C HAPTER#1

1. m
C“:f::r;(‘::m“p‘ OI f(:(:'"‘“ !s-:‘:; with techniques that are used to solve the fO“onE -

Problems in the most efficient manner possible.
(8]The identification problem :to measure the variables and convert data for analysis.

(b)The representation problem:to describe a system by an analytical form or mathematical Mode
(c)The solution problem:to determine the above system model response.

(d)The stability problem:general qualitative analysis of the system

(¢)The design problem: modification of an existing system or develop a new one

(AThe optimization probiem: from a variety of design to choose the best.

The two basic approaches to solve these six problems are conventional and modern approach The
electrical oriented Conventional approach is based on complex function theory. The modern
3pproach has mechanical orientation and based on the state variable theory.

Therefore, control engineering Is not limited to any engineering discipline but is equally
applicable to aeronautical, chemical, mechanical, environmental, civil and electrical engineerin,
For example, a control system often includes electrical, mechanical and chemical components.
Furthermore, as the understanding of the dynamics of business, social and political systen,.
increases; the ability to control these systems will also increase.

L.1. Basic terminologies in control system

System: A combination Or arrangement of a number of different physical components to form
a whole unit such that that combining unit performs to achieve a certain goal.

Control: The action to command, direct or regulate a system.

Plant or process: The part or component of a system that is required to be controlled.
Input: It is the signal or excitation supplied to a control system.

Output: It is the actual response obtained from the control system.

Controller: The part or component of a system that controls the plant.

Automation: The contro] of a process by automatic means



Design: The process of conc

achieve a specified purpose
Simulation: A model of a system that is

utilizing actual input signals,

eiving or inventing the forms. parts, and details of system

used to investigate the behavior of a system by

Optimization: The adjustment of the parameters to achieve the most

favorable or
advantageous design

Feedback Signal: A measure of the output of the system used for faedback to control

the
system.

Negative feedback: The output signal is feedback so that it subtracts from the input signal
Block diagrams: Unidirectional, operational blocks that represent the transfer functions of
the elements of the system.

Signal Flow Graph (SFG): A diagram that consists of nodes connected by several directed
branches and that is a graphical representation of a set of linear relations

Specifications: Statements that explicitly state what the device or product is to be and to do
It is also defined as a set of prescribed performance criteria.

Open-loop control system: A system that utilizes a device to control the process without
using feedback. Thus the output has no effect upon the signal to the process.

Closed-loop feedback control system: A system that uses a measurement of the output and
compares it with the desired output.

Regulator: The control system where the desired values of the controlled outputs are more or
less fixed and the main problem is to reject disturbance effects.

Servo system: The control system where the outputs are mechanical quantities like
acceleration, velocity or position.

Stability: It is a notion that describes whether the system will be able to follow the input

command. In a non-rigorous sense, a system is said to be unstable if its output is out of
control or increases without bound.

Multivariable Control System: A system with more than one input variable or more than
one output variable.

Trade-off: The result of making a judgment about how much compromise must be made
between conflicting criteria.

1.2. Classification

1.2.1. Natural control system and Man-made control system:

Natural control system: It is a control system that is created by nature, i.e. solar
system, digestive system of any animal, etc.

Man-made control system: It is a control system that is created by humans, ie.
automobile, power plants etc.

1.2.2. Automatic control system and Combinational control system:
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Linear control system and Non-linear control syste‘m. |
Linear control system: Itis control system that satis fies properties of h‘)llloscnciu
and additive. '
e« Homogeneous property: f (.r+_v)=f (x)+f (v)
e Additive property: f (ax)-:af (x)

Non-linear control system: It is control system that does not sausty properties
homogeneity and additive, ie f(x)=x
Continuous-Time control system and Discrete-Time control system:
Continuous-Time control system: It is a control system where performances of al)
of its parameters are function of time, i.e. armature type speed control of motor.
Discrete -Time control system: It is a control system where performances of aj|
its parameters are function of discrete time i.e. microprocessor type speed contro| of
motor.
Deterministic control system and Stochastic control system:

tem: It is a control system where its output is predictable

turbance signal.
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Single-input-single-output (SISO)

(MIMO) control system:
SISO control system: It is a control system that has only one input
input and

control system and Multi-input-multi-output

and one output.

MIMO control system:It is a control system that has only more than one

more than one output.
Open-loop control system and Closed-loop control system:
rol action only

Open-loop control system: It is a control system where its cont
depends on input signal and does not depend on its output response.
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Fig.1.1. An Open-loop system
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1.4. Servomechanism

It is the feedback unit used in a ¢

; ontrol system. In this system, the control variable is
a mechanical signal such as posit

o m ion, velocity or acceleration. Here, the output signal
is directly fed to the Comparator as the feedback signal, b(t) of the closed-loop control

system. This type of system is used where both the command and output signals are
mechanical in nature. A Position control system as shown in Fig.1.3 is a simple

example of this type mechanism. The block diagram of the servomechanism of an
automatic steering system is shown in Fig.1.4.

Error
voltage Am p.

Reference S,
position
Output
: Ir;l;:’ut A potentiometer
potentiometer

Fig.1.3. Schematic diagram of a servomechanism

Reference + Control Drive

X Wi Output
position valve Amplifier linkage e

el

Fig.1.4. Block diagram of a servomechanism

Examples:

Missile launcher

Machine tool position control
Power steering for an automobile
Roll stabilization in ships, etc.

L.5. Regulators

It is also a feedback unit used in a control system like servomechanism. But, .the
output is kept constant at its desired value. The schematic diagram of a regulating



system is

shown in Fig.1.6.
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*  Temperature regulator
® Speed governor
Frequency regulators, etc,
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Fig.1.5. Schematic diagram of a regulating sysiem
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Fig 1.6 Block diagram of a regulating svsiem



CHAPTER#2

2. Control System Dynamics

2.1. Definition: It is the stud

y of characteristics behaviour of dynamic system, i.e.
(a) Differential equation

i,

(b) System trans

First-order systems
ii. Second-order systems

fer function: Laplace transform
2.2.Laplace Transform: Laplace tra
equations. They are related to frequ

L {x(!)] =X(s)= Tx(r)e""dr

nsforms convert differential equations
ency response,

12

into algebraic

(2.1)
o«
L{x(1)} = x(s)= [0 ar 2.2)
0
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Laplace domain 2 AT
No. | Function X(t)y= S +o
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L7{X(s)} 8 | Cosine cos ot s RS
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6 | Exponential (] B e-w) 2 y decaying Fdo
approach s(s+a) cosine wave (s+a) +o
..____—._._.._________._._.___,_________._._.________________

equation
A(s)
B(s)
ed by following forms

(2.3)



