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Abstract

This paper presents numerical calculations of the hydrodynamic pressure
distribution, carrying capacity, and friction coefficient in the gap of a journal
bearing. The analysed bearing is lubricated using motor oil. In this paper, oil
ageing and temperature influence on viscosity are taken into account. Viscosity
changes in the pressure and shear rate are not considered. These changes will be
considered in other papers.
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For the hydrodynamic lubrication analysis, laminar flow of the lubrication
fluid and non-isothermal lubrication model of the journal bearing were
assumed. As the constitutive equation, the classical, Newtonian model was
used. This model was extended by the viscosity changes in temperature and
exploitation time. For the considerations, the cylindrical journal bearing with
the finite length and smooth bearing, with the full angle of wrap were taken.

INTRODUCTION

During exploitation time, lubrication oil is subjected to the ageing process.
Verification of the oil condition is based on oil analysis in laboratory or with the
sensors of oil condition [L. 1, 2]. Oil condition is being compared to the new oil
parameters and referred to the limit state, which should be not exceeded.
Reaching of the limit state even only by the one parameter causes that the oil
does not fulfil its basic function [L. 3]. In this case, proper actions have to be
undertaken, e.g. purifying, refilling (marine engines), and oil change.

The above-described issues are well known and explored. Problem occurs
if there is a need to take into account the changes in the oil due to ageing,
exploitation, and flow parameters at the friction node design stage. This
problem is a subject of the author’s research.

In the thin layer of oil film, the constancy of density and heat transfer
coefficient from the temperature were assumed [L. 4-7]. Viscosity changes in
exploitation time were modelled as an exponential function based on the
experimental research.

For the experimental research, the lubrication oil Castrol EDGE 5W30 was
taken. This oil was exploited in the 1.8l petrol engines of the personal car
Honda FRV. Oil samples were taken in the first stage of exploitation
approximately every 300km and then approximately every 3000 km. The
sample is the clean oil and the last one is a sample after 16 235 km.

Viscosity changes were measured on the Haake Mars 3 rheometer in the
laboratory of Gdynia Maritime University. Viscosity changes as a function of
temperature, shear rate, and exploitation time were measured.

Results of the experimental research, as the function exploitation time, for
the temperature of 90°C and constant shear rate, are shown in Fig. 1. Viscosity
changes in temperature are shown in Fig. 2. In the literature, exploitation time is
given in the working hours, motion hours, or millage. By the exploitation time
that corresponds to the millage of 12 000 km, a lowering of the dynamic
viscosity occurs. This lowering might be caused by measurement error or by the
temporary lowering of the viscosity due to a petrol leak into the engine oil,
before the sample was taken.

The curves of the viscosity changes, which are shown on the Fig. 2, have
been described as exponential equations. These equations and each coefficient
are shown in Tab 1.
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Table 1. Equations of the changes of the dynamic viscosity in temperature T-T,
for the different exploitation times of the Castrol EDGE 5W30 motor oil
Tabela 1. Roéwnania zmian lepkosci dynamicznej od temperatury T-T, dla réznych czaséw

eksploatacji oleju Castrol EDGE 5W30
Exploitation Trend line equation Coefficient Charactgrlstlc
time [km] n = nye 80-T) 3 [1/K] . dlm.enS|0naI
viscosity n, [Pas]
0 7 = 0.01296¢0036049(T-To) 0.036049 0.01296
325 7 = 0.01264¢%036044(T-T) 0.036044 0.01264
597 n = 0.01263¢0%03646(1To) 0.036460 0.01263
942 n = 0.01296¢0036049(T-To) 0.036762 0.01286
2963 7 = 0.01296¢0%036049(T-To) 0.037018 0.01296
5665 n = 0.01296¢%036049(T—To) 0.037281 0.01338
8765 7 = 0.01296¢0%036049(T-To) 0.037675 0.01351
11664 n = 0.01296¢0036049(T-To) 0.037843 0.01287
16235 7 = 0.01296¢0036049(T-To) 0.039739 0.01447

BASIC EQUATIONS

Analysis of the hydrodynamic lubrication of the journal bearings by the laminar
and non-isothermal flow includes solving of the momentum conservation
equation, fluid flow equation, and energy conservation equation in the
following forms [L. 4-11]:

where:

dv

Y _ Di 1

P m DivS, 1)

div(pv) =0, )

div(xgrad T) + div(vS) — vDivS = p%, 3

¢, — specific heat of the oil by the constant volume [J/(kgK)],

— time [s],
— velocity vector of the oil [m's™],
— stress tensor of the oil with the coordinates t; for i,j = ¢,r,z [Pa],

— oil density [kg-m™],
— heat transfer coefficient of the lubrication oil [W/(mK)].

t
v
S
T - oil temperature distribution in the lubrication gap [K],
p
K

Constitutive relations, which describe relations between stress tensor
coefficients and velocity strain tensor of the oil, can be presented in the
following form [L. 5, 6, 8, 9]:
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S=—pl+np T, 6DA . (4)

Velocity strain tensor is described by the following relation [L. 5, 6]:

where:

A;=L+L", L=gradyv, (5)

A, — first velocity strain tensor with the coordinates ©;; [s7],
I — unity tensor,

L — velocity gradient tensor [s™],

p - hydrodynamic pressure [Pa],

Ta— apparent viscosity coefficient [Pa-s],

0 —shear rate [1/s].

For further calculations, the dynamic viscosity was assumed as the function
dependent on the temperature [L. 5, 6] and exploitation time M, =MN4(T,t)
[L. 8, 11]. The function of the dynamic viscosity is presented as the product of
the dimensional value and dimensionless relations, which take each influence
into account as follows:

Ma =1 Thas Ta =Tht " Tht »

Mr(g.2,r)=B-e 7070 =B.e™®h 7, (1)=D-e' =D-e™",  (§)

where:

Nia —
no -

mr -
Nt —
815 8tl -
or -

Ko —

total dimensionless dynamic viscosity,

characteristic dimensional value of the dynamic viscosity by
the very small shear rate and characteristic temperature T, and
pressure p,

dimensionless dynamic viscosity, dependent on temperature,
dimensionless dynamic viscosity, dependent on exploitation
time,

dimensional and dimensionless material coefficient, including
viscosity changes in time,

material coefficient, including viscosity changes in tempera-
ture [1/K],

dimensional heat transfer coefficient of the oil [W/(mK)],
angular velocity of the journal [1/s],

0]
Qer = RZmZnOST/KO — dimensionless coefficient of the viscosity changes

X —

in temperature,
positive coefficient, interpreted as a time constant [s],
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B,D - dimensionless coefficients which include different values of
the dimensional characteristic n, which is designated from the
measurements on the rheometer, by the different influences
(temperature, exploitation time, pressure, shear rate),

R — journal radius [m],
T, - dimensionless temperature,
T, - dimensional characteristic value of the temperature [K],

dimensionless time.

—
fly
|

Equations of momentum, fluid flow, and energy conservation have been
transformed into dimensionless forms and estimated. Parts in the height of the
radial clearance have been neglected. Using of the small parameter method, the
system of equations has been spread into two subsystems. The first one took
flow parameters changes in exploitation time into account. The second one took
changes of those parameters on dynamic viscosity of the oil into account
[L.5, 6].

After double integration of the first and third momentum equation and after
that substituting of the boundary conditions, the first and the third
dimensionless component of the velocity vector have been obtained [L. 5, 6].
By the transforming of the fluid flow equation and substituting into it the first
and the third component of the velocity vector, integration and substituting of
the boundary conditions of this form, the second component of the velocity
vector was obtained [L. 5, 6]. Substituting in the same solution the second set of
the boundary conditions, the Reynolds-type equation was obtained [L. 5, 6].
This equation received the following form:

i h_glﬂ +ii hgl ap:{O) =6 ahpl (7)
| mt(t) d¢ L2 9z | my(t) 07 I
where:
h,y  —dimensionless height of the lubrication gap, which depends on
the related eccentricity A and parallelism of the journal axis and
bushing axis y [L. 5],
L, — dimensionless length of the bearing,
p1 — dimensionless pressure,
Z; — dimensionless axial coordinate of the cylindrical system,
0 — peripheral coordinate of the cylindrical system,

N1 () — dimensionless dynamic viscosity, which depends on the
exploitation time.
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Hydrodynamic pressure distribution was obtained from the Reynolds-type
equation. This equation has been developed from the basics from the motion
equations using classical relations used for the thin boundary layer.

Proceeding similarly with the second equation system, the Reynolds-type
equation was obtained, with which the hydrodynamic pressure distribution can
be obtained [L. 5, 6]:

9 | hp [ opl§ L 10 1 [ op5 _
E)q) 771t ¢ |-1 azl 771t 0z

hoy (1, hoy (e ©
J JT(O) avl JL jTl(O)av—ldr n ||+
o hal g an

o1 o (o 0 ]
J. J. T, _daV3 h j R Jp. Tl(O) _daV§ ! hon|rs (8)
o hal on

Dimensionless carrying capacity C{”2 and dimensionless correction of the

carrying capacity Cl(g) have been obtained from the following relations [L. 5, 6]:

+1 (& : +1f 9 i
Co= [I {jpl(o)cosysinqﬁdgb}zl] [I[J.pl(o)cosycosgbdqﬁ}ﬂl} , (9
0

-1 -1

+1 (& 2 2
CH = [I [J pO cos ysing d¢]121] {J.A[J' p cos ycos ¢ d(z)}jzlJ . (10)
1l o _

Dimensionless friction Fr® and dimensionless correction of the friction

Fr{Y have been obtained from the following relations [L. 5, 6]:

+1(é (0)
ov
Frl(o):J. j[ﬂn 81r1 ] h dg (dz; =
=
, (11)

+1| 27 0 +1 | 9 (0)
v ov.
=I j[nlt alrs ] dg dzl"'j _[ Tt alrp d¢ (dz,
! n=hp -1] 0 ! r=hp
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+1 ¢ @
ov.
1
Frf) = J. J.[nlt _aif d¢ (dz, =
r1:hpl

: (12)

+f 27 1) +1 o @

v Vg

J. I[’ht —ai,OSJ dg d21+J‘ I T 8rp d¢ dz,
-0 ! n=hp _1_0 ! n=hgy
Dimensionless friction coefficient (%)i) and dimensionless correction of

the friction coefficient (%)iz) have been obtained from the following relations
[L.5, 6]:

(0)
H :FLO) (13)
) oo
(1)
[ﬁl — Frl%)cl(()) - Frl(O)Cl%) (14)
2

Total dimensional carrying capacity, friction, and the total friction
coefficient are obtained from the following relations [L. 5, 6]:

pr= P +Qer Plg (15)
Cx =Cyz -bR7,0/y? = (€0 + Qe CR ) bR,/ w2, (16)
Fry = Fr,-bR7,0/ y = (Fr® + Qg FED ) bR,/ v, (17)

H Frs (4 (O) U " 18
[al%[ﬂ Q[Vl =

NUMERICAL CALCULATIONS

Numerical calculations were performed using Mathcad 15 software using
a finite difference method and the author’s own procedures. Dimensionless
hydrodynamic pressure and dimensionless corrections of the hydrodynamic
pressure were obtained from equations (7) and (8).

Carrying capacity, friction, and the friction coefficient were obtained from
equations (9)-(14).



5-2016 TRIBOLOGIA 179

Numerical calculations were performed for the following data:
dimensionless length of the bearing L; = 1, related eccentricity A = 0.8, and the
equation of the viscosity changes in time m, =e®®% %', Parameters of the
function that describes viscosity changes in time for the different exploitation
intervals were assumed from Tab. 1. Results of the numerical calculations of
carrying capacity, friction, and the friction coefficient are shown in Fig. 3.
Corrections of these values are shown in Fig. 4.
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Fig.3. Dimensionless values: carrying capacity C®, friction force Fr® and friction

©
coefficient (%) for the different exploitation intervals
1

Rys. 3. Bezwymiarowe wartosci: sity nosne;j Cl(o) , sity tarcia Fr(® i wspotczynnika tarcia (%)i )

dla roznych czasoéw eksploatacji oleju

Increases of the dimensionless carrying capacity and dimensionless friction
resulted from the increase of dynamic viscosity in exploitation time of the
exploited oil are shown in Fig. 3. Due to the same influence of the dynamic
viscosity on the carrying capacity and friction, the friction coefficient, as the
relation of these two values, remains unchanged. In case of the dimensionless
carrying capacity corrections (Fig. 4), we observe a decrease in this value in
exploitation time (approx. 14%). Despite that, the correction of the
dimensionless friction increases (approx. 32%) in exploitation time. Because the
corrections are calculated according to the equation (14), we receive a very
small increase of the friction coefficient correction (0.16%). It has to be
indicated that, for the basic values (Fig. 3), we add correction values (Fig. 4)
multiplied by the small parameter Qgg.
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the friction Frl(g) and correction of the friction coefficient for the different exploitation
intervals
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korekty wspotczynnika tarcia (u/ y/)ig) dla réznych czasow eksploatacji oleju

OBSERVATIONS AND CONCLUSIONS

From the experimental research and analysis of the literature, viscosity changes
can reach even 50% over time. Allowed limit states can be increased 25% or
decreased by 30%, because the character of the viscosity changes in
exploitation time is not linear, especially in marine engines, where: purifiers are
in use.

The friction coefficient does not change while taking into account viscosity
changes in exploitation time. Total dimensionless carrying capacity increases
about 18% for the oil after a millage of 20000km (for Qgr = 0.2). Total
dimensionless friction in this case increases to about 18%. The Qg parameter
takes values from 0.2 to 0.6.

Conducted numerical analysis indicates that it is possible to take into
account the influence of viscosity changes due to oil ageing on exploitation
parameters of the journal bearing. Taking this fact into account at the design
stage or during exploitation of the oil will allow the reduction in wear and
increase the lifetime of the friction node.
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Streszczenie

W niniejszej pracy przedstawiono obliczenia numeryczne rozkladu ci$nie-
nia hydrodynamicznego, sily no$nej oraz wspolczynnika tarcia w szczelinie
poprzecznego lozyska S§lizgowego smarowanego olejem silnikowym
z uwzglednieniem zmian lepkos$¢ oleju od temperatury i czasu eksploatacji.
W pracy nie uwzgledniano zmian lepkosci od ci$nienia i szybkosci $cinania.
Takie zmiany beda uwzglednione w innych pracach.

Do analizy hydrodynamicznego smarowania przyjeto laminarny prze-
plyw cieczy smarujacej oraz nieizotermiczny model smarowania lozyska
slizgowego. Jako rownanie konstytutywne zastosowano klasyczny model
newtonowski z uwzglednieniem zmian lepkosci od temperatury i czasu eks-
ploatacji. Do rozwazan przyjeto walcowe lozysko §lizgowe o skonczonej
dhugosci z gladka panewkq o pelnym kacie opasania.



	Wojciech HORAK, Józef SALWIŃSKI, Marcin SZCZĘCH
	Analysis of the potential usage of selected magnetic fluids in thrust slide bearings
	Analiza możliwości zastosowania wybranych cieczy magnetycznych we wzdłużnych łożyskach ślizgowych  41
	Wojciech HORAK, Józef SALWIŃSKI, Marcin SZCZĘCH
	Aleksandra PERTEK-OWSIANNA
	The iron boride wear-resistant layers on constructional C45 steel, modified by chromium and the laser process
	Przeciwzużyciowe warstwy borków żelaza na stali konstrukcyjnej C45 modyfikowane chromem i laserem  147
	Elżbieta ROGOŚ, Andrzej URBAŃSKI
	The antiwear and extreme-pressure properties, and viscosity-temperature characteristics of the lubricants containing vegetable oil and AW/EP additives
	Właściwości przeciwzużyciowe i przeciwzatarciowe oraz charakterystyki lepkościowo-temperaturowe kompozycji olej roślinny-dodatki AW/EP  159
	Grzegorz SIKORA, Andrzej MISZCZAK
	The change of friction and load-carrying capacity of the journal bearing with the consideration of the oil ageing
	Zmiany siły nośnej i siły tarcia w poprzecznym łożysku ślizgowym przy uwzględnieniu starzenia się oleju  171
	Wojciech TARASIUK, Mariusz LISZEWSKI, Bazyli KRUPICZ,  Ewa KASPRZYCKA
	The analysis of the selected processes of thermo-chemical heat treatment of 20MnCr5 steel in the context of abrasive wear
	Analiza wybranych metod ulepszania cieplno-chemicznego stali 20MnCr5 w kontekście zużycia ściernego  183
	Y.O. TLEUKENOV, A.D. POGREBNJAK, S.V. PLOTNIKOV,  N.K. ERDYBAEVA
	The physical and mechanical properties of (Ti, Hf, Zr, Nb, V, Ta) N coatings deposited in the vacuum-arc process
	Właściwości fizyczne i mechaniczne powłok (Ti, Hf, Zr, Nb, V, Ta) N otrzymanych metodą łukowego osadzania próżniowego  195
	The effect of the exposure-in-oil on the contact angle of the polymers forming sliding layers in  hydrodynamic bearings
	Wpływ ekspozycji w oleju na kąt zwilżania polimerów stosowanych  na warstwy ślizgowe w łożyskach hydrodynamicznych  219

	Jan ZWOLAK, Martyna MAREK
	Wojciech HORAK3F*, Józef SALWIŃSKI*, Marcin SZCZĘCH*
	Wojciech HORAK4F*, Józef SALWIŃSKI*, Marcin SZCZĘCH*
	Ewa KASPRZYCKA5F*, Bogdan BOGDAŃSKI6F**

	Based on the results of the conducted tests, it can be concluded that Creusabro 8000 steel was characterised by the lowest loss in mass among the examined materials, both in light and medium soil. For light soil, the difference in the loss in mass bet...


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages false

  /AutoFilterGrayImages false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /FlateEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /POL (PDF 1.4

300 DPI kompresja bezstratna

spady dokumentu

)

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /FlateEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /FlateEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed true

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



