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Abstract. In order to solve the dynamic buckling problem of elastic cylindrical shell under 
torsional impact, the original and dual variables of the problem are constructed by means of the 
energy of the system, and the Hamiltonian system of the system is established. According to 
the characteristics of Hamiltonian regular equation and symplectic space, the initial boundary 
value problem of partial differential equation is transformed into an algebraic equation problem 
by using the boundary conditions and compatibility conditions expressed by dual variables, and 
the analytical expressions of symplectic eigenvalues and eigensolutions are obtained. 

1. Introduction 
At present, the measurement technology is more mature, which is the most commonly used method. 
However, this method can only measure the deformation history of a certain point in the structure, so 
the deformation information of the whole field can not be obtained. High speed photography is to use 
high-speed camera to photograph the whole modal change process of the structure in the dynamic 
buckling process. [1-3] The high-speed photography can record the clear images of the configuration 
in each stage of the dynamic buckling process of the structure. Although this method can get a series 
of whole field configurations of time structure, it is discrete in time coordinate, often only do some 
qualitative analysis, but not quantify it. Therefore, these two methods are usually combined in 
experiments. 

In recent years, with the continuous development and improvement of photomechanics, it is 
possible to apply new experimental techniques and methods to the experimental study of structural 
dynamic buckling [4-7]. Image moire method is a new measurement and control method of stress and 
strain. It overcomes the shortcoming that electrical measurement can only measure point by point, and 
can give the whole field deformation information. The dynamic moire photograph contains rich 
deformation technology. It can not only give the stress-strain information of the buckling movement of 
the structure, determine the characteristic parameters of the buckling, but also provide a new 
experimental method for the post buckling theory. Of course, due to the limitations of experimental 
conditions and techniques, the application of dynamic moire technology in the experimental study of 
structural dynamic buckling is still difficult. In this paper, by virtue of the properties and completeness 
of Hamiltonian system, a complete space of buckling modes is given, and the corresponding 
relationship between the critical loads and buckling modes in symplectic system is revealed. 

 



WCHBE 2020

IOP Conf. Series: Earth and Environmental Science 560 (2020) 012013

IOP Publishing

doi:10.1088/1755-1315/560/1/012013

2

2. Solution method 
Under the condition of torsion, the deformation potential energy density, bending potential energy 
density and kinetic energy density are 
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respectively. Because the thickness diameter ratio of the shell is very small, the Lagrangian function 
and the Hamiltiona funnction can be written as 
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Applying the Hamiltonian variational principle, we have 
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respectively. Therefore, we deduce the following Hamiltonian regular equations 
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The final solution of Eq. (7) can be obtained as 
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The displacement component is 
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3. Numerical results 

 
Figure 1. The first ten branches of critical buckling loads. 

 
 

 
Figure 2. The first six orders of critical buckling modes. 

 
Fig.1 shows the first ten critical buckling load curves.  It can be seen that at the beginning of the 
torsional impact load, the critical buckling load of the shell decreases rapidly with the propagation of 
the axial stress wave. Fig.2 depicts the critical buckling modes corresponding to different orders. The 
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results indicate that there is no axisymmetric buckling for torsional impact buckling, and the buckling  
stages is non axisymmetric. 
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