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ANALYSIS OF DEFORMATIONS OF THE OPEN HINGED-ROD RING 

 
Abstract 

The problem of deformation of the ring, which is a flat statically determinate truss, under the action of forces 
applied to the open area, is solved symbolically by the formula of Maxwell – Mohr in the system of computer 
mathematics Maple. 

Keywords 
Ring, offset, exact solution, Maple 

 
To increase the strength and rigidity of the hulls of aircraft, submarines, ships used the cross-aperture – frames. 

Calculation of such structures usually produced in numerical form finite elements. In this work the analytical solution 
of the deformation of the truss (Fig. 1) is obtained. 

  
Figure 1 – Truss, n=4                         Figure 2 – Panel of truss 

 
A truss may consist of an arbitrary number of panels (Fig. 2). Consider the case of an odd number of panels 

k=2n-1, so that a complete ring in the truss are missing one panel. The central angle corresponding to the panels equal 

/ n  . Panel dimensions:  2 2sin( / 2), cos( / 2), ( )c b u b d a c u      . Method of sections 

find the forces in the rods of the outer belt 1 10, / , 1,..., 1,i iO O a u i k      inner braces: 

( cos( / 2) ) /i iU b v u   , diagonals: sin( ) / sin ,iD i   1,...,i k . And using cut nodes we find 

the forces  in the stands  — 1 1( sin( ) sin ) / cos( / 2), 1,...,i i iV D O i k         ,  where 

arccos(( ) / )a c d   ,
1

sin sin( ) sin( ( 1))sin( )
2(1 cos )

i

i
j

i ij   




  
  


 . Using Maxwell – Mohr 

formula and system Maple [1-2] defined offset 2 2 2 2 2
1

1
( ) ,

n

i i i i n
i

EF P U a O v D d V b V b



      where EF 

stiffness of rods. In numerical form for a given radius of the circumscribed circle R = 5 m and 
2( )sin( / 2)a R b    the dependence of the relative displacement ' / ( )EF PR    of the number of 
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panels is shown in Fig. 3 (h in meters).  

 
Figure 3 – The dependence of the displacement of the number of panels 

 
By analogy with [3-11] we introduce a dimensionless quantity /q a b  and  write the analytical solution 

for displacements *( ) / ( )n EF Pb    at some specific values of  n: 
* 2

2 2 2 (1/2) 2

(3) (4sin ( ) 4sin( ) sin

(20 28 3)sin 3( 1) ) / sin ,

q

q q q q q

    

 

     

     
 

* 2

2 2 2 (1/2) 2

(4) (4,68sin ( ) 3,58sin( ) sin

(43,31 41,51 3,69)sin 4( 1) ) / sin .

q

q q q q q

    

 

     

     
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