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This paper describes experimental investigations of the apparent variation in
enhanced gas generation rates in recent electrothermal-chemical closed vessel
studies. This enhancement is noted when electrical energy in the form of
plasmais discharged into pressurised burning propellant. The analysis used to
calculate the burn ratesis based upon Vieille's Law of burning. Two studies are
reported in detail here. The first investigates the effects of plasma composition
and the second that of electrical discharge power and propellant composition
upon the calculated enhancement levels. A summary of the closed vessel ana-
lytical techniques used and some suggestions to explain the phenomena are
given.

INTRODUCTION

The UK Defence Evaluation and Research Agency (DERA) isinvestigating a number
of different electrothermal-chemical (ETC) gun concepts that utilise solid propellants.
One prime area of interest is the apparent alteration to Vieille's Law as a consegquence of
theintroduction of electrical energy in the form of plasmainto the ballistic cycle of agun.
The apparent enhanced gas generation rate (EGGR) of propellants has been reported by a
number of researchersfor many years[1,2,3] but the exact nature of the plasma propellant
interaction still remains elusive. EGGR levels have been differentiated for enhancement
‘during electrical discharge’ (EGGRDED) and ‘post electrical discharge’ (PEDEGGR)
from transient pressure records of closed bomb tests [4]. From a control perspective, it is
more desirableto have a propellant exhibit ahigh level of EGGRDED than ahigh level of
PEDEGGR. However, a high level of PEDEGGR would allow improved performance
with aminimal use of electrical energy.

This paper describes two sets of ETC experimentation conducted within a 400 cm3
closed chamber. The first set explores a number of different plasma compositions to de-
termine whether the EGGR levels can be affected catalytically. The second set explores
the enhancement values as a function of electrical discharge power when used with va-
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rious propellants including high energy, low vulnerability ammunition (HELOVA) pro-
pellant compositions. The hypothesised existence of a plasma electrical power threshold
valuefor PEDEGGR isalso explored [5].

STANDARD EGGR TESTING

In standard EGGR tests, around 49 g of propellant is ignited conventionally with a
Gevelot primer igniter aided by 1 g of gunpowder. Around 26 kJ of electrical energy inthe
form of an electrical plasmais then added with a peak power of around 60 MW, dischar-
ged in around 0.8 ms from a capacitor based pulse forming network [6]. The electrical
energy isdischarged into the combustion chamber at around 35 M Pathrough two electro-
des initially connected by a 20 mm length of (usually) 0.7 mm diameter fuse wire. The
fuse wire and electrode materials, mixed with propellant gases, form the plasma. Such di-
rect introduction of electrical energy is known as ‘current injection’ (C.1.) as opposed to
other discharge options such as offered by capillary plasmagenerators[7].

GAS GENERATION RATE ANALYSIS

The way in which the propellant characteristics change during the combustion cycle
can be studied in closed vessel experiments. The pressure in the chamber is measured asa
function of time (with for example piezo-€electric pressure transducers) and isobaric con-
ditions are assumed to prevail. The pressurisation P(t) and rate of increase in mass of gas,
dmvdt within a closed bomb chamber during the combustion of solid propellant can be re-
lated by asemi-empirical law expressed as:

P(t) = Fj(llvo)%m = Fp[(1/V,) AP dt 1)

where

F isknown asthe force constant of the propellant

Vo isthefree volume of the chamber at timet

pisthedensity of the solid propellant

Sistheburning surface areaat timet

Bisaconstant known asthe burn rate coefficient of the propellant and
a isknown asthe burn rate pressureindex of the propellant.

Asthe propellant changes phase the volume of the chamber reduces slightly due to the
effective space taken up by the propellant gas phase molecules being greater than that of
the propellant solid phase molecul es.

BP%isoften referred to asthe propellant burn rate, r and isdirectly proportional to the
rate of change of pressure within the chamber if al else remains constant. Plots of dP/dt
or BPY (i.e. the burn rate, r) against P will give an approximate straight-line relationship
for a close to unity, reasonably constant S and Vg and allowances for heat loss. Thisis
known asVieille's Law of burning. Theintroduction of electrical energy isfound to cause
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adeviation away from Vieille's Law during the discharge and post discharge with some
compositions.

Closed chamber gas generation rate analysis [4] was conducted for each test perfor-
med in both sets of experiments reported here, using the transient pressure records from
two co-planar calibrated piezo-electric pressure transducers. Analysis is conducted using
acode called BRLCB [8]. This code attempts to take account of the thermal effects of any
electrical discharge. The code assumesthat the propellant burnsin parallel layersand can-
not distinguish between possible causes of deduced EGGR. Previous studies [4,5] have
portrayed the variation in gas generation rates during and post electrical dischargeasava
riation in the propellant burn rate coefficient. In the analysis, the burn rate coefficient pro-
file is integrated with respect to pressure over the appropriate pressure range during or
post electrical discharge. The integrated burn rate coefficient is then divided by the pres-
sure difference of the range to determine a pressure-averaged burn rate coefficient over
the appropriate pressure range. The resultant mean burn rate coefficients are then divided
by those from baseline tests where no electrical energy was discharged. This determinesa
unitless quantity that indicates the level of enhancement in the burn-rate coefficient.
These are the quantitative definition of the EGGRDED and PEDEGGR levels. A level va-
lue of two indicates that the average burn rate coefficient over that pressure rangeistwice
that of aconventional burn rate coefficient.

EXPERIMENT 1 -THE EFFECT OF PLASMA COMPOSITION
ON EGGR

Standard EGGR tests were conducted using different fuse wire and el ectrode materi-
as. Copper, tinned copper, nickel, aluminium, carbon and steel fuse wires, 0.5 mm or
0.7 mm diameter, were used with copper, copper, nickel, aluminium, carbon and steel
electrodes respectively. A sensitive double based nitro-cellulose and nitro-glycerine RDX
enriched propellant, composition X, was used. Twenty sticks 60 mm long were carefully
loaded in the same fashion for each test. Two baseline tests and several nominally identi-
cal electrical testswere carried out for each wire/electrode composition. Fig. 1 showsthe
resulting pressure-time records from afull set of tests from one plasma composition (two
baselines and anumber of nominally identical electrical tests). Theignition delay (i.e. the
time for the pressure to attain some defined value) was very variable and so each record
has been time-shifted so asto overlay inthe early part of their pressure histories.
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The large random variability determined for EGGRDED and PEDEGGR between
supposedly identical electrical tests, obvious from plots such as shown in Fig. 1, was dis-
concerting. Idedlly, alarger number of tests would have been fired. This being cost pro-
hibitive, any potentia difference between the materialsis somewhat obscured by thelarge
data scatter. However, certain statistical methods have been employed which take into ac-
count the large degree of variability and the limited data set. The first method employed
was used to determine the nature of the variability. The entire electrical test data set was
used to produce a ‘ normal probability plot’. Thisis achieved by sorting the enhancement
values into ascending order and estimating the percentage popul ation probabilities bel ow
each value using statistical tables. When the values and the percentage probabilities are
plotted onto normal probability graph paper, anormal distribution in variability isconclu-
ded if the points lay along areasonable straight line. For these tests anormally distributed
variability indicated that the cause(s) of variability were random.

With such a small sample size for each group, further analysis would be unsafe with-
out somehow increasing the sample size to increase the degrees of freedom and reduce
the standard deviation. Because the variability is random, the standard deviations for
EGGRDED levels can be combined from the entire wire/el ectrode composition data-set,
as can those of PEDEGGR,; this was done and served to increase the degrees of freedom
and reduce the standard deviation making further statistical analysis safer. The next stage
in the analysis was to calculate the true mean of EGGRDED and PEDEGGR for each
wire/electrode composition to a significance level of 5 % (the range of values for which
one can be 95 % certain the mean will lie within). Fig. 2 and Fig. 3 shows the results of
such analysisfor EGGRDED and PEDEGGR respectively. As can be seen, there seemsto
be asmall difference between the means, but thereis some overlap between the ranges.

Further statistical analysis shows that there is no difference at the 5% significance
level (with 23 degrees of freedom) between any of the EGGR averages except for
copper and steel. These show a difference until the 2% significance level is reached for
EGGRDED and a difference between the pure copper and the steel for PEDEGGR at 5%.
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These small differences between the averages would probably vanish if the small varia-
tion between the two pressure gauges were taken into account: an increasein the variation
would further spread the true mean ranges. Thus, the conclusion isthat there appearsto be
some small difference between the mean values for EGGRDED and PEDEGGR for diffe-
rent materials, but this difference can be accounted for by random variations within the
entire data set. These variations may be due to the experimental set-up conditions that
were not controlled or known: e.g. the position of the propellant at the moment of electri-
cal discharge, the condition of the wire at the moment of electrical discharge and the be-
haviour of the dischargeitself within thetest vessel.

EXPERIMENT 2 - THE EFFECT OF DISCHARGE POWER ON
EGGR

Previous work [4,5] has suggested a PEDEGGR power threshold may exist for pro-
pellants, whereby enhancement would only occur after a certain value of discharged elec-
trical power. A single based HM X poly NIMMO enriched propellant and two single based
nitro-cellulose and RDX enriched HEL OVA propellant compositions, known as L1, L2
and L3 respectively, together with composition X were investigated using the standard
EGGR test set-up for threshold values. The electrical energy of these tests was varied but
the period of the discharged remained fixed at around 0.8 ms, and a 0.7 mm tinned copper
fuse wire was used for each test. Analysis of the EGGRDED and PEDEGGR values was
carried out for each propellant composition at each electrical power level. A modified
burn rate law relating directly to electrical power isdefined here:

r=pPi(L+ (Peak—T) W) =7 € (2)

where

T isthe enhancement threshol d power, which isthe subject of thiswork

Ppeak IS the average discharge power

Wis the enhancement power density value (no enhancement is inferred with avalue ¥ = 0)
and

€ isthe EGGRDED or PEDEGGR enhancement level value.
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Fig. 4 shows the deduced values € for various power levels for two of the propellant
compositions. The curved confidence bands represent the 95 % confidence interval for
the regression statistics employed. Fig. 5 shows a summary of the enhancement power
density values for each propellant composition. The regression line gradients from plots
such asFig. 4 give the data pointsin Fig. 5 and the confidence bands give the error bars. It
is clear from Fig. 5 that the EGGRDED power density values are composition indepen-
dent but PEDEGGR values are composition dependent, with those propellants showing
PEDEGGR having avaue of T = 0 (e.g. composition X in Fig. 4); there are no threshold
values. The‘all propellants EGGRDED valueisthat from treating al the EGGRDED en-
hancement factors from the different compositions together as one group. This represents
adata set of thirty and the error bars are probably representative of the true variability in
EGGRDED, given that the effect is propellant composition independent.
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That EGGRDED is propellant composition independent and PEDEGGR is composi-
tion dependent shows that it is correct to separate the two in ETC EGGR analysis. This
may be particularly important in high power, long duration discharge pulses where
EGGRDED and PEDEGGR effects may occur simultaneously. The question as to when
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PEDEGGR begins during the discharge cannot be readily answered until the mechanisms
involved in EGGRDED and PEDEGGR are better understood. There are a number of
possible mechanisms for each enhancement. One possibility is a change in the burn-rate
pressure index and/or coefficient; these may be dueto changesin heat transfer to the grain
surface, sub-surface heating or gas phase chemical kinetics. Plasma heat transfer mecha-
nisms during the discharge are as yet poorly understood, and work isin hand at DERA to
try to rectify this. Other possibilities include erosive burning and propellant break-up and
other surface area increase mechanisms occurring during the discharge. Further, as yet
unexplored causes may exist. The authors have carried out some work, showing that vo-
lume changes due to plasma incompressibility proportional to the discharge power can
account for the EGGRDED effect, although thisis sensitive to the accuracy of the plasma
equation of state used. This work suggested that, for these tests, incompressible plasma
occupiesavolume of around 10 % of the chamber at peak power.

Indeed, it might well be shown that different types of plasma generator giveriseto si-
milar effects but for different reasons. Solid JA2 propellant ETC experiments reported by
different groups have given varied results, with evidence of PEDEGGR reported by some
[9] and not by others [10]. Interesting phenomenon have been observed with interrupted
JA2 burn tests both with an opaque composition containing graphite [9] and atranslucent
composition without graphite [11,12]. Fundamental research at DERA continues to ex-
plore the EGGR phenomenon with in-grain spectroscopy and the development of an opti-
cal fibre method to measure the burn-rate directly under closed chamber dynamic condi-
tions, aswell as propellant chemical kinetics code development.

185



Interior Ballistics

REFERENCES

1

2.

10.

11

12.

©

. G.P.Wren, W. F. Oberle, N. Sinha, A Hosangadi and S. M. Dash, “U. S. Army Activitiesin Multidimensio-

nal Modelling of Electrothermal-Chemical Guns,” | EEE Transactions on Magnetics 29, 1, 631-636, 1993

G. L. Katulka et a, “Experimental Characterisation of Plasma Effects on Energetic Materials for Electro-

thermal-Chemical Launch Applications,” |EEE Transactions on Magnetics 35, 1, 197-199, 1999

. C. R. Woodley and S. J. Billett, “Modelling of Enhanced Gas Generation Rates in a 155 mm ETC gun,”
10™ Electromagnetic Launch Symposium, San Francisco, California, April 2000

. C.R.Woodley and S. R. Fuller, “ The Effect of Plasmas on the Combustion Rates of Solid Propellants’, The
International Autumn Seminar on Propellants, Explosives and Pyrotechnics, Shenzen, China, October 1997

. C. R. Woodley and S. R. Fuller, “Apparent Enhanced Burn Rates of Solid Propellants Due to Plasma’,
16" International Symposiumon Ballistics, San Francisco, CA, September 1996

. B. Augsburger et a, “DRA 500 kJ Multi-Module Capacitor Bank”, |EEE Transactions on Magnetics 31.
1 January 1995

. M. Firth, C. Woodley, M. Taylor, S. Fuller and G. Savell, “The UK ETC Gun Programme for the Millen-
nium”, Proceedings of the European Forum on Ballistics of Projectiles 2000, Saint-Louis, France, April
2000

. W. F. Oberle and D. E. Kooker, “BRLCB: A Closed-Chamber Data Analysis Program: Part 1 — Theory and
User's Manua”, ARL Technical Report ARL-TR-36, US Army Research Laboratory, Aberdeen Proving
Ground, MD, January 1993

. R.J. Lieb and C. J. Gillich, “Morphology of Extinguished Monolithic JA2 Grains Fired in a 30 mm Solid

Propellant Electrothermal-Chemical (SPETC) Gun”, ARL Final Report ARL-TR-606, US Army Research

L aboratory, Aberdeen Proving Ground, MD, November 1994

A. Birk, M Del Guercio, A Kinkennon, D. E. Kooker and P. Kaste, “Interrupted-Burning Tests of Plasma—

Ignited JA2 and M30 Grains in a Closed Chamber”, Propellants, Explosives, Pyrotechnics 25, 133-142,

2000

K. Kappen and U. H. Bauder, “ Calculation of Plasma Radiation Transport for Description of Propellant 1g-

nition and Simulation of Interior Ballistics in ETC Guns”, 10" Electromagnetic Launch Symposium, San

Francisco, CA, May 2000

A.Voronov, A. Koleczko, H. Haak, Th. Weiseand N. Eisenreich, “ Energy Criteriafor Combustion Control

inaLarge Caliber Gun”, 10 Electromagnetic Launch Symposium, San Francisco, CA, May 2000

British Crown Copyright 2001. Published with the permission of the Defence Evalua-

tion and Research Agency on behalf of the controller of HM SO

186



	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: 


