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Abstract

Demands on increasing the battlefield mobility, that is, the ability of tanks to
move when in actual or imminent contact with enemy forces, inevitably lead to
the requirement of firing on the move, instead of having to stop every time they
engage a target. This requirement call, in turn, for gun manage structures which
reduce the results of movement on the main armament of tanks and in particular its
capability to hit objectives. In modern tanks, there is an independently stabilized
gunner’s periscope. These periscopes have thermal imaging and day TV CCD
imaging cameras over which a very accurately gyro stabilized head mirrors. The
RCWS is a study based on a gimbal system as well as controlling the gun mount.
An effective approach to the movement control problem for robotic manipulators is
the so known as kinematic manage. Gun mount is a 2R serial joint structure which
is stabilized using kinematic and dynamic mathematical analysis. For kinematic
analysis forward kinematics, Jacobian and inverse kinematic analysis has been
done whereas for dynamic analysis Lagrangian approach has been used. Further
on these analysis has been verified using MATLAB coding and simulating the tank
gun on a track while keeping the target location locked. Analysis and stabilization
of the mount in two dimensional space has been done i-e for yow and pitch axis.

This thesis is just a launching Pad and can be extended to three dimensional space.
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Chapter 1

Introduction

In a battle eld aiming for targets play a vital role in winning a battle. Tanks in
such cases lead the army of a country. Target aiming in tanks can only be possible
if the gun mount is stabilized. Stabilization of the gun mount is a major concern.
With this datum, it was expected that the tank would be more accurate in hitting
the target while moving. In recent years multiple researches on tank gun and
barrel stabilization have been carried out and revealed that stabilizing the gun
and using a remotely controlled weapon station can have accountable signi cance.
This chapter brie y explains how stabilization help in achieving the targets while
the tank is in motion. The main aim of the research is also explained in this

chapter.

1.1 Background Of Study

The need to enhance maneuverability in the battle eld i.e. the ability of the tank
to maneuver when in certain or possible contact with an enemy, surely advancing
toward re while moving, instead of stopping and engaging a target every time.
This obligation demand, in turn, for gun structures which reduce the results of
movement on the primary weaponry of tanks and especially its capability to hit

objectives [1, 2].
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The movement of armored weapons can be limited using weapon stabilization

systems designed to control the rearms' spatial orientation.

Figure 1.1, demonstrate e ect of gun stabilization during tank movement [3]. In
gure (a) shows that the tank gun is un-stabilized because of which aim of the gun
is in another direction whereas in gure (b) the gun is stabilized and the target
is locked because of which the tank movement has no e ect on aiming target.
Systems that perform this type of motion primarily in a closed-loop servo system
that uses a gyroscope to identify the position of the gun in reference to inertial

space and uses the velocity or position feedback of the signals they provide [4].

Figure 1.1: Stabilization e ect in tank [3]

Basic control systems include two independent closed-loop servo systems for az-
imuth and elevation. In gure 1.2 input to gyroscope is the signal which the gun
releases. This signal initially contains disturbance because of the movement of
tank or disturbances due to the ring of a gun, these disturbances are removed
by the help of a feedback loop having a gyroscope in it. Gyroscope detects the
angular velocity at axis relative to the inertial frame and compensates for error
with a Servo control loop (Figure 1.2) [1]. An inertial reference frame is a frame
where the movement of a particle not subjected to force is in a straight line at a
constant velocity. A servo loop is a feedback system in which the controlled vari-
able is usually a mechanical position. Control system designers must calculate the
system transfer function so as to design control systems used for precise control of

a mechanical system.

Simple structures manipulated by the gyroscope have proved reasonably e ective
and if they don't allow gunners to aim correctly while moving, they could however
make the best extraordinarily small adjustments when tank forestall to re. How-

ever, the reaction of the primary structures isn't su ciently low degree while tanks
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pass at high speed on di cult terrain. which results in having more complicated

structures development in the Nineteen Sixties.

These second technology systems include two extra gyroscopes in an open loop
that respond to vehicle angular velocities and provide advance instructions to the

Azimuths and elevations drive, thus stabilizing the weapon.

Figure 1.2: SERVO Stabilization system [1]

Therefore, an additional gyroscope is attached in the hull to sense the angular
rotation of the structure and to develop feed-forward directions for a transverse
motor. The second gyroscope is attached to the cupola to detect the angular
motion in the elevation plane of the gun and generate forward directions for the
motor. Thus, the need for two gyroscopes mounted on the weapon is diminished
when adjusting the feed loop errors and the stabilization of the weapon is sig-
ni cantly improved [4]. The result of all the corrections that were united in the
structures of the second generation was to reduce the errors of targeting weapons

and then the chances of hitting moving targets increase.

Figure 1.3: Second generation stabilization system
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In modern tanks, there is an independently stabilized gunner's periscope. Periscope
is a device consisting of a tube attached to a set of mirrors, by which an observer
can see things that are otherwise out of sight. These periscopes (Figure 1.5) com-
prise of day TV CCD imaging cameras and thermal imaging cameras (Figure 1.4)

mounted on the tank.

Figure 1.4: DAY TV CCD CAMERA [4]

The factor of stabilization precision for a head mirror is normally about four- ve

times greater to that of tank cupola and gun ( 0.151 rad mirror accuracy).

Figure 1.5: Gyroscope stabilized head mirror with gunner periscope [4]

The high level of line-of-sight stabilization achieved by independently stabilized
scopes increases the quality of the image they manage, giving the shooter more
opportunity to quickly identify the target. Accuracy of the line of sight turns it an

inertial source for guns and cupolas. In fact, this is achieved every time a stable
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independent sight is used and then the gun and the cupola are kept insight, which
leads to direct type re control system [1, 4]. Direct type re means launching a

projectile directly on a target within the gunner line-of-sight.

Figure 1.6: Direct type re control system

The basic coincidence control structure is only allowed to be red by a gun control
computer as long as the spontaneous error is within a predetermined value (coin-
cidence window).If the value of the error exceeds the de ned value(lies outside the
coincidence window), at the point where the shooter presses the shooting button,
the re control computer stops shooting.. Normally, the value of the coincidence

window is 0.5 mrad.

The Tank Gun Stabilizer is an electro-hydraulic control system that allows you to
track targets, aim targets, and stabilize gun positions. Theses stabilization system

contains sensors at every point of Tank and are very accurate in sensing targets.

The functional structure of the system is shown in Fig.1.7. The stabilizer has been

divided into following functional parts [5, 6]:
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1. Gun-sight (including Gunner Controller (GC), Sight Servo (SS), Free Gyro-
scope (FG), Synchro- Control-Transformer (SCT))

2. Electronic ampli er (including Voltage Ampli er (VA), Phase Sensor (PS),
Power Ampli er (PA))

3. Servo-valve (including Electromagnet (E), Hydraulic pump (P))
4. Elevation drive (including Hydraulic servo-motor (ED))
5. Tank gun (including Gun as a controlled system (G)).

6. Gyro-box (including Rate Gyroscope (RG), Synchro-Control-Transformer
(SCT))

Figure 1.7: Functional scheme of tank gun stabilizer [6]

Here in this system the gunner is inside the tank and moving gun using a joystick.
Disturbances coming into the system move or tends to rotate the gun from its
position which will be sensed by a gyroscope. This signal will then be sent to
an electronic ampli er which ampli es the signal and disturbance signal will be
nulli ed using an elevation drive or a motor. Two main functions of stabilizer are

as follow:

Changing the angular position of the gun relative to the mount by means
of the gunner controller GC while pointing to the target and tracking the

target.
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The gun angular position' 4 is stabilized in the presence of the disturbance

torque M (' k) caused by the movement of tank.
Under operating conditions, the target process is simultaneously monitored and
targeted.

The input signals are:

Uy, Orientation signal given by administrator.
' k-Disturbing signal brought about by the longitudinal vibration of the
cupola.
Here,' A represents the output signal of gun angular displacement.
The static attributes are mostly linear or almost linear. The mathematical models
of a system with strong non linearities should include [7, 8]:
1. Coulomb frictional forces among the gun and the turret
2. Electronic ampli er congestion
3. Congestion of the hydraulic pump

4. Congestion of the hydraulic servo-motor

The system contain two feed backs:

1. Feed-back angular orientation released by free gyroscope and produced by

the weapon longitudinal angular displacements
2. Feed-back recognized through rate gyroscope and produced by the weapon

longitudinal movement's angular speed

Now by using these feedback loops the gyroscope connected to the system and

to the system structure will sense its motion and will provide negative feedback
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to the electronic ampli er. The Electronic ampli er then provides the signals to
the servo valve to rotate the servo motor and which will adjust the motion of the

structure and removes all the disturbances making it more stable.

1.2 Problem Statement

Gun mounts which are now being used in Pakistani tank are manually operated
and are unsafe for both gunner and the tank. These mounts are made to be stabi-
lized using shock absorber and dampers. This requirement is nowadays replaced
by using a gyro stabilized controller attached with the tank body. Stabilization of
gun mount using feedback loops and gyroscope such that there are few errors due

to ring of gun and movement of the tank.

1.3 Thesis Overview

Research work comprises six chapters. Chapter 1 presented the context of the sta-
bilization of a tank gun. It also includes the aims and objectives of the research.
Also, the methodology of research was sentenced to this chapter. Chapter2 con-
tains the literature review where research work is done in previous years has been
discussed and also the limitations of these research's has been briefed more over
the solution to these problems is discussed. Chapter 3, discusses the detail descrip-
tion of the methodology of the research conducted and also discusses the research
design and methods used to conduct this research. Chapter 4 deals with Mathe-
matical modeling of the system and based on this modeling MATLAB formulation
has been done to satisfy the results and simulations. Chapter 5 summarizes the
results of modeling. These results are compared, discussed and are then concluded

in chapter 6 with some future recommendations.



Chapter 2

Literature Review

2.1 Introduction

In the past three decades, there has been extensive research on the Stabilization
of gun mounts. This chapter provides a summary of a stabilized gun mount and
an un-stabilized gun mount. This chapter is divided into two parts. The rst part
contain the research work which has been previously done and the second part

contains the limitation of this researches and ways to counter these problems.

2.2 Gun Mount System

A gun mount is an assembly used to support a weapon, usually a gun. Gun mounts

can be divided into two categories: xed mounts and non-stationary mounts.

2.2.1 Static Mount

A non-portable weapon support component that can be mounted directly on the

ground, on a forti cation, or as part of a vehicle.
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2.2.1.1 Turret

The gun turret protects the weapon's personnel or mechanism, and at the same
time, a weapon can be aimed and red in multiple directions. The turret is a
rotating weapon platform that crosses one's armor accurately, called barbet (ships)

or baskets (on tanks), and has a protective structure at the top (gunhouse).

If it has no gunhouse it is a barbette, if it has no barbette (ie, it is mounted to

the outside of the vehicle's armor) it is an installation.

Figure 2.1: Turret

Turrets are usually used to mount machine guns, auto-cannons or large caliber
guns. They can be manually operated or controlled remotely. A small turret, or

sub-turret on a larger one, is called a cupola.

The term cupola also describes rotating turrets that carry no weapons but instead
are sighting devices, as in the case of tank commanders. A nial mounted on a

cupola turret, is an extremely small sub-turret or sub-sub-turret.

The gun is usually xed on its horizontal axis and is rotated by the rotation of the

turret, with trunnions (A trunnion is a cylindrical protrusion used as a mounting
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or pivoting point) mounted on a gun which allows it to elevate. Alternatively, an

oscillating turret moves the entire top of the turret to lift and suppress the gun.

2.2.1.2 Casemate

The Casemate is a xed primary armored structure with a traverse gun mount: In
general, it is either a gun mounted through a xed armor plate (usually seen on
tank destroyers and assault ri es) or a gun mount consisting of a partial cylinder of
armor squeezed between the top and bottom plates (as in sponson guns of the rst

generation tanks and the secondary weapons of the Dreadnought-era warships).

Figure 2.2: Casemate

2.2.2 Non-static Gun Mounts

A non static or ground mount is a sub-class of weapon mount that is portable.

2.2.2.1 Baseplate

Generally used by infantry mortars, it is a at plate that is attached to the weapon
directly or by means of a ball and socket joint. The plate is either square, rect-

angular or circular and is designed to disperse the recoil force of the weapon and
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prevent it from dropping onto the ground: it is most often, but not always, used

with a two-legged support to lift the barrel at the required angle.

2.2.2.2 Monopod

A monopod has one leg and does not o er stability along the coordinate axis
of movement. Monopods have the advantage of being light and compact, even
though they do not o er su cient stability for use with large rearms in ring
mode. Monopods are generally used for short-barrelled precision rearms. Many
sniper ri es have a monopod built into the stock which, combined with a front

bipod, acts like a tripod.

2.2.3 Stability of Gun Mount

The resistance of the weapon and its stability while ring depends on the value
of the recoil forces. In the case of weapons integration, if the barrel is attached
to the mount, the recoil force is fully transmitted to the mount. To prevent the
inconvenience of such connections or to reduce the load mount and its intensity
through extended ring time, The barrel is attached to the mount which allows
the movement of the barrel or the entire weapon during ring along the axis of
the barrel [9].

2.3 Remote Control Weapon Station (RCWS)

A remote control weapon system is an armament station that could be lodged on
to any form of vehicle or other structure. This device is used in modern military
electric engines because as it allows an artilleryman to maintain the relative safety
of armed vehicles [9]. However, there are weapons such as joysticks that do not
require anyone's presence. The most famous are the ri es used by the Israeli army

in Gaza.
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On the other hand, the use of remote-controlled weapon systems (RCWS) can
add a new dimension to strategies. RCW is becoming an essential part of modern
combat platforms, not only in armored vehicles, but also in tanks, planes and

naval ships, and even on robot platforms where RCWS improves telepresence with

the deadly power of robots. They are taking on more and more combat roles.

The Elbit Systems Remote Weapons Control Station (RCWS) is designed to op-
erate dynamically or statically in two axes and is fully stabilized for high ring
speeds. The U.S. military product CS R-400(v)2 is a remote stabilized single
weapon station, with the ability to use di erent calibers to use target video rails
and multi-axis stabilization [10]. The innovative and advanced L-3 integrated
lighting technology and ARWS and ISIS provide image stabilization with three
thermal eld of view sensors and a safe laser range nder, allowing the gunner to
identify the enemy at a distance of about two kilometers [10]. This study uses a
mathematical model of the system, which stabilized the assembly using the stabi-

lization method to improve the accuracy of the design.

2.4 Working Principle of RCWS

RCWS is a study based on the Gimbal system and weapon support control. The
universal gimbal mechanism, as shown in Figure 2.3, works to rotate the supported
body around the rst and second orthogonal axes. The support frame is a xed
and rotating mounting surface. The rst element is yaw, and it is attached to the
second element that controls the tone. The gyro sensor is located on a rotating

part that detects errors in the system scale.

There is a long history for the motion control of robotic manipulators, it always
presents a broad research area for the researchers and engineers of control system
design because of the new advancements in control methodologies. An immense
number of model-oriented control techniques have been used for governing the po-

sitions of robots e.g. Disturbance observer-based controller [11], Arti cial Neural
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Figure 2.3: Gimbal diagram [12]

Networks (ANNSs) [12, 13], Fuzzy logic control [14]. These model-oriented tech-
niques require precise mathematical or in other words ideal model for the control
of manipulator, which makes them highly complex and computationally more time

taking, more importantly for the manipulator with high degrees of freedom. In

comparison to this, the control techniques which are not model oriented, do not
require the precise information of parameters, neither mechanical nor for the ac-
tuation part of the manipulator. These model less techniques make the design

process easy [15].

Irrespective of the advancement in the area of control system design, the PID
control technique is the commonly used strategy in industries due to the ease of

implementation and simpleness of its design [16].

2.5 PID Control System

PID control is a usual model less feedback control methodology, which has been
used widely for industrial applications due to its performance reliability, simple
design, and implementation both in hardware and software. More importantly, it

does not need the ideal mathematical model for the implementation [17].
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Similarly, because of the order reduction feature in the PID control method, insen-
sitive behavior for parametric changes and disturbances, the sliding mode approach
is a pro cient method for the control of higher-order complex dynamics systems.
This control approach relies on a law referred to as reaching law. Which has the
competency to modify the dynamic properties of the plant in reaching phase, and

to control the ranting associated with the control input [14].

A gun stabilization mount is the same as a robotic arm used in di erent indus-
tries commonly known as a kinematic manipulator. There is a large group of
robotic production equipment that supplies the desired movement in production
processes, like arc spray painting, welding, assembly, selection and placement,
milling, drilling, cutting, polishing etc. For this type of equipment, the industrial
robot is an increasingly common type of equipment. Various manipulator con gu-
rations are now available, such as cylindrical, rectangular, spherical, rotating and

horizontal manipulator connections.

2.6 Gun Stabilization Techniques

Redundant kinematic manipulators are preferred over non-redundant robots. A
redundant manipulator has innumerable and varied results to the manipulator's
joint variables for a provided undertaking. This can dodge hurdles and individu-
alities and is a super contender for development strategies. Several optimization
approaches have been implemented to choose the most appropriate route of a ma-
nipulator with the use of di erent standards, which include minimal time, least

kinetic power and hurdle dodging.

A manipulation attempt is usually de ned according to a speci c trajectory of the
end e ector. As joint servo controls the manipulator, mapping from the target area
to the joint space is needed. The movement plan adapts the nature of a preferred
route to a route that describes the time structure of the standard con gurations

of the arm between the starting point and the last vacation point.
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Kinematic control is an e ective way of solving motion problems by robot ma-
nipulators. This is based entirely on the transformation of the inverse kinematics
in which the reference value is sent to the joint servos resembling an allotted
end-e ector route. A vertically revolute RR con guration having two degrees of
freedom is usually suitable for the assembly of small components such as electronic

parts [16].

Even though the ultimate focus is on robotics, it is often very productive to perform
simulations with real robots prior to the investigation [16]. This is due to the fact
simulations are less complicated to set up, cheap, fast and handy to practice. The

creation of a new robot and the programming of experiments takes many hours.

A simulated Con guration modeling is more economical than real robots, which
allows you to better understand the project. Modeling is often faster compared to

real robots, and all parameters are simply displayed on the screen [3].

The ability to perform real-time modeling and simulations is essential in the nal
stages of the design process. The nal design can be determined before time-

consuming and costly prototyping begins [4].

The lack of precise handling dynamics from a computational point of view has
become particularly evident in recent years. Simulation of robotic systems using
di erent programs will help in designing, construction and study of robots in the

real world.

Simulation is essential to robot programmers in order to evaluate and visualize
the behavior of robots and to validate and optimize the route program [15]. In
addition, saving more time and money and playing an important role in the eval-
uation of production automation [16]. The ability to perform simulations o ers a
variety of alternatives that help to solve di erent problems. You can study, design,

visualize and verify an object before creating it [17].



Chapter 3

Research Methodology

In this chapter, the stabilization of the gun mount in both the pitch and in yow
axis has been considered. As the stabilization system improves the ability to hit
targets while the tank is moving, disturbance's e ect on the gun are taken into

account.

Gun mount is typically a revolute revolute joint which means that there are 2 joints
in serial connection making it a 2R serial manipulator. During the motion of a
tank or while hitting the targets unbalance forces acts on a gun. The imbalance
caused by the assembly of the gun out of the center of mass, the friction in the
joint, the hydraulic actuator as the drive unit and the control system are the
reasons for using a stabilizer system. The stabilization system, in this case, is
comprised of two gyroscopes that controls the motion in pitch and yow axis and a
feedback controller which will remove all the disturbances coming into the system.
In this study, all these components are mathematically modeled and simulated in

a two-dimensional reference framework under certain conditions.

This chapter focuses mainly on the explanation of how the mount has been stabi-
lized using the mathematical modeling and simulation of the gun mount structure
in two-dimensional space that has been analyzed using MATLAB. The structure
of the thesis is lined up along with the proposition of solutions to the subject. The

methods to improvise within the frame of study have been presented.

17
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3.1 Degrees of Freedom

It is de ned as the range of Independent parameters that are needed to fully
describe a mechanism in its con guration area. For a revolute revolute joint degree
of freedom is two. The equation used to decide the range of degrees of freedom of
a robotic is as follows [19]:
X X
DOF = (m 1) ( fi (3.1)
k=1
Here m indicates the number of links (including the ground link), j shows the
number of total joints, f\ is number of degrees of freedom of thj&" joint and
has value depending upon type of mechanisms. if the degree of freedom for the
system increases the system becomes unstable resulting in decreasing the accuracy

of the gun.

3.2 Stabilization Controller Design

3.2.1 Pitch and Yow Stabilization Control

The stabilization controller for yow and pitch is the direct-type stabilization with
disturbance as input to the system and a gyroscope as feedback. Direct type
stabilization is the one in which the gyroscope is placed at the end e ector. In
this study end e ector is a gun muzzle. A detailed analysis of the gun mount
structure has been conducted and a controller that will be used to stabilize the
gun is optimized. The di erence from the current controllers studied in this thesis
is the stabilization of the gun assembly during the tank movement, keeping in
mind the target position. Classic coincidence algorithms that are used verify the
coincidence of the reference position of the direct aim and the position of the
weapon. However, the gun position is measured by an optical encoder mounted

on the pitch axis of the gun in the mounting frame. During the simulation of tank
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exibility of the gun mount is discarded i.e the angle from each joint is taken in a

straight line from the axis parallel to the gun.

3.2.2 Simulations

For simulation, MATLAB coding has been used. The whole simulation is divided
into two parts rst part is for kinematics and the second part contains dynamics

of the system.

Kinematic simulation contains Denavit{Hartenberg (DH) method where at each
joint its position is considered. As the model contains two revolute joints so the
model contains two-position matrices which are base to the rst joint and from
the rst joint to the second joint. For the position matrix of the whole system,

both matrices are multiplied.

similarly In the second phase Inverse kinematic modeling has been done where the
position of the base axis has been simulated using the end e ector angles. In this
study end e ector is the gun muzzle and the angle which it makes with the target

is 3.

For the dynamics, the jacobian method has been used. A Jacobian method is an
iterative algorithm used to determine the solutions to the diagonally dominant
system of linear equations in numerical linear algebra. Then by applying Euler
Lagrangian formulation the Coriolis, velocity, and gravitational matrices have been
solved. Further on a two-dimensional simulation of the tank has been taken into

account.

In these simulations, the tank is in motion whereas the target is stationary. Distur-
bances at each path has been generated keeping in view the yow angland pitch
angle , there is a change in angle which is the angle of the gun from the target
i.e 3. This will be the rst step before designing the stabilization controller, and
the goal is to tune the servo feedback controller to a servo input. The gyroscope

will act as a feedback sensor.
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3.3 Disturbance Modeling

A tank is a huge vehicle ( 60 tons) that runs on its tracks. These tracks are
powered by a heavy-duty engine. This generates a lively atmosphere for the tank.
The engine itself produces a signi cant amount of vibration. These tracks are not
soft like rubber tires. When the tank is in motion, the tracks generate strong
vibrations on both axles, which a ects the control system. These vibrations are

very complex to simulate [9].

When the weapon res, the shock wave spreads and retreats. Although compen-
sation for the axis of the weapon causes a large number of perturbations and gun
jump, the simulation is out of scope for this study, and ammunition explosion is

simulated only as a disturbance that results in pitch and yow of the weapon.

Here in this mathematical model of the gun based on which a controlled will be
designed and used with a gyroscope which provides feedback to the controller
making the gun mount stabilized. Firstly the angle of the target from the gun has
been locked which is 3 then the path of the tank is drawn in MATLAB plot in
two-dimensional space. This is the path which the tank travels keeping in view its

target. Each path is divided into thirteen points as shown in gure 3.1.

Figure 3.1: Each path division into 13 points
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