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Contents Introduction

Launch dynamics of tank and self-propelled artillery(TSPA)is used to study mo-
tion styles of the TSPA and the force acting on it during launch process,to pro-
vide theory and technology controlled the force and the motion styles for general
performance design and test of TSPA. In this book, from the viewpoint of weapon
system including gun, projectile, propellant and fuze, dynamics in whole process
from ignition to falling point of projectile for TSPA is studied systematically in
theory,computation and test. The difficulties, such as, computation of vibration
characteristics, orthogonality of eigenvectors, accurate analysis and fast calcula-
tion of dynamics of multi-rigid-flexible-body system,have been solved. Six general
design methods of firing precision for TSPA and weapon carried by helicopter and
by warship were invented. Test technology combining optical lever with millime-
tre wave radar,and projectile initial disturbance of TSPA in uninterrupted fire,
two test devices simulating ballistics situation of projectile with three degree of
freedom in high speed angular motion, four devices and methods diagnosed the
failure for terminal guidance projectile were invented. The long-cherished wish of
several generation in China that test initial disturbance combined with longitudi-
nal motion of projectile for big caliber weapon at the same time in outdoor was re-
alized, the mechanism of early burst of fuze and the physical essence of disassem-
bly of terminal guidance projectile were opened out. The technology blank tested
fuze framework’s motion of a projectile with high rotation speed was filled up in
China. These provide base in theory and technology for design and test of firing preci-
sion and launch safety of TSPA and other weapons. The important engineering problem
improving firing precision of self-propelled artillery and weapon carried by helicopter
and weapon carried by warship, eliminating early burst of fuze and disassembly failure
of terminal guidance projectile were solved.

This book has important value for studying TSPA and can be used as a textbook
or reference book for engineers, teachers and graduated students in the specialties

of artillery, ballistics, engineering mechanics and mechanics system dynamics.
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Foreword One

Development of tank and self-propelled artillery(TSPA)in China experienced imi-
tation and imitation research stage successively. And now it has come into such a
new stage,that is, TSPA weapons systems with strong power, high precision and
fast response can be designed and manufactured independently. However, in cur-
rent process of research and development, along with continual increase of de-
mand for the function and performance of weapons systems, the theory and exper-
iment data using for modern design is far laggard than the demand of innovation
design and manufacture stage. This situation hampered the development of design
and manufacture technology of China in TSPA to higher level.

In this book Launch Dynamics of Tank and Sel f-propelled Artillery,from the
viewpoint of weapon systems including gun, projectile, propellant and fuze, by
studying deeply on the theory, computation and experiment, the force acted on
tanks and self-propelled artillery and the motion style in the whole process from
ignition to the falling point of projectile are expatiated. Based on these, the theory
and technology to improve the firing precision, design and experiment of launch
safety of gun are constructed, methods modeling and computing for launch dy-
namics of weapon system are put forward. So, the theoretical foundation is pro-
vided for development of launch devices of weapon system.

Many experiment equipments were developed by authors and their co-workers
based on their innovative ideas,such as, the experiment equipment improving fir-
ing dispersion of weapon system, the optical lever device testing the initial dis-
turbance of large-caliber projectile, the device combined testing orientation and
longitudinal motion of projectile in gun tube, the device and its control system
simulating angular motion of projectile with high rotation speed and three degrees
of freedom, device testing stress of terminal guidance projectile in launch situa-
tion,device testing vibration modal, device testing engine sealing, device testing
transformation of stress under high temperature. At the same time, the methods,
such as, method testing vibration mode, method testing initial disturbance for pro-
jectile,method of testing dynamic response,method testing pre-stress of terminal

guidance projectile, method testing strength of terminal guidance projectile, and
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so on, were presented. The experiment data get by applying these test devices and
methods proposed in this book can be used to design launch device of weapon sys-
tem, to improve firing precision, to prevent bore burst, early burst and the disas-
sembly of terminal guidance projectile.

Launch Dynamics of Tank and Self-propelled Artillery is a book based on
transfer matrix method of multibody system with high academic valuable. The dy-
namics model and design method of tanks and self-propelled artillery constructed
in the thought of system theory in this book have important theoretical and prac-
tical significance. I think, because the publication of this book, our country will
jump a new level in basic theory,computation method and test methods of launch
dynamics of tanks and self-propelled artillery, and will play an important role in
improving design level and general performance of tanks and self-propelled artil-

lery.

Professor Zherong Wang

Professor of China North Vehicle Research Institute
Member of Chinese Academy of Engineering
January 5,2010
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Foreword Two

Prof. Xiaoting Rui,Prof. Yixin Liu and Dr. Hailong Yu have been studied deeply
in the field of launch dynamics of tank and self-propelled artillery ( TSPA) for
many years, the book Launch Dynamics of Tank and Sel f-propelled Artillery
shows the summarization of authors’ these academic achievements, In this book,
the launch platform, propellant charge, projectile and fuze are regarded as one
system, many problems, such as, the dynamic response of launch, firing precision,
failure of projectile and fuze,and so on,are studied. Theoretical research and ap-
plied research are combined closely, the inherent law is revealed scientifically,
many theoretical and engineering problems have been solved creatively. These ac-
ademic achievements played the lead and symbolic role in the field of our country.
From the early 70s of last century, I participated in all of the analysis work of
fuze failure,included bore burst of fuze,early burst of fuze in muzzle and in traj-
ectory, blind of fuze,and so on. Many failure phenomena cannot be explained with
reasons by principle of traditional rigid body dynamics. For example, early burst
in muzzle in a mortar ever occurred for several times in the mid of 70s of last cen-
tury. After many test methods were used and hundreds of ammunitions were con-
sumed it was revealed that the mechanism of early burst is the reciprocating vi-
bration of firing pin caused by the dynamic response of firing machine. It was be-
cause lack of theory to analyze and describe systematically the launch dynamics
process in that time.

In 1995, under the support of director department, Prof. Huimin Tan and T invited Prof,
Xiaoting Rui and his co-workers to cooperate in different specialties to study on launch
dynamics considering the artillery, projectile and fuze as a system. Since then, Xiaoting
and I had always remained close contact in academic for 15 years,and he was invited to
reveal early burst mechanism of fuze and disassembly of terminal guidance projectile
using launch dynamics research results in theory and test method. Especially, two re-
search results are particularly noteworthy.

In 2002, early burst in trajectory occurred in the fuze of the self-propelled howitz-
er mortar. | entrusted Prof. Xiaoting Rui to study the failures. The fuze had a

pneumatic turbine insurance institution, so,it was necessary to use multibody dy-
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namics and aerodynamics to solve the early burst at the same time. Xiaoting and his
group worked tirelessly day and night. Based on the theory of launch dynamics, using
the device simulating angular motion of projectile with high rotation speed in three de-
grees of freedom and NH-1 high speed wind tunnel, spin, nutation, precession, ballistics
situation, aerodynamic of fuze in the initial flying stage of exterior ballistic were physi-
cally simulated. So, the mechanism of early burst,as soon as the fuze free from the in-
surance the firing pin hit detonator after the fuze fly out the muzzle, was revealed. And
the phenomenon of early burst of fuze in trajectory was reproduced in laboratory and
was confirmed by firing test later. These provided important foundation for ameliorating
fuze structure and parameter adjustment. The research results are reflected in section
12. 7 of the book.

In 2008,1 was commissioned by director department to preside failure analysis of
disassembly of terminal guidance projectile. Before that time, the projectile disin-
tegrated several times in launching with number 3 propellant charge. The im-
provement measurement had been adopted after analysis, but only the probability
of disassembly was reduced, the disassembly failure cannot be eradicated. Took o-
ver this work and observed the wreckage of disintegrated projectile carefully,I re-
alized that the reasons of disassembly of projectile in bore was complex,it should
closely related with the characteristics of launch dynamics response of projectile
in the bore. Then I invited Prof. Xiaoting Rui to participate in the fault diagnosis.
The modal test and analysis of terminal guidance projectile were taken firstly by
the group under Xiaoting’s leadership. Then it was pointed out that the deforma-
tion of transverse vibration was largest at the joint position of engine and projec-
tile body, radial position of the engine relative to the projectile body cannot be
fixed. And the seal test, pre-stress test and strength test of propellant were de-
signed specially. Combing with the result of modal test, the mechanism of disas-
sembly of terminal guidance projectile in bore, exact reason of fault and improving
ideas were presented. Based on these analyses and integrated with other factors,
the suggestions to solve the failure of disassembly were presented by expert
group and were adopted by the research unit. The disassembly phenomenon of
terminal guidance projectile never appeared again after improved design. The re-
search results are reflected in Chapter 12 of the book.

The two examples vividly show that Prof. Xiaoting and his co-workers not only
get many theoretical achievements in launch dynamics of TSPA, but also get a lot

of innovative research results in experiment of launch dynamics and in resolving
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practical launch failures of artillery, ammunition and fuze by combinning theory
and test. They had made outstanding contributions to development of tank, self-
propelled artillery,ammunition and fuze in equipment and technological.

At the time of his book Launch Dynamics of Tank and Sel f-propelled Artillery
will print, I offer this forward to remember the many years cooperation between
Xiaoting and me and congratulate to the authors. I believe that his book will play
a important role for further promoting the study of launch dynamics and its appli-

cation.

Professor Baohua Ma
Chief Scientist of Beijing Institute of Technology
April 26,2010
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Foreword Three

The book, entitled Launch Dynamics of Tank and Sel f-propelled Artillery au-
thored by Prof. Xiaoting Rui and his co-authors, deals with theory and technology
of launch dynamics and the modeling of weapon platforms, which launch a projec-
tile through a barrel to the flight of the projectile. The highly dynamic accelera-
tion of the projectile is done by the process interior ballistics. The launch barrel is me-
chanically coupled to the weapons platform and the projectile interacts during its launch
process with the barrel. Of most importance is the mechanical status of the projectile
when it leaves the barrel and starts its exterior ballistic flight path. The response of the
system platform, barrel and projectile determines the perturbations given to the projec-
tile, when it leaves the barrel, which then influence the firing accuracy, safety and the
impact point of the projectile.

The book covers in 14 chapters. The whole sequence from the forces acting on the
projectile in the bore, the resulting forces on the platform and derives the vibra-
tion characteristics of the system via the transfer matrix method of multibody
system. Modeling the system as coupled rigid bodies and flexible bodies, the de-
tailed launch dynamics of the projectile can be calculated. This gives the input da-
ta to calculate the flight dynamics of the projectile and its aiming precision.
Using this theoretical tools, in chapter 13 a design theory for complex platforms like
tanks or artillery systems is derived. Very essential are the test methods described in the
book, to validate the theoretical methods which were derived. Eventually the theoretical
tools explained in this book can be used to design intelligent advanced projectiles which
will have an in flight aerodynamic correction to increase safety as well as effectiveness of
barrel launched systems. Therefore this book describes in a complete manor the direc-
tions for future developments of artillery systems.

K Thyug
Head of Ernst-Mach Institute of Germany
March 17,2010



ERAE—BSURREEBRERZ

F88 M MUK VW LA BV S KRB RPR R SR d T
A RIRFIR AR ECEET AL . I 40 4FR AR R GE8h 1 % BB IR 2 TR
BRIRIRA S T H . BUTISR SR R G 8h 1207 ¥ BAR s B 57 (e TR
R BN SERRFAE : QAL R GE 0 SRS 128 05 R s @ B A RGE A sh 15707
W R SR R B AR H R, TS BOHE TAERAER R, RUACHEERZEE H 197
E AN R AR B R R At T AR R NIRRT SR

WIS BREHAEEEZ R M SRR GG B E R RSIR R G5
J12E 2R R BN T 12 2 5 T LA R 22 NI SR AR R SRR, e AR+
A7, WM BERE THRASER. Tkl TARESERRGH R R A
TR, i TR ZNIFAA RGN FHE R B IEACHE , SEB T MR R NITR R
GEzh FINARL BT . X AEER T AR GRS BN AL R R L N R P O AR, BB
BRI R BT RER B AEERE FEA R AR R, 2 R G A
BICHIE ¢ M 2 IR AE A B ARAR AN T LA . T IR AN T - AT AR UETE
BB AE R IR 1 IR TR AT | 303 SR T X S i R — 2 S ST el
—JF KR » RGE MG RAE R (U R TUI AL A R AR, S HoAt 7 ik Ak B Sfe
WHRMERASR RERALTT LR, PrATTHEE— % ¢ G=1,2, - O E
AR A7 5L A R T B 20 B 7 B A A AN O (0 DA R R AR AR B . S5 o
HP IR 20 A% 3 R R P DT TR TE SR R e/ IR B I TR B4

PO A AN SRR . o R AL B3 12207 8 R GUAERE B AR TH R
KRR MAWITERMMER THAZERIMARLE S S# R, R EBESKR
Geah 1R AU TR 5T SUSHE ) 7%

23 o WrAh M4
EE XA A

£ B hp K F I
200942 A 3 H

298 « AT (John Herbst) : HAR THEEXK .



Comments on Rui Method Transfer
Matrix Method of Multibody Systems

There are many mechanical systems composed of several rigid and flexible bodies
jointed with hinges in the fields of weapons, aeronautics, astronautics, vehicles,
robots and precision machinery. In the past 40 years multibody system dynamics
has become a powerful tool in many engineering areas. A variety of existing meth-
ods in multibody system dynamics behave in widely different styles, however they
have two common characteristics as follows: (1) People have to develop the global
dynamics equations of system;(2)For complex systems the order of involved ma-
trices of the global dynamics equations are very high, which subsequently causes
heavy computational burden. I feel that the approach taken by Professor Rui is an
attractive solution to such complex problems.

The transfer matrix method of multibody systems presented by Prof. Xiaoting
Rui and his co-workers in this book is a totally new and original method for sol-
ving multibody system dynamics. With this new method, the eigenvalues for line-
ar multi-rigid-flexible-body systems can be computed easily and computational
‘morbidity’ overcomes. Consequently the computational efficiency is significantly
increased. In this new method the concepts of augmented eigenvectors and aug-
mented operators of linear multibody systems are put forward. First, the orthogo-
nality of augmented eigenvectors for linear multi-rigid-flexible-body systems is
constructed,and then the exact analysis of the dynamics responses of complex
multi-rigid-flexible-body systems is achieved. This book also presents the discrete
time transfer matrix method of multibody systems,with Rui method the transfer
matrices relating the state vectors of individual elements are nonlinear, time-var-
ying matrices contain position and orientation variables at times ¢; and ¢, for
time-varying systems. A summary of this method follows:

Each type of element(rigid body, elastic rod, spring, etc. )is described by a standard type
of .transfer matrix which is developed only once;the overall transfer matrix of the sys-
tem is the product of the transfer matrices of its elements. This formulation does not re-
quire special considerations for closed kinematical chains for which the problem may be
very difficult with other methods. At each time step z;(i=1,2,+*+) the values of position



