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Abstract. The results of numerical investigation of the processes of dynamic deformation of
composite cylindrical shell protected inside with a cylindrically rolled packet of metallic
woven grids are presented. Internal loading is achieved through the explosion of spherical
charge. Mathematical model of metallic grids deformation suggested earlier is now provided
with experimental diagram of dynamic compression in the direction perpendicular to the grid
layers. In circumferential direction the value of effective elastic modulus is selected in series
of calculations. Estimated data is compared with the experimental results. The existence of the
gas-permeable cylindrical packet of grids leads to decrease of maximum circumferential
deformation of the outer shell.

1. Introduction
For the purpose of providing the model of dynamic deformation of metallic woven grid
packets [1, 2] with material functions and constants a series of dynamic and static
experimental tests of industrial type grid 2-2-0.5 NU GOST 3826-82 were held at SRI of
mechanics at NNSU. Figure 1 presents dynamic (1) and static (2) deformation diagrams of
packets of grid under the test.
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Fig. 1. Diagrams of static (1) and dynamic (2) deformation.
Loading and off-loading curves of dynamic diagram are marked by dots and its analytical
approximation   467.6   2.845 is shown by solid line. Static diagram of compression [3] is
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given below. It is close to that obtained in [4]. A considerable difference of dynamic and
static diagrams is clearly observed. Static experiments for grid packets stretching along the
lines of wires revealed very strong dependence of initial elastic modules on the degree of
preliminary transverse pressing of tested layers. For that matter a series of numerical
calculations of the processes of explosive loading of packets of cylindrical layers of the grid
which protect composite (steel - basalt-plastic) cylindrical shell were conducted in order to
choose the appropriate values for the modules. This task was considered before in [1] with
static compression diagram [4]. As a result of calculations and their comparison with
experimental data [1] it was stated that preferential value of effective elastic modulus for
circumferential deformation is to be found in the limits Eeff =1.2-1.5 104 MPa.
2. Explosive loading of cylindric packet of grid in the shell
Explosive loading of cylindrical packet of woven grid in a three-layers shell was investigated.
The general statement of work was similar with that considered before [1] and shown in fig.2.
A cylindrical packet of woven grids (3) is placed before load-bearing layers of the shell with
open ends. Its outer layer (1) is made of basalt-plastic and the inner layer (2) – of steel. The
explosive loading is achieved with a spherical charge 50/50 TNT/RDX with the center at the
intercrossing of the axis and symmetry plane of the system. The length of the shell L =60 cm,
the outer radius R =16.1 cm, basalt-plastic layer thickness h1 =1.38 cm, steel layer thickness

h 2 =0.2 cm, packet of grid thickness h 3 =2.5 cm. Charge mass mBB =247 g ( rBB =3.27 сm).
Mechanical characteristics of steel - E =2.1  105 MPa,  =0.3,  =7.8 g/sm3,  T = 400 MPa,
basalt-plastic - E =3.6  104 MPa,  =0.2,  =2 g/sm3. Basalt-plastic layer, orthotropic in its
structure and mechanical properties, is assumed as isotropic and elastic in calculations, the
value of E complies with the circumferential value of deformation modulus [5].

Fig. 2. A cylindrical packet of woven grids with a spherical charge of TNT/RDX.
Mathematical modelling of gas-dynamic loading processes of the object under the research is
fulfilled in cylindrical system of coordinates (r, z). In view of symmetry the research was
made in the ¼ of the domain (r>0, z>0) where r – radial component of the assigned system of
coordinates. Packet of grids with initial density  20 =1.09 g/cm3 is immediately adjacent to the
loaded body of the shell without adhesive joint. A detailed description of the used physicsmathematical model and its properties characterization are given in [1, 2]. A cylindrical
packet of grids is rolled from the layers of woven grid with the side length of a square cell l =
0,2 сm and the wire thickness of d =0,05 сm. In this case, the structural parameters of the gas
impermeable packet have the following values: the volume content of metal  20 =0,144, gas
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permeability factor in the direction normal to the grid layers  r 0 =0.64 and in the direction of
the grid wires  z 0 =0.42. In the process of the packet compression, these parameters change
proportionally 2 20 [1, 2]. The law of the grid compression is assumed in accordance with
the dynamic diagram of compression (Fig. 1) presented in a table form together with the
linear law of unloading with sound speed at the unloading equal to 3 km/sec. In
circumferential direction elastic linking is supposed to be between the tension and
deformation with the effective modulus Eeff =1.2 104 MPa. While modelling the deformation
process of the grid we do not take into account heat exchange effects between phases and
interphase forces related to viscosity and attached gas masses.
Gas-dynamic loading of the shell with grid is fulfilled through detonation activity
stimulation of the given charge with its geometric center and initiation point placed at the
origin of coordinates of the computational domain (Fig. 2). The charge detonation process is
calculated with the help of “ray model” [6]. The contact boundary between detonation
products (DP) and air is not marked in the process of calculation. It is assumed that the
mixture of these components obeys the perfect gas equation with varying index of adiabatic
curve  that depends on its current density  :   1.25  1.45    ВВ  where  ВВ - original
density of the charge. The charge initiation moment is taken as a countdown moment. At the
upper and lower boundaries of the PD-air flow range, the conditions of “free outflow” are
realized.
Calculation is carried out with the help of computer code UPSGOD in associated
arrangement [7]. Characteristic dimension of square cells of the used difference cells is from
0.2 tо 0.5 сm – for air, grid and body under load.
In experiments circumferential deformation of the outer layer of basalt-plastic shell
body at the section z=0. Figure 3 presents calculated and experimental time scans of
circumferential deformation of the outer shell at this section. Dotted lines show the
calculation results of explosive loading for the composite shell without protection grid.

Fig. 3. The calculated and experimental time scans of circumferential deformation
of the outer shell.
From calculation results, it can be seen that deformation processes in the packet of grids
under the effect of explosion products are of oscillating nature and are followed by recurrent
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separations from steel inner shell in vicinity of the symmetry plane and succeeding new
impact with it. The frequency of these oscillations is determined not only by rigidity of the
packet of load carrying outer shells but also depends on rigidity properties of the grid
presented in this model by Eeff .
The decreasing change of this parameter leads to decrease of rigidity of the packet of
grids and reduction of its resistance to distribution processes in circumferential direction.
Eventually it may result not in the reduction of deformations of the outer shell observed in the
experiments but, on the contrary, to their increase. If Eeff changes considerably on the other
side, we can observe quite different picture - the rigidity of the packet of grids is overrated. In
this respect the chosen value of Eeff was preferential for this task. The difference of
calculated and experimental oscillation amplitudes at the advanced level of interaction with
explosion products can be attributed to the fact that in numerical model we did not take into
account the supporting rods that were used in the experiments to keep the grid at the shell
body and thus restricted its movement in the radial direction.
3. Conclusions
Generally, as it follows from the calculations the presence of protecting layers of woven grid
packets leads to reduction of maximal circumferential deformation of the composite shell
under consideration approximately by 30 %.
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