EC8391 CONTROL SYSTEMS ENGINEERING L T P o
3 0 0 3
OBJECTIVES:
e Tointroduce the components and their representation of control systems
e To learn various methods for analyzing the time response, frequency response and
stability of the systems.
e To learn the various approach for the state variable analysis.

UNIT I SYSTEMS COMPONENTS AND THEIR REPRESENTATION 9
Control System: Terminology and Basic Structure-Feed forward and Feedback control theory-
Electrical and Mechanical Transfer Function Models-Block diagram Models-Signal flow graphs
models-DC and AC servo Systems-Synchronous -Multivariable: control systein

UNIT I TIME RESPONSE ANALYSIS 9
Transient response-steady state response-Measures of performance of the standard first order
and second order system-effect on an additional zero and an additional pole-steady error constant
and system- type number-PID control-Analytical design for PD, P1,PID control systems

UNIT Il FREQUENCY RESPONSE AND SYSTEM ANALYSIS 9
Closed loop frequency response-Performance specification in frequency domain-Frequency
response of standard second order system- Bode Plot - Polar Plot- Nyquist plots-Design of
compensators using Bode plots-Cascade lead compensation-Cascade lag compensation-Cascade
lag-lead compensation

UNIT IV CONCEPTS OF STABILITY ANALYSIS 9
Concept of stability-Bounded - Input Bounded - Output stability-Routh stability criterion-Relative
stability-Root locus concept-Guidelines for sketching root locus-Nyquist stability criterion.

UNITV CONTROL SYSTEM ANALYSIS USING STATE VARIABLE METHODS 9

State variable representation-Conversion of state variable models to transfer functions-Conversion
of transfer functions to state variable models-Solution of state equations-Concepts of
Contrallability and Observability-Stability of linear systems-Equivalence between transfer function
and state variable representations-State variable analysis of digital control system-Digital control
design using state feedback.

TOTAL:45 PERIODS

OUTCOMES:

Upon completion of the course, the student should be able to:

Identify the various control system components and their representations.

Analyze the various time domain parameters.

Analysis the various frequency response plots and its system,

Apply the concepts of various system stability criterions.

Design various transfer functions of digital control system using state variable models.

TEXT BOOK:
1. M.Gopal, “Control System -- Principles and Design”, Tata McGraw Hill, 4th Edition, 2012.

REFERENCES:
1. J.Nagrath and M.Gopal, “Control System Engineering”, New Age International Publishers,
5" Edition, 2007.
K. Ogata, ,Modern Control Engineering", 6th edition, PHI, 2012.
. S.K.Bhattacharya, Control System Engineering, 3rd Edition, Pearson, 2013.

Benjamin.C.Kuo, “Automatic control systems”, Prentice Hall of India, 7th Edition,1995
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Question Paper Code: E3080

B.E./B.Tech. DEGREE EXAMINATION, f
Fourth Semester i

Electronics and Communication Engineering
EC2255 — CONTROL SYSTEMS
(Regulation 2008)

Time: Three hours Maximum: 100 Marks

1.  Compare the open loop system with (’:_lo. d systeiy )

)

gr— ., N 4 =
2. Draw the analogous electricq,lﬂi&etwork Oy the meéhanical system in Figure 1

using force-voltage analogy. ¥ . “
7]

Figure 1

3.  The block diagram shown in the Figure 2 represents a heat treating oven. The
set paint is 1000° C. What is the steady-state temperature?

QH-”“)



4

14. (a) Draw the root locus for the open-loop transfer function of;,'g_ u;pt.y “ -
feedback control system give below and determine. W Wy ‘ Y
(@ the value of K for G= 0.5 P 4 5 h‘*':_ﬁ_ N 1.;5’3'
(i) the value of X for marginal stability 1{ ,ﬁ "& .T:'-f"‘ %y,
By | 4 Vg
(iii) the value of K at S=-4. g §
491. o 5 ' 4
K & . W s
G = — .-,". ) . 9 b 'Q- 4
(8) s(s+ 1)(s +3) nr : '%@'"ﬁ,‘,_‘% 4

Or

(® (@ UsingRouth criterion, investigate the stabilit$of a unity feg¢dback
control system whose open-loop transfer functioh.is given by

G(s)=s_(j_j§‘_zj'

() A Closed loop control sya%ﬁ’ihqa the characteristic equation given

by &® +4.55* +3.55 +1.5 =0 "‘%_-;.,‘P_

& - ¥
15. (@ () VUsing -cascade meth;&“%e%ﬂgeaglpo:gﬁ!@he transfer function
Y (s) 548 e Ny
TN = T n——4nd obtain the st del.
Uls) (+1)(s+2) 0° ﬁn‘@* eaaigg%?g :

At

L gul ¥ |
@) Obtain state spag ;ﬁ-ese%tatit?f?éﬁ&&he electrical network shown
in Figure 7 below. | y 4

' Figure 7
Or

(b) jfi)’» vwDetermine the transfer matrix from the data given below:
“r '

" " L -3 1 1
N '3':“"-.} !-..‘4’= B= C = [1 ]_] D=0,
i N 8 ;f‘.!; 0 -1 1

= Y

,;,--'{. (u) % The tﬁi‘ng’fer function of a control system is given by

¥ 4 V N, Y(s)= s+ 2
R 4 U(s) *+9s%+265+24°

| Chet,k for controllability.

4 E 3080
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Question Paper Code: [55336

B.E./B.Tech. DEGREE EXAMINATIONS, NOV./DEC. 2011
Regulations 2008

Fourth Semester
Electronics and Communication Engineering

EC 2255 Control Systems

Time: Three Hours Maximum: 100 marks

Answer ALL Questions
Part A - (10 x 2 = 20 marks)

1. Define open-loop and closed-loop control systems.

2. What 4s meant by ‘block diagram’ of a control system? What are the basic com-
ponents of a block diagram?

3. The damping ratio and natural frequency of oscillation of & second order system is
0.5 and 8 rad/sec respectively. Calculate resonant peak and resonant frequency.

4. With reference to time response of a control system, define ‘Rise time’.
5. Name the parameters which constitute frequency domain specifications.

Y(
U(

5 45+ 6
6. Write the MATLAB command for plotting Bode diagram ") -4

s) T P+ 352+85+6
7. State any two limitations of Routh-stability criterion.

8. Define stability of a system.

9. What are the advantages of State-Space approach?

10. What is ‘alias’ in sampling process?



VIDYARTHIPLUS.COM

(ii) List the advantages of Routh’s array method of examining stability of a
control system. (4)

OR

14. (b) Sketch the Nyquist plot for a system with open loop transfer function
K(1+0.4s)(s+1)
H(s) =
CEH() === 8s)(s — 1)
system is stable. (16)

and determine the range of K for which the

15. (a) (i) Find the state variable equation for a mechanical system (spring-mass-
damper system) shown below. (8)

b0 b

NN

(ii) A LTI system is characterized by the state equation

.’i?l - 10 I 0 )
HERIHERE
where u is a unit step function. Compute the solution of these equation

assuming initial condition z; = [ 0 J Use inverse Laplace transform

technique. (8)

OR

15. (b) A sampled data control systems is shown in the figure below:

1-¢°Ts.

Find the open loop pulse transfer function, if the controller gain is unity with
sampling time 0.5 seconds. (16)

4 55336
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Question Paper Code : 10296

B.E/B.Tech. DEGREE EXAMINATION, MAY/JUNE 2012.
Fourth Semester
Electronics and Communication Engineering

EC 2255/147405/EC 46/EE 1256 A/10144 EC 406/080290023 — CONTROL
SYSTEMS

(Regulation 2008)

Time : Three hours Maximum : 100 marks

Answer ALL questions.
PART A —(10x 2 =90 marks)

1. What are the advantages of the closed loop control system?
2. What are the properties of signal flow graphs?

3. List the advantages of generalized error coefficients.

4. Why derivative controller is not used in contro] system?

1

9. Draw the polar plot of G(s)= 0 7)
+5

6.  State the uses of Nicholas chart.
What is root locus?
8.  State Nyquist stability criterion.

How the modal matrix is determined?

What is mean by quantization?



|

il
|

PART B — (5 x 16 = 80 marks)

11. (1) Write the differential equations governing the mechanical rotational
system shown in figure below.

Ky Bz Kz
_ : T, |-
3
T B
Draw the torque-voltage and torque-current electrical analogous circuits
and verify by writing mesh and node equations. (16)

Or

() (@) Using block diagram reduction technique, find the closed-loop
transfer function C/R of the system whose block diagram is shown

below. (8)

of
._._P.

(i) Construct the signal flow graph for the following set of
simultaneous equations.

X, = Ap X, + Ag X
X, = Ay Xi + ApX, + Ay Xy
X, =ApXy + ApXs

and obtain the overall transfer function using Mason’s gain
formula. (8)

12. (@ () The open loop transfer function of a unity feedback control system

is given by G(S)ZE@I%T) where K and T are positive constants.

By what factor should the amplifier gain be reduced so that the
peak over-shoot of unit step response of the system is reduced from
75% to 25%. 8

2 10296




(i1)

®) O
(i)

R(s)

(ii)

b) @)

(i1)

A certain unity negative feedback control system has the following
K(s+2)
G 5)(ds 1)
applied is r (t): 1+3¢. Find the minimum value of K so that the
steady state error is less than 1. (8)

forward path transfer function G(s)- . The input

Or

Discuss the effect of derivative control on the performance of a
second order system. (8)

Figure shows PD controller used for a system.

Determine the value of T, so that system will be critically damped.
Calculate its settling time. 8

For the following transfer function,

K(s+3)

b= s

sketch the Bode magnitude plot by showing slope contributions
from each pole and zero. ’ (8)

For an unity feedback system with closed loop transfer function
G(s)
1+G(s)

constant N circles. (8)

derive the equations for the locus of constant M circles and

Or

Write the procedure to obtain Nichol's chart from Constant M
circles. (8)

Write a MATLAB program to examine stability using Bode plot for

; : 207028 :
the given transfer function G(s)=7—‘-". Explain the code
V7 s(s+2)(s+8)

(statements) as to what the variables and numbers mean and also
what action is caused by each statement. State also how you will
interpret the result. (8)

3 10296



14. (a)
)
15. (a)
(b)

(1) Construct Routh array and determine tl)e 5Ldb1hty of the system
whose characteristic equation 1s %+ 25° + 8s" +125% + 2087 +
165+ 16=0. (6)

(i) Sketch the root locus of the system whose open loop transfer

function is G(s):—v( S( 1) Find the value of K so that the
sls+2)s+

damping ratio of the closed loop system is 0.5. (10)

Or

Draw the Nyquist plot for the system whose open loop transfer function

is G(s)H(s)= Fi 2?(s+10) Determine the range of K for which the |

closed loop system is stable. (16) t

Obtain the state space representation of armature controlled D.C. motor I
with load, shown below : .

R L, R¢
Lf V[;:
J, f
Choose the armature current i,, the angular displacement of shaft 6,
and the speed Eld—f— as state variables and & as output variables. (16)
Or

(@ The state model matrices of a system are given below :

0 1 0 0
a-lo o 1| B=|olandac=[3 4 1]
0 -2 -8 1

Evaluate the observability of the system using Gilbert’s test.  (10)

(i) Find the controllability of the system described by the following
equation :

T B o

4 10296 |
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Question Paper Code : 51402 ]

B.E./B.Tech. DEGREE EXAMINATION, MAY/JUNE 2014

Fourth Semester

Electronics and Communication Engineering

EC 2255/EC 46/EE 1256 A/080290023/10144 EC 406 CONTROL SYSTEMS
(Regulation 2008/2010)
Time : Three hours’ Maximum : 100 marks

(Bode plot, Graph Sheet, Semi-log, Nichol’s chart are permitted)
Answer ALL questions.

PART A —(10x2=20 marks)

1.  What are the characteristics of negative feedback?
2.  State Mason’s Gaiﬁ formula.

3. What are type 0 and type 1 systems?

4.  What is meant by rise time?

5. The damping ratio and the undamped natural frequency of a second order

system are 0.5 and 5 respectively. Calculate the Resonant frequency.
6. What is Corner frequency?
7. What is meant by relative stability? ' .
8. Define phase margin.

9: Draw the circuit diagram of sample and hold circuit.

10. What are the properties of State Transition matrix?




P——— —_ -

PART B — (6 x16= 80 marks)
1

w and

(8

11. (@) G)  Write the torque equation of the rotational system shown belo
derive the expression for transfer function 6,(s)! T(s).

TLe)

m represented,

®)

(1) Determine the overall transfer function of the syste

by the block diagram.

Or

the expression for the Transfer function of Armature

b @ Derive
controlled DC motor. (8)
@) Draw the signal flow graph for the following system and obtain the
Gain formula. (8)

Transfer function-using Mason

Xy = Qyg%y + Gao¥2 ¥ (32%3
X5 = QgyXg + Aa3%s

Xy = Gga¥2 ¥ Qg% Oga™s
X = Qg5Xo T AgsXa

ystem shown in

®) '-i,

12. () @ Determiné the unit ‘step response of the control s

the following figure.




(11)  The open loop transfer funetion of a unity feedback system is given
20 . S .
by G(s)=— — . The input function is r(t) = 2 +3t +t% Determine

S(s -+ 2)

generalized error coefficient and steady state error. (8)

Or

() @ A unity feedback system is characterized by an open loop transfer
function G(s) = —( }?10_)' Determine the gain k so that the system
: s(s + :

will have a damping ratio of 0.5. For this value of k, determine peak
overshoot and peak time for a unit step input. (8)

(i) The following diagram shows a unity feedback system with
' derivative control. By using this derivative control the damping
ratio is to be made 0.5. Determine the value of Td. (8)

R(s)

C(s)

13. (a) The open loop transfer function of a system is given by

30 '

G(s)H(s) = s(1+0.55)(1 + 0.08s)

Draw the Bode plot and determine Gain margin and Phase margin. (16)
Or

() (@)  Sketch the polar plot of the unity feedback systém with open loop

transfer function G(s) = . Also find the frequency at which

: s(s +1)* |

[GGw)|=1. : . (10)
i |
i (1) What are the advantages and disadvantages of frequency respbnse I
' analysis? = e : _ : (6) [
: : |
14. (a) Draw the root locus plot for the system whose open loop transfer function :
an il ’ k V .
1s given by G(s)H(s) = . '
g Y G(s)E(S) s(s+4)(s* + 45 +13) . I
Find the marginal value of k which causes sustained oscillations and the JII;
frequency of these oscillations. : ' (16) {
I
Or |

3 : 51402 |




15.

(a)

(b)

(i1)

(1)

@)

(i)

The open loop transfer function is given by

G(s) = - Rk

o1+ 0.18)(1 + 8

For this unity feedback system, determine the value of £ 80 that
the gain margin is 6dB. (8)
By using Routh Criterion, determine the stability of the system
represented by following characteristic equation

S 45t +25% +25% +11s+10=0 (8)

Obtain the state model of the system desﬂgribed by the following

L . .

transfer function. i | —T—J——: ! (8)
u(s) " +6s+1

Obtain the state transition matrix for the state model whose system

1 1
matrix A is given by A = l:o 1]- i (8)
Or
Check the controllability of the following state space system
X, = Xy + Uy
Xq = X3 8)

Obtain the transfer function model for the following state space
system. i 8)

a5 Aol

c=t o] D-=[o]

4 51402
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Question Paper Code : 91404

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2014.
Fourth Semester
Electronics and Communication Engineering

EC 2255/EC 46/EE 1256 A/ 080290023/10144 EC 406 -— CONTROL SYSTEMS
(Regulation 2008/2010)

(Common to 10144 EC 406 - Control Systems for B.E. (Part-Time) Third Semester —
ECE — Regulation 2010)

Time : Three hours Maximum : 100 marks

Answer ALL questions.

PART A — (10 x 2= 20 marks)
1.  Differentiate open and closed loop control system.
2. Write Mason’s gain Formula.
3. What are the various time domain specifications?
4. What is the effect of PI controller on the system performance?
5. Define Gain and phase margin.

State the usage of Nichol’s chart in control system analysis.

Z. Define BIBO stability.

8- What is meant by dominant pole?
9. Define state model of n'» order system.
10.  What are sampler and hold circuits?

=i




O T ——

K:urnj
¢ 1

PART B — (5 x 16 =80 marks)

11. (a) Write the differential equations governing the mechanical translational
system as shown in figure 11(a). Draw the Force - Voltage and
Force — Current electrical an alogous circuits and verify by mesh and node

(16)

equations.

/,{/ i

—‘L Eﬂ
3
8

t2

Fig.11(a)

Or

(b) @ The signal flow graph for a feedback control system is shown in
figure 11(b)(1). Determine the closed . loop transfer function

c(s)/ R(s). (12)

| Fig.11(0)@)
~ (i) State any four block diagram reduction rules. - 4
\ 12. (a) (@ Whatare the various standard test signals? Draw the characteristic
diagram and obtain the mathematical representation of all. = (B .

(ii) Calculate the following parameters for the system whose natural |
: frequency of oscillations is 10 +ad/see and damping factor 1s 0.107 %

(1) Delay time .
(2) Rise time

(3) Peak overshoot
(4) Settling time. ' &)

Or

o
Nel
'—d
NS
[w]
e

e



13.

14.

15.

(b)

(a)

(b)

(a)'

(b)

(a)

(b)

(1)  Determine the steady state errors for the following inputs Su(t),
btu(t), Ht2u(t) to a system whose open-loop transfer function is given
100 (s + 2)s + 6
by G{s)- 22000 2a+ 6] )
ﬁx{_s + I%Xs + 4))]

(1)  With its block diagram explain the concepts of PI and PD
compensation. (8)

The open loop transfer function of a unity feedback system 1s given by
Gls)=1/[s(1+s)(1 + 2s)].

Sketch the polar plot and determine the gain and phase margin. (16)
Or

(1)  Describe about Lead-lag compensators design procedure. (8)

(i1)  Write short notes on constant M and N circles. (8)

()  Obtain Routh array for the system whose characteristic polynomial
equation is

% +25° + 85 +125% + 2052 + 165 + 16 =0
Check the stability. (8)

(1)) Define Nyquist stability criterion and explain the different
situations of it. ; ()
Or

Sketch the root locus for the open loop transfer function of unity feedback
control system given below. in B(L6)

G(s)="F /[s(sz_ +4s+ 13)]

Test the controllability and observability of the system whose state space
representation is given as ; (16)

X7 [o o 27[x,] [o
X;) Lo 2 -3]|x,] |o

X
Vi [1 0 0] Xz
X, :
Or
(i) State and explain sampling theorem. 4)
(i) A discrete system is described by the difference equation (12)

(ke +2)+ 5y(k+ 1)+ G(yk) = u(le)
y(0)=y(1)= 0; T =1sec.

Determine the state model in canonical form. Draw the block
diagram.

3 91404
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Question Paper Code : 71451

B E/B,Tech. DEGREE EXAMINATION, APRIL/MAY 2015.
Fourth S:;mestei: |
Electronics and Communication 'Engineering
EC 2255/EC 46/EE 1256 A/080290023/10144 EC406 — CONTRO L SY

(Regulation 2008/2010) -

(Common to 10144 EC 406 — Control Systems for B.E.(Part — 'I‘ime)
Third Semester ECE ~ Regulation Zm?

Time : Three houts ' % Maximum : 100 marks

 Answer ALL que‘%
PART'A — (1@ marks)

1.  Find the transfer function of th& rk given in fig, 1.

4. Find the unit impulse response of system H(S)=6/(s+4) with zero initial
conditions. '

5. What is the use of Nichol’s chart?
6. Laist the advantages and disadvantages of phase lag network.
7. Find the range of K for closed loop stable behavior of system with

characteristic equationd4s®+24s® +44s® +245+ K using Routh Hurwitz
stability criterion.

www.Vidyarthiplus.com
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8.  What is the angle-of asymptotes in the Root Locus of a system with n poles and
m, zeros? ‘ .
9.  Define controllability of a system.
10, State S.‘amplins theorem,
| PART B — (5% 16 = 80 marks)

r

11. @) () Explaiti the functional blocks of closed loop feedback control system.
' (6)

c 7 ';pﬁl) Derive the transfer function of system.showg in ﬁg g, (10)
LAV Y S o
¥y

‘ 3 "‘;;

q',(/\. ,( ﬁ%""’a
T
gt

_ LM

b W ‘-7’1"2 !
) f-;!;é?{‘} d .

(% - o PR

'A; 0‘% AL*)’ % 5

o vy 4 Byt

e funiction of the system shown in fig. 3 using block

H

G

1/Hs H:z

2 71451
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12, (@) () For the systern shown in figure 4. find the error using dynaniic
errar coefficient method for input: r(t) =5 +4t + 762
| ()
; woE+y | | 1
%) SoPy > 55
Fig. 4 ,
(i) Briefly ‘diss:uss.abuut tmnsient-.msp'onsarapmiﬁaéﬂons.
® @ For the system shown in ﬁg 5. ﬁnﬁ the effect of PI) gontroller with
Td = 1/10 on peak overshoot and settling time when 1618 excited by
unit atep input. o
Y‘(S@Q?"
- 10 - ":“'.: h i
T [T
I‘Rirﬁ
I@g‘s Y
(i) Discuss the effect ofLR]%céntmller in the forward path of a system..
18. :.(_-a) A robotic arm o has a joint control loop transfer function
' G.(s)G(s) = !, Prove that the frequency equals 28.3 radls
when ths pﬁaae@an ais —~180° Find the magnitude at that frequency,
i i | -
(by” & transfer function of the compensating network and the type of
R ation given in figure 6 and draw the Bode plot.
1 .-:-'-,"‘I-..; ':-,_. ' ‘ i _,. TS UG T
B 10 kO il S
- Vi(t) o—m;w— —o Va(t) 8y
/ 513‘ o
’_. . _ \:f t,_;my;}&..l_‘ "
01pF 3 0 ¥4l o
Fig. 6
3 71451
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14.

15.

www.Vidyarthiplus.com

(a) A single locp‘ negative feedback: system has a loop transfer function

G,( S‘)G(S):—(%'Ij——?)". Sketch the root locus as a function of K. Find

the range of K for which the system is stable. K for which purely
imaginaxy roots exist and find the roots.

Or

(b) Draw the Nyquiat plot and find the stability of the fa]lowing open loop
transfer  function of unity feedback  control  system.

G(s)H(s) = K (s +4)/(*(s + 2))1£ the system is-conditionally stable, find the
range of K for which the system is stable.

(a) Considera system with state-space model given below.

0 1 07 [0] ,ﬁ%
£={0 0 1le+|Oliy=[2 —4 O+(O) »
=1 -2 =8 4 _ g;@
Verify that the system is observable and controllable; s
1] =5
Or _A& r;sf;?."f‘

(b) Explain the functional modules qf &bged T&up sagmpled data system, and
compare its performance with opezﬂo@ sampled data system.

4 714561
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Question Paper Code : 21451

Reg. No. : [

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2015.
Fourth Semester
Electronics and Communication Engineering
EC 2255/EC 46/EE 1256 A/080290023/10144 EC 406 — CONTROL SYSTEMS
(Regulations 2008/2010)

(Common to 10144 EC 406 — Control Systems for B.E. (Part — Time)
Third Semester ECE — Regulations 2010)

Time : Three hours Maximum : 100 marks

Answer ALL questions.

PART A — (10 x 2 = 20 marks)
1.  What is the main advantages of closed loop system over open loop systems?
2. Write the mathematical expressions for step input and impulse input.
3.  Mention few applications of Bode plot.
4.  State Routh Hurwitz criterion.
5.  Define State space.
6. Whatis meant by sample and hold?
7.  Define Mason's gain formula.
8. Define rise time and peak overshoot.

9.  Define Nyquist stability criterion.

10. What is gain margin and phase margin?



11.

12.

13.

14.

15.

(a)

(b)

@

(b)

(a)

(b)

(a)

(b)

(a)

(b)

PART B — (5 x 16 = 80 marks)

Derive the transfer function of a RLC séries-circuit.
Or

With a neat diagram, derive the transfer function of a field controlled de
motor.

Derive an expression for unit step response of a second order control
system.

Or

Write explanatory notes on PI and PD controllers.

Define all the frequency domain spe01f1cat1ons of a second order control
system after plotting the response.

Or
Describe the procedure for obta1n1ng the polar plot for a system whose

loop transfer functlon s—
. | (s+2)(3+4).

Describe. the procedure for obfainir’ig the root locus for a system.

Or
Determine the closed loop stability of the system using Nyqu1st stablhty
cr1ter1on G(s)-— —,E—
. s“(s8+2)

Explain how controllability and observablllty for a system can be tested,

" with an example

Or

Write the explanatory notes on open loop and closed loop sampled data
systems.

2 21461
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Question Paper Code : 51451

B.E./B. Tech. DEGREE EXAMINATION, MAY/JUNE 2016
Fourth Semester
“ Electronics and Communication Engineering
EC 2255/EC 46/EE 1256 A/080290023/10144 EC 406 — CONTROL SYSTEMS
(Regulations 2008/2010)

(Common to 10144 EC 406 — Control Systems for B.E. (Part-time) Third Semester ECE —
' Regulations 2010)

Time : Three Hours Maximum : 100 Marks

(Provide Graph Sheet, Semilog sheet)
Answer ALL questions.
PART - A (10 x2=20 Marks)

1. Draw the equivalent block diagrams for the figures 1 and 2 given below ;

Figure-1 Figure-2
List any two properties of signal flow graph.
Define steady state error.
Write the expression for the transfer function of PI Controller.

Define phase margin.

AN T T R

What is the use of M and N circles ? 1 |




8. List any two advantages of Nyquist stability criterion.

9.  Define observability.

[
|
l
l
10.  State sampling theorem. l

PART - B (5 x 16 = 80 Marks)

. (@) (G A certain system is described by the differential

d2
=, 14 dy + 40y = 5. Find the expression for y(t), assuming initial
dt? dad " °

equation,

conditions to be zero.

)
(i) Find the transfer function of the electric circuit shown in figure 11(a) (ii). 3 !
R, .
C, y j
e,' eO ]
| T | “

Figure-11(a) (ii)
OR
(b) (i) Determine the closed loop transfer function of the system whose block

diagram is shown. in figure 11(b)(i), using block diagram reduction _

technique. 3)
Figure-11(b) (i)
2 51451 ‘




(i) Determine the closed loop transfer function of the system whose signal
flow graph is shown in figure 1 1(b) (ii), using Maron’s gain formula. 3)

Figure-11(b) (ii)

12. (@) Derive expressions for the following, for a second order, under damped unity
feedback system when excited by a unit step input.

(1) Output response c(t)
(2) Peak time (t,)
(3) Risetime (t) - 10+3+3)
OR
(®) (i) The open loop transfer function of a unity feedback system is given by
G(s) = 40/(s(0.25 + 1)) |

Determine the steady state error using error series approach for the input,
r(t) = 3t + 4¢2 ' 10)

(ii) Define the following time domain specifications :

(a) Peak time (b) Rise time (c) Peak overshoot 2+2+2)

3. (@ (@) Listany four frequency domain specifications. ; @
(ii) Draw the bode magnitude and phase plot for the unity feedback system !
. 40 . . ; . ) |
with G(s) = S(_l:r_(())_is—) and hence determine phase margin and gain '

margin. i ' ‘ 6 +6) |

OR !
3 51451 ;'




14.

15.

(b) A unity feedback, type-2 system has a open loop transfer function, G(s) = K/s?.

Design a lead compensator to meet the following specifications :

)
(i)

Settling time, t, < 4s

f

Peak overshoot for step input < 20%. (16)

(a) Draw the root locus plot of a unity feedback system represented by -

G(s)=K(s+1)/s*(s+9) .

For the positive values of ‘K’. (16) .

OR -

(b) For the feedback system whose open loop transfer function is , . "

G(s) H(s) = K/s(s + 3) (s + 5), investigate the stability of the system for various \

values of ‘K’ using Nyquist stability criteria. 16) |

@ O
(i)

®) @

(i)

List any four advantages of state space representation of a system. @

For the state variable representation given below, determine the transfer

function of the system.

0o 1 0 0
D‘q{ 0 0 1}[X]+{1}[U1
—40 —-44 -14 0

Y={0 1 0] [X] 12)
OR
Obtain the state equation and output equation of a system described by the

2
differential equation %—5 +3 %‘f +4y=u. @)

A control system represented in state space form has the following data

010 0
[A]=[0 0 1};3{0}%[3 417
0-2-3 0. ‘

Examine its observability. 12)

—
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Question Paper Code ;: 60451

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2016.

Fourth Semester
Electronics and Communication Engineering .~
EC 2255/EC 46/EE 1256 A/080290023/10144 EC 406 — CONTROL SYSTEMS*
‘(Regulations 2008/2010)

(Common to 10.144 EC 406 — Control Systems for B.E. (Part-Time) Third Semester —

ECE - Regulations 2010)
Time : Thre€ hours , Maximum : 100 marks
' Answer ALL questions. '

PART A — (10 x 2 = 20 marks)

1.  What is the main advantages of closed loop system over open loop systems?

2. - Write the mathematical expressions for step input and impulse input.

3.  How do you find the type of a system? o j _

4. Find the unit impulse response of system H(S) = 5/(s +.4) with zero initial
~ conditions. i : ‘ _ ' : :

5.  What is meant by ‘Corner frequency’ in frequency response analysis?

6. Whatis Nichols chart? .

7. Write the necessary and sufficient condition for ~st'aibilit_y in Routh stability

criterion.

8. ¢ Define Nyquist stability criterion.
9. Define state equation. ] i
10.  Give the concept of controllabﬂity;
f PART B — (5% 16 = 80 marks)
11. (a) Derive the transfer function of a RLC series 6ircuit.
(b) With a neat diagram, derive the transfer function of a-field controlled de
motor.

‘1254 @)* @)  For the system shown in figure 12(a)(i) find the errox uéing dynamic
ane error coefficient method for input r(¢) = 5 + 4z + 7z2.

Y(S)

+
X(S) —ind T R R
) % 19 26+ [ §4 o

, Ty - Fig. 12(a)() .
(i)  Briefly discuss about transient response specifications.
Or




13.

14,

15.

(b)

(a)

)

(a)

(b)

(a)

(b)

(i) For the system shown in fig. 12(b)() find the effect of PD controller
with Td = 1/10 on peak overshoot and settling time when it is
excited by unit step input. :

Y(S)

+ 10 2
X(S)®% T, 7|57

Fig. 12(b)(0) . e
(11) Discuss the effect of PI controller in the forward path of a system. .

Consider a unity feedback open loop ‘transfer function
ls)=———90 ____ Draw the Bode plot and find the phase and
s(1+0.18)(1+0.2s) "
gain cross over frequencies, phase and gain margin and the stability of
the system. §

or :
Explain in detail the design procedure of lead compensator using Bode
plot: : = W :

(i) Determine the range of K for stability of unity feedback system
whose open loo ansfer function is Gis)= ' < usin
b P Dy S - 1 () si»s+1)is+2i 4 g
Routh stability criterion. _ - i (6)

(i) Draw the approximate root locus diagram for:a closed loop system

whose loop transfer funtﬁ_tién i_é. g'iven_by‘ G(s)H (s) 2 G +5§{s - 10.
Comment on the stability. (10)

Or ‘ |
Sketch the Nyquist plot for a system with-open loop transfer function

G(s)H(s)= K(L+0.4s)(s + D) and determine the range of K for which the
(1+8s)(s—1) ~ .

system is stable. , (16)

For the given state variable representation of a second order sx‘sée‘r‘n
given below find the state response for. a unit step - input 'and

[2] y Loz _13} [zj ; m [”]El %g§]=m 'By uéin‘gfthé:diéc'reil;e 2 t1me

approximation.
Or

Consider the system with the state equation.

%y 0 1 0 |l % 0

%oill=( .0 0 1 || %y |+[0 .

g | |-6 -11 —6|[x| |1
Check the controllability of the system.

2 60451
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Question Paper Code : 27196

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2015,
Fourth Semester
~ Electronics and Communication Engineering
EC 6405 — CONTROL SYSTEM ENGINEERING
(Common to Mechatronics Engineering and Medical Electronics Engineering) |

(Regulations 2013)
Time : Three hours ' Maximum : 100 marks
(Provide Semilog sheet, Polar graph and ordinary graph sheet)
. — Answer ALL questions. -

PART A — (10 x 2 = 20 marks)
1. List the advantages of Closed loop System?

2.  What is Block diagram? What are its basic components?

3.  State some standard test signals used in time domain analysis.
4, A What is a steady state error?

5%  Give the specifications used in frequency domain analysis.

6. What are Constant M.and N circles?

7.  What is dominant pole?

8.  Define about Nyquist stability criterion.

9.  What are state variables?.

10. Draw the Sampler and hold citcuits.




PART B — (5 x 16 = 80 marks)

11. (@ (@) Write the differential equations governing the mechanical
translational system as shown in Fig.1. Draw the Force — Voltage
and Force — Current electrical analogous circuits and verify by
mesh and node equations. (12)

VNN AW N A e

B L
é M, \ ;'rxl
ka ‘ f%(t
(a2 -_[_J Txg
ks% L-l—"BB

M.‘5 ' sz

Fig. 1
@) What are the basic elements of mechanical rotational systems and
write its torque balance equations. Y
Or
() (@) Write the rule for eliminating negative and positive feedback in
block diagram reduction. (4)

(ii) The signal flow graph for a feed back control system is shown in
Fig. 2. Determine the closed loop transfer function C(s)/R(s). (12)

RESD ot ;CS)
g b
i

Fig. 2

12. (a) () Derive the time response analysis of a first order system for step
and ramp input. ' ) (12)

(i) What are the time domain specifications? Define any two. 4

Or

2 27196



13.

14.

15.

(b)

(a)

(b)

(a)

(b)

(a)

(i) Determine the type and order of the system with following transfer

functions.
(1) _ S+4
(S -2)(S +3)
@ = @

S3(S? +28+1)

(i) With a neat diagram, explain the function of PID compensation in
detail. (12)

Sketch the Bode plot for the following transfer function and determine
the Phase margin and gain margin.

G(S) = 20 . (16)

S(1 + 3S)(1 + 48)

Or

The open loop transfer function of a unity feedback system is given by

1
G(S) = S*(1 + S)(1 + 28)

and phase margin. (16)

. Sketch the polar plot and determine the gain

() Using Routh Hurwitz criterion, determine the stability of a system
representing the characteristic equation :

S%+8%+28%+282+35+5=0.
Comment on location of the roots of the characteristics equation. (8)

(11) Write detailed notes on relative stability with its roots of s-plane. (8)
. Or

The open loop transfer function of a unity feedback system is given by

G(S)=S 12((S+9) A
(S* +4S +11)

Sketch the root locus of the system. (16)

(i) Consider the following system with differential equation given by

y+6y+1ly+6y =6u

Obtain the state model in diagonal canonical form. 12)
(i) Draw the state model of a linear single-input-single-output system
and obtain its corresponding equations. 4

Or

3 27196



(b)

@)
(i1)

State the properties of state transition matrix.

Consider the system defined by

X = Ax + BU

Y =Cx

Where
6 1 0] 1

A=|l0 0 1[;B=|0|;C=[10 5 1].
-6 -11 -6 1

Check the controllability and observability of the system.

(4)

(12)

27196
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B.E./B.Tech. DEGREE EXAMINATION, APRIIL/MAY 2015. -
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Time : Three hours oy, (w’ Maximum : 100 marks
F

3 : _ e Answer ALL quéBtions.
ol PARTA,-(lp(;%o arks)

1.  Find the transfer function oflﬂ‘gQﬁork given in Fig. 1

5%
£
u%j

, A
2. 'State‘kﬂaaon’s gain formula.

How, do you find the type of a system?

=|_1 & ﬁ& Find the umt 1mpulse response of system f(s) = 55/(s + 2) with zero initial
e M conditions. i

5.  What is the use of Nichol's chart?

6.  What are the characteristics of phase lead network?

7. Find the range of K for closed loop stable behavior of system with
characteristic equation 2s* +12¢° +22s° rIZS*I\ , ﬁ Routh Hurwitz

stability criterion. i "'-'a""':j lF’Ejmg:l alui COm
| ""'l[g“’ Grow With s






3

AN J D j*} DI WRWLY 'Z;.jiu:]j.! Gl R NEE

(b) (i)  Forthe system shown in Fig. 5 find the effect of PD controller with
T, =1/10 on peak overshoot and setting time when it is excited by

unit step mput,

Y(sD

f%;;.

(11) Discuss- the effect of PID controller in the forward path of a g{jtexih

at“. )

13. (a) For the foliowing transfer function draw the Bode plot, ﬁnd%&he gém and

phase margin: =
: : ﬁ%%. =

OO = e @ 8 ;:>§r
AN ‘
y Or N . ‘ .l

%

(b) Design a lead conipensator for the. Si;gpf G(s) = 1/s(s + 2) with
werror constant > 20 and semall

setting time.

.I \ : ) . .: , .
14. (a) A single loop nega_tise fe&??ﬁ ystem has a loop transfer function

G.(5)G(s) = tch the root locus as a function of K.

Find the range of

the system is stable, K for which pr*e]y
imaginary root

find the roots.
: Or
(b) 2 Draw the Ny, i8¢ plot and find the stability of the following open ].DOiJ

..tra.nsfcr Y function of  unity = feedback  control = system
- Gis H (s)“i: K(s + 1)/s*(s + 10). If the system is conditionally stable, find

,A\he range of X for which the system is stable.

| .15; A‘J(Q{E;Eénaider a system with state-space model given below.

00T 0 |
x=| 0 0 1{X+| 5 |uy={100]+][0}
=1 =§. -1}  |[-24 =

Verify that the system is observable and controllable.
' ' : Or

({b) Explain the functlonal modules of closed loop sampled. d'im syqtem and
compare its perforrance with open loop aampl(,d data system.

:' o TR inpayl.com
| mg"'ﬂwﬂ :ﬁ :I::iﬂﬂv
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v B.E./B.Tech. DEGREE EXAMINATION, MAY/JUNE 2016

Fourth Semester

v Electronics and Communication Engineering

“ EC 6405 - CONTROL SYSTEM ENGINEERING

N (Common to Mechatronics Engineering and Medical Electronics Engincering)

> | (Regulations 2013)

>

o

a Time : Three Hours Maximum : 100 Marks
j Answer ALL questions. '
- PART - A (10 X 2 = 20 Marks)

3

N 1. Distinguish between open loop and closed loop control systems'.

% 2. Write Mason’s gain formula.

y 3 List the standard test signa]g used in time domain analysis.

» 4.  State the effect of PI compensation in systein performance.

5 5. What are the frequency domain specifications ?

; 6.  What are M & N circles ? |
;ﬁ 7. State the necessary conditions for stability.

4 8. How will you find root locus on real axis ?

2 9 Define the state and state variable of a model system.

2 10.  What is zero order hold circuit ?

oy
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PART - B (5 X 16 = 80 Marks)

11. (@) (i) What are the basic elements of mechanical rotational systems ? Write its
force balance equations. )

(i) Write the differential equations governing the mechanical translational

system shown in figure 11(a)(ii) and determine the transfer function. (12)
L] = IS
2 = ™
7 M \ ,m‘z, 2 __}g&_)
= =
CTTIVT 77T T T 777 7AZ7 77777
B 2a
:In
Figure 11(a)(ii) |
OR |

(b) Convert the block diagram shown in figure 11(b) to signal flow graph and find |
the transfer function using mason’s gain formula. Verify with block diagram

approach. : (16)
3 5 Gal
R ces)
—_’é)_"
[k - |
Figure 11(b)

(i) The unity feedback control system is characterized by an open loop
transfer function G(s) = K / [s(s+10)]. Determine the gain K, so that the
system will have damping ratio of 0.5 for this value of K. Determine the
peak overshoot and peak time for a unit step input. ®)

OR

(b) With aneat block diagram and derivation explain how PI, PD and PID
compensation will improve the time response of a system. (16)

2 57288

12. (@) (1) Derive the time response of a first order system for unit step input. 3 !




14.

p—t
54

|
|
|
L
L
L
l
l
1
|
-

’

(a)

(b)

(a)

(b)

()

(b)

Sketch the Bode plot for the following transfer function and detenmine the

system gain K for the gain cross over frequency 1o be > rad/sce.

G(s) = Ks2/[(1 +0.25) (1 + 0.025)] (16)
OR
(i)  Write short notes on series compensation. (4)

(i) Write down the procedure for designing Lead compensator using Bode
plot. (12)

(i) Using Routh Hurwitz criterion, determine the stability of a system
representing the characteristic ~ equation S6 + 285 + 884 + 1283 + 2082 +

16S + 16 = 0 and comment on location of the roots of the characteristics
equation. ®)
(ii) Describe about Nyquist Contour and its various segments 8
OR

A unity feedback control system has an open loop transfer function

G(s) = K/[s(s? + 4s + 13)]. Sketch the root locus. (16)

(i) Construct a state model for a system characterized by the differential

equation (d3y/dt®)+ 6(d2y/dt?) + 11 (dy/dt) + 6y +u = 0 t))
(i) With the neat block diagram explain the sampled data control system and
state its advantages. 8)
| OR
Test the controllability & observability of the sys-tem by any one method whose
state space representation is given as (16)
X o0 L |0 %
X, |=| 2 -3 0 Xy |+] 2 [u;y={100]| *2
) 0 2 -3J| x 0 X,
3 57288



I —— —

)




bo

Question Paper Code : 80340
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Time : Three hours Maximum‘: 100 marks

Answer ALL questmns

: PART A — (10 X 2= 20 marks)
1. Whatisa control system?

Lisp the basic elements of translationa] mechanica] systems.

e

<

Specify the time ddmain Specifications, ' g

4. What is meaht by sféady state errop?

=

State the s1gn1ﬁcance of Nlchol 8 plot

6. W'hat is series compensatmn"

7. Define BIBO stability,
8.  Whatis dOmfnaﬂt pole?
9.  List the ma1n propert1es of a state transmon matrlx

10 State samphng theorem

LS






13.

14.

15.

(@ °
G () 1/[5 1+s) ] Sketch the polar plot and determine the gain and

(b)

(a)

(b)

(a)

(b)

The open loop transfer function of a unity feedback system is given by

phase margin. (16)
Or

(i) Write ‘down the procedure for desxgmng Lag compensator using

~ Bodeplat. - : © (12

(i) State about Parallel feedba_ck compensation. : 4)

(1) State Nyquist stability criterion an‘d'explain the. three situations
while examining the stability of the linear control system..”” . (8)

(1)) Construct R-H criterion and determine the stablhty of a system
representing the charactenstlc equat1on

S®4+S%+25%+2521+3S+5=0. Comment on location of the roots of

- the characteristics equation. s (8)

Or
With neat steps write down the procedure for constructlon of root locus.
Each rule give an example. =~ (16)

A discrete time .system .is described by ‘the d1fference equation -
y(k+2)+5y(k+1)+6(yk) (k) ' '

Y(0)=y(1)=0 and T =1 sec, Determine

(i) State model in canonical form

@ii) State transition matrix. (16)
Or-

(i) Check the controllability of the system by Kalman's test whose
" state model is given as,

e 0" 0 I |l [0 X,

%5 (=[-2 =8 0 ||xy{+|2|wy=[1 0 0]| x| 8
(1)) Write detailed notes on Sampler and hold circuits. ®

3 80340
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ST.ANNE’S

COLLEGE OF ENGINEERING AND TECHNOLOGY
ANGUCHETTYPALAYAM, PANRUTI - 607106.

QUESTION BANK
JULY 2018 - DECEMBER 2018 / ODD SEMESTER
BRANCH: ECE YR/SEM: 1I/111 BATCH: 2017 - 2021
SUB CODE/NAME: EC 8393 CONTROL SYSTEMS ENGINEERING
UNIT I
SYSTEMS COMPONENTS AND THEIR REPRESENTATION
PART - A

1. What is meant by a system?

2. Write Mason’s Gain formula. (NOV/DEC 2011, NOV/DEC 2010, MAV/SUNE 2013,
MAY/JUNE 2014, NOV/DEC 2014, MAY/JUNE 2015, MAY/JUNE 2016)

3. What are the three basic elements in electrical and mechanical system? (NOV/DEC 2010)

4. How will you get closed loop frequency response from open loop response? (NOV/DEC 2010)

5. List out the advantages of closed loop and open loop control system. (APR/MAY 2010,
MAY/JUNE 2012, NOV/DEC 2012, MAY/JUNE 2014, APR/MAY 2015, APR/MAY 2017)

6. State ‘‘transfer function’’ of a system. (APR/MAY 2010, NOV/DEC.2010, NOV/DEC 2013,

NOV/DEC 2014, APR/MAY 2017)

7. What is analogous systems? (NOV/DEC 2013)
8. What are the basic elements of a control systems? (NOV/DEC 2014, MAY/JUNE 2016,

NOV/DEC 2016)

9. Write the force balance equation for ideal dashpot and ideal spring. (APR/MAY 2015)

10. What is Control Systems? (NOV/DEC 2016)

11. Differentiate between open loop and closed loop control systems. (NOV/DEC 2010, NOV/DEC
2014, MAY/JUNE 2016, APR/MAY 2017)

12. Prove the rule for eliminating negative and positive feadback loop.

13. Name any two dynamic models used to represent control systems. (MAY/JUNE 2013)
14. What are the characteristics of negative feedback? (MAY/JUNE 2014, APR/MAY 2017)
15. What is translational system?

16. Give the types of friction.

17. What is block diagram?( APR/MAY 2017)

18. What is signal flow graph?
19. What is the need for signal flow graph?



20. Why negative feedback is preferred over positive feedback system? (NOV/DEC 2016)
PART - B

Mechanical Translational System (16 Marks)
1. Write the differential equation governing the mechanical translational systems shown in the figure
and find the transfer function (MAY/JUNE 2016)
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2. Write the differential equation governing the mechanical translational systems shown in the figure
and find the transfer function (NOV/DEC 2013)

" o i icudegit bt
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g M e -
Tk TR R
o ’ No Friction

3. Write the differential equation governing the mechanical translational systems shown in the figure
and find the transfer function (APR/MAY 2017)

Mechanical Rotational System (16 Marks)
1. Write the differential equation governing the mechanical rotational systeims shown in the figure and
find the transfer function. Consider the angular displacement in J; as 6; (MAY/JUNE 2013)
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Electrical Analogous Circuits (MTS) (16 Marks)
I

Obtain the transfer function of the given mechanical system. Hence the draw electrical analogous
circuits. (NOV/DEC 2014)
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2. Write the differential equation governing the mechanical iranslational systems shown in the figure.
Draw the Electrical analogous circuits. (MAY/JUNE 2015)

X

>

3. Write the differential equation governing the mechanical translational systems shown in the figure.
Draw the Electrical analogous circuits. (MAY/JUNE 2013)
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4. Write the differential equation governing the mechanical translational systems shown in the figure. -
Draw the Electrical analogous circuits. (MAY/JUNE 2013)
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Electrical Analogous Circuits (MRS) (16 Marks)
1. Write the differential equation governing the mechanical rotational systems shown in the figure.
Draw the Electrical analogous circuits with two angular displacement 6; and 6; (NOV/DEC 2016)
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Block Diagram Reduction Technique (8 Marks)
1. Reduce the given block diagram and find the overall transfer function. (NOV/DEC 2016)
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2. Reduce the given block diagram and find the overall transfer function. (NOV/DEC 2014)
[T
- “+
. C
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[

3. For the system represented by the block diagram given below, evaluate the closed loop transfer
function, when input R is (i) at Station 1 and (ii) at Station 2 (NOV/DEC 2013) (16 Marks)

Station 11

Station I




4. Reduce the given block diagram and find the overall transfer function. (APR/MAY 2017) (8
MARKS)

5. Reduce the given block diagram and find the overall transfer function. (APR/MAY 2017) (8
MARKS)
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Signal Flow Graph Technique (8 Marks)
1. For the given signal flow graph find C(S)/R(S) using Mason’s Gain formula. (NOV/DEC 2#£4)

RED , & _ O by G g R L

2. For the given signal flow graph find C(S)/R(S) using Mason’s Gain formula. (NOV/DEC 2013,
APR/MAY 2017)
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3. For the given signal flow graph find C(S)/R(S) using Mason’s Gain formula. (NOV/DEC 2613)
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Block Diagram Reduction to Signal Flow Graph Technique (16 Marks)

1. Convert the given block diagram to signal flow graph and find the transfer function using mason’s
gain formula and verify with block diagram approach. (MAY/JUNE 2016)
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2.

Convert the given block diagram to signal flow graph and find the transfer function using mason’s

gain formula and verify with block diagram approach. (MAY/JUNE 2016)
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17

W)
Servomotor (8 Marks)
Describe the features and characteristics of an armature controlled d.c. servomotor. (MAY 2007,
2009)

Explain the working of d.c. servomotors. (DEC 2014)
Derive the transfer function of d.c. servomotor under field controlled. (MAY 2005)

Derive the transfer function of an armature controlled d.c. motor. (MAY 2009, DEC 2015)
Explain the working of a.c. servomotors. (DEC 2014)

Explain the principle of working of synchronous with relevant sketches. How are synchros useful
in control system engineering?
UNIT I
TIME RESPONSE ANALYSIS
PART - A

Specify the time domain Specification? (NOV/DEC 2016, MAY/JUNE 2016)
What is meant by steady state error? (NOV/DEC 2016, NOV/DEC 2015)

. List the Standard test signal used in time domain analysis. (MAY/JUNE 2016, MAY/JUNE 2014,

NOV/DEC 2015)

State the effect of PI Compensation in system performance. (MAY/JUNE. 2016)

How do you find the type of the system? (MAY/JUNE 2015)

Find the unit impulse response of the system H(s) = 5s/(s+2) with zero initial conditions.
(MAY/JUNE 2015)

For the system described by

2015)
Why is the derivative control not used in control system? (NOV/DEC 2015)
Give the relation between static and dynamic error coefficents. (NOV/DEC 2016)

What is type and order of the system? (NOV/DEC 2014, MAY/JUNE 2015)

What are the advantages of generalized error series? (NOV/DEC 2014)

Give the transfer function of the PID Controller. (NOV/DEC 2013)

State the effect of PD Compensation in system performance. (MAY/JUNE 2014)

What do you mean by peak over shoot? (NOV/DEC 2010)

Define settling time. (MAY/JUNE 2010)

Differentiate between steady state and transient response of the system? (MAY/JUNE 2010)

What is the effect of system performance when a proportional controller is introduced in a svstem?
(MAY/JUNE 2015)

€ _ 16

= ————;find the nature of the time response? (NOV/DEC
R(S)  5%+4BS+16



18. What is type and order of the given system G (S) = ? (NOV/DEC 2014)

19. Define Rise time.
20. Define peak time.

S(ST 1)

PART - B
TIME RESPONSE ANALYSIS
1. Define and Derive the time domain specifications of a second order system subjected to a step input
(NOV/DEC 2016, MAY/JUNE 2016, NOV/DEC 2011, NOV/DEC 2015)
2. Derive the expression for unit step response for the second order
a. Underdamped, and
b. Undamped systems. (NOV/DEC 2015, NOV/DEC 2014, NOV/DEC 2013)
3. Derive the time response of a first order system for unit step input (MAY/JUNE 2016) (8 Marks)
4. The unity feedback control system is characteristic by an open loop transfer function G(S) =

5 (51:10)‘ Determine the gain K, so that the system will have damping ratio of 0.5 for this value of K.

Determine the peak overshoot and peak time for a unit step input. (MAY/JUNE 2016, MAY/JUNE 2015,
MAY/JUNE 2014, NOV/DEC 2014)

5. The overall transfer function of a control system is given by Rg m It is desired that the

damping ratio be 0.8. Determine the derivative rate feedback constant K; and compare rise time, peak time,
maximum overshoot and steady state error for unit ramp input function without and with derivative
feedback control. (NOV/DEC 2016)

STATIC AND DYNAMIC ERROR

1. For a unity feedback control system the open loop transfer function is given by
G(s) = W6+ g
54(5+1)°
a. The position, velocity, acceleration error constants
b. The steady state error when R(s) = % o ﬁ (NOV/DEC 2016, MAY/JUNE
2016)

2. The open loop transfer function of a unity feedback control system is given by G(S) =

The
5(s+1)
input of the system is described by r(t)=4+6t. Find the generalized error coefficients and steady state error.
(NOV/DEC 2015)

3. The unity feedback control system has the forward transfer function G(S) = (s+1)2

r(t)=1+5t. Find the Minimum value of K so that the steady state error is less than 0.1. (MAY/JUNE 2015)

4. The open loop transfer function of a servo system with unity feedback is & (§) = ST ﬁﬂ Fvaluate

the static error constants (Kp, Kv, Ka) for the system. Obtaiu lhc steaty sta¢ crror of the sysiem when
subjected to an input given by the polynomial r(t) = a, + a t + =2 t2 (MAY/JUNE 2015, MAY/JUNE
2014, NOV/DEC 2010)

5. For the open loop system with G(S) = (511)

coefficients and error series (NOV/DEC 2013) (8 Marks)

CONTROLLERS (8)
1. Write short notes on : i) PD controller ii) PI controller.(DEC 2014, 2016, MAY 2008)
2. Discuss the effect on the performance of a second order control system of the proportional

derivative control. (MAY 2009, 2012)

3. Explain about the following controllers. I) P controller ii) PI controller iii) PID controller (DEC
2009, 2015, 2017, MAY 2016)

4. With the help of diagrams and equations, explain the following controllers : i) proportional ii)
Integral iii) Derivative (DEC 2012)

For the input

and H(S) = 5, Calculate the generalized error



UNIT III
FREQUENCY RESPONSE AND SYSTEM ANALYSIS
PART - A

1. What is bode plot? (APR/MAY 2016)

2. Define gain margin and phase margin. (NOV/DEC 2011, APR/MAY 2010, NOV/DEC 2014,
APR/MAY 2015)

3. Define Resonant Peak and Resonant Frequency. (MAY/JUNE 2014, NOV/DEC 2014)

4. Mention any four frequency response specifications. (NOV/DEC 2010)

5. What are m & n circles? (NOV/DEC 2011, MAY/JUNE 2014)

6. Define Corner Frequency. (NOV/DEC 2012)

7. What is Nichol’s chart? (NOV/DEC 2012)

8. What is Gain and Phase Crossover Frequency? (NOV/DEC 2013)

9. List the advantages of Nichol’s chart? (NOV/DEC 2010).

10. What are the Frequency Domain Specifications. (NOV/DEC 2016).

11. Define —Resonant Peak

12. What is bandwidth?

13. Define Cut-off rate?

14. What are the main advantages of Bode plot?

15. Define Phase cross over?

16. Define Gain cross over?

17. What is a polar plot?

18. What are compensators?

19. What are the two types of compensation techniques write short notes on them?

20. Define Lead compensator.

21. What is a lag compensator?

22. What is a lag lead compensator?

23. What is the need for compensator? (NOV/DEC 2011, MAY/JUNE 2014, MAY/JUNE 2015,

NOV/DEC 2014, NOV/DEC 2010)

24, Sketch the electrical circuit of a Lag, Lead, lag-lead compensator. (NOV/DEC 2011, NGV /DEC
2010

25, Writg the transfer functioni and pole zero plot of lag. lead and lag-lead compensator. (MAY/JUNE
2014, NOV/DEC 2010)

26. What is the relation betweeng,,, and a? (APR/ MAY 2010)

27. What type of compensator suitable for high frequency noisy environment? (APR/ MAY 2010)

28. What is desired performance criteria specified in compensator design?

PART B

BODE PLOT

. Plot the Bode diagram for the following transfer function and obtain the gain and phase cross over
frequencies. (APR/MAY 2011, NOV/DEC 2014)

G(S) = 10

S(1+0.4S8)(1+0.1S)

. Sketch the Bode plot and hence find Gain cross over frequency, Phase cross over frequency, Gain
margin and Phase margin.(NOV/DEC 2011, APR/MAY 2010, APR/MAY 2413, NOV/DEC i0i 4,
APR/MAY 2015)

. 0.75(1 + 0.25)
G(S) =
S (1+ 0.58)(1 + 0.1S)

. Sketch the Bode plot and hence find Gain cross over frequency, Phase cross over frequency, Gain
margin and Phase margin. (NOV/DEC 2013, NOV/DEC 2016)




10(S + 3)

GS) = 5EF2) (57 +45 £ 100)

. Plot the Bode diagram for the following transfer function and obtain the gain and phase cross over
frequencies
KS?

GO) = G025 10025
Determine the value of K for a gain cross over frequency of 20 rad/sec.

. Sketch the Bode plot and hence find Gain cross over frequency, Phase cross over frequency, Gain
margin and Phase margin. (NOV/DEC 2010, APR/MAY 2015)

10(1 + 0.1S5)
G(S) =
S(1+0.015) (1 +5S).
POLAR PLOT
. The open loop transfer function of a unity feedback systern is
1
Sl =
G0 S(1+S)(1+2S)
Sketch the Polar plot and determine the Gain margin and Phase margin. NOV/DEC 2010, NOV/DEC

2014)
. Sketch the polar plot for the following transfer function and find Gain cross over frequency, Phase
cross over frequency, Gain margin and Phase margin. (APR/MAY 2010, NOV/DEC 2016)
G(S) = 10(S 4+ 2) (S + 4)
~ S(5%2+43S+10)

. Sketch the polar plot for the following transfer function .and find Gain cross over frequency, Phase
cross over frequency, Gain margin and Phase margin. (APR/MAY 2015)

s 400
Cls S(S+2)(S+10)

NICHOL’S PLOT

. A unity feedback system has open loop transfer function

ol 20
G(S) = S (S+2)(S+5)

Using Nichol’s chart. Determine the closed loop frequency response and estimate all the frequency
domain specifications. (NOV/DEC 2013, APR/MAY 2014)

. Draw the Nichol’s plot for the system whose open loop transfer function is G(S) H(S) =K / § (§+2)

(S+10). Determine the range of K for which closed loop system is stable.
. Construct Nichol’s plot for a feedback control system whose open loop transfer function is given by

G(S) H(S) =5/ S(1+S).Comment on the stability of open loop and closed loop transfer function.
. Sketch the Nichol’s plot for a system with the open loop transfer function G(S) H(S) =K (1+0.5S)
(0.01+8) / (1+108) (S+1). Determine the range of values of K for which the system is stable.

LEAD COMPENSATOR (13 MARKS)

1. Explain the design procedure of a lead compensator with stitable example. (NOV/DEC 2011)



2. The open loop transfer function of the uncompensated system is G(s) = s Design a suitable

8{§:+2)
compensator for the system so that the static velocity error constant Ky, = 20sec™?, the phase
margin is atleast 55° and the gain margin is atleast 12d8 (NOV/DEC 2013, APR/MAY 2010,
MAY/JUNE 2016)

. Consider the unity Feedback system has an open loop transfer function is

K
$(0.1S + 1)(0.2S + 1)
The system is compensated using a suitable lead compensator to meet the following specifications:

i.  Phase Margin of atleast 50°;
ii. Bandwidth = 12 rad/sec;
ili.  Velocity error constant K, > 30sec™! (MAY/JUNE 2016)

G(s) =

LAG COMPENSATOR (13 MARKS)

1.

2. To open transfer function of a system is given below G(s) =

3. A Unity Feedback system has an open loop transfer function G(s) =

Explain the design procedure of a lag compensator with suitable example. (MAY/JUNE 2014,

MAY/JUNE 2015)
K

S(S+1)(S+4)’
Design a suitable lag compensator to meet the foliowing specifications. Phase Margis = 43°;
Bandwidth = 1.2 rad/sec; Velocity error constant K, > 5sec™? (NOV/DEC 2011)
K
S(S+1)(0.55+1)
Design a suitable lag compensator to maintain the Phase Margin of atleast 40°; Bandwidth = 1.2

rad/sec; Velocity error constant K, = 5sec™! (MAY/JUNE 2016)

LAG - LEAD COMPENSATOR (13 MARKS)

1.

2. The open loop transfer function of the uncompensated system is G(s) =

Explain the design procedure of a Lag- Lead compensator with suitable example. (MAY/JUNE

2010, MAY/JUNE 2015)
1

S(5+1)(5+2)
the system by cascading suitable lag — lead compensator for the system so that the static velocity
error constant K, = 10sec™1, the phase margin is atleast 45° and the gain margin is atleast 10dB or
more. (NOV/DEC 2013)

Compensate

UNIT IV

CONCEPTS OF STABILITY ANALYSIS
PART - A

. Define stability. (MAY/JUNE 2016)
2.
. Define Relative stability.

. What will be the nature of impulse response when the roots of characteristic equation are lying on

What is nyquist contour

imaginary axis?

. What is the relationship between Stability and coefficient of characteristic polynomial?

What is limitedly stable system?
In routh array what conclusion you can make when there is a row of all zeros?

. What are the two segments of Nyquist contour?
. State any two limitations of routh stability criterion.(NOV/DEC 2012)

10. State the advantages of nyquist stability criterion over routh criterion.( NOV/DEC 2012)
11. What is BIBO stability criterion? (NOV/DEC 2011)



12.

13.

14.

15

18

19.
20.

. What is the condition for the system G(s) =

State Nyquist Stability Criterion. (APR/ MAY 2010, NOV/DEC 2013, MAY/JUNE 2014,
NOV/DEC 2010)

How are the location of roots of the characteristic equation related to stability? (MAY/JUNME 2014,
MAY/JUNE 2015, NOV/DEC 2014)

Define Routh Stability Criterion? (MAY/JUNE 2014, MAY/JUNE 2015, NOV/DEC 2014)

. What is dominant pole? (NOV/DEC 2016, NOV/DEC 2015, MAY/JUNE 2015)
16.
17.

How will you find the root locus on real axis? (MAY/JUNE 2016)
State the basic properties of root locus. (NOV/DEC 2016)

’:((:;? to have a circle in root locus? (NOV/DEC

2013)
What is the value of K at any given point in root locus? (MAY/JUNE 2015, NOV/DEC 2010)
What will be the nature of Step response when the roots of characteristic equation are lying on
imaginary axis?

PART -B

ROUTH HURWITZ CRITERION (8§ MARKS)

i

Determine the range of K for stability of unity feedback system whose open loop transfer function

in G(s) = s(sTl;(&IvZ) using Routh Stability Criterion. (NOV/DEC 2012}

. Construct Routh Array and determine the stability of the system whose characteristic equatlon is

56+255+85%+1253-+20S82 + 165 + 16 = 0. Also determine the number of roots lying on right
half of s — plane, left half of s-plane and on imaginary axis. (NOV/DEC 2011)

. Determine the stability of the given system of the given characteristic equation using Routh-

Hurwitz Criterion
i. S°+45%4+8S348S2+75+4=0
ii. S+ S°4+35%+35343524+25+1=0 (16 Marks) (MAY/JUNE 2015)

The open loop transfer function of a unity feedback control system is given by G(s) =

TN T By applying Routh criterion, dicuss the stability of the closed loop system as a

function of K. Determine the values of K which will cause sustained oscillations in the closed loop
system. What are the corresponding oscillation frequencies? (16 Marks) (MAY/JUNE 2014)

Consider the closed — loop system shown in the figure, determine the range of K for which the
stable. (MAY/JUNE 2016)

+ K
T SPHS+DEEAdS) [P

NYQUIST STABILITY CRITERION (13 MARKS)

I8

G(s)H(s) =

The open loop transfer function of a unity feedback system is given by

— 2 ___ Draw the nyquist plot and hence find out whether the system is stable or not.
$(S+1)(8+2)

(NOV/DEC 2013)

ROOT LOCUS (13 MARKS)

1.

With neat steps write down the procedure for construction of root locus. Each rule give a example.

(NOV/DEC 2016, NOV/DEC 2015)



2. A unity Feedback Control system has an open loop transfer function

60) = ssTvas+13)
Sketch the root locus. (MAY/JUNE 2016, NOV/DEC 2010)

. B : 7 . K(S+6)* L,
3. A single loop negative fcedback system has a transfer function G.(s)G{s) = m’; Skectch

the root locus as a function of K. Find the range of K for which the system is stable. (M AY/JUNE 2015)

4. Draw the root locus of the system is given by G(s) = 5(:::&55;51)2@ (NOV/DEC 2016)

5. Plot the root locus for a unity feedback closed loop system whose open loop transfer function is

K
G(9) = Srmrrasay (NOV/DEC 2011)

6. Sketch the root locus of a unity feedback system with an open loop transfer function G(s) =
m Find the value of K so that the damping ratio of the closed loop system is 0.5. (MAY/JUNE

2015, MAY/JUNE 2014)

7. Sketch the root locus of a unity feedback system with an open loop transfer function G(s) =
KE+95) (NOV/DEC 2013)
52(S5+4.5)

8. The open loop transfer function of a unity feedback system is given by
6 (s) K(§+9)
s) =

S(S? +45+11)
Sketch the root locus. (NOV/DEC 2015)
9. Sketch the root locus of a unity feedback system with an open loop transfer function

_ K
G() = ey NOV/DEC 2014)

UNIT V
CONTROL SYSTEM ANALYSIS USING STATE VARIABLE METHODS
PART - A

Define State and State Variable. (NOV/DEC 2012, NOV/DEC 2015, APR/MAY 2016)
What is controllability? (APR/MAY 2015)

What is observability? (APR/MAY 2015)
Write the properties of state transition matrix.

. What is modal matrix?
State the duality between controllability and observability.
What are the methods available for the stability analysis of sampled data control system?
What is the necessary condition to be satisfied for design vsing state feedback”
What is similarity transformation?
. What is meant by diagonalization?
. What is the need for controllability test?
. What is the need for observability test?

. What is the need for state observer?
. What is the pole placement by state feedback?

. How control system design is carried in state space?

. What is state transition matrix? (NOV/DEC 2016, NOV/DEC 2015)

. When do you say the system is completely controllable? (NOV/DEC 2015)

. State the limitations of state variable feedback? (NOV/DEC 2016)

. Define Sampling Theorem? (NOV/DEC 2012, NOV/DEC 2015, APR/MAY 2016)
. Draw Sample and hold circuits.

N L AW~

p— N\
N =

[
W
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PART -B
Controllability and Observability (16 Marks)

1. Determine whether the system described by the following state model is completely controllable
and observable (NOV/DEC 2016, APR/MAY 2016)

0 xlkt)] [
[x(®)] = [—z -3 ] xz(r) "] u(t)
-3 o

0 x3(t)
x1(t)
y®)=1[1 0 0]|x@®)
x3(t)

2. Determine whether the system described by the following state model is completely controllable
and observable (APR/MAY 2015)

0 1 07[*] [0
[J'c]=[0 0 1sz+ 5‘:1

-1 -5 -1 | —24
_xj'l
y)=1[1 0 0]]|*
X3

3. Consider the system is defined by X = Ax+Bu and Y = Cx, Where

0 1 0 1
A=|D0 0 1 ;B=|0l;C=[10 5 1]
-6 —-11 -6 1
Check the controllability and observability of the system. (NOV/DEC 2015, APR/MAY 2016)
State Model Transformation (16 Marks)

4. Consider the the following system with differential equation given by
y+6y+ 11y + 6y = 6u
Obtain the state model in diagonal canonical form. (NOV/DEC 2015)

5. Construct the state model for the system characterized by the differential equation i S g

ded de?
115 + 6x+u = 0 (APRIMAY 2016)
6. Consider the system is defined by X = Ax+Bu and Y = Cx, Where

0 1 0 ik
A=[0 0 1];B=0;C=[10 5 1]
-6 —-11 -6 1
Obtain the diagonal canonical form of the state model by a suitable transformation matrix.

(APR/MAY 2016)

7. Obtain the state model of the mechanical translational system in which f(t) is input and x2(t) is
output. (NOV/DEC 2018)



State Model to Transfer Function (16 Marks)

8. Convert the given state model to transfer function

0 1 0 1[* 0
[x] = [ 0 0 1 ||*2|+|0|u
-8 —-14 -711x3 1
X1
y()=[15 5 0] [xz
X3
9. Consider the system is defined by X = Ax+Bu and Y = Cx, Where
-7 10 20
A=|-14 0 1];B= 125];C=[1 0 0]
-8 0 O 185
Obtain the transfer function of the state model.
10. Convert the given state model ‘o transfer function
X1 3 1 0]1[* 0
[;‘czj=[0 3 1] X2l +|0|u
X3 0 0 3lL*xs 1

X1
neey iz 6 0 xz]
X3

Digital Control System

11. State the advantages of digital control systems. (4) (MAY 2016, DEC 2017)
12. Draw and explain the block diagram of sampled data system and digital data system. (8) (MAY
2015, DEC 2017)
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