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Abstract

Magnetic fluids are substances whose rheological properties can be actively
influenced by treatment with a magnetic field. Two main types of magnetic fluids
can be distinguished: ferromagnetic fluids, and magnetorheological fluids.
Ferrofluids are mostly used in sealing engineering, whereas magnetorheological
fluids are usually applied in controlled systems for the dissipation of mechanical
energy, like brakes and dampers. The ability to control the rheological properties
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of magnetic fluids opens new horizons for development in machine design,
among others in the areas of bearing engineering.

The paper presents a comparative analysis of the rheological characteristics
of selected magnetic fluids with a focus on the possible areas of the application
of these substances in bearing engineering.

INTRODUCTION

A magnetic fluid is a suspension of particles made of ferromagnetic material
immersed in a carrier fluid that does not exhibit magnetic properties. Due to the
particle size, two types of magnetic fluids can be distinguished. Ferrofluids (FF)
are produced based on particles with a diameter of several nanometres [L. 1].
Magnetorheological fluids (MRF) consist of particles with a size up to a few
dozen micrometres [L. 6]. The particles in both types of magnetic fluid are
usually covered with a surface-active compound (surfactant) in order to prevent
aggregation and sedimentation of the suspension.

Magnetic fluids belong to the group of materials that can control their
rheological properties with a magnetic field. The properties of the fluid may be
different due to changes in the microstructure of the suspension occurring in the
magnetic field [L. 2]. At a macroscopic scale, the magnetic field affects the
stress state in a fluid, both in the tangential [L. 2, 12] and normal direction
[L. 3,7, 10, 11, 12]. The range of change in rheological properties is a function
of several factors, in particular, volume fraction of the magnetic particles in the
fluid, magnetic properties of the particle material, and particle size and shape.

Due to differences in the behaviour of FF and MRF, they are used in various
technical applications. Ferromagnetic fluids are used primarily in seals [L. 5],
and magnetorheological fluids are used in vibration dampers, brakes, and
clutches [L. 9]. Work is also underway on the development of bearings with
these fluids [L. 4, 8].

RESEARCH METHOD

Two magnetorheological fluids, MRF-10 and MRF-22 of the LORD Company,
and two ferromagnetic fluids, APG-W05 and APG-W10 of the Ferrotech
Company, were chosen for the studies. Selected properties of the fluids are
shown in Table 1. The values were obtained based on the manufacturer's
information [L. 13, 14] and from our own research in the case of zero field
dynamic viscosity.

The examined MR fluids are characterized by similar physicochemical
composition (the same carrier fluid and ferromagnetic particle parameters),
except that the MRF-10 fluid has a 10% volume of particles, while the MRF-22
fluid contains 22% of ferromagnetic particles. This means there are different
dynamic viscosity values between MR fluids when there is no magnetic field
applied.
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Table 1. Selected properties of examined magnetic fluids
Tabela 1. Wybrane wlasciwosci badanych cieczy magnetycznych

Saturr_:ltlo_n Zero field viscosity
Magnetic fluid . magnetization

No. type Fluid name mPa-s

kA/m (B=0T,t=25°C,
7 =100s7)
1 MRF-10 147.4 52.6

2 MRE MRF-22 360.0 2275

3 FF APG-W05 30,7 550.5

4 APG-W10 30.8 1189.0

The tested Ferrofluids have very similar values of saturation magnetization.
The APG-W10 fluid has a zero field dynamic viscosity twice as high as the
second ferrofluid.

Magnetization is a crucial parameter that has an effect on the behaviour of
the magnetic fluid attracted by a magnetic field. The magnetization curves of
the tested fluids are shown in Fig. 1. Ferrofluids have much lower
magnetization values compared to the tested MR fluids. The magnetization
curves of the tested ferrofluids, due to the similarity of saturation magnetization,
practically coincide. There are also significant differences between both MR
fluids. The saturation magnetization of MRF-22 is almost 2.5 times higher than
MRF-10. It should be noticed that increasing the magnetic field when the fluid
is saturated does not cause further changes in magnetic fluid behaviour.
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Fig. 1. Magnetization curves of the examined fluids [L. 13, 14]
Rys. 1. Krzywe magnetyzacji badanych cieczy magnetycznych [L. 13, 14]

Studies were performed on an MCR 301 rotational rtheometer (Fig. 2a)
equipped with an MRD 180 measuring cell that allows measurements to be
carried out in a magnetic field.
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A diagram of the test chamber is illustrated in Fig. 2b. The rotating plate (1)
has a flat working surface. It is made of a material that has paramagnetic
properties. The magnetic field is generated by the electromagnet (5). The power
supply allows the current in the coil to be changed in the range of 0 to 5 A. This
allows changes in the magnetic induction in the range of 0 to 1 T. The upper
(3a) and lower (3b) components of the chamber and core of the electromagnet
are made of a material with ferromagnetic properties. They form a closed
magnetic circuit (7). The tested magnetic fluid (2) is placed between the rotating
plate (1) and the fixed plate (6).

/
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Fig. 2. MCR 301 rheometer with an MRD 180 measuring cell [L. 15], b) schematic view of
the measuring cell

Rys. 2. a) widok ogdlny reometru MCR 301 z komora MRD 180 [L. 15], b) schemat komory
badawczej

Studies were conducted with a constant gap height of h = 0.5 mm and
a constant temperature of t = 25°C. The rotary plate diameter was 20 mm. The
volume of the magnetic fluid was 175 pl.

The aim of the study was to determine the flow curves and the curves of
normal stresses while logarithmically increasing the shear rate in the range 0.1-
1000 s™. The study was performed at magnetic field inductions of B = 0, 100,
200, and 400 mT.

RESULTS

Shear stresses

The results of measurements of the shear stress registered with various values of
magnetic field for the tested magnetic fluids are shown in Fig. 3. The scale on
the left axis (black) refers to the FF, while the right axis (grey) of the graph
refers to the MRF sample.
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For the tested FF, the linearity of the flow curves was observed in all cases.
This indicates behaviour typical of Newtonian fluids.

The examined FF untreated with a magnetic field (Fig. 3a) revealed the
highest shear stress at the levels of 510 Pa (APG-WO05) and 1040 Pa (APG-
W10); whereas, after applied magnetic induction, regardless of its value, the
measured shear stresses were obtained as 600 Pa for APG-WO05 and 1180 Pa for
APG-W10 (Fig. 3b, ¢, d). In both cases, this indicates a relatively small
influence of magnetic field induction on the viscosity of the ferrofluid tested.
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Fig. 3. Flow curves: a) B=0mT, b) B =100 mT, ¢) B =200 mT, and d) B =400 mT
Rys. 3. Krzywe ptyniecia; a) B =0 mT, b) B = 100 mT, c¢) B = 200 mT, d) B =400 mT

It should be noted that the tested FF, due to low saturation magnetization,
were saturated with less than B = 400 mT. Further increases in the magnetic
field intensity (above the range analysed in this study) do not result in a change
of the viscosity parameters of the tested FF.

The results obtained for both examined MR fluids shows values of shear
stress about 10 times lower in the case of magnetic field absence (Fig. 3a).
Moreover, for MRF-22, some non-linearity of the flow curve can be noticed
(only for a shear rate below 100 s™).

In the case of the magnetic field influence on the sample of MR fluids, flow
curves indicate non-Newtonian rheological behaviour. In the lower range of
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shear rate, the presence of yield stress with a range of several hundred Pascal is
clearly visible.

The range of shear stress variability observed for MR fluids is the shear
stress variation registered during the test. This is very wide, both in terms of the
magnetic field and in terms of shear rate. Flow curves indicate that, in the case
of applied magnetic field, the behaviours of MR fluids are characteristic of
shear thinning (pseudo-plastic) substances.

Normal stresses

The results of measuring the normal stresses of the examined fluids, obtained
with various values of the magnetic field, are shown in Fig. 4. The scale on the
left axis (black) refers to the FF, while the right axis (grey) of the graph refers to
the sample MR fluids. As a result of the tests performed in the absence of
magnetic field, there was no occurrence of normal stress; therefore, the results
obtained for this case were omitted.

120
100 4500 500
3 4 1050
—_ 237;‘ - 1000 = —
il — = B
_n..: a0h /\ - 3500 2 8400 =
< = = & &
20 ¥ 7,,‘/'\:/ —o— APG-W05 {3000 7 300 2
E 20 A —— APG-WI0| s k —— APG-WOS {6300 §
= 40l ——MrF-10 2% < % g —— APG-WI10 | k.
E N L ——MRF-22 |40 E = . . ——MRE10 |
B 60 1wy e gl E c0{~ T —— MRF-22 05
Z -80 e P s T —— | =
100 1500 40 S
el ———12100
-120 T T T T T T T T T 1000 20+ T T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Shear rate () [1/s] Shear rate () [1/s]
a) b)
600, —o— APG-W05
b —o— APG-W10 - 30000
—— MRF-10
5501 —— MRF-22 =
25000 &
g s =
500 o

pof” P g 20000 %

&
bl
S

- 15000

Normal stress (o) [Pa]

&
S

T T T T T T T T T 10000
0 100 200 300 400 500 600 700 800 900 1000
Shear rate () [1/s]

©)

Fig. 4. Normal stress curves: a) B =100 mT, b) B =200 mT, and c¢) B =400 mT
Rys. 4. Wyniki pomiaru napr¢zen normalnych; a) B = 100 mT, b) B = 200 mT, c) B =400 mT

Normal stresses obtained for FF have similar values. Only a slightly higher
normal stress was recorded for APG-WO05 (a ferrofluid characterized by a lower
zero field viscosity).
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In the analysed range of shear rate, the mean normal stress values for
B = 100 mT were about 20Pa, whereas, for B = 200 mT and 400 mT, they were
about 110 Pa and 500 Pa. It may be noted that the duplication of the value of the
magnetic induction caused an approximately 5-fold increase in the registered
normal stress. Moreover, for both examined ferrofluids, there was no significant
effect of the shear rate on the variation of normal stress.

For MR fluids, this was about twice the normal stress recorded for the
MRF-22 fluid relative to MRF-10. This is due to the different amount of
particles contained in the fluids. In all cases, increasing the shear rate reduced
the obtained normal stress values. In all cases, the maximum value of this
parameter was observed at shear rates below 1 5™

At the highest of the analysed shear rates (1000 s™) and magnetic induction
(B = 100 mT), the examined FF obtained a level of 25 Pa; whereas, for MRF-10
and MRF-22, for this same condition normal stress of 1500 and 4000 Pa was
registered, respectively. The disproportion in the received values between the
two types of magnetic fluids increases together with the value of the given
magnetic field (for B = 400 mT, for both ferrofluids the obtained normal stress
was about 0.5 kPa, whereas for MRF-10 it equalled 15 kPa and MRF-22 near
31k Pa. As can be seen, the values of normal stresses for MR fluids are
significant.

CONCLUSIONS

The obtained results indicate significant differences in response to the magnetic
field, depending on the type of magnetic fluid. In particular, this is visible in the
response to changes in shear rate.

The use of ferrofluids in sliding bearings may be preferred due to their low
friction. Moreover, the flow curves of the FF liquid indicate Newtonian
behaviour without a significant influence of magnetic field on viscosity.
Changes in the viscosity of the examined FF as a result of the magnetic field in
the analysed magnetic induction range are about 200 mPa:s.

Due to the similarity of saturation magnetization, the differences in the
behaviour of the two examined ferrofluids mainly result from differences in the
zero field viscosity (mainly dependent upon the viscosity of the carrier liquid).

Ferrofluids allow normal stresses to be obtained, where:in the value slightly
depends on the shear rate. The source of normal stress observed in the FF is the
internal pressure, which arises under the impact of the magnetic field. This
phenomenon is discussed in detail in the fundamental publication
Rosensweig [L. 1].

When considering the use of ferrofluids in bearing systems, significant
advantages can be expected because of the potential achievement of a self-
sealing effect. The result of this phenomenon is a reduction in the lubricant side
outflow, so it is possible to increase the carrying capacity of the bearing.
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The variation of shear stress obtained for the examined MR fluids indicates
their non-Newtonian rheological behaviour. On the flow curves, yield stress can
be seen (for low shear rates), and, at higher shear rates, the characteristics
revealed behaviour typical for pseudo-plastic substances.

The range of shear stress changes visible on the MR fluid flow curves is
very wide. Combining both effects, the magnetic field and shear rate are visible.
This feature enables their use in bearing systems characterized by
a considerable range of variability in the operating parameters. The validity of
MR fluids in bearing systems is also indicated by the ability of such fluids to
generate higher values of normal stresses, especially at lower deformation
speeds. Due to the size of the particles in MR fluids, the source of normal
stresses form column-like structures with a direction in line with the direction of
the magnetic field. The large variability of shear and normal stress results from
the cyclic destruction and reconstruction of these structures as a result of the
shear force. Both relatively low internal friction and high values of normal
stress occurring in MR fluids at low shear rates indicate the areas of the
application of these fluids in systems with a relatively low strain in the bearing
working gap.

Currently, research work is continuing on the possibility of using magnetic
fluids as a lubricant in thrust bearings. The obtained values of normal stress in
the test bearings have a much lower level than the fluid friction bearings
lubricated hydrostatically and, in particular, hydrodynamically, which currently
substantially restricts their use in traditional solutions. Expected areas of
application are systems where: it is desirable to control the properties of the
lubricant and its positioning. The ability to maintain the liquid at a certain
position by a magnetic field can be important when the bearing works in zero
gravity conditions.
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Streszczenie

Ciecze magnetyczne sa to substancje, ktérych wlasciwosci reologiczne mo-
gq by¢ aktywnie ksztaltowane poprzez oddzialywanie na nie polem magne-
tycznym. Mozna wyr6zni¢ dwa podstawowe typy cieczy magnetycznych:
ciecze ferromagnetyczne oraz magnetoreologiczne. Znane sa przemyslowe
aplikacje cieczy ferromagnetycznych, przede wszystkim w konstrukcji
uszczelnien, natomiast ciecze magnetoreologiczne znalazly zastosowanie
glownie w ukladach dyssypacji energii mechanicznej o sterowanych para-
metrach pracy. Perspektywa wykorzystania mozliwos$ci sterowania wiasci-
wosciami reologicznymi cieczy magnetycznych otwiera nowe horyzonty dla
opracowywania konstrukcji urzadzen, miedzy innymi w obszarze kon-
strukcji lozysk.

W pracy przedstawiono analize poréwnawczg charakterystyk reolo-
gicznych wybranych cieczy magnetoreologicznych i ferromagnetycznych ze
zwroceniem uwagi na mozliwe obszary zastosowania tych cieczy w inzynie-
rii lozyskowania.



	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



