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BACKGROUND 

The process that precedes the ability to do accurate indirect artillery fire prediction
usually involves a fairly extensive firing trial. The data from this firing trial is then redu-
ced to MSL and standard conditions yielding calibration factors at discrete elevations per
charge. Curves are then fitted to this experimental data in order to provide calibration data
for intermediate QE’s. At this stage the data can be implemented in a Fire Control Com-
puter (FCC). Generation of range tables goes one step further before one can effectively
predict. When doing indirect fire predictions using the range tables one can not expect to
be bang on target, but one can expect, with a reasonable probability, to be close to the tar-
get. One of the reasons for this no-deterministic nature of fire predictions is to be found in
the fact that the calibration curves on which the range tables are based are approximations
of actual firing data. There are also other variations in e.g. muzzle velocity which will
vary from the chosen muzzle velocity on which the prediction will be done. (See refe-
rence [1] for more detail)

Thus, the primary challenge is, once a new range table or set of calibration data for a
fire control computer is introduced, how should the user define criteria on which to evalu-
ate and validate the indirect fire prediction accuracy, especially in the face of some of the
claims made by the suppliers of such systems.

VERIFICATION 

Due to monetary constraints a comprehensive verification exercise after extensive
range table firings is generally out of the question and even a limited verification firing is
often ruled out. We decided to explore a cost-effective theoretical verification. The verifi-

This paper proposes a methodology to verify the indirect fire prediction accu-
racy of tube launched artillery with minimal additional costs and examines gui-
delines for acceptance criteria to assess fire prediction accuracy.
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cation is done by using the original data from which the range table or calibration was de-
rived. Application of the prediction process using the Mean Point of Impact (MPI) of the
firing data as the designated target and applying the prediction process should reproduce
the original QE and Azimuth within certain limits, i.e. the acceptance criteria.

Experimental Data

The data on which this exercise is based was obtained during a fairly extensive Range
Table trial. The test range was a typical battle school environment and the survey accu-
racy and MET procedures etc. were typical of an operational environment, with little of
the luxuries of a test range. The number of shots fired per serial generally varied between
3 and 5. This provides little statistical information but is in line with the generally accep-
ted artillery practice of firing a minimum of 3 shots to establish a representative MPI. In-
cluded in the data are firing with 6 different charges and boattail projectiles and the two
top charges with Basebleed projectiles.

In Table 1 the results of the range table prediction is compared to the as-fired data. The
differences in azimuth and elevation are computed and expressed as a distance on the
ground.

Table 1: Synopsis of unadjusted HE verification data
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Qu ad ran t E le vation Az im uth 

As -fire d RT  P red ictio n ∆ Q E ∆ R ge As -fire d RT  P red ictio n ∆ B rg ∆ D rift

Ra ng e

(m ils) (m ils) (m ils) (m ) (m ils) (m ils) (m ils) (m )

44 71 25 5 25 8 3 45 68 8 68 4 -4 -1 8

73 47 52 3 52 7 4 29 67 0 67 1 1 7

81 85 61 0 63 8 28 11 8 77 6 77 8 2 16 

81 68 94 0 91 7 -2 3 -9 9 76 0 76 4 4 32 

65 41 11 50 11 47 -3 -3 3 70 0 69 5 -5 -3 2

58 19 26 3 26 5 2 34 62 1 61 8 -3 -1 7

87 10 46 0 46 9 9 10 0 81 9 82 3 4 34 

10 04 8 61 0 60 8 -2 -1 3 75 7 75 9 2 20 

10 47 9 84 0 78 5 -5 5 -2 20 78 4 78 4 0 0

80 54 11 54 11 46 -8 -1 04 71 6 71 3 -3 -2 4

74 98 25 8 26 2 4 80 67 3 67 4 1 7

10 93 2 46 1 46 5 4 53 79 3 79 4 1 11 

12 07 3 55 0 55 1 1 11 35 6 35 5 -1 -1 2

13 38 7 84 0 79 4 -4 6 -2 30 34 5 35 1 6 79 

10 19 6 11 64 11 64 0 0 67 9 67 2 -7 -7 0

94 42 24 6 24 7 1 24 67 4 67 3 -1 -9 

13 38 5 45 0 45 5 5 79 43 4 43 1 -3 -3 9



FACTORS INFLUENCING ACCEPTANCE CRITERIA

For a statistical treatment of the data, the inherent assumptions are that the distribution
of the rounds around the MPI is independent of one another, as is the distribution of the
MPI’s. Secondly the distribution are gaussian and independent in the range and drift di-
rections.

Dispersion

The characteristic dispersion of the weapon system needs to be taken into account in
the definition of acceptance criteria. The armaments industry often suffer from the ‘single
gun battery syndrome’. As most of the development work is generally carried out using a
single gun, we tend to lose sight that, except in some special cases, most artillery doctri-
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Qu ad ran t E le vation Az im uth 

As -fire d RT  P red ictio n ∆ Q E ∆ R ge As -fire d RT  P red ictio n ∆ B rg ∆ D rift

Ra ng e

(m ils) (m ils) (m ils) (m ) (m ils) (m ils) (m ils) (m )

15 69 6 68 5 67 2 -1 3 -9 1 79 6 80 1 5 77 

15 54 1 96 0 97 7 17 17 2 76 9 76 5 -4 -6 1

13 23 6 11 32 11 27 -5 -9 4 29 3 26 3 -3 0 -3 90 

11 66 8 22 4 22 7 3 90 36 2 36 0 -2 -2 3

17 61 6 50 0 51 0 10 15 4 76 6 77 3 7 12 1

18 95 3 63 0 63 6 6 64 95 7 95 1 -6 -1 12 

20 18 9 90 0 94 5 45 40 5 94 1 91 9 -2 2 -4 36 

17 01 1 11 45 11 55 10 25 0 66 1 65 6 -5 -8 4

16 04 6 25 1 25 4 3 96 80 4 80 8 4 63 

21 91 8 50 0 51 1 11 19 8 92 6 92 2 -4 -8 6

24 76 6 64 0 65 4 14 16 5 11 46 11 43 -3 -7 3

27 33 3 88 0 85 5 -2 5 -1 75 10 74 10 61 -1 3 -3 49 

23 07 2 11 50 11 49 -1 -3 0 87 8 87 3 -5 -1 13 

14 02 2 24 7 25 3 6 21 0 48 4 48 4 0 0

19 66 3 49 0 49 0 0 0 10 08 10 04 -4 -7 7

23 39 4 69 0 71 2 22 20 7 96 4 96 3 -1 -2 3

24 72 9 80 0 79 0 -1 0 -1 6 11 43 11 36 -7 -1 70 

21 18 7 11 40 11 45 5 14 0 86 9 86 4 -5 -1 04 

18 98 6 26 0 26 4 4 16 8 97 3 97 4 1 19 

25 23 6 42 5 42 7 2 58 11 66 11 73 7 17 3

31 57 2 69 0 68 0 -1 0 -1 40 12 40 12 38 -2 -6 2

33 12 1 90 0 85 4 -4 6 -3 22 11 90 11 86 -4 -1 30 

29 12 4 11 40 11 41 1 36 10 76 10 83 7 20 0



nes currently prefer a battery (usually a minimum of four guns) as a fire unit. This syn-
drome could result in the imposition of harsh criteria for what is essentially intended to be
an area weapon. The drift dispersion is generally much smaller than range dispersion and
cognisance should be taken of this fact lest one arrives at the ridiculous situation where
the MPI is located slightly off the target centre (to the left or right) and being penalized
although it might be well within the lethal radius of the projectile (see Fig. 1). When ac-
tual dispersion data is rather sketchy (typically only 3 to 5 rounds) one could probably use
the Chi-squared statistics to try and adjust the standard deviations to a more acceptable
sample of 20 rounds. The ideal would be to have a larger sample of shots, but in the ab-
sence of reliable experimental dispersion data we resorted to historical data.

The dispersion is used as a single value with no discrimination to the contributing fac-
tors such as muzzle velocity variation and meteorological variations. The muzzle velocity
variation effect is hopefully accounted for to a large extent in using the average muzzle
velocity together with the mean impact position. Any biases introduced by the meteorolo-
gical reports due to staleness etc. has not been removed.

Measurement of fall of shot

Fall of shot was measured by three OP’s and the impact coordiantes were calculated
by means of triangulation. This length of the sides of the error triangles provided a mea-
sure of the accuracy of the observation. Generally the triangulation procedure used to de-
rive the impact coordinates is based on finding the intersection of the gravity lines of the
three sides of the triangle. However, if one of the internal angles exceeds 90°, the intersec-
tion lies outside the triangle next to the longest side. Although this makes mathematical
sense, we consider it improbable that the observed fall of shot will physically be outside
of the error triangle. Thus the fall of shot impact coordinates are determined as the center
of the inscribed circle (Fig. 2). 

(1)

with s the semiperimeter and a,b,c the lengths of the sides of the error triangle re-
spectively.

This method has two advantages:
– The point of impact is always located within the error triangle and thus the error

triangles maintain a physical meaning.
– The inscribed circle usually fits in the largest area of the triangle, with the origin

corresponding to the center of gravity of the triangle and thus acts as some kind of
weighting function to favour measurements that are closer together.
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We assumed the probability that the actual point of impact will lie outside the circle
circumscribing the error triangle is very small. Thus assuming a normal distrubution for
measurement errors, the standard deviation for the measurement error was taken as
6σ=2RCircumscribed. Based on the above assumption one can calculate a probability for
the actual fall of shot lying within the radius of the inscribed circle. For the test data the
probability of the true impact lying within the inscribed circle was generally better than
95%.

(2)

Lethality

Lethality needs to be included in the derivation of fire prediction accuracy to establish
some kind of minimum value beyond which arguments have academic rather than practi-
cal value. Lethality is characterized by the lethal area in m2 for a shell detonated in a verti-
cal orientation 1 m above the ground in an arena test. Lethal area and radius are defined in
terms of anti-personnel targets (standing infantry in the open). The criteria for lethality is
a fragment flux of 2 fragments/m2 and perforation of at least 1.6 mm mild steel. The data
in Table 2 provides some indication of this minimum cut-off distance, typically character-
ised by the lethal radius.
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Fig. 1: Scenario for non-sensical fire pre-
diction accuracy criteria.

Fig. 2: Some typical scenarios for error tri-
angles illustrating the relative derived im-
pact positions.



Table 2: Theoretical lethality values as a minimum cut-off parameter in the definition of
fire prediction acceptance criteria.

Adjusted Aimpoint Offsets

In the computations that follow, the deviations from the aimpoint have been adjusted
to account for the lethal radius of the 155 mm M1 HE projectile (29.9 m) and for the
measurement error as characterised by the radius of the inscribed circle. A fairly decent
normal distribution for the offset in both range and drift between the predicted and actual
aimpoints were obtained (see Fig. 3).

Figure 3: Distribution of the range and drift deviations relative to the point of aim after
adjustments for the lethal radius and measurement uncertainties.

ACCEPTANCE CRITERIA

There are several options that come to mind for use as acceptance criteria. The use of
independent dispersion related criteria, an ECEP-value or even a Hit Probability could be
used. Reference [1] gives a good exposition in the fundamentals. Fire prediction accuracy
is a measure of weapon system performance and as such one of the primary governing pa-
rameters is precision, consisting of consistency and accuracy.

Independent Dispersion related Criteria
The most obvious and intuitive criteria is probably analogous to the dispersion. This

type of criterion would in general consist of two independent criteria, one for range and
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Shell Description Explosive Type Explosive Mass
(kg)

Lethal Radius
(m)

Lethal Area
(m2)

M107 HE TNT 6.6 17.4 951
155 mm M1 0.3% HNS 8.5 29.9 2807
155mm V-LAP HE 0.3% HNS 4.5 18.8 1110
130 mm HE 0.3% HNS 3.9 23.8 1779
105 mm HE 0.3% HNS 2.7 18.4 1063
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one for drift. Typical descriptive statistical data derived from the example is provided in
Table 3. A simple graphical analysis shows that in the majority of cases, the predicted and
actual aimpoints differ by less than 2PE (see Fig. 4).

Table 3: Descriptive statistics of the offsets

One could indulge in some statistics to compare the actual offset values using the
mean values of the standard deviation of the offsets as the population standard deviation.
A drawback of this approach is that it does not account explicitly for the dispersion within
a salvo. To rectify this deficiency, we examine the ECEP and Hit Probability concepts. 

Equivalent Circular Probable Error (ECEP)

The equivalent circular probable error (ECEP) is also a useful single-valued parame-
ter for defining acceptable limits. The ECEP definition given below accounts for the ef-
fects of miss distance but also includes the effects of dispersion.[2] An ECEP-value of 92
m result from this treatment on the data of Table 1.

(3)

(4)

First Round Single Shot Hit Probability

For interest sake we also examined the data in terms of a first round hit probability on
an arbitrary square target with dimensions of 100 m x 100 m. The first round single shot
hit probability on a rectangular target with sides 2a and 2b respectively and with the the
predicted point of impact offset relative to the intended point of aim by the coordinate pair
(µ,v) is given according to [2] by

(5)

Using the data of Table 1 a mean first round hit probability of 40% results on a 
100 m x 100 m target.
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Mean Offset Std Deviation
Range 25.3 119.8
Drift -32.9 109.2
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CONCLUSIONS
From Fig. 4 one can deduce that the substantial deviations in drift occur around the

elevations for maximum range and most probably for high angled fire just beyond the ele-
vation for maximum range. This is generally a region where strong non-linearities exist.
Firing at maximum ranges is an artificial imposition for range table trial purposes and in
practice one would opt for the next higher charge to achieve the maximum range of the
previous charge at more well behaved elevations. The larger variation experienced in the
drift acceptance was somewhat unexpected. It could in part be attributed to the human
factor, i.e. inaccuracies in the survey, orientation and laying of the gun. It is our expe-
rience that guns with an autolaying system generally perform much better with respect to
deviations from line. This gun was however manually layed. Thus the degree of automa-
tion could also influence the final acceptance figures.

Thus one could possibly opt for a fire prediction accuracy that is 
– within 2PE in both range and drift, or
– within an ECEP of 92 m which translates to 0.6% of the mean range, or
– a mean single shot first round hit probability of around 40% on a 100 m x 100 m target.
The values quoted here are indicative of what can be construed and one should be ca-

reful with regard to the indiscriminate application of these criteria and be critical of the
interpretation thereof.
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	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: 


