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1-2 C (EN-Sem-5) Control System Concepts

PART-1

c Elements of Control Systems.

e Qgési:ions-Aqsw:er's

. Long Answer Type and Medium Answer Type Questions

Que 1.1. | What are the basic elements of control system ?

The various elements of closed loop system are shown in Fig. 1.1.1.

Controlled
Command | Reference + Control Controlled outpui:
inpub element > system i

Input element <
l Feedback

element
Fig. 1.1.1.

Command : The command is the externally produced input and
independent of the feedback control system.

Reference input element : This produces the standard signals
proportional to the command.

Error detector : The error detector receives the measured signal and
compares it with reference input. The difference of two signals produces
the error signal. .

Control element : This regulates the output according to the signal
obtained from error detector.

Controlled system : This represents what we are controlling by the
feedback loop.

Feedback element : This element feedback the output of the error
detector for comparison with the reference input.

Concept of Open Loop and Closed Loop Systems, Examples and
Application of Open Loop and Closed Loop Systems.
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Que 1.2. I Explain open loop and closed loop control system with
fhe hell; of suitable examples.

Answer“ X
A. B 6pen loop control system :

1. . The open loop control system is also known as control system without
feedback or non-feedback control system.

2. ' In open loop systems the control action is independent of the desired

output.
In this system the output is not compared with the reference input.

3.
4. The component of the open loop systems are controller and controlled
process.
Controlled
Input —{ Controller > ;:‘)cess — Output

5. Examples:

i  Immersionrod

ii. A field control DC motor
iii. Door lock system

iv. Traffic control system.

B. Closed loop control system :
Closed loop control system is also known as feedback control system.

L
2. In closed loop control system the control action is dependent on the
desired output.
Error signal
Reference Controlled

output

122,

3. Any system having one or more feedback paths forms a closed loop
§ystem. In closed loop systems the output is compared with the reference
input and error signal is produced.

1-4 C (EN-Sem-5) Control System Concepts

4. Theerror signal is fed to the controller to reduce the error and desired
output is obtained.

5. Examples:

i  Air conditioners

ii. Autopilot aeroplane
jii. Electriciron.

Compare the open loop control system and closed loop

1. Feedback is not present. So | Feedback is present. So changes
any change in output has no | in output effects input.
effect on the input.

2. It is not much accurate. It is very accurate.

3. It is very sensitive to errors | Less sensitive to errors and
and disturbances. disturbances.

4. It has small bandwidth. It has large bandwidth.

Simple in construction and is Complicated in design and costly.
cheap.

Que 14. /| Derive force-voltage analogy.

A. ' Translation mechanical systems :
1. Atranslational spring-mass-damper system is shown in Fig. 1.4.1.
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Control System :
f(t) Applied force

x Displacement

Mass Damper
ring-mass-damper s3

Spring .
Fig. 1.4.1‘.'Tira‘x_1’sliatio_x}al Sp
M = Mass of system
At) = Applied force )
D = Coefficient of damping
K = Spring deflection constant »
stem is obtained by applying

: 2. Here,

3. The equation of motion for the sy
D’ Alembert’s principle,
: 2
u&E o pE _Kef®) .(141)
dt? dt
4 Rearranging eq. (1.4.1), we get

n&E, D%+ Ke = fit) (142

. Force-voltage analogy :
1. The analogy of eq. (1.4.2) with the voltage equation of an electricfal
circuit can be established by considering electrical circuit shown in

Fig. 1.4.2.

‘Fig. 1.4.2. Electrical circuit for force-voltage analogy.

2. The voltage equations for the circuit is as follows :

di .
Lo +Ri+ S fidt = e) (14.3)
3. Asthe current is the rate of flow of electric charge,
. _dg
= —=
at ...(1.4.4)
4. Substituting eq. (1.4.4) in eq. (1.4.3),
d%q dg 1
Lo +Ro +Ga =e® (1.4.5)

5. Comparing eq. (1.4.5) and (1.4.2), we get

1-6 C (EN-Sem-5) Control System Concepts
Table 1.4.1. Force-Voltage Analogy

“Mechanical system . Electrical system

Force, f Voltage, e

Velocity, v Current, i

Displacement, x Charge, g

Mass, M Inductance, L

Damping coefficient, D Resistance, R

Compliance, 1/K (stiffness, K) Capacitance, C

Que 1.5. l Derive force-current analogy.

' Ar'x/swfar' I

A. Translational mechanical system : Refer Q. 1.4, Page 1-4C, Unit-1.

Equation of spring-mass-damper system
d’x . dx
M—+D—+Kx =ft) .
a T f®
B. Force-Current analogy :

1. The nodal equation as obtained for the circuit shown in Fig. 1.5.1 is
analogous to spring-mass-damper system described by the eq. (1.5.1).

£
el

Fig. 15,1 Eleetrical rouit for force-carrent analogy,

..(1.5.1)

iy, ipy

YYVVY

i(tt) L R§

2. According to nodal analysis
i +ig+ip=it) ..(1.5.2)
3. The common voltage across the three parallel elements of the circuit is
denoted as e. The following relations are obtained :

iy = [edt (153)
T (1.5.4)
lp= Ee 1O,

et (155)

dt
4. Substituting eq. (1.6.3), (1.5.4) and (1.5.5) in eq. (1.5.2),
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(1.5,
_cht+——e+C—‘ = i(t) (156)
ith inductan
P 5. Thevoltagee isrelated to flux linkages associated wi ce L ag
follows : " y -
s % ~(15.7) MZF; -— — K(y,-y,)
y d
M, [ B3zjGz-v)
db . 2 dt
I 6. Puttinge= _d% ineq. (1-5-§), we get 2
q_Bz Yo
I 1, 1db, 3% _; ~ ' —— o
] fd, + —Et_ﬂ—+ (o} = = i) _ iEig-162.]
2 1dé, &'y, d dy, _
%, i .(1.5.8) M, 522+ Kly, - 3]+ B, — [y, - 3,1+ B, 22 =0 .(L6.1)
c=% 2R ¢ i ! . dat dt dt
. Fr i :
7. Comparing eq. (1.5.1) and (1.5.8), we get 2: Frée bodydingram ot :
%1
Table 1.5.1. Force-Current Analogy K(y, - ) [
o | dZy, e—f{t)
-] M
Force, f Current, i “ ) M a2 1
[ d
Velocity, v Voltage, e B, & 51— ¥s) <—oI  —— Bldiyt'l
Displacement, x Flux linkage, ¢ T :
oo de s |
Mass, M Capacitance, C |
1 d d
Damping coefficient, D Conductance, G | fit)= M, dt:;,l +B;— dt - y]+ K[yl _'y2]+Bl dt ..(1.6.2)
Stiffness, K (compliance, /K) Inductance, L 5 3. Taking laplace transform of both sides of eq. (1.6.2) and eq. (1.6.1),
{ we get
B . F(s) =M132Y (s) + Bys[Y () - Y(6)] + KT¥{(s) ~ Y,(s)] + B,sYy(s)
Q Write down the differential equation governing the ..(1.6.3)
mechanical translation system and find the transfer function. [ M,s2Y,(s) + K1Y y(s) - Y ()] + By s[Y, (s) - Yl(s)] +B,sY,(s)=0
WY WX (M,5? + K + Bys + Bys)Y () = KY(s) + BysYy(s)
L ] | e KB
M | 25% M +K +Bs+Bs
2 By M; —>fit) I . .
+ ‘ 4. Putting the value of Y,(s) in eq. (1.6.3)
B, B F(s) = (M;s? + B;s + K+ Bs) Y,(s) = (Bys + ) Y (s)
! » (Bys + K) (Bys + K)Y,(s)

T7777777777777777777777777
: = 2 Y (s)-
777, F(s) = (M,s? + Bys + K + Bs) Yy(s) Mys*+K +Bys+ Bys

F(s) _WMs +Bas+K+Bls)(Ms +K+Bs+B;s)-(Bs+K)
Y,(s) (M,s* + K + B;s + B,s)

[ARTU 2020:21, Marks 10

E
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XI,(S_) B.s) M,s* +K + B,s+ B;s) - (B;s + K)

Fs) M +Bs+ K+

 [PART-4 |
. tiom of Transfer Function by Block Disgrai, Fere
Deteir'zz;ln:iques and Signal Flow Method using Mas_on’s Gain
Formula, Basic ( haracteristics of Negative

" Feedback ontrol Systems. . .

What is transfer function ? Write advantages and

A. Transfer funection : Transfer function is defined as the La.pla.ce
transform of output to the Laplace transform of input when all initial

conditions are set to zero.

B. Advantages:
Stability analysis of the system can easily be carried out.

The use of Laplace transform approach allows converting integral-
differential time domain equations to simple algebraic equations.

C. Disadvantages: .
“1. Ttisapplied only to linear and time invariant systems.

9. Initial conditions do affect the system performance but these are
neglected while determining transfer function and hence lose their
importance.

Define blocks, summing point and branch point. Explain

the block diagram reduction rules.
OR

Write down various rules involve in block diagram reduction
[ARTU 2021-22, Marks 10

method.

1710.C EN-Sem-5) Control System Concepts
Answer
A. Blocks:

1. Ablock diagram of a system is a pictorial representation of the functions
performed by each component and of the flow of signals.

2. A system is represented by using block diagrams. These are easy to
const_ruct even ff)r the complicated system. It is easy to visualize the
function of individual element in the block diagram of a system.

' ) Take-off point
R(s)

—— C(s)

. {Fig. 18 Schematic diagram of closed loop system.
B. Summing point : The output of control system is feedback to the
summing point where it is compared with the reference input.

Branch point : A branch point or a take off point is a point from which

the signal from a block goes concurrently to other blocks or running

points.
D. Block diagram reduction rules :

1. Series connection :

Re) o1 Y c® )
o e® > Gz(s)_@» LBE G,(&)Gy(s) —>

—>

2. Parallel connection :

R(s) G, = G2(é) C(s)

R(s) G,(s) C(s)
1-Gy(s)H,(s)

Re) | G |CO)
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5 Moving the summing point ahead of the block :
(a+b)G

e the block :

ing point bef

aG+b
=
7. Interchanging input :
a + + d -
+ + {
|

b c
8. Multiplication by (-1) to the input :

+
a c =

b
9. Moving a take-off point ahead a block :

RC:R
R
R

10. Moving a take-off point before a block:
R

¢

1-12 C (EN-Sem-5)
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Step 3 : Interchange summing points.

G,/G,
R—> Y GsG4
1+ GH, \ 1+ GH,
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. A 1- K
Step 5 : Interchange summing points. 14C (EN-Sem-5) Control
ontrol System C
R G, Gy(1 + G,Hy) i1 = G3G, N
1+GH, G1G3Gy | T+ GH, + G,H, o} ) Gy
Gy
R(s)
Y GG, 1 bt Gy C(s)
RO Gy Gy Gy + Gy + Gy Gg H, n 1+GH,
1+GjH;+GsHp+ G4Hs+ G, G H H,+ G, G, H, H, —>C H,
Que 1.10. l For the system shown in the Fig. 1.10.1 find the overall i Ager
. . . ——, Simplication
transfer function of system using block diagram reduction. R(s) G.G G G1+Gy
roer e Hirem o 6
B 1GoHy Gy| |1+GH, 2
—
C(s)
j‘ R(s) < GG, >(G2+ G3) < G, \ c®
‘; Y (\L+GGHy/\ G, J\1+GHJ[ |
Ll
. R(s) G;G4(G, + Gg) C(s)
G, C(s) ; Y | (1+G,G,Hy) (1+ G Hy i
1+ G,H, o
Fig.110.7.
Fig. 1.10.2.  G1Gy(Gy+ Gy
| R(s) 1+ G,G,H,)1 + GH)) Cs)
G > G,G4(Gy+ Gy g
=3 1+
G, {1+ G,G,H X1 + GH,)
| G C(s) ‘Fig. 1.10.8..
1+GH ; o
= Ces) _ GG,G, +G,)
R(s) 1+GG,H, +G, H,+GG,GHH,+G, G, @G, +Gy)
Fig. 1.10.8. i Que 1.11. I Determine the transfer function of the given system

using block diagram reduction.
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Fig.1.11.4.

1-16 C (EN-Sem-5)

Control System Concepts

Step 4 : Solving feedback loop L,, reduced block diagram is

> Y(s)

Step 5 : Solving feedback loop L,, the reduced block diagram is

R(s) ~E G(GyG3 + Gy T
&) 1+ (GG, + GH, + H,G,G, >

t

Step 6 : Solving feedback loop,

G,(GG; + Gy)
Y(s) _ 1+(G,G; + G)H, + H|G,G,
RGs) G,(G,G; +Gy) 1

T 1+(G,G, + GH, + HG,G,

Y(s) _ 6,G,G, +G,G,
R~ 1+ G,G,H, + G,H, + HiG,G, + GG,G; + G,G,

Que 1.12. l Find out C/R by using block diagram reduction method.

Fig. 1121,
[ARTU 2021:22, Marks 10
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Gy

1+ GgH;H,

1-18 C (EN-Sem-5)
Control System Conceptg

+ G, G,G,
1+ G3H Hy + G,G3H,

+ (G1Gy+ G)G4
1+ GgH,H, + G,G,H,

- HiHoHs Ilf

, (G,G,+ GG,
1+ GgH,H, + GoGsHy+ (GG + GGH;HoHy

o

C_ (G,G, +G,)Gs
R 1+ GyH,H, + GG H, + GG, + G,)GsHyHyHy

OR
gain formula. For the system shown in

State and explain Masson’s
all transfer function of system using

the Fig. 1.13.1 find the over
block diagram reduction.

—>
C(s)

[ABTU 2019-20, Marks 07 |

Av.mMz;ssyo'n’s gain formula :
1. The overall gain can be determined by Mason’s

below

gain formula given
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’ trol System .
Con P= Fowardpathgan of &y, pa:ith from a specifieg

where, input node to an output node.

and mutual interactions between non-touchip, g
loops. :

= 1— [Sum of all individual loop gain]
+ [Sum of loop gain products of all possible pair
of non-touching loops]
— [Sum of loop gain products of all possible
triplets of non-touching loops]

5 A= Path factor associated with the concerned path
and involves all closed loops in the graph which
are isolated from the forward path under

consideration.

The path factor A, for the k,, path is equal to the value of the graph
determinant of a signal flow graph which exists after erasing the ky,

path from the graph. )
B. Numerical : Refer Q. 1.10, Page 1-13C, Unit-1.

Que 114 Define various terminologies used in signal flow graph.

‘Answer :

1. Source node : The node having only outgoing branches is known as
source or input node. E.g., x, is source node.

2. Sinknode : The node having only incoming branches is known as sink
or output node. E g., x; is sink node.

3. Chainnode : A node having incoming and outgoing branches is known
as chain node. E.g., x;, x,, x5 and x,

Fig. 1141

4. Forward path : A pat] ; .
forward path. E.g., path from the input to output node is defined as

Xo =X, =2 —
0%y~ Xy =2y —2x, —x, First forward path.

A = Determinant which involves closed-loop gaj,

1-20 C (EN-Sem-5) Control System Concepts

Second forward path.
Third forward path.
X — %) —%p—X3— %5 Fourth forward path.

Feedback loop : A path which originates from a particular node and
terminating at the same node, travelling through at least one other
node, without tracing any node twice is called feedback loop. For example,

Xg—Xy~Xg— X4~ %5
Xg—%; —X3~ %5

Xy — Xz — %y~ Xy
Selfloop : A feedback loop consisting of only one node is called selfloop,
i.e., G5 at x, is self loop.

Path gain : The product of branch gains while going through a forward
path known as path gain. i.e. path gain for path xy—x; —xo —X3 =%, — %5
is, 1 x Gy X Gpy X Gy, x G5 This can be also called forward path gain.
Dummy node : If there exists incoming and outgoing branches both at
first and last node representing input and output variables, then as per
definition these cannot be called source and sink nodes. In suchacasea
separate input and output nodes can be created by adding branches with
gain 1. Such nodes are called dummy nodes.

1 % X2 1
Source :: ::; Sink
®)

Fig. 1.14.2.

8.

Eg.,
Xy X9
(@)

Non-touching loops : If there is no node common in between the two
or more loops, such loops are said to be non-touching loops.

Xy X2 X3 X4 X5 1 X

L L, : Ly
Fig. 1.14.3. Threg'nbn-touc}iin'g loops.

Loop gain : The product of all the gains of the branches forming a loop
is called loop gain. For a self loop, gain indicated along it is its gain.
Generally such loop gain are denoted by ‘L’eg. L, L, etc.

10.

G, Gy G x,
x; Xy X3
- Hl
Fig. 1.144.

Loop gain, L, =—G,H,.
Q}le 115| Find the overall gain of the system whose signal flow

graph is shown below.
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[AKTU 2021-22, Marks 10,

/Answer I

1. The gaih of the forward paths,
Py = GyG,Ge, Py = GGGy, Py = GGy Gy,

P, = GGGy, Py =—G,G H,GsGg, Pg= T G,G.H,G,G,
2. Individualloops, L, =-G,H,, L,=-GH,, L,=G,H,GgH,
3. Two non-touching loops, :
L,L,= GHGH,.
A=1+GH, +GH,-GH,GH, + GH GH,

A =1+GH, Ay=1+G,H),Aj=0,=0;=0g=1
_ PA + Py + PAg + A, + BAs + FAg
- A
- GGG U +Gs Hy)+G3 G5 G; 1+ G, H))+ GGGy

1+G,H, + GsH, — G,H,G3H, + G,G;H,H,
G3GyGs — G,GG4G, H,, - G,G,G,4G, H,
1+G,H, + GsH, — G{H,GgH, + G,G;H,H,

wlQ

Que 116. Define sensitivity.
Explain the eff OR
xplain the effect of sensitivity on feedback s i
ain C ystem, Determine
;;nsxthty of negative close loop system where G(s) =, 20/ s(s + 4),
(s) = 0.5 wrt forward path transfer function, feedback path transfer

fancfi
unction. [AKTU 2019-20, Marks 07|

Answer l

A.  Sensitivity : Sensitivity i :
: Yy is the change i i iation i
parameters of control system. B g Sk

1-22 C (EN-Sem-5)
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aT
eg. ST = Z’ghh:ge?nq' I e
' . angein G %xmo
Effect of sensitivity :
’ T
s7 - %ChangeinT _ 75 X100
c = ~ =
% Change in G ﬁxloo
G
G dT
%= Te
We know T= %=1+GGH
% G (1+GH)-GH
S=7"¢ ] 1+ GHY
(1veH
1 1
Se= A+C e~ 16l

So sensitivity of feedback system (with respect to G) is reduced by factor
of 1+ GH. ;

Numerical : X

Sensitivity with respect to forward path :

i : :
rI=— : (Let o = 1.5 rad/sec)
S 1+GH
ST = 1 __sls+4  _ s*+4s
N 20x05 ~ s21+45+10 s%+4s+10
s(s+4)
Put s = jo,
ST = (o)l +4jo _ —2.25+j6 _—2.25+j6
G = Gol+4(jo)+10 —2.25+10+j6 17.75+j6
_ (-2.25+,j6) x (- 7.75 + j6)
= TT(j6+17.75Xj6 - 7.75)
_ 17.43-j60 36 _—18.57 - j60
T T _-36-60.06 —96.06
2 2
r, _ 18572 +(60)° _ 0.65
ISe 1= 96.06
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3 Fedbetkiry -20x05
r_ —GH _ ss+4) ___ —10
S = T7GH 1,20%x05 s*+45+10
s(s+4) -
Puts J‘DT __’-ﬂ___= _10 —10
5§ = GoPsdjor10 GLOP+jAx15+10 ~225+ 6410

. _10 (j6-7.75)_ —J60+77.5
= 775+ /6 (j6-1.75) (j6)* —(7.75)°

2 2
_ e+ ais? _y g

96.06

Que 1.17.‘, What are the characteristics of negative feedback ?

5 'ﬁ; c aracteristics of negative feedback are as follows :
Accuracy in tracking steady state value.

Rejection of disturbance signals.
Low sensitivity to parameter variations.
Reduction in gain at the expense of better stability.

&2 o | PART-5 :
- Control Systems Components : Constructional and Working
: Concépt of AC and DC Servomotor.

5]

A d)nstruction :
Fig. 1.18.1 shows the schematic diagram of a 2¢ AC servomotor.

The stator has two distributed windings which are displaced from each

other by 90 electrical degrees.
3. One winding is called the reference or fixed phase and other winding is

called control phase.

1-24 C (EN-Sem-5) Control System Concepts

B. Working principle :

1. Reference p_has:e is. supplied from a constant voltage source V. £ 0°.
'I;l;l other w1f:1dmg L.e., control phase is supplied with a variable v'oltage

of the same frequency as the reference phase but its phase is di

by 90° (olectrically) P its phase is displaced

The control phase is usually supplied from a servo amplifier.

3. Thespeed and torque of the rotor are controlled by the phase difference
between the control voltage and the reference phase voltages.

4. The dire_ction of rotation of the rotor can be reversed by reversing the
phase difference from leading to lagging between the control phase
voltage and the reference phase voltage.

f———o

Control winding Ve Amiplifier From controller
——o0

Reference winding

€ -

)

Que 1.19.~, Write a short note on. armature-contrulled DC servo

motor.

1. Armature controlled DC servo motor is shown in Fig. 1.19.1.

e e
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ng effect of armature reactiop j

magnetizi AN
d that the demagn! d magnetic circuit is linear.

d voltage is constant an
R,= Armature resistance
L= Armature inductance
i, = Armature current
E = Induced emf in armature
V = Applied armature voltage
0 = Angular displacement of the motor shaft
T = Torque developed by motor
J = Equivalent moment of inertia of motor shaft
and load referred to the motor
B= Eqﬁ.ivalent viscous friction coefficient.

9. It is assume
neglected, fiel

3. Let

4. - Apply KVL in armature circuit

L.d

V= ,,dtl,, +Rji,+E (1191

-5. Inthe armature-controlled DC motor, the field current is held constant,
For a constant field current, the flux becomes constant, and the torque
becomes directly proportional to the armature current so that

T i,
T=Ki, ...(1.19.2)
6. When armature is rotating, an emf is induced .
K,do
=" ..(1.19.3)

7. The armature current produces the torque which is applied to the inertial
mass and friction hence the force balance equation is

Jd’0 Bdo

i dt’ +7 = T = KIa ...(1.19.4)

8. Taking the Laplace transform on both sides of eq. (1.19.4) and (1.19.1)
(L, + B, I(s) + E(s) = V(s) . [Initial condition is zero]

(Js2 + Bs) 6(s) = T(s) = KI (s) ...(1.19.5)

9. The transfer function of this system is obtained as

6(s) - K
V()  sILJs®+(BL,+JR)s+ R B+KK,]
10. Block diagram is shown in Fig. 1.19.2. ) '

...(1.19.6)

I(s) K
s(Js + B)

6(s)

sL, + R,
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Quei203

T

Write a short note on field controlled DC servomotor.

OR
Explain the _working of servomotor with suitable diagram and also
derive the field controlled DC motor transfer function.

[[AKTU 2018-19; Marks 07|

OR -
Derive block diagram of armature controlled and field controlled
DC motor with proper labeling of circuit diagram.

[AETU 2019:20, Marks 07

A Working of servomotor : Refer Q. 1.18, Page 1-23C, Unit-1.

B. Armature controlled and DC motor : Refer Q. 1.19, Page 1-24C,
Unit-1.

C. Field controlled DC servomotor (DC motor) :

1. A schematic diagram of a field controlled DC motor (DC servo motor)
shown in Fig. 1.20.1.

RB
‘VAV‘VAVAV

i, = Constant

Rf = Field winding resistance

2. Here,
L. = Field winding inductance
1; = Field winding current
R, = Armature resistance
i, = Armature current
0 = Angular displacement.

3. The torque T developed by the motor is proportional to product of the

air-gap flux ¢ and armature current i, sowe get
T=K,¢i,
where K| is constant. .

4. But the air gap flux ¢ and the field current i are proportional for the
usual operating range of the motor and i, is assumed to be constant, we
can rewrite the above equation as

, T=K,i
where K, is a constant.

5. The equations for this system are

...(1.20.1)

..(1.20.2)
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5 ﬁ +Ri; = o ...(1.20‘3) B. Characteristics of DC servomotor :
dt 1. The torque-speed characteristics of DC servomotor as shown in
Jd’0 Bdo . (1 Fig. 1.21.2. -
and —t—is T= KZ"/‘ '20-4)
dt ot 2. As from the (fhara(:teristics, it is seen that the slope is negative.
Thus, a negative slope provides viscous damping for the servo drive

6. Bytaking the Laplace transform on both sides ofeq. (1.20.3) and (1.20 4
where all initial conditions are zero, wé get p systom.

(Ls + Rf) ifs) = E(fs) . ---(1. 0.5)

(Js2 + Bs) 6(s) = Kgifs) : STCIE ~(1.20.6) . A

7. From the above equations, the transfer function of this system s 0btalne¢

as
O N S— .(1.20.7)
E(s)  sys+ R)Js+ B)

8. Block diagram is shown in Fig. 1.20.2.

21, | What are the characteristics of servomotors ? Compare | B. Comparison :
|
[ARTU 2020-21, Marks 10] |
j 1. It operates with low power. It operates with higher power.
|
A Characteristics of AC servomotor : 2. It gives noiseless operation. It gives noisy operation.
1. The torque-speed characteristics of AC servomotor (two phase) as shown 3. Efficiency is low. Efficiency is high.
inFig. 1.21.1. . _
9. The negative slope represents a high rotor resistance and provides the 4. |More stable. : Less stable.
motor with positive damping for better stability. 5. |Lessmaintenance required. | More maintenance required.

8. The curve is linear for almost various control voltages.
ok

| Explain principle of synchros.

Speed
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. er |

Answe s angular displacement into ap 5,
i transd : Ao
5 {zt)lli:gr:zirgn AC voltage into an angular displacement. ;

9. Asynchros system consists of .
i A control transmitter (CX) and

i Acontrol transformer (CD. . - |

. . tor and a rotor. The rotorig, |

transmitter consists of 2 sta roto iss

rzli‘he gﬁ:ﬁoih;ped magnetic structure. The supply is given to the roty, |

b;zeans of slip rings, which are actually mounted on the stator housin, |

4. The gecondaries are in the skewed slot all along t‘he Pe}’iphery ofthe

" gtator and are 120° apart because of their mechanical displacement,
5. Theinduced szndary voltage will depend upon the angle of the roto
A : the zero degree P

shaft. For reference ; ;
when the rotor is in alignment with the coil S,.

6. In this position, the voltage in coil S.f" " ularly
maximum voltage in coils S; and S, will result at 120° and 240° positions

respectively. The voltage inS, jon of 8 and so is the voltagein

is a functi
S, and S,. Thus,
Ey,,=Acos 0

E,,, = A cos (- 120°)
E,, = A cos (0-240%)

3.

Stator

AC supply
i,

//@Ll” 1

0

T PPl L ; ; 6]
{ ¥lg. 1.22.1, Schomatic dingram of synchro tranamittor.

7. Tho connecti
. 1ections of X . g d
fiones the synehro aro mude botwoon the torminals

iy = e L
= A con (0~ 120°) ~ A con 0

osition of the shaft is defineg {

is maximum, and similarly the

1-30C (EN-Sem-5) Control System Concepts
1 3 .
= A[—Ecos 9+l/2——-sm 0-cos 6}
= JEA[_.@_ 1 1
2 cos 9+' 2sm 0
8. Therefore, E,,.= \/gA[l/ég-cos 9—-;-sin 6]
= /3Acos (8+30°) .(1.22.1)
Similarly,  Egz= J3Acos (0+150°) (1.22.2)
...(1.22.3)

E,,; = J3Acos (6+270°)

Que 1.23. ] Explain the working principle of stepper motor with
neat diagram.

Answer
A. Stepper motor:
A stepper motor is a form of AC motor. The input given to this motor is
in the form of electric pulses.
For every input pulse, the motor shaft turns through a specified number
of degrees, called a step. '
3. Shaft of stepper motors moves through one angular
input pulse. The range of step size may vary from 0.72° to 90°.

step for each

B. Principle of operation : .
1. Stators of stepper motors have salient poles on which concentrated

windings are wound. These windings may be appropriately connected
sult in two, three or four phase windings, on the stator.
ng. The rotors are made
tic material.

80 as Lo re.

2. The rotors of stepper motors carries no windi
from e¢ither permanent-magnet or ferromagne

r motor is fed through an external drive circuit. The fun
of this drive circuit is to receive input voltage pulses and to deliver
appropriate currents to the stator windings of the stepper motor.

4. These currents set up air-gap field which moves through one angular
step for cach input pulse. The rotor follows the axis of air-gap magnetic
field on account of the development of reluctance torque and/or
permanent-magnet torque.

5. Stepper motors vary widely in their design
can be clagsified into three main types; va
permanent-magnet motors and hybrid motors.

3. Asteppe ction

s and configurations, these
riables-reluctance motors,



C. Operation of vari
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able reluctance stepper motor :

Rotor

ictance

Ttis a 49, 4/2-pole (4 poles
reluctance stepper motor. Four phases A, B, C, and D are connected to ‘
DC source and are energized in the sequence A, B, C,D,A. |
When winding A is excited, the rotor aligns with axis of 'phase A The |
rotor is stable in this position and cannot move until phase A is |

de-energized.
Next phase B s excited, A is disconnected. The rotor moves through 90° 1

in clockwise direction to align with the resultant air-gap field which now ‘

lies along the axis of phase B.
Further, phase C is excited and B is disconnected, the rotor moves

n the clockwise direction. Thus, as the phases are

further a step of 90° i
excited in the sequence A, B, C, D, A the rotor moves through a step of

90° at each transition in clockwise direction.

The rotor completes one revolution in four steps. The direction of
rotation can be reversed by reversing the sequence of switching the
windings, i.e., A, D, C, B, A.

The magnitude of step angle for any variables reluctance or permanent

magnet stepper motor is given by :
_ 360° -

MN,
B = Step angle

M = Number of stator phases or stacks

N, = Number of rotor teeth or rotor poles.

The step angle is also expressed as,

N,-N,

| NN, x 360°

N, = Number of stator teeth or stator poles.

By choosine di o .
e:citigosm.% different Fombmatxons of number of rotor teeth or statof
g colls, any desired step angle can be obtained |

in stator and 2 in rotor), single-stack, variahle |
{

where,

B=

where,
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gﬁ,‘,’—‘;lﬁ?‘?‘{ What is tachometer ? Also explain different types of

ta;:ilometer.

Tachofneter H

Tachometer is electromechanical device that convert mechanical energy
into electrical energy. :

The device works as a generator with the output voltage proportional to
the magnitude of the angular velocity.

Types of tachometer :

DC tachometer :

The most common type of DC tachometer contains an iron-core rotor.
The magnetic field is provided by a permanent magnet, and no external
supply voltageis necessary.

The windings on the rotor (armature) are connected to the commutator
segments and the output voltage is taken across a pair of brushes that
ride on the commutator segments.

The DC tachometers provide visual speed readout of a rotating shaft.
Such tachometers are directly connected to a voltmeter which is
calibrated in rpm.

AC tachometer :

Reference

winding Vr cos (l)ct

winding
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ndings placed 90° electricalapary | ang Refer Q. 1.11, Unit-1.

e windings are reference |

1. It consists of two stator field coils or wi
Q.5. State and explain Masson’s gain formula. For the system

or mounted at right angles to each other. Thes
winding and quadrature winding. . S and exp
& 3 . ) : tween th 1 shown in the Fig. 1.13.1 find the overall tr: y
2. A rotating element, i.e., a rotor, 18 placed in the' air gap be e : ' er sl g
m:gneticgstructure. Generally the rotor is 8 thin aluminium cup to system using.block diagram reduction.
minimize the losses and low inertia.
3. Asinusoidal voltage of rated value is applie
secondary winding is placed at a 90 degree ang
respect to the primary winding. .
gnitude of the sinusoidal output

4. When the rotor shaft is rotated, the ma 5
' | s Refer Q. 1.13, Unit-1.

voltage is proportional to the rotor spee
Q.6. Findthe overall gain of the system whose signal flow graph
is shown below.

d to the primary winding. A o
C(s)

le mechanically with

Q.1. Explain openloop and closed loop control system with the
help of suitable examples.

Awg; Refer Q. 1.2, Unit-1.

Q.2. Derive force-current analogy.

Ang; Refer Q. 1.5, Unit-1.

Q3. Determine the transfer function of the circuit given below :

Fig. 4.

A#s; Refer Q. 1.15, Unit-1.

Q.7. Explain construction and working of AC servomotor.
A#E; Refer Q. 1.18, Unit-1.

Q.8. Derive block diagram of armature controlled and field
controlled DC motor with proper labeling of circuit

Ans; ReferQ.19,Unit-1. controll
Q.4. Determine the transfer functi . . Ans Refer Q. 1.20, Unit-1.

block diagram reduction. ion of the given system using
' Q.9. What are the characteristics of servomotors ? Compare

the AC and DC servomotors.
ARE, Refer Q. 1.21, Unit-1.

©00O
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Time Response Analysis

PART-1

Standard Test Signals.

- Questions-Answers

o T e s Gt

Queal.

Explain various standard test signals, and also find

rélation between them.

'A’n}‘swer‘kﬁ l

A. Standard test signals :
1. Unit step signal :
i  Signals which start at time ¢ = 0 and have magnitude of unity are called
unit step signals. i
ii. They are represented by a unit step function u(#).
u(t) 4
i,
i >t
Fig. 2.1.1. Unit step.
iii. They are defined mathematically as :
® 1; t=>0
“=0; t<0
2.  Unit ramp signal : .
i Signals which start from zero and are linear in nature with a constant
slope m are called unit ramp signals.
ii. They are represented by a unit ramp function r(¢).
iii. They are defined mathematically as :

) = mt; t20
0; t<0

Fig. 212,
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4. Unit parab

=

4 smpulse signal
g Unit imP b act for ve

Ei

Control System
:'ysinall time but have large amplitude are 5
Slg?ﬁl;;:x}llse functions.

The s are represe,nted by S(t'{‘;al] -

’I‘he{ defined ‘mathematically a5

s 0; t=0

o {1 ; t=0

f&(t) dt =1
e X

|80

—>-t

_t-—

[Fig.213.
p(2), also called acceleration signal starts at ¢ =0, and is defined as :

£ g 0
= i t>
=17 '
0 ; for t<0

p(t) = gu(l)
p(t)

0 t

it parabolic signal,
Relation between standard test signals :
Relation between impulse and step signal :

5t = %u(t)
Relation between step and ramp signal :
u(t) = L3 r(t)
: dt
Relation between ramp and parabolic signal -

d (%)
"(l)=~(___
dt 2}'

|
{

olic signal :The continuous-time unit parabolic function

Time Response Analysis

s Lo .
unit step, unit impulse and unit iy
OR

Derive the time response of first order system.
fmuzozo:m,‘-mﬁg@]

1.‘ Consi _:r a first order system with unity feedback.

€)o7 1
= Re - (1 1) a+sD)
—
sT.
1
= —R - ..(221)
Z C(s) = ArsD) (s)
3. Response to unit step input :
r(t) = u(t)
R(s) = 2
s
Putting in eq. (2.2.1), we get
1
Co) = SaaeD)
=1 L
* (s+7)
Taking inverse Laplace transform, we have
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LG = ct) =L (1) _It ——1—1—
S.
(s & —T—)

|
c(t) = 1-e*T |

4. Response to unit impulse input : |
() = 8(¢) g

R(s)=1 |

Putting in eq. (2.2.1), ‘
1--1 |

}
|
|
|

1
Cls) = (sT+1)1_T( 1]
S+—2—_;

Taking inverse Laplace transform, we have
LCW = 1 x| !
= i
(s T] a
1, '
= —e T ‘
c(t) T e ‘ !

5. Response to unit ramp input :
ri®)=t

R(s)= =
Putting in eq. (2.2.1), weget
1
C(s) = R(s) ———= GT+D
C L P
T s s ( 1)
S+ =
T

Taking inverse Laplace transform, we have

1
S(sT+1)

1

LCE) = L-( ) 7 ( )+TL— 1
i (++7)

ct)=t-T+Te*T

Given : r(f) = "’S(t) =
To Fmd Ttansfer ﬁmctxon .

r(t) = 8(¢) -
Laplace transform of r(¢) gives,

2-6 C (EN-Sem-5) Time Response Analysis
R(s)=1
3. ct)=—tet+2e!
4. Laplace transform of c(t) gives
2
C(s) =
@ (s+1)2 G+D
-1+2(s+1) (@2s+1)
C - 3
(s) Gi1F GalP .(231)
5. For unity feedback control system
C(s) _ G(s)
R(s) ~ 1+G(s)
__GG)
C(s) = 176G R(s) ..(232)
6. Putting value of C(s) and R(s) in eq. (2.3.2)
Qﬂ 1+G6s) =G x1
(s+1
(2S+1)—G( (23+1)
(s+17 (s+17°
s2+1+25—2s—1
= G(s)l: Gi 1 ]
7. Open loop transfer function is
Gls) = 2s :— 1)
s

Que 2.4. I Derive the expression for the time response of asecond

order control system subjected to a unit step input.

OR
Derive the expressions for second order system for
underdamped case and when the input is unit step.

[AKTU 2018-19, Marks 07|
Answer l

A. Response of a second order system for unit step input :
1 Consider the second order system with unity feedback.

2. The closed loop transfer function is
Cls) _ o2 /s(s r 280,)
R(s) 1+o0’/s(s+2tw,)
& = Damping factor or Damping ratio
~

2

C(s) _ @
R(s) ~ (5°+280,5+02)

where,
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Then output, C (s) = R(s) o,
pob 2+ 2L 0,5 + 7 (247 |
2 :E
R(s) + Wq L é
' s(s + 2Ew,) > C(s)
{
- |
3 . {
8. For unit step input ‘
r=1 |
R (S) - _]; “
s |
2 |
Then C(s)= 1 @ (242) |
|

ssi+ 28m,s + co,z,

4. Ineq. (2.4.2) putting [s% + 28a,s + 021 = [s+ tw,)? + 02 1-£%)] and ‘

breaking it into partial fraction |
1 s+ 280 -‘
C(s)=—- I ..(243)
¥ s s+, + 0l 18] ¢ ?’)
Put 0y = @, 1- EZ
1 - s+ Qém
C(s)= —— " ..(244.
. 75 (s+£0,) +oF @44)
5. Rewrite eq. (2.4.4)
S+ 80, 5, O (245)

C)=1- O _ 80 @
s G+t trel oy (+Eo,)+ol

6. Takinginverse Laplace transform of eq. (2.4.5),

o,

g

€75t gin @ ¢

c(t) = 1-e7%n cos @ 4t —

Og= mn\ll_gz

Put
~Eo,t
e®) = 1- \/el_—gzl(\/l - &) coswyt+Esinw,t] ...(2.4.6)
7. Put sin o= ,1 _ 5‘2 ,

cosp=¢§
e—ém,,t

c®)=1- \/1_? (sin¢ cosw,t + cos ¢ sinw )

2-8C (EN-Sem-5) Time Response Analysis
P Rl '
et)=1- e sin(wg ¢ +¢) (247
where 0= 0,1-8
’ ( [1 —¢2)
and o= tan™! _—gJ
<
g, Eq.(24.7is rewritten as )
—Ewpt ([ _¢2
ot =1 -—e\/__—.;sin[(mn 1—€ )t + tan™ __Vlgi ]] (248)
1-¢§

9. The term o, is called natural frequency of oscillations. Term

0 = o, /1 —E2is called damped frequency of oscillations and the term

¢ is called damping ratio or damping factor.
B. Response of second order systems for different cases :

Underdamped case (0 < &< 1) : From eq. (2.4.8), time constant is
and the response having damped oscillations with overshoot and

/5w
undenrshoot is known as underdamped response.
A ’
FOIRR
~ .y “
T DO AR N in i

Fig. 2.4.2. Underdam
2. Undamped case (£=0):

g 243 Undaped seclions
Put £=0

Eq. (2.4.8) becomes,
() = 1 —sin (ot + 2)
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c(®)=1-cos ot
3 Critically damped case (E=1)
At E=1
@) = 1+ 1+,

c(t)

4. Overdamped ca;ey(é > 1):

co= (s+2§m +0 J__)(s+§m - \/__) }

Taking inverse Laplace both side,
—{g—Jzz—l lot
e

-(é—\:‘é—liun
AtE>1
2,/ (§+F1) C2fo1e-JE-D
e-{g—ng—lfm,,t
221 Je2-1)

:lN

c® =1

c(t)

i h - Derlve the expression for second order system response
when |
‘ subjected to unit impulse input for damping ratio (€ < 1)- ’

L “-F(A)r amit lmpulse o
cti = !
System is given by on, R(s) = 1 and the output of a second order |
. .
O @51 |
s+ 2§m.s + (D.z P b

2.10C (EN-Sem-5) Time Response Analysis
g, Ineg. (2.5.1) rewriting the term
(s2+ 280 s+ 0, 2 as [(s + Eo P + 0 A1 -]
Cs) = o’
s +&w,) + 21 -E%)]
2
Cls) = —2= A L A25.2)

o, 1-8 [s+E0,7+( Jl £2)%]
Taking inverse Laplace transform on both sides of eq. (2.5.2),

3.

e(®) = ‘/13? e sin (0,1~ )] (253)
4 Fori<l, :

o) = 1m"§z " sin [(o,[1- E°)¢] (25.4)

c(t) gE<1
0 >
t

5. The time response for £ < 1 is deI:aymg exponential oscillations and the

output at times goes negative also.

Que 2.6. I The open loop transfer function of a unity feedback
control system is given by G(s) = U/s(s + 3).Find the natural frequency
of response, damping ratio, damped frequency and time constant.

[ARTU 202021, Marks 10|

ToFlnd G) ,5, md, .
'I‘ransfer functxon of closed loop sy tem,

_Ce__ G
T6) = e ~1+ G HG)

9
ss+3)  _ 9 .(26.1)

= " 9 .1 s>+3s+9
s(s+3)




ZoN

Control System

2. Comparing eq. (2.6.1) by standard second order characteristic equation,

mz

T(s) = — 2
s*+28w,5+0,
(D;‘: =9
3. Natural frequency, », =3 rad/sec
28w, =3 ot
2xEx3=3 .

4.  Damping ratio, £=05
5. Damped frequency,

0= 0, h-¢ =3 1-(0.5? =2.59 rad/sec

r- L
g

6. Time constant,

n

ime ‘Re'spo'nse‘ Spectf cations of ;SecohdA
Shec S i Input.

2-11 C (EN-Sem.5)

Medi Answ '.!‘yée,,QniestionsJ

QucaT:;

system and indicate important specifications.
OR

Define the following term :

i. Risetime

ii. Peaktime

jii. Peak overshoot

Draw time domain response curve of a second order

iv. Settling time

[ARTU 2020-21, Marks 10 |

1. Delay time (¢,) : It is the time required for the response to reach 50 %

of the final value in first time.
1= 14078

o

2. : .. 5 . - n. .
: ﬁ)l;ft?;ae7(tr)'. It is the time required for the response to rise from
b of its final value for overdamped system and 0 to 100 % for

underdamped systems.

. 9-12C (EN-Sem-5)

Time Response Analysis

ay1-8
e,
o,41-¢2
Peak time (tp) : The peak time is the time required for the response to
reach the first peak of the time response or first peak overshoot.

1

b= —F—

P o, h- g2 ;

Maximum overshoot (Mp) : It is the normalized difference between
the peak of the time response and steady output. The maximum percent

overshoot is defined as

n—tan
t =

r

. clt,)- c(c0)
Maximum percent overshoot = — x
i
%M, = eﬁ %100
etting time is the time required for theresponse

100

Settling time (¢,) : Thes
to reach and stay within the specified range (2 %to 5 %) of its final value.
4
t =
s gmn
r c(t)
Opae === == o
I S~
I\TI : T~ - Steady state

. A Y

10—~

15F--
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n-0.92 =
t = ———=016 o :
= 71332 o ! g 0
8. Peaktime, PR T _0.23sec 1 .
: P” o, 16.66,1-06 :, ’é R} 1"0 o
! 0
; 14078 1+0.7x06 _ | -
9. Delay time, t,= __5—5_ R I 0.085 sec | s .
"’ ' { s-plane 1
| . 0 A
f E=1 ) t
s'plinei“nr yoh
{
' 0<t<1 : —QVQV‘V*
ey I
0
>
X 0 t
joA
s-plane X

Draw the root locus of characteristics equation for 5

second order system as damping ratio varies from—o to + o keeping

et

W, constant.

OR
Draw the roots of the characteristics equation for second order
system and corresponding time response.

The effect of roots of the characteristic equation on the damping ratio
of a second order system is shown in Fig. 2.10.1 and Fig. 2.10.2.
j =0 s-plane

jo 4

- Fig.2.10.2. Step
 characteristic-equation-t

function.
OR

Explain the effect of adding poles and zero to tran

o

yt)A
1
0 t

. response comparison for various
oot locations in the s-plane.

sfer

[AKTU 2019-20, Marks 3.5|
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What is the effect of adding pole to a system ? Discuss.

tion :
1. Addingapoleats=-1/Tto the forward-path transfer function of leag
to

A ~. Effect of adding poles to transfer func

2

,
= - n
ee (s +2C,) 1+ T5) )
he bandwidth properties by

2. We can obtain a qualitative indication en t 1
shows the plots of |M(jo)| versus o for

referring to Fig. 2.11.1, which h
alues of T. Since the system 1s now of the .

o,=1,0= 0.707, and various v :
third order, it can be unstable for 2 certain set of system parameters.

| MGo)|
A

1.0

—» o(rad/sec)

1

orward-path transfer function is to
make the closed-loop system less stable, while decreasing the bandwidth.

4. The unit-step responses of Fig. 2.11.2 show that for larger values of T,

T =1 and T = 5, the following relations are observed :

The rise time increases with the decrease of the bandwidth,

The larger values of M, also correspond to a larger maximum overshoot

3. The effect of adding a pol;

-

i
in the unit-step responses.
y(t)
A T=5
T=1
T=0.5
1

G(s) = ——————

s(s + 1.414)(1 + Ts)
» Time (sec)

2-18C (EN-Sem-5) Time Response Analysis

Effect of adding a zero to transfer function :

B.
1. Consider unity feedback system having forward path transfer function
as, ~
2
G(s)= — %
s(s+2kw,) .(2.11.1)
9. Let us add a zero at s = — /T to the transf .
eq. (2.11.1) becomes sfer function so that
G(S) = (1),2,(1+TS)
s(s+280,)
3. The closed-loop transfer function for unity feedback system is
. C(s) _ 02(1+Ts)

Rs)  s2+(2o, +Tol)s+o,?

B.W.= (—b+%,/b2+4m:)
b =482 02 + 45 03 + T- 207 - 0},
£=0.707and o0,=1
B.W

where
for

1
0
Fig. 2.11.3. -
4. The general effect of adding a zero to the forward path transfer function
is to increase the bandwidth of the closed-loop system.
IM(o)|

A T=0 Foro,=1
T=02 £=02
T=05
T=1
T=2 =
1 v v T=5
0.707 N -
— —> T
P E———
wbl
< o, >
Fig 2114,

5. So bandwidth increases as T-increases
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T=0.2

o) T=5

»

tr3 =i trZ < trl

So as T increases rise time decreases..

lll.5)

Discuss steady state error.

Que 212

Answer

1 The difference between the steady-state response and desired reference
give steady state error.

9. Iftheactual output of control system during steady state error deviates

from the reference input, then system possess steady state error.
Steady error helps in determining the accuracy,

error should be minimum.

4, The steady state performance of a control s

magnitude of the steady state error possesse
system input can be step or ramp or parabolic.

ystem is assessed by the
d by the system and the

C(s)

Fig. 2.12.1. Canonical diagram..

so the steady state

e SRS |

2-20C (EN-Sem-5) )
Time Response Analysis

5. ‘The magnit}lde of steady state error i

depends on its open loop control ﬁ,z:tliz: ic.lef"sgi SI;ZF )cox;trol system

6. E(s) = R(s) - B(s) s) of the system,
B(s) = C(s)H(s)

But
E(s) = R(s) - C(s)H(s)
Also C(s) = G(s)E(s)
7. E(s) = R(s) - G(s)E(s)H(s)
) E(s)[1 + G(s) H(s)] = R(s)
R(s)
E(s)= ——————
(e) 1+G(s)H(s) .(2.12.1)
If positive feedback is used, the expression will be
__Ro -
E6®) = 12GHE 2122)
8. Combining €q. (2.12.1), and (2.12.2)
' ___R©)
E(s) = 1+ G(s)H(S) .(2.12.3)
For a unity feedback system H(s) =1
R(s)
E(s)= —~= (2124
S ©= 1166 : 2124
10. Intime domain e(t) = L1 [E(s)]. Ttis the expression of error valid for all
time. Steady state error is defined as:
e, = ]ELIE e(t)
11. Using final value theorem
. < . sR(s)
e, = 1‘1_13 e(t)=1.1_r’g sE(s) = y‘?gm
Que 2.18. ] Derive an expression for K, K, and E_ for type-0, type-1
and type-2 system. »
by and explain K K, and
Derive the expression for steady state error o Ko
ARTU 2020-21, Marks 10
K,
Answer oC
e : _9.19, Page 2190,
A. Expression for steady state error ¢ Refer Q

Unit-2.
Expression for

. KK, andK;:
i. Unit step input:

1, t>0

Here
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R(s) = 1
L3

R(s)

—_— (2137
1+ G(s)H(s)

EG) =

1
Eig)= s+sG(s)H(s)

1
- lip sB6) = IS B 0HE
1 1
~ T+ImG@HE) T1+K,
K, = 1‘1_1301 G(_s_)H (s) -
K, = Positiog_’ error constant.

where,

Forstepinput, e =
Case 1 : For type 0’

K, = Constant
: e, = Constant
Case 2 : For type ‘I’

K;l=oo

1
" S 4 S'G(o)H(s)

€ = Ims(s) = lims—— L -
s 20 -0 ssz 3 SZG(S)H(S)
- 1
imsG(s)H(s)
€y = _];
K'

{
{
|

—

Time Response Analysis

K, = lim sG(s)H(s)
K, = Velocity error constant.

Casel:Fortype‘O’ .
K, = lim sG(s)H(s)= 0

_farae ;5 >0
Here r(t) = { 0 520
1
R(s)= =
1
Ee = s +5°G(s)H(s)
. . 1
e = B sEC) =10 G HG)
_ 1 L
‘s~ imsG@H) K,
240
= lim s*G(s)H(s)
840

Ka
K, = Acceleration error constant.
Case 1 : For type ‘0’

e
1

e“=

Case 2: For type ‘1’

a

e.:

CnscazFortypc“z'
K_ = Constant
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For the unity feedback control system the open jo, J
5

transfer function, G(s) = 10 (s + 2)/s%(s + 4). Find the ,, when the;
is r(f) = 3-2¢ + 3¢2. And find K,, K, and K. 5 en theinpy, |

i

(s)

K = ‘Ii_g,lG(s)H

P
G g 500 (s + 2) (s +5) S50
20(s +8) (s +10) (s +12), e
1 ' . ' . 10(s +2) | N ; = 'h']'% FARan
: Kp=£1_1£G(s)H(S) =-151_1)101;2—(s—+5=°° ‘ _ =l (sxg?(()(s+2)(s+5)=
s-0(s + 8) (s + 10) (s + 12)
. . s10(s+2
2. K= iy s HO = IS e | K, - lip 2006 DE 0
: - : 3. e 50(s +8) (s +10) (s +12)
- K, = lims G(s) Hs) ‘ 4 Steady state error for step input,
o o 10(s+2) _ [ -t .-
lim s’ g = s~ 14K, 1+520 0.16
4. Now r(f) = 83— 2t + 3t2 5. Steady state error for rempPIpots
3 2 3 : = > =l =
R(s) = ;—s—z'f's—a a KP 0 )
R,=3 (Constant) 6. Steady state error for parabolic input,
R,=-2 (Co-efficiency of ¢) e .= —= .o
Ry = 3 (Co-efficiency of %/2) T
5. . = +R]K . % . —Il{is- : Que216 Find the generalized error coefficients for a system
i . . : whose G(s) H(s) = 1/s(s + 2) and also find the expression for steady
243426, [AKTUZ018:19, Marks 07

3 (-2 3
oot et T 0.6 state error for input r ()

2+3t+2t3;r’(t)=3+652?

r(t) =
rm(t) = 0

Find out various error coefficients: K , K, K, and steady

:;*;tvi:r;:;;gl; standard step, ramp, and parabolic inputs for syste® O ot o 2123
R(s) + E(SL 500(s + 2)(s + 5) The coefficients Cy, Cy, Cs and Cyneed to be deten::lf(zl-s iy
- (s + 8)(s + 10)(s + 12) ’ - C(s) 2. g%: 1+lG(s)=_——1+___1,_.=m=m
S ——— s(s+2)
LRI 2 Es) = (s:: f)f Ris) ~F6)= fsiff,%
428 _ 0

[AKTU 2021-22, Marks 10
4 C,= !iggﬁ;(s)ﬂifgm
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dF.(s) ;. d[s"+2s
6, im B i L[

(s +1)*(2s+2)- (s* +2s)(2) (s + 1))
= (s+1* Yo

:—00
= lim——= =2
P-I'%(s+1)3

0N i{ﬂi@}
C,=lim—5—=20ds | as

. d 2

= 11-1'% Es—{(s +1)° }

(s +1P0)-2B8) (s + 1)2(1)
s-.o ( +1)5
. 6
e s+

tim TEO ;o d [ EE)
s—>0 ds® Toods| ds?

.. d 6

5'1‘3'&5{_(“1)*}

- lim— s+1D*(0)-6x4s+1D* (D)
530 (s+1)8

o4
50 (S+1)5_

T(s) = k (s +2)/s2+ 43 + 8, Where k, z is adjustable.

1, If r(#) = tfinds % and z so that steady error is zero.
ii. For the value of &, z obtam in part (i) find e(w) for input

r@®) =2

[AKTU 2019-20, Marks i

)

2-26C (EN-Sem-5) Time Response Analysis
put E(s) = R(s) - C(s)
then 0= !i_l,i% s [R(s) - C(s)]
or R(s) = C(s)
Rie) = 823
s°+4s+8

s2+4s+8=k(s +2)

Compare the coefficients of s in the both 51des

3 s? coefficient 4=Fk
59 coefficient 8 kz
or, =
;L ‘Given, r@® =t%2
: z: Takmg Laplace transform, R(s) = — Us®
3. We know e, = }i_l)l% sE(s)

" Bs) = R(s) — Cs) = Re) — —FEF2)_ pygy
(s> +4s+8

4. Putting the value of & and z then we get,
As+2)
E@s) =R(s) - ——————
° P s 8)R(S)

(s> +4s5+8-45-8) REs)

E(s) =
s?+4s+8
. s? 1l 1
e = [lims———x-—=| == =0125
“ 3*Ossz+4s+8x s} 8

8. | Explain steady state error due to step input for type 0,

1 and 2 ‘sy‘stems. Find steady stage error for
G(s) =10 (1 + 4s)/s2 (1 +s), H(s) =1, mput r@) =1+t+2.

A Steady state error : Refer Q. 2.13, Page 2-20C, Unit-2.

B. Numerical: Gis) = 20049
s2(1+9)
His)=1
L K, = lim G HE)= 1"7‘114—5) 1
0 s“+59)
4
> K = lim G(s) H(s)= lim sl‘g‘lj—i’ e
v 350 520 S (1+s)
3.
K = Tim 5* Gloy Ho)=lim 2282 — 10
s =0 (1+9)
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2
rt)=1+t+ o
4. Steady state error is given by,
e = lims Pl O PPN
= 50 1+G(s) H(s)
- R B B _ L. 1,12,

| Write a short note on _proportional control. Also write

A. Proportional control :
In proportional control the actuating signal for the control actionina

1.
control system is proportional to the error signal.
9. The error signal being the difference between the reference input signal
and the feedback signal obtained from the output.
3. For the system considered as shown in Fig. 2.19.1, the actuating signal
alle

is proportional to the error signal; therefore, the system is ¢
proportional control system.

4. Consider a §econd order system where controller input is error i
and proportional constant is K = 1 as shown in Fig. 2.19.1.

tself

Error signal Actuating

R(s) > E(s) 5 signal 02 CGs)
Input s(s + 20o,) » Qutput.
H(s)

2-28C

N

(EN-Sem‘5) Time Response Analysis

2
ss+280,)
R(s)~ s*+2t0,5+0°
For this system damping ratio is  and natural frequency o,.

And for steady state error A
K, = llﬂ G(s)H(s) =

G(s)H(s) =

and K, = lim s G(s)H(s) = %.)E

Advantages :
Steady state error is reduced hence the system becomes more stable.
Easy to implement.

Relative stability is improved.

Disadvantages :
Due to the presence of these controllers, we get some offsets in the
system.

Proportion:
system.

al controllers also increase the maximum overshoot of tﬁe

Que 2.20. l Explain derivative and integral control.

Answer l

A
1

3.

Derivative control action :

In a controller with derivative control a
depends on the rate of change of actua
A closed loop control system with derivative controller is sh

Fig. 2.20.1.

Y
RO, 6 E(s) K, de®) [YO oo

ction the output of the controller

ting error signal e(®).
own in

—>C(s)

dt

Derivative
controller

I
nput System

C(s)

Fig 2201
Mathematically, the outputofa derivative controlleris givenas:

de(t) ...(2.20.1)
: dt
Here ‘K is known as derivative gain.

yt) = K,
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4. Bytaking Laplace transform on both sides of eq. (2.20.1) while assumg,
zero initial conditions, we get g
Y(s) = K, sE(s)
g the value of E(s) = R(s) — C(s) in eq. (2.20.2), we get
¥(s) = K, [R(s) - C(s)] (2209
C(s) = Y(s) G(s)

5. Puttin

Also .
C(s) = G(s) . K;s [R(s) - C(s)]
o C(s) _ sG(s)K,
pirous R(s) ~ 1+sK,G(s)

B. Integral control action :
1. TIn a controller with integral control action, the output of controller js
changed at a rate whichis proportional to the actuating error signal e(z),

2. Mathematically,

dy(t)
el Ke() .(2.20.3)
g t )
or y@® = K,[e(t)dt (2.204)
0
3. Taking Laplace transform on both sides of eq. (2.20.4), we get
() = K.E(s)
S
Y(s) K,
or E(s) = _S_ ...(2.20.5)
"""" Controller
E(s)

Unity feedback

Flg 2.20.2.‘ Integral control action.

4. B}ock diagram representation of integral control action is shown in
Fig. 2.20.2. Integral control action is also known as “Reset control”.

1. A controlle'r in the forward path, which changes the controller output
corresponding to proportional plus derivative of error signal is callé
controller. .

Qiu:a 2.21 Discuss about proportional derivative (PD) controller:

.Sem-5) )
2-30 c EN - Time Response Analysis
9 Output of controller = K e(t)+ T, %
' t
Taki Laplace transform
'aking = K E(s) + sT, E(s) = E|
3 Assume, K =1, we can write, d (s) [K +sT' ]
Gis) = A+sTD;
s(s + 2t w,)
C6) (1+ sT,) o
R(S) sz +s [2‘: @, + (D: Td] + (l)2
2
mn
s (s + 2tw,) » C(s)

4 Comparing denominator wifhéi?éﬁdard form,
’ % o, = 20, +0) T,

o, T

é’ = 4B d

5 2

5. Because of this controller, damping ratio increased by factor &;‘i X

K = }1_% G(s)H(s)=»

P
K = lim s G&)H()= 5=
0= ] S S, S)= 25
without PD controller,
= 2
- @, [K=1]
Gls) His) s(s +2e0,)

. Y
K = l}_g.;lsG(s)H(s)— 2%

.
error also will remain same.

As there is no change in coefficients,
%92-22; I Explain P, PI, PID controllers and also give their

. [AKTU 2018-19, Marks 07

e 2-27C, Unit-2.

advantages.

Answer
A Proportional control : Refer Q. 2.19, Pag
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B. Proportional integral controller (PI) :
1. Acontroller in the forward path, which changes the controller Outpy

corresponding to the proportional plus integral of the error sigy, alj,
called PI controller.
Output of controller = K e(t) + K; fe(t) dt

: K,
Taking Laplace =K E(s) + % E(s)=E(s) I:K + ?]

2
n > C
s (s + 28mp) s)

o,

Fig. 2.22.1.
3. " Assume, K = 1, we can write,

‘ ,:1 + ﬁ] ©? 2
Gls) = sl (K, +5s) o}
s(s+280,) si(s+28w,)
i.e., system becomes TYPE 2 in nature.
C(s) (K, +s) o}
Rs)” $+2%0, s’ +50° +K, o}
i.e, it becomesthird order.

4. Now as order increases by one, system relatively becomes less stable as
K, must be designed in such a way that system will remain in stable
condition. Second order system is always stable.

while Kp = lin‘} G(s)H(s)=c0,e, =0

K, = lim s G(s)H(s) = », e, =0

5. .Hence.as type is increased by one, error becomes zero for ramp type of
input i.e., steady state of system gets improved and system becomes
more accurate in nature. i

6. Advantages:

i Good transient response.

ii. Helps in stabilizing the controller gain.
iii. Eliminates the offset error.

iv. Providesbetter stability.

- C. PID controller (Proportj i ivati
pl i portional, integral and derivative

1 It is a close loop system-which has feedback control system and it
compa.u‘es the process variable (feedback variable) with set point and

A

2-32 C (EN-Sem-5) Time Response Analysis

iv.

generates an error signal and according to that it adjusts the output of
gystem.

1t is the combination of proportional, integral and derivative cotitzoller
APD (ProPOl'ﬁOﬂa.l derivative) type of controller improves t i
part without affecting the steady state part, P S

While PI (Proportional integral) type of controller im ro t
part without affecting the transient part. proves steady state

"In PID, both P and PD effects are incorporated. Hence both transient
as well as steady state part of the response can be improved.

This can be realized as shown in the Fig. 2.22.2,

Plant and o
controller > Cls)

Fig. 2.22.2.

The output of PID controller is time domain is,

{4
Controller output = Ke(z) + K, J‘ o) dt+T, d;(t )

Taking the Laplace transform, controller output in s-domain is,
Controller output = E(s) I:K + & +s 7}]
s

Advantages :

Improving the stability of the system.

Reduces the steady-state error.

Feasible and easy to implement

Makes the system faster by reducing the time constant

Que 2.23. , Compare Proportional (P) control action with Integral

() control action and prove that by using proportional integral (PI)
controller steady state error become zero in a system.

[AKTU 2021-22, Marks 10
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A 23 4

Answer |

VERY IMPORTANT QUESTIONS

A. Comparison :
: ; : , ; : stions are very important. Th 7
S.No. : Integral ﬁ Following aues-ions, - ese questions
° Pr?;;):t-tl:\lnal ‘ e tg:;) el " may be asked in your SESSIONALS as well as
; : e UZVIVERSHY EXAMINATION.

In a controller with integral
control action, the output of
controller is changed at a rate
which is proportional to the
actuating error signal e(t).

1 In proportional control the
actuating signal for the
control action in a control
system is proportional to the
error signal.

9. | Mathematically, it is written Mathematically, it is written as

as y(t) = K, e(®).

) = K,[edt
0

B

B. Proof: Refer Q. 2.22, Page 2-304, Unit-2.

Que 2.24. ] What is Ziegler-Nichols rules for tuning PID controllers ?
How to design a controller using Ziegler Nichols ?

Answer |

A Ziegler-Nichols rules for tuning PID controllers :
Ziegler-Nichols is a widely used tuning method for PID (Proportional-

1.
Integral-Derivative) controllers.

9. Ttprovides aset of rules to calculate the controller parameters based on
the system’s response to a step change, specifically its reaction curve or
oscillatory behavior.

3. These rules aim to provide a good balance between stability and fast

response.
B. Designing controller using Ziegler Nichols : The Ziegler-Nichols

method can be applied in two forms :
1. Ziegler-Nichols open-loop tuning (Step response method /
Reaction curve method) :
Apply astep input to the system and measure the delay time L and the
time constant T from the response curve.
ii.  Use these parameters in Ziegler-Nichols form:

g ulast 1D

gains based on the controller type (P, PI, or PID). 0 compute the
'2_ Z1egler-N1chol§ closed-loop tuning (Ultimate gain method) :
i Set up a proportional-only'controller and gradually increase the gain K,

;ntll t;le system oscillates with a constant amplitude ’
ii. ecord t i i i ’

he ultimate gain K, and ultimate period P,

iii. Apply the Ziegler-Ni i
based on K, aid P ichols tuning rules to calculate the PID parameters
u'

"

. 1. Explain various standard test signals, and also find
relation between them.

g Refer Q 2.1, Unit-2.

Q.2
Anis.

Derive the time response of first order system.
Refer Q. 2.2, Unit-2.

Q.3. Derive the expressions for sccond order system for
underdamped case and when the input is unit step.

Anis; Refer Q. 2.4, Unit-2.

Q.4. The openloop transfer function of a unity feedback control
system is given by G(s) = 9/s(s + 3). Find the natural frequency
of response, damping ratio, damped frequepcy and time

constant.
Asis; Refer Q. 2.6, Unit-2.

Q.5. Define the following term :
i. Risetime
ii. Peaktime
iii. Peak overshoot
iv. Settling time
Ans. Refer Q. 2.7, Unit-2.
is characterized by an open loop
transfer function is G(S) = Kls(s + 20). Determine the gain
K, so that the system will have a damping ratio of 0.6. For
this value of K, determine unit step response, time domain
specifications: settling time (2 % criterion), peak overshoot,
rise time, peak time, delay time for a unit-step input.

Ans; Refer Q. 2.9, Unit-2.

Q. 6. The unity feedback system

Q.7. Derive the expression for steady state error and explain K,

K, andK,.
Ang. Refer Q. 2.13, Unit-2.

©00O
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gt | PART-1E

2 Concep_t,(f Sf‘}b?lity and its Necessary Conditions.

Stability and Algebraic Criteria

m’;] Define stability. Also write the necessary conditions for

stability ?

Answer

A Stability:

1. Asystem is stable if its response (i.e., the transfer function) approaches

zero as time approaches infinity.

9. Inother words, a system is stable if every bounded input produces a
bounded output.

. Types of stability :
Absolute stability : If a system output is stable for all variations of its
parameters, then the system is called absolutely stable system. It gives

the information about whether system is stable or unstable.

Relative stability : The system is said to be relatively more stable or

unstable on the basis of settling time. System is said to be relatively
stem is less than that of the other

more stable if settling time for the sy:

system. Relative stability gives degree of stability or how close it to instability.
Necessary conditions for stability :
All the coefficients of characteristics equation must have same sign.

There should be no missing term.

All poles of transfer function should be in left half of s-plane.
fer function is greater or

The degree of denominator polynomial of trans
equal to that of numerator polynomial.

»Q“Q 3.2, I Explain stability on basis of location of poles and zeros.

L The linear system is stable if the rightmos

hand half plane (LHHP) on the s-plane.
2 The linear system is marginally stable if the rightmost Po_le(s)
is/are simple order (first-order) on the jo axis, including the origin on
the s-plane.

t pole(s) is/are on the left-
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Control ST pole(s) i
N unstable if the rightmost pole(s) is/are oy the |

3-3C (EN_sem.s)

of the s-plane or if the rightmost Pole(
e s-plane. 3

The linear YU 1 o)
right-band half plane i jo axis on b

i der on
is/are multiple-or ax
] ros do not affect system Stability.

% Em] a_in

4. Ze

e location on stability :

" Effect of pol
a. Poleson negative real axis :
1 Consider asimple poleats=—¢ in Fig. 3.3.1, the corresponding impulge
response is given by
K
—o(f)=L-1 _1-1
c®) =g(t) = L~1G(s) L | [s = a:,

=Xe = -(331)

2 Asthetime t increases, the response approaches zero and the system

is stable. The response is shown in Fig. 3.3.1(b).

1 c(t)
—a -
0
0 t

(e) Simple pole on negativ real axis (b) Response

331,

b. Pole on positive real axis
1. Considera system having simple pole on positive real axis at s =a, the
corresponding impulse response is given by
c@)=gt)=L"? [ = ] = Ke® ...(3.3.2)
s+a

2. The response iqcreases exponentially with time, hence the system is
unstable. The simple pole and response are shown in Fig. 3.3.2.

. jo c(t)
a
0 Lo}
0 t

() Simple pole on positive real axis (b) Response

the effect of pole Jocation on stability of a SySter |

Pole at the origin : Consider a pole at origin,
gt)=L-1 [E - _
pr S (3.3.3)

This is constant value;.hfmce the system is margj
are two poles at the origin, the time Tésporise Wg;::ﬁli:table. Ifthere

K
g0 =L [_] &
o I (334
jo Ar c(t)
K—m—or
c
0
0 >
(a) Single pole at origin (5) Response due to single pole

Complex pole in the left half of s-plane :

d
1. Let the transfer function has a complex conjugate poles at s =—a + jo.
The impulse response due to the complex conjugate poles is given by
c(t):g(t):L_l[ K —+ K _J
s+a-jo s+a+jo
=L-1 __ZK(STW? =2Ke~“%cos ot ..(3.3.5)
(s+a)+o
2. When ¢ increases g(t) approaches zero and the system is stable. The
complex poles and corresponding time response is shown in Fig. 3.3.4(a)
and Fig. 3.3.4(b) respectively.
c(t)
(—a+jo) d----- Jo e
- AW
0 "7 0
D LT
(-a—jm) :
@ rigeaa] &
e Complex poles in the right half of s-plane:
L. Suppose the system has complex conjugate polesat s =0 jo. The time
response is given by
1 + A ]
c(t)=gt)=L s a—jo s-0+jo
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ystem
2A4(s=a) | _ o4 o
=L [(s —a)+ sz =24e% cos at ~(3.35)

. tially sinusoid with t;
he response increases exponen : i
Heﬂc‘fz‘é:e ihe response is unstable. The pole§ and time resporlSenis
thh:xr:n in Fig. 3.3.5.a) and Fig. 3.3.5(b) respectively.
s A
c(t)

ofV-M.\J t

jo
o +jo

®)

(a)
£ Poles on jo-axis :
1

If the system having the complex poles on jo-axis the corresponding
time response would be

g(t)=L_ll: A. - A_:l
s+jo  s—jo
24A
- -1 [32 +:2J =24 cos ot -(3.3.7)

The response is marginally stable. Equation (3.3.7) shows the sustained
oscillations of constant amplitude. This situation will also be considered
unstable.

jo

(@) Poles on imaginary axis

2

Fig. 6

ART-Z|

rig and its Limitations. '

36C (EN-Sem-5)

4. | What is Routh-Hurwit; - _
Qf’;i ' 112 stability criterion 7 Explain
efly.
bn . . . OR
What are the limitations and applications of Routh

criterion 7 -Hurwitz

The Routh-Hurwitz stability criterion is 4 mathematj :
necessary and sufficient condition for the stabj cal test that is a

lity of system.
B. Routh’s criterion : ystem.

The necessary and sufficient condition for the system to be :
s st
that all the terms in the first column of Routh’s array (i.e.,a,,a a:]e s
? 0 Y1

d, ........a,) must have same sign. 1 e
4
2. There should not be any sign change in the first column of Routh's
array. b

3. If there is any sign change then
System is unstable.

Number of sign changes is eq;.xal to the number of poles lying in the
right half of the s-plane.

C. Method of forming a Routh array :

B

s" ) g ay Qs ...
-1 % : :
st a, az as a;
-2 - E
s" b, by by
-3
s" [ [ 3
0
s a,
1. Coefficients for first two rows are written directly from characteristics
equation,
b. = a,8,~ 0
1= Fm T
a
b = a,a,-00
2 a

b= 2% %G

a,
2. From 2n and 3 row, 4th row can be obtained as
ci= ba,-a b,
! b
e = b a;-a by
2" bx




o

ntinued till the coefficient for s, is obtaineqwp: .
be co! f a systein can be pred-iCatEd_Whlch

y < to

3. Thisprocess is to be

will be a,,. From this

D. Special cases : )

the 15 term in 8 TOW 1S zero,

* :z:::ituti a small positive number ¢ for ze

rest of the elements. When

there is an imaginary root.

array stability o

but all other terms are non-zery they
ro & proceed to evaluate th:

write auxiliary equation from Preceding

row, differentiate o g y

obtained by differentiating the auxiliary equation. This case occurs whep

the roots are in pairs. The system is said to be limitedly stable.

E Application : Routh’s criterion can be applied to determine range of
certain parameters of a system to ensure stability. It is usually to find

the range of the open loop gain K for closed loop stability.

F. Limitations :

1. Ttisvalid onlyifthe characteristics equation is algebraic.

If any coefficient of the characteristics equation is complex or contain
power of e then this criterion cannot be applied.

3. It gives information about how many roots are lying in the RHS of the
s-plane but values of the roots are not available. Also it cannot distinguish
between real and complex roots. :

'Qll 3.5. | Explain stability on basis of location of poles and zeros.

Foram-lityfeedback system G(s) = k/s(s + 1) (1 + 2s) (1 + 3s).

Determine range of  for stability, value of k for frequency of sustain

[AKTU 2019-20, Marks 07

oscillation.

A St-;l: ty on basis of location : Re it-
o kil o n : Refer Q. 3.2, Page 3-2C, Unit-3.

ange of £, Valn
1. Characteristics equation,
1+G(s)H(s)=0

1+ k
D ss+DA+29(1+3)
s+1)(1+25) (1+3s)+ k=0
65+ 113+ 652+ s+ k=0

Rty

0

the 15t column term is zero, it means that

ro row : In this case,
All ze this equation & substitute all zerorow by the coefficient

. (EN-Sem-5) Stability and Algebraic Criteria
st 6 6 k
5> 11 1 0
2 @ k
y 11 !
60
| aom
s 60
11
s k
5 Forsystem to be stable there should not be sign change in the first column.
- kE>0fors® and 60-121%>0

60> 121%
049>k, k<0.49

3. Sotherange of kis0 <k <0.49
k. = 049

To find frequency, find out roots of auxiliary equation at marginal

value of 2
_ 60 , _
A(s) = —Hs +k =0

60s2+11k=0
60s2+11x0.49=0
60s2+5.39=0

60 s%2=—5.39
s2=—5.39/60 = 0.089
s= ,/~0.089 =j0.298

5. Comparing with s = +j®
So, » = Frequency o

Q“e_3.6. I Determine the stability of a closed loop control system
whose characteristic equation is s°+ 5% + 253+ 252+ 115 +10=0

f oscillations = 0.298 rad/sec.

w

'~
O b=

~

s
s
S
S
S

(Y

)
o
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o Putting e(very small positive value) in place of 0 in the firg; colup,
2 n
Routh array
& 1 2 11
st 1 2 10
s e(+ ve) 1 0
s? Z_ﬂ(_ ve) 10
€
(_%E:l) —10¢
st —'(ETS_—I)—H ve) 0
€
s° 10

3. Since there is two sign change in the first column of Routh array
therefore system is unstable. J

Que 3.7. l Determine the Routh’s stability of given characteristicg

equation s*+185%+18s2+16s +5=0. | AKTU 2020-21, Marks 10]

Answer |

sl | 135 0
s |5
2. Here no sign changes hence given system is stable.
ng 38. l Explain the effect of pole location on stability of a system

by sxfitable (!iagfam, Determine range of K and frequency of
sustained oscillations for a given unity feedback system.

R(s) - K
% ) s(1+ 0.65X1 + 0.45) =G

Figss1.

‘ ‘ [ARTU 2021:22, Marks 10]
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Stabil;
: 1ty and Algebraj, Criteria
{swe-;__l

A Effect of polelocation on stability : Refe, Q-3.3, Page3 30 17
; o C, Unit-3,

St s e

Given {02 S e AT 0asy HO=1 ,
» Fi g2 of, frequency of sustained oseillations,

1 Tile characteristic equation
’ 1+ G(s)H(s) = 0
K
1+ 07065 1+ 049)
s(1+0.65) (1+0.4s)+K=0
02453 +s2+5+K=0

9. The Routh array

x1=0

s® 0.24 1
s? 1 K
s'|1-024K 0
s° K
3. For system to be stable
From raw of s° K>0
Thus raw of s! 1-0.24K>0
1>024K
K<4.16
0<K<4.16
This is the range of K
4. For frequency of sustained oscillations
Auxiliary equation
A(s)=s2+K=0
2 1-024K=0
s'=-K K=416
“AtK=4.16, s2=-416.
s=+j2.03
5. The frequency of sustained oscillations will be 2.03 rad/sec.

‘| What is the necessary condition for stability ? Explm:
}ilmitaﬁon of Routh’s stability method, construct Routh a:'ri};:l‘;s
etermine the stability of the system whose characte

equaﬁ(,n’ 54261463, 9524544=0. AKTU 2019-20, Marks 07

NecesSary condition : Refer Q. 3.1, Page 3-2C, Unit-3-
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: Refer Q. 3.4, Page 3-6C, Unit-3.

#ﬁiﬁﬁs The procedure is same as Refer Q. 3.6, Page 3 o
Unit-3. :

il
iii.

n system is unstable.

3

Ans.
The give

Que 3.10: | What isroot locus ? Also give the salient features of root

locus.

Answer

A R;)ot Locus :

L

Root locus is the plot of loci of the root of the complementary equation
when one or more parameter of open-loop transfer function is varied;
mostly the only one variable available is the gain K. The negative K
has no significance. Hence vary K from 0 to o, the plot obtained is
called root locus.

It gives the complete dynamic response of system. It provides the
measure of sensitivity of roots of variation in the system.

Features :

The root loc‘us starts (K = 0) from the open loop poles and terminates
(K = ) on either finite open loop zeros or infinity.

The number of separate branches of the root locus equals either the
numlaer of open loop poles or number of open loop zeros whichever is
greater. :

A section of root locus lies on the real axis if the total number of

open loop poles and zeros to the right of the section is odd.

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

At some points on the root oo

locus Hvouks tarny, ocus between two open loop poles the T

lFi‘gz :ugh;r values of K the root locus can be approximated by asymptoti
and these asymptotic lines intersect at a point on the real axis.

If the root locus int ;
I ers i i i int ©
Intersection is conjugai;e.mtS the Hraginary axis then the o

K -5 o
3-12C (EN-Sem-5) Stability anq Algebraic Criteria
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 Procedure for loting Root Loeus, Root Contours

.| Explain step by step procedure for Plotting root locus.

Also explain root contour.

Answer.

Rulés for construction of root locus:
The root locus is symmetrical about the real axis.

Each branch of the root locus originates form an open-loop pole where
K =0 and terminates on an open loop zeros or on infinity where K = .
The number of branches of the root locus terminating on infinity is
equal to P—Z. ‘ L

A point on the real axis lies on the locus, if number of open loop poles
and zeros on the real axis to the right of this point is odd.

Angles of asymptotes : The (P—Z) root locus branches that approaches
to infinity are along straight line is called asymptote. Asymptotes making
angles with the real axis are given by

o = GarVI80 ) eg=012,...(P-Z-1)
a pP-Z
Centroid : The point of intersection of the asymptotes with the real

axis called centroid is at s = o, where

_ X Real part of poles — 2 Real part of zeros
B Number of poles — Number of zeros

Break points : The break points (breakaway and breakin points) of the

- dK _,
root locus are determined from the roots of the equation P

The r branches of the root locus which meet ata point break away atan

angle of + &

r




3-13¢C (EN.sem.s)

Control System
ure : The angle of departure from an open loop Polej,

8 Angle of depart
given by
0 = 180° + ¢; )
where ¢ is the net angle contribution at the zero of all other °Pell-loop
poles and zeros. ' .
9. Angleofarrival: The angle of arrival at open loop zero is given i
. 9, = 180°—¢,

where ¢ is the net an|
Zeros.

10. ‘The point of inte:
axis and the critical value of K can b
criterion.

Gain : The open-loop gain K in pole-zero from at any point s;on the root

rsection of the root locus branches with the imagj
e determined by use of the Routh’s

11.
locus is given by
Product of phasor lengths from s, to open-loop poles
~ Product of phasor lengths from s, to open-loop zeros
Root contour :
1. The root locus technique for the study of stability of closed loop system
from open loop transfer function can be extended by varying parameter

other than K in system from 0 to co.
2. Consider a system shown in the Fig. 3.11.1.

R(s) + K | Co
%_ sGs+a) | o

K
s(s+a)
4. The locus of roots of characteristic equation obtained by varying
parameter of the system other than K from 0 to « is called root contour
of the system.

5. The parameterslike a, K are to be varied simultaneously, while sketching
the root contours. ’

3. The open loop transfer function is G(s)H(s) =

Que 3.12. | Sketch the root locus for the open loop transfer functio?
of a unity fe‘edback control system given below and determine valué

K

of Kat£=05,G(s) His)= — — -
- ss+D(s+3)°

gle contribution of all other open loop poleg g

The open-loop poles are ats=0,s=—1,5 =—3.

There is no open loop zeros.
Number of poles, P=3

Number of zeros, Z=0 ; .
p-Z=3-0= 3 i.e., three branches of root locus end at inf ity,

Angle of asymptotes :
(29 +1)180° ’
6,= ‘IPT where =0, 1,2,..(P-Z-1)
_ @x0+D)x180°

o= "g-gp -

_ (2x1+1)x180°
1= (3-0)

=180°

 @x2+D)x180°
2= T 3-0

=300°

Centroid of asymptotes :
¥ Real parts of poles — £ Real parts of zeros
°= P-Z

_0-1-3-0 __ ;45
3-0

Breakaway points : Between open-loop poles s = 0ands =~ 1, there

exists a breakaway point.
The characteristic equation is
s(s+1)(s+3)+K=0
=- (33 + 452+ 3s)
dK =—(3s2+8s+3)=0
. ds
352+85+3=0
-2.21 .
s=—1.33+088=— 0'42‘81(1)dand g=-1,the valid

As the breakaway point has to lie between =
Teakaway point is s = —0.42.
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Control System
Im K=o

Senl.s)

K=o Kv= 0 & —
TR Re
(-j1.732, K=12)
\
. QK=o
Fxg 3121 Root locus for G(s) = K/s(s + 1)(s + 3).
7. Intersection with jo axis :
Characteristic equation, 1 + G(s) H(s) = 0
s+ (s+3)+K=0
$3+452+3s+K=0
Routh array :
s? 1 3
s? 4 K
s'|(12-K)/4
s° K
The value of K at imaginary axis :
(12-K)
4 =0 -~ K=12
Auxiliary equation,
4s2+12=0
s==%j1.73
Since 3
=05
.and cos0=¢
cos0=05
“\ 0 = 60°

{

3-16C (EN-Sem-5) Stability and Algebraic Crigegiy
the origin a line at angle 6 = 60° is drawy A
9. w}:)i::rlll intersects 1_;he root locus plot at s = (- 0_;; ih;gv; ng‘]g. 3'12.'1’
e 0.35+ j0.6) lies on the root locus the following equ;iti.txn istil:til:;im;
(]

K
H(s)| =1
|G(s) H) | or m—)’=1

s.= (- 0.35 +j0.6), we get
t A
3 Puo K
= 0'35_,__,'0.6)[(— 0.35 + j0.6) +1]((- 0.35 + j0.6) + 3]

=1

K
p—— 1 =]
166 oxf K=166

Sketch the root locus of the system, whose transfer

Que313:
function is G() = K(s +15)/s(s + 1)(s +5). | AKTU 2020-21, Marks 10

e R
3 G;ven.G(s)v _—‘——_‘s(s‘fk,l)(s#f;‘) - o

- To Draw : Root locus.” = -
APoles ie,s=0,s =-1,s=-5
Zeros, s =— 15
Number of poles, P=3

Number of zeros, Z =1
Number of root locus branches=P-Z=38-1= 2i.e., two branches of

root locus end at infinity.
5. Angle of asymptote :
_ (2¢+1)180
7 P-Z
q=0,1,2-- (P-2-1)
1 2x0+1)x180 _gge
0% 2

where,

_ @x1+0x180 gy
12 2

6 Centroid of asymptotes : .
parts of zeros)

- Z(Real parts of poles) — Z(Real

P-Z

0-1-5)-(-15) _ -6+15 _45
2 1 2 .
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Control System
i i ith imaginary axis :
tersection pom_ts with 1m
" In'I‘he characteristic equation1s,
~ 1+G(s)H(s)=0
K(s+15) _
14— =
s(s+1(s+5)
s(s +1) (s +5) + Kls'+ 15)=0
§3+6s2+s[K+5] +16K=0
The Routh array :
s3 1 K+5
s? 6 15K
sl | 6(K+5)-15K 0
6
s0 15K 0
8K +6)-15K _ -
6
30-9K
6 -0
K= % =3.33
Auxiliary equation
6s2+15x3.33=0,s2= = 4995
6
s=+j2.88
Breakaway point :
jo
4
K= -]
190°
+j2.88 -1
K=w -15 e 45
1270°
Fig. Kew

sem.ﬁ)

W

5) T
(EN-Serm- Stabil;
3,18 C ity andAlgebraic Cl’iteri .
The characteristics equation s, A

1+G(3)H(s)=0
1+M

A R S(s+1)(s+5)=0

(s% + 6s +58) +K(s + 15) = ¢

3
s+15

i(‘ s° —6s2 — 5
ds Tw]= 0
(s+15) 3s* =125 - 5) = (~ * — 65 ~ 55)x1
(s +15) =0
953 + 5152 + 1805 + 75=0
s=—21.837,—0.48,-3.64

e A unity feedback system has an open loop transfer
function.
Draw the root locus for the system.

G(s) H(s)=Fk (s +2)/(s +3) (s2+25+2)

[AKTU 2019.20, Marks 07

Stepl:  Poles,P,=—3, Py=—1+j,Py=—1-j
Zeros, Z = -2

No of poles = 3, No of zeros =1
Step2: No of asymptotes=P-Z=3-1=2

Angle of asymptotes 6, = (2k+1)x180°_(2x0+1)x180° _qqo
P-Z 2
92= (2X1+;)X180° =970°

Step 3. Centroid

= ZRP of poles — ZR.P of zeros
P-Z
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~-3-1-1)—-(-2

=( 3 121) ( )=_1.5

4 : Breakaway point: Characteristics equation,
Step 1+G(s)H(s)=0

1 k(s+2) =0
tE13) (e +25+2)
(s+3)(32+2s+2)+k(s+2)=0
3+52+8+6+k(s+2)=0
po =S =55 -85-6
s+2
dklds =0

d —-s°-55"-85-6| _¢
ds s+2

(s+2) [3s2—10s—8] —[-s®—5s>—8s—6] x 1=0
—2s3-11s2-20s—10=0
253+ 11s2+20s+10=0
s =—0.80,—2.34 + 0.84j — 2.34 - 0.84]
That breakaway point is not valid
Step 5: Intersection point : Characteristics equation,
1+G(s)H(s)=0

R+ _
(s+3)(s*+25+2)
s3+552+8 +6+ks+2k=0
Apply Routh’s criteria,
,sa 1 k+8
S| 5 6+2k
s | 84+3k 0
5
’ so 6 + 2k 0

34+38k/5=0, 34+3k=0
3k=—.34
k=-34/3=-11.33

——
E:N-Sem-5) |2
3~ ity angd Algebraj Criteria l

Auxiliary equation 552+ 6 + 2k =

—»Re

5s2+6+2x—11.33=0
$2=3.33=5=+182
That intersection point is not valid.
Step-6 : Angle of departure :
4y =180°—[$p— o,
bpy = 90° bpy= 26.56°
¢z = 45°
¢, = 180°—[90° + 96.56° —45°] =108.44°

Que315 Sketch the root locus of the system whose open loop

transfer function is G(S) = K/ s(s +2)(s +5). Find the valueof Kso that

System is marginal stable find out damped frequency of oscill?:ig';’
also find K when the damping ratio of the closed 100 system is 0.5.

The procedure is same as Q. 3.12, Page 3-13C, Unit-3.
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. Rootlocus ¢

2. The value of K for marginally stable system, K = 70
3. Thedamped frequency of oscillation, ®, = 1.44 rad/sec
4. The value of K when the damping ratio, £ = 0.5

) K =10.75

Sketch the root locus for the closed loop control system

K

1. Pole.si.e.,s=0,s=—1,s=—2+jands=—2—j
. There is no open loop zero.
3. Number of poles, P=4
* Number of zeros, Z = 0

V

-5)
C (EN-Sem Stabili
3-22 ; ty and Algehrg;, Criteria
p-Z= 4—0=4i.e., four branches of rgot locus term;
Angle of asymptotes : TMinateg 5¢ infinity,
4’ 9 = \(Zq-'-l) 1 o.
q P-Z x180
where, g =0,1 9
0, = 2X0+1x18 o T upto(P_z“l)
0 4-0 0° = 45°
2x1+1
6, = 20 *180° =135°
2x2
0= = =% L 180° = 225°
2x3+1
8y = = = x180° =315°

5 Cent'roifl of asymptotes :
s Real parts of poles — X Real parts of zeros
o= P-Z

©0-1-2+j-2-4)-(0) _ -5
2.0 = =" 1.95
Breakaway points : The characteristic equation is 1 + G(s) H(s) = 0
s(s+1)(s2+4s+5)+K=0
s+ 5s3+9s2+55+K=0
dR/ds=4s3+ (5% 352+ (9x25)+5x1=0
453+ 1552+ 18s+5=0 .
(s +0.4) (4s2+ 1345 + 12.5)=0
(s + 0.4) {(s + 1.675 —j 0.565) (s + 1.675 +j 0.565)} =0
Therefore three breakaway points are obtained
s=—10.4 on real axis and
s=—17+j0.6and s=—-1.7-j0.6

7. Intersection points with imaginary axis :

The characteristic equation is s* + 553+ 9s?+ 55+ K=0

The Routh array :
#] 1 9K
s? 5 5.0
| 8 K

5K
s|5-F °
. so K 5
Value of K at imaginary axis :
5— 5K _ 0; K=8

8 in Routh array,
Solving auxiliary equation formed from the s* terms 1
therefore
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8s2+K=0
82+8=0
s==zJ

8. Angle of departare from complex pole :

0= 180°—($p—¢2)
opy = 180°— tan™(1/2) = 153.43°
dpy = 180°—tan" (/D = 135°
= 90° _
= 180° — (¢p; + Opa + $p2)
= 180°— (153.43° + 135° + 90°) =—198.43°

0ps
¢(—2 +J)
¢(—2 +J)

= +198.43°

- and bc2-
9. Rootlocus:

5:17.| For a unity feedback system the open loop transfer

function is given by :

. G(s) = K/s(s + 2)(s® + 6s + 25)

i. Sketch the root locus.

u. At what value of K the system become unstable.

iii. At this point of instability determine the frequenc

oscillation of the system. "AKTU 2018-19, Marks 07

yof

The procedure is same as Q. 3.16, Page 3-21C, Unit-3.

g

-5) Stabili
L c (EN .Sem ability and Algehraic Criteria
Jocus *
i ROOt 5 0= —142° ko
& L
N\:\\_/F‘{\ St
~ \ \\

1
1,2 /=27
,/}l (Centroid, ~~
71 K=0) ~ Y
7 ! (Breakaway
7 1 point, K=4.59)
1
1
1
I

iii. o = 1.16 rad/sec

ii. K=11.55
Que 3‘.18.:] Explain the effect of addition of pole and zero on root

locus and time domain specifications.

Answer
A Effects of addition of poles ‘
Root locus shifts towards imaginary axis.

1.
2. System stability relatively decreases.
3. System becomes more oscillatory in pature.
Example :

L Consider, G(s)H(s)=K/s(s+2)

K=o

Im
Breakaway point

K=0
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Corresponding root locus is shown in the Fig. 3.18.1.
Now if poleat s =—4 added to G(s)H(s) root locus becom,
the Fig. 3.18.2. , ©5 85 shoy,,.

A Im

Effects of addition of zeros :

Root locus shifts to left, away from imaginary axis.
Relative stability of the system increases.

System becomes less oscillatory.

Example :

Root loci for G(s) H(s) = is shown in the Fig. 3.18.3.

s(s+2)

Breakaway point
K=0

, EEMEe O e o
Now if zero at s = —4 added to G(s)H(s) root locus becomes as sho™
Fig. 3.18.4.
GHs) = —’5((1124)—)
s(s+ move towafds

It can be seen that root locus shift towards left. So as roots
left half of s-plane, hence relative stability increases-

)

N-Sem-5)
3260 Stability ang )
. 8ebrajc Criterig
111\1 i
0 Re

Tigsis
¢c. Time domain specifications : Refer Q. 2.7, Page 2-11C, Unit.o

Q.1. Define stability. Also write the necessary conditions for
stability ?
Asig; ReferQ. 3.1, Unit-3.

Q.2. Explain stability on basis of location of poles and zeros.
For a unity feedback system Gls)=kls(s+1) (1 +29) (1+3s).
Determine range of k for stability, value of kfor frequency

of sustain oscillation.

Aiig; Refer Q. 3.5, Unit-3.

Q.3. What is the necessary condition for stability ? E’}‘{Pl";;:
limitation of Routh’s stability method, cOﬂs“;‘wt w;zse
array and determine the stabilitySOf tl;e SYS;_“:)
characteristics equation, 54 25t 4 S+ 26 4SHETT

A6iS; Refer Q. 3.9, Unit-3.

' fer function
Q.4. Sketch therootlocus of the system, whose transe
is G(s) = K(s + 15)/s(s + (s + 5).
A6E Refer Q. 3.18, Unit-3.
root locus

ero 0N
Q.5. Explain the effect of addition of pole and”
and time domain speciﬁcatlons'

A8 Refer Q. 3.18, Unit-3.
C L8 - @09




Frequency
Response Analyg;

—

~ Part-1

. ~From Transfer Function Model

Part-2 = Constriict.ioh*df"Pbl‘m;: and ‘.‘._.....‘.:..,v; ............ 4-3A to 4-8A
. Part-3 : .Stability in Frequency Domain : wveeevioees 4-8A to 4—14A :
o Nyquist Stability Criterion L

' Part-4 : Determination of Gain and.......cee.e 4-14A to 4-25A
'+ .~ Phase Margin From Bode and

’ Nyquist Plots.

Part-5 ¢ Correlation Between Time and ........... 4-25A to 4-29A
\ o Frequency Responses /J

Frequency

Analysi

4-1 C (EN-Sem-5)

ﬁe its

What do you understand by frequency response 7 What

various methods ? Discuss their advantages, disadvantag
es

and limitations.

A w e

[

-

Frequency response :
The magnitude and phase relationship befween the sinusoidal input
and the steady state output of a system is termed as the frequency
response.
Linear system with sinusoidal input

r(¢) = A sin ot
Steady state output of

¢(t) = B sin (ot + ¢)
Various methods of frequency response :
Polar plots 2. Inverse polar plots

Nyquist stability criterion 4. Bode plot

Advantages of frequency domain approach :

Without the knowledge of the transfer function, the frequency response

of stable open loop system can be obtained experlmentally. :

These methods are easy to use for design of control and for finding

absolute as well as relative stability of the system.

Even if the system has moderate non-linearity it can be

approximate transfer function.

There is a close relation between frequency respons

step response.

Disadvantages of frequency response:

For systems with very large time con_stants, i

cumbersome to perform as the time required for the e

steady-state for each frequency of the test signal is e
on-

The frequency response test cannot be performed 022

Systems.

depicted by an

e of a system andits

the frequency test is
output to reach the
sively long.

terruptible
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E
1.
2.

omitations of frequency response methods

These methods can be applied only to linear systems. .
For an existing system, obtaining fr.equency response is possible q,
the time constants are up to few minutes.

Obtaining frequency response

nlyjp

practically is fairly time consumin,

Construction of

Que 4,2,V| Explain Polar plot. Discuss phase margin and gaip
margin on polar plot.

A. Polar plot :

1

Polar plot of a transfer function G(jo) is a plot of the magnitude of G(jo)
versus the phase angle of G(jo) on polar coordinates as ® is varied from
zero to infinity. Therefore it is the locus of vectors | G(jo) | £G(jw)aso
is varied from zero to infinity.

In frequency response we have
M = | G(jo) H(jo)| = Magnitude
= £G(jo) Hjo) = Phase

Values of M and ¢ are obtained by varying the input frequency o from0
to oo, Table 4.2.1is used to draw polar plot.

Table 4.2.1.
- |GG HGo)]| | ¢ = 2GGo) Ho)
M, d :
(01 M1 q)l
et My &
e XN M, ¢

R I A R S

A c (EN.sem-E)

Frequenc,
Y RES )
Advantage : It shows the fre Ponse Analysis

4 gystem oVer the entire i"requeng;1 :Z;getie:go:se characterigtjes of
Di sadvantage: It does not indicate the contﬁ;ngPe plot, a
factor of the open loop transfer function. ution ofeac, individyz
procedure to sketch the polar plot ;

Determine G(s).

Put s =jo in G(s).

Evaluate |G(i©)| at ©=0and o =,

Evaluate phase angle at ® =0 and ¢ = oo,

Separate real and imaginary parts,

Put imaginary part = 0 and find . Using ¢ fing Gljo).

Put real part = 0 and find w. Using o find G(i(n).

Phase margin :

The phase margin is that amount of the additional
cross over frequency required to bring the sys
instability.

"

phaselag at the gain
tem to the verge of

9. Gain cross over frequency is the frequency at which the magnitude of

open loop transfer function (| G(jo)|) is unity.

3. Phase margin is equal to }80“ plus the angle of G(jo) at the gain cross

over point.
b, = 180°+ ¢

D. Gain margin :

It is the reciprocal of magnitude |G(jo)| at the frequency at which the
phase angle is —180°.
Gain Margin (GM),

g

g |G(J(oc)] ;

When the plot passes through the point (=1 +0), the gain margin is
zero it means that the loop gain can no longer be increased because the
system is at verge of instability.
If gain margin is positive, it means that the system s stable and negative
gain margin means the system is unstable.

E Stability :

Tf) determine the stability of the system first draw the polar plot for
given transfer function.

If the critical point (~ 1+ j0) is within the plot, it means th
unstable.

i the polar plot passes through the po
marginally stable and if the critical point
System is stable.

e system is

int (- 1 +J0) the system is
is outside the polar plot, the

R

e ————————

|
|
|
|
!
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Qued3. | Sketch the polar plot of the following funcy;,,

determine Gain Margin, Phase Margin, H(s) =1

G(s)=

h ﬂl%

1
AKTU 202122, Mariays

Answer I

Given: G(s) 3
N o
To Find : Gain margin and ph; 5
To Sketch : Polar p!
1 -y
L 60 = i D@+ D
. )
GUo) = Coya+ jo)a+ 2je)
. ) 0°
2. Atw=0, G(jo)| = ©, £G(jo) = ——-—— =-90°
| ! GG +90°+0°+0°
. ) 0°
Ato=o, G(jw)|=0, £ =—— =-270°
|G| GUe) = 355+ 90°+ 90° 7

4. Rotation of plot = —270° — (—90°) = — 180° clockwise

—jo(l- jo)1-2jo)
(jo)—jo)1+ jo)1- jo)1+2jo)1-2je)
—joll-3jo - 20°]

5. Gljo) =

0?1+ 021+ 402)
_ - 3w? _ je1-207)
021+ 00)(1+40%) 021+ 02)1+407)
Ar jo
PG

; F
6. For ;maginary part to be zero, 1-2¢2_ ¢

1
2 i
) 2 0.5
|G()| =1 |
7 |
1 =1 |

e ,
oot + 140’ +1 ' ;
405 + 50t +02-1=0 |

Oge = 0.57 i
® = 0.707 rad/sec = o i
Intersection with negative real axis, & !

. "~ -3(0.5)
Point@= ——————— -
0.50+05)1+4x05 &
g From Fig. 4.3.1 unit radius circle intersect polar plot at P

. 1
GM =201log— a
g 0 .
PM = 180° + ZG(](D) I (l)gc = 180°-168° =+ 12°
Oge is the gain cross over frequency where |G(jo)| = 1. 4

and

1 ;
‘M = 20 log —— =3.48dB
G o8 G g7 =348
10. As GM and PM are positive, system is stable.
Sketch the polar plot for the following transfer function

G(s) = (1 +4s)/sZ (s +1)(2s+1)
[ARTU 201819, Marks 07

o Arde
s =jo, G(jo) = Um)zum+1)(j20+1)

firies |
—— |
> M= wzmm M=0

3. Thevalue of M, wheno=0, M=% when ml= G 2
> ; o __ i —tan o]
: e ton 4o =180 tam 0T

i in Tabl
The angle ¢ for different values of @18 tabulated in T8
Table 4.4.1.

1. Putting

!
[
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where, Z = Number of zeros of 1 + G(s)H(s) in ﬁght—half )
N = Number of clockwise encirclements of the ( splane_
point. “lyy
P = Number of poles of G(s) H(s) in the right-ha]fs
3. If Pis not zero, for a stable control system, we must haye 5 plane'
N.= - P ie., P must have counter clockwise encir], =

N €ment; o
(1 +j0) point. S of thy
4. If G(s)H(s) does not have any poles in the right half s-plane

- tobils . th Gjo) H(jo) = K
Z=N. Thus, for stability there must be no encirclement of the (-] € m
point by G(jo)H(jo). +0)

i
. . |
5. The stability of system can be obtained if (-1 +0) point is encl |G(jo) Hjo)| = !

the Nyquist plot of G(jw)H(jo). For stability the (- 1 +j0) mzz:lii by 2. o m
outside the graph. e 3 . £ G(jw) H(jo)= —180° - £ tan- T |

jm ! 4‘ Ato= 0, G(O)H(O) =0 £ -180°
‘ | Ato=w, GH(®)=0£-270°=0,9° f
. |7 ee GwE@=0s-n0 02 |
I 0 >0 | "/ \\‘ 4
¥ s

6. The encirclements of (— 1 +j0) point by G(jo)H(jo) locus does not give
proper information to detect instability in multiple loop system. The
Routh Hurwitz could be applied to 1 + G(s)H(s) to find poles in the
right-half of s-plane.

7. If the Nyquist path in the s-plane encircles Z zeros and P poles of
1 + G(s)H(s) and does not pass through any poles or zeros of
1+ G(s) H(s) as s moves in the clockwise direction along the Nyquist
path, then the contour in the G(s) H(s) plane encircle the (- 1+J0)
point N = Z - P times in the clockwise direction.

The three possibilities are :

i There isno encirclement of (— 1 +j0) point. So, system is stable if there
are no poles of G(s) H(s) in the right-half of s-plane.

ii. There is a counter clockwise encirclements of the (— 1 + j0). Then ﬂ;z
system is stable if the number of counter clockwise encirclements

|
same as the number of poles of G(s) H(s) in the right-half s-plane- L G(s) H(s) = =l "
iii. There is a clockwise encirclement of the (- 1+ j0) point. Then, sy se¥2) |
. isunstable. 2 Puts =Jjo, 5
o . m ji ji = 1 L
IQl»le | Draw the Nyquist plot for the unity feedback syst® Gljw) Hio) = Jjo(o+2) k

whose open loop transfer function is 3 1

: |Glo) H(jw)|=
COHE)= X __  [ARTU 201519, M2 oy’ +4
F(+sT) U <0]
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4 £GHo) = —— L
tan™ 2 4 ta.n“(g)
0 2
saks 1oy o —90—tan‘1(2)
90+ tan-lg 2
Table 4.8.1.

-90
® 0 —180 |

5. 'The point (—1+j0) is outside the Nyquist plot so there is no encirclement

Hence N=0
Also P=0 (No poles is lying on the right hand sids
N=P-Z
0=0-Z
Z=0

So the given system is stable.
'| Sketch Nyquist plot for G(s) H(s) = 6/s% (s +2) commet
"AKTU 2019-20, Marks 1]

on sf;abi]jty,

6
(jo)* (o + 2)

G(I(D) H (]ﬂ)) =
2. Magnitude (M),

_Sem-5) Fr |
412 ¢ (EN-5€ equency Responge Analysig |
. 6 |
io)H (jo)| = ———
| Go) = ‘/m
Phﬂse angle (¢)l
3.

4 G(jo)H (jo) = £ ~180 —tan™ %
us value of ®, the value of M and ¢ are :

‘ For vario

W

* Table 4.9.1.
[a] M ¢
0 g ~180°
i 0 —210°
5. The corresponding Nyquist plot is shown in Fig. 49 1
6' For stability, N=P-Z . |
" where, N = 2 (Number of encirclement)

P = 0 (Number of poles on right-hand side)
2=0-2

Z = 2 (Number of zeros on right-hand side)

So the system is unstable because its value lies in the right half

s-plane.

D! AIm
o7 e DN
Vs 1 N
/ B \
I} i \‘
Al | YO = |
&) T T —>
o=0n-2"'""-vb 0, Jo . Re
\ AN i /
\
N 'C
AN 1 /
~ //
Sl
E

ist plot for the system with open loop

Q e 410 Sketch the Nyqu

trailsfer function
60
GO HE) = (1) (5+2)(5+5

and comment on stability.
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(EN‘S%_&) 414 c EN : ' Frequency Response Analysis !

i 5 - 60 : K . N=P-2Z -

=jo, H(o)= ———————— : |
1. Puts=jo, G(jo) H(o (o +1) (jo +2) (jo +5) ,-é:o_z |
=1 | E
1 7 7 60 . . . t | &
2. Magnltude’ M= 'G (’m) H (I(D) I e e e the given system 1s unstable { @
(ol + })(\/m)( [y So o3 i ,! ;
3. Phase ¢= £G(jo)H(jo) ) [
— —tan! (@) - tan™! (%) —tan! (2) { \' |
Table 4.10.1. > L]

: S VR i

‘ Q /o5 L]

0 - 180 o=lo | 0 1 i

i
i 90° (- 270°). /} »‘
| | of / .
4. N=P-Z A |
0=0

N = 0 (Number of encirclement of — 1 +0 point)
7 = 0 (Number of zero on right hand side). j

So the given system is stable system.
Im

P = 0 (Number of poles on right hand side) | L

TETSeTIE

in and Phase Margin From Bode and

_ Nyquist Plots.. ’
< w
~1+j0 M= J‘
0.4769
P
:V:Fi -;‘o 0.1. 5 1 i
e 10k Que 4.12. I Write procedure to draw Bode plot from giver openloop I
Q 411 Draw the complete Nyquist plot for a unity feedba& transfer function. ) ! | ‘
AR AN A yq P
g:tem lzl?ving the open loop function, from this plot obtain al the Answer "l ;
ormation regarding stability. ' lot; |
. ? iste' sl A Bode plot : In this plot we have two plots namely l\:taiﬁzl;]?Bpag d ¥
G(s)H(s) = Els(s +3)(s + 5) |AKTU 2021-22, Mar which is drawn in between magnitude of “afls{e-r f:ll,nwn in between i
—_— : log;, @ (@ is frequency) and phase plot WmChdL:o am generally.
janswer . _ B phase angle of transfer function in degree an 510
] The procedure is same as Q. 4.10, Page 4-12C, Unit4. ’ - Procedure to draw Bode plot
. P = 0 (Number of poles on R-H plang} - of Step 1: j
__ PR adius® . A have G(jo)-
N=~1 [Because contour has infinite Replace s = jo from open loop gransfer functio? e

encircle (- 1, 0) point]
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oy
: )
Step 2 : £ G(jo) in standard form and
factor o . mak; i

Chango ol Hhe L agnitudo plot and phase plo,  * 'l
;x;!;rstandard results and remarks is summarizeq here .
Step 3 : itude plot for each

the table, draw the magnituce plot ch of the ‘
mﬁ‘laﬁng resultant slope and starting with lowest corye factor},y {

determine them using Bode plot.

%

=P

»

d ending with the highest one. T frequ%
en |
o Table 4.12.1. ‘
S. | Factors of Corner, |
No.| = GGa): Freq ;
3 . H . ¥
L K None Straight line of const;ant slope Constant —gq» l
Jo — 20 dB/ decade passing |
through 20log K at o =1 l‘
2 Kjo None Slope =+ 20 dB/ decade straight line Constang o {
of constant slope — 20 dB/ decade ’
through 20log K at o =1
: 1. 0= % Straight line of slope Phase angle = ?
1+ joT) 1 — 20 dB/ decade for ©> o, —tan" (aT)
1 Straight line of slope Phas
ji Oy =7 e angle =
4. @+ joTy L +20 dB/ decade for © > o, —tan"! (oT)
5. ml\ %% O3 =0, Straight line of slope Phase angle =
JE| — | +] — . — 40 dB/ decade for |
1+2]§(m,J+Lm J —tan™! M I
0> 03 1-(a/o,)}
14272 o) Straight line of slope Phase angle =
6 | 1+27% o, o, ©c4 = @ | +40 dB/ decade for tan| _E@/0)
w>o, 1-(w/o,f
Add all the expression of phase angle to have different values of ¢

(resultant phase).
Step 5 :

}
Step 4 : \
;
|
Draw ¢ with log,o to have phase plot. l

Explain gain margin and phase margin and how !5

1

Ga_in Margin (GM) : %
It is the margin in gain which is |
the verge of instability.
Mathematically, gain m;
at phase crossover fre

allowed till the system reaches .

quency.
GM = 1/|G(j)H( jo)|

argin is reciprocal of magnitude of G(i“’)H(jm) :

- Q

&

Seln's) Frequency Response Analysis

6 c (EN- :
in (PM) : 1t is the amount of additiona]

Py phase | i
intro duced in the system till it reaches = Sy

Phasbe on the verge of

e
cal .o
msta"’htzt}cany, PM = 180° + £GUwH(jo),_,
Mathem sion of GM and PM from Bode plot :
caloul? GM = — 20 log|G(jo) H(jo)|, _ wpc 4B

=0 dB - log|G(o) H(jw)|, _ .. dB
. il G(jw)H(j ©) | omwpe €21 be directly known from magnitude plot.
) 0

PM = 180° + £G(jo)H(jo),
NOW’ T

LG H (N

:n crossover frequency (o) : ' 7

© Galn ency at which magnitude of G(jo)H(j) is unity.
Freq“e crossover frequency (©p): -

Phas ency at which phase angle of G(jo)H(jw) is -180°.

Freg‘lde system = PM and GM positive..

?Jtﬁstable system = PM and GM negative

Marginally stable = PM =0,GM =0

can be directly known on phase angle plot.

A unity feedback control systems has :

40

GO= 51245

Draw the Bode Plot. Find Gain Margin.

_ ToDraw:Bodeplot.
- ToFind:Gainmargin.

Magnitude :
40

T+ D+5) sx2(1+%)‘5(1+f) s(1+—52—)(1+g)

G(s)

5

First corner frequency (pole) (©) =2 rad/sd/
Second corner frequency (pole) (@g) = STAdE

4
Phase angle: G(s) = - (. s
. s(l + E) (1 + -‘)

5
Put

s=j0)

4
] = /
GU) = = 15050 (L+ 0.20)
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3. Magnitude plot :

o= _gov_fan‘l 0.50 —tan—1 0.9,

Table 4.14.1.

4-17¢ (EN.st

S.‘Nof

- Factor

- Corner

None

Straight line

of ¢
slope (- 20 dBldegnmul

, 2
throughatw:l)p g | |

2 11 +0.55)

0;=2

Straight line of congf
slqpfe (—20 dB/dec)
originating from 0;=9

3. | wa+02s)

0y =5

Straight line of constapt
slope (- 20 dB/dec)
originating from Wy=5

None

Straight line of constant
slope of 0 dB/dec startj
from 20log 4=124B point

4, Phase plot:

Table 4.14.2.

0.2

—98°

—-127.874°

—156.8°

—203.198°

10

—-232.125°

N ok H
3]

15

—243.97°

" Result:

Gain crossover frequency = 2.8 rad/s
Phase cross over frequency = 3.3 rad/s

i, Gain‘margin =3dB

iv. Phase margin = 8°,

Frequen
Cy Bea ;
. &‘?On.se Analysm
" K
e P]ot : s 6 7 8910 3 -
d 11 71891y
1
100 j :
» ~ 60 dB/dec £ ‘—*%"
‘ T
@ g 40 dB/dec =

20 dB/dec

dindel

UREY (LRETRRRIRRNANE R R ANNLLRRRIRAINIANATIL NALNYY

-d’;é‘isl 4

4 ‘5575910’

n G(s) H®) = 9/3(1 + 0.59)

:15. | For the given transfer functio i
n margin.

1+0055), Determine phase crossover frequency and g2
ARTU 2018:19, Marks 07
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Frequency Response Analys;
S1§

4-19¢ :
1 System (EN. the bode plot of th, i
Control Sy N. s%‘s m Draw P . € unity feedbac)c control s
. ) | Qu° "1 loop transfer function. Ystem
Tamer[Thoprocedureissme 28Q 424, Pagotgg, | Higopen 1o
- ) s 4 5 6 78910 2 P f 8 7ag i G(s)=m)(1+023)
E52 ; ine GM and discuss the stabil;
0 d etermine ‘ 1lity of closed loop system, |
TE H swer i}
S Higt AD s 10 &
; i . e
£ | - Given: GO = 51170.025) 1+ 0.25) |
: r . 4:Gain Margin, Stability
o : 5 t . ToFind: : 24 : 1
S i s :BodeaPlot. - i
= e Bl i ; E X\ X To Draw 0 B o ;
z ; 2= l - . 10 ‘
=22 dB i ! =i Gjo)= ————
e e | 1. Puts=J® Jo (1+0.02 jo) 1+ 0.2 jg) «
s = 3 = I i
joea tissgmis] = bkl = | ) 10 i
= ; EEEES - |Go) | = j
= : = | Co1+©020F Tr0zer D
= e . 5 Magnitudein dB = 20 log | G(jo)| l
=== e ‘ —2010g 10~ 20log (014 (00207 {1+ (0207 4262 |
5 3. Angle of G(jo), ZG(jw) = =90 —tan (0.02 0) - tan" (020) .(4.163) |
-100° [ . Table 4.16.1. 1 H
120 5 » radls l LG(o) Magnitude in dB : :
SRS : =01 | _oro6° 39.00 1
-140° e -E ‘ !
g i 0.2 | -90.22° 33.00 |
ey === = ot S—— — 5 1
= g 0.5 | _06.28° 25.90
B T o7 | -9796° 23.30 |
Hop = 6.35 rad/: ik E H | |
B nHEEER 0.9 -100.20° 20.70 ‘
HEEE 1, 1.0 ~102.45° 19.80
;
i 5.0 —-140.71° 02.96 '
: - 10.0 ~164.74° -17.16
Py “187.76° ~18.05
EE 50.0 -219.30° ~37.35
= — " _53.42
—240.57
] g s | 1000 2405
01 2 3 45;;3;10 e

2 3 4 5 6 7 8910

- Results from bode plot :
1. Phase crossover fre

1 e S quency (o,) = 6.35 rad/sec
i 2. Gain margin = 22 dB =
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Coror

Frequency Response Analysis

Y i
4’” GM =15dB

4. PM =32

and phase margin both are positive in nature, then the

Gﬂm v g(Llﬂloop system is stable.

6. closé

= w Bode Plot of unity feedback control system having
4.17.

ue

a 10

,//—_ .
oLTF G(s) = 5(1 + 0.25) (1 + 0.25)

. o GM, PM, g ain cross over frequency, phase cross over
termin® d ,dlscuss stability of closed loop system.

g,zquency an

[AXTU 2019-20, Marks 07

e |

The procedure is same as Q. 4.i6, Page 4-20C, Unit-4.
Results from bode plot :

1 Gain margin = 46 dB

9. Phase margin =47°

3. Gain crossover frequency = 0.2 rad/sec

4. Phase crossover frequency (copc) =5 rad/sec

5. Stability : The gain margin and phase margin both are positive

therefore, the system is stable.

i
i
¢
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Que 4.18. ‘ Sketch Bode plot for the following transfer functio® l

! 3 B :
and determine the gain cross over frequency and phase cross o ] 5 23288 % x
frequency, comment on stability. - s s 8 3 gg3ggaan
% & 8 © g 8 - T
G(s) H(s) =10/ (1 + 5)(1 +0.002s) AKTU 2021-22, Mark® E v L




Control System . \

Results from Bode plot : % Coey

plot : n

1. Gain crossover frequency, ©g. = 5.5 rad/sec )
2. Phase crossover frequency, © . = 15 rad/sec
3. Gainmargin, GM=10dE"
4. Phasemargin, PM=10°

Because the GM and PM both are positive. So the give

o T e e n s -

Resonant peak (M,) : Resonance peak is the
of closed loop frequency response.

1
For second order, M_ = —F——
T fi-¢

Resonance frequency : The frequency at which resonant peak ocou \

peak value of Magnitdy

is called resonant frequency.

For second order, o, = mn,ll - 282 o

Bandwidth : It is the range of frequency up to @, which is cut of
frequency. At o, the magnitude of closed loop transfer functionis3dB
down from its zero frequency level.

: i 3 3 B belo* !

4. Cut-off frequency : The frequency at which magmt“‘)ie 15 i

its zero frequency value is called cut-off frequency (@p)- .
Cut-off rate : The cut-off rate is the frequency rate @

t
which & |
magnitude ratio decreased beyond the cut-off frequency “c

- G

Frequency Response Analysis

m Establish the c(.)rrelatiox.l between time response and
QUEE" esponse analysis and suitably explain with diagrams.

ARTU

s 2018-19, Marks 07
OR

. the strengths of frequency response approach; establish

Exll-’te Jation petween frequency domain response and time domain
[y

o sponse- ‘imzols'm, Marksi]?\

Strengths of frequency response (Advantages) : Refer Q. 4.1,
Page 420, Unit-4.
Correlation between time response and frequency response :
For gnd grder system, the transfer function is,
. cs) _ ot
R(s) s*+2Ew, s+’
¢ = Damping factor
o, = Natural frequency of oscillations

where,

R(s) »C(s)
9. Closed loop frequency responée is,
) _puye S
R(o) (jo) +2tw,(jo)+o, |
o’ 1
P — —_—
—o? +280,(jo)+ o 1_(2-)2 +2ﬁ(£_)
. @, n
1 : ..(4.20.0)
= __’—’_—‘—_
(1—u?)+ j2&u

where u = w/o,,, normalized driving frequency-

1 ..(4.202)
P S—
|T(o)| =M oy + 2
L % (4203)
and LT(jm)=¢=—tan1Ij;i
3. The steady state output is

sin(m‘ ~tan” _1_2%_1_)

1
—_ / » .
ot) = a-uy + @) TR
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4
27¢ (EN.g
4. The frequency where M has a peak valye is caly E""R
frequency. At this frequency the slope of magnity B ced the S )
Urve i Zerzfla“!

u, = /o, is normalized r
r=0/o esonant frequ,,

It o, = Resonant frequency.

A
M(E =
y E=§< 0.707)
1.0
Magnitude
M
M ';
M(E =.0.707) '
2 !
|
0 7 _ y
w=o/o, |

Normalized frequency, u —p
.Fig. 4.20.2. Frequency response magnitude characteristjcg |
A

" \
\ (‘:: :él)
Phase

angle ¢ |

-90°

—180° \

1.0
Normalized frequency u ——
Fig. 4.20.3. Frequency response phase characteristic.

aml 1[40, +8e% ]
dul = TorT S ———

S [ S d
—4-uP)u, 4 8e2 =0
—Aul-u? -2 = g

ur = m
o = -‘Dnm

a

Fre‘luency RESponsE An&ﬂysix

26C -5

1
s i

o angle ¢ of T(jo) at resonant frequency is

.{(4205)

The PP2S —
q)r = —ta_n‘1 i
' 3
B andwidth :
. 1 y
The frequency at which M has value of % and is called cut-off frequency

: onal frequencies above cut-off are attenuated.
o The sig

: : 1
The range of frequencies for which M> — is known as bandwidth a,

The low pass filters has bandwidth equal to cut-off. ©, indicates the

noise filtering characteristics of the system.

Normalized bandwidth, u;, = oplo,

1 1
Ms —— -
Ja-uy e 2
up = [1-2%,%,[2-4&%4&}]5
1
0y = 0, [1-28% +2- 467+ 452

4 The damped frequency of oscillations oy and peak overshoot Mp of the

step response for 0 <g<1are

04 = mn\’l—éz

. —'ﬂ:&
Mp = exp [—1—_—;,;}

Que 4.21. | The forward path transfer function of unity feedback

. M,
control system is G(s) = 100/s(s + 6.45). Find the resomlmce :’e:tt o
resonant frequency o, and bandwidth of the closed loop s¥

AKTU 2018-19, Marks 07

e
' = 1 dHis)=1
Ge) = o 6am) :
: C(s) Gy 100/(s(s+649)
| R(s) ~ 1+ G(s) F(o) 1+ 100/ (sls +649)

PRSPPI S IO
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Fr
4-9, g m-5) eq“&ncy Re.
g, | g0 2onse Anlysis
100 mg, | 4 10, Unit-4.
— ) Q 410,
= 164551100 ‘ Refer =
2 ...(4.21 anity feedback control systems hag :
3. Compareeq. (Dwith —» 2 a6 A _
s +2ke,s5+0, G@) 8(s+2) (s +5)
so, ®,= 100 =10 rad/sec + the Bode Plot. Find Gain Margin,
2L o, = 6.45 £=0.32 g:?er Q. 4.14, Unit-4. .
4. Resonant frequency, o _= , _9r2 _
Y, @, =0, \[1-2F 891 rad/sec Fo Sketch Bode plot for the following transfer function
5. Resonant peak, M, = 2§ J:_gz i ﬁ . Q.7 determine txl:::y gz;i: crt:; :;e:ta ﬁ-:itl;it:;ncy and phase ;:s‘:
- 0. - =1.65 freque » com -
. S i 32\ﬁ0\'322 ‘gg;‘ﬂ(sh 10/s (1 +5)(1 +0.002s)
6. Bandwidth, @, = 0,\1- 28" + (2= 48 + 489 _q, 4 il g Refer @ 4.18, Unit-4.
- sec ;
Q.8 Explain the strengths of frequency response approach;

establish correlation between frequency domain response
and time domain response.

AT Refer Q- 4.20, Unit-4.

£
' ]
‘ Q.9 The forward path transfer function of unity feedback i

control system is G(s) = 100/s(s + 6.45). Find the resonance
i peak M, resonant frequency o, and bandwidth of the closed
Q1. zhat do_you understand by frequency response ? What loop system.
its various methods ? Discuss their ad i ATE . 4.21, Unit-4.
disadvantages and limitations. Aevantage, ’l ffer @
AGE, Refer Q. 4.1, Unit-4. ! 0
Q.2. Sketch the polar plot of the following function, als ;
determine Gain Margin, Phase Margin, H(s) = 1

G(s) = —1_.__
s +s)A+2s)
AfE: Refer Q. 4.3, Unit-4.

Q.3. Sketch the polar plot for the following transfer funciion

G(s)= (1 +4s)/s2(s +1)(2s + 1)
Ans: Refer Q. 4.4, Unit4.

Q.4. Sketch Nyquist plot for G(s) H(s) =6/ s2 (s + 2) comment o
stability.

Ana: Refer Q. 4.9, Unit-4.

Q.5. Sketch the Nyquist plot for the system with ope? loop
transfer function

60 bility:
= d ent on st2
G(s) H(s) GiDG 2G5 and comm



The Design Problems and
Preliminary Considerations of Lead,
Lag and Lead-Lag Compensation
Networks, Design of Closed Loop ;
System using Compensation Techniques
in Time and Frequency Domain
State Space Technique : The wweeesennin. 52164 tg 5174
- Concept of State and Space i
. State Space Model of Physical
System, Couversion of State
‘Space to Transfer Function-
Model and Vice-Versa

5-17A to 5-264

¢ State Transition Matrix ... . 5-26A to 5-294

vaxyi’,c'ept"of Controllability and ...

: 5-29A to 5-36A
: 'Observability and Their Testing :

5-1C (EN-Sem-5)

S e '

3 |
o Problems and I.’relir_ninary C nsideration of Lead !
- rhe pe:;igge ad-Lag Compensation Networks, Design, of Clos:d’
rosa System using Compensation Technigues i, Time
Loop " and Frequgncy me_ain.: :

P
b
£

|
=
I
&

:
B

é 5.1, | Define Phase lead compensation technique. How would
ue d.1- .

Qu d:gW its pole zero configuration ?

you

Answer
. Lead compensation :
11" Iffga%,(i.l SI;IOWS a phase-lead network where

in the phase of output ‘
voltage leads the phase of input voltage for sin i

usoidal input.

C "o
—

O—— AW
4 R, :
ey

B
g

Fig.5.1.1. Pha»;g*lre'a&‘p‘e’twl(jrk;‘
2. The transfer function of a phase lead network,

E (s). _ a(l+sT) ..(5.1.1)
E(s) ~ (1+saT)
s+l ‘
E, _ T
E, s+$
Where, a<l
R,
o=
R+R,



N

Control System ! 5
and T=R,C i (EN‘S% l yicmﬂ’sem ) oy Design
- . : ) | j®) _ .
3. The transfer function given by eq. (5.1.1) cap be exp ) Z %g;; = tan! (@7) - tap-1 (0aT)
form as Sl g ‘ 1 :
E (o) o+ joT) iy 0=, = o
E(jo) 1+ jooT) i, 2
5 _(5 hase angle 1S
4. The pole zero configuration of eq. (5.1.2) shown in 1y The P!
8.5.19, = tan“[\T —tan|_1
A TVo 3T
4| 1
= tan 1[§]_tan—l
I G &[]
R T 1
of T . Ve j
tan¢, =
. 1+-L Ja
: &
B. Bode plot of lead compensator ; 1«
1. The two corner frequencies are | tan¢, = W
: a
1
o, = T lower corner frequency _l-a
and ™= Tra

1
o, = o upper corner frequency

2. The maximum phase lead ¢,,, occurs at mid-fre
and lower corner frequencies

1 1 1 1

3 og,, T +log,, T
1

4‘ +20 dB/decade

quency o between upper 1

log,, o,

0dB

- Logo

| Fig.5.13

Fig. 5.1.3. Bode plot of 1éad compensatar. |
3. The phase angle AEo(im)/Ei(jm) can be calculated as

:?| Explain the Bode plot method of designing lead
ﬂm nsator. <

compe! OR ‘
What are the effects of lead compensation ? ‘
{Answer

bodsinlais

A Design procedure of lead compensator:
Step 1 : Consider equation

s+
Gl = K,—T

S+—

ol

IetKCU.:K:DCgain

Ts+1
aTs+1 :
This control system is shown in Fig. 5.2.1

GO =K

@gﬁﬁ,ﬁ‘lli
The open loop transfer function is:



v

N Sem-s) Introduct. . 5
- 10 .
Control Syster 5S¢ (EN.g, (5CE 040 Degigy
Ty . lead compensat,
K(Ts+1) ) Design 2 Pensator for 5 avit
= e _a_ﬁ:l— o Q.;e/‘s‘s‘fer function is ®m whoge Open
Ts+1 gas)=-Lo+1 Joop %7 G()H(s) = 4s(s +2)
= oals+1 $)= oaTls+1 Gi(s) " ol vequiteiea:
where, G(s) = KG(s)

Now, determine gain K to satisfy the requirement on the Biven g,
error coefficient. atj,

Step 2 : Using above value of K, find phase margin from
G, (jo) which is the gain adjusted but uncompensateq sy
pﬁase margin is specified in design problems.
Step 3 : Determine the necessary phase lead (4,,) re
by the following equation .
b= 01—+ ¢
6, = Specified phase margin
¢, = Phase margin obtained in step 2
¢' = Safety margin.’
Step 4 : Determine the value of the attenuation factor (W) us
l1-a

l+a
Step 5 : Determine the frequency where the magnitugde of

Bode

stem, @, Plot o
y

neran
quired tq be ag eg

where,

ing €quatiop
sin¢,, =

uncompensated system G,(jo) is equal to —20 log (1/ /o) dB.

new gain crossover frequency which corresponds to
P

The maximum phase shift (9,,) occurs at this frequency.

Step 6 : Determine the corner frequencies of the lead compensatoras:
Zero of lead compensator o = UT

This is the

Pole of lead compensator o o2 = YaT

Step 7 : Calculate constant K from value of K determined instep 1and
that of o determined in step 4, by using equation K . =Ko.

Step 8 : Determine gain margin (G.M.). If it is not satisfactory and ot
according to design requirements repeat the design process by modifying

the pole-zero location of the lead compensator until the satisfactory
result is obtained.

B. Effects of lead compensation :

1. Thelead compensator adds a dominant zero and a pole. This increas®
the damping of the closed loop system.

2.

It improves the phase margin of the closed loop system.
It increases bandwidth of the closed loop system.

I

1t gatic velocit}: error constant = 20 gg¢-1

i pMatleast 50 :
AKTU 2021-22, Marics 10
: Assume a lead ¢ompensator as,

A+Ts  Ka+T.
Gs)=Ko ——T=° _ +Ts)
) ¢ (1+aTs) m

Gys) =K G(s)= 2K _
s(s+2)

cMatleast 10db

ji1

and

K,=20= ngsG(s)H(s):lin%s(‘i\Kx (1+7y)
. =0 s(s+2) (1
20 = 2Ki.e., K=10 1+ aTs

4x10 40
G = =7 _
I(S) S(S + 2) s(s + 2)
Step 2 : Thus line of slope -
—40 dB/sec from 2 onwards.

20 dB/sec till o . = 2 and line of slope
Sketch the bode plot of G,(s)

Phase angle table :
G (o) = %
Phase Plot :
Phase angle, ¢ =—90° —tan"1 0.5 0
S.No. : e
1: -116.56°
2, -135°
3. -1582°
4 10 -163.7°
| 5 100 -1788°




s =Ie (EN, c (EN'Sem‘ﬁ) Introduction toD),
0Doo:
From the Bode Plot : Sen % 48 . phase lead angle esign
. Mﬂﬂm ¢m= ¢,"¢1+8
] 4 6 6 78910 E 3 $ 5 ¢ 7"1\# =50—18+5=37o (I‘etc=5")
S RN E -
S5 i ; 5wP4‘ SO = 1 a 'e"sm37=m=0,e
;E:. I — 20 dB/dec | 0.6(1""1): l-a
y==: e : a=025
= 3 —40udBldcf: : i Y
0 =+ “‘d Step 5:— 10 log (;) =-6.02dB (for o = 0.25)
i y S de Plot find frequency at whicp o:
T e = e
e e ool i : Fr:;:ln? i(; —-6.02dB, thisisw, . 8ain of the ncompengateq
i EE s 5 ;‘yrom Bode Plot, o, = 8.81rad/sec =9rad/sec
= : — i n ‘-v . 1
= 3! B = 15 R 0 = ie, Lo
= = " T e
: 5 ~J = Step 6: Two corner freqt;encxes of the lead compensator are
L 1
+ 5 = —=4, =
e s ©e1 T Sando, o = 18
deg 5
- 100" i A = Step7: K= Kca
SR K 10
H R K=—=—"_ .
: f%é Y T
EEsm c (1+0.0555) ~ (140,055 ';
This is the designed lead compensator I
10(1 + 0.22s) 4
G =
) G = 00859 “ 561D ]
o __ 40(1+0.225) - i
s(s +2)(1+0.055s) I
; _ 20(1 +0.225)
"~ s(1+0.55) (1+0.0555)
Que 5.4. | Explain the lag compensation. ,
[AKTU 2018-19, Marks 07]
OR
Define phase-lag compensation techniques with the help of R-C
network. Also draw its pole zero configuration.
01 2 3 4 5 6 78910 2 3 « 5 ‘g 7 a8Im ~1An8wer 2 ]ags

It:
In phase Jag compensating network, the phase of o]‘:t?suivs‘;m
the phase of input voltage for sinusoidal inputs.
‘ommonly used network.

PM=18,GM = ' e
Step 8 : Given phase margin, )

b, = 50°

e : ' &
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AANAA
YYvy

©—»0
=
»N

1

! T g

(Fig.5.4.1, Phasolag neiviork | ?

The transfer function of phase-lag network 1551;0 .
Wh in TG
E(s)  1+sT nFig 54y,
E(s) ~ 1+spT Ga
~{54y)
where p > 1, f= E+R,
R2
and T=RC
The transfer function given by eq. (5.4.1) canbe .
form as eXpressedmsmUSQidal
E,(jo) _ 1+jeT ,
E(jo) 1+ jopT (54

Bode plot for transfer function of eq. (5.4.2) is shown in Fig.549

|
I — 20 dB/decade

0dB

-

e e S P
-90° .

1
1l o
;. pr T ,
‘Fig. 5.4.2. Bode plot of lag compensator.

> log ©

H
-

The two corner frequencies are ® = — , upper corner frequency for |

S|~

1 1 1
zero at s =— — , ® = — , lower corner frequency for a oleats=-—
T BT q Y p i

The maximum phase-lag, ¢,, occurs at mid frequency o, between uprr
and lower corner frequencies.

1 1 1
log,y®,, = E\:log[ﬁ_f) +log,, [i‘_ﬂ

5 Introduction to Des;
ENESZ =
0C
2 ; angle M,,(f“’)/Ei(im) calculated as
has .
The P p ’E’Q(IJ"_’)_ = tan! (0T) — tan™! (0pT)
E(j®)
1 is_:
B , the phase angleis ¢ _:
pro=0n= JpT 3
1 =
tandn,= 3 B
.o _1-B
sm ¢m - 1+p
ation is shown in Fig. 5.4.3.
, Pole-zer® L = 1
—O0— "1 > Re
% T
s-plane

Que55..

Fig: 5.4:3. Pole zero configuratio

What is lag compensator ? What are the characteristics

of lag compensation ? Explain the frequency response of lag

compensator.

A

B.

L

-

N

Answer i

[AKTU 2019-20, Marke 07|

Lag cbinpensator : Refer Q. 5.4, Page 5-8C, Unit-5.
Characteristics of lag compensation :

Lag compensator allows high gain at low frequencies thus it is basically
alow pass filter. Hence it improves the steady state performance.

A lag compensator is to provide attenuation in the high frequency
range to give a system sufficient phase margin.

Frequency response of lag compensator :

The transfer function of a lag compensator with unity zero-frequency
gain is of the form,

1
D)= B+t p>1,1>0
&) Brs+1 P
The sinusoidal transfer function is of the form,

1+ jor

Djo) =
o) = 1 Japr
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3. ‘Thebode plot of D(jw), shown in Fig. 5.5.1, hag two orner g )
©qug,

ato=1prand 0 =1/t.

Ui,
4 10 ’-
8 o
3 -10
S
/2 _2
b
—~ =30°
S "
Q e 60
N _90°
0.1
1 -1
Bt i
o (rad/sgc) —
Fig.55.1. .
4 The phase lag mainly occurs within and around the two ¢q
frequencies. 'Ter
5. It must be recognized here that any phase lag at the gain Crossoye,

frequency of the compensated system is undesirable.

compensated system.

7. Fig. 5.5.1 also shows that in the high frequency range, the lag
compensator has an attenuation of 20 log B dB, which is the property
that is utilized to give a system sufficient phase margin.

8. The addition of a lag compensator results in an improvement in the
ratio of contral signal to noise signal in the loop.

9. The high frequency noise signals are attenuated by a factor p > 1,
while the low frequency control signals undergo unit amplification (0
dB gain).

10. The choice of B is usually restricted because a very large p wil
appreciably reduce the gain crossover frequency and consequently
speed of response of the system. A typical choice of Bis 10.

Q!}g{i-ﬁ.~ Explain Bode plot method to design a lag compensator.

OR
What are the effects of lag compensation ?

8-11¢ (EN\

b

/ pi Introductiop ¢, Desigy
g

: ure of 1ag compensator :
9 P ¢he system transfer function of controller he -
.Let

b gopt

s+=
T
G =K—1 6>1
s+—
Bt
=s+1 -
G) = ﬂK‘ﬁm+1
Ep=K )
= TF of the compensated system is
The OL gl il KG(s)
G(5)G(s) = Bs+1 Brs+1
. +1
_ ﬂlsTsTlG,(s) where G(s) = KG(s)
dstermi e gain K to saﬁsfythereqtﬁrementonthegivenstatic
w, determmi tan
:Je‘;ocitye“orco o

9 : Using the value of K determined in step 1, draw Bode plot of

gt?]-l:,), Find the phase margin ($). .

Stle 3 : Using specified phase margin (¢,), find the required phase
p .

B 81= 8+ &), where ' =5°to 12

Step 4 : Find the frequency at which the phase angle of the open loop -

trapsfer function is equal to —180° plus the required margin (¢,). Thisis
the new gain crossover frequency. ' "y ; )
Step 5 : Determine attenuation necessary to bring thx_e magmmise ;:::o
down to 0 dB at the new gain crossover frequency. m;m l‘:h;ﬁ i
the factor () and the attenuation is — 20 log p. For
value of 3. —
Step 6 : Determine the other oomer) frequency (wwndmg po
of lag compensator) from ©,4= 1/(Br). £
i i determin

Step 7: Using the value of K determined instep 1 and p de
step 5, calculate constant K_as

K

<= F plot,
sator, draw Bode plot,
Step8: Using the transfer function of lag compe o
and verify specifications. . - ot low frequencies
B. Effects of lag compensation : It allows hlgh g:’;:m steady state
thus it is basically a low pass filter. Hence it imp
Performance,
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;’Qﬁg 5.7. Explain lead-lag compensator., Also Write the
lead-lag compensation ? effects 4
[Answer
A. Lead-lag compensator :

1. Lead-lag compensator is combination of leaq network ang)

S i e < 8 nety,
{ C ork,
P
[ 1
1 :
] R, F;
j [ —w— !
ST 1
1
v;(t) /) : 1 v.(t)
- id l o
l i(t) ! _[:C2 :
\ -—— -— .
s compensato i e o
" J
:',Fig. 5.7.2. In s-domain.
2. From Fig. 5.7.2, we have
1
1 sC,__ R 71
ZI=R1”~=*I=‘1_ (8.7
sC, 1  sRC +1
R+ sC,
and Zy= Ry+—~ _ (5BCo+1) 512
. sC, sC,
3. Applying Kirchhoffs voltage law to the shown Fig. 5.7.1 network
Vis) = (Z,+ Z,) I(s) 18
Vols) = Z,I(s) BT
Hence the transfer function of the system
(675

V.(s)
G =l
(s) Vo)

4

G 5) Introduction to Desi;n
.5€ 2
; 40‘ﬂN Wf Vol® and V(s) in eq. (5.7.5), we have

b g v Z,I(s)

s G8) = (Z + Z,)Is)
2
G =737, (5.76)
fZ and Z2 in eq. (576), we haVe
puttivg VS &7 RC,+1)
b ) sC,
( =
G,_. S ___R1_ +R2 +i
sRC,+1 sC,
_ (sR,C, +1XsR,C, +1)
Gc s) = sz‘Rllzzch2 +SR202 +SRICl +SR'ACz +1
( ot 1Y/ e \
B U me)U R
B Sz+[¢+¢+¢]ﬁ 1
RC,  RC, RC | RCRC,
(1Y 1)
. LS+TJLS+T2J
‘ (S + £\ {S + i\
C* U7 pr;)
— T, = R,C,, T,=R,C,
p,1 _ 1 1 1

and apT,T, = RR,C,C, ' ;

and aff =1 ?
B 1 {
6. Poles are at §= -, —— |
T, BT, |
T. Zerosare at s = *lﬁ-l— ’
1 Tz |
: i
jo ‘
, a
PRVl
B 1 11

T, T, Ty, BTy

Fig. 5.7.3. Pole-zero configurations:
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S5 C
mpensﬂth. N

8. The various corner frequencies of the lagleag
Co)

B

Ocy = T for a simple pole
1

1 .
®py = 7 for a simple zero
1

Opg =— i, for a simple zero
T

Op; =— LT’ for a simple pole E

B. Effects: ? ‘

L Lag-lead compensator increases the low frequency gain which improns {
the steady state.

2 Itincreases bandwidth of the system which makes the system respos {

very fast. '

|
|
Write down the procedure for designing lagled !

1. Evaluate the performance of the uncompensated system {0 deter®™
how much improvement in transient response is required: i
2 Design the lead compensator to meet the transient xeSP"ﬂd

specifications. The design includes the zero location, pole Jocatit™
the loop gain.

Introduction to Design

sem®

" " c 6 system to be sure all requirefnents have been met.
sim“law e simﬂlaﬁ‘m shows that requirements have not been met,
esig? . steady state error performance for the lead-compensated
g ah::t; %:ete mine how much more improvement in steady-state error
;y:': qm:ilag compensator toyield the required steady-state error.

peslgnte the system to be sure all requirements have been met.
gimulate " - yulation shows that requirements have not been met.
" Redesig® if the s

g

_ S

| Define state and state variable ? What are the

;dvantages of state space techniques ?
OR

Define the following terms :

i State

i State variables

jii. State vector

iv. State space

v. State equation

i : . . f variables
i State : The state of a dynamic system is the smauﬁtths:l::k:owledge

such that the knowledge of these variables at =1, W1t
of the input for t >¢, c?)ipletely determines the wmm ofthesystem
for any time ¢ > ¢,,. i ‘.
ii.. State Variableso . The variables involved in determining the state o
dynamics system are called state variables. the behaviour
iii. Statevector :Ifweneed nvariable tocompletely dwcbreil):on@;dﬂed ast,
of a given system, then these n state variables 25 vector.
component of a vector x. Such a vector is called state axes consists
iv. State space : The n-dimensional space Whose cwdmﬁy state can be
of the x, axis, x, axis ..., , 2xis i called state sPC*
Tepresented by a point in the state space-
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T,
Mathep,, . %)
a
and gpy ¢l g

as State . Vap: . dg]
Advantages of state space techniques : equatlon_ arlables,

v. Stateequation:A state space representation jg
of the physical system as a set of output, inpui
related by a differential equation is known

The method takes into account the effect of all initig

It can be applied to non-linear as well as time arvin condjtj, :
It can be conveniently applied to multiple input Y g] conditions_
The system can be designed for the o D¢ outpy
this modern method.:

Lol

ptimal conditjong Precise]yy,
¥ s

ical System, Conu

{State‘.‘Sp‘a;e Model of Phys il e
oo e A S version of ol
AR T"QP'?_fé' ,@ﬂciﬁt‘qanQ‘ddand'Vi'cé;jZ:faS?a:te SP,‘ICé fo!

In a state variable syste tat i
oy Y. ‘ m, state.variables are represented by (1),
2. Inputvariables by u, (@), u,(®), .....
3. . Output variables by y,(®), ¥ ...
where,
%, (2) u, (t) »n(®
x5 () u, () ¥o(t)
x@ = | 2@ | ;u@) = | w0 | ;50 = | 730
_ %, (£) i, (2) V()
4. So, dy.namlcs of a system can be represented by nth order differential
equation
d™y(@&)  d"ly() d™2y(z) d
a0 azTn{é s & 3;(;) +a,y(®) = u(®) (6100
5.

The knowledge of initial conditions (0). dy0) d**! y(IO)  along with
: Todt T deT

the input u(¢) for £ > 0, completely determines the future behavior of the
system.

-6
(EN.Seﬂl ) Introdllctiont
it e n-1 0 Design
r dy® 2" y®)
) _;y’—,..., —n - 2Sasetof gt
getake YO at dt ate variabeg,
x =
 us defin® o
p Le X=X
: % 5= 23
x n-1— Xn
Now from eq. (6.9.1)
8. . x n?_anxl__an_—lxz -....—alx"-}.u
e can write this se't of equations in matrix form as,
%x =Ax + Bu
Output* y=Cx
[ x
Xo
where, x= : ;
Xp-1
L x’l
( 0 1 0 0
o o 1 0
A= : iB=|i
0 0 o0 1 0
L=C, —Cp _an-é Ty 1
10. For nt® order single-input-single-output system :
x =Ax + Bu
y=Cx

A = System matrix of order (n x n)

B = Input coupling matrix of order (n x 1)
C = Output coupling matrix of order (1 x 1)
x = State vector of order (n x 1)

u = Scalar input of order (1x 1)

y = Scalar output of order (1 x 1)
1. For multivariable system

x = Ax + Bu
y=Cx
% 41 1 “
y= Y2 X = xz yu= 2
Yp Zn -
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= S
"“11 G @, 9
A= O21 Qg2 ** Gy,
L@n1 QGp2 - annJ
Pu bz - by, ]
B= b'?u by v by,
_bnl bn2 S bnm_
!—011 Cp ey
C= ‘-‘gl Cog *° Cpp
o1 oz Cpy |
FQ!le‘ﬁfll\.’» Describe different representation of state
o : mode] j,
details.

The state model is represented using these state variables called a5

5‘19() €N

ways to represent state models are :
State space representation using differential equation :

phase variables.
The phase variable is defined as those particular state variables which

are obtained from one of the system variables and its derivatives.
Transfer function can be obtained by differential equation '

i‘%ﬁ j‘%I—;?tl"}'ﬁdr""+“"'-111%“6.3'&) =bu(t)

y(n) +al3',(n-1) + e +a’n_15/(1) ra, =bul®)

Pt x* =Yy

» Xy= y=%
xg= Y=5%
x, = y(n-l) =%,
X =Yy
% =x=5
%y =x3=§
£, = .J.’("') =bu-a, -'---1125'("_2’ "al.')"("_n
= bu—@a,%;— @y Xy~ %, 1 — O

. ‘Fig. 5. lo
b Direct decomposition : In direct decomposition we represent the
denominator polynomial as b
' 1 .
= (sls+al+bs+e
We can do it for higher order also. o
f S,
UGs) + "‘

¢ Cascaded decomposition: Here transfer ﬁcltn.?;:n
of product of two or more small transfer fncio™
Y6) o (s+b) (68

Ui) ~— ~ (+a) 6t%

js writtenin terms
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Each group is then decompos.ed by direct de"Omposit'
diagram of the transfer functions is cascaded. 100 ang th

Parallel decomposition : This method is also called canop;,, al
The given transfer function form,
Y(s) _ Bs"+bs" ...
T(S)=_= 0" 1S _1+ +bn
UGs)  ays" +as +enta
C; % C,
s+a, s+a,

Simulate all terms using direct decomposition and add in paralle] t, ha
complete representation. ve

C
+o 2
sSta,

Then factorized 7'(s) =

‘Fig.5.11.4;

Obtain the state space representation for the following

-5) I .
.Semt nt
6}20 (EN Se I‘Oductxon to Design

» ﬁftﬂh:o‘;l'zjvr; ?qﬂaﬁon the faputiis not Tentioneq, Therefore asSuming
ae y +5y +Ty=114u
;. gelect state Vaﬁablii a:y
1= Y=,
Yy = 114u(t) - by, -7,
Gtate space representation :

' 0 1 j

N % 0
- +

. [_7 —5:”312:, [114Ju(t)
Y2

Quet 13. | Construct the state model of a system characterizeq by
;h; ;i}fféiential equation. Give the block diagram representation
of the state model.

2 d
LER itf + 11d—3t’ *6ySu AKTU 2018.19, Marks 07

dts

Taking Laplace on both sides : Y(s)(s3 + 652 + 115 + 6) = Uls)
Y(s)/U(s) = 1/s® + 652+ 11s + 6

3. Choosing state variable : %, = Xy, Xy =%q
Xy = —6x;— 1lx,—6x;+uandy=x, -

1 [o 1 0]fx] [0

4. State model, Zy[=]0 0 1| x|+|0fu
X, -6 -11 -6]|x,| (1
X
y=1[100] |x,

Quesiaz

o . . d
differential equationy +5y +7y=114u, where %’ is the output a®
ks 10
‘w’ is the input. AKTU 2020-21, Marks

Fig.513.1.

L



Control System 5-23 C (EN~

Y O(EN-S" m_ﬁ) . Introductionto Design
| e,
. the correlation bet

7 = Explaln the etween transfe, ﬁmcﬁon and

uations-

Que 5.14. | Determine the state model from transfe, fun

A

system given as oty oe €0 OR
Ye) _ _ s"+3s+2 tion ? Also derive ¢
U(s) s°+9s%+26s+24 er func ) ve the expression fo, trangfep

Y6) _ (243542
X(s)
Taking inverse Laplace both sides

d*x(t) | ,dx(t) =
7+3 A +2f‘(t) =y()
X(s) _ . 1

U(s) $°+9s5°+265+24
Taking inverse Laplace both sides

2
d’x(¢) +99 Xe) | 06920 24x(t) = u(t)

dt® dt* dt
Choose state variables, x(¢) = x,(?)
dx(t) :
? = X,(2) = x,(2)
d?x(t .
%ﬁ) = X (&) = x4(8)
So, % g() = 4(2) — 9x,(8) — 26x,(2) — 24x,(2)

(&) = 2x,(£) + 3x,(t) + x5(8)
In state space representation form

x,®) 0 1 .07 x®»] [0
Lo =] 0 0 1| x®+ oo
24 26 -9]x0] |1

&,(t)

x,(2)
y®) =12 3 1]|x®)
x,(2) '

. — 3]
= Xo(t) . Xo|= xl. X3 e ym

.. granst
sz:ifntfﬁ a state model.

ction : Transfer function is defined

Fun
; o:m of output of the system to the Lapla

tri
under the

astheratig of Laplace

N e tr. X A
assumptions that all initial conditions are ;;ifonn of input,

Laplace transform of output .C(s)

T(s) =
Laplace transform of input R(s)

perivaﬁon H

Z. o onsider a vector matrix differential equation
x =Ax + Bu
andoutput, u=:Cx

Now, taking Laplace transform with zero initial conditions
sX(s) = AX(s) + BU(s)

X(s) = [sI - Al BU(s)

Y(s) = CX(s)

Y(s) = C [sI - Al BU(s)

3. Forasingle-input-single-output system, ¥ and U are scalars.

and.

4. Now transfer matrix can be g'iven as

Transfer matrix = Y(s) =C[sI[-Al"'B
Ul(s) .

= ClsI-Al"B= =3 (T4l

5. Transfer function

6. Denominator part i.e. |sI-A] is called the characteristic equation.
IsI-A[=0

&
"™ degree characteristic equation |sI —A]
valyes,

= 0 has n roots or eigen

A
.Q“e 516 Explain the term : State, State Space, State Vector

880
System has transfer function
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G(s) = % S,
s _,_7\ )
write down the state e‘l\latlo: :nl;:: :
age dl

Answer

k o ISJ?J?S, state space and state vector : Refe, Q.59 p
B. Numerical : e Sy
1. The given transfer function can be Written as,
Y X _ 1
X, U - m
X, (s) 1
) Us) ™ $+78 + 14548

The differential equation in time domain is written a
%+ T3 + 1% + 8x(t) = u(p) S,

Let %y =25 = 0.x, + 1xy+ 0.y + 0

Xg =23 = 0.0, + 0.2y + Ly + O

%3 = — 8y — 143, — Ty + L
3. Inmatrix form,

d X 0 1 0flx 0
dr x| _| O 0 1l |0 "
X3 -8 -14 -7 Xy 1
Y(s)
As =
Xl(s)

4. It can be written in time domain as
¥(8) = x,(t) = Lx; + 0xy + 0.2
. 3
y=[1 0 0}|x
X3

5. Inmatrix form

1 Remxg sl Xi=Xg stox

Fig.5.16.10

Intreduction to Design

he following state equation, determine the transfer
Fort

)y
10> eIV o 3 0
“’ncnon x®H=_ 2 -3 x(t) + 3 u(t)

y(#) = L 0lx(®)+ul®

Y() _ csI-AlB+D
U(s)

1 ! s 0 0 3
[51_'A]= 0 s 12 -3
2 - s -3
= {2 s+3

-s+3
s(s+3)+6 s(s+3)+
[sI - Al = -2 s
s(s+3)+6 s(s+3)+6
s+3 3
s2+3s+6 s $+35+6
= -2 R R
2 +35+6 s +3s+6

@

s+3

+3s+6 S +3s+6 0
4 cisI-A*B=1 07 "7 § 3

L —
Z+3s+6 s +35+6

9

S+3s46|___ 9
‘3s *+3s5+6

1 ol

s> +3s5+6
9+s2+3s+6
9+s”+95+D

5 Y(s) 9
’ s*+3s+6

= 1=
U(s) ~ s*+3s+6

Y(s) s*+3s+15

UGs)  s*+3s+6

tate Transition Motrix:



5 What is the state transition

n matrix and it helps in transition gﬁﬁ;ﬁ i’&) =g
te

state x(t) for ¢ > 0, hence &(¢) i
e tort 4(®) is called state transit;,
Consider homogeneous equation, with u(¢) = ¢
. x =Ax
Laplace transform,
sX(s) —x(0) = A X(s)
(sI-A) X(s) = x(0)
I = 1dentity matrix
s = Scalar Laplace operator.
Multiplying both sides by [sI —A]
X(s) = [sI-AI"2x(0)
X(s) = §(s) x(0)

where,
os) = [sT-AI"!

-1 9
§(s) = —l{l—é—] =£+A+é—+...
s s

s s° s
Taking inverse Laplace transform of X(s),
x(f) = L1 [X(s)] = L [sT — A" 2(0)

2
=% [£+§+%+] x(0)

2,2
[I+At+é—t—+...]x(0)
12

x(2) = At x(0) = $(¢) x(0)
State transition matrix

o) =L1IsI —AIP =L [¢s)]
So, state transition matrix (STM) can be given as,

1 1 3,3
= Ao A2 A e
o) = e =I+At+ 2At +|§

2

ion. Enlist its properties wj Matriy 5
. perties with Proofs, Deﬁve i
§ L

Ap;
X(om;':;nnx
nmﬂtﬁx_ .“ther

Intmducﬁnntal)esigu

08 ot T = b=
a0 =e""=1

o= -0

1 1
FO= 5 &
ey~ LY

i
0‘1""
! ‘,,oo"

’ 3

=eM=¢-1)

g tl) &y~ td=
5 b(tﬂ ) é( to) _ eﬂ(ﬂ"‘n eA(tl—“»: eA(d—ll +£1-10) eA(ﬂ—!ﬂ):“tz_to)
Pt~

b

[gt)]" )Z = ¢(t)'¢(t) _.ktimes= At ek times =efﬂ =kt)

4 f: 3
Prﬂo =o(t,) ty)
=46 02 ot o84

s o 82 S Y= U0

+t2 = e . & .
¥ , ﬁndthestatetranslhonmatnxoﬂhefoﬂowmgmatnx

a-[4 3]

I—Al
1 Calculate [s: [s—l 0]
1

1 s-

10 1 0]=
[sI—A]=S[0 1]_ 11

[s—l 0]
AglsT-A1_[ -1 s-L

T

9. Ms):[sl— De‘l’.[sI—A] 31—25-1'1
1 s—1 0]
el o
‘ £ -25+1
g wo=LB-AT =T sl

el
FE

L2
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5‘29 Q “‘:N
M“tﬁx (s’l';:%

y

0 State properties of State Transitio
n

oﬁt state transition matrix for

8y

Page 5-27C, Unit-5.
B. Numerical:

B oassobotiy

8 s4g

3

S$+6 1
2. 0 (s) = [sT-A]L = AdlsI-4] [—8
Isl\—m‘%
sS+6 1
_|G+D(s+4) m
_8 s
c+26+4 G+261
s+6
3.

— 1
46 = L (s - A1 = 1| ©F Zi;s +4) m]
)

(5+2)(s+4) (s+2(s+4)
e — ™ g [e'z' - e'“]
= 2
4(_ e—Zt + e-u)

PART-5

. Concept of Controllability and Obserability and Their Tetig|

e 42

v

p87 ol
"éngontfo = ut
} syst‘edb using 1P

C
P

Introduction to Design

i trollability.
d explain con
e an :

. A systemis said to be controllable if the state of the
ilit z;nsfe"ed to another desired state over a given time
pe tX:

a
o cap . s

+ for controllability : foic ¥
g t:s der ultiple input linear time invariant system
th QT )

-der ;ts state equation as,
005t Led bY 1
rese?

x =Ax+Bu
d sufficient condition for the system to be completely
e neceiiiﬁ;& is that the rank of the composite matrix Qci§ n.
te cO™

pert?

. ec . trix Q. is given by,
frt}:e composite ma Q. = [CB :AB:A?B:...A™B]

st's test for controllability :

Gilbert’s test it is necessary that the matrix A must be in
" i
For the

ence the given state model is r'equired to be

f:;:;n t:hi{canonical form first, to apply the Gilbert’s test.
mns?m:-:ngle input linear time invariant system represented by,
Consider

é =Ax+Bu

Aisnotinthe canonical form. Then it can be transformed to the
w:s::ical form by the transformation,
C

x=Mz
where M = Model matrix
The transformed state model,
é = A z+ B u
where A =M-1AM
B=M"'B

Insuch a case the necessary and sufficient condition for the complete

state controllability is that the vector matrix B should not have any

zero elements. If it has zero elements then the corresponding state
variables are not controllable.

: d
. Ifthe eigen values are repeated then matrix A cannot be transforme:

to Jordan canonical form. If A has eigen values Aj, Ay, Ay Ags Ay Mgy ooe A

n

then the transformation results Jordan canonical form shown in matrix
below,

Insuch a case, the condition for the complete state controllability is

that the elements of any row of B that corresponds to the last row of
¢ach Jordan block are not all zero.



Control
ntrol System Introduction to Design
— .
P M 1 1o 0 (EN\ ?ﬂ G(ﬂﬂ =
Jd= L) 1 0 ) ) - i
/ ————— l—l __!__0 0 0\\ T y= Cz:[cu cxz = C‘.] 2:3
A 0 o ViTTTe-—o o :
e o o1 Ty e z,
‘ block ——\0_: (i} 2 L. ; )
| 0 0 1o 0 1 PO ! = an1~i-Cuzl +...+C, z,
i oo 4o be observable, each term corresponding o eath
| - the syste™ _ edinthe output. Hence none of the coefficient of
J‘ A for ustbe obs€: .
! 3 te
| 0-
| gustbe 2 .

1
-3
0 2 =3 ability and ob

A Ob Bl :
servability : A system
Test for ©°

System can be determi s said tobe observable ;
o lfall g
the system at given time. on the basis ofknawledgeo?esta’*nfm

; . B. Kalman’s test for °bservabi|ity . lhe ompmnr
| 1. State equation .
i -
? x=Ax+Bu
2 'T';li system is compl =Cx
| stem 15 completely observ . :
‘ composite matrixQ, is n. v able if and only if the rask o,

| Composite matrix Q, is given by,

where ‘CQ;'=ICT:ATCT: """"" (ATy-Tcm o1 o]fo 1] o O
T=Transposeofmatrixc L AB=|0 0o 1}/0 0}= 1 1
) AT = Transpose of matrix A o 2 -3flr 1] [-3 3
C. Gilbert’s test for observability : o1 o]fo O 1 1
1. For Gilbert’s test, the state model must be expressed in the canonical ) azg=lo o 1|1 1= -3 -3
form. Consider the state model of linear time invariant systemas, .
02 -3/l -8 [n 1

3. Controllability test matrix is given by
. Q.=I[B:AB :A%B]
MzwhereMisthemodelmamx. 1 o 0 1nd
Q=00 1 1 -3 -3

x=Ax+Bu

and y:Cx
2 Use the transformation x =

y=CMz= Cz ,
5 l11-3-3 111
where cC=CM 01 o
ingle i i 4 3
Forasmglemputsmgleoutputsystem, Consder |g o 3 oo s

11_3

A



N

- - =~y vvuanx

Hence rank of @ ; 3 \
controllable, Qe is equal to s ordey le, g a
B. Observability test: B ‘

By,
1 L %i
={1o0 0l;cr. 0
0 : o
1 9 N
2.
A=l0 0 ; ;AL(;O"
02 gl ) Ve
00 oY1) ey -3
3. ATcr= |1 0 2|olo 1
0 1 3o |g
0 X
4, (AWCT:(AT)(ATCTs: 10 ghi 0
=0
. 01
5. Observablhtytestmatrixisgivenby 310 .
109
Q, = [CT:ATCT (a2 cmy_ [0 1
001
|Q | =1%0

6. Henceitsrankis3e

qual toits order ie.,3, therefore i
observable. SYStemlscompIMy

The state equations are given below; cheg

controllability and observability of a system.
| Xy =x,-x3+8r
Xy= X, + Xy + Xy 21
Xg=X +X, 4T

y=x;

. Introduction to Design
o pability ¢ 0 1 =1h 8} =8
VR PR (15
11 00jf 1} 1
§ 2 3
AB=|2 3 }
12 °
] is given b;
Controllability test matrixis gl d 3 -3 1
3 Qc=IB:AB:A®Bl=|-2 2 0| |q+0
1 1 -1

ank of Qc i equal to its order i.e., 3 therefore the system is

4 e;iurable
5. Observability 011 1
AT=1] 11 1|,CT=}0
L 110 0
[0 1 11 0
ATCT=| 1 11 [0 =[ 1
g L 11 1jj0) [-1
1] |0
3 . @Aan2cT=|o 0|= 0}
’ Ll 0 o o] 1
4 Observability test matrix is given by g
Q= I[CT:ATCT: (AT CT=|0 1 0]=1,]Q]=0
0 -11

5. Hence rank of @, is equal to its order i.e., 3, so the systemis observable.

Que5.25. | Find the controllability and observability of the system

x, 0 1 0[] (O
x, (=0 0 1 x|+ 0| u®)
x, 00 Ofx,| |1

x;
y@)=[100]| x, |+ 0[ul]

x3
AKTU 2020-21, Marks 10



Control System

Answer I

010

Given:A=|0 0 1|,B=|0|,C[1 ¢ 0)

000

0

1

| ToFind: Controllabiity and observabiy,
A. Controllability test : e

=

@

=

=

L

Controllability test is given by

Q.= [B:AB: A2B]

IQc|¢0

Hence the rank of Q¢ is equal to its order i.e., 3. Therefore the
Systeny

completely controllable.

. Observability test :

(ATY2 (T =

c o H OO H OO
1=}

o
o = ©o o -

A1 0 0j0

Observability test matrix

'Q, = [CT: ATCT : (AT CT)

is given by,

100
010
001

Qp% 0

Hence the rank of the matrix Q is equal to its oF

system is observable.

der i-e-r'ﬁs’s0

SQ-1C (EN-Sem.5)

- Control System

Concepts
(2 Marks Questions)

/tht:n ajor types of control systems ? Explain

11 what ianr fletail with examples.
them o types of control system :
control system :
e X oop control systems the control action is independent o
the gesired output. Inthis system the output is not compared with
the referenceé input.

<

Controller Controlled process ———— Output

Inpllt

Fig:

Example : Immersion rod, Traffic control system.
2. Closed loop control system :

In a closed loop control system the output has an effect on control
action through a feedback as shown in Fig. 1.1.2.

Error signal

Reference Controlled

it +¢ Amplifwontrolled pr(@l—'—> output
Feedback ‘

Fig. 112,

Example : Automatic steering control system, Electriciron.
12. List the advantages of closed loop over open loop system.

AKTU 2020-21, Marks 02

L ‘o i
5 Feedback reduces the sensitivity to parameter variation and noise-

" produces beneficial effect on bandwidth, impedance, frequency
Tesponse.

g




2 May

13. Why negati

AnE

e
IS

:“Sﬁ!"’r‘a

15.

16.

Afis

17,

.

. Less gain or voltage drift.

ve feedback is preferred in closeq loo

(ant

system 7 - AKTU 2020_21' Marka 0'.:1

tive feedback result§ in better stability i,
Znhs :et}g::its any disturbance signals. _It has also low ssetlf:-d? st
parameter variations. Hence negative feedback is . fltl‘"tl?to
closed loop systems. erreg °
What are the applications of AC se1 vomotor ?
In feedback control systems
In aircraft and spacecraft
In tracking and guidance systems
Inrobotics.

What is a signal flow graph ? -

Asignal flow graphisa pictorial representation of the simultay, .
equations describing the system. This is an alternate 3 eous
which does not require any reduction process because of av;ll’;l;{a.ch
of a flow graph gain formula which relates the input and ility
system variables. output

What is Mason’s gain formula ?I AKTU 2018-19, Marks 02
OR

Write the Mason’s gain formula.| AKTU 2020-21, Marks 02

The overall gain can be determined by Mason’s gain formula given
below :
ro SR
= A
where, P, = The forward path gain
A = The graph determinant which involves closed-
loop gain and mutual interactions between
non-touching loops.

A, = The path factor associated with the concerned
path and involves all closed loops in the g aph
which are isolated from the forward path
under consideration.

What are the ad . trol
system ? vantages of negative feedback com

Better frequency response. 2. Less distortion.

4. Less temperature drift-

~N

1 syste™

0
Cgﬂ" SQ3c (EN-Sern -5)
k di .
15 Draw the block diagram, which represent a driyer drivi
ving

Sl

AT

Req_‘:;;zd Position of
post steering Actual
on road wheel position
The Steer on road
driver teer'mg
unit

Actual position as seen by driver
Fig. 181

19. Define: Self loop and non-touching loop in signal flow graph
by suitable example. ‘ AKTU 2021.22, Markﬁ]

Self loop : A feedback loop consisting of only one node i
loop. i.e., G43 at x5 is self loop. s I e

ARiS
1.

G33

b

NG X2 G AN\ Gay x4 Gy /x5

X 1
Gy i Ggs
- Fig.1.9.1.

2. Non-touching loops : If there is no node common in between the
two or more loops, such loops are said to be non-touching loops.

X1 X2 X3 %4 % 1 X5
Yoy L, Ly

Fig. 1.9.2. Three non-touching lbzip;'.“

110. Define transfer function. Give an example for it. -
Ang;
A. Transfer function : It is defined as the L
output to the Laplace transform of input when
are set to zero. .

aplace transform of
allinitial conditions

FE =

i
S



squc@nser? 2 Motk

B.

1

T = i) RGs)

Example:
. C(S)
Find the transfer function N 5) of a system havihg i
el-ellt‘
equation given below, i
2d%et) , 940 | o) = r(t)
dt* dt -

i f eq. (1), we get
Taking laplace transform of eq. ) ge
252C(s) + 25C(s) + C(s) = R(s)

(952 + 25 + 1)C(s) = R(s)

Cls) _ 1
R(s) 2s°+2s+1

-1

What are the applications of stepper motor ?

. Paper feed motors in typewriters and printer
. Recording heads in computer disk drives.
. Positioning of print heads

. What is tachometer ?

Tachometer is electromechanical device tHat conver

t mechani
energy into electrical energy. echanics

©0©

ystem

5Q-5

51, Whatare the standard test signals used jp

:P‘S‘-’!\"!"%

22.

23.

24.

Time Response Ap ...
(2 Marks Q alysis

Uestiong)

= . e ——

control system ?
AKTU 2020-,21,;M.firks 02

Stepsignal

Ramp signal

Parabolic signal

Impulse signal.

What is an impulse response ? AKTU 2018-19,

Impulse response is the response of system when we provide
impulse signal as input.

What do you mean by settling time, write expression for 224
| AKTU 202122, Marks 02 ]

Settling time is the time required for the response curve to reach
and stay within a specified percentage (2% to 5 %) of its final value.
4

Em

order system ?

For 2 % band, ¢, =

n

and for 5 % band, t. = 2

n

Define rise time for second order control system.

Rise Time (¢) : Rise time is defined as the time required for(t;:;
Tesponse to rise from 10 % to 90 % (for overdamped) or from 0%
t0 100 % (for underdamped) of its final value.

n—tan™ (—1—\/?}

Wy

Rise time (¢) =




i atio.
fine dnml’lng X
25. De ;- dicates the amount

ass Damp!

seﬁcmusa“*’ g
O
AKTU 20187, W
of damping Preseng 0
8

Ty
26. What is steady state error ? AKTU 2018- ) T
petween the actual output and Fivs dks %
ed

lltp“t

indicates the error}

ams It yL.e.
= }iglr(t)—c(t)]

ast tends tol
ess

Itis denoted by egs

. pistingush betweert type and order of a system,

The number of poles at the origin | The total number of poles give
gives the type of a transfer the order of the transfer functi(ms
function. .

example of type zero, type one and type two systems

28. Give
- [AETU 2019-20, Marks 2]
aas; Type zero system : '

e e Mo+ 2)(s 2.
s+ p,) (s + py)

Type one system :
o) His) = TS+ +E).
s s+ p)(s+ p,)

Type two system :

Gy His) = FE+2) 5 +2)

o, TheOUTE of aunify fooback system is G(s) = Us(s +D6+4
: the steady state error (ess) due to a unit step-

AKTU 2021-22, Marks 02

fovivA i i
For unit step input steady state error,
1
1+K
P

e_=

K. = lim GE)H(s) = lim ————F
PR «© 1rl—l'%s(s+1)(s+4)

h

5yswm 8Q-7C (EN-Sem.5)
prol
IV 1

= =0
fs” 140

at i8 damping constant give its relation with tim
e
‘LKTU MIS-ZO’AM

0.
%1 o0 nswnt ?
. constant is a measure of a system’ :
The d?mpm-g - meconstant: System’s settling time.
P with time t : The damping Pl

pefine propo jcnal controller.

. » control systzm technologybased ona . .
g I ltsh ‘; difference between whatissetasa desiredp“nse In proportion

Lo i d th d process variable
(or set point) and the current value of the variable.

¢ impulse response of unity feedback control system i
212 = _t ; 9be ~*, find transfer function. = 18

o Find :G6)- 1
ace transform of rt) and c(®), R(s) =1

1. Lapl
= 26 1+ 2b(s+1)
and C(s) = ————(s T 11 _'.____——(s 17
9. For unity feedback control system
C(s) _ G(s)
R(s) 1+ G(s)
G(s)
c(s)= ———= R 1)
©= Traw
), we get

3. Putting value of C(s) and R(s)ineq. (1

1r2bs D GO
(s+1)? 1+ G(s)
2bs+2b+1
_ oSt -
ge & 1+ 25— 2bs—-2b+1

©O0
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. Define a stable system.

34,

. |

system ) ,
e s zero as time approaches infinity.

. State the n

2May

M

Stabilit

. ¥ a
Algebraic Crite:\li
- (2 Marks Question:;

is stable if its response (i.e., the transfer functi,
n,

)

tem is stable if every bounded input progyg,
es

approache
In other words, a5¥S

a bounded output.

ecessary condition of stability.

All the coefficients of characteristics equation must have same

sign.
. There should be no missing term.

. State absolute stability and relative stability.

~ [ARTU 202122, Marks 02]

. Absolute stability : If a system output is stable for all variations

ofits parameters, then the system is called absolutely stable system.
It gives the information about whether system is stable or unstable.
Relative stability : The system is said to be relatively more stable
or unstable on the basis of settling time. System is said to be relatively
moresstable if settling time for the system isless than that of the other
z:::b?htl;ﬁ lative stability gives degree of stability or how close itto

Itisvali i
an;acl;g fgn}y if the characteristics equation is algebraic- tain
kil tc}xlent of the characteristics equationis complex or %
en this criterion cannot be applied

7

Se-o¢ (EN-Sem.5)

o e
gis 0 ntroid in root locus ?| AKTU 2018-19, Marks 02

35 wh OR
et 38 centroid of asymptotes and how the centroid is

calculated L4 AKTU 2019-20; Marks 02

1 asymptotes intersect the real axis at a common point kno
wn as

A% optroid-

s Realpart of openloop poles—X Real part of opén loop zeros

= P-Z
P = Number of open loo
<€, p poles
whe Z = Number of open loop zeros.

56, ‘Define the term breakaway point.

6. akaway point is defined as the point at which

S géf iaws y point s root locus comes
he effect of addition of pole on root locus ?

37, What is t!
dition of a pole to the system open loop transfer function

ad >
as The the root locus to the right of original root locus, thereby

pushes ° 1
reducing the system stability and making the system more

oscﬂlatol‘y .
What is the effect of addition of zero on root locus ?

ams; The ad ]
by original root locus, thereby making the system more stable and

less oscillatory.
39. What is root contour L

A5 The locus of root of characteristics equation obtained by varying
parameter of the system other than K from 0 to « is called root

contour of the system.

3.10. Define asymptote.

AfiS, The line which touches the curve at infinity i
For (P — Z) branches, angle of such asymptote
_ (2 g +1)x180°

% P-Z
whereg=0,1,2,...(P-Z-1).

s known as asymptote.
is givenby :

,3‘11' How will you find the gain K at a point on root locus ?

AW The gain K at a point s = s, on root locus isgivenby,
K = Product of length of vector from open loop poles t0 the poTnt -
Product of length of vector from open Toop zeros to the point %

©0®

dition of a zero to the system pushes the root locus to the left

}xi




»

N

2May
Y

Fre
Response v
(2 Marks Questi()nl;

—

qlleney

?
is frequency responsf’ =

41. Whatis itude and phase relationship between the Sm“sonial
2113 mdy state output of asystem is termed as the f!m‘?ﬁl‘;
Tesponse. )

42 What are the advantage and disadvantage of ﬁ'e‘l'ltfncy
response ?

ﬁ; tage: These methods are easy to use for design

3 T of contyg]
and for finding absolute as well as relative stability of thy

€ System,
B. Disadvantage: The frequency response test cannot be performeg
onnon-interruptible systems. v
43. Write the expression for resonant peak and resonant
frequency.
AT 1
Resonant peak, M = ————;
L Toofi-g2
2. Resonant frequency, @, = m",'1—2§2
44. Define gain and phase marg‘ins.l AKTU2020-21,M31']‘3°21
p.vivd A
A. Gain margin : It is the reciprocal of magnitude |G(o)| at the
frequency at which the phase angle is — 180°.
1
Gain Margin (GM), K, = ————
O K= et
where, o, = Phase cross-over frequency.
B.

Phase margin : The phase margin is that amount of the ’{,d,}‘,’;:?fi

phase lag at the gain crossover frequency required to

system to the verge of: instability. . the gai®
margin is equal to 180° plus the angle of Gj) 2t

crossover point, ¢, =180° + ¢

Gontrol syste®

s

" frequency at which phase of open loop tr.

OR

pefin é gain crossover frequeney and phage i

Gain crossover frequency : Gain crossgy,

. : er fre i
grequency at which magnitude of open loop quency is the

transfer functiop i
‘g;-lz;.sovel' frequency : Phase Crossover frequency is the
ansfer function js — 180°,

phase margin : Refer Q. 4.4, Page SQ-10C, Unit4, 2 Marks

Quesﬁons-
What are the advantage and disadvantage of polar plot 2

Advantage : It shows the frequency response characteristics of
a system over the entire ﬁ'equsenc:y range in a single plot.
pisadvantage : It does not indicate the contribution of each
individual factor of the open loop transfer function.

Sketch polar plot of G(s) =1/ (1 + aS).
. |AKTU2019-20, Marks 02 ]

The frequency domain transfer function is,

. VHG 1 _ 1470 \gioHe)| = =L
G H(®) = =T g | Ny
tan'l(g) ' 0°

=—tan! (0a)

ZG(jo) H(jo) = ¢=
ta “(

mu) ~(tan" o0

. For various values of o, the value of M and ¢are :

® Magnitude (M) | Phase angle (¢)

0 1 v
© 0
. The corresponding polar plot is shown inFig.4.7.1
Im
O ) o—+0

TvEy



SQ-12C (EN-Sem-5) 2 Marlg Questiong |
48. Draw the polar plot G(s) = 1/(s + 2),
. AKTU
2021-22’ Mﬂl‘ks 02 ’
1
1. Puts=jo, GUo) = Gor D
1 .
2. IGUm)|=M=-\/z=»4G@w)=¢=-tan~1 (m]
s o +4 5
3. For various values of o, the value of M and dare :
[0 Magm'tude (0.%)] Phase angle ( ¢)
0 0.5 : o°
© 0 —90°
Im
‘ 0o=0
T 05 > Re
-90

| Fig.48.1

4.9. Write the condition to test the stability of Nyquist plot.

ARE: Condition to test stability, N=Z —P.
where, N = Number of encirclement of (— 1 + j0) point in clockwis¢
direction.
Z = Number of closed loop poles on the right half o
_s-plane.
For system to be stable, Z should be zero i.e., N=—P.

410. Write advantages of Bode Plot. | AKTU 2021-22, Marks 02/
ATE; '

available to add magnitude to each one by one. .
2. The frequency domain specifications can be easily determined.

00

1. The magnitudes are expressed in dB, and so, a simple procedure i X

;.36 C (EN-Sem-5)
ﬂ;‘;—-_l Determine the state controll

ability and |

Qu .
t‘he system described bse“’abih‘ty of
R R S | 0
X=|0 0 3 e
1|y
759 and
y=1[52 7]

_ ’ AKTU 2021-22, Mal‘ks 10
Answer

The procedure is same as Q. 5,23, Page 5-32C, Unit, 5
Controllability test : Hence rank of Q is ¢ u, l.t ;
Therefore the system is controllable, i der e, 3,

2. Observability test : Hence its rank of is
system is completely observable. \ s equal to 3, therefore the

. . |
Que 5.27. I Discuss about the concept of SISO and MIMO

Answer , 1

SISO (Single Input Single Output) and MIMO (Multiple Input Multiple
Output) are key concepts in control systems, representing the number
of inputs and outputs that a system has.

A. SISO (Single Input Single Output) :
A SISO system has one input and one output.

SISO systems are straightforward to analyze because the relationship
between the input and output is direct, typically described by a transfer

function or state-space model.

Since there’s only one input influencing one output, the control design
is simpler.

Example : A temperature control system.

MIMO (Multiple Input Multiple Output) :

A MIMO system has multiple inputs and multiple outputs.

In MIMO systems, each input can affect multiple outputs, and each

=

MR

output may depend on more than one input. .
d control strategies, often

This interaction requires more sophisticate i
involving matrix mathematics or state-space ana’ysis.

= Example : Aircraft control.

co
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Q1.

Following questions @

5-37C (EN-Sepy 5,

QUESTIONS

VERY IMPORTANT

re very important. These question,

may be asked in your SESSIONALS as well as
UN.

[VERSITY EXAMINATION.

Define Phase lead comp‘ensatti.on tgdlmque. How woulq vou
draw its pole zero configuration

Refer Q. 5.1, Unit-5.

. Design a lead compensator for a system whose open loop

transfer function is
G(s)H(s) = 4/s(s +2)
It will fulfill following requirement

. Static velocity error constant = 20 secl
. PM atleast 50°
i GM atleast 10 db

Refer Q. 5.3, Unit-5.

. Explain the lag compensation.

Refer Q. 5.4, Unit-5.

. Explainlead-lag compensator. Also write the effects of lead-

lag compensation ?
Refer Q. 5.7, Unit-5.

. Describe different representation of state model in details.

Refer Q. 5.11, Unit-5.

. Construct the state model of a system characterized by

the differential equation. Give the block diagram
representation of the state model.
d’y _d% d
y
& +6 @ + lld—t
Refer Q. 5.13, Unit-5.

+6y=u

. Explain the correlation between transfer function and state

space equations.
Refer Q. 5.15, Unit.5.

©0©

] Syste™

5.1
AnEE

52.

® pascrd?a

53.

I

54.

A

- State Variables : A set of at least variable

0
cont” ’ SQ-13¢ N, S s)

Introduction tq

D .
(2 Marks Questiorss

estions)

What is compensation ?

The compensation is the design pro N
pehaviour is altered to meegtn tll)xe cged;‘ire In which the system

@ A red i :
introducing additional device called compensatsfemﬁcatwns’ by

Why compensators are used in control system,

of lag compensator ?

what is effect

[ AKTU 2021:22, Marks 0z

Reason :

Compensate an unstable system to make it stable.

A compensating network is used to minimize overshoot.

These compensating networks increase the steady state accuracy
of the system.

Effect of lag compensators :It allows high gain at low frequencies
thus it is basically a low pass filter. Hence it improves the steady
state performance. :

What are the effects of lead compensation ?

. The lead compensator adds a dominant zero and a pole. This

increases the damping of the closed loop system.

. It improves the phase margin of the closed loop system.
. It increases bandwidth of the closed loop system.

Define state and state variable. I'AKTU\2020-21. Marks 02 I

State : State of a system is the minimum amount of information

needed along with initial conditions at ¢ = o and input e’fdtiti: o
that future response of system can be completely described at any
time ¢> ¢, 5 1,(8), %) v x,,'(t.),
are needed to completely describe how 2 S.YSt.e = ;nhgsze:?,;m
future, along with initial state and ir}put excltat:;oen'f a system are
set of variables which can determine the state 0

known as state variables.




p——

sQ-14C (EN-Serm
55, Definestat

2Mark,
e space. M

802

ples: The variables involved in determinip,
s;:em are called state variables.
Yy ¢ n-dimensional space whose coording;

e variable and stat

‘“L State \'8l'in

ofd_\'nnmics B

8 the Staty

o State space : : axis ..., x, axis is called st © axeg
; e x, aX18, Xp o ate spy,
c:;ltselsct:noti;g:‘epl}esented by a point in the state space. pace. Any
S

. ouss the advantages of state variable techniqye

56. Discu & roach. Ovep

transfer function app!

m . : . .
X his method can be applied to linear ornon linear, time variap

time invariant system. . N
9. This method can be designed for optimal conditions.

s state transition matrix ?

5/7. What i '
Afis The matrix that satisfies the linear homogeneous state equatjoy ;
known as state transition matrix. nis
A% A%
At _
t)=¢€"= 1+At+———2! + TR

58. Enlist the properties of state transition matrix.

[AKTU 2019-20, Marks 0

AnE;
1 ¢ (0) = I, I =Identity matrix
2. o18) = d(=2)
3. [ = ¢ (R2)

59. Explain the concept of controllability and observability.

ANg;
1. Controllability: A system is said to be controllable if the state of

t]:Ae system can be transferred to another desired state over 2
given time period by using input.
2. gbservability : A system is said to be observable if all the state of
e system can be determined on the basis of knowledge of the
output of the system at given time.

5.10. Find the eigen vectors of the matrix
-3
A= [ 1 13]
Axig; )

L. The characteristi
Tistics equation for eigen values.
=21 = o s

\

tem
Oon“"l &7 Sd1sc (EN-Sem.5)
s

1 -3-3=0
(/3,;,)(—3—2.)—1=0
A2+6A+8=0

22+ 45+2s+8=0
A+2A+4)=0
Solving characteristic equation,
2. A==2,Ap=—4
These are the eigen values of matrix A,
To find eigen vectors, obtain matrix [A - AJ] for each eigen value of
€ 0.

" rineg. (D-
-5 1
4 Forry=—2MA-MI= [ 1 -5]
M = [Cllq
1 Cy |
co-factors of row 1

_E]
M1=[5

. -7 1
5. ForA,=—4, [A—U]=[ 1 - ]

where, C11> C1a

eyl [-7
ie M = 11 =
s o [Clz_ l:_ 1]
M, and M, are the eigen vectors corresponding to the eigen values
of A, and A,.

511. When lag/lead/lag-lead compensation is employed ?
:viv-A

1. Lag compensation is employed for

in steady state performance. :

2. Lead compensation is employed for ‘stable/unstable system for

improvement in transient-state performance.
3. Lag-lead compensation is employed for stable/unstable system for
transient state performance.

improvement in both steady-state and

©00

astable system for improvement
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o Att emlpt all sections. If any missing datq ig required, then choose
guitably-

SECTION-A

. Attempt all parts of the following : '(2 x7=14)
.. The impulse response of unity feedback control system is
C(p) = te =t + 2be 7%, find transfer function.
- Refer Q. 2.12, Page SQ-7C, Unit-2, 2 Marks Questions.

p. Give example of type zero, type one and type two systems.
yig Refer Q. 2.8, Page SQ-6C, Unit-2, 2 Marks Questions,

¢. What is damping constant give its relation with time

constant ?
g5 Refer Q. 2.10, Page SQ-7C, Unit-2, 2 Marks Questions.
d. What is centroid of asymptotes and how the centroid is
calculated ? ;
18 Refer Q. 3.5, Page SQ-9C, Unit-3, 2 Marks Questions.
e. Sketch polar plot of G(s) =1/ (1 + aS)
Kis: Refer Q. 4.7, Page SQ-11C, Unit-4, 2 Marks Questions.

f Explain gain crossover frequency margin, phase crossover
frequency. :
A Refer Q. 4.5, Page SQ-11C, Unit-4, 2 Marks Questions.
g Enlist the properties of state transition matrix.
R8s Refer Q. 5.8, Page SQ-16C, Unit-5, 2 Marks Questions.
SECTION-B
2 Attempt any three parts of the following :
% State and explain Masson’s gain formula. For
shown in the Fig. 1 find the overall transfer
System using block diagram reduction.

(7x3=21)
the systera
function of

: G
R(s)+ 8
[T Gy |—G2 Gy C(s)
H, et
[H, —
Fig. 1.

&
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AnK
b.

Bt

ABS

SP-
Control System P5Cmng,
Q 1.13, Page 1-18C, Unit-1. 'll~5)

Refer Q. 1+ e
lose loop transfer function is given b

The ¢! T(s)___],;(s+z)/sz+4s+8,Wherek,yziSadj

s k and z so that steady error jg Zero, “stable_

¢) = ¢ find A
If r(?) z obtain in part (i) finq e(w) £
or in

for the value of k,
rt) = t2/2 0
Refer Q. 2.17, Page 2-25C, Unit-2.
ability on basis of location of pol
feedback system G(s) =k/s(s + 1) (fi ;:d {oros,

£ k for stability, value of k £, ) (143
* frequep,,
Ilcy

Put

Explain st
For a unity
Determine range o
of sustain oscillation.

- Refer Q. 3.5, Page 3-7C, Unit-3.

Sketch Nyquist plot for G(s) H(s) =6 /52 (s + 2)
stability. ) Commeng
Refer Q. 4.9, Page 4-11C, Unit-4.

Explain the term : State, State Space, State V.

system has transfer function ector. A S15()
Yo _ 1

UGs) s°+7s*+14s+ 8

" G@s)=

‘write down the state equation and stage diagram

Refer Q. 5.16, Page 5-24C, Unit-5.
SECTION-C

Attempt any one part of the following : (Tx1=T7
Explain the effect of sensitivity on feedback syste—m)
Determine sensitivity of negative close loop system wheré
G(s) = 20/ s(s + 4), H(s) = 0.5 wrt forward path transfer
function, feedback path transfer function.

Refer Q. 1.16, Page 1-21C, Unit-1.

. Derive block diagram of armature controlled and field

3‘1_’:;::!1:?d DC motor with proper labeling of circuit
Refer Q. 1.20, Page 1-26C, Unit-1.

Attempt any one part of the following : (Tx1="7)

- Explain steady state error due to step input for type 0, 1

‘i‘lél( )2_ systems. Find steady stage error for
$) =10 (1 + 4s)/s% (1 +s), H(s) = 1, input r(£) =1+£+ 22

&: Refer Q. 2.18, Page 2-26C, Unit-2
i. D :
raw the root locus of characteristics equation for second

order system as d .
: amping ratio i — o to+®
keeping W, constant. g varies from

- Explain the effect of adding poles and zero to transfer

function.

5.
a.

AT
b.

. The state equations are given below;

Rofer Q- 2.11, Page 2-16C, Unit-2,

t any one part of the following .
AtteP B hag
: feedback:syst
unity ystem has an opey |,

funct
praw

(Tx1= 7
ion. P OP transfe,
the root locus for the system.

G(s) H(s) =F (s +2)/(s +3) (s24 2, +2)

Refer Q- 3-14, Page 3-18C, Unit-3.

What is the necessary condition for stapl; :
T tation of Routh’s stability method. ”‘c‘(’”nhstz: Explain
array and d.eternnne. the stability of the syet ct Routh
characteristics equation, s5+ 25t 4+ g3, 92 , s);S4em whose
Refer Q. 3.9, Page 3-10C, Unit-3. =0

Attempt any one part of the following : @i

Draw Bode Plot of unity feedback control system ;a‘::g)
10

OLTF G(s) = S0 02917025

Determine GM, PM, gain cross over frequency, pha‘se cross
over frequency and discuss stability of closed loop system.

- Refer Q. 4.17, Page 4-22C, Unit-4.

. Explain the strengths of frequency response approach,

establish correlation between frequency domain response
and time domain response.

. Refer Q. 4.20, Page 4-26C, Unit-4.

(7 x1l= 7)
the characteristics of
ency response of lag

Attempt any one part of the following :
What is lag compensator ? What are
lag compensation ? Explain the frequ
compensator.

Refer Q. 5.5, Page 5-10C, Unit-5.

check controllability

and observability of a system.
&, = x5—Xg+ 31
X, =Xy 4+ Xy + Xy = 20
Xy =X X+ T
=x;
Refer Q. 5.24, Page 5-33C, Unit-5.

©OO
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t all Sections. If i et :
Note: 1 Atted FEQuIre any missing daty, ¢ =
suitably. : 1 chy,
SECTICN-A Se
1. Attempt all questionsin brief.

= 20)

List the advantages of closed loop over open log
P Syste,
m,

Refer Q. 1.2, Page SQ-1C, Unit-1, 2 Marks Quesﬁons
Define transfer function. Give an example for it:
Refer Q. 1.10, Page SQ-3C, Unit-1, 2 Marks Questiong
Write the Mason’s gain formula. ’
Refer Q. 1.6, Page SQ-2C, Unit-1, 2 Marks Questions
d What are the standard test signals used in contro]
AGx Refer Q. 2.1, Page SQ-5C, Unit-2, 2 Marks Questions, “stem?
e. Distinguish between type and order of a system_
A6E Refer Q. 2.7, Page SQ-6C, Unit-2, 2 Marks Questions,
f. Define a stable system.
- An& Refer Q. 3.1, Page SQ-8C, Unit-3, 2 Marks Questions,
g. Define gain and phase margins. :
AR Refer Q. 4.5, Page SQ-10C, Unit-4, 2 Marks Questions.
h. Why negative feedback is preferred in closed loop control
AnE Refer Q. 1.3, Page SQ-2C, Unit-1, 2 Marks Questions.
i Define state and state variable.
AGE Refer Q. 5.4, Page SQ-13C, Unit-5, 2 Marks Questions.
J. State the necessary condition of stability.
An% Refer Q. 3.2, Page SQ-8C, Unit-3, 2 Marks Questions.
SECTION-B
a2: ADtet:enmytt;J:ee of the following : (10x3=30)
block dingram redustign. 7 O e Eiven System b

o
b.

pefer @ 1-11, Page 114G, Unit.1,

i the differenti
write d?wn ferential equag;
mechanical translation system a,,fl"}? Eoverning he
function. nd the trangge,
|'>Y2 Y,

K l->1

Mo B )

B, B
T7TTTTT7TT777TT7 7777777777
Fig. 2.
Refer Q. 1.6, Page 1-7C, Unit-1.
Define the following term :
Rise time ii. Peaktime
Peak overshoot iv. Settling time
Refer Q. 2.7, Page 2-11C, Unit-2.
Find the state transition matrix of the following matrix

A= 1 0
-1 1
Refer Q. 5.19, Page 5-28C, Unit-5.
What are the characteristics of servomotors ? Compare the
AC and DC servomotors.
Refer Q. 1.21, Page 1-27C, Unit-1."
SECTION-C

(10x1=10)

Attempt any one part of the following: .

Derive the expression for steady state error and explain K,

K, and K,.

Refer Q. 2.13, Page 2-20C, Unit-2.

T

. For the unity feedback control system the ope:l:oopthheminpuk :

function, G(s) = 10 (s + 2)/s%(s + 4). Find thee, when

is F(£) = 3 — 2¢ + 3¢2. And find K, K, and K-

Refer Q. 2.14, Page 2-23C, Unit-2. (10%1=10)

Attempt any one part of the following :
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Control System A N. oy
. the timo response of first order sys¢ )
a. Deri¥® ge 2-4C, Unit-2. em,

pos Refer Q.22 Pa

p. Theope
system is
of responseé

nstant. 5
ABS }czgfer Q. 2.6, Page 2-10C, Unit-2.
5 Attempt any one part of the following : -
termine the Routh’s stability of given
- 441853+ 1852+ 165 +5=0. ch

equation s
7, Page 3-9C, Unit-3.

n loop transfer function of a unity feedh,
ke

given by Cv:(s) = 9/3.(3 +3). Find the p, 5 on
damping ratio, damped fre qu';‘::‘al f"eque::"l
€Y angq tinlcy

1

10 x l -
aracterist}gz

Amg Refer Q3.
b. Draw Nyquist plot for the open loop transf, .
Gls)H(s) = Us(s +2). er functjop, ;
ang Refer Q. 4.8, Page 4-10C, Unit-4.
6. Attempt any one part of the following : o
a. Sketch theroot locus of the system, whose transfe, x1= .10)
is G(s) = K(s + 15)/s(s + 1)(s +5). T functioy
AnE Refer Q. 3.13, Page 3-16C, Unit-3.

b. Write down the procedure for designi
compensator. 'gning lag-lead
A& Refer Q. 5.8, Page 5-15C, Unit-5. '
7 A!:tempt any one part of the following : (10x1=10)
a. Find the controllability and observability of the system
x, 01 0ffx, 0
X =10 0 1|[x,|+|0u®)
EA 0 0 0fx, 1
%,
y®)=[100]| x, [+ 0[u]
X3
Ans: Refer Q. 5.25, Page 5-34C, Unit-5.

b. i
Obtain the state space representation for the following

differential equation y + 5 y + Ty = 114u, where o is the

output and %’ is the in
] put.
ABE Refer Q. 5.12, Page 5-21C, Unit-5.

©0®
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1. Attempt all Sections. Ifreqlﬁfeé_n it g
Note? suitably. ; Y missing data; then choose

SECTION- A

1. Attempt all questions in brief.
a. Draw the block diagram, which represent a dnii: (ll?-; 20)
ving

a car.
ang Refer Q. 1.8, Page SQ-3C, Unit-1, 2 Marks Questions

e : Self loop and non- i A
b. E;i::itable exaglple. m-touching loop in signal flow graph
ans: Refer Q. 1.9, Page SQ-3C, Unit-1, 2 Marks Questions.
¢. What de youmean by settling time, write expression for 204
order system ?
A6E Refer Q. 2.3, Page SQ-5C, Unit-2, 2 Marks Questions.
d The OLTF of a unity feedback system is G(s) = Us(s + 1)(s +4)
find the steady state error (e,,) due to a unit step. .
A%g Refer Q. 2.9, Page SQ-6C, Unit-2, 2 Marks Questions.
e. What are the limitations of Routh Hurwitz criterion ?
ARS Refer Q. 3.4, Page SQ-8C, Unit-3, 2 Marks Questions.
f State absolute stability and relative stability.
ABE. Refer Q. 3.3, Page SQ-8C, Unit-3, 9 Marks Questions.

g. Draw the polar plot G(s) = (s +2)
ARE; Refer Q. 4.8, Page SQ-12C, Unit-4, 2 Marks Questions.

h. Write advantages of Bode Plot.
AfiS: Refer Q. 4.10, Page SQ-12C, Unit-4, 2 Marks Questions.
i Find the eigen vectors of the matrix
-3 1
A= [ 1 —3]
5, 2 Marks Questions.

1 system, what is effect

ANE Refer Q. 5.10, Page SQ-14C, Unit-
J. Why compensators are used in contro
of lag compensator ?



SP‘ll C (EN

ge SQ-18C, Unit-5, 2 Marks Questiogy

. 5.2, Pa
ams ReferQ SECTION - B

hree following : :

t any t 9f the ) ) a

2 :vmmritepdown various rules involve in blocy g;:.ﬂ“)
a

reduction method. . . Eray,
8% Refer Q. 1.8, Page 1-9C, Unit-1.
:tvfeedback system is characterized by an
" m:y function is G(S) = K/s(s + 20). Determ; :f]:-nlonp
et ihe system will Bave  damping rari ot S
this value of. K, determn.le unit stel.) response, tim, d.o X Ft_)r
specifications: settling time .(2 % criterion), peak °Vers11]:
rise time, peak time, delay time for a unit-step jnpy, "
ARE Refer Q. 2.9, Page 2-13C, Unit-2.
Explain the effect of addition of pole and zero on
and time domain specifications.

AGE Refer Q. 3.18, Page 3-24C, Unit-3.
d Sketch the polar plot of the following function,
determine gain margin, phase margin, H(s) = 1

1
@)= draarz
AfE: Refer Q. 4.3, Page 4-5C, Unit-4.

e. State properties of State Transition Matrix (STM), find out
state transition matrix for

=[5 4

A& Refer Q. 5.20, Page 5-29C, Unit-5.

[

root lo(,us

also

SECTION-C

3. Attempt any one part of the following : 10x1=10)
Find out C/R by using block diagram reduction method.

Fig. 1.

Sol;
for Q 1.12, Page 1-16C, Unit-1.
er Q-

Fin dthe overall gain of the system, wh
b

o0se g
g shown below. Signal flgy, graph

Q. 1.15, Page 1-20C, Unit-1.

555 Refer
4 Attempt any one pa'rt of the following : (10x1=10)
a. Compare proportional (P) control action with integral (1)
control action and prove thatby using proportional int
PI controller steady state error become zero in a system.
a55 Refer Q. 2.23, Page 2-32C, Unit-2.

b. Find out various error coefficients : Kp, K, K, and steady
state error for standard step, ramp, and parabolic inputs

for system shown below :
RGs) + E(s) | 500(s + 2)(s + 5) ti)
\ i (s + 8)(s + 10)s + 12)
Fig. 3.
AR Refer Q. 2.15, Page 2-23C, Unit-2.
(10x1=10)

5. Attempt any one part of the following: .

a. Explain the effect of pole location on stability of a sym:;
by suitable diagram, determine range ofK andquuek sys!'::;‘
sustained oscillations for a given unity feedbac

R(s) - K
s(1+ 0.6sX1+ 0.4s)

Cls)

Refer Q. 3.8, Page 3-9C, Unit-3.
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| System N.g,
Contro otlocus of the system whose opa '11.5)

b S

p‘g B E e

) nlg
Ketch the S)= K/ s(s +2)(s +5). Find the vq) o
mn:et:ni;sgx(arginul stable find out dampeg g2 Ksept
sySs

. e t
St ion, lso find K when the damping ratiq op ) %eyh:tr
oS system is 0.5. ' 5 “10sed
l;ofl; Q.3.15, Page 3-20C, Unit-3.
e O

Attempt 80 one part of the following :
o .

Sketch Bode plot for the following transfer f“gc?t: 1=1y)
ine the gain cross over fre'quency and ph, R ang

deterf;i-;nuency, comment on stability. - 3S€ trog,

?;‘g > s‘)‘= 10/ 5 (1+5)(1+0.0025)

Refer Q. 4.18, Page 4-23C, Unit-4.

the complete Nyquist.plot for a unity feedbacy
l;;:{‘;g the open loop ﬁmctu?l%; from this plot obtains:ﬁt:l?‘
information regarding stability. :
G(s)H(s) = kis(s + 3)(s +5)
Refer Q. 4.11, Page 4-13, Unit-4.

. Attempt any one part of the following :

10x1=1g
Design a lead compensator for a system whose open loop
transfer function is

G(s)H(s) = 4/s(s + 2)
1t will fulfill following requirement
Static velocity error constant = 20 sec™!
PM at least 50°
GM atleast 10 db

Refer Q. 5.8, Page 5-6C, Unit-5.

Determine the state controllability and observability of the
system described

0 11 [\]
=0 0 3|x+|1| uwand
-7 5 9 1

y=152 7l

ATS: Refer Q. 5.26, Page 5-36C, Unit-5

©0©
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g

Note‘ suitablY-

p. What is Mason’s gain f

g Refer Q. 1.6, Pa

L

) 1 system.
2 Marks Questions.

SQ-=

ata, then choose

(2x10=20)

c. Aunity fgedba(}_k system with open-loop tf;;sfer function

G(s) = 2/[s(s + p)1is eritically damped: Cal

Given : G(s) =
To Find : Value o

1. Transfer function

T(s) =

sts+p)’

fp. =

of closed 106 '
Gs) .- 2Is(s+Dp)

1+ GEHES) 1+2/s(s+p)x1
2

T Fropr2
2. Comparing eq. (1) with

T(s) =
o =
m'l

28w, =

() z

n

o on
s2 + 26 ®,5+ @,
2

V2

p

ate the"i;alue of

(1)
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Sp. m-5)
Control Syste™ P15 Cy C (EN'Se Solved p,
° - ritically damped, £ = 1 Ny, o0 Per (202293
g Assystem is critic it \h‘ﬁ F§ -H,

JS2=p

p= 2\[2_

n the effects of PD and PI contro] actig
ystem performance. Mo

ax1x

Explai
order s

Effects of PD coptrol :
It increases damping ratio.
It reduces settling time.
Type of the system remains unchanged.
Effects of PI.control 2

1t increases order of the system.
It increases type of the system.

a Se%nd

Explain the special cases of I@outh’ ngwitz cri

3 : terj
Ans Refer Q. 3.4, Page 3~6C,U \;t‘-3 Wt Tiop,

f. Define the centroid and breakaway point.

A. Centroid: Refer Q. 3.5, P age SQ-9C, Unit-3, 2 Marrks Queg;

B. Breakaway point : Refer Q. 3.6, Page SQ-9C, Unitﬁs,leoékss‘
Questions. 3 S 3,2 M

g. Define relaﬁire "stéi)ility of the system.
: Refer Q. 3.3, Page SQ-8C, Unit-3, 2 Marks Questions.

h. Explam gain margin and phase margin in terms of Bode
plot.
. Refer Q. 4.13, Page 4-15C, Unit-4.

i. Define state variable and state vector.
Refer Q. 5.9, Page 5-16C, Unit-5.

j- Mention any four properties of state transition matrix
- Refer Q. 5.18, Page 5-27C, Unit-5.

Section-B

2. A?tempt any three of the following : ox 3?\1:?:
a. Find C(s)/R(s) using Mason’s gain formula for fhe'd

signal flow graph given below.

o

o

- After differentiating C(¢), we get

Fig. 1. P
Refer Q. 1.15, Page 1-20C, Unit-1. &
with neat sketch explain all tltli{létaom

; ain specj .
» second order controlsyste iveb-cifications for

4 derive the formula for

Time domain specjfiﬁéﬁon tRefer Q. 2.7, Page 2 .
Derivation of peakitime: .- 286 2-11C, Unit.2.
We may obtain the _pe'ak/tlrrv}e by differentiating C@) withhrespect to
time and letting this derivative equal to zero. Since -+

~Eo,t (T, S

cw=1- ﬁ sin [0t ¢]

dCw) e
o)~ i welad M9,

oot
2,

to, D
g

| sinl(a g7

. For maximum value of
dC(t) -0
dt

. Eq. (1) can be written as,

Cos[mdt +¢] w, = sin [mdt + ¢léw, [ w',i =0, \/'1_—?]

or cos[[i, JTTT )1 + 6] JT=E msinl[ofi-TJerols -2

- Put £ = cos ¢ and \/1——? = sin ¢, eq. (2) oW o

©05 (w,t + ¢) sin ¢ = sin (wyt + $) coS §
O sin (¢ + ¢) cos ¢ — cos (gt + ) sin0=0

i, :
€. sin  t = 0

N



SPtre

1Systel ; ; §
== ave the solution = (time to various peaky se""hx
6. Wehav og

=ntw Wherg
and nn s
.

(m,,x/l'/gg)t="n o b5 mum ¢ L

53 ified by putting n, = ¢ f

i rshoot 15 identifie gn=1
um ove first overshoot. The first overshoot ; herﬁfo,

Sthe max,‘:h@

axim!
7. M ok time t0 the
overshoot. :

—_—

=t‘ =
=l o 18 @ Ay

1 mean by the root locus 24

t do you 2
c ;Whl;asteps used for drawing the roo

Ans: : 3.10, Page 3411€
i Jocus : Refer Q. 3.10, Fage . » ;
A Rootlo e of root locus ReferQ)s’*{ ; Page 3-12¢, Unitg

B. Procedur {% % L

-[s 23

i ; . ] 2 i .
e 5rocedure is sameg;;s, Q:5.19; Page 5-28C, Unit-5.
[Ans, State transition matrix,

9t _ o2t gty
et —e) —e' +2 o2

o) = {

Section-C

& Atteml_)t any one part of the following :
a. Explain open loop and closed loop contro
suitable example in each case.
A Refer Q. 1.2, Page 1-3C, Unit-1.

] system with

aox1=10!

ok reduction t.echnique caleu]
Uﬂ‘”g '1’)11':) ck diagram given below ;
fib

Fig. 2.
P;l. . Shifting take off point be

o Ste
% G

L o
Step-3 : Separating the paths in‘the feedback path shown dotted,

Fig. 5. ;
Step-4 : Shifting summing point and then inter
SUmming points ;

changing the tW0



lifier gaj
¢ factor ampater gain g g,
~ py wll‘; damping ra!;lo 18 increageq ﬁ::: be multj
i th“t t at factor the time constang Tsho 0.3 to 0.9,
ii' fﬁ'a:vﬂ“’ damping ratio is reduceq from ¢,g t: g‘zlﬂtiplied S0

K
grem OO T SeTan EO=1

i olos ed-loop transfer function of the system i

1 cls) _ G(s)
RGs) 1+ G(s)H(s)

K
s(sT +1)

K

Fig. 8 ;standéa‘rd form other characteristic equation s
ig. 8. _stan

GG, + G

‘a second order system,

C) . (+GH)U+H, GGy = ‘
‘RGs). . GG, +G) (-H, H, G,)

Y @16, )0+ H G G,)

= 1+G,H,+H G,G,- G,G,G, HH, 28w, =
4 Attempt any one part of the following H (10x 1122 2t K =
a. Derive the time response of a second order control syster T

=€
I
Nk = m'ﬂiw

. for unit step input.

zmg Refer Q.32.4; Page 2-6C, Unit-2. b 5= SURT rin
“b: The open loop transfer function of a unity feedback contr® i &:n, ‘:; = &1 - gg’ i:: K ;K;
" -system is'given by, o £=5,=09 1
' & L e K T
6= Grep & _ 03 1 K
§ ; ine: £ 0. 3
i The system input is a unit step function. Determi? =2 2‘/7{:7




\' Gem-5) Solved p,

o BN Per (2022.9,
SP-21 C (EN N EY’ﬂ i of asympotes H
Control Syste™ g 4 A8

_ (2g+1)x180°
8,= T Pegr %
X 1
==
: [where, 7=0,1,2, 3,. (P~Z~1)]
= . (2x0+1)x180°
—_— Sme
... o = (4-0) 4
1 (2x1+1)x180°
K=k e
the gain K, at which & = 0.3 should be multiplieq by= 1 . s L
Hence damping ratio from 0.3 to 0.9 e -W
increase the §=1,=08 1t T=",
o == ool ozletT T,
‘When,
Hence the origin

reduce the daﬁi

(1)
453 + 1852 +225+6=10
. : After solving eq. (1), we get 02619
L The open loop poles are at s =0, s =— 1,5 = — 2,5 =—3 g= 708812
2. There is no open loop zeros.
3

- Number of poles, P = 4

Both are valid breakaway points.
Number of zeros, Z =0

ax:ls H
" Intersection points with lmag‘(n)a’;(s) 0
P-z= t locus end at infinity: The characteristic equation, 1+ G(s
4-0=4,ie., four branches of root locu

$* 4653+ 1152 + 65 + K =0
Routh array,
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Control System -
4 1 11 K
s
Py 6 6 0
s 10 K 0
& | g6k O
10
¢ K
The value of K at imaginary axis, .
60-6K _g
o=
10
K= 10
Auxiliary equation,
10s2+K=0
10s2+10=0
52 = -

s =%

Pl 0,=45°
maginary axis , .
A7
7/
/
y 4mar =10
Breakawa ¥ ,‘5 £ ’
point = — 2.619 \\\ P - Breakaway
\ / r point = — 0.381
-9 /,/t\\: 1
/ N
, {Centroid)x
(s=-15) \
\

\j,Kmar =10

\\
0, =315°

Fig. 9.

Real axis

0-5)

.Se
" c (EN S g Solved Paper (2022.93,
51;/ open loop T.F. o certain unity feeq
80 K(s+1) edback system g

G(S) s(s—-D(s+ 6) Determme
of K for stability

B*’“g pal value of K

10 Hcation of roots for marginal stability,
lv

i

¢ equation, 1 + G(s) H(s) = 0

A Characterlstl
KD
ts-D(s+6)
s-DG +6)+K(s+D

3 + 5s2 — —(6— -K)s +
The Routh table 1s,

x1 =

i/:For stability K > 0 and —_—E’(E———E)—-—I{— >0
) K>15
ii. For marginally stable,
-56-K)-K
5

=0

K=15
iii. Auxiliary equation,
A(s) =552 +K=0
552+75=0
s= :!:j 122
The location in s-plane is (0 £ j 1.22)

[Here, K="17.51
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Control Syste™ -sem 26
o 2 Sol
¢ of the following : 8) 3 ved p
oak p, AsSUC = Lrad/sec 2Per (2022.93)

Am\mpt any on P
6 peak ™) resonant frequency (¢ ') &nd i) 10)

> he formuls for them.

AR t fre
A fzss?%m peal and rosonant fREQUEREY I HELer Q. .10 pee,
B. Derivation: Refer Q. 4.20, Page 4-26C, Unit-4, G 2 (1000 =60dp
B wcl ~ log \) =
b. Draw the Bode plot for the open loop T.F. S LY log,, (10&)
“1 10 /=404

P Lo 1000 . e
$)= S+ 0.1s) (1 + 0.001s)

G2 = [Slo
pe from
from the graph determine : O, 100, x1og 2

and
i. Gain cross-over frequency ii. Phag
ijii. Gain m margin iv. Phas >
v. Stability of the system.

ABS

To draw Bode p
To Find :

10° 10*
) —95.7°| —1356° |- 2244 | - 2642
—20 dB/dec - fi léeSults from Bode plot :
N \ i Pﬁln cross-over frequency, @, = 102 rad/sec
17015 1 ase cross-over frequency, @, = 107 rad/sec
1jo Orad/sec \ —20 dB/dec —40 dB/dec . Gain margin =0 dB a e
1‘\; ghase margin = 0°
- Stability : T in both are zero
1000 rad/ v : The gain margin and phase margin b0
ad/sec —20 dB/dec _ 60 dB/dec therefore, the system is marginally stable-
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s e n ha A

Solveq Paper (2022~23)

t of the follow;

t an. Ol'l-e par OWII]g:

1.8 ttZTgre the different types of compepg,, us
g el

2 Discuss lead compensat gy an, i
maximum lead angle ®_ and qdenvet

élp x1=1q)
In contpy]
& stem he relatiop,
) nt types o.f compensators ; Ty,
Aﬁi lefe::s ators used in control system : Te are three types of
colﬁP

o mpensator : The lag compensator i gy electric

: : ; al network
1. 125 oduces a smu.smdal output having ¢ .

“.’hlucslcl)ilc)lal input is applied. 8 the phase lag when 5

110 : :
s ) compensator : The .lead compensator is ap electrical network

= % pich produces a sinusoidal output having phac, lead when
W coidal inputi ied. : :
e - Vipusoidal input is applied ;

: T ‘ . '
== wrﬁaﬁﬁﬁiﬁmrn.lllu:ngmuf."u':m'.'ﬁzfsu::ﬁmz::mmn: 5 Lﬁi‘idwﬁgp;ﬁig bﬁ:fel?fg ok 5
‘ L ne selead at other frequency region. Itis
phaamd the lead compensators.” ..
}fa d compensator apd the relation between ¢,, and o : Refer
B. Q.5.1, Page 5-2C, Unit-5. = .

ensator is an electrical
ne frequency region and
acombination of hoth the

amine the controllability and observability of a system

——— Log (w)

2 b. EX . :
":"nEﬁ.ﬁ'mimmM;wﬁlﬁiﬁiﬁ'llmnIﬂ"“"ﬁn’ﬂmﬁ“wﬂ"nmunuunnnnmumxmnmnmu 2 0 i 0 ‘
) oo o SR
'mmm'miimwﬁmmlﬂmmmmlmmnwmmnm}nl.nmuﬁmlmnﬂm"mmm / 5 0 1|, B=|0], c< 0.5 1f
g T 7 A= '\ ’

-6 11 -8 1

2 Controllability test :

0 1 0 1
1. We have, A= 0 0 1 ',B; 0

A

fo 1 o017 [0
AB=|0 0 1]|0f=1
_12

153
L A AT A I it -
- |wumul|mulwwnmlmllmm Illlllml“ﬂll]lml"w" Inllnlllllﬂlu fi HiSHHN ||!| b= |
IR Ul RS @
i AT AL i -6 -11 -6|1
:
2n _ 1 1 |=]-12
A*B=| 0 0 i
|—6 -11 -6)-12] | 61 :
. = R =[B:AB:A*B]
2 Controllability test matrix is given by, U [
f1 0 1
: | 12
AN BLAO DG VAMESN WS A1 11 W A ¢
U MM T T »s = 0 1 [
K1) KT ISR llllml!l“llﬂllllllIllllllm i) =
e L e &
TR |l|l||1|l|l|Illulllﬂll|1|||1\1lllll\l|||||lﬂl||“lllll|||ll|||||ll|||||||l|ll]lllllllllml' ilﬂlllm}l“Ill“m"l“""“l"llllll: llllllllllllH.llIlM [T 1 2sme

TSR s g g
1l il -
(&P U1 D) g

- ——
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1 -12 0 -12 0
- 1
'U'=1l— 12 61’ 0(1 61'”'1 ‘12}

U
] I B'Dk of 1S equal toits order L.e, 3 (n 3) 1ngd;
{ Ji dlcatil]g

Therefore,
3 ;Il‘::tr:hz system is controllable.
Observablhty test:
0 1 0 00 —g
1. We have, A= o O 1(,AT=(1 0 -11 ol 150
' -6 -11 -6 01 —g :
00 -6]10 ;
ATCT=|1 0 -11( 5 |=
01 -6
(AT CT =

9. Observability test m
V=]

i
1) 525 1] + 605 x 5 5x 1)+ 6[(5)(— 1) - 1)

6x20+6x(—4)—96
h

rank i i.e., 3equal orderi.e.,3,
rvable.

~u

0 C (EN-Sem'5)
- Te h 2023.9)

EXAMJNATION 023THE0RY

CONTROL, SYSTEM

Attempt all sections. Ifre

1
suitably.

Note:

Section-A

Attempt all questions in brief,

Explain the properties of slgn flo graph, (2x10=20)

1
a.
Kﬁf Directionality : Slgn

ﬂOWs
representing the flow gr« hs exhibit directeq edges

gnals or information between nodes,’

indicating the causal’ relations}nps within th
e system.
2. Modularity : Signal flow, graphs allow for modular représe tati
of complex systems;. mmphfymg analysis by bre, akmg do?v:tﬁn
system into 1nterconnected Sllbsystems ore Omponents ;/ e

._50,
L =1, A N i

In a second-order system Wlth a unit step input, the damping ratio
¢ affects performance as follows :

i. When & = 0 : Undamped, oscillatory response.
ii. When 0 <& <1 : Underdamped, oscillations with exponential decay

i. When & =1 : Critically damped, fastest response without oscillations
Iv. When1< & < o0 : Overdamped, slow response without oscillations.

d What are the standard test signals ? Explain
Refer Q. 2.1, Page 2-2C, Unit-2.

A
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(-3

A
L

.instab

. List the advantages of state

O i ed out t
sis f bounded lnput bound pu
On the ba

stﬂb“-
table system. ity
le system and uns

define stab!

ta m i in which, for ap
: A stable system is one in'w 3 ¥bo
. btl:i:i:'l;ethe output of the system remains bounded g u:ﬁied
inpu , \

tem is one where th, .
stem : An unstal_)le sys 1 ere exjyy
I?lzt::l:l:nseybwnded input signal that results in an unboyy, de;
al
output signal.

List the disadvantages of Routh-Hurwitz

Only indicates stability, not degree of stabili

" Cannot determine the exact location‘ ?f ystem poles.

andnon-minimum phase system.

S m’: A minimum phase systeﬁ;:ha ll its
poles and zeros i.n}'fth eft half of the s-plane, ensuring stfable’ and
predictable behavior: ‘ -

Non:minimum phase system : A non-rhinimum phase system
has at least one zero in the right half of the s-plane, leading to an
initial response opposite to the steady-state, potentially causing

ility and undesired performa

variable approach for the
analysis of a control syst .

. Facilitates analysis of multivariab!s systems.
. Enables straightforward controller design.

Provides a unified framework for linear and nonlinear systems.

Define state space and state trajectory.

State space : Refer Q. 5.5, Page SQ—14C, Unit-5, 2 Marks
Questions.

gom-5)
9C (EN Se o)
gl’zs _te trajectory : The state traject, 2

st tem’s state variab]
' sy es
B b}’ g;fconditions. It describes hoy the 7
from a0 initial state to a final stat, SY8tens jng,,
T
/
Section-B

empt any three of the following .
gt:temine the transfer functijq

n fo
a Mason’s gain form or the bl:’?kd‘
pelow by ula, g

1. The corresﬁondiﬁgeqmvalent signal ﬂovy_graphf(is &

'N

TY referg,
0 s 8loth
b me ig ’espor:seio

under the infly

te €Volveg

€nce °fi11puts

10x 3= 30)
am given

iagr.

awn in Fig, 2,

R 1 c
Y1 ‘ Y8
Fig. 2.
2. The gain of the forward paths,
P, = G,G,G,
P,=G,

3. The gain of the individual loops,
L,=-G,GH, L, =-G,G,Cs
Ly=—G,GH,, Ly==0s

-




Control System SP-33C (ENsem
-5)
= G,H,G,H, = G,GH\H,
4. Calculation of Ay, 8, and A,
5, =1-0=1
A,=1-0=1
A= 1+G1G2H1+G G G +G GSH2+G4 GZHH
5. Transfer function: Applying Mason’s gain formula gq N L],
C/R, we get 0 fing
T= £=P1A1+P2Az e + .
R A 1+G,G,H, + GiG,G; ZSZGaﬂ G? Z G H,H,

' Explain the following terms i
PD controller
PI controller

PD controller: Refe{g\;Q
PI controller : Refer Q

What is mapping theorem?

na 1 30 explain the Nyquist stabili
criterion to determine the' e v

ability of a control system.

Mapping theorem :
The mapping theorem is a fundamental concept in control theory.

X {; d:scnbes the relationship between the behavior of a system in
e time domain and its behavior in the frequency domain.

3. Tf}‘lle mapping theorem is particularly useful in analyzing the stability
oflinear time-invariant (LTI) systems.

B. Nyquist stability criterion : Refer Q. 4.6, Page 4-8C, Umt'4

#¥ : ine the t Solveqp
petermint ransfer fyy, tio aper (9093,
® pelow: " from g, *
e state m

(EN_Sem-5)

ode] Bivey

R )

S +4sP3 s +4s+3
s+3

0 ——

L 2 +4s5+3

_svt L |
4 2+45+3 st +ds+3|l |
- ClsI-Ar'B=01 1] s+3 |1 |
_s+3
2 +4s+3

PRSP



Control System
s+2
2
-0 1 s°+4s+3 =_2s+\5
_s+3 | s®+4s43
s2+4s+3
Y(s) _ 2s+5

Us) s*+4s+3

Section-C

3. Attempt any one part of the followi“x;{‘
a. What do you understand by:open
control systems ? Discussth ,
between open loop and closed lot

@
H,
&

GGy
1+GgH,H,

1+

I .
1+ GgH Hy+ GoGathy
. GiGeGs H,H,H,

* 17 Gyt Hy + GoOsth

Blocl@nrseries

Fig. 4.
Fig. 9.



-5)

C(S) - Gl G2 Gﬂ

—_— _’___'_——————‘—\
R 1+ GgH,H; + G,G3H, + G\G,G,H. [ B
141y 3

4, Attemptany one part of the following : a

a. Define pé€ time and ?eak overshoot of a sec Ox1~ 10)

control system and derive the formula for the :nd orde,
ame

unit step input. With

AR

A. Peak time and peak (maximum) overshoot::
Page 2-11C, Unit-2. i

B. Derivation of peak time, tp :

1. sy= 1%
1-

-2 sin [(w, +/:

Y+l =
R
tan (o, J1-2)t+4] = YI=5
g

3. Putting, ¢ = tan~1 N
3

o e | E
13 - E (D

4. Thy
€ general solution of eq. (1) is

where n=0,1,2
At n:l,pea.ktlmetp=*
@, 1—%2

erivation of peak overshoo

(if putting £ =1, 10 c(®),

~Eot,

c(t)max = 1—\ sin [
\/i_\‘;:'z (m" @)tp +¢]
)

b. The .
maximum overshoot for a unity feedb.

- L
g 1_{;2 (_51n¢)

ack control

syste PR K
y m having its forward path transfer s G6) = [ )

is
to be reduce from 75 % to 25 %.

The system inputisa unit




Control System SP-3g9 ¢
(EN.g,

step function. Determine the factor by whij
reduced to achieve the above reduction. ich g shoy,

nl.s)
q
amx Given, =

K
GO = T+ D

e _
—&m = -028
whiog

— _ﬂ? both sides i
- i : Square on bo : zldes In eq. (4), ye get {4
S = 0.0823(1 )
2 [n? + 0.0823] = 0.0823

_K
s(sT+1)
sT+1)+ K~ §2q

2 L A\"\ b

E7 =8.279x 108 0-00827\%3 ;
8,009 , A @7

Also, MPZ =25%

‘ » "/'? \ f):’;:t
T lem= Fl,i;a‘ﬁ?%/{_- &

O off
£3n?= 1.900CE

Given, MP1 =75 %, MP2 ) 4
M, is given by, E2[n? +1.90)= 190 %t
&y
= 2
— £2 = 0.1617
My =e -5 100 2§2= 0.402
i From eq. (3)
Y = ‘ '
75=e 1 %100 2w, = .% (T remains constant)
an _ 75 _ 05 1
28,0, = —
1 “ng T

e:f_b g 100
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A2
SP-4; C¢( P
Control System EN.S“‘ILS) RF = ﬁ - 30.80/ T
1 2 L5/
2{0.090)w,, = T RF = 1974
o o 5:55
m = T Attempt any one part of th,q fOllowm
3 g:
1 :' Whaiggsylt::el;::: dl.)ra;l;l root l Cug ? Stat (10 x1s 10)
=1 s ng ¢ e A
and 28, Wp, T the g the root l cus lot'd exp) all
1 ;ﬁél? Root locusd ff{.efex('lg 0, Page
2[0.402]0,, = — s used for drawing o
[ " i. 32253—120 Unit-3, ot locys
1.25
Oy = T .
etch the root locus plot and
From eq. (2) b. ss;xstem when open loo %
K
0= K

G(s)H(S) =

Given, G(s)H(s

There is no. 6pen‘100p zZeros.
Number:of poles P=4

P umber of zeros, Z =0 ¢
" P-Z=4-0=4ie. » four branches of rg3t
Angle of asymptotes

0 (2q +1)180°
P_Z

here ¢ =0,1,2,3, ... (P-2Z-1)

(2 x0+]) x
= = _45e
% 40
..(6)
o, @xL+Dx180_
Square on both sides in eq. (6), we get b
156 K, 0, = @2x2+1)x180 _,
| ™ 7 2T a0
K, 156 6« @x3+Dx180_,
s
Now reduction factor

4-0



Control System

6. Centroid of asymptotes :

ZReal parts of poles — ZReal partg o
o= =7

£ zeroq

4-0 4

6. Breakaway points : )
The characteristic equation is, 1+ G(s) H(s) =0
K
e Bl B ()
W TG+ 0G+
ss+2)(s+4)(s+8+K=0

3.+ 852+ 8% + 4852 + 64s) ]

453 + 5652 + 64s]

breakaway pointsf‘ —0.8,5=—-6.66
7. Intersection points with imaginary axis :
Characteristic equation, 1 + G(s)H(s) = 0
s* + 145 + 5652 + 64s + K= 0.
Routh array :

st 1 56 K
s3 14 64 0
s2 51.42 K
o |B2088-1k

51.42
s0 K

p G’

Soly,
g The value of K at imaginayy, , . ®d Pape, (2022,
3200.88 14K _ '
3290.86 — 122

OPASC EN-Sop,

51.42 -
K par = 235.06
uxiliary equation,
A 51.42s2+K=0
51.42s% +235.06 = 0

—235.06
2 _
¥F Thlag =-47
s=%,213 .
For O <K <235.06, system ig absolut 1 P,
8. marginally stable and for k' > 235.06 : ;’; :;:able At =
Root locus plot :

4
(218, Ky = 23506) |

’ K Bféékflwai}‘r, 3
N,/ point =— 0.8 ="

Breakaway
point =—6.66"

“Real axis

Fig. 10.

o 10x1= 10)

6. rt of the following: bility of the

. Drae s ol plot snd deemin 00
system whose open loop g
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8
L

) P‘.arting point

Control System

4s+1)

COHE = 5 @s+1)

4s+1

s2(1+s) (1 +2s)
Step 1 : No open loop pole in right of s-plane hence p = 0
Step 2 : N =— P= 0 for stability. The Nyquist plot shoulq no
the critical point.
Step 3 : Nyquist path is as shown in Fig. 11.
Step 4 : Analysis of sections

4jo +1)
(o)’ (1 + jo) A + 2jd)s,
SectionI:s =jotos=+j0

ABE. Given, G(s)H(s) =

G(jo) H(jo) =

® =+ 180°90° 90° - 180° - (- 270°) = ggo

Anticlockwise

1
©
Terminating 1
point ® — + 0 0

Section
R-0

Section @

—Jjoy

g5
SEEC (EN~Sern 5
5)

t encirglg

E‘N.Sem-5)

) 3 ] Solv
gectionIL:s=+j0tos~_ o ed Pape, (%ziu)

Starting point

®L-180°

®—>+®
— e =
Terminating point 8 (~180%)< 360°
w—>—0 /1800 Anticlockwise

Section III : Mirror image of section
Section IV : Not required.

Step 5 : Intersection with Regative reg] gyj
S,

Tabout req) gyjq,

: @jo +1)(1- jo)
=0 1+ jo) (1- jo)@ - 250) (122 )
N4

G(jw) H(jo) =

4jo+1)[1-3jo-2w?

T _ 0+ oY) A+40?) T :
LY
Equating imaginary/prt to zefs, 1-8a?= 0ic, 2= Ly
& ' (8

t]
tQ

Step 6 : Nyquist plot is sho '
While mapping section I, the plot crosses the nfgative real axis at
Q =— 10.667 and then approaches to £~180
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Control System
A- 270°
-jo
180° ¥ Q N0\ +i® “
_180° Tw 210.667

+j0

~ N=2
Fig. 12.

Step 7 : The critical pointis encu'cled
hence N = 2. So there are two:oots

1v. Phase 1 margm y
(v Comment on the stablhty of th

(1 +4s)
s2(1+s) A +2s)

Step 2: Factors
1. K=1,20 Log K =0dB, no effect on magnitude plot.

2. lz » 2 poles at origin, straight line of slope — 40 dB / dec.
s

Passing through intersection point of » = 1and 0dB.

3. (1 +4s), simple zero, T, =4, 0oy = Tl =0.25.
1

sp-48 C (EN-Sem-5)

. : Soly
Straight line of slope 29 dB/ge N ed Paper (2023-24)
ro> 0_25'
4.

1
—» Simple pole, T,=3, 1
1+2s ) Doy = F =05,

Straight line of slope — 99 dB/ dec
Tow>(5

1 -
5. 113 simple pole, Ty=1,4

:l
C3 7}3 =1.

Straight line of slope - 29 dB/ dec for %1
! 0>],

Resultant slope
40 dB/ de¢
22 ~404.20 =~ 90 4B / gec

0 <0 <ag, (0.25
0.25<w< ®¢, (0.5) R

0.5<co<coca 1

Step 3 : Phase }ng/lé\tabl‘: 4

& L+ jod) P,
va)z Q+jo) 1+ jo0) [

o |Gor | mite [ e Toama T
01 -180° | = 218 S50 11 | —175900
02| —180° 88.6° [0 -113" v/;;»f’ iF | s
05 | —180° 63.4° . —26.56° -45° | -188.16°
1| -180° 75.96° “=45° -6343° | -21247°
5] -180° 87.13° ~178.69° -84.28° | -25584°
E ~180° 90° -90° -90° - 270°
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Step 4 : The Bode plot:

T A

LT
TaH “mm“ TLITCEE I
IlllllllllIIIIIIIIlIIIIlIIIIll||||IIllll I

R
;IIIHIIIIIIIIIIIII I tit [

T £ ftith
I i

T
AT
YT
AT
Iu.u L E TEC T
bl
IR TRBSLTEEY

TTTTATITTT
Iy
[T
i !

) I
_ K I HHTH I
i |lm|||ll|ll||

SP-49C (EN-Sepn g,

i
[
I
[T
IIIII 1]

I

I
[ I
IIIIIIIIIIIIIIlIlIIIiII i

[T
I T T
LTI I
TR R R LRI
E b & n & &k & B
w <o — 3 =
2 8 8 2 g 8 & &
' | 1 ' | ' ! '

N

SP’So C (EN-Sem-5)

e ) 5
i. Gain cross-over frequengy, Olved Paper (3093 9,
ii. Phase cross-over ﬁ'equency ge = 1.4 rad/ge,

,

o Gai s ©pe=0.36 1
jii. Gainmargin=—29 4y ad/sec

iv. Phase margin = _ 490
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A. Types of compensators’
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B. Proof:

1. Since,
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V(o) ojoll+1
3. Thus the magnitude oﬂ:fhe transfe

V,Go)| Jiveir? |
Vo)~ 1+ ot
4. While the phase angle will be given as,

¢ =tan! 0T -tan! 0oT
5. Now determining the frequency at which ¢ is maximum
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compensator will’ be maxlmum Hence we can say the geometnc
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A1nis: Controllability test :

0 1 o 0
1. Wehave,A=| 0 0 1|,B=]0
-4 -3 -2 1

0 1 o]o 0

AB=| 0 0 1f0f=| 1

-4 -3 -2|1 -2
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[ o 1 0 o ,
AB=1 0 ol 4|,
-4 -3 _ql_ 2 1
92, Controllability test matrix ig givenby, = [B:AB: A%B)
[0 o 1
U=(0 1 -9
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0 -4 ~121
6 -3 ~13
1 8 =9
-3 =13 5 - 14
V= , 3 _9'1'4, ,‘_,]2]) 3
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= 0+4(~45+131 =12 [1643]

= - 128 - 216 = — 344 ?}{,:”»_ o
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r’f CAUTION NOTICE
10 STUDENTS, DEALERS, SHOPKEEPERS,
COPIERS AND WHOM I'T MAY CONCERN

ORDER OF T HON'BLE HIGH COURT OF DEILHI
REGARDING COPYRIGHT INFRINGEMENT OF
QUANTUM BOOKS

This is to inform students, dealers, shopkeepers, copiers z2nd
ral public that Quantum Page Private Limited s

s gene KA 3
bie £ rofcopyright inthe QUANTUM serics of hooks.

theowne

Any unauthorised copying, scanning, reproduction,
distribution or circulation of the QUANTUM books (whether
in soft copy or hard copy) :?mr;um:s to infringement ‘{1" tho
copyright and trademark rights of Quantum Ifag" I‘(J'-'a?.e
Limited, which are civil wrongs as well as criminal offences
with punishment extending to imprisonment.

Quantum Page Private Limited has initiated a lawsuit titled
Quantum Page Private Limited v. Telegram FZLLC &
Ors., CS(Comm.) 921/2022 against infringers of the
QUANTUM books before the Hon'ble High Court of Delhi.
By its order dated December 23, 2022, the Hon'ble High
Court has held that unauthorised reproduction of the
QUANTUM bhooks amounts to copyright infringement and
has directed the removal of infringing copies of the
QUANTUM books from various sources, including Telegram
channels.

Students, dealers, shopkeepers, copiers and the general
public are hereby cautioned not to carry out any
unauthorised copying, scanning, reproduction, distribution
and circulation of the QUANTUM books (whether in soft

copy or hard copy).

Any such unauthorised use of the QUANTUM hooks will
lead to initiation of civil and criminal proceedings by
Quantum Page Private Limited, at the sole risk of the
infringers.
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A comprehensive ook to get
the big picture without spending
hours over lengthy texthooks.

Quantum Series is the complete one-stop
solution for engineering student looking for
a simple yet effective guidance system for
core engineering subject. Based on the
needs of students and catering to the
requirements of the syllabi, this series
uniquely addresses the way in which
concepts are tested through university
examinations. The easy to comprehend
question answer form adhered to by the
books in this series is suitable and
recommended for student. The students are
able to effortlessly grasp the concepts and
ideas discussed in their course books with
the help of this series. The solved question
papers of previous years act as a additional
advantage for students to comprehend the
paper pattern, and thus anticipate and
prepare for examinations accordingly.

The coherent manner in which the books in
this series present new ideas and concepts
to students makes this series play an
essential role in- the preparation for
university examinations. The detailed and
comprehensive discussions, easy to
understand examples, objective questions
and ample exercises, all aid the students to
understand everything in an all-inclusive
manner.

o The perfect assistance for scoring good marks.
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