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SCHEME OF VALUATION

Revision: 2015 Course code: 5043
Course Title: CONTROL SYSTEMS
PART A

1. Differential equation model, transfer function model and state space model. (2)
2. The order of the system is the order of the differential equation governing the system. It is also

the maximum power of s in the denominator polynomial of system transfer function. (=2
3. Steady state error is the value of error signal e(t) when t tends to infinity. (2>
4. The frequency response is a steady state output of the system when the input is a sinusoidal

signal. | )
5. The path taken by a root of characteristic equation when open loop gain K is varied from

0 to infinity is called root locus. (2>

PARTB

IT'1.  Systems that are both linear and time invariant are said to be linear time invariant
systems. In linear systems the output varies linearly with input. They satisfy both homogeneity
and superposition. If the output of the system is independent of the time at which the input is
applied it is called time invariant systems.

(&

If the output of the system varies depends on the time at which input is applied it is called
time variant systems, systems that are linear but time variant are called linear time variant
systems.
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5. The K;, K, and K, are called static error constants.

The positional error constant Ky =limg_y G(s)H(s). The steady state error in type 0 system

when the input is unit step is given by 1+11(,, (¥

The velocity error constant K, = limg_o 5 G(s)H(s). The steady state error in type 1 system ( L)
when the input is unit ramp input is given by Ki .

(2
The acceleration error constant Ka=limg SZ|G (s)H(s) The steady state error in type 2 system
when the input is unit parabolic input is given by é (2

6. Absolute stability means whether system is stable or unstsble, (»

Relative stability gives the degree of stability or how close it is to instability. (2> (,(,)

In control theory a linear time invariant system is marginally stable if it is neither asymptotically
stable nor unstable. (2>
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i 2.
[ SL.No. Open loop system Closed loop system

| These are not reliable These are reliable

2 It is easier to build It is difficult to build

3 If calibration is good, they perform They are accurate because of feedback
accurately

4 Open loop systems are generally more These are less stable
stable

5 Optimization is not possible Optimization is possible
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V 1. Node: anode is a point representing a variable or signa]'.c & S

Branch: a branch is a directed line segment Joining two nodes,

Transmittance : the gain acquired by the signal when it travels from one node to another is
called transmittance. '

Input node (source): it is anode that has only outgoing branches.

Output node (sink): it is a node that has only incoming branches.

Mixed node: it is a node that has both incoming and outgoing branches.

Path: a path is a traversal of connected branches in the direction of the branch arrows,
The path should not cross a node more than once.

Open path: a open path starts at a node and ends at another node.

Closed path: closed path starts and ends at same node.

Forward path: itisa path from one input node to an output node that does not crass any node
more than once. i

Forward path gain: it is the product of the branch transmittance of forward path.

Individual loop: it is a closed path starting from a node and afier passing through a certain part
of a graph arrives at the same node without crossing any node more than once.

Loop gain: it is the product of the branch transmittances of a loop.

Non touching loops: if the loops does not have a common node, then they are said to be non
touching loops.
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V 2. Systems that can be represented by the same differential model but that are different
physically are called analogous systems.

Force -- Voltage analogy
Mechanical system _ Electrical system

Force F Voltage e

Velocity V Current |

Displacement X Charge q

Frictional coefficient B Resistance R :
Mass M Inductance L

Stiffness of spring K Inverse of capacitance 1/C
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The Routh stability criteria are an algebraic method that provides information on the absolute
stability of a linear time invariant system with constant coefficients.

For stability of a closed loop system no roots of characteristic equation should be on the RHS of
s-plane.

The procedure in Routh’s stability criterion is as follows,

1. Write the characteristic equation in the following form,

n-2

n L
QL8
0 "'f"q,& +q9_8 o’ o q%_'(_?-f- GP-)-, = 0O

The necessary but not sufficient condition to be satisfied for all the roots in the RHS of s plane is
1. All the coefficients should be of the same sign.

2. None of the coefficients should vanish.

[fany of the coefficients are zero or negative, there is a root or roots which are imaginary or
which have positive real parts. For such a case the system is not stable and for absolute stability, (7)
there is no need to follow the procedure. further.

3. If all coefficients are positive, arrange the coefficients of the polynomial in rows and columns
according to the following pattern.

™ i a

o %= Q, a ...
n-[ :
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Fhe anFh yeveo has Leo, Coo~yof efeny,
The Routh criterion states that the system represented by the array is stable if there js no sign
change in the first column of the array. The number of sign changes equals the number of roots
with positive real parts.
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IX 1. Gain cross over frequency: it is the frequency at which the magnitude of the open loop
transfer function is unity.

Phase cross over frequency: it is the frequency at which the phase of the open loop transfer
function is 180°.

Gain margin: the gain margin is defined as the reciprocal of the magnitude of open loop transfer
function at phase cross over frequency.

Phase margin: the phase margin is that amount of additional phase lag at the gain cross over
frequency, required to bring the system to the verge of instability.
q ¥, req g y 24 y 2% Yy = &

IX 2.

1. Locate the poles and zeros of G(s)H(s) on the s-plane. The root locus branch start from open
loop ploes and terminate at zeros.

2. Determine the root locus on real axis. For a test point, if the total number of poles and zeros
on the real axis to the right of the test point is odd number the test point lies on the root locus. If
it is even then the test point does not lie on the root locus.

3. Determine the asymptotes of root locus branches and meeting point of asymptotes with real
axis.

If n=no. of poles and m= no. of zeros.

Then (n-m) root locus branches will terminate at zeros at infinity. These root locus branches will
go along an asymptotic path and meets the asymptotes at infinity. Hence number of asymptotes
is equal to number of root locus branches going to infinity. The angles of asymptotes and the
centroid are given by

180(2q+1)

-+
Angles of asymptotes e

Where q=0,1,2,3....(n-m)

; : . : . les—
Centroid (meeting point of asymptotes with real axis) =—— fa F:_;um B B

4. breakaway and breakin points of the root locus are determined from the roots of the equation
dK/ds =0. The roots of dK/ds =0 are actual breakaway or break in point provided for this value
of root the gain K should be positive and real.

If there is a root locus on real axis between 2 poles then there exist a breakaway point. If there is
aroot locus on real axis between 2zeros then there exist a breakin point. If there is a root locus
on real axis between pole and zero then there may be or may not be breakaway or breakin point.
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5. if there is a complex pole then determine the angle of departure from the complex pole. If
there is a complex zero then determine the angle of arrival at the complex zero.

Angle of departure (from complex pole A) = 180° — (sum of angles of vector to the complex pole
A from other poles )+ (sum of angles of vector to the complex pole A from other zeros)

Angle of arrival at a complex zero A = 1|80D — (sum of angles of vectors to the complex zero A
from other zeros )+ (sum of angles of vector to the complex zeroA from poles)

6. point of intersection of root locus with imaginary axis can be determined by use of the Routh
criterion or by letting s=jw in the characteristic equation and equating the real part and imagina'ry
part to zero, to solve for ® and K. The value of  is the intersection point on imaginary axis and
K is the value of gain at the intersection point.

7. Take a series of test point in the broad neighbourhood of the origin of the s plane and adjust

the test point to satisfy angle criterion. Sketch the root locus by joining the test point by smooth (—D
curve. In practice the approximate root locus can be sketched from the informations obtained in

steps 1 through 6 and from the knowledge of typical sketches of root locus.
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Bode plot of the ff:zctar ; l+ ;'taT :

K 1. The magnitudes are expressed in db and so a simple procedure is available to add
magnitude of each term one by one.

2. The approximate Bode Plot can be quickly sketched, and the corrections can be made at
corner frequencies to get the exact plot.

3. The frequency domain specifications can be easily determined. ( 5)

4. The Bode Plot can be used to analyse both open loop and closed loop system.



