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Для вывода формулы зависимости прогиба от числа панелей в ригеле использована система компьютер-

ной математики Maple и метод индукции.  Рамы имеет четыре шарнирные опоры, две из которых являются непо-

движными. Внешняя нагрузка приложена к сочленяющему шарниру. Найденная зависимость имеет полиноми-

альный характер. Получена асимптотика решения, имеющая квадратичный характер. 
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Consider a composite lattice frame with a cross-shaped lattice and four supports (Fig. 1). 

The peculiarity of the support structures does not allow us to determine their reactions by the usual 

methods of mechanics from the equilibrium equation of the frame as a whole and its individual 

parts after breaking it into parts along the internal articulating joint. Support reactions in such ―ex-

ternally indefinable‖ structures are determined from solving the equilibrium equations of all nodes 

of the truss along with determining the forces in the rods. In this paper, the task is to obtain the ex-

act formula for the dependence of the deflection of the truss on the number of panels in the cross-

bar. 

 
 

Fig. 1. Truss under load 

 

To calculate the deflection of the frame (vertical movement of the articulating unit), a pro-

gram for determining the forces in the rods of statically determined trusses is used, written in the 

language of the computer mathematics system Maple [1]. The method used to obtain the formula 

was previously used to calculate arched-type trusses [2–7], a series of trellised trusses [8–19], and 

regular-type spatial structures [20–29]. Analytical solutions for trusses that allow instantaneous var-

iability were calculated in [30–33].  

_____________________ 
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The induction method used in [34, 35] made it possible to obtain static ratios for scissor 

mechanisms. The calculation of the deflection of a flat statically determinate frame by the induction 

method was made in [36,37]. Analytical solutions for regular trusses such as Bolman or Fink were 

obtained in [38–42]. In [43], a decision was obtained on the deflection of the L-shaped bracket-truss 

for fixing street lighting or advertising. Surveys of works using the induction method for calculating 

trusses are contained in [44–46]. 

As a result of calculations of a number of trusses with different successively increasing 

number of panels, an expression is obtained for the deflection of the truss, which does not depend 

on the number of panels: 

3 3 3 2( ) / (2 ),EF P Aa Bc Ch h                                                                  (1) 

where 
2 2c a h   — length of short brace in crossbar. The constancy of the shape of the final 

solution for a different number of panels is a characteristic feature of regular designs [47,48]. All 

three coefficients depending on the number of panels were found using the induction method [8-

14]. 

The rgf_findrecur operator from the specialized genfunc package, according to the calcula-

tion of twelve farms, gives linear homogeneous recurrence equations of orders 6 and 5: 

1 2 3 4 5 62 4 2 ;n n n n n n nA A A A A A A            

1 2 3 4 52 2 ;n n n n n nB B B B B B          

1 2 3 4 52 2 .n n n n n nC C C C C C          

Using the rsolve operator, we find solutions to these equations in the form of polynomials of 

the third and second order in the number of panels: 
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The obtained solution (1) can easily be generalized to an arbitrary ratio of stiffnesses of rods 

of various lengths: 
3 3 3 2( ) / (2 ),a b cEF P A a B c C h h       

where the stiffness coefficients of the rods of the corresponding length are introduced: 

/ ; / ; / .a a b b c cEF EF EF EF EF EF       

The elastic modules of the rods are taken equal, and the cross-sectional areas vary with re-

spect to a certain constant area F. 

The found analytical dependence of the deflection on the number of panels and the size of 

the truss can be used as an estimate for the outline design of the truss or for testing numerical meth-

ods. 

The curves in Fig. 2 are constructed according to formula (1) for the dimensionless relative 

deflection ' / ( )EF LP    with span length 100L   m. Panel length a  depends on span: 

/ (2 5)a L n  . Height h  indicated in meters. 
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Fig. 2. Dependence of the deflection on the number of panels 

 

Characterized by an increase in deflection with an increase in the number of panels to. Then 

the dependence takes on an oscillatory character, where the maximum replaces the minimum. For 

large numbers n, the curves have a parabolic shape. This follows from the limit obtained by Maple 

(limit operator) using the formula (1): 

2lim '/ 33 / (8 ).
n

n h L


  

 A similar ―sawtooth‖ dependence of the deflection on the number of panels was obtained in 

[15] for the frame (Fig. 3).  

 

 
 

Fig. 3. Shaft externally statically indefinable frame [15] 

 

 

The design of this frame and the one considered (Fig. 1) combines the type of lattice and the 

presence of external static indeterminacy. It is possible that this is precisely the reason for the step-

wise dependence of the deflection on the number of panels. The practical use of the discovered fact 

of sharp changes in the rigidity of the frame when changing the number of panels may be in opti-

mizing its design a reasonable choice of its parameters. 
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For the case of a load uniformly distributed over the upper zone (Fig. 4), the recurrence rela-

tions are complicated, their order increases, and the order of polynomials in the coefficients of 

equation (1) increases: 

 

 
Fig. 4.  Truss under the uniform  load 
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 The obtained dependencies can be used as estimates for the control of numerical calcula-

tions, where with an increase in the dimension of the system (increase in the number of panels), an 

increase in the error of the account is possible. In addition, the analytical form of the solution allows 

you to use it in optimization problems [49-51]. 
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Using a computer mathematics system and induction method, a formula is derived for the dependence of the 

deflection of a flat rod frame of a composite type, based on four articulated supports, two of which are movable. The 

external load is the vertical concentrated load in the articulated joint. It is shown that the dependence of the deflection 

on the number of panels in the crossbar is polynomial. The asymptotic behavior of the solution is obtained, which has a 

quadratic character. 
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