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 System: A system is a combination or an arrangement of different 
physical components which act together as an entire unit to achieve 
certain objective.

e.g.: classroom, lamp etc.

Control system: A control system is an arrangement of different 
physical elements connected in such a manner to regulate, direct or 
command itself or some other system.

e.g: speed control of DC motor, lamp with switch etc.

Plant: The portion of a system which is to be controlled or regulated is 
called the plant or the process.

Controller: The element of the system itself or external to the system 
which controls the plant or process is called controller.

Input: It is an applied signal or excitation applied to a control system 
from an external energy source in order to produce specified output.

Output: It is the actual response obtained from a control system when 
input is applied to it.



 Closed loop system: A system in which the controlling action or input 
is somehow dependent on output or changes in output is called 
closed loop system. Closed loop systems have feedback.



 Advantages of open loop system:

1.The open loop systems are simple and economical.

2.The open loop systems are easy to construct.

3.Generally the open loop systems are stable.

Disadvantages of open loop system:

1.The open loop systems are inaccurate and unreliable.

2.The changes in the output due to external disturbances are not 
corrected  automatically.

Advantages of closed loop system:

1.The closed loop systems are accurate.

2.The closed loop systems are accurate even in presence of non-
linearities.

3.The closed loop systems are less affected by noise.

Disadvantages of closed loop system:

1.The closed loop systems are complex and costly.

2.The feedback in the closed loop system may lead to oscillatory 
response and reduces the overall gain of the system.



 OPEN LOOP SYSTEM

1.Any change in output has no 
effect on the input i.e. 
feedback does not exists.

2.Inaccurate and unreliable.

3.Highly sensitive to 
disturbances.

4.Bandwidth is small.

5.Simple to construct and cheap.

6.Generally stable in nature.

7.Highly affected by non 
linearities.

 CLOSED LOOP SYSTEM
1.Changes in output affects the 

input which is possible by use 
of feedback.

2.Highly accurate and reliable.

3.Less sensitive to disturbances.

4.Bandwidth is large.
5.Complicated to design and 

costly.
6.Stability is major consideration 

while designing.

7.Reduced effect of 
nonlinearities.



Example 1: Temperature control system

Open loop system:

Closed loop system:



 Open loop system:

Traffic control system by means of signals operated on time basis 
constitutes an open loop system.

The sequence of control signals are based on time slot given for each 
signal.

The time slots are decided based on traffic study. Since the time slot 
does not changes according to traffic density, the system is open 
loop system.

Closed loop system:

Traffic control system can be made as closed loop system if the time 
slots of the signals are decided based on the density of the traffic.

In closed loop traffic control system the density of traffic is measured 
on all sides and the information is fed to computer.

The timings of the control signals are decided by the computer based 
on density of the traffic.



 A control system is a collection of physical objects connected 
together to serve an objective. The input output relations of various 
physical components of a system are governed by differential 
equations.

 The mathematical model of a control system constitutes a set of 
differential equations.

 A mathematical model will be linear if the differential equations 
describing the system has constant coefficients. Such model is called 
linear time invariant system. If the coefficients of differential 
equations governing the system are functions of time then the 
system is linear time varying.

 The differential equations governing linear time invariant system can 
be reshaped into different forms for convenience of analysis. One 
such model for single input and single output system analysis is 
transfer function of the system.



 The transfer function of a system is defined as the ratio of Laplace 
transform of output to the Laplace transform of input with zero 
initial conditions.

A transfer function is also defined as the Laplace transform of Impulse 
response of a system



 The model of mechanical translational systems can be obtained by 
using three basic elements mass, spring and dash-pot.

 MASS:

Force acting on body of mass M, Fm=Md2x/dt2

where, x=Displacement, m

Fm=Opposition force offered by mass of the body, N

DASHPOT:

B=Viscous friction coefficient, N-sec/m

fb=Opposition force offered by friction of the body, N

SPRING:



 The model of rotational mechanical systems can be obtained by 
using three elements, moment of inertia (J) of mass, dashpot with 
frictional coefficient (B) and torsional spring with stiffness (K).

MASS ELEMENT:

Fig. 1 Ideal Rotational mass element

Let T=Applied torque

Tj=Opposition torque due to moment of inertia of the body.

ϴ=Angular displacement, rad

By Newton’s second law,

Fig.2 Ideal rotational dashpot

Fig.3  Ideal spring with one end fixed to reference.



 The models of electrical systems can be obtained by using resistor, 
capacitor and inductor.

 The current voltage relation in resistor, inductor and capacitor are 
given in table 1.1.



FORCE VOLTAGE ANALOGY:                 FORCE CURRENT ANALOGY



 TORQUE-VOLTAGE ANALOGY:  TORQUE-CURRENT ANALOGY:



• A DC servomotor is used in control system where appreciable 
amount of shaft power is required.

• The DC servomotor are either armature-controlled with fixed field, 
or field-controlled with fixed armature current. DC servomotor used 
in instrument employ a fixed permanent-magnet field, and the 
control signal is applied to the armature terminals.

TRANSFER FUNCTION OF DC SERVOMOTOR:

Derivation of transfer functions for

 Field controlled d.c. servo motor

 Armature controlled d.c. servo-motors.

 The constant magnetic flux motors are also known as permanent 
magnet d.c. motors. These motors have relatively linear torque-
speed characteristics.



 Assumptions

 (i) Flux is directly proportional to current through field winding.

 Nm = Kf If = constant

 (ii) Torque produced is proportional to product of flux and armature 
current.

 T = K`m N Ia T = K`mKf If Ia

 (iii) Back e.m.f is directly proportional to shaft velocity Tm, as flux N 
is constant.

 asωn = dθ(t) / dt

 Eb = kbωm(d) = Kbsθm(s)

 Armature controlled DC motor



 Apply Kirchoff’s law to armature circuit,

Equivalent circuit of armature                

Taking Laplace transform of the above equations with zero initial 
conditions we get



 Substituting Eb(s) and Ia(s) from the above equations we get



Assumptions

 (1) Constant armature current is fed into the motor.

 (2) Nf % If. Flux produced is proportional to field current. Nf = Kf If

 (3) Torque is proportional to product of flux and armature current.

 Tm % N Ia . Tm = K` N Ia = K’ Kf If Ia Tm = Km Kf If

 Where

 Km = K`

 Ia = constant

Field controlled DC motor



 Applying KVL to field circuit

 On taking Laplace transform of the above equations with zero initial 
conditions we get



 This type of motor is basically a two-phase induction motor, capable 
of reverse operation.

 An AC servomotor is designed with two phases set at right angles to 
each other.

 A fixed or reference winding is excited by a fixed voltage source. 
The control winding is excited by a variable voltage source, usually 
the servo amplifier.

 Both sets of windings are usually designed with the same voltage 
per turns ratio (meaning that with equal voltage applied to each 
winding, the same magnetic flux will be produced). This allows for 
maximum control of speed, with very little speed drift. 

 Two Phase AC Servo Motor:



 The stator of the Two Phase AC Servo Motor has the two distributed 
windings which are displaced from each other by 90 degrees 
electrical.

 One winding is known as a Reference or Fixed Phase, which is 
supplied from a constant voltage source. The other one is known as 
Control Phase, and it is provided with a variable voltage.

 Features of A.C. Servomotor:

 1. Light in weight for quick response.

 2. Robust in construction.

 3. It is reliable and its operation is stable in nature.

 4. Smooth and noise free operation.

 5. Large torque to weight ratio.

 6. Large resistance to reactance ratio.

 7. No brushes or slip rings are required. Hence maintenance free.

 8. Driving circuits are simple to design.

 9. The negative slope of the torque-slip characteristics adds more 
friction improving the damping. This improves the stability of the 
motor. This features is called internal electric damping of two phase 
a.c. servomotor.

 APPLICATIONS: Due to the above features it is widely used in 
servomechanisms, process control systems, robotics,  
computers,machine tools etc.



 The term synchro is a generic name for a family of inductive devices 
which works on the principle of a rotating transformer (Induction motor).

 A Synchro system is formed by interconnection of the devices called the 
Synchro Transmitter and the synchro control transformer. They are also 
called as synchro pair.

 The synchro pair measures and compares two angular displacements 
and its output voltage is approximately linear with angular difference of 
the axis of both the shafts. It converts angular position of shaft into an 
electrical signal.

 SYNCHRO TRANSMITTER:

 The constructional features, electrical circuit and a schematic symbol of 
Synchro Transmitter are shown in figure.

 The two major parts of Synchro Transmitters are

stator and rotor.

 The stators identical to the stator of three phase alternator. It is made of 
laminated silicon steel and slotted on the inner periphery to 
accommodate a balance three phase winding. The stator winding is 
concentric type with the axis of the three coil 120° apart. The stator 
winding is star connected(Y - connection).

 The rotor is of dumb bell construction with a single winding. The ends of 
the rotor winding are terminated on two slip rings. A single phase AC 
excitation voltage is applied to the rotor through the slip rings.



 A single phase AC is applied to the rotor through slip rings.

 When ⊖=0 with reference to schematic diagram, voltage induced in 
S2 winding will be maximum and position is called electric zero.

 Consider that the rotor of synchro transmitter is at an angle ⊖ with 
reference to electric zero. Then magnitudes of stator terminal 
voltages are



 SYNCHRO CONTROL TRANSFORMER:

 The constructional features of synchro control transformer 
are similar to that of Synchro Transmitter, except the shape 
of rotor.

Constructional Features        Electrical ckt of synchro control T/F

 WORKING:
 The generated emf of the Synchro Transmitter is applied as input to 

the stator coils of control transformer. The rotor shaft is connected 
to the load whose position has to be maintained at the desired 
value. Depending on the current position of the rotor and the 
applied emf on the stator, an emf is induced on the rotor winding. 
This emf can be measured and used to drive a motor so that the 
position of the load is corrected.



 A block diagram of a system is a pictorial representation of the 
functions performed by each component flow of the signals.

 The elements of the block diagram are block, summing point and 
branch point/take off point.

BLOCK:In block diagram are system variables are linked to each other 
through functional blocks. The functional block or simply block is a 
symbol for mathematical operation on the input signal to the block that 
produces the output.

 SUMMING POINT: Summing points are used to add two or more signals 
in the system. The symbol plus or minus at each arrowhead indicates 
whether the signal is to be added or subtracted.

 BRANCH POINT:A branch point is a point from which the signal from a 
block goes concurrently to other blocks or summing points.



 Rule 1: Combining blocks in cascade:

 Rule 2:Combining Parallel Blocks:

 Rule 3:Moving the branch point ahead of the block:

 Rule 4:Moving the branch point before the block:

Rule 5:Moving the summing point ahead of the block:



 Rule 6: Moving the summing point before the block:

 Rule 7: Interchanging the summing point:

 Rule 8:Splitting the summing points:

Rule 9:Combining summing points:



 The signal flow graph is used to represent the control system 
graphically and it was developed by S.J.Mason.

 Signal  flow graph for a system can be reduced to obtain the transfer 
function of the system using the following rules:

Rule 1: Incoming signal to a node through a branch is given by the 
product of a signal at previous node and the gain of the branch.

Rule 2: Cascaded branches can be combined to give a single branch  
whose transmittance is equal to the product of individual branch 
transmittance.

Rule 3:Parallel branches may be represented by single branch whose 
transmittance is the sum of individual branch transmittances.



 Rule 4: A mixed node can be eliminated by multiplying the 
transmittance of outgoing branch (from the mixed node) to the 
transmittance of all incoming branches to the mixed node.

 Rule 5: A loop can be eliminated by writing the equations at the input 
and output node and rearranging the equations to find the ratio of 
output to input. The ratio gives the gain of resultant branch.



 The Mason’s gain formula is used to find the transfer function of the 
system from the signal flow graph of the system.

 Let  R(s)= Input to the system

C(s)= Output to the system

Now the Transfer function of the system, 

Mason’s gain formula states the overall gain of the system (transfer 
function as follows,


