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System: A system is an arrangement or combination of different physical components such
that it gives the proper -output to given input. A kite is an example of a physical
system, because it is made up of paper and sticks. A classroom is an example of a

S’

physical system.

Control: The meaning of control is to regulate, direct or command a system So that a desired

objective is obtained.

Plant: It is defined as the portion of a system which is to be controlled or regulated. It is also

called a process
Controller: It is the element of the system itself, or may be external to the system. It controls

the plant or the process.
Input: The applied signal or excitation signal that is applied to a control system to get a

specified output is called input.

Output: The actual response that is obtained from a control system due to the. application of

the input is termed as output.

* Disturbances: The signal that has some adverse effect on the value of the output of a system

is called disturbance. If a disturbance is produced within the bsystem, it is

termed as an internal disturbance: otherwise, it is known as an external

disturbance.

Control Systems: It is an arrangement of different physical components such that it give the

desire output for the given input by means of regulate or control either
direct or indirect method.
A control system must have (1) input, (2) output, (3) ways to achieve input and output

objectives and (4) control action.
Fig. The following shows the cause-and-effect relationship between the input and the output.

Reference input _{ Control { _Contrajled output
Hb) system ° C(t)
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Any system can-be characterized mathematically by (1) Transfer function {2) State model”

; Laplace transform of output

Transfer Function =

Laplace transform of input | initial conditions = 0

L] . C@)

L] R(s) initial conditions = 0
Transfer function is also called impulse response of the system.

C(s) = T.F.x R(s)

Classification of Control System :

A _ _
Open-loop C.S . Closed-loop (or) feedback C.S

1) Positive feedback C.§
2) Negative feedback C.S

Open-loop Control System :

ghe Open-loop control system can be described bya block dlagram as shown in the
igure.

Reference -
Input

| Controller Process Output

The reference i input controls the output through a control action process In the block

diagram shown, it is observed the output has no effect on the control action. Such a system is

termed as open-loop control system.

In an open-loop control system, the output is neither measured nor fed-back for
comparison with the input. Faithfulness of an open-loop control system depends on the -

accuracy of input calibration.

Examples for open ~loop control systems are traffic lights, fans, any system which is
not haying the sensor.

i
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Advantages and disadvantages of open — loop system:

Advantages

These systems are simple in construction and design.

These systems are economic.

These systems are easy from maintenance point of view. .
Usually these systems are not much troubled with problems of stability.
These systems are convenient to use when output is difficult to measure-

Disadvantages -

. ,Thesesystems are not accurate and reliable because their accuracy is dependent on
the accuracy of calibration.

¢ In these systems, inaccurate results are obtained with parameter variations, i.e.,
internal disturbances. '

¢ Recalibration of the controller is required from time. to time for mamtammg quality
and accuracy :

Closed-loop Contro] System :

In a closed-loop control system, the output has an effect on control action through a
feedback as shown and hence closed-loop control systems are also termed as feedback
control systems. The control action is actuated by an error signal ‘e(t)’ which is the difference
between the input signal ‘r(t)’ and the output signal ‘c(t)’. This process of comparison
between the output and input maintains the output at a desired level through control action

. process.

e(t)

Reference +
Input  1(t)

Controller Process Outg

Feed Back _n_etwork_

- The éontrol systems without involving human intervention-for normal opefation are
called automatic control systems. A closed-leop-{feedback) control system using a power
amplifying device prior to controller and the output of such a system being mechanical i.e.,
position, velocity, acceleration is called servomechanism.

Advantages and disadvantages of closed — loop system
Advantages —-

. Inthese systems accuracy is very high due to correction of any arising error.
* Since these systems sense environmenital changes as well as internal disturbances, the
errors are modified.
o There is reduced effect of non = linearity in these systems.
o These systems have high bandwidth, i.e., high operating ﬁ-equency zone.
¢ There are facilities of automation in these ‘systems, —---

Disadvantages

¢ These systems are complicated in-design and, hence, costlier.
» These systems may be unstable.
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" Comparison of Opelr-loop and Closed-loop Control systems :

, Open — loop C.S. Closed — loop C.S.
1. The accuracy of an open-loop system 1. As the error between the reference input
depends on the calibration of the input. and the output is continuously measured
. -Any departure from pre - determined through feedback, the closed —loop )
- calibration affects the output. "~ system works more accurately.
2. The open — loop system is simple to 2. The closed - loop system is complicated
construct and cheap to construct and costly
| 3. The open —loop systems are generally | 3. The closed — loop systems can become
. stable. : unstable under certain conditions

4, The operation of open ~ loop system is | 4. In terms of the performance, the closed -
affected due to presence of non loop systems adjusts to the effects of

linearity’s in its elements. non - linearity’s present in its elements.
Open-loop C.S. :
C(s .
-R—(S)—> G(s) © —g—g—; = G(s) or C(s) = G(S)R(s)

_'Closed-loop C.S. :

— C(s)

If error signal e(t) is zero, output is controlled.
If error signal is not zero, output is not controlled.

.

For Positive feedback, error signal = x(t) + y(t) Y(o)

For Negative feedback, error srgnal ="x(t) - y(® _ He)
The purpose of feedback is to reduce the error between the reference i inpt keamcrthe system
output. +Ve feedback. -Ve feedback

P P

Unity F/B {H(s)=1) Nonunity F/B(H(s)#1) Unity /B Non unity F/B

09 66 Oy . 6E . €O __ 60 . €5 __ G
%(5)1_ 1-G(s) " R(s) 1~ G(_s)_H_(s)’ R(s) »1+G(_s)’ R(s) 1+G@G)H(E)

Where G(s) = T.F without feedback (or) T.F of the forward path
H(s) = T.F of the feedback path

e feedback has effects on such system performance characteristics as stability, bandwidth,

overall gain, impedance and sensitivity.
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1.1 Effect of feedback on Stability :

Stability is a notion that describes whether the system will be able to follow the input
command. A system is said to be unstable, if its output is out of control or increases without
bound. It can be demonstrated that one of the advantages of incorporating feedback is that it
can.stabilize an unstable system.

Effect of feedback on Overall gain : ,

Feedback affects the gain G of a non-feedback system by a factor of 1 + GH. The
general effect of feedback is that it may increase or decrease the gain. In a practical control
system, G and H are functions of frequency, so-the magriitude of 1 + GH may be greater than

1 in one frequency range but less than 1 in another. Therefore, feedback could increase the

gain of the system in one frequency range but decrease if in another.

1.2 Effect of feedback on Sensitivity:
Consider Gasa parameter that may vary. The sensitivity of the gam of the overall

~ system M to the variation in G is defined as

oM/M _
SGM = N

0G/G:

where & M denotes the incremental change in M due to the incremental change in G;
OM/M and 8 G/ G denote the percentage change in M and G, respectively.

G M 1+GH -

This relation shows that the sensitivity function can be made arbitrarily small by
increasing GH, provided that the system remains stable. In an open-loop system, the gain of
the system will respond in a one-to-one fashion to the variation in G. In general, the
_sensitivity of the system gain of a feedback system to- parameter variations deperds on where -
the parameter isdécated. - e

The effects of feedback are as follows.

(i)Gain is reduced by a factor .

(ii) There is reduction of parameter varidtion by a factor 1+ G(s)H(s)

(iii) There is improvement in sensitivity.

(iv) There may be reduction of stability.
The disadvantages of reduction of gain and reduction of stability can be overcome by gain
amplification and good design, respectively.

For a complicated system, it is easy to find the transfer function of each and every element,
and-output of a certain block may act as an input to other block or blocks. Therefore, the
knowledge of transfer function of each block is not syfficient in thiscase. The interrelation
between the elements is required to find the overall transfer function of the system. There are
two method : (1) Block diagram and (2) signal flow graph.



' Some of the important rules for block diagram reduction techniques are given below

" shown at point A in the below figure.

3. Blocks in cascade :

CHAPTER- 2 BLOCK DIAGRAM S AND SIGNAL FLOW GRAPHS

overall transfer function of a big complicated control system.

2.1 BLOCK DIAGRAM AL GEBRA

Block diagram reduction techniques:

1. The block diagram shown below relates the output and input as per the transfer function
relation given below :

C(s

GO = Rs) (o) C(s) = R(s).G(s)

where G(s) is known as the transfer function of the system.
R(s) CEs)
2. Take off point :

6o}

Application of one input source to two or more systems is represented by a take off point as

R(s) A Ci(s)
—1>{66) |
I| Ga(s) II
Ci(s)

When several blocks are connected in cascade, the ovefall equrvﬁent transfer »
function is determined below.

R() Ci(s) Cs) CGs) 1
[aO—{aor—{cel— -
Cis) -
l— =GI(s)
R(s) ———
G _
(T(S)- —GZ(S)
C(s)
=G3(s)
Ca(s)
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Multiplying above three equations; the equivalent transfer function is
C(s) .
— = Gis) G2(s) G3(s)
R(s)

The equivalent diagram is given by

R(s) Cs) ) o

——>{Gi(s) Go(s) Gils) - L
4. Summing point :

Summing point represents summation of two or more signal entering in a system. The
output of a summing point being the sum of the-entering inputs,
X(s)

+
+,® C(s). = R(s) + X(s) ~ Y(5)

/I\Y(S)

5. Interchanging summing points: Consecutive summing points can be interchanged, as this
interchange does not alter the output signal. i '

RS RE+XE) §(R) ROHXE)-YE).

+

R(s)

X(s)
R(s) 5@ R(s)~ Y(s) +® R(s) - Y(s) + X(s)
rd . .
- +

Y(s)

Y()

X©)

6. Blocks in parallel:
. When ong;or m

_ _ blocks are connected in parallel, the overall equivalent
- transfer function is dete; ) o '

ined below.

||G1(S)[
R(s) ——>1—>{Gos) 0> )

L eg—

C(s) = R(s) Gu(s) * R(s) Gafs) + R(s) Gs(s)

or €@ = RE){Gi(5) + Gals) + Gs(3))
’l'l'leref(')'r’c,‘théﬁc')verall-equi\-falent transfer funetion is,

)
—— = [G{(s) +G(s) + Gs(s) ]
R
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The equivalence of above diagram is
R(s) C(s)

—>r(s) + o) + Gs(®) ——

7. Shifting of a take off point from a position before a block to a position after the block is
shown below. A

R(s) A- ra(s—)l B(s). ”
>R (s)
R(s) A~ T Tap .
: f|| G(s) ll C(s)
L R@s)
ROGE ) GE)[ >

8. Shlﬁmg of a take off point from a position after a block to a posmon before the block is
shown below. -

- -

6]

9. Shifting of a summing point from a position before a block to a position after the block is

shown below.
’ T -
R(s).". A. R0 B €k [RS)+X6)1G()
> (S
X(s)

ACE Academy BLOCK DIAGRAM S AND SIGNAL FLOW GRAPHS -9

R A A

20 G

'Cs)=[R{s) £ X(s) ] G(s)

X(s) o

10. Shifting of a summing point from B position aftera block to a position A before the

- block is shown below. I
Ry AL B C®)=[RE)GEEXE)]
—> G(s ) : '
_ R(s) G(s) i
X(s)
RS A f_;“-B C(s) = [R(s) £ X(5) (1/G()) 1 G(s)
fg}— G(s) -
24 :
¥ =[R(s) G(s) £ X(s)]
X(s) [1/G(s)]
756
X(s)

11. Shifting of a take off point from A position before a summing point to a position B aﬂer
the sumxmng poiit is shown below. o

B 77 e “p Cls)=[REOEXE)]
o %‘ |
o X(s) _
- S RO
Rs) A7 + g C(s)= [ R(s) = X(s) ]
]

X{(s) > R(s)
"
X(s)
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12. ‘Shifting a-take off point from a position after a summing point to a position before the
summing point is as shown.

Re) A, B Cls)=[R() £ X(s) ]
+ .
X(s) C(s)=[ R(s) £ X(s) ]
R(s) . AE_;_ g CEO=[ROEXE)]
> —
XG) Sy CE©)=[RE£X()]
+
- X(s)
2.2 SIGNAL FLOW GRAPHS

A signal flow graph may be defined as a graphical means of portraying the input-
output relationships between the variables of a set of linear algebraic equations.

Consider that a linear system is described by the set of N algebraic equations

. N . .
yi = gakj}’k =12, ... ,N

Basic propertles of srgnal flow graphs - ' T
1. A signal flow graphs applies onlyto lmear systems I,

2. The equations based on which a signal flow graph is drawn must be algebralc equations in
the form of effects as functions of causes. —

3. Nodes are used o represent variable. Normally, the nodes are arranged from left to right,
following a success of causes and effects through the system.

4. Slgnals travel along branches only in th ‘the direction described by the arrows of the branches

5. The branch directing from node y; to y; represents the dependence of the variable y, upon

Yir but not the reverse.

. 6. Asignal Y, traveling along a branch between nodes y, and y; is multiplied by the gain of

the ‘branch, a,;, so that a signal ay; y,is delivered at node y;.

-,

ACE Academy - BLOCK DIAGRAM S AND SIGNAL FLOW GRAPHS . 11 :

. Definitions for Signal Flow Graohs:

Input Node (Source): -An input node is a node that has only outgoing branches.

Qutput Node (Sink): An output node is a node which has only incoming branchies.

Path: A pathis any collection of a contmuous successron of branches traversed in the same
direction. G

Forward Path: A forward naﬂr is a path that starts at an input node and ends at" an output
node and along which no node is traversed more than once.

Loop: A loop is a path that originates and terminates on the same node and along which no
other node is encountered more than once.

Path gain: The product of the branch gains encountered in traversmg apath is called the
path gain.
Forward }mth gain: Forward path gain is defined as the path gain of a forward path.

Loop ga'in/ Loop gain is defined as the path gain of a loop.

Masons Gain formula;

The general gain formula is
N MiA
MY o5
Yio k=1 A
where

M = gain between y.-., and you

Yout = output node variable

Yin = input node variable -

N = total mimber of forward paths
- My =gain of the k" forward path

A=1-FTPm+ZPp-YPm+...... _

= 1 - (sum of all individual loop ga_ins) + (sum of gain products of all

possible combinations of two non-touching loopsj — (sum of the gain

products of all possible combinations of three non-touching loops) +......

P = gain product of the m"” possible combination of ‘r’ non-touching loops-

_ Ay = the A for the part of the signal ﬂow.graph which is non-touching with the
k™ forward path
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Objective Questions

01. The block diagram contains
(a) system output variable
(b) system input variable
(c) the functional relations of the
variables ’
(d) all the above

02. In a block diagram, when a take off
point is moved ahead of a block, G;.

A—E5[ 63—

6—— :
(a) The block G; will be added in - - -
R parallel.

(b) The block G, will be added in the
forward path.

(c) The.block G; will be added in
series. '

(d) The block G; will be added in the
feedback path.

03. What is the gain of the system
(output/input) given below?

2

- t ‘
inp @—J\g XL@
(a.36_ _ - () 10
(c) 90

04. The closed-loop gain of the system
sketched below is

®90/P '

@ =10— - —

05. In the block diagram shown, the output
- (s) is-equal to-
RSl

U~ Gl —> RG>0 )

(@ Ui () +Uz(s)
®) Ui(s)G(s)
(©) Gi1(5) G3 (5) Ui () —Gs(s) Uz (s)

06. The tiasfer functionEg (s)/ Eq (s) of the
. RC-network stiown is given by -

(S 'J’\/\é\' - 0
TR cl E@).
1 1
@ Rres+ ®Rcs
'( ®) RCS (d) None

RCS+1 -

07. The block diagram of a certain system is
shown below

- The transfer functlon Y(s)/U(s) is
" givenby - -

(@ G1(5) Ga(s)
1 - Gi(s) Ga(s).

() Gi(s) Gut9)
© 1+ Gl!S! Gz!S!
Gi(s) Go(s) —

(d) 01!S! Gz!S!
l + G](S) Gz(S)

Us) % ' E—J l"z—(sf Y(s)

ACE-Academy
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08. The figure below gives two equivalent
block diagrams

The value of transfer function of block
marked ‘X’ is given by

@ G ®1/G(s)

© 1 d1+G(s) . -

09. The figure shows two equivalent block
diagrams

Xi—>{Go)

X €<—
R

%

The transfer function of the block
marked ‘X’ is given by .
(a) G(s) ) 1/6G(Gs)
© 1 - A{d) 1+G(s)

_10. For the system shown, the transfer- -

function C(s)/R(s) isequal to -
10y C(s)

10
@ 2+s+10

(b) 2+11s+;o

O o O
Key for Objective Questions:
l.d2.d 3.b 4.a 5.¢
6.a7.d 8b 9.b 10.b

OBJECTIVE QUESTIONS

11. In a signal flow graph, the nodes

represent
1

<a) the system variables
{b) the-systém gain _
{c) the system parameters
(d) all the above

12. The branch of a signal flow graph - -
represents
(a) the system vanable
(b) the functional relations of the
variables
(c) the system parameters
(d) none of the above

13. By applying Mason’s gain formula, it is
possible to get

(a) the ratio of the output variable to -
input variable only

(b) the system functional relations
 between any two variables

(c) the overall gain of the system

(d) the ratio of any variable to input
variable only

14, Two or more loops i ina sngnal flow graph
are said to be non-touching

(a) if they do not have any common
branch
(b) if they do not have any commeon loop
(c) if they have common node
(d) ifthey do not have any common
. node '

15. The transfer functlon of the system
shown in the glve?: ﬂg .

Input

@ TTACE 1-ACE
© 2ACE__ " (d) 2ACE
1+ACE - 1+2ACE
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16. Signal flow graph is a
{a) Topological representation of a non-
linear differential equation.
(b) Schematic. graph.
(c) Special type of graph for analysis of
modern control system. l
(d) Plot between frequency and
' ruagnitude in dB.

17. The signal flow graph shown, X; =

" TX; wheére T is equal to 05
Xy 5
. o X2
(@) 25 - ®35
RCEE @ 10

18. For the signal flow graph shown in

figure, X5/ X; =

SR T A

(@ 10 (b) 15
©2 . (@25

Kéy for Objﬁtjvé Questions :
H.a 12.b 13. ¢ 14. 4 15.d

16.¢ 17.d 18. ¢

OBJECTIVE QUESTIONS:

01. Which of the. following is/are the
example of the open loop control .
system?

(A) Metadyne
(B) Field control d.c. motor

(C) An automatic toaster
(D) Both ‘B’ and ‘C’

02. The O/P of a feedback centfolsystem
. must be a function of —

(A) reference 1/P and output

(B) output

(C) reference I/P

(D) reference I/P and error signal

03. AC control system has the advantage Q]
X of
(A) availability of rugged high power
amplifiers
(B) smaller frame size of a.c
components
(C)both A and B
(D) None
04. The transfer function of a system is the
t.aptase transform if its
(A) ramp response
(B) impulse resporisé
(C) square wave response

(D) step response

05. Any physical system which does not
automatically correct for variation on lt‘
O/P is called a/an

(A) unstable system

(B) open loop system
(C) closed loops system
(D) Nore

-A,CE Academy
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06. In a control system the comparator
compares the O/P response and reference
1/P and actuates the
(A) primary sensing element
--(B) transducer
(C) signal conditioner
"(D) control elements

07. Transfer function of a control system
(dependson

A) nature of output

(B) nature of input

(C) initial conditions of input and output
(D) system parameters only

08. The open loop control system is one in
which?

(A) O/P is independent of control I/P

(B) only system parameters have effect
on the control output

(C) O/Pis dependent on control I/P

(D) all of these

09. A unit step function on integration’
results ina

A) unit parabolic functlon
(B) unit doublet
(C) unit step function

- (D) unit ramp function

10. The transfer function of a system is
defined as the

(A) step response

(B) response due to an exponentlally
varying input

(C) Laplace transform of thie impulse
response

(D) All of the above

11. The order of the system is determined by
number of —

(A) multiplying terms in the denominator
(B) poles at the origin

(C) stable roots of the system

(D) none

12. In a contro] system an-error detector
(A) produces an-error signal as actual
difference of value and desired
value of output
(B) detects the system errors
- (C) detects the error and sngnal out-an
alarm

(D) none ’

13. Potentiometers are used in Control
system”
(A) to improve stability _
{(B) to improve frequency response
(C) as error sensing transducer
D)to 1mprove time response

14. A control system with excessive noise, [
likely to suffer from -
(A) loss of gain-
(B) vibrations
" (C) oscillations
(D) saturation is amplifying stages
15. The type number of a transfer function
denotes
(A) the number of poles at infinity
(B) the number of finite poles
(C) the number of zeros at origin
(D) the number of poles at origin

16. For the network given below, what is the
transfer functlon"

T

Vinls) RS vl(s)
) 7 'EI:ISC (B)sRCl+l
OTE— OTrxc

17. The system response can be tested better
with _signal
(A) exponential decaying
{B) unit impulse input
(C) sinusoidal input -
(D) ram input
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18. In a control system, the use of
negative feedback

(A) increases the influence of

variations of component
. parameters on the system

performance

(B) reduces the effects of
disturbance and noise signals in
the forward path

(C) increases the reliability

(D)-eliminates the chances of
instability

19. A signal flow graph is a
(A) log log graph
~ (B) special type of graph to. analyse
modern control systems
(C) polar graph
(D) topological representation of a
set of differential equation

_20 The sngnal ﬂow graph fora system is
shown below.The number of forward
pathsis_

©1 D)2.

- KEYS: -
06.D 07.D 08.A 29.D 10.C
1I.LB 12.A 13.C 14.D 15.B
16.A 17.B 188 19.B 20.B

Previous PSU’s Question

~———=01, The Laplace tragisfornrof.a.

transportation lagof Sizonds is
(Aexp(-5s) JEXIP(59)

4 b 1)
© 3 ©OFY

01.A 02D OBBM‘B"OSB__—

02. The impulse response of an initially
relaxed linear system'is € 20y (1)
To produce a response of e u (1).
The input must be equal to

@)2e'u® B %etu®

©e?u() D)e'u®)
03. The Laplace transformation of () is

F(s). o

Given theF(s) = 2+ @2

final value of f (t) is
(A) inifinity  (B) zero
(C) one (D) indeterminate

04. As compared to closed loop system,
an open loop is

(A) more stable as well as more
accurate

(B) less stable as well as less
accurate

(C) more stable but less accurate .

(D) less stable but more accurate

05. The lmpulse response of a system
is given by %2 €2 Which one of
the following is its unit step

responses. -’
Aay1- em‘ ®)1-¢'
©)2-¢* - (D)1-¢2

06. Slgpal flow graph is used to find

(A) stability of the system

(B) controllability of the system

(C) Transfer function of the system
" (D) poles of the system '

07.. The transfer function of a
technometer is of the form

(A)Ks ® -5 _

’ K
D) s(s +1)

K
© s+1
PSU’s

MA @C 3D @#C G)A
6)C (MA

CHAPTER =3 TIME DOMAIN ANALYSIS

The time response has utmost importance for the design and analysis of control
systems because these are inherently time domain systems where time is the independent
variable. During the analysis of response, the variation of output with respect to time can be
studied and it is known as time resporse. To obtain satisfactory performance of the system,
the output behavior of the system with respect to time must be within the specified limits.
From time response analysis and corresponding results, the stability of system, accuracy of
system and complete evaluation can be studied very easily.

Due to the application of an excitation to a systein, the response of‘the system is
known as time response and it is a function of time. There are two parts of response of any
system: (l) transient résponse and _ (ii) steady- state response. '

Transient Response:

The part of the time response which goes to zero after large interval of time is known as
transient response. In this case Lt C(t) = 0. From transient response we get the following
information:

(a) The time interval after which the system responds takmg ‘the instant of appllcauon of
excitation as reference. -

(b) The total time that it takes to achieve the output for the first time.

(c) whether or not the output shoots beyond the desired value and how much.

(d) whether or not the output oscillates about its final value. ‘

(e) The time that it takes to settle to the final value.

Steady State Response

The part of response that remains even afier the transients have died out is said to be steady-

state response. From steady — state response, we get the following information:

(a) The time that output takes to reach the steady — state

(b) Whether or not any error exists between the desired and the actual value.

(c) Whether this error is constant, zero, or infinite.

The total response of a system is the sum of transient response. and steady — state response:
C) =Cul(t) + Css

Figure shows the transient and steady — state responses along w1th steady — state error.

4

N
0-98'--‘-.- ——————————— ——f_—

64— Transient ———»!4——  Steady —_
Response State
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3. leansiant analvsis

Standard test signals:
(1) Step function : Step function is described as sudden appllcauon of i mput signél

as ittustrated in figure. =

1) - - o
w o 1(t) = A u(t)
A ou®=1;t20
¥ o=0;t<0 - :

0 —t—-- In the Laplace transform form R(s) = A / s

Step function /displacement function:™

(2) Ramp function : The Ramp is a signal which starts at a value of zero and
increases linearly with time. Mathematically, :

r(t)
(t)=At;fort=0
=0 ;fort<0 Slope ‘A’
In the Laplace transform from, R(s)= A/s’
~ Ramp ﬁmctlon is also called velocity function. ) t

3) Parabohc function : Parabolic function is described as more gradual application of
input in comparison with ramp function as illustrated in figure.
r(t)

1(t) = AP2 ; fort>0

ty=20 ;for t<0
If A =1, then r(t) = /2 and the parabolic function is-called
unit parabolic function and the corresponding Laplace
transform is 0 t

R(s) = A/s® : Parabolic function is also called acceleration function

@) impulse function : A unit-impulse is defined as a sign§a1 which has zero value )
everywhere except at { =0, where its magnitude is infinite. It is generally called the 3 -
function and has the following property: ~ 8(t) =0; t#0

: . d : ‘
Unit impulsb'*_lmction = —— ( unit step function )
dt

Hence the Laplace transform of unit impulse function is derived k)
" from the Laplace transform of unit step function as follows R
£ (unit impulse function)=s. I/s=1 —
e
_Time response of a First order Coiitrol System :

A firstorder control system is one wherein highest power of s’ in the denominator of its
‘wansfer-function equals 1. Thus a first order control system is expressed By a transfer
“function given-below :

ACE Academy Time Domain Analysis 19
) . 1
R(s) = sT+1

The block diagram representation of the above expression is shown in the Eelow figure.

R(s) o Es) {1 )
._%- sT 1

Block diagram representation of a first order control system.

Time response of a first order control system subjected to unit step input function :
The output for the system is expressed as

1 : i
C(s) = R(s) —> ()
- sT+1
" Asthe input is a unit step function r(t) =1 and R(s) = 1/s
- 1 1
" Therefore, substitutinginEq. (1) C(s) = — - 3
s sT+1

_ _ 1 T

Breaking R.H.S into partial fractions Cg)= — -

s sT+1
. 1 1
oo Cs) = — - Takmg Laplace transform on ‘both sides

s s+1/T

1 1 '
£"C(s)_=£'l[—— - -J e =1~
- Ls - s+1/T '

The error is givenby/'/e O =r®-c@) =1-(1-eYT) =¢ V7

“The steady state error = Lim e VT = oL

t—o

l& Transrent —>|&Steady state —>|

Time response of a first order control system subjected to step input

The graphical representation of the time response shown in figure indicates that the
response is exponential type and the steady state value is 1 unit. As the time increases the

disparity between the output and input approaches to nil, hence, the steady state error is zero.
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Time response of a first order control svstem subjected to unit ramp input function :
. : -

The output for the system is expressedas  C (s) = Rs) :
' sT+1

As the input is p wnit ramp functionis r (t) = t and R(s) = 1/s2-

. 1 1 ]

Therefore C(s) = . = Breaking R.H.S. into pamal ﬂactxons .
2 oy .
s© sT+1

o 1-sT T? TR NS B §
C(s) = + — ;. €@ =""-T—+T
' s? sT+1 RS- s? s s+1/T

Taking jnverse Laplace transform on both /sides,

, 1 1 0
£'C@) =€ |—-T—+T
s? S s+1/T

s c@ =.(t—T+'Te'”T)

The emror is givenby e(® =r(®)—-c(@®) = t—-(t—T+Te_”T) = (T—T'e'”T)

The steady state erroris e = Lim (T - ~Te Ty =

t—»a

The time response in relation to the above equation is shown in the figure.

The time response shown in figure indicates that during
steady state , the output velocity matches with the input velocity
but lags behind the input by time T and a positional error of T
units exists in the system. It is also observed that lower. the time
constant lesser is the positional error and also lesser time lag.

et

Time response of a first order control system subiected to unit impulse input function '

1

The output for the system isexpressedas  C(s)=R(s)
sT+1
Asthe mput to the system is a unit 1mpulse functxon, 1ts Laplace transform is 1, i.c.
R(s)=1, therefore,
1

—  cp-l.

sT+1 -
L
Taking inverse Laplace transform on both sides of Eq.(2) N
1 : 1
£1CE) = £ oo  £7'C6)=£"'1/T).
sT+1 - _ s+1/T

fe@® = (1/T)e VT
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Time Response of Second Order _control System :

. A second order control system is one wherein the highest power -of ‘s’ inthe denomma(or
of its transfer function equals 2. .

A general expressxon forthe T.F of a second order control system is given by

CE) - oy
R(s) s2+200,s+ o s

The‘blocl.c diagram representation of the transfer function giveh above is shown in the figure.

-R(s) o | C(s)
_% TCREIS] e B

Block diagram of a second order control system

. Characteristic. Eguatlon
- The general expression for the T.F. of a second order control system is given by
_Q = - mnz
RE~ sT+2Lanstan’ _
* “The characteristic equation of a second order control system is given by
_s2+2on s+ oy’ = 0
The'lBcation of roots of the chara. equation for various values of ¢ (keepmg o, fixed)

;nd the correspondmg time response for a second order control system is shown in below
gure.

y
c(t)

y
c(t) V1-C7
v
+Re
/ .
c(t)
. g

Fig: Location of roots of the chéracteristic equation and corresponding time response.
) From above ﬁgure, it is inferred that the change over from underdamped to dVerdax_nped
Response takes place at - = 1. The value of ¢ from thelocation of roots is calculated as

.C = cos 0
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Time response of a second order control system subjected to unit step input function;
The output for the system is given by

(o.,z
C(S) R(S)
,sz+2§m,,s+m,,2

Asthemputlsamutstepﬁmcnon r(t)=1 and R(s)=1/s

Therefore, substituting -in above Equation

2
1 ; ®p

C(s)= —.
s $+2{oas+ 0,

The solution for the above equatlon

.....................................................................

The time response expression is given Ey the above equétion for values of { < 1 is,
exponenfially decaying oscillations having a frequency @, v (1- Qz.) and the time constant
of exponential decayis (1/8®,).

Where (o,. is called natmal frequency of oscillations.

‘wg =0, V(1 - )is called damped frequency of oscillations.

‘¢’ - affects the damping and called damping ratio.

‘¢ @, is called damping factor or actual damping or damping coefficiént .

T e T=(1/ )
VAN \‘L— 730 2 it
ob=— - >t fig.(b)
fig.(a)
Fig. Time response and error of a second order control system ( £ < 1, under damped case)
subjected to unit step input function.

N AR

The time response of a second order control syétem is influenced by its damping ratio
( & ).The cases for the values ofdampmgratloas @)1 ®E=0 (00<g<1 (d)C— 1
de>1 are consxdered below :
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UNIT STEP RESPONSE ((O <g<1), UNDERbAMPED)

As stated above, if < 1 the time response presents-damped oscillation and such a response is

called underdamped response.

The response settles within 2% of the desued value (1 unit) after dampmg out the
oscillations in a time 47, where T = =(1/&wy).

Unit step response when (£ =0, undamped system) : o
“exp (0w, t) , \j “N1-02
ct) =1- i 1 t+tan'1 e
Vi-07  { 0

or c(t)ﬁl—sin(mnt+m"w) or “ct)=1-sinfo,t+n/2]

or c(t)-(l-cosm,.t)
The time response to above equation is plotted in the below figre which indicates sustamed
( undamped ) oscillations.

Unit step response when 8 <{ <1 : (Under Damped systems only)

Transient response specification of second order control system :

. The. tlfne response of an underdamped control system exhibits dampcd oscillations
prior to reaching steady state. The spec1ﬁcatlons pertaining to time response during transient
part are shown in the following figur

sOp /T=”§mn e

M | T\ A T
over-shoot ! 2%
o5f-f i & \LoTTTT
AR o 100 %
0 Gt t, ts -
(1) Delay Time : t,
The time required for the response to rise from zero to 50% of the final value.
__________ K
| .
D= 14078 |
[ o4 !
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(2) Therise time : t,

The rise time is the time needed for the response to reac}1 from 1010 90% or 0to 100

% of the desired value of the output at the very first instant. Usually 0 — 100 % basis is used
for underdamped 'systqmsfm&"-IO to 90 % for overdamped system.

"""""" n—¢ | V1-¢%

i t,= —‘—E R VWhCre _.¢_=tan—l

(5),;* time: fp
It is the time required for required for the response to rise zero to peaks of the time
_response =17/ (Dd

(4) Maximum overshoot : Mp
It gives the normalized difference between time response peak to steady state O/P

¢ (t) max — C(0)

Percentage Mp = ' x 100 = _‘;leL‘_l_ x 100% .
C(x) '
i %M, = exp(- Cn/‘}l - 2) X 100
A graph relating M, and { is plotted in below figure. .
A
100%
%M,
c 1 i
. : Graph between M and §
(5) The Settling time : ¢5 . : 7 :
For 2 % tolerance band , the settling On 5 % basis the settling time for a second
order time is given by control system is given by
' 1 1
tg = 4 —~— s = 3
Lo Con

An expression for the time response of a second order control system having
§ =1 (critically damped) when subjected to a unit step input function is:
c() = [1-exp(-Cont)(1+wat)]
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\

The time response in relation Eq. (11) is plotted in the belo fi i
critically damped response, * v e The response s calld

] - 4T

“Time response of a second =
i res PO ' nd order C.S.({ =1 crmcall;Ldamped ) subJected to a unit step

An expression for the time response of a second order control system having
{>1 (Overdamped) when subjected to unit step input function is derived hereunder :
The output for the system is given by

g2

C(s) = R(s)

2
s +2§m.,s+co,,2

As the input is a unit step function r m=1 and R(s)=1/s, therefore,

.- - { 2 o

3 . - : m h
substltu_tmg in the above equation C(s) = (1/s ). :

$2+ 200, 5+ @, 2
. . o, -

It can also.be written as C (s) = (1/s).
“G+Cen) o (7= 1)

g

o C(s)=(/s). — . .

stV Dad s+¢=T - No,] . -
_ Expanding R.H.S of above equation into partial fractions,
1 ' 1 :
CE=— - ‘ - :
s 2V @- VT D) s+ € - VEI T Y n]
1

2V VD s+ G+ VTP ) 6]

Taking inverse Laplace transform on both sides

exp[- €~ VL) wat) exp[-(qﬂcg’—"l)wnx]

c(t)'= 1- + .
NEIE-VTD), 2V gV
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0.02 UNIT

C(t) 0.98  1Unit
0 ) 4T t

Time res. of a second order C.S.(§ > 1, over-damped) subjected to a unit step input function.

&= :
Companson of unit step input time response of a second order
control system for different values of ‘C’.

 Ol. The radial distance between a pole and
- the origin gives

a) damped frequency of oscillation.

c) time constant
d) natural frequency of oscillation.

02. For a type 1, second order control
system, when there is an increase of 25
Ysimrits natural-frequency, the steady-
state error to unit ramp input is

a) increased by 20 % of its value.

F . b) equaltoZC/mn,whereg—-

damping factor.
c) decreased by 21 %
d) decreased effectively by 20 %

03.In a type 1, second order system, first
peak overshoot occurs at a time equal

to
L Ty 0y
() Vi¢? ® T c
O, /@y,
(@ Ti+c? ) V1-¢7
04. Type number of a system gets
decreased if

C.a), first an integrator and then a
dlﬂ'erenpatousmcludegl_ in the
system. )

b) an integrator is included in the
forward-path.
¢) adifferentiator is included in a

- - parallel path. -

d) adifferentiator is included in the
forward path, —-

05. When the pole of'a-system is moved

towards the imaginary axis, then

a) settling time decreases.

b) settling time increases by 20 % of_
initial value.

c) steady-state error isteduced to
Zero.

d) settling time of the system
increases.

b) undamped frequency of oscﬂlatnon.
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OBJECTIVE QUESTIONS

06. The damping factor of a second order
system whose response to unit step
‘input is having sustained oscillations is
a) =1 b) >1
c) <1 d) =0

s

07. The transient rcsponserf a system
with feedback when compared to that
without feedback —

a) decays slowly.

b) rises slowly.

c) rises more quickly.
d) decays more quickly.

08.The scttling time for the system
(s3)
s“+5s+25
IS ceeeiieinnns seconds when the output
settles within + 2 % for a unit step
input.

a) 0.8 b) 1.2
¢) 2.0 d) 1.6

09. The type of the system whose transfer
function is given by

6= e

is
- s +s'+s3+3s5% 42

@3 M2 ©5 @1

10. Physically the damping ratio represents
the

a) energy available for transfer.

‘b) energy available for exchange.

c) ratio of energy available for
exchange to that available for
transfer.

d) ratio of energyost to the energy
available for exchange :

11. The static aceeleration constant ofa

type 2 system is
a) infinite b) zero

<) cannot be found out  d) finite.
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12. The time domain specification which is Key for Objective Questions :
dependent only on, the damping factor _
s . 11012 v, (d)
a) rise time b) peak time :

¢) setting time  d) peak overshoot.

3.2 Steady state Analysis :

The steady state part of time response reveals the accuracy of a control system. Steady state

- -érror is observed if the actual output does not exactly match with the input.

et) = 1(f) - o(t) , )
Steady state error, es;s= Lt e(t) C

(>

= Lt [rt)-c®]

Using final value theorem,
é_ss=- Lt sE(@)
S0

C(s)
C(s)y = Es)G(s) = E(s) = —
' _ : G(s)

e - _RE_

G(s) 1+G(s)

The open-loop transfer function, the type indicates the number of poles at the origin and the

... order indicates the total number of poles. The type of the system determings steady state

response and the order of the system determines transient response. —

Standard test signals used in Steady state response :
(1) Step input signal : - (2) Ramp input signal :

Al—— My =Aug A it = At

RGs) = A/s®

Rs) = Als

ACE Academ Time Domain Ar‘al sis

(3) Parabolic input signal :

i) = At?/2
R(s) = A/s?
For step input
es= Lt s. _R(s)
20 1+G(s)
T = Lt s. Als =L A _ A

550 1+G(s) $50 1+Gs) = —1+Kp

where K, = Lt G(s) = Position error constant
$50

For ramp input
Ces= Lt s. R(s)
S50 1+G(S) .
= Lt s. A/s¥ = Lt A A
320 14G(s) >0 sH+Ge)] K,

- where K, = Lt sG(s) = Velocity error constant
.1 S0 : ’
For parabolic input
: : es= Lt s. R(s)
20 1+Gs)

= Lt s. Als® = Lt A — _ A
201466 S0 246 K,

. where K, = Lt s?G(s) = “Acceleratiomerror constant

550
Type 0 1 2 3
_ A
| step L 0 0 0y
14K, |
Ramp 0 A/K, 0 0
[ Parabolic{ © | A/K 0 -
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OBJECTIVE QUESTIONS

01. The presence of non-linearities in a
. control system tends to introduce

a) transient error  b) instability
¢) staticerror d) steady-state error

_02. The static acceleration constant ofa

. type 2 systemis

a) infinite b) :zero
¢) cannot be found out dy finite

03. The transfer function of the system .
which will have more steady state
error for step input is

80
@ LI (+2)(5+3)

120
® s(s+1)(s+15)
© _ 60 _
(s+05)(s+3)(s+55)

120
@ G+ (+15)

04 Thc; presence or absence of steady-
state error for any given system
depends upon .

a) presence or absence of pole atthe -

infinity.

'b) presence or absence of poles and
Zeros
at the ‘origin.

_c) absence or presence of zeros at the

_ origin. :

d) absence or presence of pole at the
origin.

05. When the gain ‘k’ of a system is
increased, the steady-state error of
_‘the system
‘a) increases.
b) rémainsunchanged
c) may inctease-or decrease.
d) decreases.

06. The plant is represented by the
transfer function.The system is given
- a degenerative feedback. The
effective of the feedback is to shift -
the pole
a) positively tos=(a+k)and
reduce the time constant to
Ca+(l/k) -
"7 'b) negatively-tos= —(la +k)and
increase the time constant to

a+k.

(c) negativelytos = ~(a+k) and
reduce the time constant to
a+(1/k).

(d) negativelytos= —(a+k) and’
decrease the time conistant to
[1/ ( a+k)]

07. In a system with mput R (s)and
output C (s), the transfer functions of
the plant and the feedback system is
given by G (s} and H s)

respectively. The system has gota
negative feedback. Then the error
- signalis given by the expression :
__G !s! R(s)
@ EOT T, GmHEE

" M EE=CHGC e ——

— i 1 —_ - .

© EO=135eHe

- RGE___
@ EO=TiGmHE 7

08. The static error constants depends on -

a) the order of the system
"b) the type of the system
c) both type and order of the-system
d) None of the above -

Key : )
1.d 2.d 3.d 4.4& 5.d

6.d 7.d 8b 9.d
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JTO Previous Questions

01. Control systems are normally
designed with damping factor
(A) more than unity

(B) of zero
* (C) less than unity
(D) of unity

02. A type — 2 system has a finite non—__ .

zero value of error constant

W< @z
©C) K, D) 1K,

03. The type 2 systerh has which of the
following
(A) constant position error as well as
velocity error
(B) zero position error and constant
velocity error
(C) constant position error and zero
velocity error
(D) zero position error as well as
velocity error

04. The time required for the response to
reach half the final value for the first
time is

o (A—)idecay time (B)rise time
(C) pick — up time (D) delay time

05. For the characteristic equation S* +
4.8s +72 =0, the damping ratio and
natural frequency respectively are?

(A) 0.812, 9.1 rad/sec
(By0.283, 8.48 rad/sec
(C) 0.256, 8.31 rad/sec
(D) 0.913, 8.5 rad/sec

06. The type — 0 system has a finite
non — zero value-of
(A)Ky {B)Ka
(CO)K, ([D)allofthe above

07. A unity feed back system has
transfer

function G(s) = S(%ﬁ- , its?
(A) natural frequency = 2
<{(B) natural frequ'eﬁéy% 3
(C) damping ratio =0.5
(D) damping r_atio =09
_08.The system whose characteristic

equation 5% + 6s + 5 = 0 has the
following roots

(A)-3,-2-1 B)-j jr-1,1
(€)-3,-2,0 (D)-2+3j, 2-3j-2

09. The overshoot of the system having
the transfer function 25/s™+25 Fora
unit step input applied would be

(A)20%  (B)30%
(C) 35% D) 100%

10. Potentiometers are used in control
system-

(A)to 1mprove stablhty
(B) to improve frequency response
—  (C) as error sensing transducer
" - (D) to improve time response

11. The position and velocity errors of a
type 2 system are
(A) zero, constant
(B) constant, constant
" (C) zero, zero
(D) constant,infinity

12. Bandwidth is used as means of

specifying performance of a control
system related to

(A) the speed of response

(B) the constant gain

(C) relative stability of the system
{D) all of the above
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13. The value of steady — state error to
the type 1 system, when the input
signal is a step of magnitude 2, will
be

(A)0.5 B)2.5"
- (C) 1.54 (D) zero

14. Which of the following system is
generally preferred

(A) critically damped
(B) under damped
(C) over damped

(D) oscillatory

15. As the system type becomes hlgher
steady state error
(A) remains constant
(B) increases
(C) is eliminated
(D) none of the above

16. The steady state acceleration error
for a type 1 systerfi is

(A) between zero and unity

(B) zero

(C) infinite

(D) unity

17. For a second order differential

equation of the damping ratio is 1, -

them o=

(A) the poles are equal, negative and

. real

(B) both poles are negative and real

(C) the poles are in right half of these
plane

(D) the poles are in a left half of the s
plane

18. The position and velocity errors of a
type 2 systems

(A) zero, infinity

{B) zero, zero -

(C) zero,constant
(D) constant, zero

19. With the feedback system, the
transient response -

(A) rises slowly
(B) rises quickly —~
(C) decays slowly
(D) decays rapidly

20. Error constants of a system are
measure of

(A) steady state response

(B) steady state as well as transient
——stafe response )

(C) relative stability

(D) transient state_: tesponse

21. Static error coefficients are used as a
measure of the effectiveness of
closed — loop systems for specified

(A) velocity input signal

(B) acceleration input signal
(C) position input signal
(D) all of the above

' 22. The transient response of a system is

mainly dueto
(A) friction (B) stored energy
(Cj internal forces (D) inertia forces

23. For any glven closed lgop system o
J(A)all ‘the co;fﬁcwnts are always

© .. nor= Zero

(B) all the coefficients can have zero
value

(C) only one of the static error
coefficients has a finite non zero
value = |

(D) any of the above

" 24. A unity feedback system has open -

loop transfer function .
G(s) = 1/(1+s). The pole of the
closed loop system is located
on the real axis.in the S —plane is
A)-2 (B)-1

©2 D-5
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25.The output of a linear system for a
unit step input is given by ¢™ The
wransfer function is given by

A)

2s 2
) ® ey

l .
© sy O (sil_)s

26. The steady — state error coefficient
for a system are given by K;=0,
Ky =finite constant, K, = o0, The
system is

(A) Type — 1 system
(B) Type - 2 system
(C) Type - 3 system
(D) Type — 0 system

27. In the case of second order
differential equation when the
damping ratio is less than 1 then
(A) poles will be unequal
(B) poles will be complex conjugate

& negative

(C) poles will be equal, -negative and
real

(D) poles will be positive

28. The error signal produced in a
control system is a constant. The
output of P action will be

_(A)linear  — (B) infinity
(C) constant (D) zero

29. The transient response of the system
depends on _
(A) input ~ (B) output
(C) system (D) none

30. The steady —state response of the
system depends on

(A) input (B) output
{C) system (D) Input & output

——3%:The normal range of dampingxatio

for a control system is

A)05t010 (B)038% 2.0
10)0.31005 © (D)0.5t025

Previous PSU’s Questibn

01. The steady state error due to a ramp
input for a type two system is equal
to

(A)zero  (B)infinite -
(C) constant (D) data isinsufficient

02. Given ihe transfer functior'r'

121
e =g
of a system. Which of the

following characteristics does it -
have?

. (A) Overdamped and settling time

1.1s.

B) Underdamepd and seftling time
0.6s.

() Critically damped and. setthng
time 0.8 s

(D) uncerdamped and settlmg time
0.707s.

03. Consider the following statements
with a reference to a system with
velocity error constant k.= 1000

_ 1. The system is stable
2. The system is of type 1
3. The test signal used is a step
input.
Which of these statements are
_correct?

A)1&2 B)1&3
©2&3 D1L,2,&3
04. The close loop transfer function of

- control system is given
Cs) . 1
" Rsy 1+s
" For the input r(t) = -sint, the
steady state value of C(t) is equal
to

{A) - 3 Cost -(B) T

_ €) 72-1- Sin''t (D)-vasin (t-n@) '
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05. The transient response-of a'system
is mainly due to
. {(A) internal forces
(B) Stored energy
(C) Friction
(D) inertia forces

06. A system is crmcally damped.
Now if the gain of the system is
increased. The system will behaves
- T as I -

(A) over damped

(B) Underdamprd -
(C) oscillatory

(D) Critically damped

" 07. Consider a system with the transfer
function .
S+6

G}~ TRT+s+6

It damping ratio will-be 0.5
when-the value of k is

@ ®3 ©l6 D6

08. The transfer function of a control
system is given as’

: s7+4s +K) .
Where k is gain of
the system in radian/ amp. For this
'system to be critically damped the
value of k-shouldbe "=

-— W1 ®2 ©3 ;4
. 09. The unit unpulse response of a
system is given by c(t) =0. 5¢t?
Jts transfer function is '1
1. 1 _
A w+y ® e
e =2 1
© Ts © G+

10. The lmpulse response ofa system
is-givenby C (t) = Y, et
Which one of the following is
its unit step responses.

( A) 1- e—llzt

ot
©2-% s

®)1-¢*

11. A system is represented by
—‘th— + 2y =4t u(t)

The ramp component in the forced
response will be

(A) tu(t)
(C) 3tu(t)

(®) 2t u(t)
(D)4tu ()

12. Which one of the following is the
steady state error of a step input
applied to a unity feedback will e
the open loop Transfer function

10

GE)-= 714450

(A) €55 =
Cles=1

(B) e5s=0.83
(D) es =

13. The unit step-response of a
particular control system is given
by c(t)=1-10¢, thenits
transfer function is

10 s-9
W 27 B s+

1-9s 1-9s
) sv1 -0 )

14. The opén loop transfer function

1
G(S) of —s‘(s—+1)

an unity feed back control system
is The system is subjected to an
input r(t) sin t. The steady state”
error will be

(A) zero (not defined)
'''''' ®)1

(C) V2 sin (t - n/4)

(D) V2 sin (t +wd)

15. A second order system has the
damping ratio & and undamped
natural frequency of oscillation

O, the seitling time at 2%
tolerance band of the system is
. 2 . 3
A o ®) “eon

O @ %

16. The response c(t) to a system is
described by the differential
equation

2 () .
dé dt

The system responseis

(A) undamped ..

(B) underdamped

(C) critically damped

(D) oscillatory

17. The steady state error of a stable type
unity feed back system for a unit
step function is '

)0 ® ik,

©)w ©) +<p

18. What is the steady state error for @

unity feedback control_ system having

G)= s(s+ )
4

due to unit ramp input?

@1 B)0.5
(€)0.25 D) V0.5
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19. When the time period-of
- observation is large, the type of the
error is
(A) Transient error

(B) steady state error
(C) Half - power error

(D) position error constafit

20. For which of the following input, the

error series using dynamic error
coefficients doesn’t converge

(A) step input
B) 'ramp input
(C) acceleration (parabolic) input

(D) sinusoidal input

" . JTOKEYS:

0L.C 02.C 03.D 04.D 05.B

06.C 07.B 08.C 09.D 10.C

11.C 12.A 13.B 14.B 15.C

16.B 17.A 18.B 19.D 20.A
21.D 22.B 23.C 24.A 25.A

7°26.A 27.B 28.C 29.C 30.A

3LA

PSU’s KEYS:

01.A02B 03.A 04.D 05.B
06.B 07.C 08.D 09.B 10.A
1.B 12.B 13.C 14.A 15.C
16.B 17.B 18.A 19.B 20.D
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Charlek-4 = =

Concept of stability:"
Any system is called as a stable sysrem if the output of the system is bounded
for.a bounded input, Any signal is called bounded if the max. and min. value are finite.

BI _ BO
——> System ——>

Eg:
amp sinujoidal
7 e u(t) n , H H ,
Bounded _ Unbounded Unbounded - Bounded

¥ Stability of any system depends only on the location of poles but not on the
location of zeros. :

»

If the poles are located in left side of s — plane, then ihe systcm is stable.

* If the roots are located o imaginary axis mcludmg the ongm (except repeated roots),
the system is stable.

If the poles are located in right half of s — plane, then the system is unstable.

As pole’is approaches ongm, stablllty decreases.

When roots are located on lmagma:y axis, then the system is marginally stable.

P

.

*

The poles which are close to the origin are called dominant poles.
The systems are classified as B -Absolutely stable systems
2) Unstable systems
) 3) Conditionally stable systems

When variable parameter is variedfrom-0 to co, if the poles.are located-on left side
§ v__and it is always stable, then it is absolutely stable.
* When variable parameter is varied and a system is “stable for values 0 to o, at some
point onwards there is (are) pole(s) in right side then it is called conditionally stable.

*

»

* Te'chmques used to calculate stability are 1) Routh-Hurwitz criterion
- 2)..Root locus

3) Bode plot

4) . Nyquist plot . -

5) Nicholas chart
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Relative Stability Analysis :

Once a system isshown to be stable, we proceed to determine its relative
stability quantitatively by ﬁndmg the settling time-of the dominant roots of its characteristic
equation. The settling time is inversely proportlonal to the real part of the dominant roots, the
relative stability can be specified by requiring that all the roots of the characteristic equation
be more negative than a certain.value, i.e., all the toots must lie to the left of the lines s =
' -s,(s; > 0). The characteristic equation of the system under study is then modlﬁe,d by shifting
! the origin of the s-plane to s = — oy, i.e., by the substitution .

1 SZS]

! Ifthe new characteristic equation in z satlsﬁes the Routh criterion, it |mp11es that-all
the roots of the original characteristic equation are more negative than —o;.

]% s-plane axis -

> G

z-plane axis >

é(ﬁ%

4.1 ROUTH — HURWITZ CRITERION :

The Routh — Hurwitz criterion represents a method of determining the location of
poles of a polynomial with constant real coefficients with respect to the left half and the right
half of the s-plane, without actually solving for the poles.

Consider that the characteristic equation of a linear time-invariant system is of the form
F(s)=a,s"+a;s" ' +as" 2+....... +a,15+8, = 0

In.order that there be no roots of the last equatlon vmh posmvc real parts, it is
necessary but not sufficient that ’
1. All the coefficients of the polynomial have the same s1gn T
2. None of the coefficients vanishes.
The necessary and sufficient condition that all roots of above equation lies in the left
. half of the s-plane is that the Polynomial’s Hurwitz determinants must all be positive.

. Theroots of the polynomials are all in the left half of the s-plane if all the elements of
the first column of the Routh tabulation are of the same sign. If there are changes of signs in
the elements of the first column, the number of sign changes mdlcates the number of roots
w1th positive real parts.

The following difficulties may oceur occasionally when carrying out the Routh test :
1. The first element in any one row of the Routh tabulation is zero, but the other
. elements are not.

2. The elements in one rdw of the Routh tabulation are all zero.
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Example : Considerthe Jfollowihg equation :
S+1.55'+25°+48+55+10=0

The Routh array is given below :
§ 1 2 5 RN
st 1.5 4 10 ' LT
Sign change )
s -0.66 ~0.66 0
Sign change '
s? 0.227 0 0
s' 274 0 0
§° 10 0 0

. As there are two sign changes in first column of Routh table, it is concluded that the
- system under consideration is unstable having two poles in the right half of the s-plane.

"'Example : Consider the characteristic equation :
455 +58+45+K=0

The Routh array for this equation is

st 1 5 K
$ 5 4 12
s 21/5 : K

s! [ 84/5 - 5K ]/(21/5)

s’ K R
Since for a stable system, the signs of elements of the first column of the
Routh array should be all positive, the condition of system stability requires that
K>0 -
and (84/5-5K)>0

_ Therefore for stability, K should be lie in the range

84/25>K>0

Special Cases :

Difficulty 1. When the first term is in any row of the Routh array is zero while rest of the
- row has at least one nonzero term.

Because-of this zero term, the terms in the next row become infinite and Routh’s test
breaks down. The following method can be used to overcome this difficuity.

: ACE Academy
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Example : Determine the stability of a-closed-loop control system whose characteristic
equation is s 4 , ,
£+s+2s5+25°+11s+10=0
" The Routh array is formed below :

$ 1 2 1

s | 2 10

s 0 1 _0 oS
Sz-

while forming the Routh array as above, the third element in the first column is zero and thus
the Routh criterion fails at this stage. The difficulty is solved if zero in the third row of the-
first column is replaced by a symbol ‘€’ and Routh array is formed as follow : '

s 1 2 1

s 1 ' 2 10

§ €, 1 0 -

2 . .- :

§ Lim (2c-1: 10 -0
e B CL

- 10 '

s! Lim |1- =1 0 0
€0 28_1 .

s? 10

The limits of the fourth and fifth element in the first column as € — 0 from positive side are -
o and +1 respectively indicating two sign changes, therefore, the system is unstable and the
number of roots with positive real parts of the characteristic equation is 2.

Difficulty 2 : When all the elements in any one row of the Routh array are zero.
This condition indicates there are symmetrically located roots in the s-plane. Because

-of-a zero row in the array, the Routh’s test breaks down. This situation is overcome by
replacing the row of zeros in the Routh array by a row of coefficients of the-polynomial = -—

generated by taking the first derivative of the auxiliary polynomial. The following example
illustrates the procedure.

Example : Determine the stability of a system having following characteristic equation :

s+ 455435 +25-45-8=0

The Routh table is formied below :
S 5 2 -8
$ 1 3 -4 0
s 2 6 -8 0  Auxiliary equation
§ 0 0 0 0 ’
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It is observed in this example that all the elements in the fourth row vanish and the
application of Routh criterion falls. This situation occurs when the array has two consecutive
rows having the same ratio of corresponding elements.

This difficulty faced is overcome by forming an auxiliary equation using elements of
the last but one vanishing row. The derivative of this auxiliary equation is taken w.r.t. ‘s’ and

“the coefficients of the differentiated equation are taken as the elements of the following row : . _ '

The auxiliary equation is
A(s) = 2s'+6s* -8

And dA(s)/ds = 85 +125-0 ——
The coefficients of the fourth row are thus 8, 12 and 0. The modified Routh array is

given below :

$ 1 5 2 -8

$ 1 3 -4 0

¢ 2 6 -8 0

s 8 12 0 0

s 3 -3 0 0
coefficients of differentiated A.E.

s' 100/3 0 0 0
Sign change

¢ -8 0 0 0

As there is one sign change in the first column, the system has one root with positive
real part indicating that the system is unstable.

| ACE Academy

' OBJECTIVE QUESTIONS

QO1. The transfer function of a system is
/

ass’+azsitasta,
. For thie system to be absolutely stable,

a) &y, a aj, ,>0andaa;—2a;a,>0
b) a3, a; a;, a,>0and aya; ~a32,< 0

Lo o) agaya, G>0anda a—a3a,=0 |

d) a5 a,> 0 and a,a<0

02. Routh’s array for a system is giver
“below.

s? 1 5
s' 3
. s 5
The system is
a) stable .
b) unstable

c) marginally stable
d) conditionally stable

03. The number of sign changes in the _
entries in the first column of Routh’s
array denotes

a) the numiber of zeros of the system m

. the RHP-

b) the number of roots of characteristic

polynomial in RHP

c) the number of open-loop poles in RHP
d) the number of open-loop zeros in RHP

04. Consnder a characteristic equatlon
s'+35%+5s7F 65 +K+10=0:
The condition for stablhty

“ayK>5 . b)-10xK
) K>-4  d)-10<K<-4
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05. The characteristic equation of a unity
feedback system is given by

sits?+d4s+4=0

a) The system has one pole in the
RH- s plane
b) The system has no poles in the
RH - s plane
¢) The system is asymptotically stable
d) The system exhibits oscillatory
- behaviour
06. An electromechanical closed-loop
control system has the following
charactenstlc equation
s3+ 6K s2+(K+2)s+8 =0
where K is the forward gain of the system.
The condition for closed-loop stablhty is

a) K=0528  b)K=2
) K=0 d) K=-2528

07. The case in the Routh table in which a
particular row elements are zero, show
that

- a) adifferentiation has to be carried out

and conveys no other information
b) it is a special case in Routh array
¢) whether the system is stable or not
d) some roots are distributed
symmetncally about the origin.

08. The system is represented by its transfer

function has some poles lying on the
imaginary axis, it is

. a) un¢onditionally stable
b) conditionally stable
c) unstable :
d) marginally stable

09. In the first column of the Routh array, an

element was found to be zero. The first
column element above this zero and
below this zero has-the same sign. This
condition indicate that the system

a) is stable b) is unstable

c) has all the roots in LHP except one

d) has some roots on the jo-axis
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10. The statements that holds.good for

relative stabiity-analysis is :

2) Routh array method cannot be used

b) graphical methods can be used and
Routh array cannot be used

¢) graphical methods cannot be used

d) both graphical as well as Routh array
can be used

- Key for Objective Questions : 7
La 2b 3b 4d 5bd
6.a,d7.d 8 d 9.d 10.d

JTO Previous Question

. 01. The closed loop transfer function of
"system is given by
C(s)R(s) = 1/[(s+2)(s*+4)].

The system is
(A) completely unstable

. (B) completely stable
(C) marginally stable

_ (D) conditionally stable

02. A system which has some roots with real
parts equal to zero, but none with +ve
real parts, is
(A) absolutely unstable
(B) absolutely stable
(C) relatively stable
(D) marginally stable

03. A step function is applied to the input of
. a system and .output is of the form
y=t, the system is

(A) conditionally stable
(B) not necessarily stable
(C) un stable

(D) stable

04. When gain K of the loop transfer
' function is varied from zero to infinity
the closed loop system
(A) stability is improved
(B) always become unstable
(C) stability is not affected
(D) may become unstable

05. In a non — linear control system limit
* cycle is self sustained oscillations of
(A) variable amplitude -
(B) fixed frequency and amplitude
(C) fixed frequency
- . (D) variable frequency
06. In a control system, the use of negative
feedback :

. (A) increases the influence of variations.
" - of component parameters on the -
system performance
(B) reduces the effects of disturbance
and noise signals in the forward
path .
(C) increases the reliability.
(D) eliminates the chances of instability

07. If a step function is applied to the input -
of a system and the output remains below
a certain level for all the time, the
system is . :
(A) stable . (B) marginally stable
(C) not necessarily stable (D) unstable
08. The condition that all roots of the
following polynomial
as’ +ast +ags+a3=0
(A) aj;2>a0a; - (B) aa>amm
©) aiy>am (D) aia>am,

09, Which of the following statements is in

~ corrent? .

(A) If the output response to a bounded
input signal results in constant -
amplitude or constant amplitude
oscillation, then the system is
limited stable

(B) If a system response is stable for all
variation of its parameters, it is
called absolutely stable system

(B) If a system response is stable for a
limited range-of variations of its
parameters, it is called conditionally
stable system

(D) If a system output is an oscillatory
signal for a sinusoidal signal, itis -
called relatively stable
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10. If a system. is subjected to an unbounded KEYS:
input produce-an unbounded response,
then the system is @Cc @D (3)C @#)D (5B
(A) nothing can be predicted about its ©®B (7C-®B D (10)A
stability . '
- (B) absolutely stable
(C) unstable
(D) stable ,

4.2 ROOT LOCUS TECHNIQUE

It is the graphical répresentation of the roots of the characteristic equation, then the variable

parameter is varied from 0 to co.

1) Root Locus (RL) (K-> 0tow )

2) Complementary RL (K- 0to-0)

3) Complete RL (X - -0 fow)

4) Root contour ( Multiple parameter variation )

Concept of Root locus :

It is not possible to plot the root locus if there is no variable parameter in characteristic equation.

Classification of stable systems: = o

1) Undamped system (roots on imaginary axis i.e., real part =0)
2) Under damped syster  (imaginary but real part is négative) 7 7
3) Critically damped (roots are real and same) -

4) Over damped system  (roots are real and different)
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Rules for the cohstruction of Root locus :

* The root locus is always symmetrical with respect to the real axis.

* The root locus always starts (K= 0) from the open - loop poles and termmates (K— oo)
on either finite open — loop zeros or mﬁmty Thls statement is valld only if P= Z

* The number of separate branches of the root locus equals either the number of open -
loop poles or number of open ~ loop zeros whichever is greater.

N=P,if P>Z -
_N=Z, 1fZ>P

* A section of root locus hes on the real axis if the total number of open — loop poles and zeros
to the right of the section is odd.

* The value of K’ at any point on the root locus can be calculated by using the magmtude
criteria. .

Product of polés rhagn_itude (or length)

K =
Product of zeros magnitude (or length)

* fP+Z , some of the branches terminate at ‘0’ or some of the branches will start from ‘0’

If P>Z, (P - Z) branches will temiﬁate at ‘w’,
If Z>P, (Z-P) branches will start from ‘c’.
— Whenever any branch will terminate at ‘w0’ means that a zero is located ét ‘0’,

" — Whenever any branch is start from ‘o0’ means that a pole is located at ‘o’. -
* The angle of asymptotes :

If P>Z, (P —Z) branches will terminate at ‘o0’ along stralght line asymptotes whose angles
are < . B - B . - v.':--- S R

g2g+ 1) 180°
P-z

- If Z>P, (Z~-P) branches will start from ‘e’ along straight line asymptotes whose angles are

(29 +1)180°

Z-p
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Centroid : The asymptotes meet the real axis at-centroid.

* Sum of real parts-of poles — Sum of real parts of zeros

P-Z

* Intersection points with imaginary axis : The value of ‘K’ and the point at which the
Root locus branch-crosses the imaginary axis is determined by applying Routh criterion to
the characteristic equation.The roots at the intersection point are imaginary. . -

* Break —away point and break — in point :

Break —away point is calculated when root locus lies between two pofes.
Break — in point is calculated when root locus lies between two zeros.

. : dK
Break —away or break — in point is calculated by solving! — =0
s _ : o _ ds g

Procedure :

a) From the characteristic equation (C.E.) -

b) Rewrite the characteristic equation in the form of K = f(s)
¢)dK/ds =0

d) The root of dk /ds =0 gives the valid and invalid break point
¢) The valid break point which must be on root locus branch

* Angle of arrival :

It is applied when there are complex zeros.

[a = 180°+ ¢ |

where ¢ = Zpoles - £ zeros

* Angle of departure : -

It is applied when there are complex poles.

[6p=1800—p |
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Complementary Booﬂocus :

In this the magnitude criteria remains same but angle criteria changes.

7

ie., ZZeros—ZPoles = even multiples of &

(2q) 180°

1) Asymptotic angles = —————
' P-Z
2). Anglé of departure = 180°—¢

where ¢ = époles - £ zeros

3) Angle of arrival = 180° + ¢

-4)- A point on the real axis hes in the complementary RL, if the number of poles and
zeros to the right side of any point is a even number.

Example : Sketch the complete root locus for the system having

K(s+5)

G(s)H(s) = ——m
- (5% + 45+ 20)

Sol: Step : Number of polesP=2, Z=1, N=P-Z '

" One branch has to terminate at finite zeros =— 5 whileP-Z =1 branch has to
terminate at oo,

Starting points of branches are , -2+ j 4.

Step 2 : Pole-zero plot of the system is shown below.

- y )
NRL NRL
N ary -2 0

One breakaway 3 -j4

" Point
Step 3: Angle of asymptotes

(2q+1)180°
0= —mm | q=0
P-Z
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Step 4 : Centroid.
As there is one branch approaching to oo and one asymptote exists, centroid is not required.

Step 5 : Breakaway point.
1+G(s)H(s) = 0 )
s +4s+20+K(s+5) =0 .

dK .
— =0 = -s(s+10)=0.
ds

s =0 and s =—10 are breakaway points. But s = 0 cannot be breakaway pomt.
Hence s = -10'is valid breakaway point.

.Step 6 : Intersection with imaginary axis.

Characteristic equation ,
s2'+4s+20_+K(s+5) =0
R+sK+4)+Q0+5K) = 0
Routh’s Array can be formed as below :

s? 1 20+ 5K
st K+4 0
s 204K

* Kuar = =4 makes s row as row of zeros.

But as it is negative, there is no intersection of root locus with imaginary axis.

Step7: An_gle of departure. . - S

R C oy 4
gl
~ - x
. ~5 - -2 0
: de1
B N
HE, g = a0 @) = 533
$=Zk-Thr = 3686 S
da = 180°— ¢ = +143.13° at —2+j4 pole.

b = —14313° at —2-j4 pole.
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— 0
R $a=+143.13

N y
© < :
6,=180° "% -5 Co-2 0
YA
A
65 =-143.13°

Step 9 : Prediction of stability

. For all ranges of K i.e., 0 <K < . both thie roots are always in Ieﬂ half of s-plane.
So system is inherently stable. -

Example : Sketch the complete root locus of system having

K

. &(s) H(s) =
sG+1)(s+2)(s+3)

Sol.: Stepl:P=4,Z=0&N= 4 ie., four branches in the root locus.
Step 2 : Al four branches starts from open-loop poles and terminates at .

_ Qq+1)180° - -
Step 3 © Angle of asymptotes = —————— = 457, 135°, 225%, 315°
4
L 0-1-2-3 2
Step 4 : Centroid = ———— = -15
4

Step 5-: 'Breakaway point

K=-s"-68~11s-6s

dK
— =0 =>s=-15,-0.381,-2619
ds

Here, - 1.5 lies in the root locus and - 0.381, & 2.619 lies in the complementary
root locus.

ACE Academy _ STABILITY 49
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Step 6 : Intersection of root locus imaginary axis.
Characteristic Equation ~ s*+6s’+ 115 +6s+K = 0
st L 11 K
s 6 6 0
s 10 K 0 ’
s! (60 - 6K)/ 10 0
£ |- kK
60-6K=0 " L Kpe=+10
: Auxiliéry equation :
10$+K =0

AtK=10, =-1, s = %j
Step 7 { Complete root locus.

é|=450
A
/j' Kaer= 10

_ _- ,"" ’ Breakaway
;/ point = ~0.381

0

[ ~

S\
—-g,=315°

Step8: For0<K l<ll_0, system is absolutely stable. AtK = 10, system is marginally
stable oscillating with 1 rad/sec. For K > 10, system is unstable.v
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“Complementary Root Locus : . o . .
Root Locus Plots for Typical Transfer Functions :

Step1: P=4,Z=0&N~= 4 ie., four branches in the root locus.

. G(s) Root Locus -
Step 27 All four branches starts from open-loop poles.and terminates at co. ' e
. A
(2q) 180° . K Root locus ~ T
Step 3 : Angle of asymptotes = = 0°, 90 180°, 270 L. < Ry o
) v e 4 RO ) sTy+1
0-1-2-3 , — joo
Step 4 : Centroid = =15 _ Y
| 4 K )
Step 5 . Breakaway point 2. . ' o l-‘/‘{Tz °
: T+ 1) (sTy+1) b
=-st-65-11s~6s X _
dK o jm
— =90 = s=-15,-0381,-2.619 M
ds - _ K / - .
3. - *———{ c
T+ 6T+ )T +1) e w
Here, — 1.5 lies in the root __loéus and - 0.381, & 2.619 lies. in the complementary root locus.
K .
- 4. — ] > O
3L ~ S
] . — o
. o K,
RL of system with transportation lag : _ 5, —— H— > G
R SR T TR g Do s(sTy +1) _'”T‘ : ’
f(t) - t C(t - D -
System |———
t t j
U o) L T
. LT Output ] C(s) e 5t K . / .
Transfer function = — = — 6 —x% ¥* >c
. L[Input] R(s) sETi+1D)(sTa+1) 1Tt -UT \
N . . e s .




52 Contrql Systems ___ACE Academy

11, —

jo
K(sTy+1). |
7. — SN
S(ST|+1)(ST2‘+1) “HT2 -1/T -1ITH 9
jo
K
8. — — . ey
. §2. - . Y
K
9. -
s T+ 1)
K(sT.+1)
19 —8™
Ts2sTi+ ) ST U
- i S
. - Jo
KT +1)
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OBJECTIVE QUESTIONS

1. The root-locus plot is shown alongside.
What is the transfer function ?

Jo

-
k=4

/\%

Re 8

4 4
@ 57 O e

4 : 4
© G @ Ty

02. The asymptotes and the break point
coincide at s = - 2. The transfer function

can be
K
@ G )E+D
K(s+2
® G+ 6+2)

© =
s+D(s +2)(s+3)

03. The transfer function is
K
+h)(E+2)(+3)

The break poinit will lie between

ay-0and=— 1 b) —land-2
¢) —2and-3  d) beyond -3

04.A unity feedback system has an-open
loop transfer function
P S
GE) s (s2 +45+13)
The centroid of the asymptotes of the
root locus plot lies at P
a) -4 b) - (4/3)
c) 13 d)-10
05.The open-loop transfer-function of an
. unity feedback system is given by

. S —
GE= +D)(s+2)6+I)
The number of asymptotes of the root
* Jocus plot that tend to infinity is given by

a) 3 b)1 " )2 d) 4

* 06.The open-loop transfer function of an

unity feedback systgm is given by

GO Ts+ne+d
The breakaway point of the root locus

plot is given by _
a) —0423 ) b) -0.523
¢) —0.700 d) =05
07.A unity feedback system has an open-
loop transfer function
K

GO= S r4s+13)
. The angle of asymptotes are given by
a) 45°135°,225°  b) 60° 180°, 300°
c) 90°, 180°,270°  d) 45°, 90°, 135°
08. The open-loop transfer function ofa
feedback system is

- GEOHE) = T 1y (T 45+20)
The four branches of root-locus
. originate at .
-~ a)-2,-3,-1+j4,-1-j4
b) -1,-2,-3+j4,-3-4
¢) 0,-4,-2+j4,-2-j4
d) 0,-2,-1+j4,-1-j4
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-09. The open-loop transfer function ofa .
feedback systemis
The.real axis segments of the root locus
lies between
a) 0 and-1; -2 and —3; -4'and—oo
b) -1 and -2; -3 and - 4
“¢) —land -1:5; ~3.5and -4 -
d) land2; 3and4 -
10. The main objective of drawmg the root
locus is .
a) To find the tlmeresponse of the
. system . .
b) To find the frequency response of the
system

¢) To find the roots of the characteristic _

equation for different values of
system parameters

. There are three zeros and two poles of
GH(s). There will be

-a) ‘Three root loci b) Two root locn
‘¢) Fiverootloci  d) One rootlocus -

12. The root loci :
~a) Start from zeros and end at poles
'b) Start from and end at infi nity
c) Start from poles and énd atzeros and
infinity
d) Start from zeros and end at poles and
-~ infinity - .

—

13. For the root locus, the phasé angle

criterionis =~ - L
.a) Odd multlple of180° _

© . b) Even multiple of 180° < <

— ¢) Odd multiple of 90°
d) None of the above

"14.'For positive value of K and negative

feedback, the root loci exist on the real
axis only in those parts . -~

a) Where odd riumber of poles and zeros

- present to the nght of a: pomt.
zeros present o thie nght of the point.
©) Where odd numbet of poles and zeros
present to theleft of the point.
d) Where even number of poles.and
zerospresent to the left of the point.

" 15. For negative feedback system, for

complementary root locus
(K varied from 0 to —oo) the phase angle.
criterion is :

" a) Odd multiple of 180°
b) Even multiple of 180°
¢) Odd multiple of 90°
d).270° only '

_ 16. The intersection df the asymptote is

- ACE Academy

given by
@) x= 2. Poles of GH(s) —X Zeros of GH(s)
L p-z
' z Zeros of GH(s) 3. Poles of GH(s) §
®B) x= : p-z 3
(': _ Poles of GH(s) +. Zeros of GH(s)
- Ox= : p-z v
- % Zeros of GH(s) - X Poles of GH(:L'
© x= piz

17. The angles whlch the asymptotes make
with the real axis is given by

@n+ya
@4= (ora

-1

— T : -1
@¢= ((2:.-2“)1:

18. The intersection of root locus with the

imaginary axis is obtained

a)-By putting jo = 0-in GH(s) .

b) By putting real part-of GH(s) =0

-c}+From Routh array of 1.+ GH(s) find,
criticat value of K and find @ from
the auxiliary equation of a row.

d) From the Routh array get auxiliary
equation and getK

19. The break away points are obtained by
a) Putting 1 + GH(jo) = 0 and solving
for @
'b) Putting GH( jo) = 0 and solving for ®

c) Differentiating 1 + GH(s) with respect .

to s and equating (dK/ds) =0
d) Differentiating 1 + GH(s) with
respect to @ and equating (dK/de) =0

20. The spirule isused . .
a) To draw the root locus only
b) To draw the root locus and
calibrate it in terms of variable
parameter
¢) To find the closed loop roots only
d) Tofind the damping ratio only

Key for Objective Questions :
.d2.d 3b 4b 5c¢ 6.a
7.b 8.¢c 9.a 10.c1l.a I2.c
13.2 14,2 15. b 16. a 17. ¢ 18.c
19.¢ 20. b

JTO PREVIOUS QUESTIONS:

01. The root of a system has three
asymptotes. The system can have.
(A) four poles and one zero .
(B) three poles '
(C) five poles and two zeros
(D) all of these

02. Root locus diagram can be used to
determine -
(A)conditional stability
(B) absolute stability
(C) relative stability
(D) none '

03. The value of K for which the system.
§* + 3% + 35+ 1 + k = 0 becomes stable is

(A)K=8 . B)K=17.

(©O)K>7 "~ '(D)None

04.The transfer function of a closed — loop
system is this system is
(A) marginally stable
(B) conditionally stable
(C) unstable (D) stable

STABILITY - 55

05. The intersection -point of the asymptotes
forG(sYH () =K/s(s+5) s+ 10)is
»o {B).-5
©)-10 (D) -

“06. The angle of departure at complex

conjugate pole -1 + _]l to the system
GE)HE) =k/ (¢ +23+2) is

(A) +180° ®)- 180°
©+90° . - D) -9¢°

07.A root locus is symmetrical about
(A) imaginary axis
(B) real axis

(C) Both real and‘lmagmary axis
(D) None - '

Previous PSU’s Question

01.The charactenstlcs equatlon of a system_
is given by3s +10s* +552 +2= 0.
This system is -
(A) stable (B) marginal stable
©) upistable
(D) data is insufficient

02. A control system has -
K

(s +apsPHas+ 20)

for (0<K <o),

What is the number of breakaway

points in the root locus diagram?
_(A)One . (B) Two
(C) Three " (D) Four

03. By a suitable choice of the scalar
parameter ‘K’ the system shown in
figure can be made to oscillate
continuously at a frequency of

T et S (1

G(8).H(s) =

r( s(s+2)(s+8) 1——
(A) I radisec - (B)2 radisec
(C) 4 radfsec - (D) 8 rad/sec
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04. The intersection of asymptotes of root
loci of a system with open loop
transfer function is

K
ClEMHE) =S+ 1 6+3)
(A) 144 " (B)1.33

(C) -1.44 (D)-1.33

05. The value of ‘K’ for which the umty _
feedback svstem
T

Crosses the imaginary axis is

A2 .(B)4

©¢ D)48

06. The root locus of the system

K .
. G(s).H(s) = SEF) 6.
has the break — away point located at
(A) (-0.5,0) (B) (-2.548,0)
©) (49

(D) (-0.784,0)

07. The transfer furiction of the system is
25 +65+5 - '
TErErY

, the characteristic equation of the
system is
A)2 +6s+5 =0 . .
®) s+1) c*+2)= 0___. T
(C)252+6s+5+(s+ (s +2)= =0
D)2s* +6s+5(s+ 1y (s+2)\—

08. Which one of the following
techniques is utilized to determine the

actual point at which the root locus--———

crosses the imaginary axis?
(A) Nyquist technidue

(B) Routh — Hurwitz criterion
(C) Nichol’s criterion .

(D) Bode techniquie

09.Th\e root locus plot of the system
héy_j\ng the loop transfer function

K
Gs)- Hie) = — S v ayTr4as+5)
has

(A) no breakaway:point
(B) three real breakaway point
. (C) only one breakaway point
(D) one real and two complex
breakaway points

10. The open = loop transfer function of
unity feedback control system is

SO Hra e

- The system is stable, if

(A)0<K<-(&bb)

_ab
B 0<K<Th @rb)

(C)0i<K< ab (a+b)
(D)0<K<2 (a+h)

KEYS :

JTO:

-(1)D.(2) CT-*TD (4) c (S)B—“

©cC (7)B o

PSU’S :

“(E@CEC @D ED.

6)D (7)B (8)B- (9)B (10)C

K ,0<axgh,

CHAPTER -5 FREQUENCY RESPONSE ANALYSIS

The various frequency response analysis techniques are
1) Bode plot
2) Polar plot S
3) Nyquist plot ' T
4) M & N circles : ) : s
5) Nicholas chart

1) Bode plots:

It is used to draw thefrequency response ot a upen toop and closed-loop system.
The representation of the logarithm of | G(j®) | and phase angle of G(jw), both plotted against
frequency in logarithmic scale. These plots are called Bode plots.

~Bode Plot of first order system :
' |
Let the Transfer Function =

1+Ts
subs. s;—‘j ®
' 1
TF. = ——
l1+joT
1

M= ——— ; b=
\Il'+((-nT)2

—tan"(m’l‘)

M = 20 log = —10log[l1+ (@T)*].

J1+((,)T)z
' 0)<<1/T : ' o<<1/T ) _' .«.<1-/-r S
| : /T >
. Mgp=10log1 . Mg = — 10 log (@T)?
20 = =20 log T

-20dB/dec

Therefore, the error at the comer frequency @ =1/Tis..
~10log2+10logl = ~3dB

The error at frequency (@ = 1/2T) one octave below the comer frequency is
~10log (1+%)+10log 1 = ~1Db -
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Bode Plot of second order system :
o,
TF. =
s2+ 20w, s + @2
. subst. s=j @
o2
TF. =
-0+ j2Ca, 0 + o
Divide with ‘@,?’ : T
I
R —— [p=a/w,]
(=) +joy
; 1 2p
M= - . ¢ = —tan"[——]
N -+ 2ep) [—p?
M = - 1010 [(1-p)2+ 4 ¢7p? )
Case ) When p<1 = (0/ o<1 = o<o, I
Map= -10log1 = 0dB —>0
©n
. Case2) When p>1 =@/0)>] = e>a, l \- 40.{a/dw

M= ~10logp* = -4010gp

The etror between the actual magnitude and the asymptotic dpproximation is as given
below. 7~ — -

- For0 < p <<l theerror is
~100og [(1 - p*)>+4 6221+ 1010g |

i
i

and  for I < p <<, the érror is

~1010g [(1 ~ )2+ 4 7 1+ 40 log

)

Freq‘uency Response Analysis

oY

ACE Academy .

Bode Plots for Typical Transfer Functions :

Bode Plot
G(s) / :
- o _ 0 dBloct
I. "
ST +1 D>
| 0dB ey \ log @
_ _ - 6:dB/ oct
K M
) _ =20
T TIA T ) —
ST+ DT, 0dB utt uT \oge’
- _ 40 dB/dec
K
3 . E i\- 40 dB/dec
Ti+ DT+ D To+ 1) '
T )( 2 0d8 YT VT2 \l_/TJ logw
) 60 dB/dec
.. M - -
) K . ) “N\- 6 dB/ oct
L —— o 1
s T RN e
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/
ML -20dB/dec
K 1 .
ST+ 1) T N g
- 40 dB/dec
K - M <20 dB / dec
6 — M8 M N 40 :
sETi+1)(T+1) 0dB —T
VT X: -
- 6(NIB / dec
M - 20 dB / dec
K(sT,+1) : .-‘wdb T2
7. "0dB )
sETi+1)(sTy+ 1) VT VT \ZOdB/dec
- 40 dB / dec
K M
8. = -40 dB/dec
s 0dB . - \ —logm
M
- 40 dB/d
KT, +1) *
9. — OdB ~20 dB T 1
3 T ——0g ©
s° (sT; +.1) Vs N
L (..*.L""} . Bl } \ ;
. - 40 dB/dec
M
K
60
10, ——= l\B
3 Y
B s 0dB \log.(o
M
60 dB/d
KT+ 1) \ *
"n — 0dB
3
s N UTs \ -40 dB/dec
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2) Polar plot :
The sinusoidal transfer function G(jo) is a complex function and is given by
G(j) = Re{G(0)] +] In[GGo) ] |
o Gle) = |Ge)| GGe) = ML
- from above equation, it is seen that G(jo) may be represented as aphasqr of
magmtude Mand phase angle ¢. As the mput frequency ®is vaned from 0 to o, the magnitude

Mand phase angle ¢ change and hence the tlp of the phasor G(j(l)) traces a locus in the complex

plane. The locus thus obtained is known as polar plot.

When a transfer function consists of ‘P poles and ‘Z’ zeros,-and it doesn’t consist poles

at origin then the polar plot starts from 0° with some magmtude and termmates at— 900 x(P~2)

with zero magnitude.
* When a transfer function consists of poles at origin, then the polar plot starts from

- 90° x no. of poles at origin w1th o’ magnitude and ends at — 90° x(P-2Z) wnth Z€ero

magmtude

2) Nyquist Stability Criteria :

It is used to determire the stablllty of a closed-loop system using polar plots. This
concept lS derived from complex analysis usmg ‘Prmclple of Argument’.

G+Z)(s+ Zz),

> (1
(s+P) (S +P) -

Let G(s) =

Charactenstlc Equatlon ie, l+G(s) o

G+Z)(+Z)
14G@) = 1+ ———
(s+P)(s+Py)

G+P)(+P) + (+Z) (5 +7Z2) _
= - . > (2)
(s+ PiT(§ +Py)
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Erom (1) and (2), the open-loop poles and CE poles are same.
s+Z) 6+ Z2)

CE. = —m— —_ (3 ;
+P)(s+P) -
GO +Z)(sHT)
Overall transfer function = - = - )]

1+G(s) +Zi')s+22"

From: 3) and (4), the C.Ezeros-and closedoloop poles are same.

—For the closed-loop system to be stable, the zeros of the C.E should not be located on the right
half of the s-plane.

Using Principle of Argument . \ .
Q(s) = 1+G(s) :

Consider a contour as shown which covers the entire '
right half of the s-plane. If each and every point is along the _
-boundary of the contour is substituted in C.E according to the principle of argument.

"The no. of encircles with respect to origin, N = Z - P

where Z and P are the zeros and poles of the C.E I6cate¢inside the contour or located in right
half of the s-plane.

For the closed-loop system to be stable, Z = 0.

—For the open-loop system to be stable, P =0, then N=Z.
In N=Z-P,Z becomes ‘0’ only if N=0 [ q(s) contour shouldn’t encircle the origin ]

If the open-loop system is stable, the ¢ closed-loop system will be stable only if the Nyqunst
contour, doesn t encircles erigin.

—For the open-loop system to be unstable, P # 0.
«If the open-loop system is unstable, the closed-loop system will be stable only if the
Nyquist contour encircles origin in clockwise direction. The number of encirclements should be

equal to.the number of open-loop poles located inside _the,cilmtotzx.r.

ACE Academ

Nyquist Plots for Typical Transfer Functions :

Frequency Response Analysis

. (S_T] +]) (sTy+ 1)

- Gls) Nyquist Plot
K .
=0
N Tl +1 - Mu‘:q’
: o

K

T Tat D Ta+ 1)

+ 1\

g
I
:

.

K

CsGT+ 1)

K .

CSETiHD (Tt 1)

]
=

=1

]
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7.

KT+ 1)

sETi+1)(sT2+1)

K o ’
8. o =01 o=
s? k‘\" ¥
K(sTy+1) K 3
'--’>\ o=w |
9, ——m = :
. (3 OO g :
: st (sTy+ 1) ® -1 F
. ‘;;::“~\\‘
K ,’fl S
10. — N sl
Ty T
§3 T 1
K(GET.+1) Ralit Y
n — HIEER 1LY
s? - I‘p" -1 :
SN ¥
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4) M & N Circles

Constant Magnitude Loci : M-Circies

M~ circles are used to determine the magnitude response of a closed-loop system
using open-loop transfer function.

ofa umty feedback control system is a complex quantity and can be expressed as

Since

or

or

G(jo).1=x+jy

C(jo) . .G(jo)
R (jo) 1+G(jo)
x+jy
M= —
l+x+jy
. NXTty
. M=

-(1-MYHx?

: 2M?

xi- — x+y? =
' (1-M?)

M2 )2
Add [ - J to both si
1-M?

2M?

- X
(1-M?

MZ 2
(x— J +
=M

_ V(1 +x)?+y?
. On squaring on both sides and simplifying following equation is obtained :

—2M*x+(1- Mz)y = M?

(1-M?)

des, -

- [

For dlfferent values of M, above Eq. represents a family of circles with centre at

M2

a-Mm?y

-

MZ

It is applicable only for unity feedback system. The open-loop transfer function G (jo)

Xx= (M /1-M? ), y=0and radius as(MZ/ 1-M?).0n a particular circle the value of M
(magnitude of closed-loop transfer functlon) is constant, therefore, these circles are called M-

CII‘CICS

table and M-circles are-drawn in the following figure.

The centres and radii of M-circles for different values-of M are given in the following
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M centrex =M*/1-M%y=0 Radiusr=M/1-M?
105 033, 0.67
3 1._0 © ®©
12 =327 273
1.6 -164° 1.03
20 133 0.67
M=1 y
-0.5\ 0f. 0533 > .
X

. 1{1 G (jo) Plane the Nyquist plot is superimposed on M-circle and the points of
intersection that gives the magnitude of C (ji)/ R (jo) at different values of ‘@’.

Constant Phase Angles Loci ; N-circles:

N —circles are used to determine the phase response of a cIosea' -loop system usmg open-

loop transfer function.
by
Cla) _ ,_xtjy -
'LR(ju)) - Ll +X+xy

The phase angle is denoted by ¢, therefore,

The phase angle of the closed-loop transfer function of a unity feedback system is given

¢ =tan”'(y/x)-tan”'[y/A+x)]

or tan §

or - tan ¢

tan [tan"(y/x)J

tan {'tan“('y"lx)_—tah"{y/(l +x')]}!',

~tan [tan"'[y/ (1 +x)]]

1+ tan[tan"(y/x)].tan

(y/x)-[y/(1+x)]

i+(y/x).[y/(17-—x_)]

y .

x2+x+y2

(' [yr 1 +x)1)
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e

Substituting tan ¢ =N in above equation
y

N = ——

xt+x+y?

or " x2+x+yl-(y/N) =0

1 1 . |
Add [—-— + ——] on both sides . P

4 4N?

el )
« [5][ K}(L_‘N_)

For different values of N, above equation represents a famlly of circles with centre at x=-%,y
=1/2 N and radius as

T . '
4 T 4N?
On a particular circle the value of N or the value phase angle of the closed-| loop transfer

function is constant therefore these circles are called N-cxrcles

¢ |N=tan¢ centerx=-%,y=1/2N Radius R =V 1/4 + 1/4N?
-90° w ) 0 : 05 .
-60° | —1.732 ~0.289 - 1 0.577
-50° | —1.19 -0.42 0.656
~30° | -0.577 0.866 _ . 10
-10° | -0.176 =284 288

i 0 - i T T ©
¥10°H 0176 f— _ . 284 - _ —-2.88
+30°] 0577 0.866 1.0
+50°] 119 0.42 ‘ 0.656
+60°) 1.732 0.289 — 0.577
+90°| o 0 0.5
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. —60

-30

Cutoff frequency and Bandwidth :

" The closed-loop frequency response of a system is shown in the figure. The
response falls by 3 dB from its low frequency value to a frequency value «.. The frequency e,
is called cut
Off frequency and the frequency range 0 to ¢ is called the bandwidth of the system “The
resonant
Peak M; occurs at resonance frequency ;.

. [3
" The bandwidth is defined as the frequency at which
The magnitude gain of the frequency response plot reduces
tolN2 = 0.707 ; i.e. 3 db of its low frequency value. 3 db.TL
For a second order system 0 v
ot - H&NDWADTH -
M(S) = ' '

§24 2Lwp s + @’

The bandwidth of a second order system havmg non-zero magnltude at o= 0 is given by

The resonant frequencyis o, = m,.. N1 - 2§7

.......................

Frequency Response Analysis 69
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5) Nichols Chart

The transformation of constant — M and constant — N circles to log-magnitude and
phase angle coordinates and the resulting chart is known as the Nichols chart.

iImG

G(s)-plane

Re G

OBJECTIVE QUESTIONS

" 03. The polar plot of a transfer function is
shown alongside. It can be stated that

01. In a polar plot, the curve was found to
cross the negative real axis at —1.2. Then

ImG
a) The gain margin is'1.2 and the system
N is stable. / =00
b) The gain margin is 0.833 and the - — Rc G

system is stable.
¢) The gain margin is 1.2 and the system _ 6
isunstable.” - - - R O)T
¢) The gain margin is 0.83-andthe —
system is unstable.

than the finite pole
b) the finite-pole-is closer to. the origin
than the zero is )
~-_¢)-the system is unstable

02. The polar plot of a closed-loop system

with a transfer function - is drawn

+~GH d) the system is non-t_ninjmum phase
a) G b_) ] 'PGH =04 The pol.ar plot is drayvn,,
: . a) decibel versus @
¢) GH d) = GH' b) decihel versus 1ogLy

¢) decibél-varsus phase angle
d) magnitude and phase
incorporated in the x ~y plaﬂé_."”—

a) the finite zero is closer to the origin
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*05For a transfer function with pure
- transportation 1ag, the polar plot is

a) a'semi‘circle with centre at (1, 0) and
radius 1 in the clockwise direction.
b) a semi circle with centre at (- 1, 0) and

radius 1 in the anti-clockwise direction.

c) acircle with origin as the centre and
radius 1.
_ d) polar plot does not exist.

06.By substituting s = je, the frequency
response plot gives

a) transient response of the system

b) steady state response of the system -

c) initially transient and then steady state
response -

d) none of the above

07.The polér ploi,of a system with transfer
" function '

K
CE=5G+D

for +ve T and —ve K will be

a) in the first quadrant

b) in the second quadrant
c) in the third quadrant
d) in the fourth quadrant

08.Which of the following transfer function
is anon-minimum phase transfer
function ?
@ s+ 1)
(s+2)(s+3)(s+4)

(s+D(s+2)
® (s+3)(s+4)

10+ D)
© 613 _

s+ 1

© —62)s+3)

09. In the G~ '( jo) plane, the constant phase

angle loci are )

a) straight lines passing through the”’
origin '

b) straight lines passing through (-1, 0)
point ’

c) straight lines passing through (1, 0)
point

d) some pass through (-1, 0), some pass
through (1, 0) and some pass through
origin.

10. The inverse polar plot is the plot of the
following sinusoidal transfer function

a) G (l/ jo)
|

G(io)
) 1

. G(l/i0)
d) None

b)

=~

ey: .
d 2.¢ 3.a 4.d 5.¢ 60
a 8d 9.2 10.b

-

OBJECTIVE QUESTIONS

01. A stable feedback control system has
open-loop transfer furiction with a pole at

RHP and zero at RHP. The
_ corresponding Nyquist plot will

a) ‘encircle (~1, j0) point in counter
clockwise direction once.
b) have anti-clock\?'Ze encirclement of
{he (-1, j0) poinf once. :
¢) encircle (~1,j0) point as many times
in the counter clockwise direction as
the number-of LHP poles of the
closed-loop transfer function.
d) no encircle (~1, j0) point at all.

ACE Academy ACE Academy
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02. Nyquist plot can be used

a) only to find the closed-loop poles in
the right half plane.

b) ascertain the stability only.

¢) to find the open-loop poles in the
right half plane.

d) to find the number of closed-loop
poles in the left haif plane.

03. Nyquist plot of a system is shown
- ..— alongside. What is the type of the

system?

iG
Q= 0=0
- ReG

@

B0 bl 92 &3

04, Nyﬁuist plot of a system is shown in

" alongside: The system is

ReG

. a) marginally stable

| - ‘b) cqnditionalllst‘ab!g

c) stable
d) unstable

_ 05. The unit circle ofthe Nyquist plot
" transforms into 0 db line of the amplitude

plot of the Bode diagram is

a) atzero frequency
b) at low frequency
¢) at high frequency
d) atany frequency

06. A unit-feedback system has an open-loop
transfer function

G(jo) = :
jo (j020+ N((jooso+1)

The phase cross-over frequency of the
Nyquist plot is given by

a) lrad/sec  b) 100 rad / sec
c) 10rad/sec  d) 0.1 rad / sec

07. If the Nyquist plot of a certain feed.back"’*
system crosses the negative real axis of
—0.1 point, the gain margin of the
system is given by .

a) 0.1 b) 10
¢) 100 d) 200

08. The Nyquist plot (for positive
frequencies) of the open-loop transfer
function is shown in figure.

The gain margin is

.02 3.0

N

3

2 .3 94 IS~

09. The Nyquist plot given figure
corresponds to the system whose transfer

function is
m=m/q_/\m=o
i ' l‘r
@ (s+1)5 ® s +1)
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10. If the gain margin of a certain feedback
system is given as 20 dB, the Nyquist
plot will cross the negative real axis at

the point
- a)s = -0.05 b)s = -02
os=-01 d) s = -0.01
Key :
I.d 2.d 3. a 4b 5d 6c
~7.b 8d 9 borc 10. ¢

“Objective Questions

OL.If the phase ¢ which is the angle between
radial line connecting a pole and origin is
equal to 45°, then the peak overshoot is
a) 05% b)-1.2%

c)3%_ d) 432%

02. The denormalised bandwidth for a
particular value of @, and damping
factor £ is

2) @ V187 b) (@, +57)»?
©) o1 - 262+ V2474 4C7 )
d) on 1-267+V2-402+4¢* 12

03. The resonant and damping frequency of
a certain system was found to be 7.07
rad/s and 8.666 rad /s respectively. The
real co-ordinate of the dominant pole is :

a)-8.12 - b)-7
¢) ~6.65 d) -5

04. Large bandwidth corresponds to

""a) small rise time and suppresses noise
b) small rise time and increases noise
¢) high rise time and suppresses noise
d) high rise time and increases noise

05. The resonant peak-of a second order
system is given by

a) Mp= exp (Lo, / V1 - 2C?)
b) Mp= @, V1 - &2

_ 1

IM= T
R

9 Mp= 2N1-262

06. The centre and radius of a constant M
circles are given by

M M
=—2— =0, =
a) x -3 y r (1-M?
M M
b) x = ,y=0;r=
M3-1) M2-1)
M? : M
) x=—3— ,y=0;r= —5—
) X M2-1) )
. M? M
d) x = ;y=0;r=
U VeI A L VE
M M
07. The centre and radius of a constant N
circles are given by ‘/—2—-
‘ g N+
a)x=—(l/_2),y=(1/2N_); (2N b
INT+ 1)

b) x=—1/2), y=(|/2.N); ==y

WNTLD)

c) x——-(l/2),y —(1/2N},r-— N

a) x='—(1/2),y=—(l/2N);r=‘%+—l)

08. In the G ~'( jo) plane, the constant M
circles has the following centre and
radius.

a) (%y) = (-1,0);r
b)'(xsy) = (+1’ )
9 (xy) = (-1,0); ‘I/M
d) xy) = +1,0);1=1/M
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09.Undamped natural frequency o, and

resonance frequency o, of a unity
feedback system with open-lop transfer
- function (M. Gopal)
2

©n
G()y=—————— ; L<lN2,
s(s+28w,)
are related as
a) 0= b) @, >
c) O, <O d) None

10. Undamped natural frequency @, and
bandwidth @}, of a unity feedback system
*-with open-lop transfer function
o,’
G(s) =
s (s +2€w,)

are related as

a) O; =0
") @p <y

b)' ®y > Op
d) None

~

ey _
d 2.d 3.d 4b s5.d 6.d
.a 8¢ 9 b 10. ¢

\1—

JTO PREVIOUS QUESTION:

Ol The bode plot is applicable to network
(Ayall phase
(B) maximum phase
(C) minimum phase
(D) none —

the following

(A) Relative stability
(B) Absolute stability
(C)Both Aand B
(D) None -

03. The frequency range specification

' required to satisfactorily describe the

system responsible is?
"~ (B) band width
{D) all of the above

(A) resonance
(C) voltage

- 02. Nyqunst crltenon is used to find which of

04. Band width of a contro! system is used as
a means of specnfymg its performance
relating to ?

(A) stability of the system

1(B) speed of the system

(C) constant gain-of the system
{D) none

05. can be extended to systems
which are time — varying?
(A) Root locus design
(B) Bode — Nuquist stability methods
-(C) State model representatives
(D) Transfer functions

06. When gain K of the loop transfer
function is varied from zero to infinity -
the closed loop system
(A) stability is improved
(B) always become unstable
(C) Stability is not affected
(D) may become unstable

07. Frequency domain analysis is preferred
when dealing with systems having input
is
(A) ramp and parabolic
(B) sinusoidal with fixed frequency
(C) sinusoidal with variable frequency
and amplitude :
(D) non - sinusoidal with lagging power
factor '
08. For gain K log — magnitude curve in
Bode polt is
(A) negative or posmve dependmg
upon the value of K

(B) Zero
(C) negative

(D) positive

09. What is the type of the system, for the
Nyqunst plotofa system shown below"

A1
®)0
©2
D)3
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10. Which of the following statements is not 03. A minimum phase -unity feedback 09. Constant M ciecles have their centre and 12. The polar plot of a lran§t_'er fun(.:tion'
. true for Nyquist criterian? system has a bode plot with a constanit radius as. [(J;aS.SCS through the critical point (-10).
e e slope of -20 db/decade for all M2 M2 ain margin is
A ].ﬂdl;lca‘es the degree of stability of frequencies. What is the value of f: (A &ZM__1"'0J and ( MZ-1 ] (A) zero ®)-1dB
4 stable By stem the maximum phase margin for the f’- (©1dB . (D)infinity
(B)1t’s provides some amount of system?, : ) M
information about.absolute stablhty - : [ -M : 0] g L S
as the Routh Criterion (é) 0’ ] ®)90° ) . ®) Cwe- 1 and w1
-90 180
8 E;;t:;r AorB © @) ? 2 KEYS o
. 04. The b%)de — plot i valid for © E””'!‘_M i ] and | M7 1 L
11LA Tinirx:jumfphasezgxnctifn hﬁs m fmi{e o @A) minimum phase network ) TR 1o - B
poles and n finite Zeros. Its phase angle™ (B) all phase network : M A
atinfinityis © | ©no :_ minimum phase network ©) Pz | and | -1 nHC @C BB @B )
Eg; {I radi)arﬁ/2 p (D) none of the above ©D O C ®A (9B (100D
n—-m radians _ ) - : i i i
(C) (m —n) T1/2 radians """ - 05. The initial slope of the bode — plot . 10. Ny q;ust ptlot shown in the g1 Iv en figure (anc azc
(D) none gives an indication of ’ Is foratype el
. A) zero system
) ) (A) type of the system . ( . A
lz'ﬁ(ﬁ“;:eésﬁi’:‘t’;::?{w[_lhg’h lllas °.“ek(: ~(B) nature of the system time ' (B) one system i ——
1 .H.S. plane is known response . : 2y s e s
as transfer function © sysl::m stability . (C) two system _ ',"
(A) all phase : {D) gain margin- (D) three system /_.' .
(B) minimum phase : - I -
(C)non - minil:num phase 7 06. If the magnitude of the polar plot at )b @B.G)B @A A
h g g . . .
(D) none of the above [p;l ;Sgt‘; :l;(s)ssovqr is ‘a’, the gain 11. The open loop transfer function o.f a (MC @A (9B (10)B (1B
' _ unity feedback control system is given
PREVIOUS PSU’S QUESTION- -~ @W-a B0 Qa2 @) la ' B e (12)B
R . . St - ) $). =
01. If the Nyquist plot cuts the negative 07. In the bode - plot of a unity feed back _ (1 +sT (1 +sTa)
real axis at a distance of 0.4. The . control system, the value of phase of . . . The phase crossover frequency and the
gain margin of the system is G (j) at the gain cross over- frequency __ .gain margin are respectively - —
o S is-125% 'Ihephasemargmof - BT T+ T, -
(A)04 B)-0.4 S _ 77 thesystem is -~ —_— A \/?Ts'? and _1ﬁ_2_
€) 4% ®D)25 (&) 12%0 ®B)-55° . i o2
(C) +55 (D) +125 +
'02. A minimum phase unity feedback : ® JT, T, and L—ﬁ-‘;rf‘ .
system has a Bode plot with a 08. Nichol’s chart is useful for detalled .
constant slope of 0 db/decade for all study-and analysis of . | and __T4T.
fequocis Wil Py a— © A% T
P £ “T7(B) open loop frequency response : )
System? and _TaT2_
: (C) close loop and open loop frequency D) VT; T2 T+ 12
A) 00 900 response . - ’
écg 90° ((gg 180° (D) none of the above .
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GAIN MARGIN AND PHASE MARGIN

Gain cross - over frequency:The frequency at which the magnitude equal to one or0 dB
Phase cross over frequency: The frequency at which the phase angle is equal to -180°.

Gain margin G (In Linear)

-1
[GGw)H (o) |

The gain margin is a factor by which the gain of a stable system is allowed to
increase before the system reaches instability.

The gain margin in dB is
_ 1
GM = 20 logjg ——————— dB
| G(oc) Hjoo) |

Procedure to calculate Gain margin :
1. Calculate Phase crossover frequency

a) by equating phase equation to 180° or
b) by equating imaginary part to zero .
2. Calculate the maginitude at phase crossover frequency and is equal to ‘a’.
3. Gain margin is equal to 20 log (1 / a). ) '
For stable systems as { G(joc) H(jooc) | < 1, the gain margin in dB is positive.
For marginally stable systems as | G(joc) H(jooc) | = 1, the gain margin in dB is zero.

For unstable systems as | G(joc) H(joc) | > 1, the gain margin in dB is negative an.the
gain is to be reduced to make the system is stable.

Phase margin : .
The phase margin of a stable system is the amount of additional phase Iag /required to
bring the system to the point of instability.

The phase margm is given by P.M. = 180° + £ G(s) H(s)

Procedure for calculation of P.M :

1. Calculate ‘@g’ by equating magnitude equation o l’ T
2. Calculate the phase at ® = g
3. PM. = 180"+ £ G(s) H(s).
4. P.M is positive, the system is stable.
P.M is negative, the systém is unstable.
P.M is zero, the systen is marginally stable.

ACE Academy
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JTO PREVIOUS QUESTION

01.Phase margin is the amount of angle
to make the system.

(A) Oscillatory ~ (B) unstable
(C) exponential (D) stable

02. A system with gain margin close to
unity or a phase margin close to zero
is

(A) relatively stable
(B) highly stable
(C) oscillatory

(D) none

03. The phase shift of the second order
system with transfer function 1/sis

(A)-90 (B) 90
(B) 180 (D)-180

04. A minimum phase unity feedback
system has a Bide plpt with a
constant slope of 0 b/decade for
all frequencies. What is the value
of the maximum phase margin for

the system?
®»)0° (B) 90° ;
(€)-90° ) 180°

03. The gain-margin ofa unity
negative feed back system having
forward transfer function -
is K
s(sT+1)
(A) infinity T (B)KT
©1 (D) Zero

06. If the magnitude of the polar plot at
phase crossover is ‘a’;the gain

margin is
A)y-a B)0
©a D) I/a

07. For the transfer function
e
G(s).H(s) = s(s+1)(s +05)

The phasé crossover frequenty is
(Aj 0.5 rad / sec !
(B)0.707 rad / sec
(C) 1.732 rad / sec

——--=- (A) 2 rad / sec

08. The open loop transfer function
of afeedback control system is

1
" G(s).H(s)= m}"
The gain margin of the system is
(A)2 B4
©)8 D) 16 ..

09. The gain margin (in dB) of a system
having the loop transfer function

G(s) Hs) = - (s"f 5
(A)0 (B)3
©6 Do

10. If the gain of the loop system is
doubled, the gain margin of the
system is"

(A) not affected
" (B) doubled
(C) halved
(D) one fourth of original value

11. The forward path transfer function of
an unity feedback system is given by
Oy
What is the phase margin 1or this
system?

@)nrad () Orad
(C) 7/2 rad(D) n1ad
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12. The open loop transferfunction of T ' '
@system is B) VT, T, 2 —'——LT,TZ CHAPTER -6 DESIGN OF CONTROL SYSTEMS
Gis). = 1 o .
= T sT) (1 v sT) () \/ﬁ and -TTL—%; 6.1 COMPENSATORS /
The phase crossover frequency wc O) VT, T, and __T1T2 '_nggmm : o .
is 1Ty Ti+T, A compeisator having the characteristic of a lag network is called a lag compensator.
A2 ®B)1 Lag compensation results in a large improvement in steady state performance but results in a
(C) zero o3 slower response due to reduced bandwidth. Lag compensator is-essentially a low pass filter
- : : ' 14. The po!ar plot of a-transfer and so high frequency noxse s1gnals are attenualcd ,
13. The open-oep transfer function of function passes through the critical —F s+2Z¢
a unity feedback control system is point (~1,0). Gain margin s . Transfer function of lag compensator, G (s)=
given as The phase crossover (A) zero B)-1dB v ' s+pe
frequency and the gain margin are ©€)1dB (D) infinity ' R //\‘:\
rmpectwcly : _ ' . | t_ AN—p T + o
and_l__TL E o : a s+A/T) .
W R | B Y
: ' l T”SCl s+(1/pT) o
KEYS= (HB (2) C (3) A (D (5D 6)B (A (3 . , - ~ Pole-zero plot of lag
B : y
(1D C(12)B (13) A (14) B _ MA ®B 9C (0B | Electncal lag compensator Csmpensator.
; - . . .Approxi.mate
NOTE: : magnitude plot
' 0 201og 1/
Mlmmum hase transfer function : Transfer function have no poles and zeros in the RHS ' : 1G. (j@)| =20 dbldecade \08 2010 (1)
- of s-planc indb - ~db B i
. 0° =< - )
MM‘MMI’M Transfer functlon havmg at t least one pole or . - £Ge(o) o \ n / Phas plot
o ~zero in the RHS ofs-planc N ! - : o _ i ..r— 4_5 N \w/ —
' ' ) . ' ' ' ‘ - -log @
| | | QT .
Il pass transfer function-:~Transfer function have symmetric pole and zero about the ' (@) (om) (02) .
imaginary axis in s-plane. T - : ' : ' " Fig : Bode plot of lag compensator
——n . As ‘@ is varied from 0 to 06, the phase angle decreases from 0 to a maximum value of ¢
) T ' S E At @ =@y, then increases from maximum value to 0.
Frequency of maximum phase 1ag, @ = ¥ 0c @2 = Y({I/pT).(I7T)
' : 1
| ™6
-B
. Maximum lag angle, §, = tan~!] ——
2B
4
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Lead compensator :

A compensator having the characteristics of a lead network is called a lead compensator, -
The lead compensation increases the bandwidth, which improves the speed of the response
and also reduces.the amount of overshoot. Lead compensation appreciably improves the

Iransient response.

A lead compensator is basically a high pass Jilter and so it amplifies high frequency noise

signals.

Transfer function of a lead compensator ,
' st+z, s+(l/T)
0 Ge(s) = — =
stpe - s+(1/aT)

1/sC

+ +
R

E® 2% Bdy
Frequency responﬁe of a lead compénsator :

Consider the general form of lead compensator, -

jo

[}
=1 -
aT - —'ll"

Fig : Electrical lead network

s+(I/T) (1+5T)
Ge(®) = ——— =a ——
s+(1/aT) (1+asT)
Approximate magnitude
"~ +db ' plot
: A +20dvdic R/’r_
20log (V)
0 -
Gajol [ T N~k B
RUTL I R S - , S
- . ~ —  Fig : Bode plot of lead
o compensator.
. +45°L —[
. —— ==
£G( jo) bm
—-0° log ®
mcl mm ch . o
o T e @

Frequency of maximum phase lead,

On = Vo Be2 = .\I(UGT)(I-HH_-
1

TV
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The expression for maximum phase lead ¢, in terms of o and o in terms of ¢, are given
e

below ; .
1-a , 1 —sin ¢m
¢n = tan”' ——J ;= ——
I 2 e 1+5in

Lag - Lead Compensator : _ P

A compensator having the characteristics of lag -+ lead network s called a lag - lead
T “compensator. A lag ~ lead compensator i@proves both transient and steady state responsej.m

The transfer function of lag — lead compensator

+VT) ~ +VTy
O0—0C

Ges) = 375 -1 a1
s+1U/BT) (s+1/aTy) ;‘f _Tt T
>land O0<a<l1 2 2 1 1

where b Fig : Pole - zero plot lag-
- lead compensator

y
-0 TEU7E)
~
IGe(j)] ~db 2204b/ dec /,\\_+20db/dec
[+ " . .
indb 0; / N Fig : Bode plot of lag —
\ lead .
_ . : . *  compensator.
£G(jo) -a5° \/ . '
' log © -
A, L L L
Br, T, T, el
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OBJECTIVE QUESTIONS

01. The lead compensator introduces
a) Phase lead in the system
b) Attenuation in the system
¢} Amplification in the system
d) Initially phase lead and then
phase lag in the system,

02. The lead compensator mainly

-a) improves the steady state error
b) improves the transient response
¢) improves both steady state and

transients equally

d) None of the above

03. The lag compensator

a) improves both steady state and
transient response

b) improves steady state only

¢) improves transients only

d) improves steady state and reduces
speed of transient response.

04. The lag-lead compensator

a) improves steady state but reduces
speed of response,
b). improves transient response but
no effect on steady state
¢) improves both steady state and
transiefit response’
a) improves o
b) nly the transient
response

05. The lag network achieves the desired
result through its ;

a) attenuation property.at high
frequencies —

b) attenuation property at low
frequencies

<€) amplification property

d) None of the above

06. A lag network for compensation
normally consists of

a) R only
b) Rand C elements -~ -
¢) Rand L elements

d) R, L and C elements

07. The transfer function is L+ 0:5's
“ "It represents a l+s
a) lead network
b) lag network
¢) lag-lead network
-d) proportional controller -

08. A network has a pole at s =1
and a zero at s = - 2, If this network
is excited by sinusoidal input, the
output - N
a) leads the output
b) lags the input
¢) is in phase with input
d) decays exponentially to zero

Key :

lLa 2b 3,d 4.¢ 5.2
6.b 7.b 8 b e

JTO PREVIOUS QUESTIONS
01. The high eut off frequency function

ofthe-is-’;o.| s
[+5)
T (+s/50)

A)10°2%HZ  (B)120 21z,

_(O30/2tHZ  (D)302zHZ
02."The transportation delays’ occurring
in distributed systems are.deter
“menttal to stability because they

- produce.

(A) a phase lag

(B) transients

(C) attenuation

(D) both attenuation and a phase log
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‘ i i f a-control system
twork does which of the 09. The bal"ldWldth o
» fP(:]lzli;fv:?}g?ne " can be increased by
(A) increases system stability _(A) phase lead compensator
“(B) Decreases bandwidth {B) phase lag compensator

(C) optimal control policy
(D) maximization control

04. Adding pole in a system causes-
which of the following?
- (A) Lead compensation. )
(B) lead — lag ~ compensation
(C) Lag compensation
(D) None
05. Lead compensator in a feedback
System L
(A) increase the system error
constant to some extent
(B) speeds up the transient response
(C) increases the margin of stability
(D)All of the above

06. The pole —zero plot given below is

that of ) ]‘

X° AT

(A) PID controller

(B) Integrator o

(C) Lag — Lead compensating
network

(D) PD controlier

07. Which of the following increases the
steady state accuracy?
(A) Phase — lead compensatory
(B) Phase — lag compensatory -
(C) Differentiator
(D) Integrator

" 08. A phase lag compensating will
A) improve the speed of response
(B) increase overshoot .
(C) increase relative stability
(D) increase band width

(C) phase lag — lad compensator
{D) All of these -

PREVIOUS PSU’S QUESTIONS

01. Indicate which of the following. -
transfer function represents phase
lead compensator?

s+ 1 6st3

A s+5 (B) gs+5—-
s+5 $t5

©) 3532 D) Fiss+6

02. Which of the following is correct )
expressior for the transfer function
of an Electrical RC Phase lag
compensating network?
RCs " __RCs _
(A) (1 +RCs) ®) (1 +RCs)

1 1
© Tvres) O @eres?

03. A‘system has the transfer function

(s+ Zi1)
(1+59)
-its gain at o = | rad/sec.”
A)1 ®)0

(©) -1 (D) none of these

04. The transfer functionis -
It is represents a

(A) lead network
(B) lag network.
(C) lag — lead network
* (D) proportional network

05. A lag network for compensation
-normally-consists of -

(A)Ronly

(B) R and.C elements
" (C)Rand L¢lements
" (D)R, L'and C elemen
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06. A phase ~{ag compensat:on\ wi
(A) improve relative stability

(B) increase the speed of response
(C) increase bandwidth

(D) increase over shoot

07. Which one of the followmg
Compensatlons is adopted for
improving transient response of a
negative unity feedback system?

(A) Phase lead compensation
(B) Phase lag compensation
(C) gain compensation

(D) both phasé lag compensation

08. With regard to the filtering
property;
the lead compensator and the lag
compensator are respectively

(A) low pass and high pass filters

(B) high pass and low pass filters - - -

(C) both high pass filters
. (D) both low-pass filters

09. The phase lead network functlon

" Gofs) =—1—
o+ L
aT
Whers a < | would provide
. maximum phase — lead at a
frequency of ’

1
@3 @t

-(C) T D) 7=
a q(T
JTO KEYS :
MC @A 3D WD D
®C (DD ®C YA

PSU’s KEYS: :
MA QA @C @c G)A
©®A (7)D ®A (9)A

6.2 CONTROLLERS
(1) Proportional Controller :
/ G, (s) = Kp = OLTF with controller

It is used to vary the transient response of a system Propomonal controller is usually

a amplifier with gain Kp.

One cannot determine the steady state response by changing K,,. Steady sate response

depends on the type of the system. ’
2)_ Integral Controller : . L ’

G:(s) = Kr/s

It is used to decrease the steady state error by increasing the type of the system.
~ Disadvantage : Stablllty decreases
(3) Derivative Controller :
G.(s) = Kp.s

It is used to increase the stablllty of the system. Stability of any system is
increased by adding zeros.

Dnsadvant_ag -Steady state error increases, since type of the system decreases.

(4) Proportional + Integral (PI) Controller
G (S) =Kp + K]/S

It is used to decrease the steady state error without effecting stability.
dince a pole at origin and A zero is added.

o) Propornonal + Denvatwe (PD) Controller
R.(s) =Kp.s + Kp

. Ttisused to increase the stability without effecting steady state error.
Since type is not changed and a zero is added.

(6) Proportional + Integral *+ Derivative (PID) Controller :
Ge(s) = Kp + Ki/s + Kp. 8

Xp.9+Kp.s + K

e B (s) =
s
"ltTS used to decrease the steady state error and to increase the stability. Since pole at .
ongm and two zeros are added, One zero compensate the pole and other zero will

increase the stablllty
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OBJECTIVE QUESTIONS

01. An integral controtler is used to
improvVe the transient response of a
first-order system. If

S
G(s)= T
- and the system is operated in closed-
loop with unity feedback,
what is the value of T; if the integral.
controller transfer function is 1/ T; to
__provide damping ratio of 0.5 ?
205 b2 ol d4

02. A step response of a system is given
below. Tp represents the delay due to
transportation lag and T, is the rise
time of the system. As a thumb rule,
the system is easily controllable if
Ts/Tpis

0.1A"

e Tt T .

a) lessthan 1 b) less than 3
c) greater than 10 d) equalto 6

03. A system has open-loop transfer
— given by 1
(1+s)(1+055)
The performance of this system
K “ +T;s)
. (I1+T2s)
is made fastér with a controller of the
form. The system with controller is
operated in closed-loop with unity
~ feedback. In order to increase the -
speed of response
a) T; =1 :
b) T|=0.5 and T, =1 .
) Ti=1land To=1
d) T1=05and T, <05

04. If stability error for step input and
speed of response be the criteria for

design what controller would you
recommend ? :
a) P controller
b) PD controller
c) PI controller
d) PID controller

05. An ON-OFF controller is a
a) P controller ’
b) Integral controller
¢) Non-linear controller
. d) PID controller
06.The term ‘reset control’ reefers to
a) proportional control '
b) integral control

¢) derivative control
- d) PID controller. .

07. The pole-zero plot given below is.

" that of a fan J\J‘D :
e Re

A N

a) Integrator
- b) PD controller
c) PID controller
d) Lag-lead compensating network

"~ 08. 'I_‘he"log-maénitude plot of a :'sys'tem
is given below : )

+1 . -1

| log ©

The system is an

a) Integrator

b) PID controller

¢) PD controller -

d) Proportional controller

ACE Academy

09.The phase angle versus frequency

plot is shown below :
Za
TN /\/ —_
\4 log ®

The network is a
. 4) PID controller
b) Lag-lead network
¢) PD controller d) PI controller

10. The input-output relatioriship of a
network is given overleaf. The

network is a /an .
Output /Z_ Input
[/ -

a) Integrator
b) PID controller
¢) PD controller
d) Proportional controller
Key for Objective Questions :
I.c2.c3.d 4.d 5 cé. b
7.d8. b 9.b 10. ¢
JTO PREVIOUS QUESTION:
01. The use of PI controllers

(A) reduces oscillations
(B) results in zero steady — state
error for step input
(C) lowers peak overshoot—
(D) improves relative stability
02. In a PID controller, the offset has .
increased. The integral time constant

hastobe ___so asto reduce
offset
(A) increased  (B) reduced to zero
~ (C) reduced (D) none
05. The transfer function of a rate
controller is of the type
(A UTS+1 ®)1/TS
©Ts D)Kc

Control Systems____ 87

Previous PSU’s Question
01. Derivative feedback control
(A) increases feedback time
(B) increases over shoot
(C) decreases steady state-emmor
(D) does not affect the steady state
error
02. A PD controller is used to .
compensate a system, Compared to
The uncompensated system, the
compensated system has

(A) a higher type number

(B) reduced damping

(C) higher noise amplification
(D) larger transient over shoot

03. The industrial controller having the
best steady state accuracy is
(A) a derivative controller-
(B) an integral controller ‘
(C) critically damped
(D) Oscillatory -

04. In industrial control systems,_which
one of the following methods is
most commonly used in designing
a system for meeting performance
specifications? 7

(A) The transfer function is first
determined and then either a

lead compensation or lag
. compensation is implemented.
(B) The transfer function is first . . _
determined and PID controllers’ —
— —are implemented by thematically —— - L
determining PID constants.

(C) PID controllers are implemented
without the knowiedge of the”
system parameters using Ziegler
-Nichols method.

(D) PID controllers are implemented

-usimg Ziegler Nichols method —
after determining the system
transfer function a
JTO KEYS:()B (@A -(3)C
PSUSKEYS: (DA @) C (3)B®) D
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State transition matrix :

Chapter: 7

STATE VARIABLE ANALYSIS

Advantages : The transition matrix is defined as a matrix that satisfies the linear homogen_eous state

- _ : / equation.
; ) ﬁnalysw is c_ione by considering initial conditions. dx@®
) More accurate than transfer function ’ _— =
3) Analysis of multi-i i ' - AX0
1-input-multi-output systems are less complex dt
' ut) ——>f : s W © o Let ¢(t) be an n x n matrix that represents the state transition matrix; then it must.
— System . satisfy the equation ' E _ _
ut) ——) — w0 d () : ; T -
. ‘ — =AW —_> (1)
dt :

" x) ()

-Let X(0) denote the initial state at t = 0; then ¢(t) is also defined by the matrix equation
X =460 X© '

Output equations

yi(t) = ¢y Xu(t) + €12 Xo(t) + iy wy(1) + diy uy(t) _ ' ) which is-the solution of the homogeneous state ecjuatiog fort=0. _
Y0 = e Xu(0) + €20 x5() + iy W(t) + dig ) One way of determining ¢(t) is by taking the Laplace Transform on both sides of
. Eq.(1); we have
B i in matr - |
y represeptmg tht:se in ma!rq( form, - : S X(s) ~ X(0) = A X(s)
[y 1(t) (o e X dn - dyy g u;-(t) . I Solving for X(s) from the fast equation, we get
»t).) n Cp %(t) da dﬂ] _ [u (t)] _ | X(s) = (sl - A) "' x(0) _ _
. ) 2 . | - .
- _ S - where it is assumed that the matrix (sI ~A) is nonsingular. Taking the inverse Laplace -
Y® = _C X(t) + DU®) .| transform onr both sides; T . ’ S
State equations l o B x=x"[s1-8)" Jx© ; 20
d . . o . R ' L " Properties of the State Transition Matrix:. . - o . R
— xi(t) = x(t) = ay Xi(t) + a5 %,(1) + b +bon T e T _ —
a 2 X(0) + b u() blz-lh(t) . The state transition matrix ¢(t) possesses the following properties :
d

L $(0) =1 the identity matrix ' ' —
0@ = ¢ ~ |
C -ty gt —t) = dta~t) - for. anyte, ity .~

(o) 1% = d(ke)

. Characteristic Equation, Eigen valu,es,'imd Eigen vectors :

Pl Cia Chet X0+ 230 + b ) + b i)

).(;(t)} - [ aVu asz [Xl(t) "o by (ru@®) .
. =1 o+ : R
Xy(t), Jan an ) - Xz(t)J '[:21 dzz] [“2(‘)]

.?f((t) = AX@ +7 BU® ‘ L —

Eal S

s

. The characteristic-equation can be ¢xpressed as

[sI-A]=0
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The roots of the characteristic equation are often referred to as the eigen values of the
matrix A. '

. The n x1 nonzero vector P; that satisfies the matrix equation
MI-A)P =0

where A is the eigen value of A is called the eigenvector of A associated with the
igen value A;.

‘Controllability of linear systems :

Consider that a linear time-invariant system is described by the following dynamic
equations : :

X(t) = Ax(t) + Bu(t)-
Y(t) = Cx(t) + Du(t)

where X(t) = n x 1 state vector
u(t) = rx 1 input vector
c(t) = p x 1 output vector
A = nxn coefficient matrix
B = n xr coefficient matrix
C = pxncoefficient matrix
D = pxr coefficient matrix

. The state X(t) is said to be controllable at t = t; if there exists a piecewise
continuous input u(t) that will drive the state to any final state X(t;) for a finite time (tr— to) 2

0. If every state X(tp) of the system is said to be completely state controllable or simply state
controllable.

" The following shows that the condition of controllability depends on the

-coefficient matrices A and B of the system. The theorem also gives one way of testing state” - —
~controllability. '

For the system to be completely state controllable, it is necessary and
sufficient that the following n x nr matrix has a rank of n :

S=[B AB A®B....... A" 'B]

‘Since the matrices A and B are involved, sometimes we say that the pair [A, B] is
‘controllable, which implies that S’ is of rank ‘n’.

Observability of Linear systems:

Given a Jinear time-invariant system is said to be observable if any given input

u(t), there exists a finite time tr> ty such that the knowledge of u(t) forto < t < tr; the matrices
A,B,C,D;" ' ' _

ACE Academy State Variable Analysis yi

ient i . If every state of the system
and the output o(t) for tp <t <tr are sufficient to de.teﬂmne X(to) te of
is observable for a finite tr, we say that the system is-completely observable, or simply
observable.

" The following shows that the condition of obser\:'ability depends on the )
coefficient matrices A and D of the system. The theorem also gives one method of testing

observability. N . .
v For the system to be completely observable, it is necessary and sufficient that

the following n x np matrix has a rank of n.: ) ’
v =[C" A'CT (AHCT...... AH ' "]

The condition is also referred to as the pair [4, C] being observable. In ?aniculm. If
the system has only one output, Cisan1xn matrix ; V is an n x n square matrix. Then the
system is completely observable if V is nonsingular.

Example: OBtain the time response of the system given below :

X =AX |
0 1 o T
where A= ; givenx(0) = [t 1]
. -2 0
. . Xi
and y =1 -1] [ ]
. . X2

Sol. : . The time response is given by
x(t) = ¢(t) x(0)
o=x" (1-A)"

e LI

s -17!
@—m*=( "
- 2 s
s 1
Adj (sI-A) st+2 5242
1A= =
|sI~ Al =2 .~
si+2 s +2

Since ds)=1-A4)"
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s 1 OBJECTIVE QUESTIONS
¢(s) = 01. Given a state variable model
, 3-3-2 si—z X=Ax+bu

“y=cx+du

The state transition matrix ¢(s) is

Under this transformationx =PX;Pisa nohéingular matrix, the model becomes
s ! | | %-A%+Du ‘
A : s°+2 0 s +2) S L . y=tx+du
) = x" ' ¢(s) = ' o o _ _
-2\ s | . ayA=PAP™';b=P=tb5T=cP b) A=P'AP:b=P7'b;c=cP
\s7+2  §T42 - ¢) A=P"'AP;b=Pb;T=cP d) A=P 'AP;b=P"'b;E=cP"'
r cosV2 t. ( N2 ) sin 5 t o _- 702. A sta_le_ variable formation of a system is given by the gquations
| = . rx) (-1 0 (x) (1
\-\/Zsill_ﬁt cosV2 t i [j___[ J[j+[ ]u
- o X 0 3J Ix 1
X(® = ¢(t) x(0) o . AR
: X
XI(.t) i c0sS E t (l/ﬁ)s]n '\[—2— t 1 ’ y= [1 0] [‘{J
xa(t) V2 sinV2 t cosV2 t 1 The transfer function of the system is
: : ' o - _ 1 o1 1
xi®) = cosV2 t + (IN2)sin V2 2 a) ——————— b) c) d) None
: s+1)(s+3) ’ s+ 1 s+3
x2(t) = V2 sinV2 t + cosV2 t . ) i ‘ _ : '
. ) S . 03. A state variable formulation of a system is given by the equations
yTx-x : o i -1 0Y (x) (1 _
: . . b= + u ; x)(0)=x2(0)=0
y=0N2)sinV2t — ' =. [X,J 0 3 [xj, t ' —
. . ' . :
y= (110
: ix
The response y(t) to unit-step input is .
a) 1+e b) (1/3)[1-¢7%Y
—- ¢) l—et — d) None of the answers is correct
04. The Eigen values of the matrix
0 1 0
A=10 0 1 are R
. - N0 -3 -4 R
a) 0,-1,~3 b) 0,-3,—4 _ ¢) 0,0, -4 d) None
4
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05.Given the system
0 0 -20 3 -
)‘(=[l 0 -24|x+ []JU -
o1 -9 0
y =100 1]x '

The characteristic equation of the system is
.2) s +20s%+ 24549 =0

b) s’ +95%4245+20=0
©) s*+2452+95+20=0

.d) None of the answers is correct.

06. A state variable model of a syétem is given by
Xy 1 1 rx 0
o) 2 -1J % 1
X1
o
b
The system is

a) controllable and observable
c) observable and uncontrollable

-
I

b) controllable but unobservable

07. The transfer function
G@E)=c(sI-A)"'b
of the system

X=Ax+bu

Yy =cx+du -

o : |

has pole-zero cancellation. The system is ) =
- a) uncontrollable and unobservable b) observable but uncontrollable

¢) controllable but unobservable d) may be any one of (), (b), and (c)

08. The tfansfer function

Gs)=c(SI-A)"'b
of the system -

X =-Ax+bu
'y =ex+dy

Hﬁs‘no_ pole-zero cancellation. The system iS B Co o
a) -controtable and observable -b) observable but uncontrollable
<€) controllable-but unobservable d) may be any one of (2), (b), and (c)

- d)- uncontrollable and unobservable B

ACE Academy - State Variable Analysis _ 95

09. Consider the system

0.-2 I
A=[ J;b=[]§c=~[01]
1 -3 1

The transfer function of the system has pole-zero cancellation. The system 1s_ o

b) uncontrollable and unobsgrvable

d observable .
) controllable and obsarv d) observable but uncontrollable

c¢) controllable but ynobservable

10. For all values of *t’, the matrix exponential & is nonsingular for
ingular A b) nonsingular A o
:; :ﬁlgAu “ d) nothing can be said, in general, about
non-singularity of ¢ ™ for a given A.

‘ Key:

Lb 2b 3c 4a S5b6a 7dsaodioec
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Time : 45 mts.
01. The transfer function of the system

ND TEST

shown is
R R

O- NV\ . — VY ——0

=RC ©

Vi(s) cC—_— 1 CZ— Vi)

[eg

AMP +
GAIN

a)
<)
0

03.

L

1/(1+ 1s) b) 141+ ts)?

ws/(l+ 1)  d)ts/(1+ 1)

The performance specifications for a
unity feedback control system having
an open loop transfer function

G(s) =K/[s(s+1) (s +2)] are

i) Velocity error coefficient
K, > 10 sec™

ii) Stable closed - loop operation
The value of K, satisfying above
specifications, is )

a)K>6 b)6 <K <10
¢)K>10  d) None of the above

A system has a complex conjugate root
pair of multiplicity two or more in its
characteristic equation. The impulse
response of the system will be

a) a sinusoidal oscillation which
decays exponentially; the system is
therefore stable

b) a sinusoidal oscillation with time
muitiplier, the system is therefore
unstable

c) a sinusoidal oscillation which rises
exponentially with time, the system
is therefore unstable

d) a dc term and harmonic oscillation ;
the system therefore becomes
limitingly stable .

ACE Academy

Marks : 30

04. The unit step response of a second-
order linear system with zero initial
state is given by
c(t) = 1+1.25 ¢ ®sin (8t — tan1.333)
where t 2 0.The damping ratio and
the undamped natural frequency of

oscillation of system are respectively

a)0.6& 10rad/s b) 0.6 & 12.5rad/s
—)08&10rad/5d)08 & 12.5rad /s

05. Laplace Transform of a unit ramp
.. -Startingat‘t=a’is ...

a) V[(s+a)] b5 als’
O E™)/ [+ d) (/s

06. The open loop transfer function of a
system is
G(s)H(s) = K/[(1+s)(1+2s+3s7)).
The phase crossover frequency o is

a2 b1
¢) zero d)\3

07. An open loop transfer function is given
" by G(s) = K(s+1)/[s(s+2)(s>+2s+2)]. It
has
a) one zero at infinity
b) two zeroes at infinity -
- c)thiee zeroes at infinity -
d) four zeros at infinity —

08. Which of the following system is
unstable ?
a) K/[(1+sTy)(14sT3)
b) K(s+1)/[s" (s+4)(s+5)] , K>9 -
¢) K(st2)/f(s+1)(s-3)] , K>2 °
d) K/[ (Ts+1)*], -1<K< 8

09. The open loop transfer function of a
unity feed back control system is given
by G(s) =K/[s(st1)]

If the gain is increased to infinity, then
the damping ratio will tend to become

a)1/V2 wl
a0 d)oo

ACE Academy

10. The characteristic equation of a closed
—loop system is given by
st+6s’+ 1155+ 65+ K =0.
Stable closed — loop behaviour can be
ensured when gain K is such that

a)0<K<10 b)K>10
c)-0<K>w -d)0<K<20

11. The maximum phase shifi that can be
obtained by using a lead compensator
with transfer function
Ge(s) = 4(1+0.155) / (14-0.05s)
is equal to

a)15°

b) 30°
c) 45°

d) 60°

12. Conéider a system shown. If the -
sysiem is disturbed so that ¢(0) = 1,
then c(t) for a unit step input will be

U(s)— 2/s C(s)
a)l+t b)1-t
)1+2t d)1-2t

13. The closed loop transfer function of a
control system is given by 1/(1+s). For
the input r(t) = sint the steady state

value of c(t) is equal to

-a-)-(I/\IZ)cost b) 1 -
o) (UNZYsint d) (142 ) sinft - (w4)]

14. The impulse response of an initially
relaxed linear system is €2 u(t). To
produce a response of te2 u(t), the
input must be equal to

b) % e u(t)
d) e ut)

2)2 ¢ u(t)
~oyeuty -

15. The closed loop transfer function of a
control system is given by
C(s)/R(s) =2(s-D)A(s+2Kst1)]
For-a-unit-step input the output is

a) 3eX+4et-1b)-3en-4¢'+1
¢) Zero d) Infinity

17.

18.

19.

21

16.

The Laplace transformation of f{t) is
F(s). Given F(s) = K/f(s+2)(s* + 4)] .
the final value of f{t) is

a) Infinity b) zero

c) one d) none of the above

For M > 1, the constant M - circles —~ R

corresponding to the magnitude (M) of
the closed loop transfer function of a
linear system lie in the G — plane and
to the '

b) left of the M =1 line
c) upper side of the M = +j1 line
c) lower side of the M = -j 1 line

The position and acceleration error
coefficients for the open loop transfer
function

G(s) =K/[s* (s +10) (s+100) ] are
respectively

a)zero and infinity

b)infinity and zero

¢) (K/100) and zero

d) infinity and (K / 1000)

The position and velocity error
coefficients for the system of transfer
function

G(s)=K /[(1+0.1s) (1 + 2s)] are
respectively

a)K&zero

b) zero & infinity

¢) [1/(K+1)] &zero

d) [1(K+1)] & infinity

20. The transfer function of system is

F(s) = 10(1+0.2s)/[(2 + 0.5 s)].
The phase shift at @ = 0 and
® = oo will be .
a)90°and 0°  b)-180° and 180°
¢)-90° and'70° d) None of the above

. A system has the transfer function

[(1-s)/ (1 +5)]: It'is known as

a) low pass system b) high pass system’
<) all pass system d) none of the above’
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22. The transfer function-of a control
system-4s glven as
T(s) =K/ [ (s +2s5+K)],
where K is the gain of the system in
radian/ amp. For this system to be
critically damped, the value of K
should be

@1 M2 (©3 (@4

23. A second order differential equation is

given by. Tirematural frequency in
rad/sec and dampmg ratio are
respectively :

@L5 ()57
@LV7T T @V

24. The transfer function of a system is
10/(1 +5). When operated as a unity
feedback system, the steady state
error 0 a unit step input will be

(a) zero ®)i/11
()10 (d) Infinity
25. By Routh’s stability criterion, itis
possible to find the roots in RHP of
_the vertical line passing through (a, o)
by substituting in the characteristic .
- polynomial
@s=(rA+a) (a) s=(A-a)

28. The transfer function of transportation
lagise*T . If the lag is small as
compared with the time
constant of the system, it canbe .
approximated by
(a)sT ®)1+sT .

©)1-sT d1/(1+sD

29. The charactenstlc equatlon of a certain
system is s+ 4s*+2s>+8s%+s+4 = 0.
This system is )
(a) stable (b) marginally Stable
(c) unstable  (d) critical damped

30. Phase margin of a system is used to
specify
(a) relative stability
(b) absolute stability
(c) time response
(d) frequency response

KEY FOR GRAND TEST

01b 02d 03b 04a 054

C@s=(A+1+a(@)s= (A+l-a) _ “ggp O7c {08b_09c 10a

26. If thie gam'ofthe open loop system is
doubled, the gain margin

(a) is not affeeted (b) gets doubled

(c) becomes half
(d) becomes one — fourth ~~

27: Given G(s) = (1-s}{s(s +2)]. The
system with this transfer function is
operated in a closed loop with umty
feedback. The closed loop system is’

(a) stable (b) unstable
{c) marginally stable
(d) conditienally stable

b 1267 Bd 14c 152
164 17b 18d 19a 20d
2lc 22d 23d 24b 25a

26 27a 28¢c 29c 30a -

“All The Best”

OBJECTIVE QUESTIONS : REVISION AND PRACTICE SET

Onre Mark Questions

01. For a second-order system with the
closed-loop transfer function R

9 -
T(s) = ———
®)= T rdsso e settling e for

2-percent band, in seconds, is
: GATE-1999
—@15 ()20 (c)3.0 (d)4.0

02. The gain margin (in dB) of a system
having the loop transfer function

"G(E)H() =

s(fl) is GATE-1999
@0 ()3 @6 @

03 The system mode described by the
state equations

0 1 0 -
X = “lx+ ={ 1xis
S EEEHERE
GATE-1999
(a) controllable and observable
(b) controllable, but not observable

{(c) observable, but not controllable
(d) neither controllable nor observable

04. The phase margin (in degrees) of a

- system having the loop transfer
function
G(s)H(s) = (2\/_1) is GATE-1999
@45 (b)-30
(c) 60 (d) 30

05. An amplifier with resistive negative
- feedback has two left half plane poles

in its open-loop transfer function. The

amplifier. GATE-2000

(a) will always be unstable at high
frequency

(b) will be stable for all frequency

(c) may be unstable, depending on the
feedback factor

(d) will oscillate at low frequency

06. A systen{ described by the transfer
- a . 1 .
“function H(g) = ———— is
© s +as®Fks+3

4

stable.

; The constramts on a and k are,
E o GATE-2000

(a)a>0 ok<3 (b)a >0, ak>3
{c)a<0,0k>0 (d)a>0,ak<0

. 07. The equivalent of the block diagram in-

Fig-1is givenin GATE-2001

Fig-D
(a) Fig-A (b) Fig-B
(c) Fig-C (d) Fig-D
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08. 'If the characteristic ecluation of a
closed-loop system is s™+2s+2 = 0,
then the system is GATE-2001

(a) overdamped

(b) critically damped

() underdamped

{d) undamped

09. The root-locus diagram for a closed-
loop feedback system is shown in
figure. The system is overdamped.

-—GATE-2001

(@ onlyif0< K<1
(b) only if 1 <K <5
(o) only ifK>5

@ if0<sK<lorK>$5

10. The Nyquist plot for the open-loop
transfer function G(s) of a unity
negative feedback system is shown in
figure.If G(s) has no pole in the right-
half of s-plane, the number of roots of
the system characteristics equation in
the right-half of s-plane is

GATE-2001

4 Im(s)

K.i\_x(s}pme -

— // —> Re(s)

@0 ®1 ©2 (@3

11. An electrical system and its signal-
" flow graph representation are shown in

figure(a) and (b) respectively. The
values of G, and H, respectively, are
GATE-2001 '

. 91 1-1(5)(3'2 L(s) 93 o
Vo o ] Ve

Figure (b)

Gi Ii(s5) G2 b(s) Gs

V) g TV
NP

Figure (b)
26 -2,
@ O+ 2,6+ 2.9 Z,0+ 2,8
® O ACE
s Zz(s)—Zj(s)+Z4(s_)’Z,(s)+ZJ(s)
© Z,(s) Z;(S)

L)+ () Z,(5) Z(8) + Z,(5)

-Z,(s) Z,(s)
Z,(8)~Z5 () + Z,(5) " Z,(s) + Zy(s)

@

12. The open-loop DC gain of a unity
negative feedback system with closed-

loop transfer function ——a— is
) L s“+7s+13

. 4 GATE-2001
@ T (®) 5 ©4 @13

13. The feedback control system in the
figure is stable.

GATE-2001

» C(s)

(@)forallK>0 (b)onlyifK2>1
(c) onlyif 0 <K<I1 (d) only if 0< K<l
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14. Figure shows the Nyquist plot of the
open-loop transfer function G{(s)H(s)
of a system. If G(s)H(s) has-one right-
hand pole, the closed-loop system is

GATE-2003

GH-plane

» Re

A o
@ positive

(a) always stable——

(b) unstable with one closed-loop right
hand pole

(c) unstable with two closed-loop right
hand poles :

(d) unstable with three closed-loop
right hand poles

15. A PD controller is used to
compensate a system. Compared to
the uncompensated system, the
compensated system has GATE-2003
(a) a higher type number
(b) reduced damping
(c) higher noise amplification
(d) larger transient overshot

16. The gain margin for the system with
open-loop transfer function

2149 is  GATE 2004

GEHE =X
@» ®0 © @

ISR - K the
. Given - .,
1.4 GEHE) s(s+1)(s+3)
point of intersection of the asymptotes
of thie root loci with'the real axisis —
. GATE 2004

(2) 4 (b) 1.33
(©-133 (d)4

18. A linear system is equivalently
represented by two sets of state
quations. .

X=AX+BU and W=CW+DU
The'eigen values of/the representations
are also computed as fA] and {u].
Which one of the following statements
is true?

GATE 2005 -
(@) Al=[p]and X=W

() (=[] and X =W
© D # W and X =W~
@ M #[W]and X 2 W

19. Which one of the following polar
diagrams corresponds to a lag
network? - . GATE 2005

Im
®)
¥ =0 M =00 Re
Im
©
‘ m ¥ @=0 JRe
Im
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20. Despite the presence of negative
feedback, control systems still have
problems of instability because the

GATE 2005
(a) components used have
nonlinearities :
(b) dynamic equations of the
subsystems are not known exactly
(c) mathematical analysis involves
approximations
(d) system has large negative phase
angle at high frequencies.

21. The open-loop transfer function of a
unity-gain feedback control system is
given by. GATE 2006

. K
P T )

The gain xﬁargin of the system in dB is
. given by
@0 ®! ©20 (dw

22. In the system shown below,
x(t) = (sint)u(t). In steady-state the
response y(t) will be '
GATE 2006

x® | 1 [y
) s+l

_ @ _\/l_émfﬁ%a (b) %Sin(t*—%)
1

(©) Ee"sint " (d) sint ~ cost

23.If the closed-loop transfer function of a
- control system is given as

_ s=5
1= G269’

then it is
" GATE 2007
{a) an unstable system
(b) an-uncontroliable system
1{¢) a minimusm phase system
{d) a non-minimum phase system

24. If the Laplace transform of a signal y(t)
1

isY(s)= ,then its final value
is s(s-1) GATE-2007
@-1 ()0 L
©1 (d) unbounded ]

25. The pole-zero plot given below
corresponds to a .GATE 2008
(a) Low pass filter '
(b) High pass filter -
(c) Band pass filter
(d) notch filter

26. Step responses of a set of three second-
order underdamped systems all have -
the same percentage overshoot. Which
of the following diagrams represents
the poles of 3 systems? GATE 2008

X jo
X
@) X o
X
X
. j(\)
"X‘X' ............
g
® . -_-xwx-----i- st

vQ .

X
X
) o,
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27. Which of the following points is NOT

on the root locus of a system with the
open-loop transfer function
k GATE-2002

GEHE) = Ss+D)(s+3) 7
@ s=-j3  ®)s-15
(c) s=-3 (d)s=—c0

- 28. The phase margin of a system with the

open-loop transfer function
- (1-s)  GATE-2002

OO = o2y
(a)0° (b) 634°
() %0° (oo

29. The transfer function Y(s)/U(s) of a
system described by the state equations
%(0= =2x(ty+2u(t) and y(t) = 0.5x%(t) is

. - GATE-2002°
(@) 0.5/(s=2y - (b) 1/(s-2)
©05/s+2)  (d) 1(s+2)

30. Consider the system _c(i% = Ax+Bu

with A<{! %1 and B=|P
01 q

where p and q are arbitrary real

numbers. Which of the following

statements about the controllability of

the system is true? '

(a) The system is completely state
controllable for any nonzero values
of pand q.

(b) Only p =0 and g=0 result in
controllability.

(c) The system is uncontrollable for all
values of p and q.

(d) We cannot conclude about
controllability from the given data
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Two Mark Questions

01. If the closed-loop transfer function
T(s) of a unity negative feedback
system is given by
) =— :ln_ls+an

s"+as" +...+a, _S+a,

then the steady state error for a unit

ramp input is GATE-1999
a a,

(a) — V)
an—l an—2
an-l

(c) a, , ) (d) zero

02. Consider the points s;=—3+j4 and
s2 = —3—j2 in the s-plane. Then, for a
system with the open-loop transfer
function

G(s)H(s) = GATE-1999

(s+1)*

(a) s, is on the root locus, but not s,
(b) sz is on the root locus, but not s,
(c) both s; and s; are on the root locus
(d) neither s; nor-s; is on the root locus

03. For the system described by the state
equation )
771010 0
- ®
X={0 0 1[x+{0fu
051 2 1
_____if the control signal u is given by u =
[-0.5 -3 —5]x+v, then the eigen values

of the closed-loop system will be
GATE-1999

(20,-1,-2 (b) 0,-1,-3
(© -1,-1,-2  (d)0,-1,-1

04. Consider a system with the transfer

s+6

function G(s) = ———— . Its
© ks +s5+6
damping ratio will be 0.5 when the

value of k is
(@26 @®)3 (16 (@6

05. The system shown in the figure
remains stable when GATE-2002

R(S) 1 k S-! 1 Y(S) .

@k<-1 ®y=t=k<1
©1<k<3  (@k>3

06. The transfer function of a system is

100
OO = ST T)s+100)

input to the systém the approximate
settlingtirne for 2% criterion is

. Fora-unit-step

(@) 100sec - (b)4 sec
(c) 1 sec (d) 0.01 sec

07. The characteristic polynomial of a
system q(s) =2s™+s*+45’+25%42s+1.
The system is GATE-2002

(a) stable (b) marginally stable
(c) unstable (d) ocillatory

08. The systém with the open loop transfer

. X 1
function G(s)H(s) = ———— hasa
(©HE) s(s? +s+1)
gain margin of GATE-20Q2
(@-6dB - (b)0dB
(c)3.5dB (d6dB
09. The root locus of the sys:terﬁ'

K .
G(s)H(s) = m has the break

- away point located at GATE-2003

@(059)  (1)(-2.548,0)
{€)(4,0) () (-0.748,0)
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10. The signal flow graph of a system is
shown in figure. The transfer

function ) of the system is
R(s)

GlATE-2003
R(s) L
1
g
a8
()s2+29s+6 ®) s2+29s5+6
s(s+2) s(s+27)

O Tigrs @ Piassee

11. The approximate Bode magnitude plot

of a minimum-phase system is shown -

in figure. The transfer function of the
systemis GATE-2003

(s+0:1
(s+10)*(s+100)

@10
®) 107 (s+0.1)
(s+10)(s+100)

(s+0.1)°
(s+10)3(s +108) - -

s (s+0.1)
@ 10 (s +10)(s +100)

©10°

12. A second-order system has the transfer

Cls) 4
R(s) s’+4s+4
as the unit-step function, the response
c(t) of the system is represented by

function . Withx(t)

GATE-,
Step Response E-2003
1.5 :
F RPN "
]
]
(a'?o.s--
O
Time (sec)
Fig-1
1 _ Step Response
]
®) <
) 2ost
o
g
<
n } 1
0 2
Time (sec)
Fig-2
Step Response
(©) 01.5
o
2 WH-H-E- -1 - 1--
a
5 |

0510 15 20 25
Time (sec)
Fig-3

Step Response

5
Time(sec) 10
Fig-4
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‘ {a) Fig-1 i{®) Fig-2 16. A causal system having the transfer

(c) Fig-3 (d) Fig-4
13. The gain margin and the phase margin
of a feedback system withGATE-2003

S
(s+100)

@0dB,0° o

G(s)H(s) = are

“(c)e0,0° ——(d)88.5dB,

14. The zero-input response of a system
given by the state-space equation

iR s,

is GATE-2003
@ [e!
]
\

®) fe'
;t,

© \:e( ] - (d) [t ‘:\ .
te' te

15. Consider the Bode magnitude plot

shown in figure. The transfer function
H(s) is GATE-2004

T

072000 HGOL . _y04/decade

-20)

enmaem—-
P

10 100 oinrad

e

— @ (s+10) . .. _ 10(s+})
@ Gr1fs+100)  (s+10fs+100)

_A0Ms+Y) 10°(5+100)

Ofarya +100)-( ) +1)s+10)

function H(s) = 1 is excited with
s+2

10u(t). The time at which the output
~_reaches 99% of its steady sfate value is

e - GATE-2004
R (a) 2.7 séc (b) 2.5sec
(c) 2.3 sec ()21 sec

" 17.-A system has poles at 0.01-Hz, 1Hz
and 80 Hz; zeros at 5Hz, 100 Hz and
200 Hz. The approximate phase of the

system response at 20 Hz is
GATE-2004

@-%" O

() 90° () -180

18. Consider the signal flow graph shown
. e .
in figure. The gain ;i is
1 .
GATE-2004
x 2 %bx cxdx

>
>

€ f 8
. » bedg
l—(be+cf+dg) R - S
@ T abed ®) \ {percf +dg)
abed

© 1-(be +of +dg)+bedg

@ 1-(be + of + dg)+‘be;ig
abed

19. The open-loop transfer function of a -
unity feedback system is

K
R ey o R

The range of K for which the system is-
. stable is GATE-2004

(@) 341>K>0 O 13>K>0

(b) 27‘1—<K<c>o (d)_6.<K<oo

ACE Academy Objective-Questions: Revi#ion and Practice Set 107

20. For the polynomial
P(s)=5’+s"+25>+2s*+35+15, the number
of roots which lie in the right half of
the s-plane is GATE-2004
@4 02 ©3 @I

21.- The state variable equations of a

system are:
.
X1=-3x, ~X,+u

;Zz-: 2%, ,y=x+u
The system is GATE-2004

(a) controllable but not observable
(b) observable but not controllable

(¢) neither controllable nor observable

(d) controllable and observable

22. A system described by the following
differential equation

&y . dy

___+3____+2 = t a e ale

w et x(®) is initially at
rest. For input x(t) = 2u(t), the output
y(®) is GATE-2004

(@ (l -2 e )u(t)
®) (1 +2¢™ -2e™ )u(t)

© (05 ret £15¢ )J(t)
d) (0.5 +2e7 4 2e7™ )u(t)

23. Given A= [l 0] , the state transition
01

matrix e™is givenby ~ GATE-2004
0 e'.‘ e 0

(@ )
L"'O] ® 0 ¢

© eto] § 0 e

c .
0 ¢ @ e 0

24. The polar diagram of -a conditionally
stable system for open loop gain K = 1
is shown in figure. The open loop
transfer function of the- system is
known to be stable. The closed loop
system loop systffn!} is stable for

GATE-2005

5 02 GH plane
\/’L\ C\__'  Re
A

(a)K‘<5andl-<I.(<l :
5 8
K<—and—<K <35
B) K <gand) <K<
(c)K<%and5<K
(d)K>%andK<5

25. In the derivation of expression for peak
percent overshoot, ) -

-5
1/1—&_}
of the following conditions is NOT
required? GATE-2005
(a) System is linear and time invariant
. .(b) The system transfer- fiinction has a. -
pair_ofcamplex conjugate poles
and no zeroes.
(c) There is no transportation delay in
the system. )
(d) The  system has ‘zero initial
conditions. T '
26. A ramp input applied to an unity

]xlOO_%,

Mp =ex
which on . 7

feedback system results in 5% steady = -

state error. The type number and zero
frequency gain of the -system are .

respectively GATE-2005
@1and20  (5)0and20

. 1 1

0and —  (d)1and —
©0and o (@) 1and oo
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" 27. A double integrator plant,

G(s) = EZ JH(s)=11is to .be
compeisated to achieve the damping
ratiof = 0.5, and an undamped natural
frequency, ©,=5 rad/s. Which one of
the following compensator G(s) will

be suitable? GATE-2005
s+3 s+9.9
a (b)
@ s+9.9 s+3
S- 6 —s+6-
d — -
® s+8.33 S

28. An unity feedback system is_ given as,

G(s)= ﬁl_‘_sl Indicate the correct
s(s+3)
root locus diagram GATE-2005
jo
(a)
c

jo

©

@

ACE Academ

Common Dita for Questions 29 and 3(!.
The open loop transfer function of a unity
feedback system is given by

3 e—Zs
Gls)= s(s+2) , /

29. The gain and phase crossover ‘
frequencies in rad/sec are, respectively
GATE-2005

() 0.632 and 126
(b) 0.632 and 0.485
(c) 0.485 and 0.632
(d) 1.26 and 0.632

30. Based on the above results, the ga.in
and phase margins of the system will
be - GATE-2005

(a) =7.09 and 87.5°

(b) 7.09 and 87.5°

(c) 7.09 dB and -87.5°
(d) ~7.09 dB and -87.5°

31. Consider two transfer functions

- 1 . _
6= Frgerp 7

The 3-dB bandwidths of their
frequency résponses are, respectively
; GATE-2006

@ Ja?—4b » a? +4b
(@Wa? +4b .Va? +4b
32. The umtstep response of a system

starting from rest is given by
c(ty=1-¢™ fort20

The transfer function of the systemis ~ "

GATE-2006
1 2
@ T35 ® S4s
. 1 2s
O35 9 15

s’ +as+b
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33. The Nyquist plot of G{jo) H(jo) for a
closed loop control system, passes
through (~1,j0) point in the GH plane.
The gain margin of the system in dB is
equal to ‘

GATE-2006
(a) infinite .
(b) greater than zero
(c) less than zero
(d) zero

. “34: The positive values of “K” and “a” so

that the system shown in the figure
below oscillates at a frequency of 2
rad/sec respectively are  GATE-2006

+ K(s+1) C(s)
R S
¢ '_% | Brade2ss )| T

(2) 1,0.75 (b)2,0.75
©1L1 d2,2
35. The unit impulse response of a system
ishit)=e*, 0
For this system, the steady-state value

" of the output for unit step input is

equal to GATE-2006
@-1 M0 ©1 @w

36. The transfer function of a phase-lead
compensator is given by . -

G.(9)= 1+3Ts
_ +

h >
] TSwereT 0

The maximum phase-shift provided by
sucha compensatoris ~ GATE-2006
(@) n/2 () /3
(c) /4 (d) n/6

37. A linear system is described by the
following state equation

Py 01
X(t)= AX(t) + BU(t),A = [ . 0]
iy - .
The state-transition matrix of the
systemis - '

cost sint -cost sint’
@} | RO
—sint cost —sint —cost

-cost —sint cost —sint
©1_ @ .
—smt cost] *.” | cost sint

Common Data for Questions 38 and 39.
Consider a unity-gain feedback control
system whose open-loop transfer

as+1

function is G(s) = >
3

38. The value of “a” so that the system has
a phase-margin equal to w4 is
approximately equal to “GATE-2006
(2) 2.40 (b) 1.40
(c) 0.84  (d)0.74

39. Withthe value of “a” set for phase-
‘margin of /4, the value of  unit-..
impulse response of the open-loop
system at't=1 second is equal to

GATE-2006
(a) 3.40 ~(b)240
(c) 1.84 T(d)1.74

40. The frequency response of a linear, -
time-invariant system is given by

5 }
H(H =

® PETE The step response of
the system is GATE-2007

(@ 5(1-€"u(t) ~ () 5[’1—62 Ju(i)

© %(1 —e*h() @ %{1 —e¢ ]u(t)

41. A control system with a PD controller
- is shown in the figure. If the velocity
error  constant K,=1000 and the
damping ratio £=0.5, then the values of

K, and Kp are GATE-2007 —-

r 100._|.-Y
+ KeKps | Ists+10)) )

(2):Kp=100, K5=0.09
(b) Kp=100, Kp=0.9 -
(¢) Kp=10, Kp=0.09
d) K5=10, K5=0.9
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42. The transferfunction of a plant is

3
T = Ao
(S) 7—)(s+5 T rstl .’The second
/

order approximation of T(s) using
- -~ dominant pole concept is GATE-2007

| s
@ (s+5)s+1) ®) +5)s+1)
1
(C) s +5%l @ st s+l

43. The open-loop transfer function of a
L

plant is given as G(s) =
s’ +s+1

the plant is operated in a unity
feedback configuration, then the lead
compensator that can stabilize this

control system is ~ GATE-2007
10(s - 4

@) (s-1) ®) 10(s + 4)
s+2 s+2

) 10(s +2) d 10(s+2)
s+10 .s+10

44. A unity feedback control system has an
open-loop transfer function

K .
=————=  ThegainK for
G(s)»- s2+7s+12) .. . .
which s=—14j1 will lie on the root
locus of this systemis  GATE-2007
@4 (®)55 (6.5 (d)10

45, The asymptotic Bode plot of a transfer
function is as shown in the figure. The
transfer function G(s) corresponding to

- this Bode plot is GATE-2007

1
-?) —60 dB /decade

ACE Academy |
1 1
O ez O e dee20)

100 q 100
© G 1)5+20) D SE+1Yi+005)

46. The state space representation of a
separately excited DC servo motor
dynamics is given as GATE-2007

[go
dt |_ -1 lje N 0 )
di, | |-1-10§i,} (10
d
" where o is the- specd of the motor, i, is

the . armature current and u is the
armature voltage. The transfer function

U(s)
@__190  m__1
s?+11s+11 s +11s+11
10s+10 1
—
© s? +11s+11 @ s? +s+1

Statement for Linked Answer Questions
47 & 48:
Consider a linear system whose state space

représentation isi):(t) =Ax(t). If the initial

X 1
state vector of the system is x(0) =[ 2]

Jthen the system responseis

e—Zl
x(t)= [ . ] . If the initial state vector
~2e

1] -
of the system changes to x(0)=[ l] , then

the system response becomes

~[2]
—-€

ofs) of the motor is GATE-2007
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47. The eigenvalue and eigenvector

pairs(A;, v;) for the system are
GATE-2007

L]
o+ {1]
ol

L]

48. The system matrix Ais GATE-2007 -

0 1 o
@ [_1 1] ®) [_1 _2J

© (d)
0.1
-2 -3

-

49. A linear, time-invariant, causal . -
continuous time system has a rational
transfer function with simple poles at
s=-2 and s = —4, and one simple zero .

.ats.=—1_A unit stép u(f) is applied at -

the input-of the system. At stéady state,
!.he output has constant value of 1. The
impulse response of this system is

_ ‘GATE-2008
(@) [exp(=2t) + exp(~40)] u(t)

(b) [dexp(-2t) +12exp(—4t)- o
ooy

() [dexp(-2t) + 12exp(—4t)Ju(t)

(d) [0.5exp(-2t) + LSexp(—4t)Ju(t)

50. Group I lists a set of four transfer

ﬁmcfions. Group I gives a list of
possible step responses ¥(®). Match the
Step responses with the "corresponding

transfer functions. GATE-2008
Group I ‘
25 :
pe_ Qoe B __
s +25 s*+205+36
%6 4
s? 4125436  ° s'475+49
Group II
y(®)
Lol (
N ;
y(®
2. 1 -‘—
1
y(®
1
3.

(2) P-3,Q-1,R-4,8-2
(b)—B:3, Q-29 R"4, S-1
(c) P-2,Q-1,R-4, -3
(d) P-3,Q-4,R-1, S-2
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51. A certain system has transfer function

5+8
G(s) = 7

Tras d’ where o is a

parameter. Consider the standard
negative unity feedback configuration
as shown below.

4%)_. G(s)

Which of the following statements is
true? GATE-2008

v

(ay, The closed loop system is never

Swiple for any value of o .
_(b) For some positive values of ¢, the

closed loop system is stable, but -
not for all positive values

(c) For all positive values of a, the
closed system is stable

(d) The closed loop system is stable
for all values of o, both positive
and negative

52. The number of open right half plane -
poles of

Gis) = 10

is
$'+2s' +3s 4657 +55+3
GATE-2008
@0 1 ()2 D3
53. The magnitude of frequency response
of an underdamped second order
system is 5 at 0 rad/sec and peaks to

10 54/2 rad/sec. The transfer

function of the system is GATE-2008

500 375
b
@ Fosr100 @ Trssers
1125
(b) d)

s?+12s +144 s? +255 +225

54. A signal flow graph of a system is
given below.

" ) .
Avc Acduemy Objective Questions:

circuit elements in
condition R,C, > RiCy. The transfer

.V
function 7" represents a kind of
éontroller. Match the impedances ip
roup I with the types of controllers

in Group I1.
C
§ :
The set of equations that correspond to Vi R
this signal flow.graph is GATE-2008 A
x| [B-vy ofx] [10] - Group-I G
. u . roup-II
(a) :id; Xl=l v a 0fx,]+[00 u]J . QW’* L. PID controller
X | {—o-p 0]x| |01] e P <
T R:
o . o . . 2.
X, 0 a yix | |00 Lead
d u, R; compensator
b)—{%x,[=]0 - -y [x,[+]0] .
dt ’ R u2 : 3 La
X ) 10 B -Blxs] (10 - Lag compensator
s (@) Q-1,R-2 ®) g
LT o 7 ’ -1, R-
A e 2o o, ©02R3  @o3 ks
© X2 |={=B -7 0jx, |+ 01 } 5 '
dt u, 57. The feedback configurati
igurat
(X} L@ v 0fx} {00] pole-zero locations ofgu on aud the .
. _ ,
x,] T-7 0 B x ] [01] — Gls)=2 22542
gl youo AR Y g 12572 e shown below,
@ *p|={r 0 afx,|+00 T —_— " The root locus f . -
dt 1 - h Or negative values of
[ x,{ |[~B 0 —afx,j 10" Tk e for w < k<), pas

55. The unit step response of an under
damped second order system has
steady value of -2. Which one of the
following transfer-funetions has these
properties?

i =224
S +2.59s+1.12

@ ~3.82

-2.24
© T 2594129 T io1s 4101

sT+1.915+1.91

-3.82

breakaway/break-in points and angle
of dep?{r.ture at pole P (with respect to
the positive real axis) equal to

N —

56. t(;ro_up I gives two possible choic;.s for
¢ 1mpedance Z in the diagram. The

Z satisfy the
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(@ £+2and0® () ++2and4s°

©£v3and0°  (d) 4 fFang 450

Common Data for Questions 5 e,

. 1ons 'S8 & 59,
The 'Nqust plot of a staple transfer
ﬁmc.:tlon G(s) .is shown in the figure, We
are mterested-in the stability of the closeq

00p system i ; s
E}F?mz 1 erj i the feedback configuration

ng statements js

true?
(@) G(s) is an all-pass filter
() G(s) has a zero jn the right-half
plane—.
{0 ge(ts&, :)sr lt(he impedance of a passive
d) G(s) is marginally stable

59. The gain and phése margi 5
. ns of
~ closed loop stability aregl G for
(@6dB and 180° (b) 3 4B aqg 180%
(©)6dBand 90° (d)3 dB and 9¢9

60. How many’ ith
pI:;:swd ;ntzlllx;y roottis w:3ﬂ1 gositive'real
uation s” +s° — g+ =
have ? “ Terine

(@) Zero () One (c) T\.\.(o {(d) Three

END owM-mbox




ua .

Control System ____ACE Academy

SPACE FOR WORK

. F N

‘:“L

I

Offers excellent coaching for:
- GATE, IES, JTO, APGENCO APTRANSCO, APPSC, CPWD etc.

qurther details contact :

— ' ACE ENGINEERING ACADEMY

Head Office: } Branch Office:
204, 2™ Floor, Rahman Plaza, 2™ Floor, 201 A&B -
Near Taj Mahal Hotel ; Pancom Business Centre,
_ Opp. Methodist School New Gate; | Ameerpet,
Fernandez Hospital lane Hyderbad 500 016
ABIDS HYDERBAD - 500001 : Ph:040- 65974465
h 040 - 24752469 24750437‘

website: www.aceeng-ga_cademy.com _email: ace.gateguru@gmail.com









