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Abstract. Within the framework of the applied shell theogn energetically consistent

resolving system of equations is formulated andmpiex numerical method is developed
that allows solving both quasi-static and dynamigbfems of nonlinear non-axisymmetric

deformation and loss of stability of composite mgllical shells within the framework of an

explicit variational-difference scheme. The relidpiand accuracy of the proposed method
are justified by comparing numerical calculationghwexperimental data. For various

reinforcement structures, the analysis of the dtaritic spatial configurations and critical

loads of the loss of stability of fiberglass cylimwél shells is carried out, depending on the
amount of preloading by quasi-static internal puessand subsequent loading by axial
dynamic compression.

1 INTRODUCTION

Due to the high strength and stiffness charactesistomposite materials are widely used
in the creation of rational structures in varioeds of modern technology. During operation,
structural elements made of composite materialsbeaexposed to combined dynamic and
static loads, which leads to considerable shapagdsand loss of stability of structural
elements. To effectively use the potential of cosif@omaterials, a comprehensive study of
the dynamic deformation and loss of stability ofustural elements made of composite
materials under combined quasi-static and dynanfiigances is necessary.

The research available in this direction is usud#yoted to the analysis of the nonlinear
behavior and loss of stability of cylindrical sisethade of traditional isotropic materials [1-5].
The article [1] presents the results of an expemiadeand theoretical study of the instability
region of a cylindrical steel shell under pulseddimg by external pressure in combination
with external (or internal) static pressure. [2¢g#nts the results of experimental studies of
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the effect of internal static pressure and the ilmpdate on the stability of cylindrical
aluminum shells under pulsed loading by externesgure.

An experimental analysis of the buckling of thinled cylindrical shells under local
impulse loading by external pressure and diffevahies of axial static compression forces is
presented in [3]. In [4], the results of an expemal study of the stability of cylindrical
shells exposed to axial static forces and a pressave incident in the direction of the
longitudinal axis are presented.

A numerical study of the process of loss of stibihif composite cylindrical shells under
dynamic loads was considered in [6-10].

The relevance of the presented work is since thdimear spatial problems of dynamic
deformation and loss of stability of preloaded cosife cylindrical shells are clearly
insufficiently studied [6].

This paper presents the methodology and results efumerical study of nonlinear
unsteady deformation and loss of stability of cosigocylindrical shells under the combined
action of quasi-static and dynamic loads.

2 PROBLEM FORMULATION AND SOLUTION METHOD

Let us consider a cylindrical shell formed by angle winding of a unidirectional
composite material. Components of the nonlineaairsttensor in the applied theory of
cylindrical shells can be determined on the bas$ithe simplest quadratic version of the
nonlinear theory of elasticity. The physical redas for the elementary layer of the shell are
formulated on the basis of Hooke’s law in view gpbtheses of the applied theory of shells.
An energetically consistent system of equationsiofion in the applied theory of cylindrical
shells and respective boundary conditions are dmtifrom the condition of minimum of the
full functional of shell energy [11]. The criticébad of buckling instability is determined
according to the characteristic kink of the actomplitude—maximum deflection curve.

The numerical method for solving the formulated bpeen is based on the explicit
variational-difference scheme [12]. In this cabe, quasi-static loading mode is simulated by
specifying the internal pressure as a linearly gngwunction reaching a stationary value
during three vibration periods of a cylindrical qoosite shell in the lowest form.

3 RESULTSOF RESEARCH

To substantiate the reliability and accuracy ofghgposed method, numerical calculations
are compared with experimental data [2] on the dyoastability of isotropic cylindrical
shells preloaded with internal pressure and sulesggexternal pressure pulse with different
velocities.

The geometric and physico-mechanical parametershefshell material were equal:
R/ h=104; h=0.0005 m;L/ R=1,9; E=73 GPa;V =0.3, p=2700 kg/m, 0. =0.37 GPa;
g=0.6 GPa, L — the length of the forming shell.

The static internal pressure was created by corsgdeair, and the pulse pressure was
carried out as a result of electrohydraulic disghawhen the calibrated copper wires were
detonated [2]. At the same time, the fixing of #mges of the shell was close to a hard
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pinching.
Figure 1 shows the experimental and calculated raepeces of the dynamism coefficient
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obtained at static internal pressufg’, which in dimensionless form is defined by the
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Figure 1 The dependence of the dynamic overload coeffi@arthe loading speed (points-experiment [2],
curve-calculation according to this method).

The results obtained indicate a good agreement degtwthe calculations and the
experimental data.

Figure 2 shows the characteristic forms of stabilitss under static and dynamic loads
with different external pressure velocities, comsiag the preliminary internal pressul‘?-g+
=0.42.

It follows from the above results that an increiasthe external pressure velocity leads to a
significant increase in the dynamic overload caeedfit, and the tendency to increase the
number of waves along the circumference and albedeingth of the shell with an increase in
the loading speed, noted in [2], is also confirmed.
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Figure 2 Characteristic forms of wave formation of isotropidindrical shells at different pressure pulse
velocities: a) static loading by external pressbijer), d) dynamic loading by external pressurspateds of 10,
30, 50 GPa/sec.

Next, we studied the effect of reinforcement andaaded internal quasi-static pressure on
the buckling of cylindrical shells under dynamicadiing of axial compression, made of
composite material with the following geometricatlgphysical-mechanical parameters of the
material: R=0.072 m; R/h=112; L/R=22; E,=200 GPa; E,,=E;/30;

G, =G,;=G,,=E,,/ 2; v,,=0.25, p=1800 kg/n.

Figure 3 shows the absolute values of the maximaftections of the shell over time for
various reinforcement angles and preloading lewalls quasi-static internal pressure under
dynamic compression at a speed of 40 GPa/sec.
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Figure 3 Dependences of absolute values of maximum defledichell vs. time for the rate of dynamic axial
compression 40 GPa/s without preloading — red aJ@nsidering preliminary internal static pressEg& 0.6

and 0.9 — blue and green curves at reinforcemeagiean0 (a), 60 (b), 45 (c), 15 (d) relative the length of

shell generatrix, respectively
The analysis of the level of internal pressure loa loss of stability of shells with a

reinforcement angle of 9Qproves that the shells subjected to axial loadiriibit loss of
stability due to formation of a dense network ohmdond-shaped dents elongated in the
circumferential direction. Then, with increasingeimal pressure, the loss of stability with the
formation of ring folds is observed with a tendewfyolds depth decrease in the shell middle
part. For the shells with reinforcement angles@f#&nd 43 this tendency becomes dominant.
In addition, the number of annular folds is beieguced. The shells with a reinforcement
angle 18 lose stability with strongly pronounced corrugatipthe height of which decreases

with growing level of internal pressure.
From the results obtained, it follows that the lewé preliminary internal pressure,
significantly affects the characteristic forms afckling rather than the value of the critical

pulse of axial compression.
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Reinforcement angle relatively the shell generatrix
60 45 25

Figure4 Characteristic buckling forms of composite cyliedf shells under loading by dynamic axial
compression pulse at a rate of 40 GPa/sec fordiffeeinforcement angles and levels of internetspureF3+=

0 (a), F,"= 0.6 (b) andF,"= 0.9 (c), respectively

4 CONCLUSIONS

Preloading with internal quasi-static pressurerdysubsequent dynamic compression has
a significant effect on the characteristic confagions of the stability loss of composite
cylindrical shells and, to a lesser extent, on th&ie of the critical momentum of axial
compression.
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