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A B S T R A C T

Numerical simulation of a missile warhead dynamic fracture is considered. The design of the warhead basic units
is treated. The approach for simulations of the warhead fracture in software ANSYS is proposed. This approach is
split on three stages. (I). The analysis of the static stress-strain state of the warhead, which is arisen owing to its
assembling. (II). Calculations of the dynamic stress state of the structure. (III). Analysis of dynamic fracture of
the most loaded units. The parameters of the warhead are chosen in order to a fracture takes place in the
structure specified area.

1. Introduction

The subject of warhead dynamic fracture has been interested in the
military field. Therefore, a lot of efforts were made to study this pro-
blem. Numerical computer model for simulation of the fragmentation
parameters of explosively driven shell is developed by Gold [1]. The
warhead, which is treated in [2], consists of the composite casing and
high explosive, which can greatly reduce the damage to objects outside
the damage range. In order to evaluate its blasting damage, three types
of charges were analyzed experimentally. The paper [3] presents a
design for a protective bulkhead in the form of a multi-layered com-
posite structure, which consists of a front plate, front aerogel felt, anti-
penetration layer and buck plate. Hemispherical-nosed warhead is
manufactured to simulate the warhead of anti-ship missiles. The pro-
tective capability of the multi-layered composite structure is analyzed
experimentally. The use of sintered metal compositions for the shells of
explosive warhead is treated in [4]. The analysis is based on the si-
mulations with different numerical approaches and the models for the
launch and the impact phase. The new formula is proposed to predict
the initial fragment velocity of the warhead with hollow core in [5].
The spatial dispersion of fragment generator warhead is analyzed ex-
perimentally in [6]. This paper presents the explanation of the fragment
dispersion phenomenon using one dimensional shock theory. The ex-
perimental results of the paper [7] show, that the acceleration process
of the warhead can be divided into two distinct phases: initial accel-
eration under shock waves and further acceleration under the load of

detonation products. The simulation was developed to predict damage
from closely spaced tumbling rods in [8]. This simulation predicts the
synergistic effects from any collateral damage against submunition and
bomblet payloads. A projectile system is proposed to improve efficiency
and effectiveness of damage done by anti-tank weapon system on its
target by designing a ballistic projectile that can split into multiple
warheads and engage a target at the same time [9]. A three dimensional
integrated guidance and control law with impact angle constraint is
developed for the bank to turn missile attacking a ground fixed target in
the presence of input saturation and actuator failure in the paper [10].
Numerical simulations are implemented to demonstrate the effective-
ness and robustness of the integrated guidance and control law. Vul-
nerability assessment methodology, which is treated in [11], consists of
calculation of the dispersion of the fragments, determination of the hit
locations, penetration calculations and probability of kill calculations
for the aircraft utilizing the fault tree established for the particular
aircraft studied. Based on the developed methodology, vulnerability
assessment and survivability analysis of a generic aircraft is performed.
In the paper [12], the response of buried shelters to blast loadings due
to conventional weapon detonation has been investigated using the fi-
nite element method. The finite element analysis was carried out using
a commercial finite element software package, ABAQUS. The validity of
finite element model parameters adopted was established by compar-
isons with existing empirical formulae. The paper [13] is devoted to the
simulation of penetration of steel clamping into aluminum sheet. The
calculations were performed using the Lsdyna finite element
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commercial code. An experimental and numerical study on the influ-
ence of biaxial preloading on the low velocity impact performance of
laminated composite plates was conducted in [14]. Finite element
analysis was developed, using Hashin failure criteria for the composite
material. The high-strain-rate of the composite casing of solid pro-
pellant motor under the action of impact loads is treated in the paper
[15]. Development of finite element numerical solution combined with
the digital material representation approach to simulate brittle fracture
is the subject of the paper [16]. A multi scale concept was used to
describe numerically material behavior at various length scales from
microstructure to macro sample. In the paper [17], the implementation
of the method in Abaqus/Explicit using its co-simulation features to
couple two separate Abaqus/Explicit analyses is presented. The ap-
proach is illustrated in the case of the simulation of delamination under
high velocity impact. The article [18] presents an inverse method for
predicting the reference geometry of the plastically deformed body. The
reference configuration is found by solving an elastic-plastic boundary
value problem. Rate-type elastoplastic constitutive laws are employed
in the inverse analysis. The numerical technique for wave propagation
problems has been applied to the accurate modeling of stresses in the
vicinity of crack tips and the dynamic stress intensity factor for sta-
tionary cracks in the paper [19]. The numerical technique includes the
linear finite elements with reduced dispersion as well as the two-stage
time-integration approach.

The paper [20] considers a shape optimization using an elastic
contact problem. Redesign of the contact surface so, that the distribu-
tion of the force between contact surfaces of elastic bodies is uniform, is
performed.

The monograph [21] is the compendium of engineering models used
in high-speed penetration mechanics. The book presents a very detailed
summary of the engineering models used for the analysis of high-rate
penetration of rigid projectiles into metals. The dynamic fracture me-
chanics is treated in the books [22] and [23].

The schematic diagram of the missile warhead, which is designed in
design office “Yuzhnoye” (Ukraine), is discussed in this paper. The
method for the calculations of the warhead dynamic fracture under the
action of the impact pressure is suggested on the basis of the software
ANSYS. The data of the dynamic fracture calculations and optimization
of the warhead parameters, which offers to obtain the preset fracture
time and the locus of the structure fracture, is treated.

2. The problem formulation

Fig. 1 shows schematically the considered part of the missile war-
head. It consists of the throwing elements, which are arranged in two
circles. The throwing elements of the first circle are denoted by the
number 1 (Fig. 1). They are arranged on the supports and they are
anchored to the shell by means of the clips and the bolted joints. The
throwing elements of the second circle are arranged on the supports.
They are anchored by two bands with the tension buckle outside the
warhead. These throwing elements are denoted by the number 2. At the
end of the missile flight, the starting mechanism is actuated, which
cause to the scattering of the throwing elements.

The throwing elements of the first circle are arranged on the sup-
ports 3, which are welded on the shell. The supports of the second circle
4 are arranged between the throwing elements of the first and the
second circles. The supports of the first and the second circles are joined
by the couplings 5, which consist of the bolt, the washer and the clamp
(Fig. 2). All the above-considered structure is tightened by the unit 6,
which consists of four sets of the tension buckles. Two tension bands are
installed (Fig. 1). The values of the bend tension and the forces, acting
on the throwing elements of the second circle, are governed by the
twisting of the bolts. The static state of the structure is brought about by
the band tension. The charge, which generates the impact pressure, is
installed inside the cylindrical shell 7 (Fig. 1). This impact pressure acts
on the throwing elements of both circles. The curves 1 and 2 (Fig. 3)

Fig. 1. Sketch of the missile warhead.

Fig. 2. Configuration of the clips and the tension buckle, which are a part of
warhead.

Fig. 3. The pressure resultants acting on the throwing elements.
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