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Abstract: 

The research object was a spatial cantilever statically determinate truss composed of three planar 
trusses with a triangular lattice. The spectrum of natural frequencies of the structure was analyzed. The 
same concentrated masses model the inertial properties of the truss at the nodes. The task was to obtain 
an analytical dependence of the lowest vibration frequency of a truss on the number of panels, mass, 
linear dimensions of the structure, and material properties. Method. The induction method and the Maple 
computer mathematics system operators were used to determine the forces in the rods and generalize 
the result to an arbitrary number of panels. The problem was solved using the Dunkerley approach, which 
gives a lower frequency estimate. Maxwell-Mohr's formula determines the rigidity of the structure. 
Homogeneous linear recurrent equations were compiled and solved to find the common members of the 
sequences of coefficients in the formula for the frequency. Results. The accuracy of the formula obtained 
by the Dunkerley method was estimated from comparison with a numerical calculation of the entire 
spectrum of natural frequencies. The comparison shows the good accuracy of the derived formula. As 
the number of panels increases, the accuracy of the lower estimate increases too. The same frequency 
for all trusses was found in the spectra of trusses with a different number of panels. This frequency is the 
spectral constant and depends only on the size of the system, the stiffness of the members, and the 
mass. The existence of spectral isolines with the property of asymptotically tending to a certain constant 
value was shown. 

1 Introduction 

Frequency analysis of structures is a necessary component of any dynamic analysis. In cases 
where only the first (fundamental) frequency is required to calculate the performance of the system, it 
does not make sense to calculate the entire spectrum. Numerical methods are used to calculate natural 
frequencies [1]ï[5]. With the development of systems of computer mathematics [6], [7], it became 
possible to obtain an analytical expression for the first frequency, depending on the size, mass, and 
properties of the material of the structure. In [8]ï[12] compact formulas were obtained for calculating the 
rigidity of some plane statically definable trusses. Based on these formulas, solutions for vibration 
frequencies are obtained. Frequency analysis of bridge trusses is also performed when examining steel 
bridges, including operated railway ones, where periodic dynamic loads are especially significant [13]. 
Accurate calculation of natural vibration frequencies is also very important in seismic analysis of buildings 
and structures [14]ï[17]. In road construction, natural vibration frequencies using design formulas are 
required when assessing the dynamic coefficient of the road surface [16]. 

In analytical calculations of natural frequencies, two types of solutions can be distinguished. Most 
often, semi-empirical or approximate formulas are used. For example, the method of equivalent structural 
stiffness is used to calculate the vibration frequency of a girder [4], [18], [19]. For this, the rigidity of the 
truss is equated to the rigidity of the equivalent beam, for which its natural frequency is determined by 
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