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INTRODUCTION

Numerous models have been proposed in the literature to describe the particulation of
shaped charge jets. Hirsch [1] developed a breakup time model related to the initial jet 
radius and the particle velocity difference. Chou and Carleone [2] suggested that plastic
instability controlled by the material strength dictates the breakup process. Similarly,
Walsh [3] evaluated the plastic instability and the break-up process. Chanteret [4,5] eva-
luated the velocity gradients and shaped charge jet length as well as the influence of mate-
rial density on shaped charge performance. Zernow and Chapyak [6] developed a 3D
computation model for breakup that considers the double-helix surface perturbations.
Mayseless et al. [7] suggested a novel approach to characterize breakup time based on 
the observation that the breakup distance for a given liner material and geometry was a
constant.

In spite of the large experimental data bank of shaped charge jet particulation, very
little attention has been applied to the statistical analysis of the breakup. It has been sug-
gested that appropriate application of various statistical methods will lead to a better un-
derstanding of the influence of shaped charge design and shaped charge material proper-
ties. Schwartz et al. [9] evaluated the statistical nature of the breakup phenomenon in
silver jets using the return map of Curry and York. In that investigation, two high purity
silver liners were fabricated in the standard 81-mm shaped charge design. The methods
used in characterizing nonlinear dynamical systems were applied to the measured velo-

An alternative approach is described to evaluate the statistical nature of the
breakup of shaped charge liners. Experimental data from ductile and brittle copper
jets are analyzed in terms of velocity gradient, deviation of ∆V from linearity,
R/S analysis, and the Hurst exponent within the coupled map lattice model.
One-dimensional simulations containing 600 zones of equal mass and using di-
stinctly different force-displacement curves are generated to simulate ductile
and brittle behavior. A particle separates from the stretching jet when an ele-
ment of material reaches the failure criterion. A simple model of a stretching
rod using brittle, semi-brittle, and ductile force-displacement curves is in
agreement with the experimental results for the Hurst exponent and the phase
portraits and indicates that breakup is a correlated phenomenon.
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city fluctuations for two silver shaped charge jets. Evidence was presented that the fluctu-
ations exhibit a non-Gaussian behavior indicative of an underlying nonlinear dynamical
system. The use of phase portraits gave visual clues that the origin of the fluctuations may
be due to a quasiperiodic route to chaos involving two nonlinearly coupled resonators
analogous to Rayleigh-Benard Convection.

In the present work, the role of nonlinear fluctuations resulting in the statistical parti-
culation of shaped charge jets is investigated for two copper jets using a coupled map lat-
tice (CML) model. Such models have been successful for studying instabilities in open
fluid flows. The nonlinear material dependence of stress on the strain may be coupled to
the inertial degrees of freedom by means of CML. The resulting nonlinear stress and velo-
city fluctuations may be studied using the techniques of nonlinear dynamics. Of particular
interest is to study the differences in the phase portraits for brittle versus ductile materials
and for different stochastic models for impurities and the resulting influence on the con-
stitutive behavior. It is expected that brittle materials will manifest a well-defined attrac-
tor in a phase portrait. The tendency for more ductile materials to have a more diffuse at-
tractor is investigated for different stress-strain relations and impurity levels. It is hoped
that the ideas presented in this paper will allow useful information to be extracted from
shaped charge jet data that will result in a better understanding of jet break-up.

EXPERIMENTAL DATA

The copper shaped-charge liners were produced from OFE 99.99% copper, Hitachi
C10100 bar stock. The liners were back extruded using a standard cold-forge process into
the shape of hollow cones (base inner diameter = 81 mm, apex angle = 42°). After for-
ging, the liners were annealed in order to stabilize the microstructure for subsequent sul-
fur doping as described in [9]. The grain size of the liners was measured using standard
metallographic techniques, and the breakup times were determined from the flash x-ray
radiographs of the jets. The experiments use a high precision, 81mm Cu shaped charge
design, cast loaded with Octol high explosive. The two liners vary in sulfur content and
grain size to produce breakup times of 193 and 147 msec for the ductile and brittle jets, re-
spectively. Long standoff flash X-rays are used in order to characterize the particulated
shaped charge jets as shown in Fig. 1. The velocity versus particle number for two diffe-
rent shaped charges is shown in Fig. 2a and b. The deviations of the velocity from a fitted
straight line versus particle number are shown in Fig. 2c and d. Phase portrait maps for the
two jets are presented in Fig. 2 e and f.

Figure 1: Radiographs for the two jets (a) ductile behavior, and (b) brittle behavior.
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Figure 2: (a) Velocity versus particle number for the ductile jet, (b) velocity versus parti-
cle number for the brittle jet, (c) velocity deviation from a straight line for the ductile jet,
(d) velocity deviation from a straight line for the brittle jet, (e) diffuse phase portrait of the
ductile jet, and (f) strong phase portrait of the brittle jet.

STATISTICAL COUPLED MAP LATTICE MODEL

The complex nonlinear dynamics of spatially extended systems can exhibit a rich va-
riety of structures and patterns across many time and space scales. Coupled Map Lattice
(CML) models [10] have been successful in studying spatiotemporal pattern formation
and the role that deterministic fluctuations play in the generation of observed macrosco-
pic states. For example, the generation of instabilities and the transition to turbulence in
hydrodynamic open flows has been modeled using CML. The particulation of a shaped
charge jet is statistical in character as can be seen, for example, by measuring jet particle
length, interparticle distance and velocity, or the deviation in particle velocity from the
velocity determined from the average velocity gradient, Γ. It is expected that the fluctua-
tions will be highly correlated if they reflect an underlying dynamical attractor in phase
space. If the dimension of the attractor is large or there exists more than one low dimen-
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sional attractor, it is expected that the correlations may be substantially weakened. Mate-
rial heterogeneities are also expected to alter the spectrum of fluctuations. In the present
study, two different methods are used to characterize correlations of the velocity fluctua-
tions for both the CML model calculations and in the experimental data of two Cu shaped
charge jets that differ significantly in the time to breakup time, (147 µs and 193 µs). The
first method is known as R/S analysis and is used to extract a correlation exponent, known
as the Hurst exponent. The second method involves the construction of phase portraits
and provides a graphical representation of trajectories in phase space that can reveal the
existence of an underlying attractor. The CML is a one-dimensional chain of N-1 linked
nonlinear functions, f, which depends only on the spatial coordinate, x. This function re-
presents a force-distance, or equivalently, a stress-strain relation that characterizes the
strength of the material. The force acts on adjacent zones of equal mass, m, and serves to
alter the kinetic energy of each zone according to:

(1)

The function, f, is taken to have the form,

(2)

and is approximately linear for small x, corresponding to an elastic regime close to the un-
stressed length, ∆0. The force takes its maximum value of fmax at a net displacement of β-1.

In order to simulate the breaking of two adjacent spatial zones, the force is set to zero
according to a probabilistic rule that depends also on the separation of the zones,

(3)

The initial state of the jet at t = 0 sec consists of N zones of equal mass, and zone j has a
width given by

(4)

for a strain rate, Γ. The parameters are chosen such that the maximum strain in the last
zone of the jet is less than the fracture strain for the particular material strength model in
view. Presented in Table 1 are all of the model parameters used for two different brittle 
cases and one ductile case. The fracture strain for the ductile case is chosen to be twice
that of the brittle case which is consistent with the 46 µs difference in breakup times (i.e.,
193 µs – 147 µs) for the two experimental Cu jets.

Table 1. Parameters for the CML Model
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Strength Model N ∆x0 (cm) ∆t (s) k Γ  (s−1) P0 εf

Brittle 600 0.10 3.0 10-7 100. 104 10-2 1.5
Semi-Brittle 600 0.10 3.0 10-7 10. 104 5.0 10-3 1.5
Ductile 600 0.10 3.0 10-7 10. 104 5.0 10-3 3.0



Initially, the velocity and position of each node is specified. The relative positions be-
tween the center of mass of each adjacent fixed mass zone are then used to compute the
force on a given mass. Setting the value of the force to zero simulates the separation of
two adjacent masses. A random number generator and the probabilistic rule determine the
criterion for separation of adjacent zones. Separations occur first near the jet tip (high ve-
locity) due to the higher strains at t = 0. The probability that they occur away from the tip
increases with time. Fig. 3 is a density plot showing the position and time that a separation
occurs in the calculation for two different strength models. The brittle case (Fig. 3a) exhi-
bits a more deterministic time ordering as the position of the separations move from the
jet tip towards the tail. The ductile case (Fig. 3b), on the other hand, is much less determi-
nistic in its time ordering. The phase portraits of the velocity fluctuations, ∆V, for both the
brittle case (Fig. 3c) and ductile case (Fig. 3c) show that the brittle case is much less dif-
fuse in phase space than the ductile case. This is qualitatively similar to the phase portraits
shown for Cu jets in Fig. 2 e and f. The phase portrait for the semi-brittle case also showed
the same trends, being more diffuse than the brittle case but less diffuse than the ductile
case.

The phase portraits provide a graphical representation of velocity fluctuation correla-
tions along the jet. A more quantitative method, known as R/S analysis allows one to
extract the Hurst exponent (H), named after the developer of this method [11]. The Hurst
exponent can take on values between 0 and 1. An H value of 1/2 suggests no correlation
between a particular value and the next, whereas, H >1/2, suggest a positive correlation
and H<1/2, suggests two values are anti-correlated. The value of H for the silver jets re-
ported in [9], have an H = 0.7. The value of H for the Cu jets are both H ~ 0.7. The R/S
plot for the CML computations is shown in Fig. 3e for the brittle case and has a value of H
= 0.85 consistent with a highly deterministic breakup. The R/S plot for the ductile case is
shown in Fig. 3f and tends to lie between two slopes corresponding to H = 0.7 and 0.8.
The same jet can show regions with different values of H. 
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Figure 3: (a) Density plot of breaking times for each zone for a brittle jet, and (b) density
plot of breaking times for each zone for ductile jet. Units of time are 0.3 µs. (c) strong
phase portrait of the brittle jet, (d) diffuse phase portrait of the ductile jet, (e) R/S plot of
velocity fluctuations for brittle jet, and (f) R/S plot for the ductile case. The slopes of the
straight lines on the double-logarithmic plots (i.e., Hurst exponents) are shown. A value of
H = 1, implies perfect correlation and a value of 1/2 is random, showing no correlation. A
value of 0.7 is typical in the experimental jets studied to date.

SUMMARY

We are exploring alternative methods to evaluate the statistical nature of particulation
of shaped charge jets. As a test case, we experimentally determined the breakup time of
two copper jets, one exhibiting brittle behavior, and the other ductile behavior. The devia-
tion of linearity in particle velocities is used to determine the phase portrait. Two di-
stinctly different force-displacement curves are generated to simulate ductile and brittle
behavior. A simple model of a stretching rod containing 600 zones of equal mass starts the
calculation. When an element of material reaches the failure criterion, a particle separates
from the stretching jet. A comparison of the experimental and simulated results shows re-
asonable agreement and suggests this approach is worthy of further study.

ACKNOWLEDGMENTS

The authors acknowledge the support of the Joint DoD/DOE Munitions Technology
Development Program. This work was performed under the auspices of the U.S. Depart-
ment of Energy by the University of California, Lawrence Livermore National Labora-
tory under Contract No. W-7405-Eng-48.

840

Warhead Mechanics

H= 0.85

H= 0.70

H= 0.80

(e) (f)

Zone Number 

R/S R/S

Zone Number 



REFERENCES
1. E. Hirsch, “A Formula for the Shaped Charge Jet Break-up Time”, Propellants and Explosives 4 89-94 1979
2. P.C. Chou and J. Carleone, “The Stability of Shaped Charge Jets”, J. Appl. Phys. 48 4187-4195 1977
3. J.M. Walsh, “Plastic Instability and Particulation in Stretching Metal Jets”, J. Appl. Phys. 56 1997-2006,

1984
4. P.Y. Chanteret, “Theoretical Considerations About Jet Density and Shaped Charge Performance”, 17th Int.

Symp. On Ballistics, Midrand, South Africa, 23–37 March 1998 2-373 – 2-380 1998
5. P.Y. Chanteret, “Velocity Gradient and Shaped Charge Jet Length”, 18th Int. Symp. On Ballistics, San Anto-

nio, TX 15-19 November, 1999 434-441 1999
6. L. Zernow and E.J. Chapyak, Initial Results Obtained From a 3D Computational Model of the Shaped

Charge Jet Particulation Process”, 17th Int. Symp. On Ballistics, Midrand, South Africa, 23-37 March 1998
2-199 – 2-206 1998

7. M. Mayseless and E. Hirsch, “The Penetration-Standoff Relation of Jets with Non Linear Velocity Distribu-
tion”, 18th Int. Symp. On Ballistics, San Antonio, TX 15-19 November, 1999 535-542 1999

8. A.J. Schwartz, R.W. Minich, and E.L. Baker, “Statistical analysis of the Particulation of shaped Charge
Jets”, 18th Int. Symp. On Ballistics, San Antonio, TX 15-19 November, 1999 567-572 1999

9. A.J. Schwartz, D.H. Lassila, and E.L. Baker, Analysis of intergranular impurity concentration and the ef-
fects on the ductility of copper shaped charge jets, in: Proceedings of the 17th International Symposium on
Ballistics, C. Van Niekerk, ed., International Ballistics Committee, 2:439 1998

10. K. Kaneko, “Theory and Application of Coupled Map Lattices”, John Wiley & Sons, New York, 1993
11. Feder, J., “Fractals”, Plenum Press, New York, 1988

841

Coupled Map Lattice Model of Jet Breakup




	1_IBS01.pdf
	IBS 2001 19 th International Symposium on Ballistics
	Table of Contents
	INVITED SPEECHES
	IS01 The Ballistics of Hornussen
	IS02 The History of Explosives in Switzerland

	INTERIOR BALLISTICS
	IB01 Insensitive High Energy Propellants
	IB02 Advanced Cartridge Design for the Term-KE Round
	IB03 High Performance Propulsion Design for
	IB04 Ballistic Shelf Life of Propellants for Medium
	IB05 Development and Validation of a Comprehensive Model
	IB06 Comparison of 0D and 1D Interior Ballistics Modelling
	IB07 Two-phase Flow Model of Gun Interior
	IB08 Interior Ballistic Principle of High/Low Pressure
	IB09 Factors Effecting the Accuracy of Internal Ballistics,
	IB10 ATwo-Dimensional Internal Ballistics Model for Modular
	IB11 Investigations for Modeling Consolidated Propellants
	IB12 Burning Characteristics of Foamed Polymer
	IB13 The Analysis of Gun Pressure Instability
	IB14 Influence of Different Ignition Systems on the Interior Ballistics
	IB15 ALeading-Detonation-Tube Ignitor and Its Firing Results
	IB16 Functional Lifetime of Gun Propellants
	IB17 Spheroidal Propellant Stabilizer Studies
	IB18 Applicability of the Hydrogen Gas Erosion Theory to
	IB19 Experimental Investigation of Heat Transfer in a 120 mm Gun
	IB20 Analysis of ETC or Classical Manometric Closed Vessel Tests
	IB21 Variation in Enhanced Gas Generation Rates
	IB22 Plasma Ignition of Consolidated Propellants
	IB23 Plasma Ignition and Combustion
	IB24 Discussion on Emission Spectroscopy Measurements

	LAUNCH DYNAMICS
	LD01 Sabot Discard Model for Conventional and
	LD02 Experimental and Simulation Analysis of Setback
	LD03 Measurements of Muzzle Break Effectiveness
	LD04 Transitional Motion of KE Projectile and Governing
	LD05 Numerical Simulation of Intermediate Ballistics
	LD06 Multistage Method for Acceleration of
	LD07 Computation of Muzzle Flow Fields Using Unstructured
	LD08 Modelling of Fume Extractors
	LD09 Modeling and Simulation of the Gas Charging
	LD10 Numerical Analysis of the Propagating Blast
	LD11 Intermediate Ballistics Unsteady Sabot Separation:
	LD12 Temperature and Heat Transfer at the Commencement
	LD13 Gun Barrel Erosion: Study of Thermally
	LD14 AStudy on the Erosion Characteristics of the Micropulsed
	LD15 Friction and Wear Mechanism at High Sliding Speeds
	LD16 Increasing the In-Bore Velocity Measurements
	LD17 The Development of Composite Sabots for Kinetic
	LD18 Structural Analysis of a Kinetic Energy Projectile
	LD19 Joining Jacket and Core in Jacketed Steel/Tungsten Penetrators
	LD20 Soft Recovery of Large Calibre Flying Processors
	LD21 New Materials for Large-Caliber Rotating
	LD22 Methodology for Hardening Electronic Components
	LD23 Adiabatic Depressurisation of Vented Vessels
	LD24 Solid Fuel Ramjet (SFRJ) Propulsion for Artillery

	EXTERIOR BALLISTICS
	EB01 Transonic Aerodynamic and Scaling Issues for
	EB02 Flight Dynamics of a Projectile with High Drag
	EB03 Flight Test Results of the Swedish-Dutch Solid Fuel
	EB04 Aeroelasticity of Very High L/D Bodies in Supersonic Flight:
	EB05 ASimulation Technique for Analyzing Effect
	EB06 The Transition Ballistic Simulation Facility
	EB07 Acceptance Criteria for Fire Prediction Accuracy
	EB08 On the Influence of Yaw and Yaw Rate
	EB09 Diagnostic of the Behaviour of a Course-correction
	EB10 The Influence of a Projectile Stability Subjected
	EB11 Aerodynamic Aspects of a Grid Finned Projectile
	EB12 Magnus Instabilites and Modeling for a 12.7 mm Projectile
	EB13 Wind Tunnel Investigation of a High L/D Projectile
	EB14 Roll Producing Moment Prediction for Finned Projectiles
	EB15 Aerodynamic Wind-tunnel Test of a Ramjet Projectile
	EB16 Numerical Model for Analysis and Specification
	EB17 Numerical Ricochet Calculations of Field Artillery Rounds

	WARHEAD MECHANICS
	WM01 Active Protection Against KE-Rounds and
	WM02 Multiple Explosively Formed Penetrator
	WM03 Barnie: A Unitary Demolition Warhead
	WM04 Experimental and Numerical Studies of Annular
	WM05 Shaped Charge Warheads Containing Low Melt
	WM06 Comparing Alternate Approaches in the Scaling
	WM07 Effect of Fragment Impact on Shaped
	WM08 Breakup of Shaped-Charge Jets: Comparison
	WM09 Application of Overdriven Detonation of High
	WM10 Relative Performance of Anti-air Missile Warheads
	WM11 ARetrospective of the Past 50 Years of Warhead Research
	WM12 Time-Reversed, Flow-Reversed Ballistics Simulations:
	WM13 TNT Blast Scaling for Small Charges
	WM14 ANovel Approach to the Multidimensional Nature
	WM15 Fragmentation Properties of AerMet® 100 Steel in
	WM16 Using a Numerical Fragmentation Model to Understand
	WM17 Dual Mode Warhead Technology for Future
	WM18 Steerable Hitiles Against TBM Warheads
	WM19 The Design of Small-Calibre Tandem Warhead against Tank
	WM20 Application of Loose Powder Liner Shaped Charges
	WM21 Lasers for AP-Mine Neutralisation
	WM22 AReactive Mine Clearing Device: REMIC
	WM23 The Measure of Jet “Goodness” M.E. MAJERUS, R.M. COLBERT
	WM24 Some Improvements into Analytical Models of Shaped
	WM25 Role of Texture in Spin Formed Cu
	WM26 Predicted and Experimental Results of Shaped
	WM27 The Design and Performance of Annular EFP’s
	WM28 Explosively Formed Penetrators
	WM29 Analytical Code and Hydrocode Modelling
	WM30 The Contribution to the Optimization of Detonation
	WM31 Variational Principle for Shaped Charge Jet Formation
	WM32 The Effects of Finite Liner Acceleration on Shaped-Charge
	WM33 Investigation of Several Possibilities to Disturb
	WM34 Further Analytical Modelling of Shaped Charge
	WM35 Shaped Charge Jet Break-up Time Formula Confirmed
	WM36 Computer Simulation of Shaped Charge
	WM37 Determination of Dynamic Tensile Strength of Metals
	WM38 Coupled Map Lattice Model of Jet Breakup
	WM39 The Indeterminacy of the Outgoing Flow of Two
	WM40 Electromagnetic Control of the Shaped-charge Effect
	WM41 Aero Stripping from a Water Jet
	WM42 Photoinstrumentation for Warhead Characterisation
	WM43 APractical Method to Determine Poisson's Ratio

	VULNERABILITY MODELING AND WOUND BALLISTICS
	VM01 The Development of a Physical Model of Non-Penetrating
	VM02 Advanced Multiple Impact Endgame Model Against Ballistic
	VM03 Assessment of Shaped Charge Jet Mitigation,
	VM04 Analysis of Active Protection Systems: When ATHENAMeets
	VM05 Numerical Modeling of a Simplified Surrogate Leg
	VM06 Numerical Head and Composite Helmet Models
	VM07 The Testing of the Tank Fire Control Systems Accuracy
	VM08 Methodology for Predicting Ballistic Shock Response
	VM09 Major Issues Affecting Characterisation and Modeling
	VM10 Digitization of Witness Pack Plates
	VM11 Lightweight Passive Armour for Infantry Carrier Vehicle
	VM12 Lightweight Transparent Armour Systems
	VM13 Non-KKV End Game Kinematic Plan of Anti Tactical Ballistic
	VM14 Defeating Active Defense Systems by Double-
	VM15 AComparative Evaluation of Personnel Incapacitation Methodologies
	VM16 Behind Armour Blunt Trauma for Ballistic Impacts on Rigid Body Armour
	VM17 Soap and Gelatine for Simulating Human Body Tissue:
	VM18 Sphere Penetration into Gelatine and Board
	VM19 AComputer Program to Assess the Effectiveness of Shotgun
	VM20 Creams for Protection Against Skin Burns in Explosions

	1-34 TERMINAL BALLISTICS
	TB01 Whipple Shields Against Shaped Charge Jets
	TB02 General Overview of Capability in the Simulation
	TB03 Analytical Model to Optimize the Passive Reactive
	TB04 Approximating the Ballistic Penetration
	TB05 Sensitivity of ERA-boxes Initiated by Shaped
	TB06 ANumerical Investigation of Top-Attack Submunition
	TB07 Protective Power of Thick Composite Layers
	TB08 The effect of matrix type on the ballistic and
	TB09 Size Scaling in Ballistic Limit Velocities for Small
	TB10 Reference Correlations for Tungsten Long Rods
	TB11 Oblique Plate Perforation by Slender Rod Projectiles
	TB12 Tungsten into Steel Penetration Including
	TB13 On the Behaviour of Long-Rod Penetrators Undergoing
	TB14 Penetration Comparison of L/D=20 and 30 Mono-bloc
	TB15 Definition and Uses of Rha Equivalences for Medium
	TB16 Analytical Model of Long Rod Interaction
	TB17 Penetration of APProjectiles into Spaced Ceramic Targets
	TB18 Behavior and Performance of Amorphous and Nanocrystalline
	TB19 Kinetic Energy Projectiles: Development History,
	TB20 Kinetic Energy KE Ammunition for Medium Calibre
	TB21 Multirole APFSDS-T Expanding the Traditional
	TB22 Penetration Mechanics of Extending Hemicylindrical Rods
	TB23 Evaluation of Replica Scale Jacketed Penetrators
	TB24 Replica Scale Modelling of Long Rod Tank Penetrators
	TB25 High Velocity Jacketed Long Rod Projectiles Hitting
	TB26 The Penetration Process of Long Rods into Thin
	TB27 Oblique Penetration in Ceramic Targets
	TB28 The Influence of Penetrator Geometry and Impact
	TB29 Observations on the Ratio of Impact Energy to Crater Volume
	TB30 Cavity Shape Evolution During Penetration
	TB31 Instrumented Small Scale Rod Penetration Studies:
	TB32 AParameter that Combines the Effects of Bend
	TB33 The Effects of Stress Pulse Characteristics on the Defeat
	TB34 Penetration Efficiency of Tungsten Penetrators

	35-68 TERMINAL BALLISTICS
	TB35 Shock Reduction Power of Different
	TB36 Cavity Expansion Theory Applied to Penetration of Targets
	TB37 Development and Validation of a Dwell Model
	TB38 Glass Ceramic Armour Systems for Light
	TB39 Ballistic Resistance and Impact Behaviour
	TB40 Dynamic Fragmentation of Alumina with Additions
	TB41 Influence of Liners on the Debris Cloud Expansion
	TB42 Mass Efficiency of Aramid Composites Depending
	TB43 Numerical Fragmentation Modeling and Comparisons
	TB44 Fragment Impact on Bi-Layered Light Armours
	TB45 Penetration Analysis of Ceramic Armor with Composite
	TB46 Ballistic Limit of Fabrics with Resin
	TB47 Finite Element Design Model for Ballistic Response
	TB48 Numerical Simulations of Dynamic X-Ray Imaging
	TB49 Perforation of Spaced Glass Systems by the 7.62 mm
	TB50 The Development of the Glass Laminates
	TB51 Model of the Wood Response to the High Velocity of Loading
	TB52 Terminal Ballistics of EFPs – ANumerical Comparative
	TB53 An Experimental Investigation of Interface Defeat
	TB54 Cutoff Velocity in Precision Shaped Charge Jets
	TB55 Performances and Behaviour of WCu-pseudo-alloy
	TB56 AComputational Method of Fast Simulating Full-physics
	TB57 Numerical Simulation of the Performance
	TB58 Study of Spin-compensated Shaped Charges
	TB59 Jet Perturbation by HE Target
	TB60 Evaluation of High Explosive Parameters
	TB61 Combination of Inert and Energetic Materials
	TB62 Interaction Between a Metallic Reactive Armor
	TB63 Numerical Simulation of Shape Charge Jet Interaction
	TB64 A3D Modelling Study of the Influence of Side
	TB65 Effect of Multiple and Delayed Jet Impact and Penetration
	TB66 Hydrocode Modelling of High-velocity
	TB67 The Effect of Obliquity and Conductivity on the Current
	TB68 Taylor Impact Experiments of Electrified Copper

	Author Index


	Table: 
	Home: 


