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Abstract
A research model for investigating frequency characteristics of a planetary gear train of special type with one ring has been created. Contemporary methods and means have been applied. The solid bodies have been created through SolidWorks. The model creation of the elastic parameters of the gear mesh and the theoretical research has been realized in the working environment of the software system MSC.ADAMS.
Introduction
The frequency analysis is especially important for decreasing the noise and vibration of planetary gear trains. The application of the relationships of natural frequencies and vibration modes concerning the parameters of the gear train gives the opportunity for tuning resonances away from operating speeds, minimizing response, and optimizing the structural design. The design of planetary gear trains requires an optimization based upon a variety of criteria.  Some of them are: appropriate load distribution, avoiding of resonance case, reducing the weight. Besides, it is very important to investigate how the values’ variation of one of those parameters influences the dynamic response of the gear train. This subject area is a relative new one in the research field of gears [1, 2, 3].
The objective of the presented material is to introduce the automated implementation of frequency analysis of a planetary gear train of special type. The automated processing is much more effective concerning the invested time in the calculation processes.    
Dynamic model of the planetary gear train
The research object is a planetary gear train from a “3К’ type according to the Kudrjavzev classification characterized additionally through with one ring satellite – Fig. 1. The satellite gear of the planetary gear train (g) is in meshing contact with the fixed ring (b) and with the ring (e), which is connected with the output shaft. The satellite gear along its width is taking part in two different meshing areas. Therefore, the strength calculation according to the criteria bending strength and contact strength is not sufficient for ensuring the normal functioning of that type of meshing contact [4].
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Fig. 1: Principle design of the investigated planetary gear train

A model for the investigation of the movements regarding the equilibrium state, i.e. the vibrations, is elaborated. The mesh stiffness parameters are presented through elastic elements. The rest of the elements are presented in the model as solid bodies – Fig. 2.
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Fig. 2: Mechanical model of the meshing contact
Selection of a software system
The geometry model of the gear train is created in SolidWorks and imported in the software system MSC.ADAMS (Automatic Dynamic Analysis of Mechanical System). The software system MSC.ADAMS is selected because it is characterized through a powerful modeling and a simulation environment. It enables the user to design, visualize, and improve the mechanical system model prior to building a physical prototype [5]. 

Realization of the model in the selected software system - MSC.ADAMS

After the model of the gear train elements, which are assumed to be ideal solid bodies, has been created in SolidWorks, the mesh stiffness is to be presented through elastic elements in the working environment of MSC.ADAMS – Fig. 3. The system MSC.ADAMS allows the consideration of the mesh stiffness as a function of the deformation – Fig. 4. This model is based upon the analytic methods from [1], [2] и [3], which consider the mesh stiffness as a constant parameter.
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Fig. 3: Model of the investigated gear train in equilibrium
[image: image5.png]Action Body| PART3

Rieaction Body| PARTS

Stifness and Damping:

Stifness Coefficent | (500000000 rewton/meter)

No Stifness

Preload 00

Defauit Length | eiived From Desian Postion)

Sping Graphic | O, IfStfness Specied

Damper Graphic | O, I Damping Specied -

Force Display | On Acton Body &

s P

oK Apply Cancel





Fig. 4: Characteristics by modelling of elasticity in the system MSC.ADAMS
Simulation research and results

Different variants for fixing and applying of the distortion influence are possible. At this stage of the investigation, a simulation is realized for fixed sun gear and moving the ring „е” (Fig. 1 and Fig. 2) from its equilibrium. The equilibrium is presented in Fig. 4.  The vibration, which the gear train carries out are characterized with five natural frequencies and vibration modes – Table 1 and Fig. 6. 
Table 1: Results, obtained through the computer research with ADAMS 
	Mode

number
	Undammed natural frequency, Hz
	Damping ratio
	Real
	Imaginary

	1
	5.942930E+003
	4.112819E-012
	-2.444220E-008
	5.942930E+003

	2
	9.071900E+003
	2.996181E-012
	2.718106E-008
	9.071900E+003

	3
	1.521037E+004
	0.000000E+000
	0.000000E+000
	1.521037E+004

	4
	1.540642E+004
	-0.000000E+000
	0.000000E+000
	1.540642E+004

	5
	1.799822E+004
	3.533313E-013
	6.359333E-009
	1.799822E+004


The equilibrium position in Fig. 6 is presented with continuous line and the relevant natural mode – with blue dashed line. 
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Fig. 6:
First and second vibration mode 
Conclusions
The frequency analysis is of specific importance doe decreasing the noise and vibration for planetary gear trains. A model for researching the frequency characteristics of a planetary “3К” gear train with one ring satellite is elaborated. Contemporary methods are applied. The elements of the gear train are presented in the mechanical model as solid bodies through SolidWorks. The modeling of the elastic features of the gear mesh contact and the calculation research is realized in the working environment of the system MSC.ADAMS. The natural frequencies and vibration modes of the gear trains are determined. The results are shown in a table and they are visualized through graphical presentations.
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