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Abstract: The nonlinear dynamic model of rotor-bearing-seal system with crack in shaft is set up based on the
coupling model of nonlinear oil-film force and Muszyska’s nonlinear seal fluid force. The dynamic vibration
characteristics of the rotor-bearing-seal system and the effects of physical and structural parameters of labyrinth
seal and crack fault on movement character of the rotor were analyzed. The increases of seal length, seal
pressure differential, seal radius and axial velocity are in favor of the stability of the system, and it of seal gap
and crack depth are not in favor of the stability of the system. Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction

It has important influences of nonlinear oil-film
force, nonlinear seal force and shaft crack et al to the
rotor system in safety running. Many researchers
studied the nonlinear dynamic characteristics of the
rotor system. Zhang Yanmei et al. [1] analyzed a
bearing-rotor system by using a new analytic model
of the unsteady oil film force. The bifurcation and
chaos behavior of the rotor system varying with the
rotation angular frequency were obtained through
numerical simulations. Based on the analysis of the
oil film force of a journal bearing, four characteristic
coefficients of the journal bearing are derived by
Yang Jinfu et al. [2]. Moreover, according to fluid-
structure-interaction equilibrium equations, they
presented a stability criterion equation of the oil film-
rotor system, which can explain the acting
mechanism of the oil film force on the rotor. The
dynamic destabilization characteristics of the journal
bearing were given by testing on the work set. Chen
Yushu [3] investigated the relation of the linearized
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stability of a single span rotor-seal system between
its parameters using the Muszynska’s model of seal
fluid dynamical forces. According to the theory of
Hopf bifurcation, the instability leads to self-excited
whirling motion of the rotor generated from its
equilibrium position. The direction of Hopf
bifurcation and the stability of the bifurcated periodic
orbit are determined by Poore’s algebraic criterion.
The theoretical results are verified by the numerical
results. Yang Xiaoming and Li Songtao et al. [4, 5]
analyzed the nonlinear dynamic characteristics of
labyrinth seal-rotating wheel system in hydraulic
turbines, and investigated the nonlinear dynamic
stability of hydraulic turbines with labyrinth seal
using the Muszynska’s model of seal fluid dynamic
forces. The results show that there is occurrence of
Hopf bifurcation after threshold speed is exceeded
and the rotating wheel comes in to bifurcated
periodic orbit. While the amplitude of bifurcated
motion will rise according to improvement of rotor
speed, which may cause the rotating wheel impact
seal at certain speed. Lyapunov’s first approximate
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theory was used to analyze nonlinear system stability,
and Runge-Kutta method was used to analyze
numerical simulation computation. Finally, the
influence of physical and structural parameter of seal
on rotor was investigated. Sensitivity analysis of
nonlinear dynamic characteristics was performed by
changing the physical and structural parameters of
seal-rotating wheel system. By comparing with eight-
parameter model, it was tested that the variation
tendency of Muszynska’s model is identical. Luo
Yuegang et al. [6] set up a dynamic model of two-
span rotor-bearing system with crack fault. Using the
continuation-shooting algorithm for periodic solution
of nonlinear non-autonomous system, the stability of
the system periodic motion was studied by the
Floquet theory. The periodical, quasi-periodical and
chaos motions were found in the system responses.
The unstable form of the rotor system with crack
fault was period-doubling bifurcation. There are
unstable forms of period-doubling bifurcation and
Hopf bifurcation in different rotate speed. There were
many harmonic element s of 1/3, 1/2, 2/3, 1, 2 and so
on within the sub-critical speed range. But the
2-harmonic element decreased within the super-
critical speed range. Gao Chongren et al. [7] studied
the seal behaviors taking cracked rotor system as
object. The Muszynska’s model of the nonlinear seal
force was applied to building the coupled dynamic
equation and analyzing the movement character of
cracked rotor with airflow induced force. The effect
of physical and structural parameters of labyrinth seal
on movement character of cracked rotor was
emphatically discussed. The research results shown
that the nonlinear dynamics character were very
plentiful in the cracked rotor seal system, the airflow
induced force can reduce the periodic response of the
cracked rotor, the main parameters of the sealed
structure had important impact on the stability of
cracked rotor system, and the dynamic stability can
be improved by adjusting seal parameters. Darpe [8]
studied transient response of a simple Jeffcott rotor
with two transverse surface cracks during its passage
through first bending critical speed, and the response
of the rotor during its passage through 1/3rd and 1/2
subharmonic resonances was also investigated. In this
paper, the nonlinear dynamic model of rotor-bearing-
seal system with crack in shaft is set up based on the
coupling model of nonlinear oil-film force and
Muszyska’s nonlinear seal fluid force. The dynamic
vibration characteristics of the rotor-bearing-seal
system were analyzed by numeral integrated method,
and the effects of physical and structural parameters
of labyrinth seal and crack fault on movement
character of the rotor were investigated. The results
provide theoretical references for safe operation and
fault diagnosis of the coupling systems.

2. Dynamic Models of the Rotor System
and Motion Differential Equation

Model of the rotor-bearing-seal system with crack
fault is shown as Fig. 1. Shaft coupling connects the

motor and rotor. The system mass is equivalently
concentrated on the center of every disc and bearing
support respectively. The torsional vibration and gyro
moment are neglected and only the lateral vibration
of system is considered. Both ends of rotor are
supported by journal bearings with symmetrical
structures. O; is geometric centers of bearing, O; is
geometric centers of rotor, Os is center of mass of
rotor, m; is lumped masses of rotor at bearing, m, is
equivalently lumped masses at disc. The shaft with
zero quality connect disc with bearing, £ is the
stiffness of elastic shaft. F, and F) are nonlinear oil
film forces, P, and P, are nonlinear seal fluid forces.
There is a transversal crack with deepness of @ in the
middle of shaft.

Fig. 1. Models of rotor-bearing-seal coupling system
and section of crack.

2.1. Oil-film Force of Short Bearing

Non-dimensional Reynolds equation based on oil-
film of short bearing assumption is expressed as
RT o

p . .
S = (H ) =xsin0—ycosd—2(x' cosO+ y'sin O 1
[J 5 )=y y (x ysing) (1)

where R is the radius of bearing, L is the length of
bearing. Non-dimensional nonlinear oil-film force
can be obtained form above formula:
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Non-dimensional nonlinear oil-film force can be
finally expressed as
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2.2. Nonlinear Seal Fluid Force
The Muszynska’s model is applied to investigate

the nonlinear behaviors of seal fluid force, it can be
expressed as [9, 10]
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where ¢ and ¢ are the relative stiffness parameters
about crack deepness a [6]; F(yw) is the open and
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initial phase place. & :L, & =c—2,
mao (my +mp)w
is the damping coefficient of bearing; c» is the
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where @ is the rotational angular velocity, K, D and
my are the represent equivalent stiffness, equivalent
damping and equivalent mass respectively. 7, is the

average velocity ratio of fluids in axially. K, D and
7, are the nonlinear functions of the displacements x

and y, which can be expressed as

K=Ky(1-¢>)"
D=Dy(1-¢*)™, n=05~3 9)
r,=1,(1-¢), 0<b<l

where e =4/x* +y* /¢, is the relative eccentricity of
rotor, ¢, is the seal gap, n, b and 7, are the seal

parameters, general 7, <0.5. Ko, Dy and my can be
calculated by Black-Childs formulas [11].

2.3. Motion differential equations

The radial displacements of axes center of rotor
system in left are assumed as (x;,y;) respectively,
the radial displacements of disc are (x,,),)

respectively,  then  non-dimensional = motion
differential equation of system can be expressed as
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nonlinear oil-film force components, which are
shown in formula (3). 6 1is the Sommerfeld
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the viscidity of lubricant. }_’x and 1_’y are the non-

dimensional nonlinear seal fluid forces
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3. Nonlinear Dynamic Characteristics
Analysis of the System

an

3.1. Dynamic Characteristics of the System
in Nonlinear Coupling Fluid Forces

The parameters of the system are: m;=4.0 kg,
my=32.1kg, R=25mm, L[=12mm, ¢=0.11 mm,
¢=0.5mm, x=0.018 P,-s , ¢;=1050N-s/m,
¢=2100 N's/m, k=2.5x10"N/m, e=0.05 mm. The
physical and structural parameters of seal are: n=2.5,
b=0.45, 7,=04, my=-0.25 . The imported loss

coefficient of seal is z=0.1, and the axial velocity is
5m/s. The first critical rotate speed of the system
(with no fault) is wo=882.5 rad/s.

Fig. 2 is the bifurcation diagrams of rotor-
bearing-seal response with rotational speed. When
the rotational speed is low, the response of rotor
system is periodic-1 motion. Along with the increase
of the rotational speed, at about w=620rad/s, the
system loses stability of the periodic motion, and
bifurcation from periodic-1 to periodic-2. The main
motion in the region of critical rotational speed is
periodic-2, and it in the supercritical rotational speed
is periodic-2, periodic-4 and quasi-periodic motion.
The main motion of the system in the ultra-
supercritical rotational speed is quasi-periodic. For
investigating the influences of physical and structural
parameter of seal on rotor system, the seal length,
seal pressure differential, seal radius, axial velocity
and seal gap are respectively changed. The results are

100 1350
w/(rad-s™)

2600

shown in Fig. 3. The instability critical speed of the
system shows nonlinear improvement along with the
increase of the seal length, seal pressure differential,
seal radius and axial velocity. It testifies the increases
of these parameters are in favor of the stability of the
system. The instability critical speed of the system
shows nonlinear decreased along with the increase of
the seal gap, which testifies the increase of the seal
gap is not in favor of the stability of the system. It
can be seen comparing references [4, 5, 7] that the
influences of the physical and structural parameters
of seal on rotor system in the coupling actions of
nonlinear oil-film force and nonlinear seal force are
significantly different of it in action of nonlinear seal
force only.

3.2. Influences of Crack to the Motion
Character of System

Fig. 4(a)-(d) are the bifurcation diagrams of the
rotor system with the rotating speed @ as the control
parameters at different non-dimensional crack depths
of a=0.4, 0.7, 1.0, 1.3. When the crack is less (¢=0.4),
the effects of crack fault to the motion characteristics
of rotor system is little.

Along with the increases of crack depth, the
periodic-4 motion translates to chaotic motion around
four regions in the region of critical rotational speed,
and there appear periodic-3 motions in the regions of
supercritical rotational speed and ultra-supercritical
rotational speed, which can be the basis for judging
the crack fault and degree. Fig. 3(f) shows
when a <0.4, the instability critical speed is about
=620 rad/s. The instability critical speed of the
system shows nonlinear decreased along with the
increase of the crack depth, which testifies the
increase of the crack depth will reduce the stability
of the system.

1350 2600

w/(rad-s™)

100 1350
(a.."(rad-s'l)

2600

2600

-14 ,
100 1350
w/(rad- s'l)

Fig. 2. The bifurcation diagrams of rotor response with .
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Fig. 3. Effects of parameters on critical unstable rotating speed.
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Fig. 4 (a). The bifurcation diagrams of rotor response with ® at different crack depth a=0.4.
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Fig. 4 (b). The bifurcation diagrams of rotor response with o at different crack depth a=0.7.
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Fig. 4 (c). The bifurcation diagrams of rotor response with o at different crack depth a=1.0.
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Fig. 4 (d). The bifurcation diagrams of rotor response with @ at different crack depth a=1.3.
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4. Conclusions

1) The nonlinear dynamic model of rotor-bearing-
seal system with crack in shaft is set up based on the
coupling model of nonlinear oil-film force and
Muszyska’s nonlinear seal fluid force. The dynamic
vibration characteristics of the rotor-bearing-seal
system were analyzed by numeral integrated method,
and the effects of physical and structural parameters
of labyrinth seal and crack fault on movement
character of the rotor were investigated.

2) The increases of seal length, seal pressure
differential, seal radius and axial velocity are in favor
of the stability of the system, and it of the seal gap is
not in favor of the stability of the system. The
influences of the physical and structural parameters
of seal on rotor system in the coupling actions of
nonlinear oil-film force and nonlinear seal force are
significantly different of it in action of nonlinear seal
force only.

3) The increase of the crack dep will reduce the
stability of the system. The periodic-3 motions
appearing in the regions of supercritical rotational
speed and ultra-supercritical rotational speed
can be the basis for judging the crack fault and
degree.

Acknowledgements

This research is supported by the Fundamental
Research Funds for the Central Universities
(No. DC120101011), supported by the Natural
Science Foundation of Liaoning Province, China
(No. 201202041), and supported Funds for the State
Ethnic Affairs Commission of China
(No. 12DLZ006).

References

(1].

[4].

Zhang Yanmei, Lu Qishao. Bifurcation and stability
analysis on vibrations of rotor systems with unsteady
oil film force, Acta Aeronautica Et Astronautica
Sinica, Vol. 24, Issue 1, 2003, pp. 35-38.

Yang Jinfu, Liu Zhansheng, Yu Daren, et al.
Research on nonlinear oil film force and its stability
of journal bearing, Power Engineering, Vol. 24,
Issue 4, 2004, pp. 501-504.

Chen Yushu, Ding Qian, Hou Shujun. A study on the
stability and hopf bifurcation of nonlinear rotor-seal
system, Journal of Vibration Engineering, Vol. 10,
Issue 3, 1997, pp.368-374.

Yang Xiaoming, Ma Zhenyue, Zhang Zhenguo.
Study of nonlinear dynamic stability of labyrinth
seal-rotating wheel system in hydraulic turbines,
Journal of Dalian University of Technology, Vol. 47,
Issue 1, 2007, pp. 95-100.

Li Songtao, Xu Qingyu, Wan Fangyi. A study on
nonlinear dynamic stability of labyrinth seal-rotor
system, Chinese Journal of Applied Mechanics,
Vol. 19, Issue 2, 2002, pp. 27-30.

Luo Yuegang, Zhang Songhe, Liu Xiaodong, et al.
Stability of a two - span rotor - bearing system with
crack fault, Transactions of the Chinese Society for
Agricultural Machinery, Vol. 38, Issue 5, 2007,
pp. 168-172.

Gao Chongren, Yin Yufeng, Yao Dechen, et al. Study
on coupled vibration of nonlinear cracked rotor seal
system, Machine Design and Research, Vol. 25,
Issue 1, 2009, pp. 27-31.

A. K. Darpe. Dynamic response of an accelerating
two - crack Jeffcott rotor, Advances in Vibration
Engineering, Vol. 9, Issue 1, 2010, pp. 35-51.

A. Muszynska. Model testing of Rotor/Bearing
systems, The International Journal of Analytical and
Experimental Model Analysis, Vol. 1, Issue 3, 1986,
pp- 15-34.

. A. Muszynska, D. E. Bently. Frequency swept

rotating in put perturbation techniques and
identification of the fluid models in rotor/bearing/seal
systems and fluid handing machines, Journal of
Sound and Vibration, Vol. 143, Issue 1, 1990,
pp. 103-124.

. Zhang Wen, Theoretical basis of rotor dynamics,

Science Press of China, 1990.

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved.

(http://www.sensorsportal.com)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


