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INTRODUCTION

Multiple Choice Type Questions

1. Feedback control system is basically [WBUT 2009 20
a) high pass filter b) band pass filter 4e1Z
Cc) low pass filter d) band stop filter

Answer: (c)

2. The input-output relationship of a linear system is given by [WBUT 200
a)y=a0x2+a1x+ao b)y=ax+a, c)y=ax d)y=gq,

Answer: (c)

3. Regenerative feedback means the output is feedback with [WBUT 200)
a) positive sign b) negative sign c) step input d) oscillation

Answer: (a)

4. When a human being tries to approach an object, his brain acts as [WBUT 2010]

a) an error measuring device b) a controller
c) an actuator d) an amplifier
Answer: (b)
5. A servomechanism is [WBUT 2015]
a) an automatic regulating system b) a position control system
c) a process control system fa d) a closed-loop system
Answer: (d)

Short Answer Type Questions

1. a) Draw a general block diagram of a closed loop control system, describe :f;;
function of each block. [WBUT 20
Answer: . ' f\ ik
In closed loop control system, the output is fedback to the input through a Ic€ ;
element to maintain a prescribed relationship between them even in the presenc :
disturbances. Closed control system uses the difference or error e(t) between conltl:; i
variable (output) and set point (input) and sends this generated e(t) to thf: contro G
necessary actions to reduce the error e(t). Thus, the controlled variable is contl;l”yt
fedback and compared with the input signal. If disturbances are present, nautl(r) s
output will change and an e(t) will generate. The controller once a.gamwdl try 0 st he
the error. So, the closed loop control system provides a self-corrective process ag

variation of output.
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epicts the block diagram of a closed loop control system, which is also known as

disturbances

F.fedback control system.

++ : ‘
_—ULO—_) controller —>{ actuator | é)_) plant

\ 4

feedback element

N

N

Fig: 1 A closed loop system

pare between the open loop and closed loop control system. [WBUT 2014]

b) Com
Answer: _
Open-loop System | C.losed-loop System
(a) Feedback is there for comparison between

(a) No feedback used. j
desired output and reference input.

(b) Closed-loop system can become unstable
under certain conditions.

(c) They are more complex. Complicated to
construct and costly.

(b) Open-loop system are generally stable.

[(c) Their accuracy is determined by the
calibration  of their . elements. . Simple to

develop and cheap.
(d) Affected by non-linearities in the system.

(d) Adjust to the effects of non-linearities
present in the system.

fixed time | Examples:: Servomotor control, generator
output voltage control system and so on.

Examples: Washing machine,
traffic control system, room heater, etc.

Long Answer Type Questions

1. Explain the theory and operation of a two-phase servomotor and explain how a
Position control scheme can be made up by using the motor. [WBUT 2017]
Answer: . |
AC Servo
* The AC servomotors are basically two-phase, reversnble induction motors modified
for servo operation.
°
Ac Servomotors are used in appllcatlons requiring rapid and accurate response
_Crhal‘actenstlcs
0 achieve these characteristics, these ac servomotors have small diameter, high
resnstance rotors.
€ ac SerVOm ' . . 1 1
feVersals otor's small diameter provides low inertia for fast starts, stops, and

i

ogtl; rr:soﬁttfnlce Provides nearly linear speed-torque charactenstlcs for accurate servo
0 A

Constryegio,

It
Sta
llthtor coils, The axes of the wmdmgs of the two coils are in space quadrature as
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Shaft
| ‘\/
ol r : o
Activating ) o I
Signal Amplifier ‘\t -}
O—

Mechanical load
Control ~ 90° Reference
winding €V =>| winding .

Fig: 1 Schematic diagram of AC servo

One stator coil is called control winding and the other reference winding.

Voltages in the two stator windings are equal in magnitude with a phase difference of 9
Fig. 2.

ie, v =control voltage =V, sin ot
v, = reference voltage =V, sin (ot +90°)
This phase difference of 90° in two stator windings produces a rotating magnetic field.

/ Nk

Vr ]
‘
el NSl
n
2 AU

Fig: 2 Voltage waveforms in two stator windings

o  Power supply
The two stator windings are normally excited by a 2—¢ power supply.

Ifa 2¢ voltage supply is not available, then single phase supply along with an additional
circuit is used to generate a phase difference of 90° between the voltage of two stator
windings.

e Rotor

It is a squirrel-cage type having high Electrical Resistance.

Its diameter to length (%J ratio is kept small to reduce the moment of inertia of Fhe

rotor. (Fig: 3) S Axis

...... ‘./.---.A------.\. Td i is small
‘:@ _ j:l l

e Characteristic Curves Fig: 3
A group/set of torque-speed curves are plotted as shown in figure 6.16d when

CSEE-4
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inding is fed with a rated
(i) fixed phase W g Torque /M e o
oltage: : N-m e..())e. (1))e
;?flft:int voltages are applied to the .l ks R g
(ii) control phase winding. .
rves are not straight lines, i.e., linear. ~ ———
eseculo a linear mathematical model, we
mez gevelop one or more differential €
a
equatwifr‘lsg' linearization techniques these non- \ >
So, ;Scuwes are approximated to linear curves \ S:ie)ed
[ine : \ rad/sec
with negative sIOPeS: edt)=0
Evaluation of T ransfer Function Fig: 4 Characteristic curves
.Step I: In ac servo motor, torqu'e T is a function of

() Motor’s angular speed 8

(il Control voltage e, (¢ )

ie., T=f(0! e, (t))

Considering linearized torque-speed characteristics, the equation for a torque speed line is
r=-K6(t)+K.e.(t) o (1)

where K and K are constants. |
From free body diagram (Fig. 6) we have the Torque Balance equation as

T=Jd'62(f)+3d0(t) e (2)
dt dt
Step 2: Taking Laplace transform of (1) and (2)
I(5)=—Ks H (s){K)E.(s) 53) 00
I(s)=JsX@(s) + Bs@(s) L) ﬂ =
de

From Eqn. (3) and (4), we get Fig: 5

Js@s)+Bs@(s)=—Ks@S)+KcEc (s) g%

dt

(JSZ+BS+K5)@S)=K‘_EC(S) (5) / i \
Step 3: To get the Transfer functi \
_ function.
Gl < gl \ Z KL/
() (12 . (from Eqn. 5)
e (Js +Bs+Ks) a% T Free body
Step 4: To draw the Block diagram. "';2‘ diagram

EC(S)M I(L./(Js2 + Bs+ Ks)—) @s) R

CSEE-5
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TRANSFER FUNCTION

Multiple Choice Type Questions

1. The transfer function of the network given below is [WBUT 2009, 2013 it
' 6]

€
i
il ey,
l‘ R ID
1
) T b) ) g) L+ sRC
1+sRC 1+sRC 1+ sRC [
Answer: (b)

2. Transfer function of a simple R-C integrator circuit shown in figure is given by
2 [WBUT 2014

1 :

1 ‘ a d) a
s—a s+a Si=ad Sesta
Answer: (d)

a)

3. A linear time-invariant system initially at rest, when subjected to an unit step
input, gives a response y(t) =te', the transfer function of the system is

[WBUT 2017]
1 1 s |
) ey D) s c) d)
(s +1)2 . s(s+ 1)2 (s+1)2 s(s+1)

Answer: (¢)
4. The transfer function of a system is its [WBUT 2017]

a) square wave response b) step response '

c) ramp response d) impulse response

Answer: (d)

. 1 ;i
5. The phase margin of the system for which the loop gain GH(jw) =m 18
[(WBUT 2017]
a) 7 b~ - c)0 d) 7/2
Answer: (d) |
CSEE-6
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__invariant system obeys [WBUT 2019]
Hnciple of superposition b) the principle of homogeneity
P principles in (a) and (b) d) none of these

Short Answer Type Questions

pefine the transfer function of a system. [WBUT 2014]

1. ;

Function of a Linear Time Invariant (LTI) control system is defined as the
.5 of the Laplace Transform of the response f:unction to the Laplace Transformation of

;at.lfing or excitation function under the assumption that all initial conditions are zero.

ri

pesx() T LTI __Y(t))_

System

%'le Transfef

Fig: 1 LTI system

t : : y
,[;(i) is the driving Function and y(t) is the response Function.
invariant system may be defined by the following differential equation.

A linear time-
dny dn—ly % A EIX ool
ao-d;ﬁa] c:;'tn—l d "'1‘ dt %
mx m— X
=h +b +...c.+ O3] b 1
0 dtm 1 dtm—l ( )

[nitial conditions are zero. ' :

Taking Laplace transformation of equation (1):
as'Y(s) + ars™ Yis) + ......... + a,.1sY(s) + a, X(s)

= bos"X(s) + bis™ X(5)+. ... FBisY(s) + baX(S)

or, Xs) [aps™ + a;s™" +....+ a,.s +a,] =X() [ bos
o Y(s)  Laplace Transformation of response function | .. Lo

X(s) Laplace Transforma tion of driving function
Bs™ +bs"" +....+b, s+b
=T.F. = G(s) =[ et s "] )
[aosf' +a;s" +..+a, S+ a,,]

"+ hs™ + .+ bus + by

.....

2, .
Draw a block diagram representation for the system shown below, representing

oV V,(s
éry element by a block. Also find the transfer function — ( ) . [WBUT 2015]
11 AQ
L,
R;
V|(t) R, ) +
L, =f Vo(t)
——o— -
CSEE-7
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Answer: :
The block diagram representation for the system is shown below:

e AN /
L(s) R, F
Vi(s) I @ R @ La(s) Vi(s)

v

. : K(S)ZII(AS+R:)—12R| -e- (1)
3 0=(R +R,+L,s)I,- IR,
; LR =(R +R,+Lys)I,
3 e R+R+Ls,
R, 2

.. From Eqn. (1) we get
V,(s):(R‘ il +L2$)(L,S+RI)IZ—R,IZ

R

1

_RLs+R*+RLs+RR +LLs’+RLs-KR #
R, :

_RR+RLs+RLs+RLs+LLs"

= 5

R p e g

1

RLsV(s)
RR,+RLs+RLs+RLs+LL,s’

Vo (s) =1,"L,s=

The transfer function

I/0 (S) — RILZ‘.S‘ - (Aﬂs))
V(s) RR,+RLs+RLs+RLs+LL2s

v Yo Doy Y Tme. T - ~ T e
GG SO = - R R

: Vils
: 3. Derive the transfer function Vo(( )) , for the electrical network shown below.
| X ' S .
? ' : [wBUT 2016]
b R,
i Il
11
C
Vi
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valent impedance of the parallel combination of R, and C then

A 5 ul
4 ‘ls e eq . . R,

Rl‘ (- A (
__ 1 (jo=5) I |
’/'aflz 1+sCR, L‘F

i equations by Kirchoff’s laws Vi

el o
\:E”)g‘ z,i(f) + R ()
I

= Ryil! :
?l(ctlg L;p(la)ce transform of the above equations.
aKl

:ije: 71(s)+ ReI (5)

and ¥y (5)=Rad (s) = 1(s) R,

o (s) +vy(s)

or Vf(s)=zl R,

z
o v(s)=w (s) l:-E'— + 1]
2
Substituting the value of z; we get
Bar 1

R; Vo

v($)= VoS — 1]
(5)=x( )L1+SCR, R,
) R(1+SCR) R 1+ SCR,
W) R+R +SCRR, R +R, |, SCRR,
: R + R,
4.Find the transfer function of the system shown in the figure: [WBUT 2018]
—}-
: 1/cs
AR| — T
3 i R, V.(s)
CSEE-9
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Answer: 1|
s
i
Vi(s) fR: V,(s)
o Zl P O
Vi(s) R,Q V.(s)
(o &> o]
R
where impedance Z, =R, ||i= Bl
R il R cs
cs
7,(5)=D)
R, +Z;
AC .
Vi (S) = R
R+ 1+ Rcs
V,(s)  R(1+Rcs)

. Transfer function, e :
Vi(s) R+R(1+Rcs)

Long Answer Type Questions

1. Show that the transfer function of a two-phase induction motor can be written in
form
(s) = K,

V.(s) s(1+s7,) . |

z

What are the expressions for X, and 7, and what are they called? [WBUT 2016]

Answer: bl
For a two-phase induction motor, the torque-speed characteristic shows that at a §

winding voltage, torque varies linearly with the speed, however, the slope is nega =
shown in the figure below. The torque characteristics can be linearised at the operat!

peciﬁc
tive as

CSEE-10
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f the motor can be established about that point. In general,

A nction ot te \
and tfa“‘}f:[:cf?on of speed and the control voltage
Os a ‘
_f(6: E) i : e (1)
¢ above Eqn. (1) in Taylor’s series about the operating point, we
o| (5-E)+ 2 (6-6
=Io —EEb'Eo( 0) o0 E=Ea( 0) re(2)
-0, 0=0,
be written as
gqn. (2) 0 R
The qm: MO:K(E—-EO)—B(H—QO) (3)
T, =torqueé; E, = voltage and 6 =speed at the operating point and
where, 1m0 ~
ol and B _9% Torque Tw™=]_ 1
K=7F |s-5 80 |5, :
0=t =% =N E;>E,>E > Eo
Since, %% is negative, B will be positive . s
d as
The Eqn. (3) can be presente :
; AT]L; = KAE_‘ BA& A\ \ Speed 1)

from the mechanical section of the motor,

The torque experienced by the motor has to
wercome the inertial force (due to inertia J )of the-moving parts and damping force

(dissipative in nature) with the damping coefficient B,. Therefore, the mechanical
equation can be written as :

JAG+B,AO=AT,,
o, JAG+BAG=KAE-BAO
Taking Laplace transform at both sides of the mechanical equation

J$*6(s)+ (B, + B)sO(s) = KE(s)

K
5 L0 S T Lo (B we K,
E(s) {_J_SH} s(zhsitl)

E(s) —5[J3+(B+Bo)]
B+ B,

ik K, =$ =Motor gain constant
dnd o C Ol M _
“refore, th B,+B otor time constant

é(s)e tra“SIf:l‘ function of the motor can be expressed as

ol X

E(s) m ‘

CSEE-11
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BLOCK DIAGRAM

Multiple Choice Type Questions

1. The transfer function of a system shown in the block-diagram s

R(s) C(s) Bl 2015]
1/s 2/s >
2
2 1 2
a) ) = c) d) =3¢
(s+2)° s*(s+2) st +2 )52+2
Answer: (a)
Short Answer Type > Questions
i 3 . il (e
1. Using block diagram reduction technique find —. [WBUT 2010)
G,
R(s) e e C(s)
H, _+ H|
G;
Answer:
G,
R
(s) 8 (SO o = 5 C(s)
+
GiH, HH, fe
R_(s)_, [+GH, | G g(s)
HH, e

CSEE-12
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CR),| 1+GHy GGGy

H|H1 €

R(S) o i GIGZ + G|G3 (Z(s)
: bt 1+G,G,H,H, + G,G;H,H, &

() G1:G)(C1G)
—/(;5 g 1'+GleHIH2 +GGH A,

perive the transfer function of armature controlled DC Motor. [WBUT 2019]
2

r:
?;;‘:;er function of an armature controlled DC motor

Hs G(s)
CLTF=E—((;)5=1—+—G‘(;)‘I;(—SS

where G s) = Forward path T.F.= SBB)(LsTR)
H(s)=Feedback path T.F.= Kys

K,
H(s)  s(Js+B)(Ls+R)
E(s) K,
o)
K K,

T UL +(LB+RI)s [+ KKys  S[ILs +(RJ+L,B)s +K.K, |
The block diagram of the complete system is shown below:

Vi

0o—F, YA T GO > @

Ve ol

ThCSFG can be drawn as

> -0 Qc(s)

CSEE-13
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Long Answer Type Questions
1. Use block diagram reduction technique to find out the [3\\/[;[?'['" 2t(r)?)68f°r f""Ctlo,,
of the system shown below in fig. 1. » 2007, 2017]
> (‘h
Gl > GZ > Gl [~——b C
”| <+
Answer: Fig: 1
1G4
G,
C
GG, > Gy
Hi |¢
R &_ > &‘GJ]—S |
I+GleHl Gz |
H, ¢
GG, ek
1+ G,G,H, BGiINe R 10 »IG; i
= G:GzHl % G = ey 1+G,G,H, + G,G,H, Gy
oY 11G,GyH,
R 010203-(}'04 G
1+2G,G,H,

CSEE-14
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SIGNAL FLOW GRAPH

[ Multiple Choice Type Questions

[WBUT 2009, 2013]

: his .
1 gignal ﬂ?(‘)";g;prepresentation of a set of differential equatians
. t o

a gPde olot c) polar plot d) locus of roots
b) B
pasver: @) ol
e signal flow graph of figure the gain C / R will be [WBUT 2012]
2.Intné |
1 A
R Sreadn I 2 X1 o 4 i
X2 X3
-1 -1 ol
2) 1119 b) 22/15 c) 24/23° d) 44/23
Answer: (d) '
3, Signal flow graph is used to obtain the [WBUT 2013]
: b) Transfer function of a system

a) stability of a system

c) Controllability of a system d) Observability of a system

Answer: (b) ‘

4, Asignal flow graph is used to determine the [WBUT 2015]
a) steady state error in the system b) stability of the system
¢) transfer function of the system d) dynamic error co-efficient

Answer: (C) '

Short Answer Type Questions

1. Construct an equivalent signal flow graph for the block diagram shown in figure
below and evaluate the transfer function. [WBUT 2008, 2012}

R + + +
SRR >R e
T o\ i

)

il
|H =

ts\'nswer: '
i bt : '
82l flow graph is drawn from the given block diagram

CSEE-15
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Identification of forward paths through nodes Forward path gains are given by
1,2,3,4,5,6,7,8,9 PEGIGIG)
1,2,3,4,5,7,8,9 LoGiE T e
Identification of loops through nodes Loop gains are given by
2,3,4,5,6,7,8,2 L,=-G.G,G, FEPICET)
3,4,5,6,3 L,=-G,H,
4,5,6,7,8,4 L,=-G,G,H,
2IBEATSIANg ) L =-G H G, VR
4,5,7,8,4 L,=-HG,H, 2 ]

No non-touching loop is there in the drawn signal flow graph.

A=1-(L+L +L +L,+L)=1+GG,G, +GG,H, +G,H, +G,G,H, +G,H H,
A=1;

A=

As per Mason’s gain formula

T FA +PA, _ ! G,G,G; +G H G, :

A 1+G,G,G; + G H |G, +G,H, +G,G,H, +GH H,

2. Find out the overall transfer function C/R of the following system using the
rules of Signal Flow Graph. [WBUT 2009, 2013]

RO

Answer:

Forward path gains P =G xG, x G,
f, =G, xG,

CSEE-16
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d ' L =—(GxG, %G, x H,)
- (por ™ | 1, =~(G2xG, x H))
| 4 L, =—(G,x H,)
| L":—(G‘XG,XHl)
NIL
/FI'TTO’O—;——_-
r{or;f::CA‘ A _[1GiXG:xG,x H, +G,xG, xG, x H, +G, x H,
s ~|+G, xG,x H,
A =1 '
factors !
([ A,=1
| _—— | Using Mason’s Gain Formula
Lk (G,xG, xG, +G, xG,)
1+G, xG,xG; xH, + G, xG, xG, x H; + G, x H,
_ +G, xG; xH,
[
3. Convert the following block diagram into its signal flow graph and find its
; i ing Mason’s gain formula. BUT 2014
transfer function using g |_' G:0) w 1
C(s)
Gy (s) -] G, (5) %;_.
H (s)
[ Ha(s)
Answer:

Step I: Represent the system variables or signals by nodes (Fig: below)

-H;
Fig: Signal flow graph

Step I Evaluation of Forward paths & Forward path gains:

- [Forward Path Identification through nodes Forward path gains
3)1,2,3,4,5,6,7 Pl = G,G,G,
b)1,2,3,4,5,6,7 P2 = G,G,G,
Evaluation of loops & Loop gains:
Loo Idcptiﬁcation through nodes Loop gains
: Ll '~ G1G4H|
L, = -G,G,G4H,

L3 i -G|GgG4H2:

Step 11y,

CSEE-17
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Step IV: Evaluation of Non-Touching Loops:
The given signal flow graph has no non-touching loop as all the three loops Passes 3 |
one common node. o
Step V: Evaluation of A:

A=1—(L+L,ytL;) =1 - ( G,G¢H; — GiG,Gs Hy - G1G3G.H; )

=1-G,GH, +G,G,GH, +G,G,G H,

Step VI: Evaluation of Co-factors:
As the no of forward path is 2, number of Co-factors will also be 2.
Cofactor for forward path 1:
All the three loops touch forward path P; (As P; and all the loops are having commgy
nodes)
2 A=1
Cofactor for forward path 2:
All the three loops touch forward path P, (As P, and all the loops are having commg,
nodes)

e Az =1
Step VII: From Mason’s Gain Formula:
Over all Transfer Function
=C(s)/ R(s) =(PiA +PA) /A

G,G,G,+G,G,G, e
1 G,GH, +G,G,GH, +G G,G H,

4. Obtain the transfer function C/R of the block diagram shown using Mason's Gain

Formula. [WBUT 2015]
H2
-if) N | leei? G2 -+ G3 —;(+ é)——»c(s)
u i -
; g HI
G4
Answer:
The SFG is shown in figure below: ) o

Forward path gains (R)=GGG,
CSEE-18
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'nsl‘ A = GleG3G4
‘ ‘garl "" Lz o —Gl.GzHl
pan L] = —GZHI
L4 = —GZG3H2
2 —(Ll +L2'+L5.+ L4) S GIGZG3G4 G GleHl +62H1 +GszH2
overall transfer function

c(s)

—

“R(O)

Find the over_all
figure pelow using

R(s)H*+

EAL = G|G2G3 ;
A 1-GGGG, +GG,H +GH +G,GH,

transfer function of the system whose block diagram is given in
Mason’s gain formula. " [WBUT 2016]

Gy

+ + +l+ o)

vGI_’®_;Gz VG3‘ R

H;

Answer:

Loo

Tb‘%‘&b Gain

T G1G,G; (-H1)=-G1G, Gs H,
mc\ GGy (-H3)=—-G1 G, Hs
W G, G3 (-Hz)==G, Gs Hy
Sedber G4 (-Hi)) =—-G4 H,

Non tOUchmg 10§ps N G, (-H3) G4 (-Hy) = G, G4 H; Hs

GiG,G; + G,

1+G,G,G,H, + GG,H, + G,G,H, + G,H, - G,G H,H,

CSEE-19
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6. Determine the overall transfer function of the si
gnal flow
using Mason's gain formula 4 Qra;[;cv Given
: ’ SUT 201y

Answer: : &
A =G G,G;
F, =G,
L =-G,G,H,
L, =-G,H,
=G GH,
A=1+G,GH, +G,H, -GG,H,
A=1

A, =1+G,GH, + G, H, -G,G,H,
- So the overall transfer function using Mason’s Gain Formula
_BRA +BA; GG,G,+G,(1+G,GH, +GH, -GG,H,)

TF
A 1+G,G,H, +G H, -G G,H,
: C/R for the block diagram shown below using block diagram reduction
t:c';inni:un - [WBUT 2019]
i ->| H
R : = c
.—)(8_ > G (2 > (X)——> G >(+ 3 >
1 T 0
: — H; [€—

H;

=l

R__@‘ Gy + + GytH, ——OB'

G;H,
e

—\
¥

H; ¢

CSEE-20
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_ 1
iy “ Gl 1+GZH2 Gz+H| Gy »
H;
G;(G, +H
4 5 3(Gy + ')(HGsz] c
1 G3 Gz +H|)H3
1+Gsz
R(s) C(s)
—¥ G(s) —
i GIGJ (GZ +Hl)
G(s)=—17G,H, +G,H, (G, +H,)
l+ GG, (G, + H,)
1+G,H, +G,H, (G, +H,)
G,G,G, +G,G;H,

~1+G,H, + G,H,G, + G,H,H; +G,G,G; +G,G,H,

8 Evaluate the transfer function using Mason’s gain formula of the equivalent
signal-flow graph shown in figure. [WBUT 2019]

Answer:
Step 1 Forward paths and respective gains
B=GG,G, '
£=GGgG,
k= ~G,G,H GG
F=G6G,

CSEE-21




—

POPULAR PUBLICATIO

£ =G,G,G,
P:‘ ™ _GJGSHIG4GG
Step 2:
Loops and respective loop gains (1)
L =—GH,
L, =-GH,
L, =GG,H H,
Step 3: Non-touching loops
LL, =G,G;H H, e
Step4: A=1 —(L, +L +Lj) +LL, =1+G,H +GH, +GG,HH, +G4GSH|H2
StepS: A, =(1-L,)(1+G,H,)
A, =(1) [As all loops are touching them forward path]
A, =(1-0)=1 [As all loops are touching them forward path]

A,=(1-L)=(1+G,H,)

A = (1 —0) =1 [As all loops are touching them forward path]

Ag =(1-0)=1 [As all loops are touching them forward path]

Step 6: Overall transfer function using Mason’s gain formula

_RA +BA, + BA, + BA, £ FA; + FA,
A _

il G,G,G, (1+G;H,) +G,GG, -G,G,G,GH, + GGG, +G,G,G, -G,G,G,G,H,
1+G,H, +GH, + GGH H, + G,G:H H,

Long Answer Type Questions

1. For the DC position control system shown in the figure below draw the signal
flow graph assuming the motor to be in the armature controlled mode with

armature resistance 7, and inductance L, and inertial and damping constants J,
and F,. Assume the amplifier gain to be K, the potentiometer gains to be
K . V/radians and appropriate motor emf and torque constants. Hence derive the

transfer function Q. (s)/ 0,(s). paoetficr [WBUT 2011]

Motor

I T
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ri . o of a potentiometer
~,r function ©

Q — Kp Vv

ML (TR -
Q =}Z;(Rl + Rz J i

:on of an armature controlled DC motor
CH(s) __ G(s)

= ) T+ G() A ()

Ka
Js+B)(L,s+R,)

: H(S) = Feedback path T.F.= K s

whereG(s) = Forward path T-F-= S(

:

e
ta
——
&
+
=]
N—
—
t~
tn
+
=
N

K, o K,

s[ULs* +(LB+RJ)s |+ K K,s [ JL,s* +(R,J+L,B)s+ KK, |
The block diagram of the complete system is shown below:

v

Q | Kp | Ka l_—'[ G (s) ,_.__’ S
, V. Kp
The SFG can be drawn as
K, G
o K, ' , Pl Q(s)
| Using Mason’s Gain Formula
Qc (S) ek KpKaGm

0(s) 1+K,K,G,
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Multiple Choice Type Questions

1. In torque-current analogy, displacement is analogous to WBUT 201g 20
a) flux b) moment of inertia c) voltage d) currer'n
Answer: (a)
2. In mechanical systems, the spring force is proportional to WBUT 201
a) motion b) displacement c) acceleration d) masg ]
Answer: (b)
3. The Capacitance, in force-current analogy is analogous to [WBUT 204
a) velocity b) momentum c) displacement d)mass |
Answer: (d)
Short Answer Type Questions
1. Draw the electrical analogous circuit using force-voltage analogy for the
mechanical system shown in the figure. [WBUT 2012
LLL L
Kl L=l o
&

Answer:
1* Part:

To obtain nodal equations (x, and )

1: Number of displacements = Number of nodes = 2

In addition, reference node is there.

2: M, is connected to x;, M, is connected to-x,.

3: K, is connected to x; and reference, K; is connected to x; and x,.

4: B is connected to X, and reference.

5: Force f{f) is applied on M. So, with this information we draw the equivalent
mechanical network [figure (a)].

6: From the mechanical network of figure (a),

CSEE-24
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"{x1 +Bil+K|x|+Kz(xt"xz) e (1)
)ﬂ_ : orm, weget
(S:M +Bs+ K +K2)X1(S) KXo (8) ... (ii)
K;

X2

M;

Fig: (a) Mechanical equivalent circuit

Node ‘xo
5! Kz(xl —x,) =M%, (m)
1o Laplace transform at both sides of the above equatlon
n
e (M, + K)o (9) K, X (s)=0 cenn (iV)
l‘ rt . .
: :raw analogous electrical circuit.
Usmg force-voltage analogy, we have the figure (b).
L C

:]R [UUB ) ' L
Wt Mesh 2

T Y |

5]
Mesh 1

Fig: (b) Analogous electrical circuit

The differential equations for the electrical analog are (using mesh analysis approach)
For mesh 1

drgnil
V(t) 'Ril+Ll d +'CTI lldt+ lldt"_’ lzdt
o )= qu' 11 P i__qi o (V)
G C C €
Farmeshz

Lz~ g Itzdt I’ndt 0
2 -

o, I‘Z i_ q _ :
dt (e &0 cone (VI)
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2. Consider the following mechanical translational system. F denotes force, y
denotes displacement, M denotes mass, B denotes friction coefficient ang

denotes spring constant. [WBUT 2018)
B, —:E-l K
EIEEY ] T
X
Kl% (==] By
(oM et | ST
v Xi

F

a) Write down the differential equations governing the above system.

b) IIi)raw the corresponding electrical equivalent circuit using force-voltage analogy
scheme.

~ Answer: :
a)
| 10,
M,%+Blg(x2—xl)+Kl (lx2 -x)=F
Mzcji—zg'—+ BZ%JCl + K, x, +B,%(x, —x,)+K (% -x,)=0
A% MZ%—?ZC—‘HBZ+B!)%‘~—Bl.%+(K2+KI)xl—K,x2=0

b) Force-voltage analogy is used to draw the electrical circuit
MR o o——/TIN
L| LZ

e Ji
V; R] TC]

T
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ELong Answer Type Questions

following mechanical b, b,
. :::1. F denotes force, X F~ ﬁ? 3
on 9|Vsce Tent, M denotes mass, B M }
s stio"v coefficient & K denotes —’UKUU\— /
tes fricte™ 1 s shown in fig. Aemor ., WNEeRsEy

:ti o differential equations governing the system shown in fig.
correspondiﬂg electrical equivalent circuit using force-voltage
[WBUT 2006, 2007, 2017]

X I-I_Bz X2
L
B K B,
F M, M, K;
L it

gifferential equation governing the system are written as (from the mechanical

The
network as shown above)

dx  p idf‘—+32%(xl —x,)+K(x-x,)=F

Lt s dt

b)

8

e— ~C2

2. Obtain the differential equation of mechanical system show in following figure.
Draw the electrical analogous circuit based on force-current analogy. [WBUT 2013]

[_-’ Xi B I_’ X2

% K, F®) | K,
—an— v | “ |—mn—

iy 7A
Answer:

F , a
Irst part: To obtain the nodal equation. ‘ 3

ten 1. !
P L: Number of displacements = Number of nodes =2

n L0
Sy gl.tlon .reference Node is there.
*M, is related to x; and Reference

CSEE-27
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M, is related to x; and Reference.
Step 3: K, is related to x, and Reference
K, is related to x, and Reference.
Step 4: B, is related to X, and Reference
B, is related to x, and Reference.
B isrelated to X;and x,
Step 5: Force is applied on spring.
Step 6: Node “x;’
M\X, + B x, + B(x, - %,)+K,x, = f(t)
Node ‘xz’

T T o i o T T WD

M, x,+B, x,+K,x,= B(x,- x1)
The mechanical network is shown in the figure a

“
dk

Fig: (a) Mechanical network
Second part: To draw electrical analog.
Electrical analog circuit based on force-current analogy is shown in the figure b,

Li=1/K, R=B
L

® jl é/ 2 e, ET

I T
Fig: (b) Electrical analog

3. Obtain the mathematical model of the mechanical system given below. Draw the
electrical analogous circuit based on force-voltage analogy.  [WBUT 2014, 2016]

in=fr

g

RFB:
W

Lz=l /K

' CSEE-28
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M;
Ki é
E_—- M
Apswer: panical network [fig. 1(a)],
TO get the mec Ki X2

X1

Reference node
Fig: 1(a)
Step I: There are two nodes x; and x, and reference of the system corresponds to the

- Reference Node.
Step 2: M, is related to Xi,
M, is related to X,
Step 3: K is related to x; and x,,
K, is related to x, and reference.
Step 4: B, is connected to x; and x,
fis connected to x, and reference.
Step 5: F is applied to M. With this information mechamcal network is drawn as shown

mﬁgurel(a
Step 6: :
d’x
M3, M?—-FK(J:I xz)"'B;{( L —%;) . (l)

2

At
2 B,-(x| %)+ K (x,—x,)= Mdd +K,x z'*'Bz(Zc (li)
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4. a) Define transfer function of a system. . |
b) Obtain the differential equations describing the dynamics of the Mech, ‘

translational system and find the transfer function X (s)/F(s) fo, the 4
shown in figure; f denotes the force, x denotes ‘displacement, M denoteg m Stem
denotes friction co-efficient and K denotes spring constant. Also draw its ?s' 8

voltage (F-V) analogous circuit. WBuY 20°r°°‘

xi(t) x:(t) 19]

=1 . =
ij : K
R —E'_' v :

MI K; 2
000 n
lllllllllllllllllllllllllllllllll
- - ‘_E_LLI hl i lﬁ;x llllll J%L
B;

Answer; B
a) Refer to Question No. I of Short Answer Type Questions.

b) Corresponding to the given mechanical arrangement, let us have the Mechaniy
network. K;

X) X2

Ky

From the above mechanical network, the differential equations may be written as

1* Part:

d’ dx d :
M, -—d::' +B, 7{'+K,Jcl +K, (x, "xz)'*”BsZ(xl -x,)=F, 22(1)
d’x dx ' d
M, dt22 +B, dtz +Kx, + K, (x, —Jc,)+BJEt-(x2 -x)=0 £5(2)
2° Part: '

Taking Laplace transform of Eqn. (1)
M, X, (5)+ BsX,(5)+ K. X, () + K, X, ()~ K, X, (s) - B,sX, (5) + B,sX,(s) = F(9)

= X O[Ms (B +8)s+(K +K,) ]~ (Bis+K,) X,(s)= F(s) ... 3)

Taking Laplace transform of Eqn. (2)
M,s* X, (5) + B,sXy () + Ky X, (5) + K, X, (5) = K, X, (5) + B,sX, (5) - BysX, () =0

= [M,s5+(B,+B)s+(K, +K,) ] X,(5) =(B;s+K,)X,(s)
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' ,Bs+K,)X(s) 4
=L + (B +B,)s+( +K)] IO
E®
S ps. 3 o
- K,) |X, 3 ,) X, :
(B,+B)s+(K.+ )J- )

Ll [Mls2+(Bl+B’)s,.'-(K’+K )]st +(32+B;)S+(K2+K3)
—(B;s+K,)X (s
/’mfﬂB +B,)s+(K, +K;) ( ) ()=F}(s)
_ .X(S) M5 +(B,+B)s+(K, +K) = (Bis+ Ky) .
E o 'FI(/S)S[M]SZ (B,+B3)S+(K +K ):I[Ms +(B, +B,)s +(K, +K)]
‘ Xl() . M2S2+st+](3 |
% F(s) [Mls’+(Bi+Bs)s+(Kn+Kz)][Mzs2+(Bz+Bs)s+(z<2+1<,)]

J" Part: Ml — L B — R | B; —»R; M, —L;

Mesh 1 ; T o
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COMPONENTS OF A CONTROL Systg,
L.

Multiple Choice Type  Questions

1. AC servomotor is basically a ‘ [WBUT 2007, 201p
a) universal motor b) single-phase induction mot' 2017]
c) two-phase induction motor d) three-phase induction motogr
Answer: (c) '
2. “Synchros” are popularly used as transmitter of Wayr
a) digital data b) mathematical data  c) angular data 20

d) all of thegn

Answer: (c) 0

3. A potentiometer converts linear/rotational displacement into
[WBUT 2008, 29
a) current b) power c) voltage d) torque
Answer: (c) ;

4. The characteristic equation of an armature controlled dc motor is of
: ' . [WBUT 20¢4
a) first order equation b) second order equation
C) zero order equation d) third order equation
Answer: (b)

Long Answer Type Questions

1. Discuss with neat sketches two different types of liquid control schemes.
[WBUT 2007
OR,

Write short note on Liquid level control. [WBUT 2012, 2016)
Answer:
Two-tank Level System may be referred to as two first-order tank Level System
connected in series.
Depending upon piping arrangements, two-tank level system may be classified as
1. Non Interacting System
2. Interacting System.
1. Non-Interacting System
Figure below shows a two-tank non-interacting liquid level system.

qa(t)—l
tank|
I hl
Rl

v q

1>hz

W

qz
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s tank1 dischmges directly into the atmosphere before falling into tank
o through R1 and R2'depend on respective liquid levels in tanks1 and 2. But
i i h2in tank 2 has no effect on the variation occurring in tank!. So, the

tlonS-id density should remain the same

i ) ;
(. Lq ave ‘uniform’ cross-sectional area.

kstoh
e l\;fr:gs-balam:e around each tank
b (Mass flow in) — (Mass flow out) = Rate of accumulation of mass in the tank.
dh, .
Forﬂmkl s s 4 Tt
' dh,

portank? G %7 2a
w-head relationships

_h
gz Lin

Again from flo

2, Interacting System .
An interacting two-tank level system is shown below:

SR A;
(L e / ‘
Earr i B e e 4 tank 2

e a0 RO

> qit)
R, R

The above system is said to be interacting because the flow through R, depends on the
differences between A, (¢) and A, (2).

Analysis
Assumptions

¢ Density (p) of the liquid should remain constant.

* Cross-sectional areas of the tanks (1) and (2) should be uniform.

Writing mass balan '
mgs boe el ce equations

(Mas :
s flow 1_“) —(Mass flow out) = Rate of accumulation of mass in the tank.

P a)-pa()=< p 4n ()

QR (SBELD
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For tank 2

(024 () 74, )

Writing the flow-head relationships

For tank |
; (t) B h, (t) —-h, (t)
| Rl
For tank 2
: h, (t
l)=—<
q, () R,
2. Find out the transfer function of an armature controlled DC motor. [WBUT 200
OR,
Obtain mathematical model of armature controlled DC motor and then determine
the transfer function of the system. WBUT 2009)
OR,
Derive the transfer function of armature controlled DC motor., [WBUT 201
OR,
Find out the overall transfer function of an armature controlled d.c. servo potion
control system. [WBUT 2013
OR,
Write short note on Speed control of DC motor. [WBUT 2016)
OR,

Obtain the equations for the armature controlled DC servomotor and find the
transfer function of the DC servomotor. [WBUT 2018)
Answer: e

The field circuit is activated by a constant su
permanent magnet. The control signal is applie
Figure below shows the schematic diagram of

pply (DC) or the field may be due to a
d to the armature terminals,

an armature controlled DC motor.

) Mechanical
& T load
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. aonstant as the supply YOltage to field is constant. The magnetic field
ot i8 €0 atui{é’éi"r'éuit'interacts with magnetic field due to the field circuit. As

4 ourr® .
g,nerﬂ‘ed by ﬂ::(T) s developed as shows in the figure below.
u
a tord
: rcsuu : U Rotating
! Armature
| '
A H N
[} | ) 7
‘s -I\ : ‘J ’ X
! S
N ¥ :
qESH A |
oy | i
' | Legends :
—>Flux by field
' - - = ~Mag. Field
Airgap = el
Control Signal conductor

 delivered by the motor is proportional to the product of armature current v(ia) and
Torqu .

air gap flux (¢) i I < gl it : e dhe

But, in a d.c. servomotor, field winding is operated-in linear portion of magnetization

curve as shown in the figure below.
. goc i, [Linear part of magnetization curve].... (2)

wLocid,
or,T =Kji i, ¥ - (3)
But i, =Constant = K,
=K
Tr=Ki o (4)
where K= Motor’s torque constant, N — m /Amp
, Wb !
A? :
Linear | b Teaky
portion | € 'Saturation
; zone
\f‘ Magnetization
: curve v
i
1
1
: ! » p . ~
' | 0,0 : 3010014 10 Inemaolsvad 1S quve
'As < Totor rotate : : I i ) i mot
Nduceq jp ¢ S, a voltage proportional to the product of flux and angular velocity is

‘ he TR e Ll :
s voltage isal:nmamre circuit as per Faraday’s laws of mductlon.

OWn as back e.m.f. / counter e.m.f,, e,
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AR ¢.£, in armature controlled d.c. servomotor ¢ is constant.
dt

do
eb oC ——
dt
or, iie = xidd 3 (5)
dt

where, Ky, = back e.m.f. constant., Volt-sec / rad.
Applying KVL in armature circuit

4
La’—;£ﬂ+Raia (¢)+e, (1) =e,(?) .-+1(6)

The motor’s torque is now transmitted to the mechanical load.
From Free body diagram of the load (Mechanical system) Fig. 1d, we get the

mathematical expression for the mechanical system is written as
2
g Aoy A9 ()
dt dt

SO AL R A AR RS T LTS S L fo fo fo koS fo fo o f LS f

) j > Mechanical effects
de

Steps for constructing Block Diagram
Step 1: We take Laplace transform of equation (5), (6) and (7) to have

E,(s) =K,,s@s)' e (8)

LsL,(s)+R,1,(s)+E,(s) = E,(s)

or,(R,+L,s)1,(s)+E,(s)=E,(s) - (9)

Js*H (s)+Bs@(s)=T(s)=K,1, (s)

or,(Js + B) s@(s) =15 (s) R (10)
Rearranging equation above equation, we get

E,(s)-E,(s)=(R, +L,s)I,(s) PASE(L1)

Step 2: Development of blocks:
From equation (8),

@ 1LY

CSEE-36
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equation (1 S MRALS) |y
& Ei(s) 1(s)

ati°n (9)’ ! S Ka N
I(s) |s(Js+B) @ (s)

1/Lys +R, N Ka @ &
E.(s)E I(S) [s(Js+B)

Ei(s)

KbS

N

i mow@( s) G(s)

U5 ) WA )
K

e TH= : i
4.whereG(s) Forward path s(Js+B)(Las+Ra) !

H(s) = Feedback path T.F.=K,s i (13)
K

@) s(Js+B)(Ls+R,)
BE (s K,
i 1+s(J.s'+B)(Las+R,,)XKI’S
- Ka
s[JLs +(LB+RI)s |+ K Ky
L K, i
S[JL,s* +(R.J +L,B)s+KK,]

e (14)

3. What are (i) synchros (ii) position encoder (iii) resolvers? [WBUT 2009] -
: OR,
‘ me short note on Synchros & position encoders. [WBUT 2012]
Wei OR, |
e short note on Position encoders. [WBUT 201§]
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Answer:

1) Synchro: A Synchro, named also as Selsyn (a word made up from Self-synchy .

or Autosyn (a word made up from automatically-synchronizing), is an electroromzl"!g)
transducer, which produces an electrical signal in response to the angular displac::n sl
A Synchro is basically consists of two sections. s
1. Synchro transmitter

2. Synchro receiver

Syntho Transmitter
The synchro transmitter converts the angular position of its rotor (mechanica] input) j
an electrical output signal. (fig: 1). i

Mechmica‘ input |~ Synchro| Transmitter | | Electrical output

®  Construction : HE 1

Synchro Transmitter by construction |is similar to a Y-connected 3-phase alternator
having a stator part and a rotor part. } ' ’
e Stator part

The Stator, which is stationary, is made up of laminated:silicon steel and is slotteq to
wind a balanced 3-phase winding which is of concentric coil type. j
The axes of the coils are displaced-120° apart with each other'and'Y' connected. (figute
l.a) M e B Wil ?

The stator windings provide electrical output.

Y- Connected stator colils,
displaced 120 apart.

Neutral point

e Rotor part: | S
The rotor is of dumb bell shaped. It is a salient pol;e'tYRe_. wound with concentric coils.
Through the ship rings, an a.c. voltage is fed to the rotor winding. '

..++;[[.Dumb bell shaped wound |
~ | " with concentric coil

TUEn S = Slip rings

o “mf“lg'lld))' l no ajon Nofe =

[@rog TUsw] 5
e Principle of operation e

The synchro transmitter is based on Faraday’s laws of inductions and act
transformer with

‘CSEE-38
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rimary Side. pi
U gra:spsecondaxy side where the windings are displaced 120° apart from each

°th voltage is applied to the rotor of a synchro transmitter, the following events
alternating current produces an ac magnetlc field around the rotor windings.
and

jines of force cut through the windings of the three stator coils and, by
tfr:;st],r,rrner action, induce voltage into the stator coils.

the effective voltage induced in any stator coil depends upon the cosine of the

| angular posmon (figure 1. ?) oft}.1at coil's a:XlS with respect to the rotor axis.

| when the maximum effective coil voltage is known, the effective voltage induced
: into a stator coil at any angular dlsplacement can be determmed

ac voltage applied to the rotor is .

V()= ASimat oo s ea: (D) i
duced voltages in the stator windings are : o i
Vs, (t) = KA sin ot cosd
Ve (1) = KA sin ot cos(120+6) p ' ------ (2)
Vs, (t) = KA sin @t cos(240+6)

and the corresponding line voltages are
<ol VLl VSl VSZ

=KA sin wi[cosb - cos(120+0)]

=KA sin ot -2 -sin(60+8) - sin 60

V3

=K4 sin af2 -sin(60 + 0)-2—

Lt US consider,

andin

L]

=3 Kdsinot-sin(60+6) e (€)

: Similarly VL2 = Ve, -V
‘ = KA sin ot [cos(120+8) - cos(240 + )]
= K4 sin ot 2'sin (180+6)sin 60

| = V3 K4 sin wt-sin (180+86) o 1)
i o VL3 = VSJ_VSI :
= K4 sin" ot [cos(240 + ) cos 4]
b oo 240+9+0“ Gepelial (e
| 11!3::41 rf}sj _T‘ZK‘!smax ( : Jsin ’2" uo) eanibniw t0iste gri nodW
421l mataye Va4 i nworl: moetzney [ouno:
o =-2K4 smwr sm(120+0) Sin120 el /@ vlginie 10 105wersd 10md
el i "“/:K(i_sm 0181“(120"’.0)1, 51 orlt-enG)nsy onrdamge ol sxital
z =‘EKAsin ot sin(240+6) - (6)! menl Jugiire leainarsam
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' stator coil

\
/7\
\
\
\

rotor coil

Fig: 1 (c) Relative angular positions of rotor

So, we find that for an input of angular position of the rotor shaft relative to gy, sta,
windings, the synchro transmitter gives a set of three lines voltages. Thus, synchro statzr
I

windings give electrical outputs.
* Electrical Zero: In figure 1d when 6 =0, Vs; has maximum value of voltage

= KA sin ot (from equation 2)
and V,,= 3 KA sin wt-sin(180+9)= 0
The position at which Vs;.is maximum and Vi, = 0 is known as Electrical zery
reference position of the rotor in synchro transmitter. *

BaS

Vsl

@)

0
G0 rotor
Stator s

T
o
T

i Stator

B o oy ey e

—axis of
windings

QO vs3 QO vs2

Fig: 1 (d) Electrical zero in synchro transmitter

Synchro Receiver / Control Transformer

When the stator windings (output) of a synchro transmitter is coup
control transformer as shown in the figure 1.e, the complete system is called S
Error Detector or simply Synchro. i
Unlike the synchro transmitter, the receiver has an electrical input to its statr an

mechanical output from its rotor. ‘

led to a synchro
ynchro

CSEE-40
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function is to conveft.the electrical signal at its stator from the
chanical angular position through the movement of its rotor.
ompares the angular positions of the two rotors.

recqiver's
_pack to 8 MC
rfor Detector c

Synchro
; )‘ransmittcr Synchro receiver /
m v £ control transformer

c—l—

B

Fig: 1 (e) Synchro

kin ; Cvgh

: Z/g:atorés, of both Synchro transmitter and Synchro control transformer are identical
S::{Coutput signal from synchro transmitter is fed as the input to the stator of the control
a

nsformer, the flux patterns are identical in both the systems.
tpr‘avoltage will be induced in the rotor of the control transformer. The induced voltage

will be proportional to the cosine of the angle between two rotors
¢(t) = KA sinwi cos RS . (7)

where, Y = angular displacement between the rotors.
and K, = proportionality constant ‘
When W =90, e(t)=0. This position is known as electrical zero of the error detectar.

Let us consider, 8 = Angular displacement of the rotor of transmitter
& f = Angular displacement of the control transformer
¢ net angulare() = K A sin ot cos (90+6-p)

=K Asinot sin(f-6) -..... (8)

For (B - 6 ) to be small, sin(ﬁ—&)—)(ﬂ—ﬁ) """ )
So, from equations 8 and 9 we have e(t) =K; A sinot " (p -6)
= e(t)oc (B-0) : '

> SYﬂChrO-'trar_lsmitter and control transformer pair acts as an Error detector.

il) Position encoder: -
ncoder : b i iti i
serv(;(:;;tls a device that detects rotational and linear positions of machines such as
e tors, l}near actuators, tachometers, and the like. They allow accurate positioning
ok machines, and determination of such quantities as derivatives of position i.e.
i til(:y and acceleration, :
1tion encog : ic si indi
i mica?code'r§ are used to generate an electronic signal that indicates an absolute
| Position, or an incremental mechanical movement relative to a reference
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position. There are many known ways of generating a position signal, inclyg:
SENSOrs, capacitive sensors, and optical sensors. Linear and rotary type encoéng Magngs
EXtensively as detectors for control over feed rates and stop positions of vari TS atg i
Position encoders are classified as incremental and absolute. The incr:u Ut
encoder detects and outputs increases and decreases in relative Movement beme al ly;'
and detector. A typical incremental encoder includes a wheel with tally mark 3
a circular array about the wheel. A sensor detects the passage of tally ,;a Needjy
orientation of the wheel is changed. Absolute position encoders Provide ks ag the
absolute position, thereby avoiding the problem with initialization move e
Plagues incremental encoders. The absolute type encoder reads the relativmemS they
bet\\ieen coder and detector using a fully periodic array pattern scale of the ce ]
re[anve position, after suitable processing, is output as an absolute position, e
Dgz?’erenr ways are there to detect angular or rotary motion such as mechanic,; |
utilizing brush contacts or magnet/inductive methods. But the most commpop, relfl Mean |
widely used devices are non-contact optical receptors employed by optical ;nc(:;ble =4
optical encoder 'comprises a light emitting unit, which emits a light 'beg o A
pPhotoelectric converting elements, which are disposed behind two diffraction gratrin Al
photoelectric rotary encoder is a kind of a sensor that is used to' detect Iotation I;gs.A
rotation number, rotational speed and the like of a rotating unit as digital signalg, opl:,-gle’
shaft encoders generally consist of an optical shutter, such as a disk or drum, whichc{u
rigidly attached to the shaft whose position is to be determined. Such encoders are used il,f |
various types of machinery and machine tools where information concerning the precig,
angular relationship or speed between'a shaft and another component is needed.

iii) Resolver i g |
A resolver, an analog device, is a type of rotary electrical transformer that measures
degrees of rotation. Pulse encoder is its digital counterpart.

A resolver is a rotary transformer where the magnitude of the energy through the resolver
windings varies sinusoidally as the shaft rotates. A resolver control transmitter, has one
primary winding, the Reference Winding, and two secondary windings, the SIN and COS
windings. The Reference Winding is located in the rotor of the resolver, the SIN and
COS Windings in the stator./ The SIN and COS Windings are/mec¢hanically displaced 90
degrees from each other. In a brushless, resolver, energy. is supplied to the Reference
Winding (rotor) through a rotary transformer. This eliminates brushes and slip rings in
the resolver and the reliability problems associated with them el :

In general, in a control transmitter, the Reference Winding is excited by an AC voltage
called the Reference Voltage (Vr). The induced voltages in the SIN and COS _va‘dl“ﬂgs
are equal to the value of _tthqf'e;gncﬁeﬁVqltggg‘n}‘ult_ipl‘if.:dl by the SIN or COS ;of tl:se
angle of the input shaft froxp ajﬁx_e'd‘;zﬁqo :ppi:ﬁt.‘ Thus ,t;hé‘rés"olycf provides two V,QE;% ?
whose ratio represents the absolute position of the input shaft. (SIN 6/ COS 6 = Td e
where 6 = shaft angle.) Because the ratio of the SIN‘and'COS voltages is considercd, i
changes in the resolyers’ characteristics, such as those caused by’ aging or a Chﬁ:iﬁaﬁ
temperature, are ignotjed.( An /gc’id’itiqnalwafqyél?lt;ige’bf this SIN / COS rja_tm 1S ,fh?’)t,t, prloaim

INDITE2M 18 Ia
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L ven if the shaft is rotated with power removed, the resolver will take

bs;ql'-‘te‘; alue when energy is restored.
posltlon ‘ S4
COS T
Winding Ve = VrCOs(0)
S2
Rl
Vr yb
\ S3
s
R2 Rotary Vs=ViSIN
Transfer |<)6, _sg )
1

w the schematic diagram of an armature controlled dc servo portion
4 3 ?r: ystem showing all it_s components. Use potentiometers as the position
g:rr;t::;e,nsdr' Draw the block diagram. [WBUT 2012]
Aiver:

lnl:z;ure Controlled DC Motor:

| ;[éfe 1o Question No. 2 0f Long Answer Type Questions.
[ Be) "‘];".e‘ L

Potentiometer : : g : ; s .
A potentiometer is a device, which has a resistance with three terminals.The Resistance 1s

fixed in between two end terminals. The resistance of the third terminal (i.e., wiper) can

be varied with respect to the end terminals as shown in the figure 1.
‘ —> | End terminal

—
A
|

GidTatlh Nl RS
8| 51’.’][,’._, 21y
€11

A lerimsl ol QL 200049 Py

= /
<——}\—°I displacement

l . wiper

—> End terminal

: Fig: 1 A potentiometer
A potentiometer is a passive transducer which converts the mechanical displacement of

the wi.per into equivalent electrical signal. Figure 1(a) shows the block diagram of a
potentiometer. ' i :

Mechanical ; : . Electrical
2 Potentiometer

Displacement Signal

Fig: 1(a) Block diagram of a potentiometer
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Working Principle

Fig: 2 Working a potentiometer

A and B are two fixed terminals having resistance R. If a constant d.c. voltage (V)i
applied across the fixed end terminals (A and B), then an output voltage V is Obta[;n ';
from the variable terminal (C) with respect to an end terminal. (say, B) as shown int;
figure 2. :
If the wiper is displaced then we get a variable output voltage Vo i.e. the voltage output of
the movable terminal / wiper with respect to one of the fixed.terminals (say, B) is
proportional to the displacement of the wiper with respect to terminal B.

Referring to the figure 2, due to voltage division,

L4 Vi

vo—R.V;" =—ﬁ-rI (1)
assuming uniform spreading out of the resistance,
rox = r=Kx N (2)
and R =Kx —(3)

where, x; = displacement of the wiper corresponding to r and K= proportionality
constant, x = total sensible displacement of the wiper with respect to the terminal B.

V;nKl
Vo ——.
R
'or Vi (Z"-) X [from equation (3)]
; X
= Vo XX,
= v, = K.x, o (4)
To Generate T.F.
Taking Laplace transform of equation (4), we have
V. 0 (s)= KX, (s)
V() K K 4
> —t=Ks—=s—7 (S
X,(s) LS 2
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A AR IR R

-

' e _entﬂtion ‘
b X

K S
> KO % | © [ e

Fig: b Block diagram Fig: ¢ Block diagram

: 1 of the T.F. (equation 5) we find that the highest power of s in the
: So, the order of the transfer function is zero. Hence, we say that a

ator | der component.

eter is 8 Z

PO tor or Error Sensing Device A :
tes omponent of control system; which is used to generate a difference

r .
g:rl:: detector 15 ac

ero or

is a device, which generates a difference signal,

m, the error detector
e magnitude and polarity of the set point variable

al,, depending upon th

and contl'O
symbol g
figure 3 deP1C

and e(¢) is the output from it prov

is the symbol of a comparator, wherc, r(t) and c(t) are the inputs to it -

iding the difference of the inputs.

r(t)

Fig. 3: Symbol of a comparator

Realization of an Error Detector
Realization of an error detector may have through a potentiometric error detector, whose

components and functions are listed in table.

s Components

Components ) Functions

2 potentiometers Potentiometers, connected in parallel, are used as variable voltage

el c —— sources. : i _
ge source |Applied across the potentiometers and the polarity of error voltage will

Sl | determine the relative positions of the shafts / wipers.

Circui ' : —— ; .
d e::;zr“'” angement: Fig. 4 shows the circuit arrangement of a potentiometric error
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Vx = Kr(t)

' Vy = KC(1)
j + .o Vz =2V~ Vy
n ,)% A ___l—___ Vv B y =K [r(t) ~C(1)]

=Ke(t)
where K= Proportionality
constant
r(t) = Set Value
Vxy=Vz =Vx ~Vy C(t) = Controlled Variable

Fig: 4 Potentiometric error detector

® Operations
Step I: One of the potentiometers, say A, in figure 4, is used to generate reference g;
through its wiper. The position of the wiper (x) corresponds to an electrical signg] (\ilgnal
Step 2: The other potentiometer’s wiper position is governed by the controlled six'
Corresponding to a value of controlled signal, wiper takes a position, 5ay ¥, This \5[11 A
position corresponds to an electrical signal, say V. i
Step 3: The voltage V,y developed between these two wiper will indicate the differeng,
» between the positions of two potentiometer wipers. i
If x and y both at same physical level, then, voltages at these two points Vyand Vg
equal. |

Vi-Vy=Vy, =0

However, if points x and y differ in position, then :
Vi #Vy
Vo %0

If Vx>V, then' Vo, > 0

[V, e <iVy ithen Vi < 0

and V,, o (difference in levels of x and y)
‘and will correspond to an error signal.

. Vy =K e(t) ()
where K= sensitivity of the error detector

e Transfer Characteristics: Transfer characteristic of a potentiometric error detector is

shown in figure 5. Vy (Volts)
: A
2 ~
0 ition
" |2 1 - Positional
difference of
wipers (meter)

Fig: 5 Transfer characteristic of a
potentiometric error detector
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I‘trﬂ\r\Gfer function of the system. Assume all relevant parameters.
he system- : [WBUT 2012]

yri ¥
T

1 ‘
4 w : ion No. 2 Eof Long Answer Type Questions.
i ue. L0

‘ _]‘;‘-’ i ’0 ‘ i
| K‘flr notes on the following:

iteshor  isms ' [WBUT 2008, 2013]
5 o mechan [WBUT 2009, 2012, 2019]

0

! iccr:acho'“ L
BoR o [WBUT 2009, 2013]
40 tach moiors [WBUT 2010, 2015]'

5ervo [WBUT 2013, 2015, 2019]
0 gynch erator [WBUT 2013, 2016, 2019]
d; pe tachoden [WBUT 2014]
:)Poten:i:i':ge::; of speed control of dc motor v . [WBUT 2015]

Blo¢

wer:

ervo mCChanismS: . . ) | ’ -
3 losed circuit feedback system used in the automatic control of machi nes, involving
A closed-

r.sensor using a small amount of energy, an amplifier, and a_servomotor
an G large amounts Of power. In other words servomechanism deals with a,
dlssgﬂzlfiy stem that comprises of a sensing element, amplifier, and servomotor, used in
f;:auatomatic control of 2 mechanical device by means of negative feedback. A control
system with servomechanism convf:rts a.smgll force intg a larger force.- It is used to
control the mechanical position ax.id its derivative 1.e. \felocny aqd acceleration...
The purpose of servomechanism is to meet the following objectives: Power amplification
ie. control of a high-power load from a low-power.command isignal. Automatic control
+» accurate and precise control of motion without the presence of human attendants. To
take care of any mechanical load variations, power supply fluctuations, changes in the
environment, and derated performance of components due to aging etc.
A control system may. use single-loop servomechanism or, simply, a servo loop. More
complex control system one may use two or more loops (multiloop servo).

Figure below shows a block diagram of a single loop servomechanism.

3 Actuator Mechanical
R Amplifier (Servomotor) [—>| connections 5 Output
glitee (Gears, linkage) motion
input W : i (Controlled
T Actuating signal akable)
Feedback element >
Feedback signal (Measuring device) | *
Fig: Block diagram of a single loop servomechanism
Figure be| ‘
0 . . -
Ontroljeg u‘:‘r:hows an example of Servomechanism where the azimuth of the antenna is -
HRIRGG .,x,-“g_,l‘;.thﬁ? servomechanism.
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Error signal Antenng

Motor
ired —> —> Mot
Desired controller i

azimuth

Feedback: actual . l I
Antenna: azimuth Position
1 sensor

Summing device

Fig. An example of Servomechanism

The pqsition sensor senses any change in azimuth. The summing device generat
error signal depending upon the desired value of the azimuth. Motor controj| o
getting the feedback from the summing device drives the motor in such a way t}: L
antenna regains its desired value. iy

b) AC tachometers or AC tacho generator:
Construction ;
The construction: of an a.c. Tachometer is similar to a two-phase a.c. servomotor, [y,
construction is classified as ‘ .

i) Stator part :

ii) Rotor or Armature part
Stator part: Tt comprises of two coils oriented at right angles to each other, i.e., in space
quadrature. One coil is called reference coil and other quadrature coil. The two windings
are excited by voltages having 90° phase difference. [see figure (a)]
Rotor part: It comprises of a thin aluminium or copper cup which rotates in the air gap
between a fixed magnetic structure. Inertia of the rotor is very low and the rotor is wound
with highly conducting materials to provide a uniform short-circuited path.

Reference

)
— Reference coil Coil\/
E v, =Vmsinw
90 rotor ¢
Ve

Quadrature coil v
Q Mechanical

Lo

\

Fig: (a) Arrangement of : T
Vo= Vmsm(wt +-2—/

windings &

<

y adrature
Mechanical ity
Coil

shaft

Fig: (b) Schematic diagram of an ac tachometer
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A Qoi dﬁl rated voltage is applied tc? the reference winding.

nu the rotor is coupled mechanically to an object whose speed is to be
rotates with the same speed as the object.
at the quadrature coil is produced which is proportional to the speed
[ly it can be represented as follows:

i e rotor
y
i he VOltage

step :otof- Mathematica

d
—0G(
eo(f)=K’ dt é( )

_, output voltage, Volt
10

e & :
wher acement of rotor, Radian

()~ angular displ
K - tachometer constant, V/rad/sec.
/|

) Ser"og'f’stg:o’ has basically been derived from the word ‘Servant’, who follows the
The Wor i ven by the master. Hence, a DC servomotor is used as an actuator in the
| instruclt'lggp o drive a load as instructed by the controller.

co.mr:wany a DC motor of low power rating, and having high ratio of Torque to Inertia
g“;j) 50 bearing a faster dynamic response. . : : :

A Servomotor S component of a control system in which the controlled variable is a
mechanical angular position or rate of change of angular position. It converts electrical

signal into equivalent mechanical system.

ification
o Classi Servo Motor

P }
DC AC
| ;
¥ili v 20
. Armature Field Induction
controlled controlled motor

Armature Controlled DC Motor:
Refer to Question No. 2 of Long Answer Type Questions.

Field Control DC Servo
Here, in figure 1,
(i) amature terminal is connected to a constant DC source (e,) with very high internal
i 'mPEdamfe(R). As a result, armature current (i,) remains constant. -
control signal (from controller) is fed to the field windings with resistance Ry and

i Inductance Ly,
i :
Darmature js mechanically coupled to the load.
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*  Operation
Torque T developed by the motor is proportional to the product of air gap flux 4
| s and

armature current i,

Txgi,
As |, is constant,
Txg
In linear part of magnetization curve ¢, < i,
| Toi,
or, Ti=" Ko T ne 1

(1)
where, K¢= Mo{o{’s field torque constant, N — m/Amp.
Schematic diagram of a field controlled dc motor is as shown in figure 1.

R¢ i, = Constant
<
] ;
S ¥
ﬁ e
Contol [DC source
Signal with very
j : high internal
Fig: 1 Field control DC servo impedance R]

Here, R¢= Field winding resistance, ohm
L= Field winding inductance, henry

i¢= Field current in amp.

es= Applied field voltage, volt

R = Internal Impedance of the source, ohm
i, = Armature current in amp.

T = Torque developed by the motor, N —m
J = Equivalent moment of inertia of rotor of motor & load, Kg —m’

B = Equivalent viscous friction of the rotor of motor & load, Nm/rad/sec.
di
From field circuit we have, €, =R/, +L, _d;i

From the mechanical system, we draw the free body diagram (fig: 1.a).

Free body
be ) ) )
AXIS T2 do

Fig: 1 (a) Free body diagram TSk dt

From the free body diagram, balancing the different forces

d*¢  ,do
T_(J_‘_{F__FB?;]:() ...... (3)
: CSEE-50
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a0 do _ VS
T—_-J—;F'""B dt i (4)
]'Om equation (1)]

. of Block diagram

. G;"%’::?gaplace transformation of time-domain differential equations (2) and (4).
Wetht 20)= R, 1 () sy L (o)
B (=B L)L) O

% @) +Bs@(s) = K1, (s)
.@(s)[Jsz+Bs]=K,1, (s) oo (6)

s from individual equation in Laplace form

1 |
ool Fom o)
S | f

or,

step 2: Dra¥ block

Fig: 1 (b)
Kt > [From equation (6)]
—> > !
1(s) Js*+Bs @ )
Fig: 1 (c)
* Step 3: Combine the blocks in figures I.band 1.c

1 I (s) K
EG) |——— £
—>| Re+sLy) (Js+B)s

\1©),

Fig: 1 (d)
Step 4: Apply block diagram reduction technique in figure 1.d
> >
E{(S) S(JS+B)(Rf+SLf) ® (S)

Fig: 1 (e) Represents the block diagram of a field controlled DC serve-motor

(8)Itis a type-1, 3rd order system.

(b) Like armature controlled DC motor, it does not provide any inherent feedback path.

80, from stability point of view it does not provide a good option.
AC Servo

L. The AC servomotors are basically two-phase, reversible, induction motors

modified for servo operation.

A ? R = :
¢ Servomotors are used in applications requiring rapid and accurate response

characteristics,
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3. To achieve these characteristics, these ac servomotors have sma| diameter :
resistance rotors. : hlgh
4. The ac servomotor's small diameter provides low inertia for fast startg
reversals, i
S. High resistance provides nearly linear speed-torque characteristics for ac.
S€rvo motor control. i
* Construction
It has 2 stator coils. The axes of the windings of the two coils are in space Quadrat,
shown in the following figure: e

) Stops

e
Activating S5 1 2
Signal Amplifier l -
o—
Mechanical load
Control  90° Reference
winding <V =>| winding

Fig: 2 (a) Schematic diagram of AC servo

One stator coil is called control winding and the other reference winding,

Voltages in the two stator windings are equal in magnitude with a phase difference of 90°
figure 2 (b). /3 -

Ve

ot

~

T
R Ve
2

Fig: 2 (b) Voltage waveforms in two stator windings
iLe., v, =control voltage =V, sinar

v, = reference voltage =, sin (et +90°)

This phase difference of 90° intwo stator windings produces a rotating magnetic field.

e Power supply ,

The two stator windings are normally excited by a 2 — ¢ power supply.

If a 2¢ voltage supply is not available, then single phase supply along with an additional
circuit is used to generate a phase difference of 90° between the voltage of two stator
windings.

e Rotor ' :

It is a squirrel-cage type having high Electrical Resistance.

Its diameter to length (d/l) ratio is kept small to reduce the moment of inertia of the rotor:
(Fig: 2.c) '
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d

— issmall

/

e teristic CUTYES e plotted i

j Ch;/set i que-speed c.un//;:s are plotted as shown in fig: 2 (d) when
i

Age S ey (1) €, () € (1)

~
\ p
Speed
rad/sec
e(t)=0

Fig: 2 (d) Characteristic curves

winding is fed with a rated voltage.

tages are applied to the control phase winding.

t straight line$, i.¢.; linear. To develop a linear mathematical model,
more differential equations. So, using linearization techniques
mated to linear curves with negative slopes.

ﬁ i) fixed phase
i (if) different vol
‘ These curves are 1o
we have t0 develop one or i
. " these non-linear curves are approxi

o Evaluation of Transfer Function
Step 1: In ac servo motor, torque T is a function of
(i)  Motor’s angular speed &
(iv)  Control voltage e.(t) 0(t)
B

ie, T=f (9, e.(t )) : ~ ﬂ .
40 Fig: 2 (e)
Bis ;
AR
d 29 T Free body
]——2— ~ diagram
i e . 3 , dt-  Fig: 2 (f)
onsidering lmeapzed torque-speed characteristics, the equation for a torque speed line is
3 I'=-Ko(t)+K.e,(¢) A7)
ere K and K, are constants.

F ;
2 freezbOdY diagram (fig: 2.f) we have the Torque Balance equation as
T:Jda(t) dé?(t)
el O .
_ . CSEE-53
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Step 2: Taking Laplace transform of (7) and (8)
T(s)=-Ks@ (s)+KE(s) - 9
T(s)=Js@s)+ BJ@(S) ----- (10)

From equation (9) and (10), we get

JsXBs) + Bs@s) = -Ks@s)+ K. E. (5)

(J° + Bs + KsJ@Xs) = K.E(s) oo (i1)
Step 3: To get the Transfer function. :
@ s - (from equation 11)

E_(s) # (Js2 + Bs+ Ks)
Step 4: To draw the Block diagram.

S ——o—> JVQ./(JS2 +Bs+ Ks) > HXs)

d) Synchros: :
Synchro: A Synchro, named also as Selsyn (a word made up from selj”—synéhronizing) or
Autosyn (a word made up from aufomatically-synchronizing), is an electromagnegi,
transducer, which produces an electrical signal in response to the angular displacement
A Synchro is basically consists of two sections

1. Synchro transmitter

2. Synchro receiver

Synchro Transmitter
The synchro transmitter converts the angular position of its rotor (mechanical input) into

an electrical output signal. (fig: 1)

-

Electrical output
—_—

Mechanical input Synchro Transmitter

Fig: 1
e Construction
Synchro Transmitter by construction is similar to a Y-connected 3-phase alternator,
having a stator part and a rotor part.

e Stator part i !
The Stator, which is stationary, is made up of laminated silicon steel and i

wind a balanced 3-phase winding which is of concentric coil type.
The axes of the coils are displaced 120° apart with each other and Y connected. (figure

1.a).
The stator windings provide electrical output.

s slotted to
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]
]
1
1
! Y- Connected stator coils,
1200 \ displaced 120° apart.
1
]

-.—----—-----—-.-u----

Fig: 1(a)
4 Rotor -I;‘gt{'dumb bell shaped. Itis a salient pole type wound with concentric coils.
i . 3 oy
e r:;ﬁrthe chip rings, an - voltage is fed to the rotor winding.
Thro S 4 ) Dumb bell shaped wound
E with concentric coil
' Fig: 1 (b)
.+ le of operation
T Psry,ﬁf;’}fro t{ansmitter is based on Faraday’s laws of inductions and acts as a
e :
formerwith
_rotor as primary side. , :
_ tator as secondary side where the windings are displaced 120° apart from each
‘ other. '
i When an ac voltage is applied to the rotor-ofa synchfo transmitter, the following events
occur

- analte

transformer action, induce voltage into the stator coils.

angular position (figure 1.c) of that coil's axis with respect to the rotor axis.

_ when the maximum effective coil voltage is known, the e
into a stator coil at any angular displacement can be determined.

Let us consider, ac voltage applied to the rotor is
V,(t)=Asina)t PR R e (1)

and induced voltages in the stator windings are
Vs,(t) = KA sin ot cos@
Ve, (1) = KA sin ot cos(120+6) p === (2)
Ves(t) = KA sin ot cos(240 +06)
and the corresponding line voltages are
Vi = Vs Voo :
=K4 sin wi[cos@ —cos(120 +6)]

CSEE-55
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= K4 sin ot 2 sin(60+8) * sin 60

5

3
= K4 sin w2'sin(60+6)—2—

: =3 KAsinot-sin(60+6) e (3)
Similarly Vii=hrs Vg

= K4 sin ox [cos(120+ ) —cos(240 + 6)]

= K4 sin @t 2 sin(180+ 8)sin 60

=3 K4 sin ot-sin(180+8) e (4)
and 4

LI Vs:‘V.ﬂ

= K4 sin wr[cos(240+6)—cos 4|

= —-2KAsin wt sin( 254055 O g]sin 240

2 2
=-2K4 sinwt - sin(120 + 8) - sin 120
=3 Kdsin arsin(120+60) - (5)
- \[3-KA sin ot sin(240+6) ... (6)

Fig: 1 (¢) Relative angular positions of rotor and stator coils

So, we find that for an input of angular position of the rotor shaft relative to the stator

windings, the synchro.transmitter gives a set of three lines voltages. Thus, synchro stator
windings give electrical outputs.

o Electrical Zero: In figure 1d when 6 = 0, Vs has maximum value of voltage
= KA sin ot (from equation 2)

and ¥, =3 KA sin wr-sin(180+6)=0

ELY o L4 . o 4 -~ r
The position at which Vs, is maximum and Vi, = 0 is known as Electrical zero ©
reference position of the rotor in synchro transmitter.
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]
]
E Vsl

)}
A% L8]
i
Il

0

Hfo _rotor
Stator § —
o
Stator

¥—axis of

windings

O vs3 QO vs2

Fig: 1 (d) Electrical zero in synchfo transmitter

]
I
!
]
!
!
L}
L}
1

ver / Control Transformer
- windings (output) of a synchro transmitter is coupled to a synchro
as shown in the figure l.e, the complete system is called Synchro

chro Recei
former

ontrol franSIoE;
E cror Detector O simply Synchro.

hro transmitter, the receiver has an electrical input to its stator and a
i 1 its rotor. '
anical output from its rotor. i | .
?;Chsynchro receiver's function 1s to convert the electrical signal at its stator from the
ua;smitter back to a mechanical angular position through the movement of its rotor.
synchro Error Detector compares the angular positions of the two rotors.

g Synchro

Transmitter Synchro receiver /
Pl control transformer

Unlike the sync

Fig: 1 (e) Synchro

* Working ‘ | S
Since stators of both Synchro transmitter and Synchro control transformer are identical
ad output signal from synchro transmitter is fed as the input to the stator of the control
Vofct)anner, the ﬂu.x patterns are identical in both the systems. :
 Yollage w1]l‘ be induced in the rotor of the control transformer. The induced voltage
Proportional to the cosine of the angle between two rotors

8(!) = KIA sinotcos¢@ @00 -.-.-- (7)

CSEE-57

;
&
i
x
- 3 3
‘-
e




T e B i T T T S o S i S i e s e e 27 Rt gt et g e g et i gt ety ol et o s

POPULAR PUBLICATIONS !

where, y = angular displacement between the rotors.
and K, = proportionality constant
When W =90, e(¢)=0. This position is known as electrical zero of the €ITOF gy,
Let us consider, & = Angular displacement of the rotor of transmitter
& B = Angular displacement of the control transformer
=, net angulare(r) = K, 4 sin o cos(90+6-f) .
=K, Asinax sin(f—6) -.--- (8)

f Or‘

For (B - 0) to be small, sin(ﬂ_g)_)(/;_g) ...... 9) !
So, from equations 8 and 9 we have e(t) =K; A sin ot (3 —6) |
= &) (B-0) |

= Synchro-transmitter and control transformer pair acts as an Error detector, |

e) DC tachogenerator: |
Construction: The construction of a d.c. tachometer is similar to a small d.c, generator
Its construction is classified as .
i) stator part
ii) rotor or armature part
Stator part: As the name implies this part remains stationary. It comprises of sever]
permanent magnet poles which produce magnetic field.
Rotor or Armature part: A wound rotor is provided with a commutator and brushes, The
output voltage is picked up from the brushes.
Rotor shaft is connected mechanically with the shaft of the rotatmg member whose speed
1is to be measured.
It generates electrical voltage whose
a) magnitude is proportional to the magnitude of the angular velocity of the input |
shaft. ;
b) polarity depends upon the direction of rotation of the input shaft as shown in Fig
1. (a) and Fig: 1.(b)

- —0-
+a AL
A o A

= 5l J
J Rotor

(0]

) i

i ) g ,0)

Fig: 1 Dependence of polarity on rotation

<%

' of
Principle of operation: The operation of a DC tachometer is based on Faraday’s lat\:l’ca
induction i.e. when a conductor rotates in a magnetic field, it generates an elec

i.e
voltage across the conductor, which is proportional to the rotation of the conductor: !
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e alectl'iﬁal voltage (Volts) and O(rad.) is the angular displacement

3 6 ‘when a conductor wound rotor, provided with a commutator and
th’c magnetic flux due to permanent magnet poles, a D.C. voltage is

L) o1 A is positive with respect to B when the armature rotates in
o M thc te lna . . .

e 16 S ¥ 1), If the armature rotation is reversed then A becomes negatively
M8 direction (say): b

‘ s€ t to B (ﬁgure 1. ) \

pckWP c At
clock Y,::::erzipsc voltage is given by

pallﬂs :
- ntN0 0+ volts e (00)
3 601,
_ pumber of permanent magnet poles
o = nufnber of conductors in armature |
: — pumber of parallel paths between the positive and negative brushes

Np: angular speed is r.p.m.
4= flux produced by poles; Wb,

d ¢ are constants.
Sincey My Mo Mpp 20 9

50,V N s voltage waveform (V) follows the pattern of the angular speed (N) of

tachometer’
g;erotating member as shown by the figures 2,a and 2.b.
AY
N )

@ o\

’Fig: 2 waveforms of the angular speed (N) of the rotating member and the
tachometer’s voltage (V)

) Potentiometer:
Kefer to Question No. 4(a) (2" Part) of Long Answer Type Questions.

i)eBlock diagram of speed control of dc motor:
et 0 Question No. 2 of Long Answer Type Questions.
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STABILITY ANALYSIS AND ROUTH
STABILITY CRITERION

Multiple Choice Type Questions

1. If the system has multiple poles on the jo -axis, the system is

a) stable b) unstable c) marginally stable d) conditi
Answer: (c)

Onally stab]e

2. The condltlon for stability of a closed loop system with characterist,

€quatig, |

s* + Bs* +Cs +1=0, the positive coefficient is [WBUT 2013, 2010 |

a) B+C>1 b) BC >1 c)B=C | ¢ d)B>C N
Answer: (b)

3. The open loop transfer function of a unity feedback control system g
30

G(s)H(s)= , Where 7' is a variable parameter. The closed.
(s)H(s) s(s+1)(s+T) Sonacion
system will be stable for all values of [WBUT 2013) ;‘

a) 7>0 b) 0<T <3 c) T >S5 d)B<h<S ‘

Answer: (c)

4. The characteristic equation of a system is s> +2s5+2=0. The system is ‘
[WBUT 2014, 2019

a) critically damped b) under damped
c) over damped , d) none of these
Answer: (b)

5. The characteristic equation 1+G(s)H(s)=0 of a system is given by

s'+65+11s* +65+K =0
For the system to remain stable, the value of gain X should be [WBUT 201f]
a) zero
b) greater than zero but less than 10
c) greater than 10 but less than 20
d) greater than 20 but less than 30

Answer: (b)

6. If the gain k of the system increases, the steady state error of the sy&‘[ﬁm 2019
a) decreases : b) increases f
c) may increase or decrease d) remains unchanged

Answer: (2)
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oo transfer function of a unity feedback control system is
e v:n!"“log1 L 25)/s’(1 + 55). M the system is subjected to an input
(=" 0), the steady state error of the system will be  [WBUT 2019]

2
w12 b) 0.1 ¢) 0.01 -~ d)100
:(©)
| Short Answer Type Questions
: k
 .fined by the transfer function G(s) = T, T, >0,
| Asystem © defined by (s) Ts D (TatD)
. thematica"y that the system will be stable. [WBUT 2011]
prove M2 .
wer: :
éﬁ:ractenstnc equation

(Tl 1) (1+F) =0

&|1T, 1+k
s (4 +5) 0
(14K 0 |
T >0 T is positive, (7;+7,) is also positive, which ‘says for stability
o :
]+k'>0!k>—1 i

Since, for all values of & 2 0, the system is stable.

2 The characteristic equation of a system is given by s° +3ks® +(k+2)s +4=0.
Find the range of k for which the system is stable. [WBUT 2012, 2013]

Answer:
Towrite the characteristic equation s +3Ks” +(K +2)s+4=0

To check the necessary conditions:
Necessary conditions hold good.
To check the sufficient condition:

We form Routh array:

: Col 1 Col 2
Rowls® |1 K+2
Row 2 s* 3K 4
Row 3 5' il(.(_l_(ﬁ)_—i 0

. R
Row 4 s° 4
CSEE-61
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To check for Stability:

To have a stable system there should not be any change in sign of Ry, elemen,.
first column of Routh array, i.e.,

lnu‘le
3K>0 (From row 2) '

= K>0
3) »” I
& M> 0 (Fromrow 3)
= 3K(K+2)-4>0
= 3K?16K—4>0

-

ie., - KI,K2=‘6“26+48:‘6*6‘/8_4 =053 -2.52= 1.9

But XK'= -2.52 s not acceptable. Thus the range of X for stability is 0 < g < 0.53.

3. How many roots of the given polynomial area on the RHP, LHP angq on the ;,
axis? .

ST 4355475 4105 +115 +115 4 254 6=0
Hence, comment on the stability of the system.

A [WBUT 201y
Answer:
Col 1 Col 2 Col3. [ Cold ]
Row [ s’ 1 ! 1 2
Row?2 s° 18 10 11
s 2-10_11 B-1l_22 6-6_ 0
Row3 s TR s o
Row4 s* Uio-2 o D3 0
3 = B——— 3 "6
il u 11
3 3 3
110 _ 66
U

Row 5 s/} ; .. i 4x-—2£—rl|x-]—l. 4.0-6.l_l 0 0
7 B 3 I L1
. ‘ "-h‘l-* 4 4 2
S'gnc_ ¥ 88 121
e FLEEEa g
: P 4 4
: - ‘ 0
Row 6 §7 _.lﬂ.,.zz 6 0
{ e e
A L
0
Row7 s' 0 0 ML
Row 8 s° 0 0 ikt
Auxiliary equation A(s)=35%+6=(
CSEE-62
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anges in the first columni.e,, 4 to~11/4 and -11/4 to 3.

ign ch ; :
Wo SIE seven roots are in the right half of s-plane,

e’ ?,re gwo of the sev
L ¢ auxiliary equation
357 +6= 0
$#+2=0
=2
s=1]1 41

: iliary e
ution of the auxi
s axis of s-plane.

froots lying le

is unstable.

quation say that the system has two roots lying on the
ft side of s-plane is three and two roots line on the j&-axis.

Using Routh’s criterion determine the stability, indicating the number of roots in
:I;e right half s-plane, of a closed-loop system that has the characteristic equation

425" +45° +857 +165+32=0. [WBUT 2014]

~ Answer:

The characteristic equation.:
& +25* +4s’ +8s* +165+32=0

- From Routh Array:
By ] 4 16
Sqamn) 8 32
sl 0

All the Routh elements in Row 3 are zero.

.. The Auxiliary equation.

A(s)=2s" +8s* +32=0

S5 s'+4s2+416=0

Now, different the Auxiliary equation with respect to S.
45’ +85=0
s’ +25=0.

5. The characteristic equation of a feedback system is [WBUT 2015]

Check s +45’ +165> +165+48 =0
"CIIIat\;;':le,ther the.response is oscillatory or not. If so, determine the frequency of

CSEE-63
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Answer:
From the Routh Array:

K | 16 48
) 4 16
2 12 48
3 0
-+ Auxiliary equation
A(s) =125 +48 |
dA(s) |
—TS- =245=0 n
¢ 1 16 = 48 |
) 5 4 16
SEa24
s 16

12(jw)" +48=0
= 12j°a* = —48
=> 1200° =48
= w =4
= @ =2 rad/sec

6. The open loop transfer function of a unity feedback system is given by
G(s) = S .
s(1 +sT,)(1+5T;)

Using the Routh-Hurwitz method, determine t
system to be stable.

Answer:

The characteristic equation of the system is
T, T, s° + (T, +T,)s +s+K=0

The Routh’s array is formed as:

he necessary conditions for the
[WBUT 2017]

S3 L T1T2 e 1

i 52 (T|+T2) K
S [(Ti+T2) —K T\ T,}/ (T, +T5) 0
s’ K

For stability, K> 0 and [(T+T;) - K T.T§]>0_or K <(T\+T,)/ T\T,
The range of K for stability:  0< K<(T|+’[‘2)/ T
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feedback system has an open loop transfer function
ke—’/s(s2+2s+1)- Determine by use of Routh-Hurwitz criterion the

a0 L i for the closed loop system to be stable. Also find the
illations. [WBUT 2019]

- Ay
el == s e,
2

soti tion
. Characteristic equa
O G H )

(i)

d425° +s+k—ks=0
$+25°+(1-k)s+k=0

s’ I (1-%)

For maximum value of k
2(1-k)-k=0 = 2-3k=0

k =§ is the maximum value

.. Auxiliary equation
25* +k=0

\) =:£=_3
2803

Si.2 :ij

“|&

i Freq“enc)’ of sustained oscillation= @ = 0.47 rad/sec.

Long Answer Type Questions
fa)s

) State the Routh stability criterion. [WBUT 2006, 2007]
CSEE-65
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b) The open loop transfer function of a unity feedback control system jg Given
G(S)= . y
(S+2)(S+4)(5? +65+25)
By applying the Routh criterion, discuss the stab.ility of the cloged loop Syste
a function of K. Determine the values of which will cause sus_ta:ned oscillati.:,m %
the closed loop system. What are the corresponding frequencies? ).

[WBUT 2006

Answer: 207, 21
a) A Routh stability criterion is an approach or a tool to find out the stability of , I
time-invariant differential equation system by considering the characteristic Equati;n
the system. We know that for a system to be stable, the poles must lie in the left g f:fof
plane. For systems with lower order (say up to third order), one can finq the %
locations; but for higher order systems, it becomes difficult to find the pole locat,
to know about the stability of the system. Routh stability method provides an g
this problem.
Routh’s necessary conditions for a stable system
For the characteristics equation of a system

a) There should not be any missing power of s.

b) All the coefficients of the polynomial should be real.

c) All the coefficients of the polynomial should have same sign.
Sufficient condition for a stable system
There should be no change in sign in the elements of the first column of Routh array.

RK

¥l

g

NS anq
wer tg

Uz
b) G(s)= H(s)=1
yCe) (s2+65+25)(s+2)(s+4) ()
The characteristic equationis 1+ G(s) H(s)=0
or, 1+ = =0
(5% +65+25)(s+2)(s+4)
o, s'+125°+69s>+1985+200+K =0
The Routh’s array is
s* I 69 200+ K
= 12 1.98 0
s 52.5 200+ K
; 200+K) O
& jog R 20nK)
52.5
§ 200+ K
For stability 200+ K >0 or K >-200
12
Also, l98—£—2£—05+2—15—{-)——- >0 or K <666.25
The range for K for stability is  —200 < K <666.25

CSEE-66
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A 25 then the first column is (1,12,52.5,0,866.25).
4 : 466 : |
1A
2 Us':;g :::‘:he—closed loop S
gfor*™"c (1-0.25) _calculate the frequency of oscillation at this gain.

is G )& (Sz +3.28 +4)

vitz Stability Critgrion determine the maximum feedback gain
ystem will be stable if the open-loop transfer function

[WBUT 2011]

4(1-0.29) H(s)=K
()= 7amtt
The characteristic equation Is
126(9)1#(5)=°

KS(I’O'ZS) =0

2131305 +4
i 4K (1-025)=0
:”2+3_25+4+5K—Ks =0

> +(3-2‘k)s+(4—_5k) =

Routh’s Array is
2l 1 4+5k 32-k>1
eLligtI A — - k<32
0| 4+5k -
For stability
) K>l
IR K <3.2
¢) K<—i ;
5
Range of stability
0<K<3.2

TheAsystem will become stable of K =3.2
Oscillations will occur when K =3.2

s +(4+5K )=0
> s'+(4+5x32)=0
S &4(4+16)=0
2 $=20
;:equm: =4j44m1
¥ of oscillation is 4.4721 rad./sec.

F . CSEE-67
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3. Write short notes on the following:

a) Routh’s stability criterion Wayr,
b) Relative stability and steady state stability Wauy 2014]
Answer: 014]

a) Routh’s stability criterion: .
Refer to Question No. I(a) of Long Answer Type Questions.

AALA

AARRRARRRS S

b) Relative stability and steady state stability:
The stability of a system relates to its response to inputs or disturbances. A g
remains in a constant state unless affected by an external action and whic
constant state when the external action is removed can be considered tq be stab|
A systems stability can be defined in terms of its response to external impulse jp : e.
A system is stable if its impulse response approaches zero as time approaches inf]
The system stability is defined in terms of bounded inputs and outputs.
A system is stable if every bounded input produces a bounded output.

X X X

hystem whiCh
Teturns ¢, -

nity,

[P
™ V X
4 t t B 5
>, Input Stable : Stable
™ x x / X
X [N AnAK ] AN [
- B AN
J: t t t
- Marginally Unstable Unstable
A stable .
; In above examples at t = infinity i.e. at steady state, the systems are showing stability,
;: instability and marginal stability. So the steady state stability of a system implies its
~ ability to return to its initial state or to to some other state, which is not changing with
o~ time after a small disturbance from the state. ‘
. It's not enough to know .that a system ‘is stable or unstable. If a system is just barely
o stable, then a small gain in a system parameter could push the system over the edge, and
0% one will often want to design systems with some margin of error. Relative stability refers
j’f towards the degree of goodness of a system in terms of stability. To assess the rclatiye
f,: stability of a system we use two frequency domain specifications, such as: gain margin
o and phase margins. Higher the values of margins, both in positive side, better is the
24 stability. Phase margin is the most widely used measure of relative stability whe
R working in the frequency domain. We define gain margin as the amount that the
N frequency response would have to increase to move to the -1 point. Phase margin 15
3 defined as as the angle that the frequency response would have to change to move t the -
& 1 point.
2l
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TIME DOMAIN ANALYSIS

— Multiple Choice Type Questions

ershoot is 100%, the damping ratiois  [WBUT 2006, 2012, 2019]
mum oY) 0 c) 0.5 d) infinity

a)
Answer: (b)

ofa transfer function denotes the number of
g Thet/Pe [WBUT 2007, 2010, 2014, 2016]
; at origin  b) poles at infinity  c) poles at origin d) finite poles

a) zeros
Answer: (C)
haracteristics equation of a system is s’ +2s +2=0. The system is
3. Tho [WBUT 2007, 2010, 2018]
iaally damped b) underdamped
:; gC:rcdaanYlped d) none of these
Answer: (b)

dition of a pole to the closed loop transfer function [WBUT 2007, 2010, 2014]
b) decreases rise time
d) has no effect

4. Ad ole 1
a) increases risé time

¢) increases overshoot
Answer: (€)

5. A 9" order system exhibits 100% overshoot. Its damping coefficient is
[WBUT 2007, 2011]

a) equal tod b) equal to 1 c) <1 d) >1
Answer: (a)

6. A system has a single pole at origin. Its impulse response will be
[WBUT 2008, 2010, 2011]

a) constant b) ramp c) decaying exponential  d) oscillatory
Answer: (a)
7. The setting time for a second order system responding to a step input with 5%
overshoot is ‘ [WBUT 2008, 2012]
3)4/Eay - b) 2/ Ean c) 3/t d) 5/ Eay,
Answer: (c)
8. The setting time for an under damped second order system [WBUT 2011]

:) increases with damping ratio
D) reduces with damping ratio
¢) does not depend on damping ratio

d) may increase : i i
nSwer; Q) or decrease with damping ratio

CSEE-69

——

———— —




" R R

POPULAR PUBLICATIONS !
9. Without affecting steady-state error, maximum overshoot can be decre,
s

a) derivative error control b) integral error contro| ' 201s]

c) gain adjustment d) proportional error contrg|
Answer: (a)
10. Area under a unit impulse function is WBUT

a) infinity b) zero c) unity d) none of theg 2019)
Answer: (c) :
11. A feedback system with the transfer function is a [WBUT 5

1)

S):6(5+1) (s +6)
s* (s+2) (s+4)

a) type 5 system  b) type 3 system c) type 3system d)typeos
Answer: (c) i
12. The damping ratio of characteristics equation s +25+8=0 is [WBUT 201

a) 0.353 b) 0.350 c) 0.30 d) 0.333
Answer: (a)

13. The steady state error of unit ramp input in the type-2 system, is [WBUT 2012

a) « b)0 c)1 d)5
Answer: (b)

, the type and order of the system is

14. Given that G(s)=— L
. s°(s+2)(s+3)

[WBUT 2012]
a)3&3 b)2&4 c)3&1 d)3&0
Answer: (b)
15. The characteristic equation of a system is s +2s+2=0, the system is
a) critically damped b) underdamped [WBUT 2013]
c) overdamped d) none of these
Answer: (b)

16. Addition of a zero to the second order closed loop transfer function 72013
a) improves the transient response characteristics [WBU

b) increase effective damping
c) decrease peak overshoot

d) all of these
Answer: (d)
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Io;zatlon of the closed loop conjugate poles of poles on jo axis indicates
e

7. tem is ; [WBUT 2013]
(hat the 'SY; Jtely stable b) conditionally stable
a; ;,ba"gl"a"y stable d) unstable
c
steady state error for a type-3 system in following a unit step input is
{8.The Mg [WBUT 2014]
2) 7610 b) infinity c) one d) none of these
L the type and ord i
10, Given that f(s) SR b 2)(s+ 3) ype and order system is
[WBUT 2014]
j3and 3 b) 2 and 4 c)3and 1 d) 3and 0
Answer: (b)

ond-order feedback system has two closed loop poles at the same

the S-plane and has no finite zeros. The nature of unit step response of
2 [WBUT 2015]

20, A sec

location in t
the system 1S
a) under damped

¢) critically damped
Answer: ()
2. A negative feedback control system has open loop transfer function

b) over damped
d) oscillatory

G(s) H(s) =— . The closed loop system is [WBUT 2015]
s*(s+a
a) unstable b) stable
c) marginally stable d) conditionally stable
Answer: ()
22. As compared to an open loop system, a closed loop system is [WBUT 2015]
a) more stable and more accurate b) more stable and less accurate
c) less stable and more accurate d) less stable and less accurate
Answer: (b)
23, The unit step response of a second-order system is [WBUT 2015]

C(r)=1-1.125¢™" sin (4t -0.927)..
The damping ratio and the damped frequency in rad/s are respectively

- 23)05,3 b) 0.5, 4 c) 0.6, 5 d) none of these
Answer: (c)
2. A system has a single pole of origin. Its impulse response will be [WBUT 2016]
/ a) constant b) ramp c) decaying in nature  d) oscillatory
lswer: (a)
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25. The characteristic equation of a system is s* +25+4=0. The system |
s

a) critically damped b) overdamped Waur 201
¢) undamped d) underdamped l
Answer: (d)
WBut 21

26. Addition of zero to the closed loop transfer function
b) decrease rise time

a) fncrease rise time
c) increase overshoot d) has no effect

Answer: (b)

27. The value of & for a second order system is zero. The step response wijj| p,q

[WBUT
a) over damped b) critically damped AL
c) under damped d) sustained oscillatory
Answer: (d)
28. If the gain of an open loop system is doubled, the gain margin [WBUT 2019)
a) is not affected b) gets doubled
c) becomes half d) become 1/4th
Answer: (¢)
29. Feedback control system is basmally [WBUT 2019
a) High pass filter b) Low pass filter
c¢) Band pass filter d) Band stop filter
Answer: (b)
30. For type-1 second order system the resonance peak will occur when the
system gain is at the [(wBuUT 2019]
a) underdamping b) critical damping value
c¢) overdamping value d) none of these
Answer: (b)
Short Answer Type Questions

(WBUT 2008, 2017

L 20NN & unity feedback. Find
v) I,

1. A system has G(s)= T
i) o, i) & iii) @, iv) M ;
Answer:
6 (s) G(s)
R(s) 1+G(s)+H(s)
20

Hi)=t  SW=res
CSEE-72
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20 20

/’T=sz+5s+5+20 057455125

bove equation with the standard second order transfer function, we get

m n
Comparl;')g e i) S 5
l) 5 rad/sec or, £ =_L =l L
: 2588

oy
2 —
_w,/ = 25v1-0.5%=25v1=0:25

) _5,0.75=4.33 rad/sec.

ér 05xr 1.57
M =e i-¢ = gfl0%s — g 08 =¢ %% =(.163
4 ——L—l 6sec

=— =

Y {w S5x5

=

iv)

180
2 Aunity feedback system has G(s)= 6) & r(t)=4r.

Determine,
) the steady state error
ii) the value of k to reduce the error by 6%. [WBUT 2009, 2013, 2018]

Answer:
k 180
L))~ (s+6)=s(s+6)
ol ()= [R(6)=L (1)
s-R(s)

= It ——————
Tty 1+G(s)H(s)

1x4
_—_Ltos-__l__.iz.: LI‘O >;80 = 18 24 _
e 1 180 S s 0+—O =
S(S+6) (S+6) 6
l‘:) Tohave ef, less by 6% of previous e
€5 =0.94 x g5 =0.94x0.13=0.1222
4

01222
}s’ k/6  k
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24

o e

k=———=196.40
0.1222
3. A system is defined by G(s)= ————
(5) S(Ts+1) Wayy 21
Calculate the steady state position and velocity error due tq Y e
input and hence the loop gain to raduce the error by 10%. "t rap,
Answer:
k 1
G(s)= R(s)=—
) s(Ts+1) () F
Position error constant (Kp)
1 1
‘R S'_z' = 2
eﬁ:Lts (S)th s _Lt - Ky ST+S
01+G(s) 50y, ko0 sTrstk Hos(szr+s+k)
S(TS+1) S2T+S
o) It 2sT+1 s 11
s T+s+k k
Using the definition of K,,.
o= l
1+ K,
1 1
= —_—
k 1+K,
= 1+K,=k
= K,=k-1
Velocity error constant (K,)
1
R(s)=—
()=
o sR(s) il
* s01+G(s)H(s) &
1
() =i
K,
i -l—=—1- = kv =k
kivk;
1 15 1 asS1E4 2
ey = t—=m—t—=—
L+ KX Rk ek

CSEE-74




CONTROL SYSTEM

- is an under damped second order system, what
o If GO =7 2t0,5+ 9,

eak overshoot of the closed loop system shown in figure below, if

han:?ns:?stincreased. Substantiate your answer. Assume k>0 . [WBUT 2011]
the ;
G(s)
{1}
How does the peak overshoot change for the same value of k if the configuration is
in figure
a5 shown in fig g‘ ik
Answer:
1* Part: .
Characteristic polynom:al
[+kG(s)=0
2
1+ ko, =0

52+ 25,5+ 0
- s2+2§w"s+w,f(1+k)=0
J_“:*';wnsm,f (1+K)=0
J1+
5 g

The effective natural frequency =/1+ k @, and effective damping ratio = T

= GRS

1+

As kT, &'\, so overshoot increases.

2 Part;
qhamcteﬁstic polynomial is 1+ G (s)=0
2
l+— £0, =0
S +280,5 + o
. > »

l"2+2§w,,8+a):(l+k)=0
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J:+_:w,,s+wf(l+k)=0
5

The effective natural frequency=+/1+ k @, and effective damping ratjo - \5\
VIsE ¢

= 142

A ' .
As kT, &1, so overshoot increases.

So, overshoots remains same in both of the cases.

: E
S. The forward path transfer function of a unity feedback system, is Given f
\

5(s* +25+100) -
G(s)=— = . Determine the steady state error for the
s*(s+5)(s* +35+10) nput r(;

)~2+3I

Answer: bl 1y '
r(t)=2+3f
R(s)=L[2+3]- [3 si}zzif
5(s“+2s+100
G(s)H(s)= 4 ; )
s (s+5)(s +3s+10)
Putting the formula for the steady state error
s'2S+3
e, =lim 240 s
01+ G(s)H () 5(s2+2s+100)
(s+5)(s2+3s+10)
25+3
l s
=lims"
& ?(s+5)(s* +3s+10)+5(s* + 25 +100)
5* (s +5)(s* +3s+10)
25+3 : 1
lims s
=11 .
50 sz(s+5)(sz+3s+10)+5(sz+2s+100)
s*(s+5)(s* +3s+10)
2572, (s 45)(s% 435 +10)
=lims- =
20" g7 (54+5)(s? +35+10) +557 +105 +500

\CSEE-76
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(zs+3)(s+5)(s2 +35+10)
=|,ir_grm2 +35+10) 4557 +105+500

(2s+ 3)(s+ 5)(s2 +35+ 1}0)

-=1Iiig(s‘z‘;§;)’(s—213s+lo)+5s2+1os+soo

(25+3)(s+ 5)(s” +3s +10)

M 2557 + 505 + 557 +105 +500

, (25+3)(s+5)(32+3s+10)_3.5.10_-
=lim=—— 25 305> +60s+500 500

520 §

0.3

The overall transfer function of a unity feedback system is given by
b.

c(s)/R(s)= 10/s> +6s+10
alues of the static error constants. Also determine the steady state error

=1+1+0/2. [WBUT 2013]

10
Answer: G(s) = ;z—m

Find the v
for input 7 (’ )

Position error constant

GO lin— =
Kp =000 " s 165410

Velocity error constant

10
SmsG(s)=limSisree———r=
K =limsGls) = s 010

Acceleration error constant

10
Ka' =limszG(S)=1ims2—2———.—_
i 20 s°+10s+10
2

t
ek i
r() ++2
1

R.u= &—'*'—Ri-*'&-—:——l +l _]_.
RN e 100 0T

:i' D""*ﬂﬂinq the damping ratio, undamped natural frequehcy, delay time, rise
me, peak time and maximum overshoot for the second order system whose

Tn::::?”“'c equation is given by s* +2.55+10=0. WBUT 2014]

Thecharacteristic equation is s> +2.55+10=0
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Rise time ( )_;r-ﬂzzr “6=0.74SSec
@, 2.66
.. Peak time t, =—”—=ﬂ—l 18 sec
w, 2.66

0.4x 3
|

.. Peak over shoot (M ( ) T? =e Ji-o¢ =0.2538

- % Mp=25.38
. Delay time (1,)=(1+0.7¢)/@,  [+0<&<]]

(140.7x0.4)
=-———>=(.4050 sec.

8. For a first order system shown below, find the time constant, rise time ang

setting time for step response, given k=12 and a= 4 [WBUT 2015)
R(s) k C(s)
/ st+a 5
Answer:
| gt b
C(S)= SR gl S e
R(s) 1. k q sta+k s+a+k
s+a s+a
Now, k=12
and a=4

Cls) ' 12 12
R(s) T s+4+12 Tst16
For unit step response;

R(s)=-l-
12

C(s)=R(s) s+l6—s T
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.—/-__.-—-""
C(s)"lé s(s+16)
j 3 .
e—W =‘Z(1_e 16 )

1
——=0.0625sec
o time constant (7) =
. Rise time (t,) —().566 sec
Gettling dme ()= ~0.0159sec

+ feedback control system has the open loop transfer function
g, Aunity P

6(s)= s(s7 +4s +20)

e of the system.

i tants a
.4 the statiC error cons
o tem i stable.

nd the corresponding steady state errors. Assume
[WBUT 2015]

10. Consider the unit step response of a unity feedback system whose open loop

e ron Cl)- (1+1)- Obtain the rise time, peak time, maximum
| = .
overshoot & settling ti
Answer: ng time. s i
Gloym Lt
(s +1)

| CSEE-79
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c(s)  G(s)
R(S) 1+G(S)H(S)

1

But H(S)=1and G(S)=
: (5) (5) s(s+1)
Thereforet 1) Sl (i)
R(S) s*+s+l

Comparing the equation (i) with the standard second order transfer functiop, We

ol =1 ot
or @, =1 rad/sec

20, =
or ‘f: 1 :_l.=0.5

20) =) x|

Wy = a),,\/l — &= 1\./1T0.52 =866 rad/sec

2

1=
f=tan™ ——§.= tan” %= 59.99°=1.04 rad

3
1. Rise time ¢, = Aspl e M 2.42sec
@y .866
2. Peak time ¢, = Ll o bty =3.625 sec
o, .866
3. Peak overshoot
—;ﬂ' -5x3.14
M,=e——=¢ %% =6.12
r
= %M, =61.2
4. Setting time (with 2% tolerance band)
4 4 40
= =—=8sec

t, =
ZolES X LIS
11. Sketch the time-domain response of C(t) of a typical underdamped, second

order system to a unit step input r(r). On the above sketch indicate and define the

following time domain specifications:
i) Maximum peak overshoot :
ii) Rise time
iii) Settling time
iv) Steady state error.

wBuT 2017
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N Tolerance
4 o Band
o(t) M, I- RS “‘—L Steady
00 o — s Y s sy 2w = = —— = State
: Error
|
I
|
0.5 | I
! |
| |
RS
tq te (P ts Time t
Fig: 1 Time Domain performance parameters
25

sedback system has an open loop transfer function G(s)= (548
s(s+

2, Aunity f )
Find ts darhping ratio, natural frequency, rise time, over shoot & time required to
reach the peak output. et
Answer:

25 :

Open loop transfer function G(s) =4 )
. As the unity feedback system, so the close loop transfer function will be
25 ]
s(s+8)+25 ' +85+25
Comparing with basic 2™ order CLTF,
o} =25
- @, =5
and 25@ =‘8

8
s
- Damping ratio (£)=0.8
Natural frequency (@,)=5rad/sec

Rise time (1) il
@y

CLTF=

=0.8

Where ,B=tan‘l(-l—;:—]; w, =0, | =2 :5( 1—(0.3)2)
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|
'q
%
s
3
:
§
)
’5

U BLICATIO
2
= tan" 1-038 =0.643
0.8
x—0.64

> Rise time (1,)=

Peak over sheet (M p) =e = =0.015

Peak time (zp)=a’)l =1.047
d

13. A unity feedback control system has an open loop transfer G(s)=5 Is(s4)

Find the rise time, percentage overshoot, peak time & settling time (2% error) f,
step input of 10 units. WBUT 2015;;)ra
Answer:

Similar to Question No. 10 of Short Answer Type Quesitons.

14. For a closed loop system with G(s)=15/(s+2)(s+5) and H(s)=1 calcyy

the generalized error coefficient & find error series for input of 3+ 8/ + 5¢° /2.

[WBUT 2015
Answer:
Expression relating error signal and input in s-domain

E(s) 1 il
. R(s) 1+G(s)H(s) 1+G(s)
E(s) 1 _ (s+2)(s +5)
R(s) o LS I (70) (5355) =15
(s+2)(s+9)
E(s) s’ +7s+]
R(s) § +7s+2

[For unity feedback]
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' [sing
i E(s) _lgilﬂti
ron 25+7s+s> | 10+7s+s g+&_7zs2
fd, 2525 125 3125
5 TS
20s 35>
—_+_
e
21s 1475 21§°
- -
SEETI IR
o 2si2lsy
1259125
V7257 5045 725"
125t 31253125
+ + +
2L BT200
Bt 125 3125
21 P
=—R S R(s) =N pio) +
> R(s) = R() + —sR(S) 5= R(S)

=  Ermor series
where, generalized coefficients are

2 21 9h)
GRSl G == i =——
RS ERERTDN LS 13125

Taking inverse Laplace of the error series

et)=— f"(t) ES— ()—ﬁ ()

; r(t)=3+8t+§t2, F(t)=8+5¢, F()=5

2 b) 21 72 (6,168 360 16 105
=2 38002 [+ 2w 5) T S-S Bt e
5 2 +l25( ) 3125 + \5.1125:13125 8125

S e)=242+4.04r+1

, Long Answer Type Questions

| |
) Define error coefficients corresponding to step ramp & parabolic inputs.
[WBUT 2006, 2008]
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b) A unity feedback closed loop second order system has a transfey g
81 |

s?+0. 6s +9
errors. [WBUT 2006, 2008, 5,

P BLI

& is excited by a step input of 10 units. Find out itg stea dy netiy op
8ty ity

A

Answer:
1* Part:
(1) Position Error Constant (K,)

Position Error Constant is defined for a unit step input i.e. R(s) :l. The steady ¢
Ky ate

error of the system for a unit step input is called Position Error. K, is defined as
K,= Lt G(s)H(s) o (1)

For a unit step input, R(s) =_1_
)
Rl )RR T L

T s£>01+G( )H(s) s—501+G(s)H(s) s

= 1 = 1
',.fo1+G(s)H(s) TR G(s)H(s)

50

e

Using the definition of K,

1 :
e = wa(2)
Sk
The equation 2 says

o As K increases e, increases and accuracy of the system increases
o AtK, =w,e,= 0

(2) Velocity Error Constant (K,)

Velocity Error Constant is defined for unit ramp, i.. R(s)= _1-2-

)
=6 )A0)

1

B LS P B 1 . .
3£)0I:l+6( )H( ):[ sz sé)to S+SG(S)H(S) s‘—L-:‘OSG(S)H(S)
s i

v

where, K, = Lt sG(s)H(s) is defined as Velocity Error Co-efficient.

We conclude th at
) G JrandaccuracyT

CSEE-84

e




CONTROL SY

1438 K,)
ration Error Constant (i ‘ b
A£ ;gzgon Error Constant IS defined for unit parabolic input i.e.,
1
R(S)=5
s-R(s)
Now. €y = LtO G(s)H
- a ST H()
o | g 1
S H()] (45 6(9)H() LT GOH()
B )
K,
ereu Ko = Lto s'G(s)H (s) is defined as Acceleration Error Co-efficient.
TR K . :
The Unit of K, is sec™
2" part:
Closed loop transfer function is given by
Bl 81
T i
s°+0.65+9 & +0.6s(1+ ; 9 j
s°+0.6s
9
N | s i 0165 & (s)x[ G(s) }
e 0 1+G(s)H(s)
s°+0.6s5

where, G, (s)=9, H(s)=1

and G Rl 9 = = i
(s) T r08) G(s)H (s) =open loop transfer function.

- Steady state error = [im
. EUEG
W :
ere, KP =l|_]3")[G(S)H(S)=OO
l.

Cn=—=0.
o0
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|
2. The open loop transfer function of a unity feedback system g |
Biv
) My
s(Ts+1)

Where k & T are positive constants. By how much should the ap mplifie
reduced so that the peak overshoot of unit step response of the systeml r ga N by
from 75% to 25%7 [WBUT 99 duceg
Answer: 07, 2 Oy
G(s)= &

s(Ts + 1)
Let the value of damping ratio is & when the peak overshoot is 75% anq & wh
peak overshoot is 25% M

x5
M,=e -z
for M, =75% &=¢1=0.091
for M, =25% £=¢£,=0.4037
Transfer function= G(s) s i = i)
+G(s)H(s) Ts'+s+k R(s)

o e) L

R(s) gAkGat
f A b

Therefore @, =/k/T and 2¢a), =% ;

Let the value of k =k when £=¢ and k=k, when £ =¢,

IR 4
T 99, CAA

2 . I

[ Since 2%w =—

3 bo, =

A it 1

™ o

f) kT _ |k

; kT \k

or, L ( G.091 J 0.0508
Kk,  \0.4031

RIS

‘-_3.‘"1).

Y
LA K

L LKA LA K

=20.

or the amplifier gain has to be reduced by a factor 1
; 0.0508

3. Prove that for an under damped second order system defined P
2

= E , the peak ove it step input depé
G(s) &+ 2830, + @) p rshoot due to a unit step Inp

A K £

N AIITIINT TN

CSEE-86
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ping & only: What is the locus of constant @ roots? Symbols carry
o dam

R e | [WBUT 2011]
 pasver ONE e (e (Mait)li
e ool e
‘ N

SRR S

>t
t
Fig: 1 Step response of a underdamped second order system

m figure 1, at =t i.e., at peak time

Fro on
o P
t)| =1+ M, =]—e ™| cosw, —=+t==8IN'n
C( 1=l, wd wd

=1—e—"’:{coszr+,—o,.-.0:‘ =1+e_‘"4 =1+ M,
@,

-5a, ' x
ﬂ MP __:e‘”n‘lltg-
gy
Mp=e7'-'?,for ORBel (1)
(1

VS| P00 e R )

Percent peak overshoot = %M, =| e

Hence peak overshoot depends on & only.

2" Part: Figure below shows Imaginary
the general pole locus for a ¢
second order system with fixed
@ and variable damping
ratio/factor, It can be seen that
&'S 6 increase the poles sketch a
dreular locus of radius @, and
movg away from imaginary axis.
¢ locus meets ‘the negative
&l axs at o), At this point it
*Parates but trayels along the

aXIs, one travels towards
and other towargs infinity.

» Real

2ero

CSEE-87
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4. A second order control system, having £=0.4 & W, =5 rad/see ;

' IS sy
step input. Determine (i) transfer function, (ii) ., (iii) ¢ »0 (V) £ for 2 o bjegy lo,
fang
M_. 0(

2 MBUT20
Answer: 1y
) =04 , =5 rad/sec |
Closed loop T.F of th d order syst i) |

ose .Fof't stem =

oop T.F of the second order sy G\ G
c(s) o} s? 25
or, = 5

R(S) s*+280f+a? S+2.(4)55+5 s +45125
Dy =“’n\/1_'fz =5\/1—.4z =5x.916=4.58 rad/sec

1- - ;
ﬂ=m_,_§i=m_, 1-42 =tan“lil—§-=66.4l°=.368 rad
& 4 4wt

ii) Rise time ¢ = ”—ﬁ= A 308 =.605 sec

cod 4.58
iii) Peak time 4 A SR =.685 sec

w; 4. 58
iv) Setting time '/, for 2% tolerance |
t, = ——4— = —4- =2 sec

¢w, .4x5

v) Peak overshoot _

=i x4
MP = 271-? =g 916 = e =3.93
% M » =393

|

5. Define the Type and Order of a system. Determine the type and order of the
following system.
10(s+2)

s(s+1)

R

> C

|
(s+4) I"

Determine the steady state error of the above system for the following input:
r(t)=0 for <0 -
=2+3t fort20. [wgurzo
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system is defined by the number of independent energy storage
d is the highest order of the linear differential equation that
transfer function representation, the order is the highest

l'.i . order ofthe
in the system, an
ihe system: In @ ¢
in the transfer function. i

. the number of open loop poles at origin.

Typ:h SaZ:id system, order is 3 and type number is 1.

For the

ent

od part:

cor the given SYStEr

nsfer system =G (s)H(s)= : (51-(.1(13) ZSZJE -

Open [oop tra

tions
¢ has two sect! _
i Step function of magnitude 2.

) function with a slope of 3.

ij) Ramp
tep function:
REeE W 10(sed)
KP:I;‘E(}G(S) ,(S)—slﬂf}s(s+1)(s+4)—
1
:-———-‘-’-'O
bur 1+ K,
For ramp function:
10(s+2)

=5/sec

=i — lims-
K, =limsG(s)H(s) =l s Se Iy )

», The effective e, =0+0.2 = 0.2 sec.
e, = steady state error.

6. a) Derive the expression for the time response of a first order system subjected

to unit step input. [WBUT 2018]
Answer:

}f the highest power of s in the denominator of a transfer function is one, then the system
1S called a first order system. -

A simple block diagram of a first order syStem is shown in Fig. 1 where forward path

5 i .- 1
transfer function is G(s) =F. T in G(s) represents the time constant of the open loop -
s

System,

' CSEE-89
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R(s) E(s) 1 C(s)

-

Fig: 1 Block diagram of a first order system
The input-output relationship is (assuming the feedback is unity)

S

1 1
Cs) st ol S ]
R(s) 1+(l)x1 (1+T5) 1+sT
Ts Is
For unit step excitation to the system Fig. 2 1(t) A
R(s)=l
s
. From equations we have, ‘r\:
| : !
C(s)= ( ) R(s)= >
()= 1+Ts s at
Applying partial-fraction approach, we have, Fig: 2 Step excitation to the syster,
lir X 1 1
C(s)=|== =%
(s) (S THJ S (S 1) cwio (1)
T
Taking inverse Laplace transformation of Eqn. 1, we have
X 1 E
C=L'[C)]=L"|=- : =]-e7 2

S+—

Eqn. 2 represents the response of the first order system. We then form a table

: Table:
t 0 T 2T 3T 4T 0
C(r) 0 0.632 | 0.865 0.95 0.982 IJ

From the table, we can say
i) Initially (#=0) output is zero.
i) finally (#—0) output is one.

iii) At r=T, output is 63.2% of final output. T is called the time constant of the sys!¢™

CSEE-90




e

CONTROL SYSTEM
C(t)
A
|
0632 F-=--7
|
|
[}
]
I
]
: :
| ~ t
0 l I | PETETE
T 2T 3T AT
Fig: Response of a first order system
velocity and acceleration error constants. [WBUT 2018]

Answedri;g upon the nature of excitation signal, error constants / co-efficients are
Depen

|assified @5
c o Position Error Constant

Velocity Error Constant
o Acceleration Error Constant

(1) Position Error Constant (X,)

position Error Constant is defined for.alunit step. input i.e! R(5)= %

The steady state error of the system for a unit step input is called Position Error Co-
efficient. K, is defined as K, = l,i_rf(}G(S)H(S) :

(2) Velocity Error Constant (X))

: . 1
Velocity Error Constant is defined for unit ramp, 1.e. R(s)= =

The steady state error of the system for a unit ramp input is called Velocity Error Co-

efficient (K, ). It is defined as
K, =limsG(s) H (s)

(3) Acceleration Error Constant (K,)
Acceleration Error Constant is defined for unit parabolic input i.e.,
1
R(S) = T
ghe steafiy state error of the system for a unit parabolic input is called Acceleration Error
O<fficient (K,). It is defined as
Ki=lims*G(s)H (s)

CSEE-91
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FREQUENCY RESPONSE

Multiple Choice Type Questions |

1. The function 1/(1 + sT) has slope of [WBUT 2006, 291, 2
b) 6 dB / decade g

a) — 6 dB / decade
c) — 20 dB / decade d) 20 dB / decade

Answer: (c)

2. Phase margin of a system is used to specify [WBUT 2006, 29
b) frequency response O 21

a) time response
c) absolute stability d) relative stability
Answer: (d)
3. If the gain of a third order system (all poles) is increased, then the Phase marn:
a) increases b) decreases [WBuT 23'191‘”
. d)itis not possible to predict !

C) remains same

Answer: (c)
[WBUT 2014

4. A closed loop system is unstable if
a) both gain margin and phase margin are negative

b) gain margin is positive and phase margin is negative
c) gain margin is negative and phase margin is positive
d) both gain margin and phase margin are positive

Answer: (a,b & ¢)

1-s
5. A system has the transfer function ((1 ; . What is its gain at 1 rad/sec.
+5
[WBUT 2014

a) 1 b) 0 c) -1 d) 0.5

Answer: (a)
7 ‘ tion
6. The gain margin in dB for a system with open-loop transfer func

G (S) = _._—2‘/2_ is ' WL o
s(s+ 2)2 ‘ ‘ 2dB

2)0 b) 6 dB " g9dB IR

Answer: (¢)
I : 1 the

7. The open loop transfer function of a feedback control system is 1)J
gain margin of the system is | d) 2

2) 16 b) 8 c)4
Answer: (b)

. CSEE-92
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e open l0op system is doubled, the gain margin [WBUT 2017]

f th
B tod b) gets doubled
not affe
omes half d) becomes 1/4th

Short Answer Type Questions

gain margin. What happens to the phase of the system at a particular
4, Definé if the system gain is changed? Does phase margin change with system
requen®y [WBUT 2011]
galﬂ? OR,
pefine gain margin and phase margin of a system. [WBUT 2014]
Answer:
1" Part:
Gain margin:

s the reciprocal of the magnitude of [6(jw).H(jo), ie.|Gljo)-H(jo) at the
ency at which the phase angle is —180°.

frequ
: ' . 1
tically, Gain Margin =Koy =—— : (b
Mathema GG HG) ‘ (1)
In terms of decibels, Ko (dB) = 20logio Kawm

=—20log, | G(jw) H(j®) |. ..(i0)

It is a measure of the relative stability. Tt says how muchgain can belincreased to cause

system instability.

Phase Margin:
[tis that amount of additional phase lag at the gain crossover frequency required to bring

the system to the yerge of instability.
Itis a measure of the relative stability. It says the phase angle can be increased to make

the system unstable from a stable condition.

2 Part: Gain margin is the reciprocal of the gain at the frequency at which the phase
angle is -180°.So Phase reduces if the value of System gain is increased.

3 Part: The phase margin measures the system's tolerance to time delay. If there is a

time fielay greater than 180/w, in the loop (where @y is the frequency where the phase

;iuﬂ is 180 deg), the system will become unstable in closed loop. The time delay can be

thought of as an extra block in the forward path of the block diagram that adds phase to
€system but has no effect the gain. :

Long Answer Type Questions

1. Wri
Cllt-onf:.nt:‘. advantages of frequency response. Define Cut-off frequency ()&
e. , [WBUT 2012]
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Since @ <0.707 , peak resonance oceurs.
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Answer:

Advantages of Freque
1. The ease and accuracy

2. When it is difficult to

technique, one may get t

ncy Domain Analysis

of measurements. g
ction of a syste
fer fun ystem through analy

he necessary information to compute transfer fyp,

undergoing frequency response test on the system_/ component.
3. Easy approach for design of a system having specified closed loop Performape,

4. Easy approach for compensation of a systefm:

Cut off frequency: : ; i
It is donated by @, .The frequency at which the magnitude of the closed loop respopg, )

3dB down from its zero frequency value is called cut B

off frequency. The range 1o w,is nothing but M,

bandwidth of the system whose frequency is shown. A

Bandwidth indicates the speed of the response. It o5 :
ut signal. It is i

indicates the ability to reproduce the inp
inversely proportional to the rise time. Large bandvidth

bandwidth means small rise time means fast response. 0 = Oi
Cut-off Rate: ) :
It is the slope of the magnitude curve
It indicates the ability of the system to
Higher the cut-off rate better is the rejec

derive the trans
ion by

—> oz

near the cut-off frequency.
differentiate the signal from noise.
tion of noise.

2. A second order system is described by the differential equation.

0. 0§2.y()=x().

When x() is the input and (1)
peak resonance, cut off frequency and band width.

Answer:

is the output. Determine resonance frequency,
[WBUT 2015]

2
The system is described by, %zgl + 0.851%(}1 +y(1)=x(r)

Takirig Laplace transform of both sides,

(52 +038s +1)¥ (s) =X (s)
(s ]
X(s) 57085+l
The characteristic equation is, s> +0.8s +1=0

w, =1rad/s and 26w, =0.8

5=04 ‘

The transfer functioniis, M(s)=

Resonance frequency, @, = o I1=25% = h ~2(0. 4)2 0,825 rad/s

CSEE-%4

. s




CONTROL SYSTEM

1

sl '” & ] ‘
_' M@Oﬂaﬂce' M, 2631-8" 2><0.4\fl—(0.4)2
P ff frequency: ﬂic="’n‘“‘.252*"‘[zi—‘wz“w4
0
oe l J:E—gx; +ﬁ-4(o.4)2 +4(0.4)" =1.375rad/s

ith=1.37 rad/s

. what is meant by relative stability of a system. How do we specify
3, E"Pla":ability in terms of (i) closed loop pole locations, (ii) gain margin and
tvejs , [WBUT 2017]

L‘hase margin?

=1.364

Bandw

A?swe:-: Relative Stability of a system is an indicator of the degree' of stability. It says
! PaTO;e the system is 10 instability. It is measure of how fast the transient dies out in
o It is related to the time taken by the system to get settled when the system is

o part: . :
e le locations: a system having poles away from the left half of imaginary

[n terms of PO , :
s is considered to be relatively more stable compared to a system having poles closed

{o imaginary axis-
gin (GM) and phase margin (PM): GM and'PM tells you how

an tolerate in the open loop system before the closed loop system
r the values of the margins (GM and PM) better is the stability

In terms of gain mar
much uncertainty one €
goes to instability. Highe
of the system.

Gain margin: It is the reciprocal of the magnitude of[G( jw).H(ja))], ie.,

G(jo).H( jw)l , at the frequency at which the phase angle is —180°.
: |

Mathematically, Gain Margin = Kgm = ()
, G (jo).H( jo)
In terms of decibels, Ky (dB) = 20logo Kot
2 =~-20log,, IG(Jw)H(fw)I BV (i)
IS a measure of the relative stability. It says how much gain can be increased to cause

System instability.

Ph Wi :
45¢ Margin: It is that amount of additional phase lag at the gain crossover frequency

Tequj ¥
:cils :e:]:o bring the system to the verge of instability.
asure of the relative stability. It says the phase angle can be increased to make

System 11
¥stem unstable from a stable condition.
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Multiple Choice Type Question?]

1. The centre of asymptotes for an open-loop transfer function G(s) = 2(s+2)
82 (S +4) ig
a) -1 b) -3 c) 4 d)fgvaur 2y

Answer: (a)

2. Which of the following effects are correct in respect of addition of ,
open loop transfer function? M‘éﬂe t
)  The root locus is pulled to the right T 201y
Il) The system becomes more oscillatory
Ill) The system stability relatively reduces
IV) The range gain for stability reduces

Of these statements: Li
a) | and Il are correct b) 1 and IV are correct 'l
c) 1, lll and IV are correct d) All are correct I
Answer: (c) i
3. The open loop transfer function of a unity feedback System is given by
G(:):—K__the location of the centroid of the root locus is [WBUT 2014
s(s+1)(s+ 2)
a) -1 b) -2 c)0 d) -0.5
Answer: (a) :

4. The open-loop transfer function of a negative feedback system Is |

G(s)H(s) S e root crosses the imaginary axis when the value o
s(s+1)(s+2)
k is [WBUT 201
a)8 b) 6 c) 4 d) 2
Answer: (¢)
5. The root locus diagram is [WBUT 2016] |

a) always symmetric about the real axis

b) always symmetric about the imaginary axis

c) never symmetric about the real axis

d) always asymmetric about both the real & imaginary axes
Answer: (a)
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[WBUT 2017]
c) 0° d) —45°

ot loci of @ system have three asymptotes. The system can have
& [WBUT 2018]
oles & two zeros b) three poles & one zero

s & two zeros d) six poles & two zeros

7.1

a)five P
c; four pole

Answer: ()

y feedback system with open-loop transfer function ( s) = Iz (5 “;')3)
s+

.locus plot of the system is [WBUT 2018]

L e |
&)

The correct root

v

=

o
v
A

jo ;i [ —

Answer: (¢)

9. For the system in the given figure the characteristic equation is [WBUT 2018]

R(s) X+ s(ss+-;-32) C(s)

>
>

Y

b) l+K(s—l)(s—3)=0

_a)1+K(s+])(s+3)—o

_ s(s+2) 4! : s(s—2)
©) K(s+1)(s+3)=0 d) s(s+2)=0
Answer: (a)

CSEE-97
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Long Answer Type Questions

1. A feedback control system has an open-loop transfer function

G(s)H(s)=

s(s+3)(s* +25+2)
a) Find the root loci as k is varied from 0 to a. [WBUT 2013, 2015
Answer: l
GHE= ;

(s +3)(s+1+ 1) (s +1- 1)
No. of loci=4, 4 (Four) zeros are at ©.  Root Locus
a 1 1 T

o

b = e =

Imaginary Axis

1 1

4 6

O e N e )

e
Real Axis
b) Determine the value of k where damping coefficient £=0.5 and gain margin &

this point. [WBUT 2012]
Answer:

k, =Ultimate gain=8.15

[This value is the value of k at imaginary axis crossover]
We know that cos@=£=0.5 = @0=60°
A line is drawn from origin making an angle of 60° w.r.t. the negative real-axis t0
point s =-0.414+ j0.707 on the locus. The value of k at that point is 2.59 (evaluated
from Evan’s magnitude condition)
k, _ 815

259

at s=-0.414+ 0,707

- Gain Margin in dB =20log,,3.15=9.966

meet 8

So, gain margin= | =3.15
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' K
Hls)=
p the root locus for G(S) (5) (s +2)(s+4)' Evaluate the value of K at

here the root loci crosses the imaginary axis. Also determine the
where = -+ Determine the value of K such that the dominant pair of

c :les of the system has a damping ratio of 0.5. [WBUT 2013]
[ex P :
oo™ =
AHSWW m_—O 3
fer function s : _
tran (m—n) =3, saying number of loci = 3 and 3 zeros will be
infinity
/.—-/g,gu‘t‘ Number of asymptotes = 3
lnform;‘t‘:s“ Asymptotic angles are 60°, 180° and 300°,
asymp Centroid at —2

K=-(s(s+2)(s+4))

Break away point
= K =—-s— 65 —8s

K _ 352 125-8=0
ds
:>-‘—1-£-=3sz+12s+8=0
ds
Solving the equation we get break away point is -0.845

Forming Routh array and auxiliary equation followed by
solving auxiliary equation we get cross over points as

249,
0
Step1: £ = cosf = 0.5= 6 =60

Step 2: Draw a line initiating from o

60° relative to the negative real axis.
Step 3: Observe the point of intersection between the line and the root locus and evaluate

L
[maginary axis Cross
over point

rigin in the root locus plot that makes an angle of

the point of intersection.
Step 4: Use Evan’s Magnitude criterion
L. s
[s(s+2)(s +4)

3. Sketch the root locus diagram as K is varied from zero to infinity for the system
K

s+6)(s? +4s+13)

Evaluate the value of K at the point where the root locus crosses the imaginary

s, 2:?0 determine the frequency at this point. [WBUT 2014]

Whose open loop transfer function is given by G(S)H (s)= (
§

F i .
or the given open-loop transfer function G(s) H (s)

—4++16-52
2

The open. :
Pen-loop poles are at s=0,s=_6,s=_—————.=—2ij3.Therefore, n=4.
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There are no open-loop zeros. Therefore, m=0.
Hence the number of branches of root locus=n=4 .4 th
asymptotes=n-m=4-0=4. ¥ nllmbe
The complete root locus is drawn as shown in Fig. 1, as per the rules given ag g, :
I.. The root locus will be symmetrical about the real axis because the pole_zerollow i
is symmetrical with respect to the real axis. o8
2. The four branches of the root locus start at the open-gg
$=0,5=-6,5=-2+)3 and s=-2-j3, where K'=0 and termipa¢ at t;i)le Poley
Open.

loop zeros at infinity, where k = .
3. The four branches of the root locus go to the zeros at infinity along 4
Ymptmeg

lOCation

making angles of 6, =w, g=0,1,2,3 with the real axis, ie.,
n—m
T 3T Sm 1
WS AT

4. The point of intersection of the asymptotes on the real axis (centroid) i given by
_ sum of real parts of poles — sum of real parts of zeros

number of poles — number of zeros
_(0-6-2-2)-(0)___

4-0
5. The root locus exists on the real axis from s=0 to s =—6.

6. The break 'points are given by the solution of the equation fiﬁzo
sl
K
G(s)H(s)|= =
l (5) (S)l s(s+6)(sz+4s+13)
K =5 +10s’ +375% +78s
dK

— =45’ +30s* + 745 + 78 =0
ds

ie, S +755+18.55+19.5=0.

ie,  (s+41)(s+1.7+,/272)(s+1.7- j2.72) =0

Therefore, the break points are s =—4.1,5=-1.7+ j2.72 and s =-1.7- j2.72.
Out of these three break points, the actual break point is s =—4.1, because this point
lies on the root locus. The other two are not actual break points, because the o0
locus does not exist there. They can be ignored.

The break angles at s =—4.1 are if- = il? =49(°
r

7. The angle of departure of the root locus branch from the pole at s =-2-+J3 U 8""

by
6, =+(29+1)z+¢
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| f‘""(&"-o +6,)= (122“+90°+38°)“ -250°
whel'ﬂ 0 ”—2500 ==70°
efore the angle of departure of the root locus branch from the pole at
Ih_c.z—ﬁ 80,110k

tersection of the root locus with the imaginary axis and the critical
obtained using the Routh criterion. The characteristic equation is

1+G( )H( )=0
K

int 0 fm
P pofK
value @

e N
e I+s(s+6)(s-+4s+l3)
e 44105’ +37s* + 785+ K =0
" routh table is as follows:
e I i
& 10 78
! S 37078 _ o5, K
10
& 292x78-10K
29.2
s° K

For stabillity, all the elements in the first column of the Routh array must be positive.
Therefore, K >0

ad | 292x78-10K>0

D2 756

So the range of values of K for stability is 0 < K <227.76.
The marginal value of K for stability is K, =227.76. For K >227.76, the system

has two closed-loop poles in the right half of the s-plane and is thus unstable.
For that value of X , the frequency of sustained oscillations is given by the solution

of the auxiliary equation,  29.2s* + K =0
18,2925 + K, =0

i€, 29.25% +227.76 = 0

or, §=+28

0=238 rad/sec
Hence the

frequency of sustained oscillations is @ = 2.8 rad/sec.
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The complete root locus is drawn as shown in Fig. 1.

J(ID /oo
K/
-+ Asymptote
Bt T o=28
; K=2277¢
\‘ 9[ = 1220
Q 21
w o
K=0 '
+* Breakaway
point ! ) =28
K=109.2 KRG
/ e X -,‘\‘/‘\Sympto[e

N

w"/,"Asymptote
(= ¢]

Fig: 1 Root locus

4. The forward path and feedback path transfer functions of a negative feedbay

system are G(;):ﬁ and H(s)=(s+a) respectively. Sketch the fool

contour for the system with respect to the parameter. For what range of valye ¢
‘a’ does the system remain stable? [WBUT 2015

- Answer:
The characteristic equation is given by

l+.iz(ﬂ=0=s3+s"+5s+5a
si(s+2)

Sa

= 1 +—3—'—2'— =0
S+ +5s , : :

We have to draw the rot locus of the open loop transfer function where the parameter ¥

varied from 0 to + infinity

Sa
s> +5+5s
No. of loci 3

Three open loop zeros are at o0, 00 and o
Three open loop poles are at 0, —1+2.18, -1—j2.18

No of asymptotes 3

Angles of asymptotes are 60°, 180° and 300°
Break-away point . Nil
2125

Finite imaginary axis crossover point

CSEE-102
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1 1 T

ol 2z o N A R e

2F
3t
| b
: -56 i’ -4 -3 -2 =
Real Axis (seconds")

5. Ope

whether s =22 lie

Answer: ‘
n=2 and located at 0, — 4

m=0 and no finite zero is there.
- Number of loci=n= 2
 Number of loci endingat @ =n—m= 2
n-m=2
 Hence no. of asymptotes =2
(2q +1)180°

=il 1]

Angle of asymtotes =

6=60° 180°

n loop transfer function of a system is given by G(s)H (s)= (s+4)
s

s on root locus. If so, find system gain, k at giv

en point.
[WBUT 2016]

jo
A

—p T

—N— >

X

I
S

Pole zero plot on s-plane

_ Yreal part of OLTF poles — real part of OLTF zero

¢
n—m

5(0=4)=5(0) 41 )

'2 2
U (o)
1

dk

E=0=—2s+4 .

CSEE-103
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k i k
L=-:.,: = (=2 +j2)[(—2+j2)+4] (-2+2)(2 +j2)
According to Evan’s Mag. Condition

(e
(=2+,2)(2+j2)|

k
V4+44+4

k=8

6. a) A second order servo system has poles at (-1%,2) and a zero at

Its Steady state output for a unit step input is 2.
i) Determine its transfer function.

i) What is its peak overshoot for a unit step input? [WBUT 2017
Answer: :

(‘1+j0)_

1) Transfer function of the servo system = 10 19

(s+1+j2)(s+l-j2) s’ +25+5

[As steady state output is 2 for a unit step]
1) Comparing with the standard second order system’s/characteristics equation

@, =5

—0.44x3.14x2.24

.. Peak overshort = eﬁ% =e 2 =e'*= 0214

b) Consider the open loop transfer function of a unity feedback system
K(s+3
G(s)= i)

s(s* +25+2)(s+5)(s +6)

Draw the root locus diagram of the system 6n a graph paper and indicate on that
diagram,

i) At what points will the imaginary axis be crossed by the root loci and what
is the corresponding value of X ? ‘

ii) Is (—10 + jO) a point on the root loci? Explain with valid reasons.
[WBUT 2017]

-
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Root Locos of s

N ’
b ’
[ 2——— \\ ’,v
z ‘: “
c o-—-""‘"—‘_’_ ’, \~
£ |- N
o — .
E 2——_—_——' 1/ \\\
~
“ 5
4-———‘-'———//i
’
PA:

Real Axis  gain = [0, 12222 0]

7.4) The open loop transfer function of a unity feedback control system is given by
8

G(s)= s(s +1)(s+3)(s + 5)
sketch the root locus plot of the system by finding the following:
) angle of asymptotes, centroid and breakaway points

i) angle of departure ‘
ii) the value of K and frequency at which the root loci cross the imaginary
e, [WBUT 2018]

Answer;

K
Gle)> s(s+1)(s+3)(s+5)
Open loop pole location are at s =0, -1, -3, =5
No.of pole (1) =4 and no. of zero (m)=0
No. of root loci= 4 ends at o

i it e A
4

‘ o, °f35)’mpt0tes= n-m=4

| "'Angleofasymptotesﬂ=(2q+1)1800; e

. ‘ =
A= 450"]350’ 225°,315°
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To find break-away point, characteristic equation g(s) =0
K +s(s+1)(s+3)(s+5)=0
K =~(s*+5) (s’ -l—85+15)=—s2(s2 4—85+15)~s(s2 +85+15)
gt _Re) 55t — 5! =857 155 =—s* ~ 95’ - 2357 _ 155
dk .
ds
or, 45’ +27s’ +465+15=0

Calculating this cubic equation, we get
s =-0.425, —4.253, -2.07

So, the valid break-away points are,
s =-0.425, —4.253

As there is no root-loci in between —1 and -3
As, there is cross-over of jw -axis. It is necessary to find the value of ;4 Cross
~0ver

From the characteristic equation
s(s+1)(s+3)(s+5)+K =0

st 495’ +235* +155+ K =0
The Routh array is

=-4s’ =275* - 465 -15=0

5! | 23 K
s’ 9 15
5 21.33 K
i 320-9 0
21.33
s’ K
For cross-over the term,
320-9K 0
21.33
320=9K
PEL
9
K =35.55
The auxiliary equation is
21.33s* +K =0
21.33s* ==K

21.33s* =-35.55
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AN jo

4 2

429

k=2625

1
awy

-j129
\= 2625

Fig: Root Loci

b) Explain what is meant by stability of the system. How root locus plot of a system
is useful to find stability? [WBUT 2018]

Answer:

1* Part:
A system is said to be stable, if its output is under control. Otherwise, it is said to be

unstable. A stable system produces a bounded output for a given bounded input.

2" Part:
In addition to determining the stability of the system, the root locus can be used to design

the damping ratio () and natural frequency (@,) of a feedback system. Lines of

constant natural frequency can be drawn radially from the origin and lines of constant

dﬂmpl_ng ratio can be drawn as arccosine whose center points coincide with the origin. By

selecting a point along the root locus that coincides with a desired damping ratio and

:fmt“?l frequengy, a gain K can be cal'culatec'i and implemented in the co_ntroller. More

: Comm?t: techniques of’ controller design using the root locus are available in most

s extbook§: fon: instance, lag, lead, PI, PD and PID controllers can be designed
Proximately with this technique. ;
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8. Sketch the root locus diagram as k is varied from zero to infinity for ¢
whose open loop transfer function is given by he syatem

G(s)H(s)= k/[s(s +4)(s’ +45 + 20)]
Evaluate the value of k at the point where the root locus crosseg the
axis. Also determine the frequency at this point. Mé’ﬁ ay
Answer: T A1y j
Step 1: Here number of poles n=4
Number of zeros =m =0
Number of loci=4 as n>m
-+ Number of loci ending at « =n—m =4
Also from 5% + 45+ 20

% —4+/16-80 a —4+ /8 2+ 4
2 2
Le,  (s+2-j4)(s+2+ j4)
Step 2: Plot the open loop poles and zeros on s-plane Fig. 1(a)

AN jo
244 3
g TG
2-j4 3
Fig: 1(a) Pole-zero map

Step 3: Real axis loci are
(1) Present 4<0<0
(if)  Absent for ~0 <o <—4
Complex factors are not taken, as they do not affect real axis loci.
Step 4: The number of asymptotes=n —m
Angles of asymptotes,

2q+1)180
9=Lq_).__’ =0,1,2,3
n—m
] 0 =45°, 135° 225°, 315° are the angles of the asymptotes.
Step 5: Centroid
ZRP of poles - ZKP of zeros (0—2—2—4)—0
n-m 4
Step 6: To evaluate breakaway point.

2
-

—_—

=0, =

| oo
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s(s+4)(‘sz+4s+20)+k=o
k:*-s(s"'4)(s2 +4s+20) 5 —[54 +85” + 365 +803]

dk _  gives

0
| ,(4s3 +24s +72s+80)=0

; - way point is between 0 and —4, try s =2 as starting point.
Since brej'z‘aw BRs s i 50

EqEr—32 =80

/———\ “ (i ; ¢
So, s=-2 is a valid breakaway point.

Other breakaway points are given by solving

4sz+16s+40 =10
_1644/256-640 _—16+19.59;
1 ol 8 x 8
putting these values of s in the characteristic equation.

=2+ /248

For s=—2, k=

For 5 =-2.£ 245,k =100.

Hence these points are valid as k > 0 i both these cases.

Step 7: g at s = 2 + 4 is calculated graphically. Refer to Fig. 1(b)

Z¢zems =Z¢Z =0

Z¢w5=ﬂl +6,+6,
To find, 6 :

/BOC =tan™ 521- =63.43°

ZA0C =180°- ZBOC =116.57° = §,
Tofind 6, :

- LFEC =90°
Tofind 6, :

|
- ZBDC = tan*% = 63.43°
6, -6, =0-270°=-270°
9, =180-270°=—90° at s =2+ j4
g, at §=-2-j4=90°
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\ |
% Step 8: Cross-over at jo- axis is determined as
:Q 1+ G(s)H(s)= 0 gives ; ~2+j4
A ‘ 4
% 1+ : =0
N s(s+4)s? +4s+20) ‘
% s* +8s’ +365% +80s+k =0
§ e e 36 k
'R 8 80
N s |26 k
% A 2080 -8k |
X 5 i
3 £ |k |
& Cross over at jo- axis is at 6 \
N 120808k |
b§ El a0 |
:.} 26 |
b§ E 8k = 2080 |
% k=260 gl |
3 The auxiliary equation at s> row is Fig: 1(¢) Root Loci
2652 +k=0
265% +260=0
s> =10
2 S = i_]3. 16
3 The Root Locus is drawn in the Fig. 1(c).
¥
)\d,
As),
/.ﬁ{.
N
23
>
4“5
3
.
22
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BODE PLOT

| Multiple Choice Type Questions

& 2 zeros. The slope of its highest frequency asymptote

as 14 poles
;h W‘"mn;tude plot is [WBUT 2009, 2012]
in its magndBIdecade b) — 240 dB/decade
| a)—;go 4B/decade d) — 320 dB/decade
¢)”
0T b)
Ans\\ert(

o-3 system, the asymptote at a lower frequency will have a slope of
9,Ford typ b) - 12 dB / octave [WBUT 2009]

octave
a; 4 ?BI eave d) - 40 dB / octave
i
; Answer: (b)
tope of 20 dB/decade corresponds to [WBUT 2011]
.A:) S%B/octave b) 6 dBloctave c) 9 dBloctave d) 20 dBloctave

Answer: (0)

4. The initial slope of Bode plot for a transfer function having single poles at origin
: [WBUT 2016]

® )20 doldecade b) — 40 dbldecade
¢) 40 db/decade d) — 20 db/decade

Answer: (d)

5 The Bode Plot of (1+J/T) has [WBUT 2018]
" a)Slope of 20 dB/decade and phase angle +tan™' (WT)

b) Slope of —20 DB/decade & phase angle +tan” (WT)

¢) Slope of 20 dB/decade & phase angle —tan™ (WT)

d) Slope of —40/dB decade & phase angle —tan™' (WT)
Answer: (a) '

Short Answer Type Questions

1l : T
A system is defined by theG(s)= (0419 .- Calculate the corner
o (0.2s+1) (s+1)

Ncies and the slopes of the asymptotes. [WBUT 2011]

Answer;

6= (1=01s)
(028 + 1)(s + l)
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Factors Corner frequency Slope contributeq b
€ach factoy ’
5 None 0
+
() Ll S8
0.1
| [ 5 —20 dB
0.2s+1 0.2
1 1 —20 dB
s+1

2. The asymptotic Bode Plot of a transfer function

; ; Seon 19 a8 showp iyl
Determine the transfer function G(s) corresponding to this Bode P|ot fg,
dB
A [WBUT 2017]
G(jw) 60 ~20dB/dec

40 4+ 'l
; —40dB/dec
20 + :
: 20
: ! : —> 0
: 10 \J 100
—60dB/dec
Answer:
EEi= k
| s(1+s)(l+5%)
To find X
TE=G(s)=— = |G(ja)|=m=%
jo ~ @

M|, =20log,, k-20log,, »

40 =20log, k-20log,, 1
k=100

T.F.=GH =

Uy

100
s(l+s)(l+0.05s) :
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Long Answer Type Questions

: 10
stem defined by G(s)= draw the asymptotic gain
;. For the sy 5(0.1s + 1) (0.05s +1)
40 plots and calculate the gain and phase margins. What is the output of
and P tom at steady - state if a step of 2 units is applied as an input at =07
the 8Y® : [WBUT 2011]
Answert
lst part:
50 _____.—r——f——F LR AR | 1 T
! o
8 L
8 50 bl !
: B
. ' ]
% 100 Lo
-150 e b W0 | 1 1 1||1E||l E 1 e | 1 P
290 — —a=mmnad) ':'*l : T
435} i .
) \
3 :
] e e S e e C e R ettt 3
L]
2
= Sy -
270k e eerEnd | M e el L | L i
10" 10" 10' 10° 10°
Frequency (rad/sec)
From the Bode plots we evaluate
GM=9.54 dB
PM=32.6°
2 Part;
The output in s-domain js given by
C(S) = 10 R
5(0.15+1)(0.055 +1) e
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The steady-state output is
lims-C(s) =lims- 1 R
550 7 s—_»O s(O.]S +])(OOSS+1) N

2. Draw the bode plot of the open loop transfer function of a unity feedbacy sy
k o

: . Find the gain margin and
s(1+40.025)(1+0.04s) y g Phase Margip,.

is given by G(s)=

Hence find the value of open loop gain so that the closed loop system hag
margin of 45°, | [WBU‘;‘rPhase
Answer: 201

Bode diagram
Gm =37.5 dB (at 35.4 rad/sec), Pm = 86.6 deg (at 0.999 rad/sec)

Imaginary Axis

Imaginary Axis

10" 10° 10' T o T 10°
Frequency (rad/sec)
Gain margin=37.5dB
Phase margin =86.6 degrees.
To have a Pm of 45°
¢=Pm—180°=-135°
~135°=-90°~tan™' 0.020 - tan™' 0.04»
= 45°=tan™ 0.02w +tan™' 0.04
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0.020+0.040 _ 0.060 600w
=208 1-0.000807 1000080
2 sm’+6°°“’—10000 =0
2 z 75 —1250-—:0
2 75+,/52 —75+103
2 e 2
wing negative value of o, @=14rad/sec.
piscu
: sieteh the bode plot and determine the GCF and PCF of the following
. 2 ‘ [WBUT 2013]

G(s)=m

Answere Bode Diagram
; © Gm=3.52dB (at7.07 rad/sec) , Pm=11.4 deg (at 5.72 rad/sec)

50

Magnitude (dB)
=

-100 -

&

Phase (deg)
s

=225

.270"1 L “llLAJll L { i e e i | ! e |
10 10 sl i) 10° 10
Frequency (rad/sec)

3

i :
L)) Sketch the Bode plot of a umty negative feedback closed loop system of

s

Det‘l’mine ai
g "’%eg in margin, phase margin, gain cross-over frequency & phase cross-
k. : [WBUT 2013]
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Answer:

Bode Diagram

Gm=Inf dB (at Inf rad/sec) , Pm=91.2 deg (at 0.336 rad/sec

T T — -

—_— T

Magnitude (dB)

Phase (deg)

Frequency (rad/sec)

b) Comment on the stability of the system. [WBUT 2013]

Answer: ,

Gain Margin = Infinity dB

PM =9].2°

Gain cross over frequency= Infinity rad. /sec.
Phase cross over frequency = 0.333 rad. /sec.
The phse margin is positive, the system is stable.

5. Sketch the Bode plot of a system whose open loop transfer function is given by

G(’)H (5)= 4 and also determine the gain margin, phasé

5(1+0.55)(1+0.05s)
margin and the closed loop system stability. [WBUT 2014]
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I : :
o e magni®i D
Ge le -
o mingme/tab-mcy Slope contributed| Cumulative slope| ~ The straight line
Factors (rad/sec) by each factor (dB/sec)
(dB/sec) Startsat | Ends at
® o
W 20 1
i None = -20 Z =0.25 2
s ——_—___—f
mE L, 220 40 2 20
el TR :
’L_ __1__ =oN) 20 60 20 Extend the
]+0.055 | 005 line

Gettingmng point the magnitude plot.
fer function with the factors which do not contain any corner frequency

From the trans
T.F=—
SIS
Bode Diagr'am
Gm=14dB(a 6 Rradsec), PM=327 deg (a 26 radfsec)
T T Ty T ¥ X X L T Y Ty T
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Gain margin=14 dB

Gain cross over frequency=6.32 rad/sec

Phase margin=32.7°

Phase cross over frequency=2.6 rad/sec

Both gain margin & Phase margin are positive so the system is stable,

6. Construct the Bode plots for a unity feedback system whose Open loop ¢
10 fangy,

. From the B
s(s+1)(1+0.025) (LI =ode Plot determip,

()  Gain and phase cross over frequencies
(ii) Gain margin and phase margin

function is given by G(S) =

(iii) Stability of the closed loop system.
Answer: Hally 2015]
Bode diagram
Gm = 14.2 dB (at 7.07 rad/s), Pm = 14.5 deg (at 3.08 rad/s)
100 T T T T ——

W
(=] o
T

Magnitude (dB)
Vs
o

=100
-150

22 -90

2 P35

o =]

: 3

A2 g —180

a0A -

22 225

%) -270 |

) 107 e 1 07 10° 10! 10° 10°

Freqtiency (rad/s)

KR >
.J‘t‘\ AN R

(i) Gain and phase cross over frequencies are3.08 and 7.07 rad/sec
(i) Gain margin and phase margin are 14.2 and 14.5
Closed loop system is stable as both the margins are positive

7. a) The open loop transfer function of a unity feedback system is given b

R RRRRRIRRRRRRIRR,

in
G( s) = 10 . Draw the Bode plot. Find phase crossover frequency, 9
s(1+5)(10+s)
% crossover frequency, gain margin & phase margin. e gxample:
22 b) What is minimum phase system & non-minimum phase system? G'V[zfguT 2016]
23

¢
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Answer’ 10 i 1
i /——-—'—- _— -
. G(s)= s(1+s)(,10+s) 10s(L+5)(1+.1s)  s(1+5)(1+.15)
i ... de Plot .
Mﬁgﬂ%— [ Corner frequency rad/sec | Asymptotic log-magnitude characteristics
’s’.ijg-,,—’r" None Straight line of -20 dB/dec passing through
. 1 w=1
) L —— -
/———'—l"‘" 1 Straight line of —20dB/dec originating from
2' -1—-—'" w= 1
+ S T — : -
/-——'r"" 10 Straight line of 20 dB/dec originating from
|| e ®w=10
BIEE015
o w0
S. No o rad/sec Asymptotic log-magnitude
characteristics
1. 0 -90°
[0 0.1 -96.3°
&L 0.5 -119.4°
4. 1 —140.7°
oh 3 —-178.3°
6. 5 =195°
Tk 10 -219°
Bode Diagram

Gm =20.8dB (at 3.16 rad/sec) , Pm = 47.4 deg (at 0.784 radisec)

Phasa (deg)

Ll Lol el il LTV it et T
10 Frifency (radssety’ 10°
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Gain Margin =20.8 dB

Gain Crossover Frequency = 3.16 rad/sec
Phase Margin = 47.4°

Phase Crossover Frequency = 0.784 rad/sec.

b) Minimum and Non-minimum Phase System

A stable system having no dead time transfer function and the transfer functiop 4
carry zeros in the right half of s-plane, is called minimum phase system, Minimumo_es flot
Systems are what one commonly builds from passive components |ike resismrp ¢
inductor (L) and capacitor (C) in electrical systems and mass (M), spring (K) anq das}SR :
(B) in mechanical system. If a transfer function has a zero / zeros in the right half 5
plane then this system shows non-minimum phase behaviour. ofs.
We know that for the stability of a system the poles should lie in the left half of th |
plane, but the zeros can be either side of the s-plane. If the zeros are reflected to the rie }Sl |
balf of s-plane, the magnitude response is the same but the phase shift is more than wﬁ : |
would be the case if all of the zeros were in the left half-plane. x

In order to illustrate the non-minimum phase behaviour, two systems will be considereg |
which have in fact the same amplitude response A(w) but differ considerably i ¢,

phase response. The transfer functions of the two systems are G ( 5)= L+sT and

1+sﬂ

G, (s): 11—5;: with 0<7<7. The distributions of the poles and zeros of G, (s) and
+5T;

G, (s) in the s-plane are shown in Figs. 1(a) and (b).

s plane (b) & jo s plane

(@)

dr jw

v

3
v

|
N|— ©

1 - Bl
T

Fig: 1 Distribution of poles and zeros in the s-plane
(a) G, (S) and (b) G, (S)
The amplitude responses of the corresponding frequency responses G, (jw) (minimum
phase system) and G, (jw) (non-minimum phase system) are in both cases the same, as

40)-A(o)- (O
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nses one ﬁﬂds
3 ¢ respo A A
p fd"”pw mg)_(_T._’_Q and ¢L(w)=—arctan——w(7;, 7).
g = 1+ 0'TT 1-&'TT
eaning and significance of phase margin and gain margins of a

J Explain thth_)W will you obtain the values of these margins from Bode plots?
: trol syste™ ode plot for the following function and find out the approximate

Sk‘m:'t;:gain' margin and the phase margin
S (D)
G(S)=S~(s+6)(s+lo)

~

[WBUT 2017]

Angwef : i
iL To gt}t %‘;‘;ﬁi’g the Magnitude and Phase plots (Fig. 1)
Step 1+ :
i M- plot
i l:: 0.4B line
dB |
|
0 |
|
|
|
? |
; |
deg. “
_180° ‘\
Fig: 1 Magnitude and phase plots ‘

Step 2: Find Phase Cross-Over Frequency (PCF).
Step 3: Draw a dotted line starting from PCF perpendicular to the Frequency axis to
meet a point on M-plot.
Step 4: Find the value of M at B, in dB
Step 5: GM = 0 dB — (Value of M at B in dB)
To get Phase Margin
gfpl-: First draw the Magnitude & Phase plots (figure 11. 12)
s’:P ; Find Gain Cross over frequency (GCF), say X.
lxifm' Draw a .dotted line, say XY, starting from GCF, perpendicular to the frequency
Sty 4.'“831 a point on the phase-plot (say Y). .
e- ¢t the shortest distance of point Y in degrees, from the —180° line to get the
Margin as, PM = (180° + ¢) in degrees. ‘ )
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10(s+2)

1
—(1
3(+

0.55)

b) Step A: G(s)=s(s+6)(s_,_10) ~s(1+0.175)(1+0.15)

Step B: Forming the table

y

Step C: Getting the Phase plot

Factors Comer Slope Cumulative The sz
frequency | contributed by | slope (dB/dec) W ht ling
(rad/sec) each factor y Engg 3
(dB/dec) o
173 N 0 0 i ——t
3 one V | P
1 None B0 el 20 0.1 B
s (V rad/sec rad/se, |
l 1 +204 0 2 “
——E . 2 b N
(1+0.5s) 0.5 o |
: A =207 =20 6 e
(1+0.17s) 0.17 #_~ \
(0.15) i 10 202z — 10 Exteng |
0.1 the e |
o

Step A: Express the phase'angle (@) from the given expression of the Transfer fincy

as a function of .

¢=-90°—tan"'0.17w—tan™"' 0.1w+ tan™' 0.5

Step D: After Plotting

GM = inf dB (at NaN rad/s), PM = 94.4236 deg (at 0.337316 rad/s

10 LA, A LSO A ==
0 = s e
Z -0 — == = e
o _20 “ " e o7 : ::::::.

2 L T TR R Tt o
E B0 S ISs T
T BT o R e
~60 T 1 1;1;1.1 T l';ll;ll. 1 1 10 1
107 10° 10' |
|
'CSEE-122
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\
=
S

L el

Phase (deg)
\
=
(=)

: E Py )
e EEER B —— gy
il ) 1 ) S Sy O SRR | .,\:ﬁ*n-
10-] 4 IOO lol 102
Frequency [rad/s)
g,a) What are the advantages of Bode diagram? [WBUT 2018]
Answer:

Bode plots were first introduced by H.W. Bode, when he was working at Bell labs in the
| United States. Now before I describe what are this plots it is very essential here to discuss
2 few advantages over other stability criteria. Some of the advantages of this plot are

written below:

Advantages of Bode Plot: ’ .
|. Itis based on the asymptotic approximation, which provides a simple method to

plot the logarithmic magnitude curve.

2. The multiplication of various magnitude appears in the transfer function can be
treated as an addition, whilé division can be treated as subtraction as we are using
a logarithmic scale.

3. With the help of this plot only we can directly comment on the stability of the
system without doing any calculations.

4. Bode plots provides relative stability in terms of gain margin and phase
margin.

5. Italso covers from low frequency to high frequency range.

b) Sketch the asymptotic Bode plot for the following open loop transfer function
with unit feedback. |

L 20(s+10)
S)() s(s+20)(s2+s+1)

C : \ :
dlculate the gain ang phase cross-over frequency, gain margin and phase margin

® Bode plot. Also determine the closed loop stability of the system.
[WBUT 2018]

Answer, .
G(S)H(gj: 20(s +10) \

it $(s+20)(s* +s+1) |

i er_tmg the T.F. into the time constant form.
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5 s
—_ 10] 1+ —
zoo[an ; ( 10)

20s(]+-2§6)(l +5+57) s(l+%)(l+s+s2)

Getting the magnitude plot, creating the following table

G(S)H(s) =

Factors Corner Slope by | Cumulative The Straight 1
frequency | each factor slop e
; (rad/sec) dB/dec (dB/dec)
Starts & & | e
o
10 NONE 0 |0 s
1 /" —\‘\
[ _\
L 1 40+ 4 =60 1 i
l+s+s (1)~
[ —ﬁ\\
) s
Ik 10 +20 —40 1
| ( 10) Y% 0 20
(1 +LJ 20 20 60 20 E:;eﬂd the
20 '
#
Getting the starting point of the magnitude
i 10 10
Gljw)=—=—
(/o) s jo
y-|10[_10
jo| o
M indB=20log,,10-20log,, @
M indB| =20log,10=20dB
Geiting the phase plot:
: 20(jo+10
G(jo) =/t 10)__
jo(jo+ 20)(1 ) +ja>)
= /G(jw)=-90°+tan"' 2 —tan' 2 _ tan !
p=2G(jo) T o e
w(rad/sec) 1 10 _ 20 ‘ 50 o
pdegree - ~177.15° ~77.27° _74.425° ~72.339
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: ePlOtz Al
e %g?}cr frequency =! rad/s;:;:
GfOS; —-1800"9340 =86.6
argil — =
I i (-34)=34 dB
—T T — i ’ i Hi
i 20° g/»d-"‘" i :.a-i--‘r-‘—‘;' .&%
N agil Pl 1
¢ [N — | | o
N r
o |EEEE <y e E R P 1
1 G 10 20:3(13& 100 1000
P
i AR e ~a
_l0° '-_-_—___‘__,_...:{u--‘__ 7 % [
.——‘r"""'ﬂ'— / H
‘—'_.——-p—-‘f—!:::" \ : H
]
—Im‘ :—____‘_,_,..-h \ i
'—________‘_.-—.-- |:
caonnag \ i i ]
27 e T ! :
T . \ g‘
A Ak ]
9-ue 1
e \
s, / \ i
z ; G \ ]
Z -160° 7 \ :
3 \ -
£ 7 \
-180° :

10. a) Construct the Bode plot for a unity feedback control system having
G(s)=36(0-25+1)/s*(0.055 +1)(0.01s +1)

b) From the plot obtain the gain margin, phase margin, gain cross over frequency,
phase cross over frequency.
c) Comment on the closed loop stability of the system. [WBUT 2019]
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Answer:

n) Bode Djagram
Gm = -Inf dB (at 0 rad/sec), Pm =-26.7 deg (at 4,44 rad/sec)

e T

100
50+

=50+
~100+
—150F

Magnitude plot

-200
—180

=225+

Phase plot

Y R T |

0! 10° 10' 10? 10°

Frequency (rad/sec)
b) Gain margin= —o0 dB
Phase margin = -26.7°
Gain crossover frequency =0 rad/sec
Phase crossover frequency = 4.44 rad/sec

¢) The system is unstable.
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NYQUIST PLOT

| Multiple Choice Type Questions

a certain feedback system crosses the negative real axis at

. to P
the NY‘“"‘jt pilr:)margin of the system is given by . [WBUT 2008, 2011]
{. I: ot the g2 b) 10 c) 100 d) none of these
8 )04
ntage(s) of polar plot is ('are) [WBUT 2009, 2010]
5 The disa_dV:ramped of high frequencies j
a plot is Jlations are time consuming for exact plot
b) thle ‘\”ae':y difficult to calculate gain & phase margin
itis
:)) all of these
Answer: (d) [
t of a type-1, 3-pole, open loop system is shown in the figure given
The polar PIO i
;low. he closed loop system is 3 [WBUT 2012]
=1 42\ w=x 2
=0
a) always stable b) marginally stable
¢) unstable with one RHS pole d) unstable with two RHS pole
Answer: (d)
4. The Nyquist plot cuts the negative real axis at a distance of 0.4, then the gain
margin of the system is [WBUT 2013]
2) 0.4 b) 0.4 c) 4 d) 2.5
Answer: (d)

5. The frequency at which Nyquist diagram crosses the negative real axis is known
o [WBUT 2014, 2018]

:} g:iﬂ crIOf:sover frequency b) phase crossover frequency

ural frequen i
R &) quency d) breakaway point

8. Th ;

‘me:\'gqulst Plot of a system encloses the point (-1, 0). The gain margin of the

3 less than » 1 [WBUT 2015]
; ¢) 2ero an zero : b) greater than zero
er: (b) d) infinite
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7. The centre of the constant M-circles are defined by e
M M’ o |0, M Uy 2
a) "——2-,0 b)) i g )y
1+ M 1-M 1+ M ) 0’\
Answer: (b) l< )
8. If the gain margin of a certain feedback system is given as 2p db, ¢
Plot will cross the negative real axis at the point [\'N;e Nyq“iag
a) §=-0.05 b) §=-0.2 ¢) $=0.5 B \UT 2ty
Answer: (d) ]

Short Answer Type Questions

1. What is polar plot? [WBUT 2007, 2009, 2009.g,,
Answer: " Nty
The polar plot of a sinusoidal transfer function G( J®) is a plot of the magnitq

€ of

G(j®) versus the phase angle of G(jw) on polar coordinates as ¢ i varied frop ,
L0

to infinity.
An advantage of using polar plot is that it depicts the frequency response characteristics

of a system over the entire frequency range in-a single plot.
To sketch the polar plot of G(jw) for the entire range of frequency o, je, from (

infinity, there are four key points that usually need to be known:

(1) the start of plot where @ =0,
(2) the end of plot where @ =0,

(3) where the plot crosses the real axis, i.e., Im (G(jw))=0, and

(4) where the plot crosses the imaginary axis, i.e., Re(G( ja))) =0.

2. Sketch polar plot for the unity feedback system with open loop transfer function

1
G = : BUT 2013
() s(s+2) . 0T s e
Answer: —» ReGH
| 1@

M =————, ¢=-90°-tan
N +4

Now forming a table as shown below:

(7] M- ¢
0 0 Z-90° : Il
0 0 —180°

mé—%o»wzo
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PR =116°
1 3 it es
1
|35
2 :
:ﬁ conslrueted with the data in the above table
a
jar plot ™
Long Answer Type Questions
nd explain the Nyquist criterion for studying of a control system. .
e [WBUT 2006, 2007]
OR,
. by Nyquist criterion? [WBUT 2009]
i ist stability criterion. [WBUT 2010, 2014]
state & explain Nyqu! OR, :
State Nyquist stability criterlia. From which principle is Nyquist stabilig U:_ritzeorzgn
inciple.
riginated? State the princip A w ]
xplain Nyquist criterion for studying stability of a control system.
sute and eXP [WBUT 2018]
Answer:

Let us consider a system whose forward path transfer function is G(s) and that of

feedback path is F (s) as shown in Fig: (a).

== G >
B 8 2 0)
L——— H(s) <

Fig: (a) A closed loop system with forward path T.F = G(s)
; and feed back path T.F =H(s)

The closed loop transfer function, T.F.= C(S) = G(s)
_ R(s) 1+G(s)H(s)
énd the characteristic polynomial = F (s)=1+G(s)H(s)
From our basic knowledge, if all the roots of the characteristic equation lie in the left half

of -plane then the system in stable.
W, assume

'G(S)H(S)ZK(s+z,')(s+zz) ------ (s+z,)

CSEE-129




e e e

POPULAR PUBLICATIONS

(s+2)(s+2) - (s+20)
(s+p)(s+p,) (54 Pn)
From the equation (i) and (ii) we can say,
Open loop poles are same. As the closed loop poles i.c. poles of G(s) H (5) are s

dme a

that of F (s) Zeros of the characteristic polynomial F (s) are the oo ¢
Of th

characteristic equation (i.e. F (s) = 0. For stability, the roots of characteristg equat; i
10n or

or zeros of F (s) should lie in left half of s-plane. If a zero of F (s) is found i .
side (with positive real part) then the system is stable. With this fact and takip &0t by
of Cauchy’s principle of argument Nyquist constructed a closed path or c%the help
s-plane such that entire right half of s-plane is encircled to find the presence of pr;;‘e);lr id
an

zeros of F(s). For stability, F(s) will not encircle the origin.

and  F(s)= - i)

b) A unity feedback control system has open loop transfer function
G (i) e
S(8*+5+4)
Draw the Nyquist plot & hence investigate the stability of the system for varioys
4

F

Answer: 0=0"
GH ()=t
jo(4- o' + jo)
Real axis crossing Nyquist plot at A
‘ —k[a)+j(4-a)’)} N\ 0=+ i,
GH (jw)= 3 2\2 / L) D=2 4
w[w +(4-w)] _K/4
Equating imaginary part to zero
4-0*=0 or ®*=4 or =12

|GH (jo)|,.., ?i 050

+

So the Nyquist plot crosses the axis of real at @ =12 with an intercept of —K/4. .

From the Nyquist plot K[4>1 or K>4
For this value of K

N=P-2
—2=0-Z or Z=2 |
So the system is unstable. It can be shown to be stable for K <4.
i 3 B
c) What are the advantages of Nyquist plot? [WBUT 2006, 2007, 200 ]
CSEE-130
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,sglf:; (ability of the closed-loop system may be determined from open loop frequency
1) (esponse: ¢ of roots of the closed lopp system is not needed.
) KnoW;e Jo not get any mathematical model of the physical system. We often get

3) 5 frequency response.

J For the system defined by G(s) H(s)= - ill;r?;s)ﬂ) draw the Nyquist plot and
ence comment on the stability of the closed loop system. [WBUT 2011]
o ol v
¢=tan" 4o -90°—tan™ w—tan”' 2w
The angle @ for different values of ‘@' is tabulated below.
] tan" 4o | ~90° ~tan"'w | —tan"2e | @
W |0 -90° 0 0 90°
® 90° -90° -90° 9(° 0°
0.1 218° | -90°, .| =S7° ]| -113° 85.0°
il 75.96° | 90| 5P TGz 3T [ 122477
The value of M =0 when @ = T
M=o when @ =0

The Nyquist’s plot from the calculated data of M and ¢ shown in fig
The Nyquists plot makes an intercept on the negative real axis at point X. The intercept
0X is calculated as given below. '

Imaginary
GH plane
0= OT
ey
'
[
4
,I
A
A\ o
i
TR R » Real
=140 i ; GH plane
o =035
0=0

Fig: Nyquist path in GH plane
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Separating into real & imaginary parts
Gljo)H(jo)m et 14
jo(1+jo)(1+2j) (jo+ 0 )(1+2)q)
Mo +4jo
_(jco+a)2)(l+2ja))—f@"wz1“21'2012‘—51‘;;3~
i 1+4jo L 1H4jo
jo-o?-20'-2j0°  jo-30’-2j&°
@=-180°

tan™' 4w -90°—tan™ - tan™' 20 = —180°

tan"' 4w - tan™' @ - tan~' 20 = -90°

tan™' 4o —[tan" w+tan™ Zw] =-90° | |

ta.n[tan'l 4w-tan w-tan™ Zw] = tan (-90°)
tan™' 4w —tan~' @ —tan™' 20 = -90° '
'—(fan'l w+tan” 2w) =-90°—tan"' 4o

tan™ @ + tan™' 20 =90° + tan”' 4o

U 4 84 U U U U

U

U
T
[N
ew
]
o

U
S
1
|
U
e
I
|
3
g

T e .
1+ 16w 2 J1+8

g
M =— L =— G
2

1+w*l1+40® 1 T

OA=2
Point —1+/0 is not encircled.
N=0
Z=N+P
0+0=0
Closed loop system is stable.
The closed loop system has no root with positive real part.
As P=0 :
. Open loop system is unstable.

Sl
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WY ston No. 1a

quist stability criterion.

CONTROL SYSTEM

[WBUT 2012, 2013, 2014]

a) of Long Answer Type Questions.

¢ er
i ing Nyquist stability criterion determine whether the unity feedback close
Usin
b) having open Ioop tranSfer functlon G(S):__IL |s stable or
oop Syste™ s(s+4)(s +6)
[WBUT 2012]
not.
?}?ezo tA IS defined by a Z —180°, phase crossover frequency is @y
G( | w=0_
o, M=[GU2N=T T e J +36
and ¢=-90°-tan —4——tan 6
0ssover _180°=-90°—tan™' —tzm‘Ig
At phase cr | 4 6
@ald |
46"
:: 1*50_2— 0
24
-  o=49rad/sec [Discarding negative value of @].
120

~ 200

==
M=o pame
From the plot, we get N =2 :
Since, P=0, 50, as per Nyquist Z=N + P=2+0=2.
8o, closed loop system is unstable.

4. a) How is Nyquist criterion different from R-H criterion? [WBUT 2013]
Answer:
Factors R-H Criterion Nyquist criterion
Analysis of Stability | Absolute stability of a LTI | Both absolute and relative
system. stability of a LTI system.
System Loop Stability is derived from closed | Open loop system.
i’ : loop system.
resentation Algebraic method fonmng an | Graphical  technique for
array of Routh elements. determining  the Stability
m — : (derived ﬁ9m Nyquist plot).
7'\% omain | Cannot be derived. Can be-denved. .
by It finds the number of closed | It finds P, Nand Z.
loop poles lying right side of
imaginary axis in s-plane.

\

%
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sketch the Nyquist pjo¢ for
k

b) For the system shown in figure below,
Nyquist stability criteriop, 24

comment for the stability of the system using
Also find the range of k for the system to be stable. Way;
: 20
k(1-5) 13
> C
R(s) (s+2)(s+3) ol
Answer:
Nyquist Diagram
05/ . T T Y
1 @W=0007 - 270°
| ©=0,0334°

L
02 04

A 1
-0.4 -0.2
Real Axis

_Os | L
= -0.8 -0.6

Since P=0, N=0, so Z=N+P=0, i.e. no closed loop pole is lying right side of imaginary

axis. ,
So, closed loop and open loop systems are stable.

2" Part: :

From the plot, the Nyquist plot intersects the negative real axis at -0.396 with k=2, so
with k=1 the cross over will be at -0.198. Since P=0 and since close loop system has to be
stable, so, N=0 this is possible if 0.198k <I i.e: k<5.0505 . Thus the range of k for

stability
- 0<k<5.0505
5. Sketch the Nyquist plot of a system whose open loop transfer function is given

K ’ \
= El ich the system
by G(s)H(s) @9 +9) Find the values of K for which the sy
| [WBUT 2014]

becomes stable.
Answer:

" K
G(s)H(s)= :
(s) (s) s(l +s)(2 +s)
#=-90°—tan™' w~—tan” 0.50
CSEE-134
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s
M=2m 1+0.250"
2 GH =0/-90°
hen z;w GH = 04 270° -
GH=_-—4 162°
" |
e J_ y
B S
: in Fig. —
Nyquist IOt 13 St;own ac
O = 7,
7=l
0’5 i
S ‘
0, = \/1’0_5‘—\[_ (Ans.)
X

Bk =K(IXO'SJ=£
; 1+ 7 1+0.5 6

K
* For stability = <1
or, k<6
1
Gain margin= 20 log-;

K
e, 3=20log—
. v g 6
orSRE K —4.05
| Wit‘h‘ K =4.25 the transfer function is
; i AT
s(1+ 5)(2+5)
M 425

o]+ @ \/4+w

Fm*“e“c}' at which magnitude will become unity is given by

i+ >4+ o7 =4.25

L m’(1+m*)(1+4m2)=18.1

CSEE-135
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By hit and trial method

x=14
o=+14=1.18
6. Sketch the polar plot of
wg
32 - 21y

(s) -
(s+4)(s* +4s5+8)
And find ltS points of intersection with real and imaginary axes
Answer: .
Ls}

Imaginary Axis

L}
1 | 1

-1 0.5

Real Axis
Negative imaginary axis intersection=-1.47 at frequency 0.943 rad./sec.
Polar plot meets the negative real axis at the point 0(-1 80° at frequency infinity rad./sec

7. A feedback control system has forward path gain G(s) = G2l and feedback
FSKS =

path gain H(s)=(s+1).
Draw the Nyquist dlagram for the system and assess the stability of the closed -
loop system. [WBUT 2014
Answer:

2(5 +1)

s(s I)
=2\/a)- ____g'
N +1 @

CSEE-136
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tan” —
-1
180° +tan™ @ =-270°+2tan™ @
O)_V_;Lb_elow)
@ M ¢
R () o -270°
SRR o 0 —90°
| 2 —180°
R 0 —90°
w=-—0 0 +90°
[ s Mirror image of section I
20k w 270°
=0 - 270°
w0/ -270°, =0
4 ImGH
I
v Q.= %9,
1) 0£-90° s
2/ -180°NL ReGH
w=1
Il
e =0, ©/270"
N=-1
Z=N+P=0

S0, closed loop system is stable, though open loop system is unstable.

8.a) State the ‘Principle of argument’ & its extension to Nyqu_ist criterion.
b) Draw the Nyquist plot & determine the stability condition for the open loop

2
transfer function of the system G(s) H(s) ;G_%is_)'_ﬂ- ' [WBUT 2016]
Auswer:

i‘) Consider the s-plane contour encloses P poles and Z zeros of Q(s) in s-plane as shown
f”h‘ figure (a). Then, corresponding Q(s) plane contour must encircle the origin (z+p)

;"‘“ in the anti-clockwise direction or (z—p) times in the clockwise direction as shown in
tfigure (b),

CSEE-137
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s- Plane 1.Q(S)
: A
jof Q) plane
: 6 G
= | I RS
Origin
(b)

(a)

This relation between the enclosure of poles and zeros of Q(s) in the s-plane ¢
the encirclement of the origin by the Q(s)-plane contour is known as ‘Prir?;l‘tolurm

Argument’.
Let us consider a system whose forward path transfer function is G(s) and

feedback path is H (s) as shown in Fig: (a).

The closed loop transfer function
G(s)IRNG(s) RG) @ 4 o
= = ‘ Cs)

R(s) i1 +G(s)H(s)
and the characteristic '
H(s)

polynomial = F(s) =1+ G(s) H(s) |
; : Fig: (a) A closed loop system with forward |

From our basic knowledge, if all the rd path
2l Ao T.E = G(s) and feedback T

roots of the characteristic equation lie in &St occack path TF 7HG)
the left half of s-plane then the systemin'stable.

Now, assume

K (o7 (57 (s+z,) gt g :
S p)orm)orm) " Y
(s+2))(s+25):-(s+2,) i)

and F(S)= (s-f-p,')(s'*'Pz) ...... (5+p,,)

From the equation (i) and (ii)

We can say,
Open loop poles are same. As the closed loop poles i.e. poles of G (s) H(s) are same®

that of F (S) Zeros of the characteristic polynomial F(S) anin%y o 1Sl &
the roots of characteristic equation of
(S ) is found in right half

fact and taking the lheIP
| tour in &

characteristic equation (i.e. 7 (s)=0. For stability,
or zeros of F(s) should lie in'left half of s-plane. If a zero of F

side (with positive real part) then the system is stable. With this
of Cauchy’s principle of argument Nyquist constructed a closed path or con "
plane such that entire right half of s-plane is encircled to find the-presence of po

zeros of F(s). For stability, F(s) will not encircle the origin.

CSEE-138
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o determi"® ;
b)SltP };=1 ! in s-plane is as shown in (Fi
‘ ,TheNyqulSt (.:omourT L p wn in (Fig. 1a)
P I;[ put s=/@ 11 Viesd j/m
I |
G(f“’)= (jw+1)(jw‘1) e Y H il
o Iv: Evaluate IG (ja))l =M I A 1l

M= ]+a)2 1+(l)2 ;

p . 111 A
ste y: Evaluate ¢=Z{G(]w)H(jw)} &
/ L s
= tan” 0.50— tan”' & — tan” (—IJ
Fig: 1a Nyquist contour in s—plane
tep VI: Formation of table (T-1)
Table: T-1
i Section in s-plane © M ¢
| AT T 0 2 7180°
| begins from @ = 0 and ends + o0 0 1 270°
| A= +00 1 +206.57°
I + o0 0 +270°
begins from @ = +© and — 0 —270°
terminates at — o0 througha |
semicircular path of infinite
: radius (R — oo)
II1 — 00 0 —270°
—0<w<( i 0 +270°

Step VII: To evaluate Real axis intersection of Nyquist path.

For ¢=180° M=2

«.The path intersects the negative real axis at the point (2, 180°)
Step VIIT: To draw the Nyquist path (Fig. 1b) [m.CH

A
GH - plane

o
Io-- €N
’ ~

~
»

Re GH

E
‘ Fig: 1b Nyquist path in GH-plane
CSEE-139 A
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Step IX: Conclusion:

From the Nyquist path, we have N = -1,
Z=N+P =-1+1=0

Step X: Verify using Routh stability criterion. ;
Characteristic equation |

W s+2 ~0
s1-1

= s —1+s5+2=0

= s +5+1=0

Routh Array:
st 1 1
s' 1 0
s’ 1

. No change in sign.

So, the closed loop system is stable.
- Closed loop system has no root with the +ve real part.

9. Consider the transfer function G(jo)=

—— . Draw the pol ?
7 (1+_]60T) polar plot of th
function. Find the gam crossover frequency & phase margin of the transfef{
function. [WBUT 201§ '
Answer: ;
1
G(Jo)=———— |
), Jo(l+ joT)
1
Now M=

e — $=-90°—tan™' T

a1+ o*T? i
when @ approaches zero, M = and ¢=90°and when @ approaches infinity M=
and ¢=-90°-90°=-180° :

-270° ‘r Imag

i
|
|

Real

CSEE-140
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ist stability criteria. Explai
jain the Nyau xplain how gain and phase
d ";ﬁ ined from the Nyquist plot of a system. Sketch the Nyquist plot
b' ¢ for the following transfer function and hence comment on the

[WBUT 2017]

"l’nrt iability criteria:

sxder a system W

& Fig: (1).
s H( ) as shown in Fig:

fwdbad‘P @9
—> G(s) >
R() CGs)
L—— H(s) <

A closed loop system with forward path T.F = G(s) and feedback path T.F =H(s)

hose forward path transfer function is G(s) and that of

Fig: (1)
The closed loop transfer function

o C(s) _ G(s)
R (s) 1+G(s)H(s)
yudthe characteristic polynomial = F'(s) = 1+G(s)H(s)
From our basic knowledge, if all the roots of the characteristic equation lie in the left half

of s-plane then the system in stable.
Now, assume

G(s)H (s)=

K(s+2z)(s+2z) (s+z,)
(S+p,)(S+p2) ...... (s+pn)

Rl Uz (orrer) 5+ s) .. (i
: (s+p)(s+p,): - (s+p,) :
fom the Eqns. (i) and (ii) we can say,
loop poles are same. As the closed loop poles i.e. poles of G(s) H (s) are same as

that
ot F (S) Zeros of the characteristic polynomial F (s) are the roots of the
stic equation (i.e. F ( )— 0. For stability, the roots of characteristic equation of

O 2610 of
i of Fls ) should lie in left half of s-plane. If a zero of ( ) is found in right half

e (g
Cau Positive real part) then the system is stable. With this fact and taking the help

auc y 3
Hplang g, hﬂl:;ltncxp]e of argument Nyquist constructed a closed path or contour in
2y o F(s) entire right half of s-plane is encircled to find the presence of poles and

For stablllty' F ( ) will not encircle the origin.
CSEE-141
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2™ Part:

Getting GM from Nyquist Plot

The steps for evaluating the gain margin from the obtained Nyquist plot are

(Refer to Fig. (2). Im G(s)H(s) Ollgy
|

Nyquist plot of an

(-1,j0)

» Re G(s)H(s)

B g ———

Indicates degree of stability

Fig: (2) Evaluating gain margin

Stepl: First derive the magnitude of the real axis intersection (using the rule VII), Lgt thig
value is ‘a’
Step2: GM is given by

GM = 2 , but GM is generally expressed in terms of dB
a ;

GM in dB =20log,, (-!-) =20 1og',0 1-20log,,a=-20log,, a

So three cases are supposed to come:

Case 1: If a <1, then GM will be positive. The closed loop system W]H be a stable one
Case 2: If a =1, then the system is said to be marginally. stable as for that case GM =1
dB.

Case 3: If a >, then the system is unstable as GM is negatlve in that case.

N.B. ;
1. Lower the value of “a’ better will be the relative stability. g
2. If the Nyquist plot pass through the origin then a=0 and the GM = infinity.
system will be absolutely stable.

Getting Phase Margin (PM) from Nyquist Plot
The steps for evaluating the phase margin are as follows (Fig.3):

CSEE-142
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Im G(s)H(s)

L

Unity radius circle
- ™

” o ™
Nyquist
diagram
—> Re G(s)H(s)
\ 0
\
\ 1
\
AN
~ —~

Phase difference
before instability

+

[ Phase margin = PM = 180°+8 ]

Fig: (3) Evaluating Phase Margin PM from
I: draw a circle of unit radius (taking origin as its center) on the obtained Nyquist

Step

fot.
Etep 2: Find the point of intersection of the circle on the Nyquist plot.

Slep 3: Connect the origin and the point of intersection by a straight line (OA).

Siep 4: Find the angle subtended by the line OA with respect to the positive direction of
thereal axis in clockwise direction.

Siep 5: Evaluate the phase margin using the relation PM =180°+4.

Three case may be supposed to have

Casel: IfPM is positive, then the closed loop system may be a stable one
-~ Cae2:1fPM is 0°, then the closed loop system is marginally stable.

Case3: [fPM is negative then the system is unstable.

;:cp part: Step I To determine P, 2=0
II;;.The Nyquist contour in s-plane having detourat s =0  (Fig. 4)

Mssjoino L TF,

G(jw) H(jo)= 10
jo(jo+1)(j0.50 +1)

CSEE-143
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Step IV:
Evaluate |G( ja))l -

M

10

m\/l + (o)

Step V:

* i+ (0.50)

Evaluate ¢ = [£{G(jw)H(jo)}]
¢ =-90°—tan" 0.50 — tan™" ©

Step VI: Fig: . i
: g: (4) Nyquist contoy, : |
Table i st
Section in s-plane ol M
I 0+ Tj%a\
begins from @ =0, and ends at @ = +c0 + Th—-\ﬂ_o\:
11 + 2700
begins from @ =+ and terminates at —oo through a
semicircular path of infinite radius (R - 00) i |0 iE570e
I 0 e
IV - 0- 0 +90°
0— S (0} S 0+ 0+ 0 _900

Step VII:

To evaluate Real axis intersection of Nyquist path.

= —180° in the phase equatlon
—180° = —90°tan™ 0.5 » —tan” w

= tan” 0.5 ® + tan™

0.l0 =90°

4| @o+0.le _ 9o
1-(0.50).0
) 1'1w2=tan90°=l
el =050 0
— 1-0.50" =0
2 10 ‘
— W =—=2
5

o = 1.414 rad/sec

10

M| o a14= ? =3.33.

At the phase cross over frequency = 1.414 fad./sec, M=333

~ At the point of Real axis intersection, ¢ = -180°. So puttmg

CSEE-144
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® =00,
0£-270°
A
o=1414
3.33° £-180°

o = 0+, 0£-90°
from the plot it is found that the Nyquist plot encircles the critical point (~1+ j0) twice.
since, P=0, N =2, therefore Z & N4 P=2+0 =2\ saying the two closed loop poles
are right handed. Hence the closed loop system is unstable. However, the open loop
system is stable. )

{1, a) State and explain Nyquist criteria for study of control system.
b) The open loop transfer function of closed loop system is

G(s)H(s)=120/[ s(s +3)(s +5)]
Draw the Nyquist plot and hence find out whether the system is stable or not.
¢) What are the advantages of Nyquist plot? [WBUT 2019]
Answer:

3) Refer to Question No. 1(a) of Long Answer Type Questions.

I’)SfCPI'P=0
e 120 5 1

N’ +9 ot +25
Stepm: ¢=-90°_tan—]2‘-tan-l'a—)
3

5
Siep1V: At negative real axis crossover

CSEE-145
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= tan"2+tan“%=9(}° w=(
Taking tan both sides L0
v @
e +____
Sl
£
15
= Q= \/l_S =3.87 rad/sec
M| o 120 1£-180°,
1 15 V15+9 V15+25 o, =387
120 -
Step V: =
J15-J24 40
120 120

=————-——=——=1
J35{38+85 358

c) Refer to Question No. 1(c) bf Long Answer Type Questions.

12. Write short note on Polar plot. [WBUT 201 4
Answer:
Polar plot is a tool in frequency domain for assessing feedback control system stability, |
is constructed on GH —plane from open loop transfer function (GH), when frequency of
the excitation signal is varied from zero to infinity. To sketch the polar plot of GH fo
the entire range of frequency o, i.e., from 0 to infinity one has to follow the steps as said
below:

Stepl: The start of plot where o= 0,

Step2: the end of plot where w= o,

Step3:The quadrant or quadrants where the polar plot has to lie. The shape of the

polar plot depends on the type no . of the system.
Type- 0 system: Polar plot starts from a finite point on the positive real axis and the
terminal point is the origin at the tangent to one of the four axes.
Type -1 system: starting at infinity asymptotically parallel to negative imaginary axis ad
the curve converges to zero at the tangent to one of the axes.
Type 2 system: the starting point. is infinity and asymptotic to -180°.

~ The end point is origin and tangent to one of the axes.

CSEE-146
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CONTROL ACTION

45 of pp control to the

1.8 the
reases

dec
:) romains $2M°

| Multiple Choice Type Questions

second order system, the rise time

[WBUT 2007, 2008, 2012, 2019]
b) increases.
d) has no effect

Answer ® ; e
fer function of a basic PD controller is given by (all k's are real

The trans
:onstaﬂt) : .
b) ks +k;8
ﬂ&+s+@
Answeri (d)
p only Controller will produce
") always zero steady state error
:) output only if error changes
Answer: (€)

4, APID controller can
a) speed up response
¢) provide good tracking performance

Answer: ()
5, The addition of

a) improves damping
c) increases undamped frequency

Answer: (a)

a PD controller in cascade with the plant

[WBUT 2010, 2013]

c) k,+ks ' d k0+-kl
S

[WBUT 2011]
b) always infinite steady state error
d) none of these

[WBUT 2014]

b) reduce overshoot
d) all of these

[WBUT 2015]
b) reduces the steady state error

d) increase the order of the system

6. For eliminating the steady state error, the control action required is [WBUT 2016]

a) proportional control
b) proportional plus derivative control
¢) proportional plus integral control

d) proportional, derivative & integral control

Answer: (d)
T Fora unit step input, a system with closed loop transfer function — T has
! s34+ 25 +
“t:;% state output of [WBUT 2017]
b) 5 , .
Aswer o ) c) 2 d) 4
CSEE-147
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E

ICATIONS
8. The transfer function G(s) of a PID controller is Way;
: a4
a) k 1+—]—+7:,s] b) k[1+Ts+7,s]
5
Oy 1
c) kf1+—+— d) k[st"'_"
Is Ty Lis

Answer: (a)

9. For eliminating steady state error, the control action required is WBUT
a) Proportional control Ay
b) Proportional plus derivative control
c) Proportional plus integram control
d) Proportional, derivative & integral control

Answer: (¢)

Short Answer Type Questions
k |
1. For the system defined by G(s)= T50) calculatg the steady state error g, fog
unit step input with a Pl controller. . IWBUT an |
Answer: |
Block diagram of P-I Controller
R(s) 1 k C(s)
T Ke (l i T—,] 1 Ts+1 ¢

i

Fig: 1 PI-controller introduced in a first order process

From the block diagram of figure 1 we have forward path

TF.=G(s)=Kc(l+-l—).( J ) (1)

Ts)\Ts+1
o Feedback transfer function H(s)=1 -++(2)
E(s) _ R(s)=C(s) =[, _@} (3)
R(s) R(s) R(s)

| N
C(s) K‘(HEJJ (ﬁ)

R(s) o ( k ]
1+K,(1+ZSJ =

- CSEE-148
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ggﬂ R(s) [Combining cquat}ions(S) and(4)]

07RO 7RO
)
Kc (l +—i; Ts+ | l

,.I--— | k )s
P 1+k H‘I_;; Ts+1

_e.. =limsE(s)
D S§-0

teerror = €ss
"‘Stead).lsm f (I+T.s) EY
e )
; 1 Ts \Ts+1
=lims.) == Ty + 1)+ KT s +1)
Ts(Ts+1)

K T
= _k__‘;_:l_k — “=1—k ...6
1 X e ( )

c

Long Answer Type Questions
1, Draw the response characteristic curves of the following controlling actions:
71,0, Pl, PD & PID. Discuss salient features. | [WBUT 2010]
Answer:
[ntegral Control (I): '
tion the rate of change of the controller’s output is proportional to

In integral control ac
iheeror signal i.e. the output mr(¢) depends on the integral of the error signal e().

Mathematically,
dn(t
Eee()
- dm(e .
= '"7§1=K,e(t) )
> m(0)= [Kee(t)dr =K, [e(r)r ' oo (i)

¥here, K, is the integral constant.
Taking Laplace transform at both sides of the equation (i) we have,

M(s)=£§.(s_)_

so) the block di 3 : A
lagram of the integral controller is as shown below:

L | Kt
E(s) s M(s)

CSEE-149
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Characteristic curve of I-action

Let error signal e(r) follows the step function, i.e. € (1)=4, 5o,
m(r)=K, [Adt

=  m()=KAu -+ (i)

So, response of the integral controller against the step excitation will be r,

shown in the figure below.
e(h $

mp m nature a}

m(t) ¢}

6= tan_l (KcA)

L

Derivative Control:
A control system is said to have a derivative control action if the output of the controlle

m (t) is proportional to the rate of change of error signal e (t)

Mathematically, m(r) ge(tj
t

= m(t)=KD%e(t) 5 (1)
where, K, is an adjustable constant and is called variable of derivative control action.

Taking Laplace transform of equation (i) we have,
M(s)=K,s"E(s) ' R (1i)

i Al L A
Hence, the transfer function of a derivation control action is ( ) =sK,

The block diagram can be shown as below

—H 5 Kp —>
E(s) M(s)

Characteristics curve of a derivative control action
Let the error signal be a step function i.e. e(r)=4.

-, Response, m(t), from the derivative control mathematically is given by

m'(t).—.K,,%A;O;

CSEE-150
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ntroller will be zero. So, to have an effective derivative control action

sf',,out‘put shOU(;S always be time varying. .

worSIE“a: signd G alv./ays el not get any effective control action
s if cﬂ"’ivative controller. So, derivative control action is not used alone.

ﬁoma‘:glo w ShOWs the re;ponse curve of a D-controller against a ramp excitation
L hence; m(t) =Ko ’;t't = Ko-

e®t

| m(t)“

Kp

Y

>t

Characteristic Curve: P, PI, PD & PID refer to Question No. 2. of Long Answer

Type Questions.
iscuss the neceséity of PID controller in minimizing errors of a dynamic

jefly d
:}sat::nﬂyresponse under step input. Show relevant graphical, & mathematical
expression. : [WBUT 2016]
Answer:
| rPart:
. [etthe error signal be defined as |
et)=At  for t20 . (@)

Putting this error signal in equation
m(t)=K_ (At)+ K. T, -j—tAt

>m(t)=(K At +K.T,A +(2)
Equation (2) satisfies the equation of a straight line. '
.Flgures laand 1b show the graphical presentation of e(t) and m(t).

O

P+D characteristic Curve

b 0= tan" A
|
> time

Fig: 1a Ramp signal

CSEE-151




POPULAR PUBLICATIONS

~

P+D action

mOA

)
{

P — action only

tan™ (Kc.A)

A4 —> time

Fig: 1b Comparison between P and P+D action

Conclusions:
From figure 1b we may conclude

1) ramp response ofa P+ D controller is a straight line with positive slope X _4 - *
€ i

the line intersects the m(t) at (O, K T,4) point. r,
2) ramp response of the P-action only is also a straight line passing through the oriiy
with the same slope as P+ D action. |

P + D-action

m(t) M ]
: R/ P - action
2. A

\/ Corrective

action

K:TpA

Tein = tep +1Tp
Fig: 1c Relative patterns of P and P+D actions against the control action

3) Fig: Icsaysthata P+ D control action provides a corrective action T, time earliet

than the P-action, intended for the same response. Thus Derivative C°_“[.wl

anticipates the actuating errors and initiates an early corrective action thus providé

faster response and with increased stability of the system.
o Nature of error signal e(t) JSor a PD-control

- For D-action in PD controller to be effective the error signal shquld ve
time. If the error signal is constant with respect to time, then its time d¢f

ry with
jvative
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ﬁf) will be Zero and the derivative section of the controller provides no

ol

r:'cﬁve output.
0 ectSOfS“p signal : . :
: ﬁ‘ﬂt'he error signal e(’ ) is step in nature (Fig: 1d) then its time rate of change
éi’) will be very high (as the denominatords — 0) for a very short
dat
: me(df = O). The output of PD-controller will involve an impulse function as
fl ir
shown in FIE % L
o) A%
M
e
A
Ae(t)
v i
—at—> VU & At
Fig: 1d Sudden change of &(t) Fig; le Effect of D - action
Phrt e T i1t EHL
The combination of proportlonal, integral and derivative actions IS terms as PID control
xction and has the advantages of each of the three individual control actions.
Mathematical Structure :
K d .
m(t) = K e(t) +—= |e(t)dt + K.T), —-el! (1
(0)=K.e() zj() ) e 1)

where m(f)=> PID Controller’s output
K. = proportional sensitivity
- T >integral time; sec. o(t) &
‘ A .
;():erfor Signal _ Fig: 1A PID block
p = derivative time; sec

P+1+D Controller
m(t)

Llplhce Transformed Form
mtrmsfopning equation (1), we get

¢ K S
HUE KcE(s)+?°E—§S-)- +K.T,sE(s) =K, (1 +Fl'+ TDs)E(s)
' \ ls

I
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= Transfer Function

Af(S)zKr ]+_l_+TDsJ . (3)
E(s) I
Block Diagram Representation
E(s)} Ke
bt Is I‘ M(s)
> K .Tys >

- Fig: 2a Block diagram of a PID controller

Reducing the above block diagram using the rule of parallel path we get

1
—p— KAt — 4T s | F—>—
EQ) C( 7is ") Mes)

Fig: 2b Reduced block diagram

Characteristic Curve
Let the error signal be defined as

e=t for t>0 5(3)
Putting this error signal in equation (15.37),
K d
m(t)=Kt+—= |tdt+ K.T,—t
() C ]; j c Ddt
Kt ‘
=—2—+Kt+KT ....(4
T c ¢ D ( )

i

which represerits the equation of a parabola.
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inverting Amplifier section inverter section

Fig: 3 Electronic circuit of a PID controller

Transfer unction for the amplifier section(Fig.3) is given by
M) 5 e
El (s ) Z
[ (R, Gy s +1)
where, Zﬁ&*’;‘é:: i,
1
JaicEL R
md Z'—;Jr;_l_ (RC s+1)
e Cis

— . —

() R

M'(s) - (RCs+1)/sC,
E

> M'(s)=_(RzCzS+1)(R|Cls+]) o
E(s) SR C,

W) ... (62)
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_(RCs+1)(RCs+1)
SRC, ’

combining equations 15.42 and15.424
HJ&Q&HN&qu):&{Kq&Cﬁﬂi&q4&()

2S+H

:'E;' RZ CZ § RI Rz (12 g
:&[&Cl.s'+(R'C'+R3CZ) 1 :l

R, &G, R,C, s
:.RLX(RCI+RAC2){I RZC fﬂC R,C 7

:M(s)_faqmc;[p ! (RG&CZHS
E(s)  RG | (RG+RG)s (RG+RG

The equation 15.42 may be expressed as
M(s) I
—t = Ko 1 +—+T,s
E(s) [ Z J
which satisfies the basic mathematical structure of a PID control action (refer to Eqp, 6)

_(RGHRG) e ipcyand  7,-RGRC
RC, R C +RC,

Smaar

where, K, =

3. Write short notes on the following:
a) PID controller [WBUT 2008, 2009, 2013, 2015, 2019)
b) Pl & PD controllers [WBUT 2012

Answer:
a) PID controller:
Refer to Question No. 1 of Long Answer Type Questions.

I

b) PI & PD controllers:
Refer to Question No. 2(a) & (b) of Long Answer Type Questions.
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NICHOLS CHART

Long Answer Type Questions
. ghort note o Nichols chart. [WBUT 2006, 2008, 2019]
1,W"t° ORI X
O hols chart? : [WBUT 2009]
) ma: :: ::z appucation of Nichols chart? [WBUT 2009]
p) Whe" _
Apswer hart €0 nsisting of M and N circles in the log-magnitude (dB) versus phase
g) The c(in degreé) is called the Nichols chart. ;
i the constant M and N circles (plotted on the polar co-ordinates) are useful in the
Thqgh of control system, it is more meaningful to plot them on the gain
i : ; i
Te;(j ) H( jo) |—phase |G( jo)H (jw) plane where gain is expressed in dB and phase
s efoeﬁsed DERIEES: . I GH
roach j
CAgr‘l)sider a M-circle, as

shown in the figure, on the

GH-plane. , 5
M

— R. GH

2 y

A point A on'this circle, joined to the origin O, is considered and designated by the vector
0A (OA). The magnitude of this vector (5/2) is expressed in dB and the phase angle is

Mmeasured negatively with respect to the positive R.-GH-axis.
In the similar ways, points B and C are considered on the M-circle shown in figure above.

Points on the M-circle MindB ¢ in degrees
i M%) ¢

B M, i ¢2

G big M; d

When . '
the gain-phase plot of an open-loop is obtained from the constant M-circles and N-

Circles
» the resultant plot, called as chart, is known as the Nichol’s chart. In other words,
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when the constant M-circles (magnitude loci) and constant N-circ|es (phag
dse

are transferred to the gain-phase plot, the resultant c!mrt is known as (he Nich angly .
Figure below shows the Nichol’s chart ol's chay

20 .
B T e
2 [ |
18 E l L | : - Opsn Loop 114 {
R e T , Lo
e | A i
| — - 14 p——— e —
5 € J"‘f_'— | N\‘\‘\ .
:’, | | 6 \\
8 - PR e e
~ [ il _....‘J.ﬁ.\\ ~_ |
" - -——‘———B‘h\ )
LI (_\’. i g—.ﬁ_y&ﬁ darpn /__ ,:/)
E“\\ \\\\“ﬁ
e et
-~ - — e ——

| AL

—
o
TTITTTITT YT

N

<220 -210 2200 -1%0 --180 -170 -160 -150  -140 -130 -120 .119 -100

The Nichol’s chart for 0° to —180° and ~180° to —360° are mirror images of each ofpe,
Nichol’s chart is used to obtain directly the closed loop frequency response. Thi; s
obtained by superimposing| the; gain-phase plot of an open loop transfer function on

Nichol’s chart.
On the Nichol’s chart, the open loop gain is plotted vertically in dB and the phase ange

horizontally in degrees. The M and N contours are superimposed on the chart. When the
open loop plot is made, the following information may be obtained.

e Phase Margin

e Gain Margin

e Bandwidth (The frequency at which M =—-3dB)
Peak Magnification and the frequency at which it occurs.

b) Applications of Nichol’s Chart S b
The various applications of Nichol’s chart are listed below

To determine the closed loop frequency response against the given G (j). The valueof
resonant peak (M, ) of the closed loop and hence the corresponding resonant frequency
(w,) can be evaluated. The 3-dB bandwidth of the closed-loop system can be evaluated

For the specified M, , it is possible to find the value of K. If M, and @, are knoWr

. : s e
then other frequency domain specification can be evaluated: From the relatlfin;hp
between time domain and frequency domain The time-domain specifications can &

evaluated.
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[MODEL QUESTION]
he $°°
e damping ratio and natural frequency are
fhe va|U;51°f B i) 0.5 8.1 c) 0.707 & 2 d)182
a) 1
Answer: (b)

i Eigen values of a second order system are real and —ve, then it is termed
2.1f bO [MODEL QUESTION]
S ) sad dle point b) nodal point c) focus points d) none of these

a
Answel’: (b) j
f variables for a system Is ~ [MODEL QUESTION]
. As;toft’ nique in general b) Always unique
.:) Nover unique d) May be unique
Answer: (b)
E015ER0 0 !

i B=| |,then the system Is [MODEL QUESTION]

4- " A = 0 __2 ’ 1 y
2) controllable b) uncontrollable c¢) undefined d) none of these

Answer: (b)
5 Ina series R— L — C circuit, the number of state variables is

[MODEL QUESTION]
a)3 b) 2 c)1 d) o
Answer: (b)
6. The state equation of a linear systeﬁl is given by [MODEL QUESTION]
' i
X=AX + BV where 4= U and B = Y .
(= 1
The state transition matrix of the system is
A -2 1 : : .
a)[e 0 b)| € 0 o) sin 2¢ c?s 2t d) co.s 2t sin2¢
0 & 0l e —cos2t sin2t —sin2t cos2t
Answer; (d) )
IR
Aai);-l matm; has all entries as —1. Rank of the system is [MODEL QUESTION]
7 /
Auswer: @ ) c)5 d) 0
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8. For SISO: ¥(s)=G(s)U(s)

(Mo
a) G (s) is a scalar b) G (s) is a transfe, oS Esy
¢) G (s) is m x r dimensional matrix d) both (a) and (b) “nction |°N]
Answer: (d)
9. The transfer function for the state variable representatiop X
Y =CX + DU, is given by [MODE Q; AX*BU
a)D+C(SI-A)'B b)B+C(SI-4)"p EST"JN]'
c)C+B(S[-A)"'D d)A+C(SI-B)'p
Answer: (a)
10. A system is described by [MODEL
. Q
@& [0 17 [o VESTioy
= x+| . |u
a |-2 -3 1
y=[1 0]x
The system is
a) controllable & observable b) uncontrollable & observapje
c) controllable & unobservable d) uncontrollable & unobservapj,

Answer: (a)

11. The state variable description of a linear autonomous system is " - AX whey

y 02
X is a state vector & A= [2 ]

0
The poles of the system are located at ‘ [MODEL QUESTION]

a)-2and +2 b) -2j and +2j ¢) -2 and -2 d) +2 and +2
Answer: (a) :

12. The value of a matrix in é: AX for the system described by the differential

dt

equation i22+ 2Q+3 y=0 [MODEL QUESTION

drZinied it

150 1§80 0ol d[ J

b c )
a’[—z -1] : ’[—1 —2] ’[_2 _1] —3:-2
Answer: (d)

ODEL QUESTION

13. The state diagram of a system is shown in the given figure:[M

» ~_2
|

The system is
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|able an nd observable b) controllable but not observable
)control ble but not controllable d) neither controllable nor observable
)0
sﬂ’er‘ : (0) . :
en values of a.secon.d ord_er §ystem are complex conjugate with
. lf the Elg arts, then the singularity point is termed as  [MODEL QUESTION]
gative o red tfle nodal pomt b) the unstable nodal point
M= ) th t:ble focus point d) the vortex point
Answer'( %)

3 -2
[ 19 Jx,diagonalization matrix is

0 1
°li o

For the giver LTI systemx'=

ol

[MODEL QUESTION]

d)’:l OJ
0 4

apswer: (d)
16. The property satisfied by a state transition matrix is [MOIDEL QL_lESTION]
0=l B0=60, AT =g(k) 9O (=]

Answer: ()

17. Parallel decomposition gives: [MODEL QUESTION]
2) Diagonalisation b) Eigen values of the given system

¢) It gives the Jordan canonical form d) all of these
Answer: (d)
18. Asystem is represented by the state equation given below:

=302 1
=% x+| |u

-1 -2 1
The poles of the system are:

3)28&3 b)1&4 c)-1&—4 d)-6&3
Answer: (c)

[MODEL QUESTION]

18, Asystem describe by the state equation is [MODEL QUESTION]

GG L

@ state transition matrix of the system is

a) e 0 ' -6_2' 0
| Al.w[o ez'J b)[o e"J

| L ' -~ CSEE-161
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20. Which one of the following statements regarding the state trangiy;
0

correct? [MODE| o M
J EL o Mat
a) ¢(0)=0 b) 47 (r)=¢(1/r) QUEST?S‘,";
c) #(n+0)=¢(n)+ #(t.) d) (1, ~1,)¢(1 - fo) = #(t
Answer: (d) ‘ 27h)
21. Consider the system x = Ol X+ : u [MOD
y=[0 2]x
The system is
a) Not controllable, observable b) Controllable, observapq
c) Controllable, not observable ~ d) Not controllable, not obsery
ablg

Answer: (c)
22. Consider the following state equations for a discrete system

e [MODEL QUESTION]
e S e

4 4
Y(k)=[1 -1][;‘;' gﬂ—w(k)

The system given above is :
a) controllable and observable b) uncontrollable and observable

c) uncontrollable and unobservable d) controllable and unobservable

Answer: (a) |
23. The transfer function of a multi-input multi-output system, with the state space

representation of

X =AX +BU
Y=CX +DU :
where X represents the state, ¥ the output and U the input vector, will be given
by MR [MODEL QUESTION]
a)C(sI-A)" B b)C(sI-A)" B+D
c)(sf-A)" B+D d)(sI-4)" B
Answer: (b)

24. If the eigen values are on the imaginary axis, the phase Pof[t&ag[;‘éf ngsTIONl

a) closed path trajectories
b) spiral trajectories focusing at the origin

c) trajectories converging to the origin
d) unstable focus
Answer: (a)
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o state equation of 2 dynan_ﬂc system Is given by X (1) = AX (1)
0 =1 1 0 0
A= 0 0 =150 0
0o 0 0o -3 4
000 -4 3] |
en va-ues of the system would be | [MODEL QUESTION]
the °Igm| non-repeated b) real non-repeated and complex
:} real repeated d) real repeated and complex
An,wel': (d) d
The necessary and sufficient condition for pole placement approach is
*5) completely controlfable [MODEL QUESTION]

letely observable
b completely, controllable and observable

m
:; ﬁzltlrer controllable and non-observable

Answer: (3)
ut equations of a system are as under [MODEL QUESTION]

5 @] [0 Llix @] f0
Lz (’)H‘l -ZL (r)HlJu(t)
(!

output equation c(f)=1 1][;2 (t;].

The system is
a) neither state controllable nor output controllable

b) state controllable but not output controllable
¢) output controllable but not state controllable
d) both state & output controllable

Answer: (b)

27. The state and outp

28, A system is describe by the state equationf( =AX + BV . The output being

=41 1
J=CX: whereA=[3 J,B:[IJ, G=1l 0]. The transfer function G(S) of the

system is [MODEL QUESTION]
') 5 l S 1
B Jprrre, i
+35+7 S +5s+7 $“+3s+2 $°+3s+2
er: (a) \
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~ Short Answer Type Questions

1. For the circuit shown, chooseV (1), i, (f) and V;(r) on state Variableg, 4
h L)
Utpyy

¥(1)=V, (r) and hence obtain state equation representation.
iz

Answer:
Consnder the network WIth various currents and voltages as represented ip th
¢ figure

? | _|_ j?

i

Mwh 1 Mcsh 2
Applying KVL in Mesh 1 of the network we’ve, .
V. iR+, ()
i, being the current through resistance R as shown in figure
Applying KVL in Mesh 2 of the network we’ve,
A =L£1li+v3 () = ‘:: —Ll—-vI --[ljv3 S (2a)

dat
d L, 22 (38)

and
— ----3 —— T —
e S0 i Gt

L

ldt 2 .
. AT
et =C,-d7'-+-12 — - ... (4)

and output y =V, ()
From equations (1) and (4) we've,

v, =R[C,%+iz]+vl;

RC, %?—-!-Ri? +9,

dvil TR Riz+ 1 v
RC,

or, v,
at RC, RC

or, e YE =
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! ..._1.-'+-—l—-V
év_. Cvl Cl'2 RC, in vees (6)

ofy dt i 0 : b : ; :
ations (6) (2a) and (32) can be written in the state space form using
N *% )and 7, (¢)as state variables and Y(£)=V, (f) as the output of the system:

L 1 g
ol [ & %l
7| L %] |76
éig_ = —1- 0 —'Z I || O
RSB0 i 0
=) || G il
‘y(t) 001 K(t)
e 0 |=[0 0 0| &(f)
o | lo 0 ofn()
1
2. Given A =[ 02 3], determine ¢(k)=A" using Cayley — Hamilton method.

[MODEL QUESTION]

Answer ol
We've the system matrix, 4= [ }

-2 -3
So the characteristic equation for the eigen value m is
|mI-4[=0

m 0 OResl
or, — =

00 m|¥[=2 "3
o m .-l 0 '
’ 2 m+3|

o,  m(m+3)+2=0
o,  m+3m+2=0
| o, m+2m+m+2=90
L m(m+2)+1(m+2)=0
| or ol ’(m‘+ 2)(m+ 1)=0
0 the eigen values are m = -2, —1
Now, e* = p(1)1+q(r) 4
€" = p+qm, form=—1,-2

i N
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e'=p-gq

and e‘z'=p-2q

By subtracting Eqn. (2) from Eqn. (1),
e’ -eM=g; and p=e’+gq

e (1)
H(2)

Le. p=e’ e’ —e™

or, p= 2ef —.e":"
> p=28-:_e—21;q___e-:_e-2!;
now g(k)=4"'=e"

e = pl +q4 =(2e" —6‘2')[(1) ?J-F(e" —e_zl)[_(; _13}

2ei e 0 0 eiie
=( 0.57e 2 -e‘”]{Z(—e"’ +e™ ) 3(—e" +e"2‘)}
2¢ —e¥  e'-e™
= #(k) = [2 (e +e") (e —e" )J
The above expression gives the state transition matrix as due to Cayley — Hamiltoy

method.
Y(s) st +4s5+4

—_———

3. The overall transfer function of a SISO system is given by
i U(s) s +55 445

Obtain state model of the system. [MODEL QUESTION)

Answer:
Obtain the state model of system transfer function

2 145 +4)X(s) -
T(s)= Y(s) = (S Pl ) () , X(s) being state variable
V(s) (s’+532+4s)X (s) o
4 -3 4 -2 -1\ X

or, Y(S) =( ki ) (s) [Dividing by s® in numerator and denominator]

V(s) (457+557 +1)X(s)
Then, ¥(s)=(4s7+457 +57)X(s) '
and | l
V(s)=(4s7 +557 +1)X(s); ie,
X(s)=V(s)- (457 +557)X(s) vy
The corresponding SFG is shown
in Fig. 1.
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P EX. Thus from SFG

Col\f"d" 1”‘:(') xll 0% [0
,.:l _lo 0 1 || % |t 0|V 0
z 0 4 3% I
xl
11 ke el 2:2)
x]
ations (1) and (2) give the required state model.
Equ ce mpresentation of a system is [MODEL QUESTION]
4. The stato spa ol

X, =X, —2%, +V

ment on controllability and observability of the system.
com

o tion of the system is

| ace representa
L State Sf N2, +V which may be represented in matrix form as:
i i

X = 1

5l 1 0 |[x +[ 5

nl L1 2% 1
Comparing With standard state space form

. o,
X:A_X+Bu, = 1 _2, = | N

af! LI
Thus = = d
I —2 2x2 1 2x1 _l Ix1

: 1 -1
Controllability matrix is s =[B  4B]= [l 1] ; Now, |s|=0.
So the system is not controllable. Observability of the system cannot be commented, as

output equation is not given.

5. Check the controllability and observability of the system:  [MODEL QUESTION]

e 1
X(t)= [ 6 _S]X(t)+[ ]u(,)
W)=[1 0]x()

Answer; ‘
Conszdenng the state Eqn. as
): Ax + Bu Y=cx::
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SRR

Now: qpo gl a0 7 1
L ST S
g = - 0
Controllability matrix S =[B AB]=[1 S}'Sl #0

Thus the system is controllable.
. 0] 0 1
Again, C4 = [1 O]z.z o ’
i 6 T 5 2x2

Observability matrix ¥ =[g :’:B (1):’ ; [V |#0.

Thus the system is observable
Hence, the system is controllable and observable.

6. Derive the state space representation of the network: [MODEL QUESTION]

Rl Vi R2 V2
o AAA- AN T
t 1 g i2
» u(t) il , ) o ‘ y(t)

Answer:
Now, the mesh Eqn.s are:

L-:-;-(i, — i)+ Riy = u(l).c....(1)

s Lhd X
or, _Rz 7 X, Rj i (3)
From Eqn. (a) J

d
1), L—x+ 2)SH(O -
From Eqn. (1) 7 Ri(% +5) ‘f(’) [xl=i|-iz,0”il=xl+'2

or i B B 52| [sing B ]
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Rx, _
L _ 2 =u(l)
or,j‘[l,-*‘%]’f Rlxi sz
[{E,j}}_) EoRY «+--!e—'-x2 +u(r)
ors % R, R,
RR, R R,
O IR AR MR AR) Wt

i s gl
£rom ED (b) %2 =7 bt % R b (5)

s, (5) & (3)
prom E4 e —ﬁ}
LT AR,

L. 1
T i T (6)
2

putting value of %, from Eqn. (4) in Eqn. (6)

L RR, X, + & X, + R, u( } 1
|| BT 0 |-—=x
& c&[ LR+R) LRHR) 2 LR+ R,) CR,#
or,jz =~ Rl X + Rl X, — ! X, + u([)

C(R+R) ' CR(R+R)" CR, C(R +R,)

; R, Ll R
Gy =m———X t Xy —L—-1|+ u(t
EeiicrR) " CR, I:RI+R2 } C(R+R,) u(t)

R 1 1

or, ¥ =(_\ | Y= X, + ST csaie ]
=N CRAR) T CRHR) T CRA+R) 0y
Now, Eqns. (4) & (7) may be put in the form,

e RR, R R,
L’}: L(RlR:’Rz) L(1$1+R2) x‘]+ L(R.1+Rz) u(f) Ans.
P S ‘ i X
C(R +R,) C(R+R, | 2 C(R +R,)
&oupuy=[o 1] l:XI:l P
¥

7. For the fo :
the following system, obtain the state space equation. [MODEL QUESTION]

d’y d? ;

Wlid Y,

wh (dt’)+6(37)+”(%]+6y=u
910 y = output and y = input.
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Answer:
We have

dy ' cdiy. . dy
——=—6——-11—-6y+u
ar dtisu

for output y and input u.

Consider y = x = one state variable and

= ixl =X, = x, =another state variable

dt dt
iz_)')__ dixiiid

\

—-=—X, =X, =X, = another state variab|e ? \

at  d a4t
diyitde i J

Thus from Eqns. (1) and (2), we can form the matrix equation as:

] o 18 0] [ix 3] [0
(=10 0 1 |x,[+]|0[u
5] |6 -11 -6][x | |1

[y x] [o
0(=[t 0 0] x |+|0u
0 x ] 0

From Eqgns. (3a) and (3b) we have the state space equation as:
X=AX+Bu; Y=CX +Du:

0. 1:480 0. 0
where, 4510 0 1 [ B=[0;C=[l 0 0] D=|0|.
-6 -11 -6 1 0

8. Consider a system given by
X, 25050 |Far 1801
% (=0 2 0|5 [+[1 o[“‘}.
510 3 1fx]| [0 1|
Check for the state controllability.

Answer:
There is misprint in the question. It may as:

%] [2 0 0]fx] [o 1

g:ozoxﬁlo["'J;
) U |,
x’ 0 3 1 x" O 13x2 e
Check for controllability.

CSEE-170
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CONTROL SYSTEM

0 0f, 0 1
2 0/|; Input matrix B=|1 0
3] 0 1
-[B 4B AB]
210 1.0'| &[4 R0S0
0 52080 =0 SE43R0)
0431 0 9 1
0&%l 0-2
1800 |#= 2550 [
O l 3Ix2 3 l 3x2
4 0 0] |0 1 0 4
A2B= 0 4 0 1 0 =4 0
09 13‘30 I§] 58 9 1
01 02 04
Somecontrollability'matrix is S=[B 4B A4'B]=[10 20 40
01 31 91
Now, the controllability matrix to be of full rank (=3) should have three linearly
inde];endent columns or rows, as it happens here. So the system is controllable.
U‘ot the mechanical system shown in the figure below, obtain the state model_ in
standard form, with the velocity of A, as the output: [MODEL QUESTION]
li'l(t)
M, T l
Y, Vi
Kl T B[
M; R
' Y;: Vi
K; B,
AWCI': /
: m-dy'm“i‘?sz"fthe spring mass system may be represented as
d’y
M'ET'”*%*"WE(I) | ()
‘ d? ‘G :
sy, o d
o B (n=n) Ky (1= 01) =0 510

CSEE-171
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-~
From Eqn. (1),
dzyl :__El_fi&_.j_'{_‘!.'_+£ :
> M d M, m -+ (3)
(4]
X
Consider y, =x,, j, =x =x, ; stable vector X' =|"*
x3
[ X4 |
From Eqn. (3),
2 Ml 2 Ml xl Ml i (3a)
From Eqn. (2),
: d’ Bidy. e Bedyil K K
J;2= zah’-_*_ L2l e S )
: dt M,dt M,d M, M,
23 Consideriy= vy = x =ity (= = )
A From Eqn. (4),
::E x:—Bzx+Bzx—K2 +K2x
:é‘ ! M, : M, i sz3 M, : gt
) Consider, x, =y =output = velocity of M, S52(8)

For Oy

Now, from Equs. _(3a), (4a) and (5), we can frc_)m the state equation as;

L LK

SNV 3 _ N I
lsu]}P}&,hh‘f‘v\f\r‘\_'.\,’ WA \Y "\'.‘\" tol ol bl ol of o &
LR LR ARRASEAAAAAAARKAS

£

RS

ANRNREN
CLLLK

A A A

’'q

,%:__rv} ~

9.

SIS ,s-'}'»"‘f‘}-

and  y=[0 0 0 1]

Y(s)= L 2(s+5)
U(s) (s+2)(s+3)(s+4)

Obtain the diagonal canonical state model of the system. Also dé

output y(r).

CSEE-172

- 10. The transfer function of a dynamic system is given by

3 0 a0
3 s potkiustdoBinten niplo o[ % [0::0]
: Ll | M M %(,101 0
Sl R TE e R {F/MlL
_i4_4x] _1.&_ ﬁ_ _.ﬁ __EZ_ ¥4 ..O 0-4:2
L 2 2 MZ MZ_

[MODEL QUEST!

gormine ™



CONTROL SYSTEM

Ansﬂ’er: 2(S+5) =——4_+ B - C 3 4 1

=———
@=(5+2)(5+3)(s+4) s+2 S+3' s+4 s+2 s+3 s+4
()% =-3% +u(t); % =—4x, +u(/)

S
U x;__le-l-u

us, S 3pi—4x, X
Thdoutput () =B R
an . ;

] 1S E:
Gate ‘“odz Foi 0101 [ S
j:l BIg0N-3 0 |[%|*+|1
2
; 0 0 —4lx% 1
3 -
xl
s ¢ =
) x}_
U_(t) x [
5]
-
4

Fig: 1 For diagonal canonical state model

11. Develop the state model for an armature controlled separately excited dc shunt

%(0)=1,0), %,(t) = (1), x, (1) = gag). oft). [MODEL QUESTION]

A‘.‘!Wer:
0 ! R‘ LI ‘ il‘
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The dynamics of the motor can be expressed as:

=ea;
d‘e do _
and J—+ =kri, ;
df f Ta
: dé dé
Again, e, =k, —=kw;as o=—
b d bw as dt‘
49_do
ar dr
So the system dynamics can be expressed as:
di
i R —ﬁaﬁ-—l—e‘,; and @zfli ~iw

drid & Tl i L L

a a a

Now considering the state variables as:

% =i,5=0,x=0=0
The state space form of the system is:

dtie JliT ity

(R, 0k (L]
x-l La La X Ld
x= (W08 S ORI X7 105 |u(r);
X s o S L5 0
\ 14 AMenta
[
andoutput[y'()J [ ]xz .
}’z() x,

12. Write down the advantages of state space techniques. [MODEL QUESTION
Answer:
Advantages of state space technique:
(i) This technique can be used for linear as well as non—lmear system.
(ii) This technique can be very easily used for multiple input multiple outpu
(MIMO) systems in matrix form.
(iii) In this analysis initial condition of the system need not be ignored.

QUESTION

13. Predict the controllability and observability for the system [MODEL
X(t)=A4X(1)+BU(t) and ¥ (1)=CX (1)

<1 0 0
where, A/ 0 0 1, B=|0fandC=[4 5 1]
-6 -11 -6 1
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- .

0 0
0:[8¢ =18
_l 3x1 _6 x|
0 1 1
1 = -6 = -6
—6 | | S11£36,(S[32 S5
gothe controllability Matrix is
Ol 0
= (0T =6 ;[M |=(1)}1 _ | #0 thus the system is controllable.
&6 25,
0l 0
Again CA=[4 5 llm 0 0 I
6= L1=61| b
ﬁ [(6) (¢-1) (5-6)],,=[¢ 7 -1
| Ok 120
socai=(ca)4=[-6 -7 -1],|]0 0 1 =[(6) (-6+11) (-7+6)]
O [ 6| Ut
o, CA'=[6"'5 -1];
:C dui i

So_théobservability matrixis N=| C4 |=[-6 -7 -1};
c4’ 6 S

So, |N|=4[7+5]¢5[6+6]+][—30+42]=48—60+i2=0

So the system is not observable.
Ihps “he system is controllable but not observable.
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14. Find the state space model of the electrical systems showp, beloy, ;
|

: - iabl nt
physical variable. Take V. and i, asiLsfal:f variables and V, as oytp,, variat?l?w
ic TION]
. |
0.5F Ve
u(t) Q 5 mé"ﬂ

Answer:
We have by KCL in the network,

u=%+Q=Q+Cg%

Again by KVL in the network,
Vs =L$1 et Rii s
/]

d ] R).
or, EIL =I VC —(z)ll_ +(0).u ....... (2)

From equations (1) & (2) we have,

1
0t =— I
afv] " Tc|[%], | /o). (3a)
dt| i, 1 R[] 0
15 E]
! (Ve ‘
& output Vo =Ri; =[0 R] [ (3b)
LM

Equations (3a) and (3b) represent the state variable formulation of the given network.
Putting the values of C = (0.5F), L = (1H) & R = (3Q) we've state equation as:

d [V o[ =2 | |2
E[iL ] —[1 _3} |:il. ] + {0] u(r)........(4a)
& output ¥y =R iy =[0 3] [ﬂ ........ (4b)

Eqns. 4(a) & 4(b) represent the required state variable model.

15. The state oqua_t,lon of a linear time invariant system is given[r:)é
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1

cteristic equation and the state transition matrix using the Caley-

Fmt:lﬂltton theorem-

Anser

: X, 0 1| x
Forstateequation LZJ { 1 _2}[ J {Ju(t)

ilton theorem, the characteristic equation is:

180 OB | A
[ g | R D
quatlon

0; Thus the system matrix A has Elgen values, 4,4, =
s of second order, the reminder ponnomlal R(,l) is of the

Using Caley o

‘ - =0:=2>A*+1+24=0; which is the

chara cteristic e
(l+l)
since the system matrix A i

form: R(A) a‘o'}'all1
since A is of second order, the polynomial R(4) will be of the following form
M@—%+ql
(=g = ¢ =aha () [rdzhzh=rl
d
W =te'=—R A‘ =l
S O
[R(#) being the reminder polynomial defined by equation:

1(#)=0(%)a(1)+R(2)

d
bei , —q(4)=0
q(l) ing zero dlq() ]

Theresultis @, =, +e” =te”' +e” =e” (1+ t)
Thus, @, =e”* (1+1);, =te”"

" : 1 0 (1)l
fA = Al= I A = =t =t
(4)=e” =ayl +ad =e (l+t)l:0 1J+:‘e [-1 _2]

=‘!e" (1+1) 0 s[Eo e’ | e’ (1+1) te”

v1.0 e'(1+2)| |-t -2ee” 1Tl U oot o7l D fer
| or, f(A)=[e-' (1+t) te”! :’

A

~te! | e (1-1)

16, , :
The overall transfer function of a SISO system is given by [MODEL QUESTION]
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S -

i

|

l

i

\ Y(s) _ s'+3s+2

E U(s) s’ +95s? +265+24

\ Obtain the state equation.

§ Answer:

N 24+35+2

A From the transfer functi T(3) WS St 0 : to find t

i O e T 1957 +265 +24 he state equatig,
Now EL(8) S sic 352 (s+1)(s+2) LR

U(s) s'+9s'+26s+24 (s+2)(s+3)(s+4) (s+3)(s+4)’

Consider, ~
¥Y(s) s+1 s+1 CEIAGH

- —— = « LG, 1=C

\ U(s) (S+3)(s+4)[(s+3)(s+4) T )G (543)

Putting s =-3,-2=C,; i.e,,C, =-2;;
Putting s =—4,+3 =+C,,i.e.,C, =3

Y(s) C: C Ji Ly i e
gy L= . where C, =-2,C, =34 =-3,4, =-4,b =0
U(s) b°u+s+).,+s+ﬂ1' ! a2 0=0;

'l_‘he diagonal canonical form of the state model is:

\ | S AT Ol [ sl il
: el = +| u
3 | X5 | _0 A4 | X2 i}

£1.[2 WPV
2 [ X, | 0 4fx 1

L

and y=[¢c, c,] Jc']-rbou

2 % |

A

"_: [ : ] X5 |

2 Equations (1) and (2) represent the state equation. Ans.

i 17. Obtain the state space representation of the network shown.
2 [MODEL QUESTION
:‘E R, L, Li R,

; i i2 = i G.)
: CZD 0) i Ve ‘3

|

o

NN
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()
. (2)
- 233)
L, - (4)
i ad L L .
Consider the voltage drop across R, if V; =iR, and voltage drop across R, if V; =4R,
’4 are outputs.
Thus, we have
o ! o
R o | 7
at = L] fl + 1 VC ()
diz 0 _& ) .__1_
A
QIREEIE n®)
LV,iz 0 R ||}

Eqns. (5) and (6) give the state space form as

X=AX + BU
_—_Rl— 0- —_—l—-‘
R 0
B i | O K,Bz L]“,C=[O‘ Rj,
L | L]
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é v,

] R
state vector X =[_1], input ¥, output vector [V I } |
I

R

18. Obtain the state model for an armature controlled DC motor shown
below. Symbols have their usual moanlng [MODE, gluh o
Esy, "

T’w :

The dynamics of the motor can be expressed as:

“ dt

2

df B£=TM=K,1,;
dt dr

E, = K£=Kwas
dt

J

T dt
So the system dynamics can be expressed as:

A R S Ui s
At L o

do K B
=—L] ——w;
T J
Now considering the state variables as:

|
[
do d’6 do

x=1,x=0,x= -0=0.
The state space form of the system is:

el [E R s RS (U]
p L, Lo |kl L
x[=]708 00 11 (fxdl0p[E &
. K, B ||lx 0

ek ) e
N il el

 CSEE-180
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plane portrait of the system described by ¥ +0.5x + 2x + x* = 0.

 pephee®
I "ww“"P [MODEL QUESTION]

r
A i il
| ;+0.5x+2$+x.= - i

S T x S
Fx_dx_ ﬁ'}'f:ax;a:E considering (a) the slope of the phase plane

asah
it ot dx 4
N 4 given system equation becomes:

mj ccwfy, Thus the
a;+0.5;c+2x+x’ =0 @)
B 2 )l For (=03 =00 2G 2 2550)
Z:undeﬁned; Hence (0,0) & (-2,0) are singular points of the system. The nature of these

i can be determined as follows. A
IP:' bourhood of the origin (x being infinitesimally positive quantity), the system

a neigh

Eqn. (1)is given as:

e 0Sxh2x=0; .
or, ' X(8)+ 0.58X(5)+2X(s)=0;

(s’+0.5s+2)=0
5 =025+ j1.39; 5, =-0.25-1.39
The characteristic equation is considering. Laplace transform and ignoring initial

condition:

Thus this singular point (0,0) is a stable focus.

In a neighbourhood of the singular point (-2,0), Eqn.(1) becomes by letting y=x+2, i.e
2 (1a).

Thus from Eqns. (1) & (1a), we have,

' y=x+2;x=j:-2;x.—_;;

r=y,
WOSy+2(y-2)+(y-2)* =0;
H0Sy+2y-4+y* +4-4y=0;

y+0'5.;" 2y =0;
Consi R
m‘mg Y to be infinitesimally small, so that 37 tends to zero.

o cteristic equation is considering Laplace transform and ignoring (initial
J iion;

TH(6)+0.55 (5) - 2Y(s)=0;

Y((‘)[.!3 +0.55 2] =0

CSEE-181




gl 0.5+ \/50.5)‘ + 8;
or, s=-0.25% l..-44;

8 =1.19,5, =-1.69.

Thus the singular point (-2,0) is a saddle point.
From Eqgn. (2),

- -y - )

B 2) B 3)
a+0.5

o, X +2x+x(a+05)=0  ...(4)

L

Now, using various values starting point x(0), with different values of (a), x
evaluated from Eqn.(4), and accordingly the phase plane portrait may be draw’n as":;)'be
Owy

in Fig.1.
t

57
W

\S==Z

—4 =2

A
I~

Long Answer Type Questions
f the

1. Determine the state feedback gain matrix so that closed loop poles SUESTI oN]
following linear system are located at -2, -5, 6. [MODEL

——
(3% ]

I

CSEE-182

.




CONTROL SYSTEM

sl |
x, [+ 0 [u(t)
[ Al

specific pole placement at -2, -5, —6 the characteristic equation of the system

mes:
bec0 (s+2XS+SXS+6)=0
(s+2)s" 2 4115+30)=0
s +lls +305+2s +225+60=0

5 4135 +525+60=0 el
pose the desired state feedback matnx be K = [a c]. With the desired state

£

or,
or,

Now, Sup
feedback matrix K, the characteristics equation is
57~ 4+BK)=0
Ogt 1y O 0 100
where A=]0 0 1 | B=|9lArsrOLL | ¢
0 -30 -I1 1 0801
o
el =10 50
0 0 s
[0
wow k=0 o 5 <l
-1 3x1

0 00
or, BK: 0 0 0
' fabic

500 la9% 40
Asam,sIA 0s0—0 0 ]
00 s S308 =11

CSEE-183
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s -1 0
of L (s/-A)=|00 s ]
0 30 s+ll+c
Thus we have the characteristic equation condition
sI— A+ BK=0
I3t =1i 0 {0700
oLi0 s -1 |[+/0 0 Of=0
|0 30 s+11| |a b ¢
) -1 0
or, [0 5 -1
a (30+5) (s+11
or, sfs(s+c+11)+30+5]+4[1]=0
or, s[sz+sc+lls+30+bJ+a=0

or, s +5% (c+11)+5(30+5)+a=0 ...(2)
Now, in the Eqns. (1) and (2), equating the coefficients of 5°,s* & s', we have

=0

c+11=13
or, c=13-11
or, gc=7
_and b+30=52 =Li(3)
Les b=52-30=22
or, b=22 : o (4)
and a=60 ma (o)
Thus the required state feedback gain matrix is K = [a & (]
ie, K=[60 22 2] Ans.
2. a) Describe the advantages of state space analysis over the classical analy.sis.
b) In what condition all the closed loop poles of a system can be arbitrarily
positioned?
c) Consider the following differential equation of a system:
3 2
i, kgl 14 | 63(0)=3x1)
dr it dl .
Convert it Into state space form, and find state feedback gain &, so that the d?:op
loop poles will be located at -3, -4, and -5 respectively. Obtain the closesqr oN]
system matrix. ' [MODEL QUE
re: state Spa%

Answer: i
a) Advantages of state space analysis over classical control system a

analysis can be very easily used
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{ input multi output (MIMO) systems;
) tol“’: ine controllability and observability of a system from controllability

) tod ot rvability mz.atnx determining their ranks,‘
" e homogenious as well as non-homogenious systems;

i a :
il) 1 and out state observer ;
iv) © te transition matrix which yields a good number of information.

fod 005 T :

f the poles lie in the right half s-plane, the system with the poles becomes
: ¢ condition for one system to be stable, all the poles need to be in the
stable system, the poles can be arbitrarily placed.

B
i

e y
nstadle olane. So for un

change the given differential equation as y([) — x(f)=state variable and
c)(t) i u(f) = input variable. ,

;onsidef x(f) =% (1) i(f)=% (t)=x,(1); % (1) =% (1) =x(1);
i ()=5()=% (=%()-

given differential equation becomes.

i (t ) +3u (l‘ ) ; which may be represented as:

I=x1 =-'9f3 -11x, —6x1
i DR 0; ||, 0
5‘2 =10 0 1] x, [+ Ou(t),
|50 =11 9(|x| (3
which is comparable to the standard state space form X = AX + Bu: where
[x, (0 k) 0
M| A =180 00. 1 [ B=10
X, -6 -11 -9 3
Consider the feedback matrix K =[K, K, K] for closed loop poles at -3, ~4, =35.
Now the characteristics equation is:
(s+3)(s+4)(s+5)=0;
o, (s+3)(s*+95+20)=0;
O, §+95% +205+35” + 275 +60 =0

Zf,. s’ +125% +475+60=0 )
gain the characteristic equation with 4 and K is given as:

: ISI-A+BK|::'O
0so-o ORI |t (01| [k K K]
s 11 Lo |3

3xl

CSEE-185
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LA BLICATIO

=l 0 0 OO ) -1 0
=10/ sh s 18] L HO SR IER08 =it O s 3
6 11 (s+9)| [3K 3K 3K | [(3K+6) (3K,+11) (3K3+s+9)
Thus |s/- A+ BK|=0 yields :
s{s(3K, +s+9)+1(3K, +11)} + (3K, +6)-1=0

or,  s{s+3K,s+95+3K, +11}+3K,+6=0;

or, s*+5°(3K; +9) +s(3Ky + 11) + 3K +6) = 0 v (2),

Now comparing coefficients of s°, 5%, s', s° in Eqns. (1) and (2), we have
3K, +9=12 =+ (3),
3K, +11=47 o (4)
3K, +6=60 (8

From Eqn. (5), X, =18; From Eqn. (4), K, =12; From Eqn. (3), X, =1.
Thus the state feedback gain X =[K, K, K,]=[18 12 1] (Ans.)

Closed system matrix=4—BK =5 ;
Qi 1i.:10 0 (0 0§20 0

=(0 0 1|-|of [18 12 1], ,=/0 0 I[-]0 0 0
- -11 9] [3],, - SO0 [ (54 36 3

0 1 0
or, s=180 0 1 (Ans.)
—60 47 -12

3. a) Determine the controllability and observability of the system
[MODEL QUESTION

== 0 0 =0
M= 1R0N =280 12X | 0D |
) ) sl

oy 1 o
b) Obtain the solution of the state equation for u(t) = 1 for >0
x|} 70-0 1x0
| CSEE-186




CONTROL SYSTEM

r:e state equationX = Ax+Bu; Y =cx+Du,

xi
conroll? S__.[B:AB:AZB]

servability matrix is

the ob
And C
V: CA
cA
co'mro[lability of the system, }\{hich is of order 3, the rank of the controllable matrix
fso)r should be 3, and for observability of the system, the rank of the observable matrix V
shOU]dbe
ow, in the problem,
A Uiy o il
= A B =0 2 ,C =
A= 0 2 O |:3 1 O}bd
0 0 3 3x3 2 1 3x2
EE0 0 140 -1 0
AB=|0 -2 0 0 2| =0 -4
() (1) e 33 2 1 2 62 32
a0 0 -1 0 1 0
Ap=[0 -2 0 Q=418 =120 §£8
0 0 —3 3x3 —6 _3 13x2 18 9 3Ix2

So the controllability matrix is
[EEOE=] 0.1 0

s=(02 0 4 0 8
A6 =3 189

Nowsince [S]+0, the system is controllable.
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-1 0 0
CAzz[—; '; '06] x[10 =2 0 _[1 4 18
et HOMBOSEC3 | P51 (13 14 OLJ

Then the observability matrix is
] b 1D
e 380
vl (e -1 -2 -6
Cp =3, 2,0
1 4 18

SBdan0t]

for which V|0
So the system is observable.

-3 4
ey Y
[SI_A]_IJ:—T iL 1 [s+4 IJ_ [24 j

1| s*+4s+3] -3 5| (s+1)(s+3)
3 s+4

X (5)=(sI—A4)" x(0)+(sI—4)" Bu(s).

01
b) In the problem, system matrix A =[ } ;

el s+4 17 [0 [3534 ;J 011
S sjixz%l,,*m[z}s

. ]2
| 25

o K)o o Ty s

)~ )
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63| )
e
s(s+1)(s+3
y(s)=Cx(S)-=[l 1]1x2 (s+2)
_(s+1)(s+3) 1
) s+2 _s+2+s(s+2)

o X(0) =357 (5+3) (4D (43) slsr)s3)

| gl M(HZ) i (s+2)

or’Y(s)—s(s+1)(s+.'$) sw(sﬂ) s(s+3)

2

) s(zs++ 3)) :
Consider,

(s+2) AL 4,
(s+1)(s+3) s+1 s+3
i€ 5+2=4 (s+3)+ 4, (s +1).
O _1+2=4 (-1+3)+ 4, x0.

or, 1:2‘4';‘41 =%.
Again,
3+2=4,;4,(-3+1)

2

+
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L S+2 ;[1)(1]
(s+1)(s+3) 2[s+1 s+3

Again consider,

$+2 _5 _B,_+_B,_
s(s+1)(s+3) s s+l s5+3

Le. s+2=B (s+1)(s+3)+B,s(s+3)+Bs(s+1)

Puts=0i.e.
2=5,(1)(3)sie8, ==
Puts=-],

Le. —1+2=B,(-1)(-1+3)
or, | = B,(-1)(2)=-28,

S B, = —}/;

Put, s =-3;
~3+2=B,(-3)(=3+1)=B,(-3)(~2) =65,

or, -1=6B;; ie.B, = —%

s+2 _%__ % A %

CS(stD)(s+3) s (s+l) (s+3)

Consider,
g2 Al 4,
(s+3) s s+3
i s+2=4(s+3)+4s
- 2=3A; Puts=0
i.e. A =2/3; |
o [
—1=-34, Put s =-3
—1/3;
2/3 1/3 =
Y (s)= w¥(r) = t
( ) s s+3 ()

So the solution is
y(1)= —3% +3le"’ (Ans.)
From equation (1) by inverse Laplace

x,(¢) and x, () can be evaluated.
State space vector in s domain is thus give by the relation:
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vl
7

) L

: (%)s’(sﬂ) s+3 |,
e (5) =
,‘ [ : (s) T _'l__]

; E( Gl 30/
| e inverse of t.he abov
g relation:

e laplact .
roking L;“fe followin

ven
glVe 2 ]e_, 1e-31

e —

xl(t) = _5 2 :
ofy %(e—l +e-3‘)

ow that the arbitrary pol

8 = if the system isc
ossl® th)el state feedback

x| o
2=l
. -1
X,

Answer:

x=Ax+ Bu

§=0,,0, ., 0, . We choose the ¢
Now from Eqns. (1) & (2) we’ve
X=Ax-BKx=(A-BK)x

or %= (4~ BK) x.......... 3)

The solution of the above Eqpns. is
caused by an external disturbance.

CONTROL SYSTEM

e matrix equation, the state vector in time domain is
(Ans.)

e placement of a liner state feedback system is

ompleted controllable.

gain matrix so that the closed loop poles of the

re located at (-2 + j4), (-2-j4), -10

Lo 04 | 1o 0
0L 00|l X, | +|,04u i
-5 6| x ]
[MODELQUESTION]
y=Cx+Du. ............ (1)

) Consider the state space representation of an nth order system is

With appropriate gain matrix K maintaining the controllability of the system, for having
the system poles at desired locations, consider desired closed loop poles be at

ontrol signal u = —Kx........(2)

x = et x(0) ek, (4), x(0) being the initial state

tsl:’PPOse that the system representing Eqn. (1) is notr completely state controllable, then
: l:tirank of the controllability matrix [B 4B A™ B]: 4
s . . . ;
matri:,lefns that these are ‘q’ linearity independent column vectors in the controllability
g d#ﬂne such ‘q’ linearity independent column vectors as f, f;,....f, -
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Also et s choose (m-g) additional vectors qul'qu-'-'V, Such

P =[ ’ . _
Kt Veuts AR VJm of rank n.

NO“' itcm besho“vn that ‘2=P"iAP =[“:)” “:;ZJ, l}:P'lB:l:Bli]

define X = Kp-= (X, K]
Then we’ve the characteristic polynomial is
[$7=4~BK|=|st - 4+ BK|=|P" (s - 4+ BK) P

= sI—.&+1§K’,=,s]—;!+B?Ial

[ B
=|s7— 4, 4, i __“_ [K K] 3 s]q-A11+B||K| =4, +B,.K,
0 #hA;; 8 He g2 0 sl,_ 4,
=[Sl — A, + B K| |sI,_, 4| =0

where / is a g-dimensional identity matrix and I, is (n— g)dimensional identity

matrix. Notice that the eigen values of Ay, do not depend on K. Thus if the system js not
completely state controllable, then there are eigen values of matrix A that cannot be

arbitrary placed. Therefore, to place the eigen values of matrix (A-BK) arbitrarily, the
system must be completely state controllable.

b) Define the desired state feedback gain matrix Kas K =[X, X, K,].
Now for the specific pole placement at pole (-2 + j4),(-2— j4),~10, the characteristic

Egn. becomes
(s+2-j4) (s+2+j4) (s+10)=0

or, [(s+2)’ +16 |(s+10)=0

or, (s*+4s+20)(s+10)=0
or, s’ +4s*+ 20s + 10s* + 40s + 200 = 0

or, s>+ 14 s? +60s+200 = 0 (1)
Again for the system with system matrix A, and the B matrix as,
01 -1 0 10
A=0 0 1 ,B=|0
-1 -5 -6 1

The characteristic Eqn. should be [s/ - 4+ BK|=0
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0 1 |[+]0 [K,K,KJ]M ~0
13xl

B0 s 0

g0 5| |- -5 ¢

o e R
o =l R O

TSE st KK Ke

' ] 0
s -1 |=0

j+K, stk s+6+K,

o, s3 +(6+K3)52 + (5+K2)5+(1+K1) = frin (2)

Comparing the coefficients of equal powers of s in Eqns. (1) and (2) we have,
6+K; = 14; 5+K; = 60; 1+K; =200.

X =8, Ky = 55,.K; =199.

* Hence the feedback gain matrix is K =K K K= [199 55 8] Ans.

5, a) For the system represented by [MODEL QUESTION]

R
B ol ¥
Y=[3 —4]x+[2u

Compuie output response when y(7)=3¢"' and X[O]:l:—6}.
l

Answer:
We have the system,

X=A4X+Bu; Y =CX + Du;

Sf el 2
h < ; ;
Where, 4 {_12 OJ’ B {—IJ’ C=[3 -4], D=[2]
Now taking Paplace transformation in the state equation:
L[ X]=L[AX +Bu]
& SX(S)‘X(0)=AX(S)+Bu(s)
or

: ’ X(s)[(SI—A)] = x(O)+Bu(s)

5 K)ot ) 5(0)+ (s1-4) Buls) ()
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G -7 1 s+7 ~l]
Now, s/— 4= e -
i [0 s] [-IZ OJ [—12 )

- (sT—4) =_____1_[ Sy J

s(s+7)+12|-12 s+7
= I s 1
Tt -(s+3)(s+4)|:—12‘ s+7:l

then using equation (1)

S 1
s (s+3)1(s+4) [-Tz sivL [ﬂ i L- iz3)(211 [—21}(3%1]

(s +3)1(.s +4) F72_ i?:Jer[—zj:l- 7][%J
PECR))

+1+
1 D s+1

(s+3)(s+4) 79+S_3(31+s)
s+1

i r(1—css)(.;+1)+(2s—1).3'
i { ' (s+1)
* X(s)'(s+3)(s+4) (79+5)(s+1)-(31+5).3
i (S+1) ]
[ s+1-65*—65+65-3 | i $—2-6s"
1 s+1 | (s+1)(s+3)(s+4)
T (543)(5+4)| 7195479+ 52 +5-93-35 | | 7754514
L s+1 1 [(s+1)(s+3)(s+4) |
[ ——(6s2—s+2) ]
g X(s)- (s+1)(s+3)(s+4)
’ s> +77s—14
_(s+1)(s+3)(s+4)J |

Again for output state space equation,
Y=CX +Du
i.e, X(s)=CX(s)+Du(s)
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[ (65> -5+2)
s+1)(s+3)(s+4 2.3
o 1(5)=B ~Hhe ( s2)£77s-)—(14 )+-S_+T
(s+1)(s+3)(s+4)
3(6s?—s+2) ©  4(s 1775 14) 86
or,Y(S)=m+3)(s+4)—(s+l)(s+3)(s+4)+s+]
_185> +35—6—4s" 3085 +56 +6(s* +75+12)  _1652_2635+122
(s+1)(s+3)(s+4) (s+1)(s+3)(s+4)
_165%—263s+122
Y(S)=(5+1)(s+3)(s+4)
Bloia263s0120). 4 . 4 4

ow,(s )(s+3)(s+4) (s+1) (s+2) (s+4)
ie,—16s>—263s+122 =4, (s+3)(s+4)+ 4, (s+1)(s+4)+ 4, (s+1)(s+3)

Put s=1, i.e., —16+263+122 =4, (-1+3)(-1+4)
or, 369=4,(2)(3) = 64

or, Y (S) =

uLsatd
6
or, 4 =61.5
Again, put s = -3

ie, ~16x9+263x3+122 = 4, (-3+1)(-3+4)
o, -144+789+122= Az (-2)(1) =24,

o 4
-'-Az-—383.5

f\gain, put s =—4

Le, ~16x16+263 x4 +122 =4, (—4+1)(-4+3) = 4, (—3)(—1)

1
® 4 =2[-256+122+105]

& 1 =306
¥(5)< 515 61.5 3835 306

et s+l TR s+4
Utput Tesponse is taking Laplace inverse transform

Y(6)=61.5¢ —383 50 +306¢~
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b) Determine the state feedback gain matrix so that the closed loop pojeg of
following system are located at 2+ /3.464, —5. Give a block diagram o ; -
control configuration. i

05 1N 0 0
X={E0 S ORI 181808 u [MODEL QuEsTIqy,
-6 -11 -6] |[-1
Y=[1 0 0]x.

Answer:
With the closed loop poles at —2+ j3.464, —2— j3.464, -5, the characteristic equaq,

of the system becomes:
(s+2—3.464)(s+2+3.464)(s+5)=0

[(s+2)" +3.4647 | (s+5)=0

or,

or, (s?+4s+4+12)(s+5)=0

or, (s2+4s+4+l6)(s+5)=0

or, s> +4s2+16s+5s>+20s+80=0
s> +9s? +365+80=0 (1)

or,
Now suppose the desired state feedback matrix be k=[a b c]. With the desired state

feedback matrix the characteristic equation is:
|s7—A+Bk|=0

0 | 0 0 0 0
Shere A= E0 0% W1 (B =10 ST= 0 RS0
6 —11"=6 -1 0:=0111
s 0 0
sothat S7=(0 s O
05 0is
s 00 0=l 40 o130
Now, SI-A=|0 s OIS OMENOEE] & (=0 -1
00 s||-6 -11 -6 6 11 s+6
0 0o 0 O
Bk=| 0| [a & e 00
=1 -a -b —c
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0 0
0
-b -

=s[s(s+6-c)+11-b]+1[(6-a)]

6—a Il-b s+6-¢C
_—_5[s2+6s—cs+ll—b]+6—a :53+s2(6~c)-5(1l—b)+(6—a)

o with the state feedback the characteristic equation is
(b_]1)+6__a:0 ........... (2)

S
53+52(6—c)+s
g coefficients of 5°,5%,5',s° in equations (1) and (2) we have

Now equatin
6,c=9; i.e.c= 6—9

ne==3
b-11=36;i.e.b=47 & 6-a=80

or, a=6—80 = —74
na=-T4b= 47,c=-3
So the state feedback gain matrix isk =[-74 47 -3] Ans.

Control Configuration:
Consider the system's control signals;’. " k'=—k;

Now, % = Ax+ Bk = Ax— Bkx

or, *=(A-Bk)x
Now the state equations are:
%= Ax+ Bk
y=cx+ Dk
So the configuration is as shown below:
D
" X y
> B f | G
4 —J
A
%
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6. A system is characterized by the following state equation  [MODELqy

S s 0 X
A2 | 4{ :|u y:-[lO]{ ']
iz o 2 O xz I xl
a) Find the transfer function of the system.
Answer:

For the state space system, % = Ax + Bu,y =cx
y(s) = ¢ x(s)
& sx(s) = Ax(s)+ Bu(s).
or,(s I A)x(s)= Bu(s)
or, x(s) = (sI — A)~' Bu(s).
Since, y(s) =c x(s) =c(s] — A)" Bu(s)
So transfer function G(s) = y(s)u~'(s)=c(s - 4)™' B

iR
g i
S0 0y &l=2 .0
or, G(s) =1 0][ 5 s] [J (43 _1] |
2 s
Now,](sl—A)|=52’ —1=s(s+3)+2=s2+3s+2=(s+1)(s+2) {
1 |
|sI=A] [|s —ZT_s 1 ;
Ngw, Y i s3] 2 s 3 5
[ s il
(s+D(s+2) (s+I)(s+2)
S (sl— A= o
2 e Ty
— 2
D) G2
5 1 i 0]1[5 +1 m
P G(s)-(s+1)(s+2), Bl—2-s+3 [ U]

| I 1 OJ [ 1 } e
. oals (s+D(s+2) s3] L (s+1)(5+2)
So the required transfer function:

G(s) = ~ Ans. (a)

1
(s+1)(s+2)
‘ N
b) Draw the block Diagram of the above transfer function. [MODEL QUESTION]
'CSEE-198
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Answer: 1 S

— ———

G(s)=(s+l)(s+2)—s+1 s+2

S the required block diagram is
X| i ]

c) Compute the state transition matrix. [MODEL QUESTION]
Answer: e
. Gtate transition matrix is :
et o
(s+1)(s+2) (s+1)(s+2)
L"I [(SI o A)—l ] = = [(oll ¢[2}
SRR | e
| (s+1)(s+2) (s+1(s+2)
Now, : Hetelh; ; s=B(s+2)+B,(s+1)

(s+D)(s+2) S+1 1542
Putting s =-2, —-2=B,(-1); B, =2,
Putting s =—1, —-1=B,(1); B, =-1;

us > =- 1 e z

(s+1)s+2) s+l s+2

.-l § 1 =20
SO0 [m}—(‘e +2e ')_¢||
: SOt oA A 4,
(s+D(s+2) s+2 s5+2
Putting, s =-2, 1=(-04,; if 4,=0C)l,
Putting s=-1,2=4, ; 4 =2
s+3 2 1

Le. = e
(s+1)(s+2) s+l s+2

L—l[—i*J = [2e" c o ]= (25}

Gt ; s+3=A(s+2)+4,(s+1)

(s+1)(s+2)
Again, ! _1_ — 5 __1_.__1_J= Tl
'[(s+l)(s+2)} FETD §2 |5 o el

CSEE-199




e e e st

-

POPULAR PUBLICATIONS

& Lu! - 2 = (-—)Zeul "’ 28-” = Wz, ;
(s+1)(s+2)

iy A 2e=c¢") leil -e®
Thus the state transition matrix is gp:[g Gl _l) ge“’ e'z’) Ans,
€, =4l 7k

d) Obtain the solution to the state equation for a unit step input under z

conditions. [MODEL q
Answer:

For non-homogeneous state equation solution is

X() = (1) x(0)+_[(0(t-r)Bu(r)dr=[% %J ["]af'y{“’”("” %(I-T)m.u

eroj Nitja|

@y 9]0 oL@t —17) 4022(1—2') 1

= 'J{g’zz(t —Z')] Sk ! {e-ﬂ-r) —8“2("”}dz'

T =
olLPn(t—17) - {ze—(.'-r) 3 e-zu-r;}dr
[. -2t ]
e—rf:rdr _e_z,j‘;e 2 . e ef ':) _g_ ‘221 6
= : : i 3
v i N e
5 > —J
|— e—2r 1
e"l(e‘ -—1) -—5 (er _l) | (l_e—l) +5(_] +e—2l')
T e O] 3-2, 2 : =2 1 .5
2e.(e' - 1) ——2-(e - |2(1-e )+E(—l+e )
SN
l-———e'+—¢2

] Sl o
or, = Ans
X £+_1_e—2: 2e”!
2802

7. Consider the system defined by X = 4Y + BU. where [MODELQUESTION]

Qi1 0 0

A =10E() IS8 =10
0 -30 -11 1

By using feedback control U =—Kx, it is desired to have closed loop poles &

§=-2,-5 and — 6. Determine the state feedback gain matrix K.

CSEE-200
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An:;:;:r the feedback gain matrix k=[k &, &]. For the specific poles at - 2,-5.-6
g,z characteristic equation becomes
(s+2E 5)(s+6)=0
p (e + 7 +10XE +6)=0;0r(s+6)(s? +75+10)=0
or,

ors’+7s’+|0s+6s’+42s+60=0

0,,s3+13sz+52s+60=0 s l)
For the system with given A and B, the characteristic equation is
ls-—A+Bkl=0.' ok
s 0 0 (O 1 0 0
olo s of-[0 0 1 [+0| [k & K] =0
0 0 s 0 -30 -I1I Ji]es
—[_s -1 0 0510:) 0
o R e I 0 0(([=0
0 30 s+11| |k &k k|
K -1 0
or,| |0 s -1
(& (B0+k,) (s+11+4,)
=(or, S S e, + g ! =0
*TUNNB0+k,) (s+11+E) [k (s+11+k)

or,s[s2+lls+k3 s+30+kZJ+/(-l =0
or, s’ +s*(11+ k) +s(30+4&) + &, =0 14 (2)
Now, comparing coefficients of s>, s5%,s° of Egns. (1) & (2)
Wehave, 11+ =13; 2>k =2

30+k,=52; =2k, =22,

k=60
Suthe feedback gain matrixis [k, &, k]=[60 22 2] Ans.

8. 3) Write the state equation for the circuit below: [MODEL QUESTION]
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1H b

o i[, iR l'cz
+ ry
10 2F -’— Vea

J F 4
Ve ‘l’ 2F

Answer:
e ‘ 1H L
X| f
e l[ 4 ICZ
+V
r o2
Fig: 1 =Cy=2F

Consider KCL at nodes I and II where the voltages are considered as ( Ve) and

X, (=V_,) respectively, x,, x, being states.

Thus at node I by KCL
V=
St Cﬁ
18k dt
1 1 :
or, % a[x,ﬂ,: V;]:E[x,HL—K.]
: dx, -1 1 |
Le —=—x +—i, ——V (]
dt 2x1 21L 2 s- ( )
Again by KCL at node II, we have,
g e L G
Ay
il ; ;
or, -d_t;!:—C:[xz —z,,]=5[x2 =0
ie i = by
di wi(2)

Eqns. (1) and (2) can be represented in state space form as:
i [F 1 el
fc.=z»[xl+2 Ei,,,
X, 0 _]_ & 1 V: !

2 i)

e )
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stermine the state feedback gain matrix, so that closed loop poles of the

,o"awing linear system are located at -2, -5 and -,

150 0
#=[0 0 L [x+[0fu(t),y=[1- 0 0]x [MODEL QUESTION]
0 30 11 & |1
Answer:

et us define the state feedback gain matrixas K =[K, K, K;]

Now for the specific pole placement at poles —2,-5,—6 the characteristic equation
becomes (s+2)(s+5)(s +6)=0

(s+6)(s2 +7s+10) =0;

or,
or, §+13s+525+60=0 | (1)
Now for the given system with system matrix 4 and input matrix B as
0% | 0 0
=108 0 1 |-"B={0];
0 -30 -l11 l
The characteristic equatlon becomes s[ A+ BK |_
*illis 050
i.e., 0 s 00 [ (K, K K=
0 0 s a0 LS8 (213
s =10 080
or, OF s =1 105 =004 =10
0308 S+11] K K, K
S -1 0
or, 0 G i -0
K 30+K, (s+11+K,)

o s[s(s+11+K,)+(30+K,)]+K =0
O 5[ +(11+K,)s+(30+K,) ]+ K =0
O S+(11+K,)s +(30+K,)s +K; =0 v (2)
Now comparing coefficients of 57, s', ° in Eqns. (1) & (2), we have,
ALEK = 13: 0 T K =13-11=2; 16, K, =2;
0+X,=52;, = K,=52-30=22
. K =60
e .
18, the required state feedback gain matrix is K=[60 22 2] (Ans.)
CSEE-203 ;
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9. a) Write the state equation for circuit shown in figure below: M
: oD
i 10 a M b [ ELQUESnoN]
’cl‘ -)j’
Answer:
Wehaw:,V,=i,x1-s-VC,=:'-1—Vl;V,=LdIL+VZ=ﬂ+V2
dt dt
dv, [EEEeA R dV; 1 . ;
d;:l =E"C1 =E-ICI; dfz =E’(‘z; Ve, =V, =ig X1 =i;
s
%=K—Vz;
dav, 1 1 I 1 1 1
Thus: —L=—i =—[i <\ |==[VWSY i )=-Zy ——; +—p
df 2C| 2[[ LI 2[ s | L] 2 | 21. ) £
dav, 1 | 1 1 1 di
——==—ley =—=|i, =iz |==|i, -V;|==i, ——V, .and - L=V -V..
7ol AU el
Hence the state equation is
S0k
i
V=l 0 oy V,|+[0|u Ans,
I e Lolsli0
JE

b) Determine the state feedback gain matrix so 'that close loop poles of the
following linear system are located at —2, -5 & —6.

0 1 0 x, 0 xl
¥=(0. 0 1 [ix(+0u(f), y=[1 0 0] x| MODEL QUESTION]
0 -30 -11flx | [1 x,
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wer: : j
(A:::sider the feedback matrix K =[k, k, kj]
For poles at _9, -5, —6, the characteristic equation is (s+2)(s+5)(s+6)=0 ie,
) 1352+ 525 +60=0 ke, S0y
i 0 170 0

e system with A=[05 =01 R 0

For th
0 =30 -l11 1

The characteristic equation is | s/ + 4+ Bk|=0

eR0R 07 [lorse1  0°0El0
I 0t s 0=[0 0 1 [+[0l[eetESE] S0
00 s| [0 =30 -11] |I
e 0 080 0
L 0 s -1[+0 0 0=0
0 30 s+11| | &K k& k|
o S+t (114k)+s(30+k)+k =0 A (2)

Now, comparing the coefficients of s in Eqns. (1) and (2), we have,
k, =60; 3+k,=52; k= 22;1 htiky=13; e, k=2

Thus the state feedback gain matrix is [60, 22, 2] " Ans.
10. a) Consider a system defined by [MODEL QUESTION]
(105 B | 0
X=AX+BU,where A=| 0 0 1 &B=|0
-1 -5 -6 1

Using state feedback control U =-KX, it is desired to have closed loop poles at
s=2+ j4, s=-10. Determine the state feedback gain matrix K.

Answer:

Consider the feedback matrix K =(X, K, K;).
Now the closed loop pOlCS are at s =2+ 4j, §=2- 4], s=-10. So the characteristics

equation is (s—2-45)(s—2+4;)(s+10)=0.

O, (s+10)[s ~2s+4js—2s+4-8j-4js+8/+16]=0

or, (s+10)l:s2 —4s +20] =0 |

Of, 5 —45®4+20s5+10s> —405+200=0

O 4657 -205+200=0 ~ S0V
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Ay 0
Again for the system with A=/ 0 0 1 |and B=|0
-1 -5 -6 1
The characteristics equation is | s/ — 4+ BK | =
sat 00
sI=|0 s Of;
8 (0]
B0 O] RO 0
So, sI—A =082 0= |H0 0]
LORL0SEs]| BT 5 =0
[Feie 1050 0
or, sI—A=[0 s -1 {;
Sl S s 46
0 [EoR 00
and BK=|0/|8[K K, K= 0 O% & O
1:‘“I _Kl K?. K3 3x3 \
’—s - 0 [foletor 0]
Thus, s/—A-BK=EMON 3 ZIVERIOLU0 0
sl she ik K K

[ 1 0
=1a(0 s -1
1-K 5-K, (s+6-K;)
So, ,s[——A—BK[=O,

s -1 0

K} —1 =0 is the characteristic equation.

= 0
(1-K) (5-K) (s+6-K))

5[S(S+6—-K3)+5"Kz]+(]-Kl )[1]=0

or,
or, s(sz+6s—sK3+5—K2)+(1—K)=0
or, s +65°—s°K, +55—sK, +1-K =0
or, s’ +5%(6- ~K,)+s(5- K)+l -K =0 Q)
h represent t the

Now comparmg the coefficients of s, s', s° of Eqns. (1) and (2), as bot

characteristic equations of the system, we have,
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6"'K3=6 (a)
5,]('2::—20 (b)
l"K|=200 ()
Solving EANS: (a), (b) and (c), we have, K, =-199, K, =25, K, =0.
go the state feedback matrixis K =[-199 25 0] (Ans.)
b) A system is described by the state equation Xz[-oz -‘3} X +[?]U & Y=[l 0] X
where X (0)= [0 O]T the input to the system is unit step. Find out the state

solution of the above system. : [MODEL QUESTION]

Answer:
For the system in the present problem, the system matrix is A ={ 0.l };

So the state transition matrix (STM) is = Lit [(s[ = A)“] = ,:¢ (I; 22 g ;J

’ ASO 0 1) (s -l
Now, sI - =l ol Ty R

[5+3 1}‘ e |
S STM=L"{*% B2 WEsy=! S35 pON g2 B LD
sl — i 2 s
2 s+3|] s243s+2 s*+3s+2
Sih3 1
) 6r2) (s+1)(s+2)
=i ?
fe 2 s+3
~ (s+1)(s+2) (s+1)(s+2)]
NOW, t)=L" i—_l__ i gt =
ﬁ() [SH s+2J GHine

l 'l L_L =e—!_e-2¢
s+1 s+2 s+l s+2

0-+{iee
LIE (s+1) “2J Ll(= )L_%_s%}

2e — 2e""] 2e% ~2¢!

CSEE-207
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w02 ]
d,(r)=2e" -

Thus, the state transition matrix is

o (2e7"-) (e"—e'z’)
¢() [(2e’2’—2e") (26'2’-e")J

Now the solution of the state equation is:

X(r)=¢(¢)x(o)+;j¢(t-r)3u(z)dr
=(;[¢(r—r)Bu(r)dr [ x(0)=[0 oﬂ

It sl Ll

: !— i[e-(’_r)d'l'—].e_z(l_r)dl'
0

e

2 ].e'z("’)d 7= ]‘e'("’)d T
0 0

—

-

I {

’— 8l rs =2t | 2r 1 ! S| '
e Ie dr—e Ie dr % '{erl }—e 2!,_.ezr,
= 0 0 0 2 0

{ f ] 1 ‘
i - -2 2r -1 T
e [ez'dr—e ’je‘dr 2e Ee lo —e e

Lis I8
5 e-l[éf—l]_%e-21 ez'—I] ¥ (l—e_')—%(]_e‘z’)
Eld e 1] 1(e2)-(1=)

So the state solution is

!

0

' ’—l_e-l +_1_e—21
x(1)=| 2 3) (Ans.)
Pkl
0 yesTION
11. A system is characterized is the following state [MODEL a
X 0 1|x 0
'l L [' 1 + u
x| |2 3% |1

CSEE-208
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o=t o]

(i) Find the transfer function of the system;
Draw the block diagram of the above transfer function;

g:i) compute the state transition matrix;
(iv) Determine the output response of the system to unit step input.

Answer: I
quation is X = AX + Bu, x(O)=[J

i [?J G =[120]
= e 1

- (i) State €

Qutput is y=[1 0]X,CX

o
F
I
|
o
I —
W
L 1
S
[

i (s+3) 15s
i 1 et 3l (s+1)(s+2) (s+1)(s+2)
S (o) _s(s+3)+2[—2 s:’— - s
(s 41 (s4+2). s(s+1)(s+2) |

o G(S)m_J,Tl(st_)[l Ol[(sj) ;Lm,

o
1

(s+1)(s+2)

(ii) Block diagram of the derived transfer function:

Us) { 1 C(s)
—@_ G(f)‘(s+1)(s+z) %

(4,(0) M)J'

. (i) State transition matrix is #(r)=L" [(51 ‘A)_l] o (6) ¢.()|

o, - G(s)= (Ans.)

1

Where  =-| s+3 e R s o S
o )
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Setrd Ik L][(S+l(s+2

42(’)=L' (
r

(m)(MJ b0~ ]

A
(s+2 dl[?&?ﬁ]:(" ")
#()=L" (s+1)_(i+2)J=L_I(_)[s%7—si2}=2(e_z"e

A

%02 66+

Thus, the state transition matrix ¢(r) is computed with the above values of ¢, (1).

)

s+2 s+1

(iv) Now, X (1) = 4(1)x(0) + [#(t~7)Bu() dr

and response is y(¢) =]l

0]x(7)

18
B [O] for step input u(z)=1; x(O):[ngen.

Thus X (t):

e
[232’ 2e"+2e —e

3¢ - 2e'2’
3¢ +4¢7 2-1)  {1-1)
J[ 2e —e ] dr

Il

i ‘

3¢’ -2
3¢ +4e i t ‘
2e7 fe"dr—e" Ie"er
0 0

iR

b
el e

i -

J[ () —z(f-r)} e

J_

L
eil J'e'dz'-e"’ fe”dr
0 0
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r |
seae 1 €] 5o ]
et e o]
o2 ] [ fd -t Len o]

_——38—’ + 4e-21J 207 [eZI _ 1:'_6-1 [e: I 1]

faey “2c J+ (1"6_')*%("3"2')

23pily 4g

— 33" I 28_2, o5 _e—l +_e—2r
L +| 2 2

s 21
3¢ +4e | 1-2e% +e”
3eri—2e + 5 ekt le'z’ 1 +2e”! - 26_2'
2 2 20867 =100 2
[S3ei +deitit] _2e ¥ el | | ]-2e7 £2ei
' —xl (t) i +2e’ —ge'z'
%) 1=2entten

Then ()= (% +2e” - %e‘z' J (Ans.)

12. A system is characterized by the following state equation: [MODEL QUESTION]

R

a) Find the transfer function of the system.
Answer:

X=4X +BU; Y =CX; ie.SX(s) = AX(s)+ BU(s);Y(s) = CX(s)
or, Y(s)= C[sl = A]-l BU (s) ; Transfer function G(s)=C [sI - A]'l B;

In the given problem, A = [3 —:}; B= [;J, =il i

CSEE-211
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Transfer function is G(s) =1 ]][sI—A]-l [ﬂ
sI—A=[S OH3 4]:[3—3 l}

0 s lilioRes] 0 s+l
Now,
1A= (s-3)(s-+)

[s1-4]" =(s+_3)1(s_+T)[Sgl S__‘J

G(s)=[! ]]m[sgl FIJH

=__I___[l ] l:sJ s 253 2
(s+3)(s+l)' b2l s—3 ], (s+3)(s+l) (s+3)(s+1)=m I

b) Draw the block diagram of the above transfer function. [MODEL QUESTION]

Answer:
State space model is represented as:

e ] [3 -1 1

R R AG .

| 10 -1% ] X, |
[l e By = 1

i.e; {C'Jz[ 3l x2J+[ :!u; =t ~
| X2 —X; 1

So the block diagram of the system is as shown in figure below.

c) Compute the state transition matrix. - [MODEL QUESTION
Answer: |
Rl sl : 1 i |
G e | [0 m(r)} |
State transition matrix = L o i i (t) i (t)
L (s-3)(s+1) | \

CSEE-212
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§,(0)=L" rra)—(l—r)ﬁ[‘l‘] ”

o ]

syl [OUE ! 1] | S
or, (1) =L {z_;t;‘m]}--z[e ~e']
() =0 0 i

]
— -1 —_— =g
¢22(t)—L [S'*‘]_]
So the state transition matrix is

el _1__(63r _er)J

STM=¢(’)=[ 4
j 0 e

-l

4

d) Obtain the solution to the state equation for a unit step input under zero initial
conditions. ' [MODEL QUESTION]

Answer:
Now the solution of the state equation is

- X() =-¢(t)x(0) + ;[¢(t —7)Bu(r)dr;

]
= I¢(t —7)Bu(r)dr; - . initial condition is zero, i.e., x(0)=0,
0
or, X (¢)= I é(t - 7)Bdr; - Again for unit step input u(z) =1
0
‘ 300 {l G0-5) _ g(t-1) }
Now, ¢(r-7)B = i) 4( ) H
0 fe ) L
2x2

-7)B=
{e'("’)}_ 12x1

\1 b ; 1 ! 1 1 t ‘ [}
Now, Ie ¢ r)dz'+z ﬂ:eJ('-') i e‘("')]dr =g, Ie"'dr+z[e3’. Ie"'dr-e".je‘dr:l
0 0.

0
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o

X

o

-
r———
——

Tt 1] 3,(5J 1 8
—+—+—|=€" | — |[+—e —| —
34 12 12) 4 12

Again, :lle_(""dr —e j’e'dz' = e“’.[e’ - 1:, =1-¢ %
0 0 |

x (1) (—e" i 2]
So the solution of the state matrix is x(¢) = [ : J= 12 4 3) |Ans,

x, (1 |
g ) l
13. a) Find the state transition matrix using Cayley-Hamilton theorem of the system [
|
\

03 ¢l
having Az[ . 3]. [MODEL QUESTION]

Answer:

We’ve the system matrix, 4 =[ (; l J ‘ [

-3
So the characteristic equation for the eigen value m is
|mI—4|=0
Or,

1 B
o /;” ;;:3/:0
o, m(m+3)+2=0

or, m*+3m+2=0
or, m*+2m+m+2=0
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m(m+2)+1(”’+2)=0
(m+2)('”+1),=0

]

or
so the eigen values are m=-2, —1
Now, e =p(t)1+q(t),4
and " = p+qm, for m=-1,~-2
e'=p—q i
7 | Lo
By subtracting Eqn. (2) from Eqn. (1),
e"_Te‘Zr =q, and e -
i.e. el el
or, p= Ze-l _e—ZI

D 2 e g e
now  p(k)=4"= e

1 0 (0
e = pl+qAd = (2e" —6_2’)[0 1J+(e” —e‘z’)[_2 —BJ

2e—l L e—Z! 0 0 e-l iy e—2l
= X
0 27— |2 4e?) (" 4e?)
2¢~! _e-Zl hL _e-21' }

or, k)=
¢( ) [2(6_214-6_’) 3(6—21_6-1)
b) The dynamic equation of a non-homogeneous system is given as

X(t)=[_06 ISJX(t)Jr[?JU(t) & outputY (r)=[1 0]X (). The initial condition is
X(0)=[1 O]T. where U(t) is unit step input. Determine the output of Y(r) at

t=1sec. [MODEL QUESTION]

Answer:

Comparing with the standard state space form of control system as
X=d4x + BU;

Y:CX;

In the problem:

ofl o fJe o
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For the system in the present problem, the system matrix A is given s

AR
6 -5

So, the state transition matrix (STM) is given as:
¢, () ﬁz(t)} :
g (1) ¢2(0)

(sI-A)=[S oHo 1H€ - };
0 s| [-6 -5] [6 (5+3)
(s+5) 6] [(s+5) 1

] Gl ol

sI—A)" == I i
( ) s2+55+6

STM =L [(s1- 4)"]. =[

e |
6 (s+5)

i (ﬁﬁ)_} . —‘:‘—*ﬂ—} }
A‘(t)—L_ | s*+55+6 £ (s+2)s+3)) |
sl | |

G269
-1 P___'i_._--
N rrr ey ' l

o) | A S S
¢.(0)=L [(s+2)(s+3)j
R _(f_i)___ — 3 A’ A2 ;

Now, ﬂl(t)—L ,:(s+2)(s+3)} ; {(5+2)+(S+3):]’

3 e 2 e )

(=L [(s+2) (s+3)J’
#i () =3erm2e diis wiiiene 5
|

ﬂz(“)'—‘L_l

t__L-lr____I_._ --L_lr s : :I
h(0=L o6+ L6+ 643

¢lz({)=e_2"'€ ’
ol il S
(HORE | (s+2)(s+3) | _(S+2)+(s+3)}

=31

¢, (1) =—6e" +6e
= = ——'s——— =Lﬁl _2 3
¢, () =L | (s +2)(s +3) | _(s+2)+(s+3)
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)=-2€ 43¢

4,0 |
4,0 'A’(t)]x(o)"' [#0-Bu(odr

XO0=| 4 (1) ¢ ;

or, the e state matr1x X(t) is given as:

n=p)xO)+ I¢(t £)Bu(7)dr

FORLY x(0)+0j¢( T)Bu(r)dr} |

-t oo

R e B R e
e

5} §OGE -3¢ +2)

{4 (0 ¢.z(t)] {[ %e” +gj

31

(1) $2(0) 0 ¢21(t)(1 e 1 +2)

' _1_. 2’_1 3 é
or X(f)z[xl(t)}= HOIGE g0
Xz(t) ¢2!(t).(-;—ez' __;_est+_z_)

= = x, (1)
}'(t)—CX(t)—C[ o )] 1 ]Lz(t)}

1S
)= = L oY
30 =50 ¢.,(t).( oL, +6)
(e L 2e ”)(1 ; le"JriJ

Tk W
0= (37 267 )Gez’é"”%}

S5 . fitg st N eD
i

CSEE-217
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(13 5 5 -JJ
=gt T= e =1

6 2 3
=2.16—2.72-0.37+0.34-0.083

=—0.673
The above value gives the output ¥(¢) at 7 =1 sec with unit step inpy;,

: ()5 0
c) A system is characterised by X=[ 5 JX +[I:IU X(O)=[OJ - |
Lphiin RS
Find the transfer function of the system. ]X -
Answer:
Comparmg with the standard state space form of control system as

X=AX+BU
¥ =CX:

In the problem:

A e
G(..;)zC(sl—A)”'B;=[l OJ-HS SJ-B _gﬂﬁ

[(s43) 72 ’. 0
aoft 3

—[ ][(s+3) I][ﬂ;l(ﬁn 1].m= e

(s> +35+2) (s+3s+2) (s’+3s+2)
The transfer function G(s) is given by the above expression.

14. Comment on the controllability & observability of the given discrete timé

system shown.

X(I:+1)=[_(:S Jx(k) []U(k) .
Y(k)=[2 2]X(k). - MODEL QUESTIOY
Answer:

Comparing with the standard state space form of control system as

X=AX+BU
Y =GX:

CSEE-218
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HH

ontrollability & observability matrices.

S.& So being €

Thus the system is controllable and observable.

15. Write short notes on the following:

a) Properties of state transition matrix [MODEL QUESTION]

b) Controllability and observability [MODEL QUESTION]
[MODEL QUESTION]

¢) State space model of field controlled d.c. motor
d) Pole placement method

Answer:
a) Properties of State Transition Matrix:

Consider free running (no input i.e., u(t)=0) operation of one control system.
The state equation may be written as: x() = Ax(?) el @h)

where x(f) is the state vector in the system with system matrix A.
Above equation is the homogeneous state equation.

[MODEL QUESTION]

Taking Laplace transformation on both sides of that equation we’ve,
sX (5)—x(0)=AX(s); where L[x(t)] = X(s)

or, (s/-4)X(s)=x(0)

o, X(s)=(sI-4) x(0) (®)

Taking Laplace inverse of Eqn. (2), we’ve

x(0)=L(s1-4)"x(0)] - (3)

CSEE-219




So, L[(s/-A)|=1+ i A - (4)
20 53 ] N
Now, from Eqn. (3) and (4) we've
x(t)=e*“x(0) «(5)
Now the solution to the homogenous state Eqn. (1) may be written as:
() =¢(1)x(0)  ..(6)
where ¢(!) is an 72X n matrix, which is the unique solution of the Eqn. (1
is called state transition matrix, as it helps for the transition of state of

#(1) =49 (1) #(0)=1
¢ (r)=e"=4(-) «(7)
Hence, the properties of state transition matrix may be written as:
(i) ¢(0)=e*"=1
(i) @(r)=e”= (e"")-l =[¢{—t}]~li.e. ¢ (1)=¢(—1)
(i) @1, +0)=e" 4" =e et = 4(1)4(1,) = 6(1,) (1)
V) [#(0)] =4(m)
) #t—1)d(—1)=0(t,~1,)=9(1,-1,) 4(t, 1)
b) Controllability and observability:

State Controllability:
Consider the state space equation of one time invariant control system as:

i(r) =Ax(t)+BzI1(t) ............. (1)
Y(1)=Cx(1)+ Du(1).cocc.. (2)

where x(/) is nx1 state vector, (1) is x1 input vector, y(f) is px1 output vect
the co-efficient matrixes of appropriate dimensions.

The state x(r) is said to be controllable at ¢ =1, if there exists a pie@
input that will drive the state to any final state x(tf)for a finit

)' ¢(I):e‘

the system,

or, A'B,C,D

wise coni*

o time IN°
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S [f every state x(to)of the system is controllable at a finite time interval, the

(tf - ois said to be completely state controllapl_e or simply controllable.

system"owing heorem shows that the condition of controllability depends on the co-
i:n matrices A and B of the system. The theorem also gives the method of testing
o controllabiliy

S For the system described by the state Eqn. (1) to be completely state

Thet(r);ﬁ:;le it is necessary and sufficient that the following n  nr controllability matrix
con )

has & rank I i

5=[B 4B LB ATB] I (3)

e noted that if the controllable matrix S is non square, we can form the matrix

jt may b : s ;
re matrix and if SS'is non singular then S has rank n.

55" which is 0. X 1 squa

Qutput controllability: :
[n particular design of a control system, we may desire to control the output rather than

he stability of the system. Complete state controllal_ale condition is neither necessary nor
qufficient condition for complete output controllability. For one system as represented by
Eqos. (1) and (2), the system 1s completely output controllable, if it is possible to
construct oneé unconstrained control vector u(t) which will transfer any initial output

y(to)to any final output y(tf) in a finite time interval ¢ 7=l > (). It can be proved that

the condition for complete output controllability is that the output controllable matrix
M:[CB_:CAB:CAZB ........ CA”'Bp D:| has rank n.

Observability

A system is completely observable if every state variable of the system affects some of |

the outputs. That is, as it is often desirable to obtain information on the state variables,
from the measurements of the outputs and the inputs, if any of the states cannot be
observed from the measurement of the outputs, the state is said to be unobservable, and
the system is not completely observable, or simply the system is unobservable.

Following figure shows the state diagram of a linear system, in which the state X, is not

connected to the output in any way, while the state X, is connected to the output y (t) .

Hence once we measure the output y(t), we can observe the state x(t) , since

WO e il XigWai=l e Y

Fig: State diagram of an unobservable system

5(t)=y (). But the state x, (1) cannot be observed from the information on y(¢). Thus

the s
System is not observable.
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Condition of Observability
Given a linear time invariant system that is described by the state Eqng
i ) ang

state .1'(!0)1‘5 said to be observable, if given any input u(t), there 5%
1Sts a fin:
it

{y 24, such that the knowledge of u(t) for 4, <7<t the Matrices A g e g
output y(t), for #, < <t are sufficient to determine x(t ) If every Stage f' .D anqd th
. of th
observable for a finite f, the system is said to be completely obsep, b " e i
observable. sl Simply
The following theorem shows that the condition of observability depends o,
A4 and C of the system. The theorem provides the method of testing obs ! t, Matric,
system. il °flh:
Theorem: For the system described by the state Eqns. (1) and (2) to be
observable, it is necessary and sufficient that the following n x np obsery b.cf)mpletely
has a rank »: ability magy
G
CA
CA®
V =
CAJJ—I

c) State space model of field controlled d.c. motor:
Fig.1 represents the field controlled d.c. motor with field current 7, through the field

winding having resistance R, and inductance L, producing torque T in the motor which
rotates with an angular velocity w, so that & is considered an angular displacement at an

instant t.

Fig: 1 Field controlled d.c. motor

Now, the dynamics of the system is represented by the equations.

i Bk
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)

do  gy=T= Ki, [where J is the moment of initia of the motor,
dt B and K are constants of proportionality]
| i@:(_’ijif—(ﬁjw ....... )
1.64 dt J J
A o B 3)
dt
Equations (1), (2) and (3) may be represented combiningly in the matrix form as:
I’ﬂ _1% 00 ’. Vi
|
%“_’ -| &/ —-ﬁi 0f|o|+ 0 [v 4
§
d0 o oL 0
dt | i\ | —

Eqn. (4) -gives the_state spice model of the field controlled d.c. motor.

d) Pole placement method:
For the purpose of pole placement it is lassumled that all the states are measurable and

available for feedback. It can be proved that if the system is completely state controllable,
then the pole of the closed loop system may be placed at any desired locations by state
feedback trough an appropriate gain matrix.
Let us suppose that the desired closed loop poles be at s = g, O, ........0n By choosing
an appropriate gain matrix for state feedback, it is possible to force the system to have
closed loop poles at desired locations, provided that the original system is completely
state controllable. For the purpose of simplicity, we consider the system under
consideration to be of single input single output (SISO) type with control signal u(t) and
output signal y(t) as scalars. We also assume the reference input r(t) to be zero.

Consider a control system as

X=Ax+Bu """l )]

y=Cx+Du.
Where, x = state vector (1 — vector), y = output signal (scalar),

u = Control signal (scalar), 4 = n x n constant matrix

. B =n x 1 'constant matrix
C = 1xn constant matrix

o D = constant scalar,
¢ choose the control si gnal, u=-Kx reone(2)
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This means that the control signal u is determined by an instantane
scheme is known as state feedback. The (1xn) matrix K is called the stae foadha. Uch 5
matrix. We assume here that all the state variables are available for feedbacy Ack Rain
Now, from Eqns. (1) and (2) we have,

X=Ax+Bu =Ax-BK x

o, ¥ =(dA-BK)x

ous S[a[c.

LU X (1)) = (A= BE)X(D) . iniessiiinnenn (3)
The solution of the above Eqn. is given as
(1) = e SRt () S U (4)

X(0) being the initial state caused by an external disturbance. The system representeq
¥

Eqn. (4) is shown in Fig. 1.

AN
| A

-k

Fig: | State feedback system
The stability and the transient response characteristics are determined by the eigen values

of the matrix (A-BK).
Now if the matrix K be chosen properly, the matrix (A-BK) can be made asymptotically

stable, and for all x(0) #o, it is possible to make x(f) approaches to 0, as t approaches

infinity. The eigen values pf matrix (A-BK) are called the regulator poles. If these
regulator poles be placed in the left half s plane, then x(t) approaches zero as !
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COMPENSATORS

Multiple Choice Type Questions

e lead compensation is used to [WBUT 2006, 2010, 2017, 2019]
e rise time & decrease overshoot

1. The phas

a) Increas 9.9
b) decrease both rise time & overshoot

¢) increase both rise time & overshoot
d) decrease rise time & increase overshoot

Answer: (b):
2.Alag network for compensation normally consists of [WBUT 2012]
a) Ronly b) R & C elements
¢) R & L elements d) R, L & C elements
Answer: (b)
3, The transfer function of a phase-lead compensator Is G, (s) = -——l—t&—-
1+0.3337s
The maximum phase contribution from the compensator Is [WBUT 2015)
a) 20° b) 30° c) 45° d) 60°
Answer: (d)
: 1403
4. The transfer function of a network is 5 . It represents a [WBUT 2016, 2018)
+§
a) lag network b) lead network
c) lag-lead network d) proportional controller
Answer: (a)
Short Answer Type Questions
1.What is compensation? What is compensated system? What is compensator?
[WBUT 2010]
Answer:
1* Part:

Compe'nsation is the process of altering the response of a control system in order to meet
set desngp criteria. If a system is poor in terms of stability or if the designed system does
Mot provide the desired performance then compensation is needed.

2" Part; :
:;f"““mpeﬂsated system is said to be compensated which provides the desired
ormance when a compensator is added in the system.
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3™ Part: P
Compensators are the elements added to the control system either in forward

or both path(s) to alter the response of a control system in order to accommgq
performance from the system. By introducing additional poles and/or zeros ¢

the response of the system will change significantly.
Three types of compensators are there such as lead, lag, and lead-lag. Lead COlnpeHsﬂtion
» Settlip

alters the transient response of systems. This includes overshoot, rise time (TR)
time (TS), and peak time (TP). Lag compensation alters steady-state error of SYstems
Lead —lag compensators are used to alter transient response and Steady-state erro}

" fecdhyq
ate dCSired
0a SYstem

simultaneously.

2. Explain with the help of an example how improvement of system Performance is
achieved through compensation. WBUT 2010)
Answer: '

pecifications the

To obtain the desired behaviour / performance as per performance s
transient response specifications are to be translated into desired locations of closed loop

poles.

Approach I
In some control systems the gain adjustment ( K, for proportional, 7, Integral Time, ¢,

derivative time) moves the closed loop poles to desired locations.

Approach II
It is used for most of the cases. Here,

* We add a compensator.in the control system.
® Then, its parameters are to be obtained in such a way so that the desired

performance specifications may be met.

Long Answer Type Questions
1. Derive the transfer function for lead & lead-lag compensators with necessary
passive equivalent circuits. [WBUT 2016]
Answer:
Realization of Lead Network

The LEAD network is shown in the F ig. 1

e

4

-

N/
&

R;

Fig: 1 Lead network
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«Transformed network of the above network (Fig.1) is shown in Fig. 2

The

flE
C,

T S|
ANAA~

J.(S) Ri R; 1;(8)
v y

Fig: 2 Transformed lead network

Applying potential divider rule we get
Ey (S) h— R2 Rz

E (s) Rl'é— 4 %
BHEC S lall P R
i 1 SRy
Rir—
Cs Cs
R, (RCs+1) )

ntiy (———R'RZ JCS +1

. R +R,
Substituting
R :
RC=r, and = L_=g(<l),

+
1 2
Gc(s) may be written in two forms

a(st+1)
= ' veee (2). FormI
C( ) (az's+l) {250

aT(S +"1-J "(S +’1—J
= Gy ER\ HAT s(2a) FormlI

dr(s+—l—J S+—

ar ar

Form [ is suitable for frequency domain design where factor o gets cancelled by an
Ci

: amplifier having gain A = l |
| a r_i '-__

T R I Amplil';er T
A
. &
Fig: 3 Lead network :
- CSEE-227
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Form II is suitable for Root Locus design.
Lag-Lead Network
Fig. 4 shows an electrical circuit representing a Lag-Lead network
I C
Lag
section

e._.J

R1

Lead
section R;

€i €o

l TC? l

o— —O0

Fig: 4 Lag -Lead network

o Transfer Function: Applying potential divider rule

1
i(5) L a2 i) .
E(s) 4L, RIC
sC, R:‘*‘"l_
sC,

After Simplification,
(R C s+1)(R,C,s+1)

“(RCs+1)(RCys+1)+R C,s
;i (R C s+1)(R,C,s+1)
"R C,RC s +(RC+R,C,+RC,)s+]

(E]( L )
= ‘ il @

[sz +( L U 1 Js + 1
RICI R2C2 RI CZ Rl RZCI C?.
Comparing equations (4) and (5), we get
RC =1, R C =1,
RRCC, = afn, = af=1

e (1+1+1J=1+1
RC, RC RG) fr S,

'CSEE-228
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ation (3) may be re-written as

. Equ
1 |
(s) (S +7J(S +-T—J
E ! 2 :
Sl e (9)
E (9) ( __LJ( +_1__J
B, art,

7 p

Cl WG2

where, [ and a= ——Z
Pci C2

9. Write short notes on the following:

2) Lead-lag compensation [WBUT 2008, 2009, 2013, 2019]

OR,
Lead lag compensator . [WBUT 2014]
b) Lead compensators [WBUT 2012]

Answer: :
a) Lead-lag compensation:
A lead-lag compensator consists of a lead compensator cascaded with a lag compensator.

Both lead compensators and lag compensators introduce a pole-zero pair into the open
loop transfer function. The General form of the overall transfer function of such a
compensator can be written as mentioned in equation (1) :

1
S+— SAE SE
T T
Ge(s)= = 26l 6 0 5L (1)
G 1 s+ar
S 2
et
Contribution | Contribution

of Lag Compensator  of Lead Compensator
where, #>1 and @ <1

The lead compensator section provides phase lead at high frequencies. This shifts the
poles to the left, which enhances the responsiveness and stability of the system.

th‘te lag compensator section provides phase lag at low frequencies reducing the ‘steady
state’ error, :

CSEE-229
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X,

R

‘ 4

l‘

\ Lag-Lead Network

N Fig. 1 shows an electrical circuit representing a Lag-Lead network
'y : Gi Lag

& section

Ay Dty

x,

3 Lead

; 1 section

e L

Fig: 1 Lag -Lead network

® Transfer Function: Applying potential divider rule

1
R, +
Ea (S) — i SCZ (2)
E,(S) R+ L + R1/SC;|
%1 R4+ —
sC,

S St I eI DI I TIII "
£ ' £ £ LL 7

After Simplification,
AU R G s+ 1)RICs+1)
(RC s+1)(R,C,s+1)+R C,s
i (R C,s+1)(R,C, s+1)
= R,C,RC s*+(RC,+R,C,+R C,)s+]1
[zl ze)
s+—=|| s+
% = i il . coaif(3)
> 2 1 1 1 1
5 Ot + + S +
v [ (qu RzCz Rncz J RIRZCICZ J
Comparing the above equations we get
RC =1, R,C, =1,
RRCCl=alrr, = af=1

MANIWINIOVOU VL
LK ‘o &

VMOATRINAARRINAANK
- LR A A A

( 1 1 ] J 1 I
and + + = s
RC, RC, R C, Ar, A T,
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on (1) may be re-written as

(s d)feed)
s+—|[s+—
7 7,
1 : S0
(o) ()

Eelnd e c2
Pci ZCZ

. Equati

where, B=

Lead Compensators: '
e lead compensation; the location of zero is closer to the origin of s-plane than that

In phas .
£ the pole of the compensating network.
’?he transfer function of a lead compensator is given by
it
B 7
GC(S)—- 1 ....(1) a<1, 2.>0
s+—
ar
Sinusoidal transfer function of the lead network is given by
jw+i
G.(jo)=— 112
o+ -—
ar
ZG.(jw)=tan" wr—tan" war E(3)
wr>war .. £G.(jo) is positive.

So, under steady state conditions, output of this network leads the input and hence such
network is known as a lead network.

Bode Plots
Fig. (a) shows the bode plots of a phase lead compensator.
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MindB4
____________________ 0 dB/dec
2 20 dB/dec s
|
1
I
~ !
¢ (deg)4 ll \@,, '1 —>
-— ] —_—
T ' ar
:
i
------------- § oo ENC o
e l —>

Fig: (a) Bode plots
The magnitude plot says that the Lead network behaves as a high pass filter,

Realization of Lead Network IC
The LEAD network is shown in the Fig. 1 UNT]
| A N
1?1 Ry 1% 1\
ii R; €

Fig: 1 Lead network

The “Transformed network of the above network (Fig.1) is shown in Fig. 2
1

c,
—

-,

2(5) - ' Rz a(s)
v v

Fig: 2 Transformed lead network

Applying potential divider rule we get

E()ENSRE G R
Ej(s)iifp &,
C G
R,+—f—+R2 R,Css+1 e
Cs Cs
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s (1)
Cs+1
R
ubstituting RC =7 and R IR a(<1),
Ge(s) may be written in two forms
C
a(51+1)
=T SN (2)RE
Gf(s)ﬂ (ars+1) (2) Form I
1 |

af(s +—'j (S'*‘;J

o ....(2a) Form II

=_-’-——-—‘1"' = 1
bt s+—
o)
Form 1 is suitable for frequency domain design where factor o ge
1

ampliﬁer having gain 4 = ot

ts cancelled by an

Ci
T R, Amplifier :‘:
& M A= -1— €
: |

Fig: 3 Lead network
Form Il is suitable for Root Locus design.

Use of Lead Compensator

We know that higher the order of the sys
type-2 or higher, are usually unstable i.e., bear Jower margin of stability.

As the Lead compensator increases the margin of stability. So we will use Lead

Compensator for such system having lower degree of stability.

tem lower is.its stability. The system which are
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Multi.p.le Choice Type Questions ,

1. The transfer function of a ZOH is given by

1-e™ 1-e T
a) Gm(s)z : ,,0(5')_ e

Gan(5)=1‘efr" ) Gy () =5(1 _e-x)

Answer: (a)

: i zsinwT
2. If the z-transformatior. of a function is = . Its ¢o
z° —2zcosT +1 "TeSpongi,
Laplace transform will be [WBUT 2
2 ) c) - d) Jto ?
'+’ s+’ s’ + o’ )m
Answer: (b) s

Short Answer Type Questions

1. Obtain the Laplace Transform for the signal shown in figure below :
IWBLUT 201

t—T—»t—T-jbi—T—J

Answer: : i

f(t)=u(r)—2u(t=T)+2u(r-2T) - |

] ~Ts —27s =375 :

L f(1)=F(s) ==|1=2e7" +2e°" =27 ...... 3
( ) ) S[ :[ ‘_T_’:_j_l-

1 e 1210 ( Ts] -1
R — = =—-tanh| —
[] 2¢ l+eFT’J s(er‘ +1) s 2

S

t
ed Outpu
2. State BIBO stablhty criterion. Show that for a bounded input- -bound

nse of tf
stable system Ig(r)dr is finite, where g(r) is the impulse respo

system.

CSEE-234
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ns bounded when the system is excited by a bounded input. This 1s

Answer:

pe output remai ded O i e
d the Bounded Input Bounded Qutput (BIBO) stability criterion.
callis consider 2 transfer function defined as
Lct C(S) i bosm I blsm_l —f—-bzsm—z AP +bm_ls + b’"
G(s)= R(s) as" +as" ta sttt RGN M

we know, for impulse response, R(s) =1 and therefore, C(s) =G(s). Taking the
ace transform, c(¢) = g(¢) . This is true.only for the impulse input. But it can

inverse Lapl
be shown that for any input r(z), the output c(f) can be written in the form of
convolution C(f) = Ig(r)r(t—r)dr e (2)

0

where g(7) is the impulse response of the system. If r(¢) remains bounded (i.e., finite)

‘and () hasto remain bounded for all ¢, we find from Eqn. (2) that it is necessary

o]'g(r)dr=ﬁnite )

We derived Eqn. (3) intuitively. Mathematically, it can be derived as follows. we take
absolute value on both sides of Eqn. (2) to get

le(2)|= jg(t)r(t—z')dr L@

A theorem states that the absolute value of an integral is no greater than the integral of
the absolute value of the integrand. Therefore, it follows from Eqn. (4) that

|c(z)|s;j]g'(t)r(f_r)|dr )
s;j]g(r)”r(t—r)ldr |

If r(¢) is bounded, it means | r(t) | <M <o fort2t, S (6)
Substitution of Eqn. (6) in Eqn. (5) implies

[e()]= [ g(2)]a=
sM}]g(r)]dr )
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If now c(r) has to remain bounded, it means

|c(r)|sN<ac for t 21, e (8)
Combining Eqn. (7) and Eqn. (8), we get
ﬂg(r)ldrSP<ao )

0
Eqn. (9) is the same as that we arrived at Eqn. (3) from intuitive reasonine
b~
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QUESTION 2015

Group-A
(Multiple Choice Type Questions)

any fen questions.

4. Answer s
. servomechanlsm : 7%
£ an automatic regulating system b) a position control system
¢) a process control system v'd) a closed-loop system

i) The transfer function of a system shown in the block-diagram is
Il

R(s) s 7 C(s)=
2
Ya b) —
) (Sﬂ_z)2 s*(s+2)
7) s
d)
C) SZ + 2 .5'2 +2

econd-order feedback system has two closed loop poles at the same location in the S-plane

s. The nature of unit step response of the system is
b) over damped

d) oscillatory

i) A S
and has no finite zero
a) under damped
v c) critically damped

: K
iv) A negative feedback control system has open loop transfer function G(s)H ()= —2(—:‘2—).
sé (s

The closed loop system is
a) unstable
v'c) marginally stable

b) stable
d) conditionally stable

v) A signal flow graph is used to determine the
a) steady state error in the system
¥'c) transfer function of the system

b) stability of the system
d) dynamic error co-efficient

vi) As compared to an open loop system, a closed loop system is
a) more stable and more accurate v'b) more stable and less accurate

c) less stable and more accurate d) less stable and less accurate

Vi) The Nyquist plot of a system encloses the point (-1, 0). The gain margin of the system is
a) less than zero : v'b) greater than zero

c) zero ‘ . ; , d) infinite

Vil) The unit step response of a second-order system is
C(t)=1-1.125¢™ sin (41 —0.927).

Th 4 ;
e :)ag\plng ratio and the damped frequency in rad/s are resoectively
5,3 b) 0.5, 4 ¥c)0.6 5 d) none of these
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ix) The addition of a PD controller in cascade with the plant

v'a) improves damping b) reduces the steady state
¢) increases undamped frequency d) increase the order of the : rror
i e
14 T

x) The transfer function of a phase-lead compensator is G, (s) =—""
1+ 0333Ts

The maximum phase contribution from the compensator is

a) 20° b) 30° C) 45° va B

xi) The gain margin in dB for a system with open-loop transfer function G (s) = 2y

\\\2 i
$(s+2)
a)0 b) 6 dB v'c)9dB ) 1248
xil) The open-loop transfer function of a negative feedback system is G( s) H ( S) X \k
i ' 5(“‘1)(“2)'
The root crosses the imaginary axis when the value of k. is :
a) 8 b) 6 vc) 4 ' d)2

Group-B
(Short Answer Type Questions)
2. Obtain the transfer function C/R of the block diagram shown using Mason'’s Gain Formyz

: H2
st Gl a3 |— 3)——-“5)
> J >
G4,

See Topic: SIGNAL FLOW GRAPH, Short Answer Tybe Question No. 4.

3 Draw a block diagram representation for the system shown below, representing every elemerl
Vo (s)
hi(s)

s I12
x Ll

by a block. Also find the transfer function

R;

Vi(t) Cj) R 18

L, of Vo(t)

o ——0 "~
See Topic: TRANSFER FUNCTION, Short Answer Type Question No. 2.

CSEE-238
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r system shown below, find the time constant, rise time and setting time for step

ven k=12 and a=4 s
a k| €
TN e

See Topic: TIME DOMAIN ANALYSIS, Short Answer Type Question No. 8.

feedback control system has the open loop transfer function

5 A unity
LA
G(S) 5(52 +4s+ 20)

ecify the type of the system.
fdine SuElc P constants and (12 corresponding steady state errors. Assume that the system

is stable.
See Topic: TIME DOMAIN ANALYSIS, Short Answer Type Question No. 9.
6. The characteristic equation of a feedback system is

445> +16s” +16s +48=0

he response is oscillatory
ILITY ANALYSIS AND ROU

Check whether t or not. If so, determine the frequency of oscillation.
gee Topic: STAB TH STABILITY CRIETERION, Short Answer Type
Question No. 5.
Group-C
(Long Answer Type Questions)
ard path and feedback path transfer functions ‘of a negative feedback system are

and H(s)=(s+ a) respectively. Sketh the root conto

t range of value of ‘a’ does the syste
Type Question No. 4.

7. The forw.
ur for the system with

cls s2(35+ 2)

respect to the parameter. For wha
See Topic: ROOT LOCUS, Long Answer

m remain stable?

8. a) A second order systent is described by the differential equation.

dZy(t),+O'8‘_i%’&(L)+y(t) —x(1).

2

When x(t) is the input and () isthe output. Determine reson

cutof requency and band width
¢¢ Topic: FREQUENCY RESPONSE, Long Answer Type Question No. 2.

b) Sketch the polar plot of
G (s) T 32
T (s+4)(s7 +45+8)

And find its poi
S ]fl:d its points of intersection with real
pic: NYQUIST PLOT, Long Answer

and imaginary axes.
Type Question No. 6.

CSEE-239
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8. Construct the Bode plots for a unity feedback system whose open loop transfer ¢
u

10 Nction i

by G(s)= . From the Bode plot determine: Yoy |

s(s+1)(1+0:025) \ *

() Gain and phase cross over frequencies
(i) Gain margin and phase margin
(1) Stability of the closed loop system.
See Topic: BODE PLOT, Long Answer Type Question No. 6.

10. A feedback control system has forward path gain G(s)= 2 A
( ) s(s _1) nd feedback Path g

H(s)=(s+1).
Draw the Nyquist diagram for the system and assess the stability of the closed loop system
See Topic: NYQUIST PLOT, Long Answer Type Question No. 7. ;

11. Wirite short notes on any three of the following:

a) PID controller

b) Position encoders

c) Servo motors

d) Synchros

e) Block diagram of speed control of dc motor.
a) See Topic: CONTROL ACTION, Long Answer type Question No. 3(a).
b) See Topic: COMPONENTS OF A CONTROL SYSTEM, Long Answer type Question No. 3.
¢) See Topic: COMPONENTS OF A CONTROL SYSTEM, Long Answer type Question No. 5(c).
d) See Topic: COMPONENTS OF A CONTROL SYSTEM, Long Answer type Question No. 5(d).
¢) See Topic: COMPONENTS OF A CONTROL SYSTEM, Long Answer Type Question No. 5(g)-

UESTION 2016

Group-A
(Multiple Choice Type Questions)
1 Choose the correct alternatives for any ten of the following:
i) A system has a single pole of origin. Its impulse response will be ‘ St
va) constant b) ramp c) decaying in nature d) oscila |

ased by

ii) Without affecting the steady state error, maximum overshoot can be decre

v a) derivative control b) integral control
c) gain adjustment d) proportional control

fii) The centre of the constant M-circles are defined by

,0 /b ——"_:0
o | v )[I—Mz ]
E M2 T MZ

d) |0,/

CSEE-240
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initial slope of Bode plot for a transfer function having single poles at origin is

. el
0 TZ) 20 db/decade b) — 40 db/decade
¢) 40 db/decade v'd) - 20 db/decade

e, in force-current analogy is analogous to

The capacitanc .
) b) momentum c) displacement v'd) mass

a) velocity

ansfer function denotes the number of

) The ‘type’ of atr o
) b) poles at infinity vc)polesatorigin  d) finite poles

a) zeros at origin

vii) The root locus diagram is
v a) always symmetric about the real axis

b) always symmetric about the imaginary axis
¢) never symmetric about the real axis
d) always asymmetric about both the real & imaginary axes

viii) The characteristic equation of a system is s’ +2s+4=0. The system is
a) critically damped  b) overdamped ¢) undamped v'd) underdamped

i) 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) §=-0.05 b) §=-0.2 c) §=0.5 vd) §=-0.1
x) The transfer function of the network given below as
C
[ .

oS ———>8

i
|

|
1+SRC 1+ SRC } 1+SRC 1+ RC

Xi) For eliminating the steady state error, the control action required is
a) proportional control
b) proportional plus derivative control
©) proportional plus integral control
d) proportional, derivative & integral control

™\

Xii) The transfer function of a network is £

.

. It represents a
7 : 2+s
a) lag network ; b) lead network

©) lag-leaq network d) proportional controller

CSEE-241
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Group-B
(Short Answer Type Questions)
2. Determine the differential equation describing the complete dynamics of the mechap;

Also develop the electrical analog circuit based on force — voltage analogy. Al System

E(t)
See topic: PHYSICAL SYSTEMS, Long Answer Type Question No. 3.

3. Find the overall transfer function of the system whose block diagram is given in figure below

using Mason's gain formula.

Gs

+1+ C(s)

s

H, ¢

Hi |e

See Topic: SINAL FLOW GRAPH, Short Answer Type Question No. 5.

V(s
4. Derive the transfer function VO(( ))  for the electrical network shown below.
s . :

R o
G
Vi SRS v

| 114

o=

pic: TRANSFER FUNCTION, Short Answer Type Question No. 3.

See To

CSEE-242
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fer function of a unity feedback control system is given by
' ;

s ;
6(s) (s+2)(5+4)(52 +6s+25)
g Routh’s criterion determine the range of k for which the closed loop system will be

lyin i
By apply! nd the frequency of oscillation.

able and f :
;tee Topic: STABILITY ANALYSIS & ROUTH STABILITY CRIETERION, Long Answer Type
Question No. 1.b).

5, The open [00P trans

6. Consider the unit step response of a unity feedback system whose open loop transfer function

G(S) = 1 . Obtain the rise time, peak time, maximum overshoot & settling time.
s(s + l)
see Topic: TIME DOMAIN ANALYSIS, Short Answer type Question No. 10.

Group-C
j (Long Answer Type Questions)
7. a) Sketch the root loci of a system for the following open loop control system on a graph paper

6()=—
S)=

s(s + 3)(s2 +2s+ 2)
number of asymptotes, (iii) angle of asymptotes and real axis intercept, (iv) angle of departure, (v)
imaginary axis intercept.

and comment on following factors: (i) number of root loci, (i)

i n 1 Lk ‘
b) Open loop transfer function of @ system s, given by G(s)H (s) =—(——4), check whewner
‘ s(s+

s=-2+ j2 lies on root locus. If so, find system gain, k at given point.

2) See Topic: ROOT LOCUS, Long Answer Type Question No. 1.
b) See Topic: ROOT LOCUS, Long Answer Type Question No. S.

8. a) The open loop transfer function of a unity feedback system is given by

10
(S)— . Draw the Bode plot. Find phase crossover frequency, gain crossover

~s(1+5)(10+5)

frequency, gain margin & phase margin.
b) What is minimum phase system & non-minimum phase system? Give example.
See Topic: BODE PLOT, Long Answer type Question No. 7(a) & (b).

:' la)) State the 'Principle of argument’ & its extension to Nyquist criterion.
) Draw the Nyquist plot & determine the stability condition for the open loop transfer function of the

(s+2)

(s+1)(s-1) '

See Topic; NYQUIST PLOT, Long Answer Type Question No. 8(a) & (b).

system G(s) H( s) o
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10. a) Briefly discuss the necessity of PID controller in minimizing errors of

response under step input. Show relevant graphical & mathematical expression Gymnamiq §

b) Derive the transfer function for lead & lead-lag compensators with necessa ] P
cireuits. Y Passive g
a) See Topic: CONTROL ACTION, Long Answer Type Question No. 2. Valw

b) See Topic: COMPENSATORS, Long Answer Type Question No. 1. - {

11. a) Consider the transfer function G ( jw) = - Draw the polar piot of the 1
uncj

jo(l+ joT)
Find the gain crossover frequency & phase margin of the transfer function.
b) A second order control system, having £=0.4 & W, =5 rad/sec, is subject to 5 st

ep inpw

Determine (i) transfer function, (ii) ¢, , (ii) 7, (iv) £, for 2% tolerance, (v) M Pt

a) See Topic: NYQUIST PLOT, Long Answer Type Question No. 9.
b) See Topic: TIME DOMAIN ANALYSIS, Long Answer Type Question No. 4,

12. Write short notes on the following:
' a) Liquid level control :
b) Speed control of DC motor |

c) DC tacho generator f

a) See Topic: COMPONENTS OF CONTROL SYSTEM, Long Answer Type Question No, 1. |
b) See Topic: COMPONENTS OF CONTROL SYSTEM, Long Answer Type Question No. 2.
c) See Topic: COMPONENTS OF CONTROL SYSTEM, Long Answer Type Question No. 5(e). f

UESTION 2017

Group—-A
(Multiple Choice Type Questions)
1_Choose the correct alternatives for any ten of the following:
i) A linear time-invariant system initially at rest, when subjected to an unit step input, gives 8

response y(r)=te”', the transfer function of the system is

] 1 s ‘ |
Gl e 79 ey
(s+1)’ s(s+1)’ (s+1) s(s+1)
ii) The open loop transfer function of a feedback control system is ( ! 3 _The gain margin of the )
g ; s+1

system is : : :

2) 16 vb)8 c)4 92

; al

iii) A unity feedback system has three open loop poles at (—2+ j2) and 0. Ithasa single 241
(4% 0). The angle of departure of the root locus branch starting from the pole (-2~ j2)

a) 135° b)225° v0)0° dgtl
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t, a system with closed loop transfer function has a steady state

2

it step inpu
“’)Foraunns i : S +25+5
of
OUtP:; 10 b) 5 - c) 2 vd) 4
The transfer function of a system is its :

V) a) square wave response b) step response

¢) ramp response v/d) impulse response

: 1

' The phase margin of the system for which the loop gain GH ( ja)) =—is
Y (1 + jw)

a) -7 b) 7 - 00 vd) /2

vi) The condition for stability of a closed loop system with characteristic - equation
¢+ Bs* + Cs +1=0, with positive coefficients is

a) B+C>1 v'b) BC >1 c) B=EC d B>C
viii) If the gain of the open loop system is doubled, the gain margin :

a) is not affected b) gets doubled

v'c) becomes half d) becomes 1/4th

! 1
ix) The function has slope of
(1+s7)
a) -6 dB/decade b) 6 dB/decade
v'¢) 20 dB/decade d) 20 dB/decade
| x) Phase margin of a system is used to specify
a) time response b) frequency response
c) absolute stability v'd) relative stability

xi) The phase lead compensation is used to
a) increase rise time and decrease overshoot
v'b) decrease both rise time and overshoot
¢) increase both rise time and overshoot 20 dB/decade
d) decrease rise time and increase overshoot

Xi) An a.c. servomotor is basically a

a) universal motor : v'b) two-phase induction motor
¢) three-phase induction motor - d) repulsion motor
CSEE-245
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Group - B
(Short Answer Type Questions)

2. Use Block Diagram Reduction technigue to find out the overall transfer functjq
system. " of the foly
Gy th

Hi [¢

See topic: BLOCK DIAGRAM, Long Answer Type Question No. 1.

3. Consider the following mechanical translation system:
F denotes force, x denotes displacement, M denotes mass, ‘B denotes friction coeffic
1t ang

K denotes spring constant
. x x
I"' ' B ,_’ :
[ —F— 2
Ml M2
Ki ’
B, 4 B;

4

i)  Write down the differential equations governing the above svstem.
i) Draw the corresponding electrical equivalent circuit using foree-voltage analogy scheme

See topic: PHYSICAL SYSTEMS, Long Answer Type Question No. 1.

4 Sketch the time-domain response of C(t) of a typical underdamped, second order system toz

unit step input (¢). On the above sketch indicate and define the following time doman

specifications:

i) Maximum peak overshoot
i) Risetime
iii) Settling time
iv) Steady state error.
See Topic: TIME DOMAIN ANALYSIS, Short Answer type Question No. 11.

5. The open loop transfer function of a unity feedback system is given by
K
Gls)= )
) s(1+sT;)(1+5T,)

Using the Routh-Hurwitz method, determine the necessary conditions for the sy ,
See Topic: STABILITY ANALYSIS & ROUTH STABILITY CRIETERION, Short Answer

Question No. 6.

stem to be stabé
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pefine error coefficients corresponding to step, ramp and parabolic inputs. A unity feedback

6

p second order system has a transfer function “and it is excited by a step

ed 100

o : s +0.65+9
input of 10 units. Find out its steady state error.

gee Topic: TIME DOMAIN ANALYSIS, Long Answer type Question No. 1

Group-C
(Short Answer Type Questions)
7 a) Ex plain what is meant by rglative ‘stability of a system. How do we specify relative stability in
terms of (1) closed loop pole locations, (i) gain margin and phase margin?
Gee Topic: FREQUENCY RESPON SE, Long Answer Type Question No. 3.

K

b) A unity feedback control system has open loop transfer function G(s) =
s +st+s-3
j Find the rangé of values of K so that the closed loop system is stable.

i) Find the value of K for which the closed loop system will be marginally stable-
ii)  Find the frequency of the undamped oscillation in such a case of marginal stability.
Answer: Wrong question

8. a) Explain the theory and operation of a two-phase servomotor and explain how a position

control scheme can be made up by using the motor.
See Topic: INTRODUCTION, Long Answer Type Question No. 1.

er of a system. Determine the type and order of the following system.
10(s+2)
R s(s+1)

b) Define the Type and Ord

e =2

1
(T3)] S

Determine the steady state error of the above system for the following input:

r(r)=0 for <0
=2+3t for t20.
See Topic: TIME DOMAIN ANALYSIS, Long Answer Ty[ze Question No. 5.

9. a) A second order servo system has poles at (~1 j2) and a zero at (~1+ j0). Its steady

state output for a unit step input is 2.
) Determine its transfer function.
ii) ' What s its peak overshoot for a unit step input?
b) Consider the open loop transfer function of a unity feedback system

K(s+3) '
s(s? +2s+2)(s+5)(s +6)

6(s)-

CSEE-247
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Drav{ the root locus diagram of the system on a graph paper and indicate on that
) At what points will the imaginary axis be crossed by the root |og;

corresponding value of K ?
i) 1s (~10+ j0) a pointon the root loci? Explain with valid reasons.

See Topic: ROOT LOCUS, Long Answer Type Question No. 6(a) & (b).

diagfam
and What is

10. a) Explain the meaning and significance of phase margin and gain margins of 5

How will you obtain the values of these margins from Bode plots? controf $ystem,
b) Sketch the Bode plot for the following function and find out the approximate value '
margin and the phase margin ‘ S of the Gain
10(s+2
G (s) = ( ) :
s(s+6)(s +10)

See Topic: BODE PLOT, Long Answer Type Question No. 8.

11 State and explain the Nyquist stability criteria. Explain how gain and phase Margins
obtaln_ed from the Nyquist plot of a system. Sketch the Nyquist plot on a plain paper ?an be
following transfer function and hence comment on the stability of the system: O the

10 ‘
Gls)=
Q) s(1+s)(1+0.55)
See Topic: NYQUIST PLOT, Long Answer Type Question No. 10.
QUESTION 2018
. Group-A

: (Multiple Choice Type Questions)
1. Choose the correct alternatives for any ten of the following:

i) The characteristic equation of the system is s +25+4+2=0.The system s
a) critically damped v'b) under damped
c) over damped d) undamped

ii) The transfer function G (s) of a PID controller is

[ -
va) ki 1+—+T1,s : b) k[l+Ts+T;s
3)'_ Ts d )'[ $ d]
1 1 1
|+ —+— d k| 1+Ts+—
°"‘[ T ns] o [ e T}
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(1+JWT) has

ecade and phase angle +tan"' (WT)

The Bode PIOt Of

i
a) slope of 20 dB/d

v
_20 DB/decade & phase angle +tan™ (WT)

p) Slope of

¢) Slope of
) Slope of —40/dB

20 dB/decade & phase angle —~tan™ (WT)
decade & phase angle —tan™' (WT)
t diagram crosses the negative real axis is known as

v'b) phase crossover frequency
d) break away point

v) The frequency of which Nyquis
| a) gain crossover frequency

¢ Natural frequency

v) Addition of zero to the closed loop transfer function

a) increase rise time
c) increase overshoot

v'b) decrease rise time
d) has no effect

e value of & fora second order system is zero. The step response will be

vi) Th
a) over damped b) critically damped
¢) under damped vd) sustained oscillatory

he system can have
b) three poles & one zero
d).six poles &two zeros

vil) The root loci of a system have three asymptotes. T

v a) five poles & two zeros
c) four poles & two zeros

+0.3s
. It represents a

yiii) The transfer function of a network is 5
+5

b) lead network

va) lag network
d) proportional controller

¢) lead - lag network

ix) For eliminating steady state error, the control action required is

a) Proportional control

b) Proportional plus derivative control

¥'¢) Proportional plus integram control

d) Proportional, derivative & integral control

X The characteristic equation 1+ G (s) H (s) =0 of a system is given by
s'+6s’ +11s° +65+K =0

For the system to remain stable, the value of gain K should be
a) zero
Y'b) greater than zero but less than 10
z) greater than 10 but less than 20
) greater than 20 but less than 30

CSEE-249




POPULAR PUBLICATIONS

X)) Given a unity feedback system with open-loop transfer function (s)= 5(}\122

; ) col’re
root-locus plot of the system is :

Lok
a) —o——«——% —> b)

) 2 0

3
Vo) — Q —> d)
=

xii) For the system in the given figure the characteristic equation is

R(s) K(s+l) — s(ss:-32) C(i;
e K(s=1)(s-3)
va)l+ S(+2) =0 : b) 1+ (-2) =
c) K(s+1)(s+3)=0 d) s(s+2)=0
Group-B

(Short Answer Type Questions)
2. Find the transfer function of the system shown in the figure:

_ L
e T
V,(s) f& v, (s)
s !

See Topic: TRANSFER FUNCTION, Short Answer Type Question No. 4.

CSEE-250
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e the overall transfer function of the signal flow graph given below using Mason's gain

3 Detel'm[n ~H;

formUIB

s Topic: TRANSFER FUNCTION, Short Answer Type Question No. 6.
ee Topic:

25
s(s+8

. Find its damping

4. A unity feedback system has an open loop transfer function G(s) =

catio; natural frequency, rise time, over shoot & time required to reach the peak output
See 'i"opic: TIME DOMAIN ANALYSIS, Short Answer Type Question No. 12.

5. Consider the following mechanical translational system. F denotes force, X denotes
displacement. M denotes mass, B denotes friction coefficient and K denotes spring constant.

a) Write down the differential equations governing the above system.
b) Draw the corresponding electrical equivalent circuit using force-voltage analogy scheme.

See Topic: PHYSICAL SYSTEMS, Short Answer Type Question No. 2.

6. A unity feedback system has G (s) = —(—12%6—) & r(t)=4t.
s(s

Determine: (a) Steady state error

. (b) The value of K to reduce error by 6%
See Topic: TIME DOMAIN ANALYSIS, Short Answer Type Questions No. 2.

Group-C
7 (Long Answer Type Questions)
+8) The open loop transfer function of a unity feedback control system is given by

i K
1) s(s+1)(s+3)(s+5)

CSEE-251
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Sketch the root locus plot of the system by finding the following:
) angle of asymptotes, centroid and breakaway points
i) angle of departure :
i) the value of K and frequency at which the root loci cross the imagjnary axi
See Topic: ROOT LOCUS, Long Answer Type Questions No. 7(a). 8.

b) Explain what is meant by stability of the system. How root locus plot of a system i
‘stability? ® Usefulty
See Topic: ROOT LOCUS, Long Answer Type Questions No. 7(b). :

8. a) What are the advantages of Bode diagram?
See Topic: BODE PLOT, Long Answer Type Questions No. 9(a).

b) Sketch the asymptotic Bode plot for the following open loop transfer function with ynjt feedh
3
20(s+10) . °k‘
s(s+20)(s* +s +1) x

Calculate the gain and phase cross-over frequency, gain margin and phase margin of the B
plot. Also determine the closed loop stability of the system. e
See Topic::-BODE PLOT, Long Answer Type Questions No. 9(b).

G(s)H(s)=

9. a) State and explain Nyquist criterion for studying stability of a control system.
See Topic: NYQUIST PLOT, Long Answer Type Questions No. 1(a).

b) For a unity feedback system having open loop transfer function

PR K

s (s2 +5+ 4) :

Determine using Nyquiét criterion the range of gain ‘ X ' for which the closed loop system wil be

stable. :
See Topic: NYQUIST PLOT, Long Answer Type Questions No. 1(b).

G(s)=

10. 2) Obtain the equations for the armature' controlled DC servomotor and find the transfer

function of the DC servomotor. .
See Topic: COMPONENTS OF A CONTROL SYSTEM, Long Answer Type Questions No. 2.

b) Show that the transfer function of a twb-phase induction motor can be written in form
£, (8) K
V.(s) s(1+sz,,)

What are the expressions for K, and 7, and what are they called?
See Topic: TRANSFER FUNCTION, Long Answer Type Questions No. 1

{ : . it step
11, a) Derive the expression for the time response of a first order system subjected 10 unit

‘input. ° :
See Topic: TIME DQMAIN ANALYSIS, Long Answer Type Question No. 6(a).

CSEE-252
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pen 100P transfer function of a unity feedback system is given by
) The °

{5
G(S) s(T s+ l)
Kand T are positive constants. By how much should the amplifier gain be reduced so that
rshoot of unit step response of the system is reduced from 75% to 25%7
OMAIN ANALYSIS, Long Answer Type Question No. 2.

he ped
;ee Topic: T1 MED

sition, velocity and acceleration error constants.
IME DOMAIN ANALYSIS, Long Answer Type Question No. 6(b).

QUESTION 2019 -

o) Definé PO

Group-A
(Multiple Choice Type Questions)
1. Choose the correct alternatives for any ten of the following:
i)‘|fthe gain of an open loop system is doubled, the gain margin

a) is not affected b) gets doubled v'c) becomes half d) become 1/4th

ii) Feedback control system is basically
a) High pass filter v b) Low pass filter ¢) Band pass filter d) Band stop filter

ii) The phase lead compensation;is used to
a) increase rise time and decrease overshoot

b) decrease both rise time and overshoot
v/c) increase both rise time and overshoot
d) decrease rise time and increase overshoot

iv) For type-1, second order system the resonance peak will occur when the system gain is at the
v'b) critical damping value

a) underdamping
d) none of these

c) overdamping value

V)A linéar time invariant system obeys

a) the principle of superpaosition b) the principle of homogeneity

v'¢) both of the principles in (a) and (b) d) none of these
vi) If the maximum overshoot is 100%, the damping ratio is :

a) 1 v'b) 0 c) 0.5 ' d) infinite
vil) If the gain k of the system increases, the steady state error of the system

v'a) decreases b) increases

€) may increase or decrease d) remains unchanged

Vi :
i B} the use of PD controller to a second order system, the rise time
a) decreases b) increases c) remains same d) has no effect

CSEE-253
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iX) The open loop transfer functon of a unity feedback
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Contro|

G(s) H(s) = 1001 + 25)/s*(l + 55). Folem
If the system is subjected to an input r(t)=1+t+12 / 2(t 20), the steady statq
system will be #IT of
a) 1 'b) 0.1 v'c) 0.01 4) 100
X) The characteristics equation of a system is s° + 25 + 4 = 0. The system is
a) critically damped b) overdamped
v'c) undamped d) under-damped’
xi) A potentiometér converts linear/rotational displacement into
a) current b) power v c) voltage d) torque
Group-B

(Short Answer Type Questions)
2. Find C/R for the block diagram shown below using block diagram reduction techniques.

—[

R—>®—> o >R>R-] 6 ¢ >
A

Ll

4{H3 I(——

See Topic: SIGNAL FLOW GRAPH, Short Answer Type Question No. 7.

3. Derive the transfer function of armature controlled DC Motor.
See Topic: BLOCK DIAGRAM, Short Answer Type Question No. 2.

4. Evaluate the transfer function using Mason's gain formula of the eqdivalent signal-flow graph |

shown in figure. —-H,

~H :
See Topic: SIGNAL FLOW GRAPH, Short Answer 'Isype Question No. 8.

o
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ystem has an, open loop transfer function G(s)H (s)=ke™ /g( s'+25+1) WIIIIOY
AN

-Hurwitz criterion th '
th-H e maximum value of k for the closed loop system 1o ,\y,g::gg

: ine bY » ; oty
petermin® 1 - d the frequency of sustained oscillations. x
Sl 3
bes?:;ic: STABILITY ANALYSIS AND ROUTH STABILITY CRITERION, Short Answer Type E::gsgz’{g
% ! i Y
Hon No, . 24
S | BISIIIY
S

ok control system has an open loop transfer = i : IOV
pEuan G(S) 5/s(s+l) Find the rise g’b‘b’h\\.

t peak time & settling time (2% error) f tep i [
' rcentage overshoo or a step input of 10 units. %93
time, P TIME DOMAIN ANALYSIS, Short Answer Type Question No. 13. :Q*’O

%‘o O OON

SCCTOPIC:
2 closed loop system with G(s)=15/(s+2)(s+5) and H(s)=1 calculate the ;
: & R

ized error coefficient & find error series for input of 3+ 8¢+ 5t2/ 23
N ANALYSIS, Short Answer Type Question No. 14. %

5 A feedbad( S
: use of Rou

g, A unity feedoa

7. F

general
gee Topic: TIME DOMAI
Group-C
(Long Answer Type Questions) eyl
WY
333

8. a) Define transfer function of a system.
b) Obtain the differential equations describing the dynamics of the mechanical translational system §$§s§
A

and find the transfer function X, (5)/E (s) for the system shown in figure; f denotes the force, X WIS
denotes displacement, M denotes mass, B denotes friction co-efficient and K denotes spring §§§:‘§ w
i 22

constant. Also draw its force-voltage (F-V) analogous circuit.

x(t) x(t)

fv B,
K, —» ____E__ K;
M
mne M k| M
"
D S e e b s Illllll T 1L L1 ) D EED NN W
llllll ) N | ) G 6D 65 6 ]llllll!llll
--------------------------------
1 1
B; B,

See Topic: PHYSICAL SYSTEMS, Long Answer Type Question No. 4.

9, Sketch the root locus diagram as K is varied from zero to infinity for the system whose open loop

transfer function is given by
G(s)H(s)= k/|:s(s - 4)(s2 +4s+ 20)}
Evaluate the value of k at the point where the root locus crosses the imaginary

! tsile freqyency at this point.
¢ Topic: ROOT LOCUS, Long Answer Type Question No. 8.

axis. Also determine

10. S
) Construct the Bode plot for a unity feedback control system having

o G(5)=36(0.25+1)/s* (0.055 +1)(0.01s +1)
ro : j
O;er fr':q:r::got obtain the gain margin, phase margin, gain cross over frequency, phase cross
) Co ]
Mment on the closed loop stability of the system.
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See Topic: BODE PLOT, Long Answer Type Question No. 10.

11. ) State and exblain Nyquist criteria for study of control system
b) The open loop transfer function of closed loop system is

G(s)H(s)= 120/[s(s +3)(s +5)]

Oraw the Nyquist plot and hence find out whether the system is stable or ot
C) What are the advantages of Nyquist plot?

See Topic: NYQUIST PLOT, Long Answer Type Question No. 11.

12. Write the short notes any three of the following:
a) PID Controller
b) Led-lag Compensator
c) Nichols Chart
d) Synchros
e) D.C. & A.C. tacho-generators
a) See Topic: CONTROL ACTION, Long Answer Type Question No. 3(a).
b) See Topic: COMPENSATORS, Long Answer Type Question No. 2(a).
¢) See Topic: NICHOLS CHART, Long Answer Type Question No. 1.
d) See Topic: COMPONENTS OF A CONTROL SYSTEM, Long Answer Type Question N

€) See Topic: COMPONENTS OF A CONTROL SYSTEM, Long Answer Type Question
(e).

0.5(a),
No. §(b) 4
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