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Abstract: This article examines the stiffness calculations for a wing pre-twisted relative to its spar. Such wings can be used in experimental 

aircraft to study changes in their aerodynamic properties during flight testing at various twist angles. Such variable-geometry wings require 

comprehensive investigation using strength of materials and elasticity theory. This problem is fundamental to the structural mechanics of 

aircraft. 
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1. Introduction 

Efficient flight of any aircraft requires changes in the 

aerodynamic parameters of the aircraft's performance depending on 

the mission and flight conditions. The traditional approach to 

designing new aircraft currently allows only minor (no more than 

1–2%) improvements in lift-to-drag ratio and takeoff and landing 

performance. Wing mechanization, such as simple deflectable 

leading and trailing edges or sweepback adjustments, does not allow 

for high maximum lift coefficients to be achieved under varying 

operating conditions. 

Therefore, in recent years, with the development of technical 

know-how and the emergence of new aviation materials, increasing 

attention has been paid to improving aircraft aerodynamic 

performance by altering wing geometry depending on the flight 

conditions—the use of adaptive wings. Adaptation of the aircraft's 

lifting system can be achieved by changing the span and sweepback 

of the wing, as well as the shape and twist of the wing relative to its 

spar. 

In the presented work, the enterprise, based on the application 

of modern methods of calculating the strength and rigidity in 

different sections of the wing of such a design, determines the set of 

those permissible maximum effective in different sections of the 

wing that can, with high reliability, ensure the required stringent 

conditions of the customer according to the specified parameters for 

different stages of flight.  

 

 

 

 

 

 

 

Fig. 1 General appearance of a twisted wing. 

 

 

 

Fig. 2 View of the wing from the free edge. 

 

 

 

Fig. 3 The type of distributed load acting on the wing, which changes  
           according to a parabolic law. 

 

 

A twisted wing with a lenticular cross-section (Fig. 1) is loaded 

along its span by two distributed loads acting in mutually 

perpendicular planes Oxz and Oyz, which vary according to a 

parabolic law (Fig. 3). Its geometric shapes and dimensions, as well 

as the mechanical parameters of its cross-section, are 

predetermined:  are the moments of inertia of the section, 

l is the wing length, E is the modulus of elasticity of the rod 

material, q1 is the parabolically distributed load acting in the Oyz 

plane, and q2 is the parabolically distributed load acting in the Oxz 

plane. 

 

To determine the displacements of the twisted wing tip, we use 

Mohr's formula. First, we obtain the dependences of the bending 

moments in an arbitrary cross-section on the action of applied 

parabolically distributed loads q1 and q2 and unit forces 

 applied to the end section. In an 

arbitrary cross-section, oblique bending occurs in all loading cases. 

The bending moment from a distributed load in an arbitrary 

cross-section is determined by the formula: 
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                                                  (1) 

 

On the coordinate axes associated with the wing section, the 

bending moment from the external load acting in this section is 

projected using the following formulas: 

 

                                                                            

            (2)                                        

                                                (3) 

Bending moments from unit loads applied at the end of the wing are 

projected onto the same axis associated with the section using the 

following formulas: 

          (4) 

    (5) 

 

To determine the displacement along the Oy axis, we write 

Mohr's formula in the following form: 

;                      (6) 

To solve this expression, the integrals included in it must be 

solved separately, for which it is necessary to replace the variable 

according to the following formulas: 

,                                           (7)  

Since the wing tip rotates by   at maximum twist in the 

case we are considering, the integration limits are taken from 0 to 

. 

Then the first integral from expression (6) is calculated as 

follows: 

 

  

  
              

 
 

 
                                                        

 
 

   

              (8) 
 

The second integral from expression (6) is calculated as 

follows: 

 

 

 

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0" WEB ISSN 2534-997X; PRINT ISSN 2534-8582

162 YEAR X, ISSUE 5, P.P. 161-165 (2025)



              (9) 

By summing up the results obtained from these integrals, we 

obtain an expression for determining the displacement of the end of 

a twisted wing along the Oy axis: 

 

 

 

 

        

  

           (10) 

To determine the displacement along the Ox-axis, we write 

Mohr's formula in the following form: 

                      (11)                                    

Proceeding in a similar manner to the previous one, calculations 

are made for the first integral of the expression: 

 

 

 

                         (12) 

For the second integral of expression (11) we will have: 

  

 

 

 

                    (13) 

By summing up the results obtained from these integrals, we 

obtain an expression for determining the displacement of the end of 

a twisted wing along the Ox axis: 
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                       (14) 

The total displacement of the end of a twisted wing is obtained 

by summing the displacements found: 

                                                    (15) 

To determine the normal stress in any section of the wing in the 

formulas for bending moments from transverse loads relative to the 

axes  and    , it is necessary to replace the variable in 

the following way: 

; ;                                  (16) 

Relative to the - axis, the bending moment will have the 

form: 

 

                   (17) 

 

The formula determining the moment of inertia of the wing 

section relative to the axis  will be: 

;                                      (18) 

The formula determining the moment of resistance of the wing 

section relative to the same axis   will be: 

;                                            (19) 

The normal stress from this bending moment is found using the 

formula: 

 

                        (20) 

Relative to the  - axis, the bending moment will have the 

form: 

 

                         (21) 

The formula determining the moment of inertia of the wing 

section relative to the  axis will be: 

;                                     (22) 

The formula determining the moment of resistance of the wing 

section relative to the same axis  will be: 

;                                   (23) 

The normal stress from this bending moment is found using the 

formula: 

 

                            (24) 

The total normal stress acting in an arbitrary section of a twisted 

wing is obtained by summing the previously obtained stresses: 

 

 

  

 

  (25) 

 

 

Fig. 4. Distributed loads acting on the wing in mutually perpendicular 

            planes 
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Fig. 5 Loads acting on the left part of the wing after cutting off the right 

           part using a cross section. 

 

Fig. 6 Loading diagram of the cut-off right part.  

 Conclusion 

Future experimental aircraft may be equipped with variable-

geometry wings. The components of such wings operate under 

conditions of force interaction with other structural components. 

Such interactions can cause deformations of these components, 

which in turn can generate additional normal and shear stresses that 

can exceed permissible values, leading to component failure and 

wing and, consequently, aircraft failure. 

Calculating the strength and rigidity of such wings is a pressing 

problem in modern mechanics. In this paper, we present one 

example of a solution to this problem. 
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