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INTRODUCTION

Lately, the emphasis of development in munition technique is precision munitions, the
trajectories of which need to be corrected. For a traditional projectile or rocket, the initial
shot conditions (velocity, angle of fire, etc.) can be determinated by the position of a can-
non and the observed target and their trajectories of flight can not be controlled or correc-
ted after firing. In fact, there are various random disturbances which cause the deviation
of the flight trajectory of a projectile or rocket relative to the expected trajectory or target.
For precision munitions, the errors of the flight can be corrected, which is very important
difference about the precision munitions and the traditional munitions.

The correcting forces or impulse moments are often used in the correction of trajec-
tory. It is thoretically made clear that the flight stability of a projectile to be stabilized ori-
ginally is influenced by the correcting forces or impulse moments. In reference[1], the ef-
fects of correcting forces are discussed in detail, but the correcting impulse moments that
are often used are not concerned. In the paper, the case of the impulse moments that are
applied on the spin-stabilized projectile to control the flight trajectory is analyzed. 

COORDINATES 

Coordinates on the ground  o – xyz

The origin of coordinates is the center of the gun muzzle and Λ stands for the earth la-
titude there. The axis ox is on the horizontal plane and αN stands for the included angle

The control impulse moments are often used to adjust the trajectory for these
precision munitions and they will affect the flight stability for these munitions.
The paper analyses this kind of influence and a condition of flight stability to be
satisfied when these impulse moments act on the projectile has been set up. It is
useful for consideration of designing these precision munitions.
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between the axis ox and the north, and the axis oy is upward vertically, and the axis oz is
determinated by the right hand law.

Coordinates of velocity, c – x2y2z2

The origin of coordinates is the center of mass (C.M) of projectile, the axis cx2 is in
line with the vector of velocity of the C.M. of projectile. θ and ψ are used to stand for the
zimuth of the coordinate system relative to o – xyz, that is, o – xyz is first taken to move
parallelly to the C.M. of projectile and the new coordinate system c – x'y'z' is obtained,
then c – x'y'z' is rotated about are axis cz' by θ where the axis cy2 is obtained, and finally is
rotated about the axis cy2 by ψ, and then c – x2y2z2 are obtained.

Coordinates of the projectile axis, c – ξηξ

The axis cξ is in line with the projectile axis and the direction pointed to the projectile
nose is defined as the positive direction of cξ. The azimuth of the coordinate system rela-
tive to c – x'y'z' in defined as ϕ1 and ϕ2. The c – x'y'z' in first rotated about cz' by ϕ1 and
then rotated about cη by ϕ2 where cη is obtained by the cη' rotating, and the final position
of c – x'y'z' rotating is c – ξηξ .

The attitude angles of the coordinate systems (δ1, δ2), (ϕ1,ϕ2), (θ, ψ) have the rela-
tionship as follows:

(1)

Where

(2)

GENERAL EQUATIONS OF MOTION FOR PROJECTILES

Based on the coordinate systems above, the 6-D equations of motion for spin-stabili-
zed projectiles can be created in the form as follows:
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(3)

Where (Fx2, Fy2, Fz2)are the projection parts of the resultant force F
–

acted on the pro-
jectile in the coordinate system c – x2y2z2; (Mξ, Mη, Mζ) are the projection parts of the re-
sultant moment M

–
about the C.M. of projectile in the coordinate system c – ξηζ;

(ωξ,ωη,ωζ) are the projection parts of the total angle velocity ω– of a projectile in the coor-
dinate system c – ξηζ.

EFFECTS OF IMPULSE MOMENTS ON THE FLIGHT
STABILITY

It is common means in the correction techniques of flight trajectory that the impulse
moments are used to correct the ballistic errors. In general, the active time of the impulse
moments is very short, mostly the order of milliseconds, and then the impulse moment is
considered to complete instantaneously, which is equivalent to a great disturbance applied
to a projectile during flying. Therefore, the effect of impulse on the flight trajectory and
stability of a projectile can be analyzed in terms of the initial disturbance.

To assume a impulse in P̂, the corresponding impulsive force is

(4)
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Where δ(t) is the Direct function, tp is the instant of impulsive action. The correcting
forces and moments caused by the impulsive force are projected on the coordinates of ve-
locity and on the coordinates of projectile axis, and then the impulse parts (F̂px2, F̂py2,
F̂pz2) along with impulse moment parts (M̂px2, M̂py2, M̂pz2) can be obtained. According to
the equations of motion (3), the increments of ballistic elements caused by the impulse  P̂
can be derived, that is

(5)

Some of the above increments of elements, such as ∆v, ∆θ, ∆ψ, etc., will influence the
flight trajectory which are expected in the correction of trajectory. But some others may
influence the flight stability of projectile, the following are discussion of the effects on
stability.

In the formulation of the element increments (5), it can be approximately obtained that

(6)

Where

(7)

Eq. (7) is the change of angle velocity of attack caused by the impulse moment.
According to the theory of exterior ballistics, the differentiate equation of angle mo-

tion of attack under the simplify conditions is

(8)

Under the initial conditions, ∆0 = 0; ∆· 0 = δ
·

0eiv0, the solution of Eq. (9) is

(9)

Where
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(10)

From the relations above, if a projectile has originally spin-stability (σ > 0), the condi-
tion of its spin-stability is not damaged by the impulse moment (Exceptionally, if the im-
pulse part F̂px2 is very large and the increment ∆v is also very large, the effect of ∆v on the
kz/α2 in σ should be analyzed, but this effect is generally small.

From the Eq. (10), the impulse moment causes the increase of the magnitude of angle
of attack that is

(11)

We consider that the increase of the magnitude of this angle caused by the impulsive
moment must be smaller than some allowed limit, otherwise it is possible that the angle of
attack become very large and damage the flight stability of projectile. To assume the al-
lowed up limit of the increase of the this angle magnitude is ∂δm0 then

hence

(12)

Eq. (12) is very important and expresses obviously that if the flight stability of projec-
tile after correcting is ensured, the square sum of the two parts of the impulse moment can
not be excessively great in the process of trajectory correction. Eq. (11) is considered as a
new condition of flight stability required in the action of impulse moment.

Eq. (12) can be changed into another form, 

(13)

Where Sg = α2 / kz, is the factor of spin-stability. From the Eq. (12), it can be shown
apparently that for a given limit ∂δm0, if a projectile has higher roll speed, or more stubby
body, or stronger spin-stability, the impulse moment allowed by flight stability can be
greater a little, in other words, the ability of projectile against the stronger disturbance of
the impulsive moment is greater; contrarily, the ability is lower a little.

CONCLUSION

The effects of the impulse moment commonly used in the technique of the ballistic
correction on the flight stability of a projectile are analyzed and a new condition of the
flight stability under the action of impulse moment on the corrected trajectory is obtained.
These are worthy for the technique of the ballistic correction currently being developed,
especially for the choice of projects in design of ballistic correction units.

493

The Influence of a Projectile Stability Subjected to Some Control Impulse Moments



REFERENCE
1. Zhong yuang Wang, Liangmin Wang. 1998. “Analysis of flight stability of corrected trajectory”, Acta Ar-

mamentaria, China, No. 4, 1998
2. Fa Pu. 1980. “Exterior Ballistics”, National Industry of Defence Press, China, 1980

494

Exterior Ballistics


	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: 


