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Abstract. The aim of the paper is to present a planetary gearbox for wind turbine. At constant 
wind power input the planetary gearbox is able to provide variable speed of the output shaft. The 
main purpose of the differential transmission is on the capability to adapt the operation to variable 
loading of wind. A CAD model has been proposed in order to investigate the operation feasibility 
of the proposed design solution. A proper dynamic model has been developed in ADAMS 
software. Simulation tests have been carried out and results are discussed to validate the proposed 
design solution. 
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1. Introduction 

Gearboxes are used in various types of industrial machinery to provide suitable torque while 
reducing speed from a rotating power source by using gear ratios. Gearboxes are used in many 
applications, such as wind turbines, conveyors, draglines, bridges and many other machines. Gears 
also are used in differential drives of automobiles, final drives of tractors and heavy machineries 
mainly as reducer. The efficiency of gear trains depends on many factors such as the type and 
profile of teeth profile, contact stresses, number and type of bearings. These factors have been 
studied with recent approaches in [1-4]. Planetary gear transmissions are commonly used in 
applications where a large speed reduction is required as pointed out in [4, 5]. Several design 
solutions have been proposed in the literature, like for example in [6-10]. General design 
characteristics have been selected for practical applications of the transmission, like for example, 
in wind turbine installations. A wind turbine installation can be identified by referring to a small 
wind turbine of 10 kW power and with average wind speeds of 10-25 m/s.  

2. A kinematic model of a new planetary gearbox 

The proposed new planetary transmission can be considered as a CVT (solution). It consists 
of a mechanical planetary gear set. In this research work a new solution is considered for 
improving the efficiency of planetary transmissions. This mechanism has two mobile planetary 
gear sets with an asymmetrical design, Fig. 1. The asymmetrical design gives special operation 
features. The special operation features can be recognized in smoothly changing reduction ratio 
depending on the load of output shaft. A kinematic characterization of the mechanism can be 
expressed as function of parameters of external torques ,  on the carriers and constant 
input angular velocity ,, Fig. 1. The kinematic relations among the angular velocities of the 
gears with 1, 2, 3, 4, 5, 6 teeth can be expressed in the form: −− = ( ), (1) −− = ( ), (2) 
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where ( ) = − ⁄  and: 

( ) = − , (3)= , (4)

when  are the number of teeth in the gear ( = 1,.., 6). From Eqs. (1) and (2) angular velocities 
,  of gears 3 and 1 can be obtained as: 

= ( ) − 1 − ( ) − 1( ) − ( ) , (5)= ( )( − ) + . (6)

 
Fig. 1. A kinematic scheme for the new planetary gear box: longitudinal view with  – input carrier,  
1 – input sun gear, 2 – input satellite, 3 – input epicyclic gear, 4 – output sun gear, 5 – output satellite,  

6 – output epicyclic gear,  – output carrier 

3. Adams model 

Virtual design of the proposed planetary gearbox with 2-DOFs has been done in ADAMS 
software. An input angular velocity and output torque have been specified. The constant speed of 
motor with value of 400 rpm has been applied to the input carrier. An external torque with a 
constant value of 45 Nm has been applied to the output shaft of planetary gearbox. The proposed 
design of planetary gear transmission is shown in Fig. 2. Simulation of the gearbox has been 
proposed in order to investigate the engineering feasibility of the proposed design solution. The 
main dimensions can be as equal to a maximum high of 150 mm, a maximum longitudinal size of 
200 mm and maximum width of 160 mm. The pressure angle of teeth of gears is 20 degrees. All 
gears are made from steel Cr 40 and carriers, spindles, shafts are made from steel C45, except 
standard parts such as bearings, washers, nuts, bolts and screws. The gears have been made with 
module of 1 mm. The output and input shafts have different diameters of 14 and 30 mm 
correspondingly. 

4. Simulation modes 

Input parameters for the simulation of a planetary gear transmission have been defined. Input 
angular speed of motor and torque have been given as a constant values of 400 rpm and 15 Nm. 
Output torque is variable in range from 1 up to 8 Nm. Friction coefficient of gears has been set as 
equal to 0.2 by referring to a contact of steep surfaces. Table 1 shows main other parameters that 
have been assumed by referring to feasible values for a real case of study considering material, 
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penetration depth and force exponent. 
During the simulation of model the output parameters such as angular velocity, torque contact 

forces have been computed in order to investigate the dynamic behavior of the proposed 
transmission. Tests have been carried out by considering a constant input speed as 400 rpm and 
torque as 15 Nm and variable output torque as 1-8 Nm. When a variable torque is applied to the 
output shaft of planetary gearbox the input shaft has to rotate continuously with the constant speed 
of motor of 400 rpm. If this process will happen then it means the planetary gear box works with 
2 degrees of freedom and changes reduction ratio. 

 
Fig. 2. The ADAMS model of the final design with reference frames and applied loads 

Table 1. Input parameters for simulation of model in Fig. 2 
Parameter Valve Units 

Input angular velocity 400 rpm 
Input torque 15 Nm 

Output angular velocity Plots in Fig. 3 rpm 
Output torque Variable (1-8) Nm 

Damping 10 N∙sec/mm 
Young’s modulus 2.07 E+005 N∙mm2 

Density 7.801 E-006 Kg/mm3 
Penetration depth 0.1 mm 
Force exponent 1.8  

5. Simulation results 

The variable torque has been applied in order to check feasibility of change reduction ratio 
automatically. The proposed planetary gear transmission can to adapt to externally applied 
variable load to the output shaft by smoothly changing reduction ratio. In this paper, dynamic 
simulations are carried out with the aim to check the feasibility of the proposed gearbox for wind 
turbine installation. The results of dynamic simulation have been obtained and presented in the 
plots of Figs. 3 to 8.  

Angular velocities of the input and output shafts of planetary gear transmission are presented 
in Fig. 3. The input angular velocity has been given as a constant speed of motor of 400 rpm. As 
shown in the plot of Fig. 3 the input angular speed is constant during the test. The output angular 
velocity with approximately average value of 425 rpm is presented in Fig. 3 (red line). By 
considering the plot in Fig. 3 the output speed changes from 400 up to 450 rpm during the test. 
This is because, the variable torque has been applied to the output shaft of gearbox. The generated 
variable torque is presented in Fig. 4. MSC ADAMS generates cyclic different values of torque 
from 1 up to 8 Nm during the test. This torque change affects to the output angular velocity. The 
input shaft of the planetary gear transmission rotates with constant speed and it can be observed 
in Fig. 3 and 4. Fig. 5 shows the plot of computed angular velocities of the input and output sun 
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gears (red and blue dot lines). The input and output sun gears rotate with same angular speeds. 
Results show that the angular speeds of sun gears change from 450 up to 500 rpm during the 
simulation. Computed torque of the sun gear is presented in Fig. 6. The torque change from 1 up 
to 4 Nm. The curve in the plot is cyclic. Computed plot of the angular speed of the input planet 
gears is presented in Fig. 7. The angular velocity of input planet gears is approximately 375 rpm. 
Fig. 8 shows computed plot of angular speeds of output planet gears. The speed changes from 225 
up to 350 rpm and curve in the plot is cyclic.  

 
Fig. 3. Computed plot of the angular speed of the input and output shafts  

   
Fig. 4. Applied variable torque to the output shaft  

 
Fig. 5. Computed plot of the angular speed of the input (blue line) and output (red line) sun gears 

The variable load which has been applied to the output shaft is cyclic as shown in Fig. 4 and 
this cyclic load affected to the output results. By considering Figs. 3-8 it is possible to say the 
planetary gearbox can adapt to external applied load. The input shaft rotates constant angular 
speed. The smoothly cyclic curves in the plots show that the system can smoothly change 
reduction ratio.  

By considering these results of study of a planetary gearbox with a virtual models it is possible 
to identify that the mechanism can adapt to a variable external load. The simulation results show 
that the proposed planetary gearbox has suitably output parameters both in terms of speed and 
torque. Results with the preliminary model show that the gearbox has a constant output values, 
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when the constant load has been applied to the system. Results with the final model of planetary 
gear transmission show that the planetary gear box has capability to adapt to a variable load. In 
this study simulation results show that the gearbox smoothly changes the reduction ratio at 
constant input speed. It means the input shaft rotates with a constant angular speed of motor.  

 
Fig. 6. Computed plot of the torque of the sun gears 

 
Fig. 7. Computed plot of the angular speed of the input planet gears 

 
Fig. 8. Computed plot of the angular speed of the output planet gears 

6. Conclusion 

A planetary gear box with two degrees of freedom has been studied from aspects of mechanical 
design and kinematic modeling. A mechanical design and 3D CAD model of a planetary gear box 
with two degrees of freedom have been proposed in order to adapt the operation to variable  
loading. Design of the planetary gearbox is shown in kinematic scheme. In order to check the 
feasibility of the design a dynamic simulation of the planetary gearbox has been carried out in 
ADAMS software. Simulation results show that the proposed planetary gear box has suitably 
constant output values both in terms of speed and torque. The simulation results also show that 
the proposed gear box smoothly changes the reduction ratio at constant input speed. The main 
achievement of this work is the new design for a new planetary gearbox with 2DOFs which can 
generate a variable reduction ratio. Results are suitable for using the proposed design in wind 
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turbine applications. 

References 

[1] Fetvaci C. Definition of involute spur gear profiles generated by gear-type sharper cutters. Mechanics 
Based Design of Structures and Machines, Vol. 38, Issue 4, 2010, p. 481-492. 

[2] Kaharman A., Ding H. A methodology to predict surface wear of planetary gears under dynamic 
conditions. Mechanics Based Design of Structures and Machines, Vol. 38, 2010, p. 493-515. 

[3] Patel P. Design and Analysis of Differential Gearbox. Report, U.V. Patelcolliege of Engineering, 
Ganpat University, Kherva, 2009. 

[4] Thirumurugan R., Muthuveerappan G. Critical loading points for maximum fillet and contact 
stresses in normal and high contact ratio spur gears based on load sharing ratio. Mechanics Based 
Design of Structures and Machines, Vol. 39, Issue 1, 2011, p. 118-141. 

[5] Muni D. V., Muthuveerappan G. A comprehensive study on the asymmetric internal spur gear drives 
through direct and conventional gear design. Mechanics Based Design of Structures and Machines, 
Vol. 37, Issue 4, 2009, p. 431-461. 

[6] Balbayev G., Ceccarelli M. Design and characterization of a new planetary gear box. Mechanisms, 
Transmissions and Applications, Mechanisms and Machine Science, Vol. 17, 2013, p. 91-98. 

[7] Balbayev G., Carbone G. A dynamic simulation of a novel continuous variable transmission. 
Proceedings of the 11th IFToMM International Symposium on Science of Mechanisms and Machines, 
Vol. 18, 2013, p. 109-116. 

[8] Carbone G., Mangialardi L., Bonsen B., Tursi C., Veenhuizen P. A. CVT dynamics: theory and 
experiments. Mechanism and Machine Theory, Vol. 42, 2007, p. 409-428. 

[9] Derek F. L., Dennis W. H. The operation and kinematic analysis of a novel cam-based infinitely 
variable transmission. ASME International Design Engineering Technical Conferences and 
Information in Engineering Conference, Philadelphia, Vol. 3, 2006, p. 1-6. 

[10] Yaghoubi M., Mohtasebi S. Design and simulation of a new bevel multi-speed gearbox for automatic 
gearboxes. Science Journal Report and Opinion, Vol. 2, 2010, p. 1-7. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


