B3z, WA, R, & AESENEEHETBRIR Education Press, 1996. (in Chinese)
Fimgi/K R ). T EX TR, 2019, 32(1): [33] Mg, JEEEZJFEIAIMI. dbnt: WA RE ik, 1990.
12-21. WEN  Shizhu. Principles of tribology[M]. Beijing:
ZHAO Meiyun, TIAN Sen, WU Yang, et al. Effect of Tsinghua University Press, 1990. (in Chinese)
texture parameters on hydrophobic properties of rubber [34] E2hF, kM, ReZa, 5. RNZUHATTE A HAE
surface of composite insulator[J]. China Surface FEMERSE M), YV 5% E, 2015, 40(4): 86-90.
Engineering, 2019, 32(1): 12-21. (in Chinese) WANG Jinfu, QIAN Wei, XIONG Lei, et al. Effect of

[26] ¥R, il i) Ao 2 25 TAC UL ) FR) 2R e B G R 8 5 P Bt surface texture arrangement on its lubrication
5¢[D]. xR MRUICTR R, 2011 characteristics[J]. Lubrication Engineering, 2015, 40(4):
QI Sheng. Texturing and tribological properties of port 86-90. (in Chinese)
pair in axial piston pump[D]. Nanjing: Nanjing University [35] SEELM. 7l ) AT 2 25 g i 07 2 AR D e SR THE
of Aeronautics and Astronautics, 2011. (in Chinese) JRBEATLIER I PR R EE A 9 [D]. 28 5115 11K, 2017,

[27] QIU M, DELIC A, RAEYMAEKERS. The effect of LIANG Yingna. Study on drag reduction mechanism and
texture shape on the load-carrying capacity of friction and wear of bionic non smooth surface lubrication
gas-lubricated parallel slider bearings[J]. Tribology of sliding shoe pair of seawater axial piston pump[D].
Letters, 2012, 48(3): 315-327. Qinhuangdao: Yanshan University, 2017. (in Chinese)

[28] MAKANO M, KORENAGA A, KORENAGA A.

Applying micro-texture to cast iron surfaces to reduce the YEZEN: AR, Ui, 1979 fEME, W, @IHEdE, e

friction coefficient under lubricated

Tribology Letters, 2007, 28( 2): 131-137.

conditions[J].

it EZFFIT ) 0 L AL
E-mail: 2015012@tyust.edu.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


