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Abstract: The light high-speed transmission systems with minimum dimensions and weights may 
show a wide spectrum of properties extending from the regular - periodic solutions to irregular ones 
of chaotic character. The method of transformation of differential boundary value problems to 
equivalent nonlinear integro-differential equations with solving kernels of Green’s type and the 
method of successive approximations are applied for analytical analysis of dynamic phenomena. 

Introduction 
For example, at a mass discretisation and with lightening holes in the cogwheel discs, the 

mathematical physical model of weakly and strongly nonlinear parametric, due to damping in gear 
time heteronymous, planetary transmission systems with spur gears is given by expression, [1] 
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where v  means generally the n-dimensional vector of displacement of system, )(vwK  is the K-th 
power of vector v defined by expression ))()(()( 1 vwvwDvw −= KK . ))(( vwD  denotes the diagonal 
matrix, whose elements at the main diagonal are comprised by elements of vector vvw ≡)( . M  is 
the matrix of mass and inertia forces, )(,11 tdkK  and )(,

11
tdKK kK  are matrices of linear and 

nonlinear constant and time variable damping forces, respectively, C1  and CK  are the matrices of 
quasilinear and nonlinear reversible forces, respectively, )(tF  is the vector of nonpotential external 
excitation with components nn ba ,  and the phase angle ϕ . H is the Heaviside’s function, which 
allows to describe the motions (contact bounces) due to strong nonanalytical nonlinearities, for 
example due to technological tooth backlash )(ts . The corresponding constant linear or nonlinear 
coefficients of damping are denoted by iδβ,  or iDD, , respectively. The linear parametric stiffness 
functions are denoted by the symbols nnn VUY ,,  and nonlinear parametric functions, so-called 
parametric nonlinearities, by the symbol nI . ε  and κ  are the coefficients of the mesh duration, and 
the amplitude modulation of the resulting linear tooth stiffness function )(tC , t  is the time. 

Method of analysis 
Based on the quantitative evaluation of each member of vector equation system (Eq.1) of the 

given planetary system with kinematic constraints, this can transform into form [1], [2] 
 

),,,,,,()()( 1 tHH k α′′′µ=+′′≡ �vvvVvCvMvF ,        (2) 
 where µ  is a small parameter, V  functional operator containing all nonlinearities, parametric 

functions, damping and nonpotential excitation sources of vibration, α  factor of frequency
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variation and kH )(1C  regular matrix of linear reversible forces (both symmetrical and 
asymmetrical). For periodic solutions with period π2 , the boundary conditions are then 

 
).2()0(),2()0( 21 π+′=+′≡π+=+≡ ttNttN nn vvvv        (3) 

 
Due to limited extent of the contribution, the successive approximation method to the differential 

boundary problem (Eq.2, Eq.3) of equivalent integrodifferential equation system will be indicated 
for the analytical solution of this deterministic multi-frequency excited system briefly only for the 
case of a symmetric matrix of reversible forces, by means of E.Schmidt’s method of split cores. 

Introducing normal coordinates v̂ , further simultaneous transfer of diagonal matrix M  on unit 
one E , symmetric matrix kH )(1C  on the diagonal one kH )(ˆ

1C  and the introducing Green’s 
influence function (Müller’s-Breslau’s method) with variables t , ξ  complying with the given 
boundary conditions of solved differential boundary problems, then we get to the differential 
boundary problem Eq.2, Eq.3 equivalent integrodifferential system of equations after longer 
calculations and integration both for regular – nonresonant 2)( kn MH ≠λ , and singular - resonant 

2)( kn MH =λ  cases, where )(Hnλ are the eigen values of boundary problem. 
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where the expression in square brackets represents solving the core - Green's empty resolvent in an 
extended sense of word. wv ,,λ  are eigen values independent on linkage of main part of the system 
(Eq.2), ii rr 212 ,−  are then branching parameters resulting from branching equations[2] 
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Conclusion 

When matrices of reversible forces kH )(1C  in main part of Eq.2 are asymmetrical, the solution 
may lead to difficulties, compared with case of a symmetric matrix with the normal coordinates. 
There is necessary then make the transformation of differential boundary problem and solution 
integrodifferential equations for linkage dependent main part of Eq.2 in the original coordinates v . 
For a limited range of paper, will deal with this issue in next expanded publications.  
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