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The efficiency of a planetary gear depends on many factors: mainly on the tooth- and bearing 
friction losses, but beside them, in certain circumstances, also the oil churning losses have to be taken 
into consideration. This theoretical investigation was made to determine the oil churning, the bearing and 
the tooth friction losses of planetary gears and evaluate the influence of these types of friction losses on 
their efficiency. Optimization of the design of the planetary gear drives can result the best parameters 
leading to their highest efficiency even in the case of compound planetary gears.  
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0 INTRODUCTION 
 
In some applications it is necessary to use 

transmission systems having high gear ratio, 
which can be solved by using planetary gears. 
There are simple planetary gear constructions 
which are able to result high gear ratio, for 
example the KB+B, the KB+K, the K+K, the 
B+B (Figs. 1 and 2).  
 

  
Fig. 1. The planetary gear KB+B on the left and 
on the right planetary gear KB+K can be seen 
(K-external gear connection, B-internal gear 

connection) 
 

  
Fig. 2. The planetary gear K+K on the left and on 

the right planetary gear B+B can be seen (K-
external gear connection, B-internal gear 

connection) 
 
However, in this case the power flow of 

these types of planetary gear drives can be 
unbeneficial. It means that much higher rolling 

power can circulate inside the planetary gear than 
the input power increasing the friction loss and 
decreasing the efficiency. During design of a 
planetary gear having high gear ratio and a 
useless inner power circulation it is necessary to 
find compromise between the complexity of the 
construction and the allowable friction losses.  

The efficiency of a planetary gear mainly 
depends on three factors: on the construction of 
the planetary gear drive determining the power 
flow, on the inner gear ratios and on the rolling 
efficiency. In practice the rolling efficiency is the 
multiplication of the tooth efficiencies. In some 
application and by some type of planetary gears it 
is not a correct procedure to calculate only the 
tooth friction losses while determining the 
efficiency of the gearbox. Investigating the 
methods for calculation the power losses of gears 
and gear drives, published in literature [1] to [8] 
we found that nearly every model concerns on the 
power loss model of simple gearboxes and not on 
the power loss model of planetary gear drives 
having special features. This fact pointed to our 
main goal creating a new mathematical model to 
predict the power losses of planetary gears.  
 

1 POWER LOSS MODEL 
 
1.1 Tooth Friction Losses 
 

In practice the tooth friction loss of mating 
gears are taken into consideration mainly by 
using the known formulas of the tooth efficiency 
[3], [4], [6] and [8]. In our model the average 
coefficient of friction were calculated by using 
the equation developed by Eiselt and Ohlendorf 
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[9], where the changes of parameters were also 
taking into consideration as a function of rotation 
angle of the pinion (ϕ):  
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The apparent power loss generated by the 
tooth friction along the contact line:  

( ) ( ) ( )1fcs n csP F vϕ μ ϕ ϕ= ⋅ ⋅                     (2) 
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Fig. 3. The apparent power loss generated by the 
tooth friction between sun gear and planet gear of 

a planetary gear K+K (Input power: Pin=500 
[W], tooth numbers: z2=31, z3=30, center 

distance: aw=76,25 [mm] profile shift factor of 
sun gear x2=0,5, profile shift factor of planet gear 

x3=-0,5, gear ratio: i=15,7541, input speed: 
nin=1440 [1/min], point C is the pitch point)  

 
During calculating the sum of power 

losses generated by the tooth friction it has to be 
taken into consideration that thanks to the double 
tooth contact zone between points A and B and 
between D and E, the meshing teeth causes 
rolling and sliding friction losses between points 
A and B and at the same time between points D 
and E. Optimal tooth shift factors can lowering 
the power losses of meshing gears. With variation 
of the tooth profile shift factors the optimal tooth 
profile can be determined by the designer for a 
given application.  
 
1.2 Bearing Friction Losses 
 

To calculate the friction losses generated 
by the bearings the SKF model can be used, 

where the friction losses of the bearings are the 
functions of the average bearing diameters.  

During an optimization of a planetary 
gearbox construction, it is difficult and sometimes 
impossible to select the average bearing diameters 
of every bearing of each gears and shafts from the 
main catalog. Therefore we set up a new model, 
where the average bearing diameter was 
calculated as a function of the load and the 
prescribed lifetime. Using this model the optimal 
type and size of the bearings of each shafts and 
gears can be determined for a given application.  
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Fig. 4. a) The basic dynamic load rating as a 

function of the average diameter of deep groove 
ball bearings (Dimension series 22). Data were 

taken from SKF Catalog.  
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Fig. 4. b) The inner diameter as a function of the 
average diameter of deep groove ball bearings 

(Dimension series 22). Data were taken from SKF 
Catalog 
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Fig. 5. The linearization of the basic dynamic 

load and inner diameter functions  
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Fig. 6. a) The basic dynamic load rating as a 

function of the average diameter of deep groove 
ball bearings and the equations with mC- yC 

parameters; data were taken from [5] 
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Fig. 6. b) The inner diameter as a function of the 
average diameter of deep groove ball bearings 
and the equations with md- yd parameters; data 

were taken from [5] 
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Fig. 7. a) The basic dynamic load rating as a 

function of the average diameter of cylindrical 
roller bearings and the equations with mC- yC 

parameters; data were taken from [5] 
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Fig. 7. b) The inner diameter as a function of the 
average diameter of cylindrical roller bearings 
and the equations with md- yd parameters; data 

were taken from [5]  
 

The revealed connections between the 
bearing inner diameter (d) and its average 
diameter (dm), and between the prescribe lifetime 
(Lh) and the average bearing diameter (dm) were 
developed by using strength calculations. Factors 
mi, yi were developed by using [5] (Figs. 4 to 7).   

Average diameter for sun gear and ring 
gear necessary to carry the load:  
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and for planet gear:  
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Average diameter necessary to reach the 
lifetime of L1h:  
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To carry the applied load and also to reach 
the prescribed lifetime the biggest average 
diameter has to be chosen from the calculated 
values whether the load carrying capacity or the 
lifetime is dominant. The biggest average 
diameter is the resultant average (ball or roller) 
bearing diameter which can be calculated with the 
following equation:  
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After determined the average diameter 
(dm), the friction loss of bearings can be 
determined by the methods suggested by the 
bearing manufacturers [5]. For example the load 
dependent friction torque of a bearing can be 
calculated with the following simple equation:  

1 1 1 res

a b
mM f P d= ⋅ ⋅                                            (6) 

The load independent friction torque of a 
bearing can be calculated with the following 
equation:  
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1.3 Oil Churning Losses 
 

The total oil churning loss consists of the 
loss of expel, the power loss of splashing and the 
disc churning loss components.  
 
1.3.1 The Power Loss of Expel 
 

As the teeth of the gear or pinion turns into 
the tooth valleys of the gear, the redundant oil 
volume is expelled by the teeth from the tooth 

valleys. During the expel process the oil has to be 
accelerated and to squeeze it out, which needs 
energy causing power losses. Define coefficients 
that describe the oil volume in the tooth valleys of 
the pinion (1) and gear (2), the flow rates (V’oki) as 
a function of time can be calculated with the 
following equations developed for external and 
for internal gears:  
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Power loss of expel as a function of planet gear rotation
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Fig. 8. Power losses generated by oil expel in a 

planetary gear K+K (Input power: Pin=500 [W], 
tooth numbers: z2=31, z3=30, z2’=30, z3’=31, 
center distance: aw=76,25 [mm], gear ratio: 

i=15,7541, input speed: nin=1440 [1/min], dip 
lubrication)  

 

The average power losses generated by the 
oil expel can be calculated with the following 
equations, taking into consideration the cross 
sections of the flow (Aeyti) and the flow rates as a 
function of time and the meshing conditions:  
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Fig. 9. a) Geometric model for calculation the oil 

expel for external gearing 

 
Fig. 9. b) Geometric model for calculation the oil 

expel for external gearing 
 

 
Fig. 10. Geometric model for calculation the oil 

expel for internal gearing 

1.3.2 The Power Loss of Splashing 
 

The planet gears submerge into the oil 
during revolving around the coaxial shaft of the 
transmission. Thanks to the revolving and the 
rotation of the planet gears, the gears submerge 
into lubricant a high tangential speed by some 
constructions. The wheel-body hits the lubricant 
surface and accelerates the oil getting in its tooth 
valleys. Determining the number of submerging 
teeth (zo(ϕo)), tangential speed (vra3), the mass 
flux (m۟op) and the submerged area as a function of 
time, the power loss of splashing can be 
calculated with the following equation developed:  
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Fig. 11. The model of a splashing planet gear 
 

The calculated result of the investigated 
planetary gear K+K (Fig. 15) is presented in Fig. 12. 

  

Power loss of splashing as a function of carrier rotation
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Fig. 12. Calculated power loss caused by the 

splashing planet gears 



Strojniški vestnik - Journal of Mechanical Engineering 56(2010)4, 231-238 

 

Csobán, A. – Kozma, M. 236

1.3.3 The Disc Churning Loss, the Windage Loss 
and the Friction Power of Seals 
 

The power loss caused by a rotating disc 
submerged in oil can be calculated with equations 
published in the British Standard BS ISO/TR 
14179/1 [3]. There are also some methods for 
calculation the windage [3] and seal losses [6], 
which are published in literature.  

The calculated disc churning loss result for 
a planet gear of the investigated planetary gear 
K+K is presented in Fig. 13.  
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Fig. 13. Disc churning loss of a planet gear 

 
1.4 Taking into Consideration the Number of 
Planet Gears 
 

The number of planet gears influences the 
splashing and churning loss components.  
 

  

 
Fig. 14. Distribution of the resultant churning 

losses as a function of revolution angle of planet 
carrier 

Taking into consideration the number of 
planet gears (Fig. 14), the average churning (Pts) 
and splashing (Pp) loss can be calculated with the 
following equation developed:  
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The sum of average churning and 
splashing loss and average power loss of expel 
gives the total oil churning power loss of a 
planetary gearbox.  
 

2 CONCLUSIONS 
 

Heavy-duty planetary gears operate at high 
speeds and transmit high powers leading to 
considerable friction power losses. These power 
losses transform into heat, therefore the operating 
temperatures of the transmissions have to be 
calculated with taking into consideration all the 
power dependent and the power independent 
losses. Due to high power losses it would be 
important to know the heat load carrying capacity 
of the planetary gears in the early stage of 
designing. Using the presented method the oil 
churning loss, the bearing – and the tooth friction 
loss for all types of planetary gears can be 
calculated and the influence of the varying 
constituents of the power losses on the efficiency 
of the planetary gears can be evaluated. The 
results of such a calculation are presented in Fig. 
16 for a K+K planetary gear.  

 
Fig. 15. The investigated planetary gear K+K 
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Fig. 16. The constituents of the total power losses 
for a planetary gear K+K (Input power: Pin=500 

[W], tooth numbers: z2=31, z3=30, z2’=30, 
z3’=31, center distance: aw=76,25 [mm], gear 

ratio: i=15,7541, dip lubrication) 
 

3 NOMENCLATURE 
 
a – exponent for bearing calculation [-]  
a1 – factor for bearing life correction [-] 
Aeyti – cross sections of the oil flow [m2] 
aw – center distance [mm] 
αo(ϕo) – maximal immersion angle [ °] 
b – exponent for bearing calculation [-] 
bm – immersion depth [mm] 
βo – maximal splashing angle [ °] 
C – basic dynamic load [N] 
coe – correction factor for splashing calculation [-] 
d – inner diameter of bearing [mm] 
dm(d) – average bearing diameter as a function of 
the inner diameter[mm] 
dm(Lh) – average bearing diameter as a function of 
the prescribed bearing lifetime[mm] 
dm res – resultant average bearing diameter [mm] 
Δy – tooth immersion length for internal gear 
connection [mm] 
ηM – viscosity at operating temperature [mPas]  
F1n – the normal force between the tooth profiles 
[N] 
Fr – bearing radial load component [N] 
f0 – bearing coefficient [-] 
f1 – bearing coefficient [-] 
ϕ – parameter, pinion or gear turn angle [ °] 
ϕo – carrier turn angle, parameter for splashing 
calculation [ °] 
ϕΩ - pinion or gear turn angle, parameter for oil 
expel calculations [ °] 
γb – planet gears minimal distribution angle [ °] 
i – gear ratio [-] 

ξ – tooth distribution angle [ °] 
l – contact length of meshing teeth [mm] 
L1h – prescribed bearing lifetime, SKF rating life 
(99% reliability) [h] 
M0 – load independent friction torques of bearing 
[Nmm] 
M1 – load dependent friction torques of bearing 
[Nmm] 
M2;4 – sun or ring gear torque [Nm] 
mi, yi – developed constants for linearization 
(bearing calculations) 
m۟op – splashed oil mass flux [kg/s] 
μ(ϕ) – coefficient of tooth friction along the 
contact line [-] 
n – bearing rotational speed [rpm] 
nin – input speed [rpm] 
nk – rotational speed of planet carrier [rpm] 
ν – oil kinematical viscosity at operating 
temperature [mm2/s] 
ω3g – planet gear angle velocity [rad/s] 
ωk – carrier angle velocity [rad/s] 
Ω – tooth turn angle (loss of expel) [ °] 
P1 – equivalent dynamic bearing load [N] 
Pfcs(ϕ) – tooth power loss along meshing [W] 
Pin – input power [W] 
Poki(ϕ) – power loss of oil expel [W] 
Pp(ϕo) – power loss of splashing [W] 
Pts(ϕ) – disc churning loss [W] 
Ra – average surface roughness (CLA)  
rai – addendum radius [mm] 
ry – radius parameter [m] 
ρ – oil density [kg/m3] 
ρne(ϕ) – effective curvature in pitch point [mm]  
Syt – tooth thickness [mm] 
σm, τm – allowable normal and shear stress 
components [MPa] 
Σvt(ϕ) – sum of the tangential speeds of gear and 
pinion along the contact line [m/s] 
Σy - tooth immersion length for external gear 
connection [mm] 
tfb – tooth turn time (loss of expel) [s] 
tk – planet gear splashing time [s] 
V – shear load of planet gear pin [N] 
v – entraining speed [m/s] 
vcs(ϕ) – the sliding velocity between the tooth 
profiles [m/s] 
vra3 – tangential speed of planet gear [m/s] 
V۟ok(ϕΩ) – flow rate, oil volume flux for oil expel 
calculations [m3/s] 
wt(ϕ) = F1n/l – applied normal load/contact length 
of gear teeth l [N/mm] 
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x – tooth profile shift factor [-] 
zo(ϕo) – number of submerging teeth [-] 
z – tooth number [-] 
2 – index of sun gear 
3 – index of planet gear 
4 – index of ring gear 
k – index of carrier 

 
4 REFERENCES 

 
[1] Mizutani, H., Isikawa, Y. (year) Effects of 

Lubrication on the performance of high 
speed spur gears, NASA TM 101969. 

[2] Ariura, Y., Ueno, T., Sunaga, T., Sunamoto, 
S.   (year) The lubricant churning loss in 
spur gear systems, The Japan Society of 
Mechanical Engineers, vol. 16. 

[3] Heingartner, P., Mba, D. (2005) Determining 
power losses in the helical gear mesh, Gear 
Technology. 

[4] Bartz, W.J. (1989) Getriebeschmierung. 
Expert Verlag. Ehningen bei Böblingen. 

[5] SKF Főkatalógus, Reg. 47.5000 1989-12, 
Hungary. 

[6] Anderson, N.E.,  Loewenthal, S.H.,  Black, 
J.D. (year) An analytical method to predict 
efficiency of aircraft gearboxes, NASA TM 
83716. 

[7] Höhn, B.R., Michaelis, K., Otto, H.P. (2008)  
Influence of immersion depth of dip 
lubricated gears on power loss, bulk 
temperature and scuffing load carrying 
capacity, Int. J. Mech. Mater., vol 4., p. 145-
156. 

[8] Niemann G., Winter, H. (1989) 
Maschinenelemente. Band II. Springer-
Verlag, Berlin. 

[9] György, E.  (1983) Fogaskerekek, Műszaki 
Könyvkiadó, Budapest. 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


