ion to Launch Safety of Ammunition

Direct

=
==
¥

(%

&

7

i

kIE EET F&

5
7]

PAN

5 Bt

ER B M




ARSI BBl

[ B sk B 45 4

B Ak Tk 6% 15

Hh AT Ml G A B AT ML B A5 IR
LHE BRPEERES OB #E R ITR

HAAAFNEZEMERIL

L
kMg ITEF MF A B
BRER # W oK

I §

el e

e

3¢



This book is supported by:

Publication Fund of Science & Technology for National Defense

Science, Technology and Industry Innovation Project for National Defense
China Multi-industry Fund, National Defense Multi-industry Key Projects
Natural Science Foundation of Jiangsu Province for Innovation Climb Plan

Direction to Launch Safety of Ammunition

Prof. Dr. Xiaoting Rui
Dr. Laifeng Yun Dr. Guoping Wang  Dr. Tao Chen

Dr. Jinliang Gu  Dr. Fan Yang Dr. Chi Zhang

National Defense Industry Press

‘Beijing:



AAEE T

EFERRENBT R KN REMMBRFHARR, REFTLRTETREBRE RS 3D
NERBPAER AR N R B, RHRNEFME ARG %R BHE ISR,
SLRTXE. . B SIFRBRE - BUINFIBRNERER, HRMARERLEH LT
REHEH. AKA. 5IERERN e, REMWET TGRS ZEWIPHREAREIL.
BB ERENYHEGEARLE, BYTH. A, 4. 5IGRBRELGSEERE BHMped
BREE. EHEHNZFTARNAGA. SHEIEESH R KRB EERB RARN SR LA
MEREXR, BESYEGEBERTHGRIEMLERYELR, HRBEHARBRENRY
REF AR, RO T IR MR RN 2SR B RS RT B

KPR AR, SIE. B, KB, BE. IR LTIERARAR. BIRRTR
HIS % HEHM

E &R B (CIP)8RE

MR HEEHERWNREEE —JbE:. BT
HiRHE, 2009.9
ISBN 978-7-118-05677-8

[.#. I.#%. I[ERFH—Z2FEKR V.TQS62

o E AR A B 548 CIP BB H F(2009)5 022726 5

*
@5~ F oo o BIREAT
AEEORF R IR B 23 5 S SWITS 100048)

1 R EN S5 BRAA FIERRR
Bie gty
*

FATI0X960 1/16 FER4 EP3K 23y FHL398 FF
2009 4E 9 A4 1M 1 IKENRI  ED%Y 1—3000 1 ZE4R 68.00 JT

(EHMANFEEIR, B HRIFIR)

IHEFBE: (010)68428422 RATHRM:  (010)68414474
RITAEH: (010)68411535 AT S:  (010)68472764




Contents Introduction

In this book, the latest research results of launch safety of ammunition are
introduced systematically. The thought to evaluate launch safety of ammunition
according to the style of launch dynamics of weapon system is presented and realized.
Using the newest theory and technology of launch dynamics and multibody system
dynamics in the world, based on the quantitative description of dynamics process of
weapon system including projectile, gun, propellant and fuze, the problems of launch
safety of propellant charge, explosive charge and fuze are studied from the point of
whole weapon system for the first time. The basic theory, numerical simulation system
and physical simulation system for launch safety evaluation are established
systematically. The quantitative relationship between the parameters of the global
weapon system (including projectile, gun, propellant and fuze) and the dynamic
performance of the weapon system (such as, the combustion process of propellant
charge and bore pressure, dynamics behavior and stress distribution of explosive charge,
mechanism motion and invalidation mode of fuze) is founded. The physical process of
bore burst and early burst of ammunition are simulated. It provides theory basis and
technology tools for evaluating and improving launch safety of ammunition, in order to
break through the bottleneck restricted weapon development in launch safety of
ammunition.

This book can be used as a textbook or a reference book for engineers teachers and
graduated students in the specialties of propellant, explosive, fuze, projectile, gun,

ballistics, engineering mechanics.
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Foreword One

Because of the same academic interest between Professor Rui and me, it has gone
through near 20 years that the relationship between us from encounter to know and then
becoming familiar.

In 1995, Professor Rui in his book Launch Dynamics of Muitibody System, firstly
treats projectile and gun system as multi-rigid-flexible-body system, takes transfer
matrix method of multibody system as a basic tool to analyze the multibody system
dynamics, studies the movement of entire system during the launch process. The theory
system and basic method of launch dynamics of multibody system developed by
Professor Rui have broken through the basic physical and mathematical model in
traditional launch dynamics of gun, and avoided the burdensome computation process,
to which has been paid widely attention by experts in correlative research field. It is a
breakthrough and settled a theory foundation for his following science research, was a
milestone on his journey of science research.

Describing Professor Rui setting foot in study of launch safety of ammunition, it
would be better to said “have to do” than to said “like to do”. In fact, he received the
task at difficult time. Professor Rui was good at launch dynamics, in which the force
acted and movement style of weapon in launch process are studied, then the theory,
technology and testing method controlled these force and movement are studied, and
which provides powerful tool for scientifically evaluating and improving the
performance of weapon system. It seems that launch dynamics is no relation to launch
safety of ammunition. But, launch accidents, such as, bore burst and early burst caused
by many complex factors occurs frequently, has been paid great attention by national
management department. The value of weapon equipment in practice mainly is its
terminal damage effect. The basic conditions of weapon equipment carrying out its
terminal damage effect are launching safety, flight stability and accurate hitting the
target. Therefore, guaranteeing launch safety of ammunition is the first precondition of

weapon system working in order, in other words, the launch safety of ammunition is the
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first gate of whole reliability of weapon system. If the launch accidents, such as, bore
burst and early burst taking place in battlefield, it not only produce self-damage, but

may procrastinate the military opportunity. If it taking place under the situation of
k non-battle, not only the correlative routine work will be influenced, but may result in the
mentality pressure to correlative persons. Excluding the artificial factor, the basic reason
of bore burst and early burst belongs to the level of technology, but it has the influence
to sociality. By this token, launch accidents, such as, bore burst and early burst directly
interfere with the routine research work and ordinary value of weapon equipment in
practice, and form a huge obstacle in technology to weapon equipment development and
in management to weapon equipment system engineering. Facing to the launch
accidents, such as, bore burst and early burst, national management department invites
honestly experts in many fields to supply ideas and tackle key problem corporately. So,
it is not occasional that Professor Rui was arranged in them. Under the case of urgent
requirement of country, Professor Rui resolutely set foot in the field of launch safety of
ammunition based on his own theory foundation and successful confidence. “Where is
the way? Road is under your foot.”

The launch safety of ammunition is the performance that the ammunition system
does not take place accidents in the launch process. The so-called accident commonly
refers to the phenomena, such as, bore burst, fuze system release from insurance or early
burst within safe distance. It is a worldwide universal phenomenon that accidents occur
in launch process of ammunition, not only in developing country, but also in the
developed country with advanced weapon equipment. Therefore, the launch safety of
ammunition becomes a worldwide difficult problem. It is very difficult to find out the
reason even after accidents take place. To solve the difficult problems, experts rack their
brains sometimes is not enough, say nothing of insuring the launch safety of
ammunition. Facing to the worldwide difficult problem, Professor Rui and his
co-workers have carried on a long-term exploration from a unique angle, and acquired a
series of achievements, all which forms the basic content of this book.

The movement of weapon system in launch process is complex and changeful,

mainly includes: the motion of chemistry, thermodynamics and mechanism etc during
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propellant combustion; the radial and rotary motion of projectile in gun tube; the motion
of muitibody system including propellant, projectile and launching device; the flying
motion of projectile in space under the action of aerodynamic pressure and propellant
gas pressure; the motion of multibody system including projectile and parts of fuze etc.
How to scientifically deal with these complex movements is chief problem to study the
launch safety of ammunition.

Depending on their own advanced theory, the authors describe quantitatively and
exactly the dynamics process of weapon system as an integrative in launch process by
using the theory of launch dynamics and multibody systems dynamics. The physical
mechanism of launch process is disclosed exactly. These forms the basic theory frame of
this book, the method used in this book has obvious virtues compared to the ordinary
partial analysis method. This is the first feature of this book.

Using the viewpoint of system engineering, the authors deeply study the foundation
theory and engineering application of launch safety of propellant charge, launch safety
of explosive charge and launch safety of fuze system, study quantitative relationship
between the structural parameters of big system (including projectile, gun, propellant
charge, explosive charge and fuze) and the dynamic performance of system. This is the
second feature of this book.

Based on the theory frame of this book, the authors expatiate on a series of
important achievements, which compose the basic contents of this book and are the
main characteristics of science value of this book. Some of the main achievements are
resumed in the following,

The theory of two-phase flow interior ballistics is studied, the model, equation and
algorithm of two-phase flow dynamic are established, and the physical simulation
system of combustion and mechanics situation of propellant charge in tube is invented
and developed, the physical simulation of compression and fracture of propellant charge
is realized, provide a effective method for theoretical research and engineering
evaluation of launch safety of propellant charge. The compression and fracture
dynamics model of propellant charge and the corresponding numerical simulation

technology is established, the stochastic numerical simulation of compression and



