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Subject: - Control System (EE 602)

Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

AN

é) Define control system. Why closed loop control system is more pronounced in
modern complex systems rather than open loop control systems. J ustify. ‘ [6]
. b) The given mechanical system has force, f(t) as input and x1 and x2 as displacement
outputs. Draw equivalent f-v and £ analogous electrical circuit and determine the
transfer function with X, as output. [10}
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2. a) Reduce the following block diagram and find transfer function.
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b) For a unity feedback system, the open loop transfer function is G(S)= (532
, s(s

. With
)

unit step input find maximum overshoot and settling time. Also determine static error
coefficients and steady state error if the input to the system is r(t) = 2 + 4t + 641> 0.

3. a) In the following system, determine K if the sysiem just oscillates at a frequency
2 rad/sec. .

(8]

e

T k(s+1) X

l - 3, .2 ’ ‘ 7
s +ag +2s+1 J

b) Draw Bode plot for unity feedback system with open loop transfer function

G(S)=— 40(s-+2) . Find GM and comment on stability. [10]

(2+5+2552)(1+ 28)s




Obtain. ﬁwe transfer‘ ﬁmtieﬂ from the following system equations givgﬂ by, f4]
i I A P '
~K/M —B/M 1M l\“
Co ,.{-1 O}I l
Sketch the Nqust contour and plot of umty feedback system havmv open loop
s+10 ‘
ansfel functmn G{SH(S)=————
(S)H(S)= EoE
(i) Comment on stability. :

- (iiy Determine gain margin | , : SR o [51H2]
Discuss briefly about PD controller. : , _ {4]
How does. tha location of poles affect the s‘rabzhty in contmi system" » 23

- For a umty xeedback system Wrch feed forward transfer ﬁmctmn G(s}-— ‘(121),
design a lead compensatm such that the settling time of the system wﬂl become Zsec :

and maximum percent overshoot 5%. f12]
Describe angle criteria for a pomi in s-plane such that trre root locus would cross
tmough the point. » {21
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Candidates are required to give theif answers in their own words as far as practicable.

Attempt All questions.

The figures in'the margin indicate Full Marks.
Semilog graph paper will be provided.
Assume suitable data if necessary.

a) - Which of the system is more sensitive to the disturbance and prove it how? Also

discuss effect of gain on response of the system. 7 [4+4]
b) Find the transfer function -g—((-sl) for the mechanical system rotational system shown

S §
below: Also develop T-I analysis circuit. ‘ [8]

a) Using block diagram reduction techhique, find the tr. Function C((?) of the figure .

given below. ' [8]

Gs(s)

R(s) o C(s)
S G- T
: : L_—J Ha(s) i— I

1 Hi(s)
b) A system has 40% overshoot and requires a settling time of 4 seconds when givena
step input. Find peak time and rise time. (8]
a) Using R-H criteria fin the range of K for system having characteristics equation
shown below, to be stable. [61
o §H28 +H(4+K)S+9S+25=0 ,

b) Sketch Rout locus plot for the system with open loop transfer function. (6}

G(H(s) = =D |

s(s—1)

c) What sort of measures would you apply to track a reference from the actual output of
the system? - [4]



4. a) Using Nyquist criterion determine the stability of the feedback system whose open

loop transfer function is given by G(s) H{s)=

1
: and what is its gain margin? 10
S+ 25)(1+9) HSIS S g L10]

b) Develop state space model for circuit below. ' , [6]

5. a) Consider a system shown below. The open loop transfer function is given by:

2 _
G(s)H(s) = —————. It is desired to compensate the system, so that the static
OHE =56 +2) pensale e %

velocity error constant Ky is 5 per second. The phase margin is at least 40° and gain

margin is at least 10dB. Determine transfer function of appropriate lag compensator. [121 .
.. b) Consider a point P in s-plane which actually indicate dominant closed loop pole of the

~system. How would you recognize that the root locus passes through the point P? [4]
’ ik




I

- TRIBHUVAN UNIVERSITY Exam, B
INSTITUTE OF ENGINEERING Level BE Full Marks | 80
Examination Control Division i programme Eﬁh‘% BME, | b o Marks | 32
2076 Ashwin Year /Part | I1/1 Time 3 hrs.

Subject: - Control System (EE 602)

v Candidates are required to give their answers in their own words as far as practicable.

v’ Attempt All questions.
v The figures in the margin-indicate Full Marks.

— v Semilog graph paper will be provided.
: v Assume suitable data if necessary.

1. a) Whatis control system? Draw the block diagram of a closed loop control system and

briefly explain the function of each block. .- [6]
b) Find the transfer function. —;E—(%)-, for the mechanical system of figure below. Also
draw the F-V and F-] analogy circuit of the sy stem. [10]
’ Kg ’ Kz X
. . AN ! .
R ™ T
B Ky

2. a) Develop Signal Flow graph for the block diagram model below and find transfer
function using Mason's gain formula. } [2+6]

b) Check stability for the system with open loop transfer function

G(SHE-— 2 5 using R-H ariterion. [4]
28 +3s” +25” +5° +12s
— ¢) What is derivative controlles? How and why it can be useful? [41

3. &) Determine values of a and b of the closed loop control system shown below, so that
maximum overshoot for unit step input is 25% and the peak time is 2 sec. Assume

that I=1 kg/m’. [61




E) Sketch Root locus plot for the system open loop transfer function

G(s)H(s) = ‘ k(52+ 2) +. Discuss the region for stability, unstability and
s((s +1)(s +8s+ 64)
‘marginal stability. What is frequency of oscillation at the point of marginal stability? ~ [10]
4. a) the open loop transfer function of closed loop system is G(skm. Using
Niquist Criterion, determine closed loop stability of this system. : [8]

b) Consider a mechanical system shown in figure below. The extemal force u(t) is input
to the system and displacement y(t) of the mass is the output. Obtaia the state space

representation of the system. [8]
[~
5 | Why lead compenéator is quuiréd? Design a suitable lead compemsating nétWork for
- GS)= to meet the following specification Ks~10 sec? P.M>35° [2+14]

s2(1+0.25s)

Fk%
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a) What is control system? Draw the block diagram of a closed loop control system and
briefly explain the function of each block. [5]

b) Show that the speed of response increases with the increase of the gain of the system. (3]

—t
.

¢) Find the transfer function %‘“—E% of the system below by constructing the block
a

diagram. . ; (8]
, » La Ia,

- ra, =
G - \'A Constant

—
o

2. é) Determine the transfer function of the given system by reducing blocks. 8]
R | G2 _
Ry &) 6 | G %9 —CS)
H2 | H1
Gy

b) Consider a unity feedback control system with the closed loop transfer function
Cl) Ks+b
R(S) (s*+as+b)
Determine the open loop transfer function. Show that the steady state error in the unit
ramp input response is given by 5]
a-k | |

€ =——

sS b

¢) How we can perfoﬁn relative stabﬂ»ity‘ analysm usmg RH-Criteria? 3] |



)
3.

+b) Design a suitable phase lag compensating network for .G(S)=

a) For a umty feedback system the open loop transfer function of a control system is
- given by e
k

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

Sketch the root locus for 0 < K < o and determine the breakaway point, the angle of
departure from complex poles and the stability conditions.

b) Write the state equation for the circuit shown below. Also write output equation.

a) Discuss workmg of PI controller '

b) Suppose that the step response of a first order system is C(t) = 51-e }/ ). What are

impulse and ramp responses?
c) Sketch the Nyquist Plot of Unity feedback system havmg open loop transfer function

and G(S)H(S) _s*10 . Comment on stability. What is gain margin?

(3=3)(s+3)

~va):Discuss the ggrpose of lead and lag compensators.

k .
1
SA+0.15)(1+025)

. meet the following specification

K., =30Sec™
PM >40°

sk

[10]

(6]

[4]

4]

(8]
[4]

[12]
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Assume suitable data if necessary.

Ik

b) Find the transfer function of given circuit.

The figures in the margin indicate Full Marks.

Candidates are required to give their answers in their own words as far as practicable.

a) Inspite of cost and complicated design, closed loop control system are widely
preffered over open loop control system. Justify the statement with some examples.

T !
E; ¢

L

Eop

Ry
:E RZ l

[ |
[4]

¢) For the mechanical system shown below find the transfer function My(s)/F(s). Draw

the force voltage analogy.

..__L.x
4/ 2% By ""91(1
A K "D
| M 4 M | —SF
7 : am— |
77 7 7 7 S FF 7 7 7777

2. a) Develop block diagram model for the circuit shown in figure below.

Q
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~b) Using Masons gain formula, find the tr. Function

C(S)

R(S)

of the fig given below.

c) Using R-H criteria, tell how many roots of polynomial is in right half s-plane.

S +48* +28% +852 +S+4=0

[6+2]

(41

(8]

M1
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3. a) Fig (i1) is step response of system as in fig (i) find K and P.

C{)
K
s(s+2) C(s) IT -
I4sP
Fig, ()

Fig. (1)
b) Sketch the root locus for unity feedback the system haifing the forward path transfer
function G(S)=—; K 3
(s +25+2)(s° +25+5)

4, a) Using Nyquist criterion determine the stability of the feedback system whose open

loop transfer function is given by

S+5
CEHE)= (s—( 2)(51 2)
Also find GM.
b) A system is characterized‘})y the equation
Y(S) _ 20(4s+2) .
UES) s$*+55%+8+2 ~ ‘
Find its state and output equation and express in matrix form. Then using your matrix,
how do you get characteristic equation?

5. a) Discusseffect of addition of a zero to a system.
b) The open loop transfer function of a system is given by:
S(S+1)0.58+1)

Compensate the sysfem, such that, K, = 5 sec” and phase margin is at least 40° and
the gain margin is at least 10 dB with a lag compensator.

Hkk

G(S)

6]

[10]

(8]

(8]
(4]

(12]
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v Attempt All questions. VS
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\ -

1. a) What is control system? Draw the block diagram of a closed loop control system and
briefly explain the function of each block. Mention also the advantages of closed loop

system over open loop system. [8]
l )b) Construct the free body diagram and write the differential equations for the
mechanical system given below and determine X(s)/F(s). Also draw F-V analogy of
the system below. [2+242+42]
S : . €O ,
2. ‘a) Using Masons gain formula, find the tr, Function i-(g; of the figure given below. (8]
- L i . GB(S)
- Ris) ' . . | : i)
} ' . ‘ .
l——— S -7 EEEEEEELL A
b) The system below in figure (a) when subjected to a unit step input, the output
response is as shown in figure (b). Determine the value of K and T. (8]
' ' o '  cft) ,
"'R(s) X Cls) ' 0.254
—1s +sD| >
~ p o S )
[ #
! . / y l \ ) N )



. a) Construct Routh array and determine the stability of the system whose cha;racteristib
equation zss +23 +83 +12s +20s? +16s+16=0. Comment on the location of the

[63
e
Sketch the” oot locus for 0 € K < o0 and determine the breakaway point, the angle of
departure from complex poles and the stability conditions. {10]
. 4) Using Nyquist criterion, determine the stability of the feedback system whose open
' e 1
100P transfer functions 1s given by G(S) H(S) =m [8]
b) Develop state space equations for the following circuit considering voltage of 1F
capacitor as output. "I" is input to the system. [8]
| 1.5 ohm™
——1F 2H
. 'What would happen if zero is added to left half s-plane? Design a lead cz.)mpensator fora
unity feedback system with its feedforward transfer function as G(s)= iz) such that
its settling time would be: 2 sec but without change in ' maximum percent overshoot of its
unit step response. Also velocity error constant should not be less than 2.5 per sec. [2+14]
EE S
oty hca
% 7 "" . 9
- ;3 ‘ g ):«M & Wiy :
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v Candidates are required to give their answers in their own words as far as practicable.
v Attempt All questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
1. a) How would a closed loop system differ from open loop one on its steps response?
Give analytical explanation. ‘ [61
o O X2(9) o |
- b) Find the transfer function, —}-?TS—)—,for the mechanical system of figure belew. Also
Sdraw tua 7.V and F-1 ar.aiogy circuic of the system. L
X1 X3
- 3! '
M —_K_&: Mo Ms L
4 § ANIQ)E - 1)
//////////////’/’///////}//_/(///////////"//7~w
7 Fvni= o7 VI= Fvi= 0
¢) Find transfer function of an op-amp model as below. [4]
¥a
2. a) Determine the overall transfer functions C(s)/R(s) of the given system by block
diagram reduction technique. S [8]
> G4
. C(s)
< » Gy Gs | ™
Hz €
b) Using R-H criteria, tell how many roots of polynomial given below is in right half
s-plane, in left half s-plane and on jw axis. Comment on stability. [8]

36 +3s° +4s* +65° +55° +3s+2=0




b)

b)

The open loop transfer function of a control system is

(4s+1)

GEOHE = 2 s+ D

Using Nyquist criterion, determine the open loop and closed loop stability of this
system.

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

108

SO =g +5+12)

Find the static error coefficients and steady state error of the system when subiected to
an input given by r(t)=2+5t+8t :

Draw Bode Plot for the system with transfer function G(s) =—5 ,2,OS,+209 —

' ‘ , (s” +4s+25)(s” +40:)
Determnine gain margin, phase margin and .comment on stability of the system
according to your plot.

. . . . Y(§ .
Given state equation and output equation, find transfer function ©) and determine

 the poles and zeros.

1 0 0 0

fo 1 0 0] e |
X=|-1 -1 0[X+|1|u and y=[0 0 1JX .

State  whether the statement "Derivative .controllers are always used with other

- “controllers” is true or false and justify your answer.

Design ‘a. lead compensator for  a system having ‘open loop: transfer function

K
COHE = {17 015)170.008)

so that the designed system should have PM 2> 45°,

K, =1000sec™

&k ok

(8]

(81

(8]

(8]

[1+3]

[12]
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ANANENEN

. @) Define linear time invariant system. Justify the statement "modern complex systems
.- are more pronounced with closed loop control system”. a 41

B) The given mechanical system has force f(t) as input and x and xz as displacer?ent
outputs. Draw equivalent F-V analogous circuit and determine the transfer functions
X1(S)/F(S) and Xo(SY/F(S). _ : : 8]

[

* ¢) Discuss, how a closed loop system has better disturbance rejection and command
input tracking capabilities in comparision to.an open loop system. 4]

" "2, 4) Find Transfer function of the following system. A {8}

b) Find the range of 'K' for stable operation using R-H criteria. ' . [4]

3

1
Mo .

S ($45+1) (52)

IS Recic 1 ar e e
v
t

c) Explain how RH (Routh Hurwitz) method is used for determining relative stébility. [4]



3. a) Open loop pole/zcro plot of a umty feedback system are shown in ﬁguve below.
Determine max1mum overshoot and setting time for its step response. — [6]

X -~ -
S S S
21 -1
¢
J
L.
X -
b) If desired dampmg ratio is '1' ‘ > which controller do you suggest, explam. [4]
) Determme value of 'K' and 'b' so that the unity feedback system with open loop
transfer ﬁ.lnctlon G(s) = M : _ '
s*+bs? +3s+1 . : [6]
4. a) Develop state space equations for thc followmg eircuit consxdermg voltage of 2H
" inductor as output Iis mput to the system - (6]
| ‘iiitﬁnn
VYWY

—1F o

| ) o . d4s+40
b) Draw Bode plot for the system with transfer function G(s) = (1454 25)5 1505

Determine gain margin, phase margm and comment on stability of the system
according to your plot. ‘ : : - [10]

3. a) Compare the Lag and Lead compensator apphcatlons in conu“ol system ' [4]
b) Design a suitable compensator for a unity feedback system with its feed forward

such that its maximum percent overshoot 16.3%

transfer function as G(s) = 4
s(s+2

and settling time 2 sec. for its step response. Also velocity error constant should not
be less than 2 per sec. A | - o - [12]

g sk
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1. ‘) What kind of control system could have been in the following? Ilustrate with
’ necessary blocks and variables. ' o

i) Govermer system of Hydropower Station
ii) Traffic light system of Kathmandu

b) Find transfer function (consider displacement of mass M2 as output) for the given
mechanical system. Also develop force-cument analogous circuit.

~ . . Is
n —_— . 5
‘.H _ F ; . ::
N y : ‘ : LT ) g :
B i I * SRl e »
o N R | e N
N ‘ kS e
g ) - : b
~ N e,
T FRREES My AT R e Y e
- - < s »
%T TTEI7T ¥ 7 7‘;;@; FIITIFTFTT T AL L4794 &%ﬂ ;.':i v i R A
B| . BB

2. a) Determine the overall transfer functibns C(S) / R(S) of the given system by bleck

diagram reduction technique.

- R(S) .

o . L.
b) The system equations are given by: ;c(t) =E}5 _}6]x(t) +{ﬂu(t); and

 y(= Ox(t); Find transfer function of the system and also-check stability.

[4x2]

NN

8]

s



3. a) Foraclosed 160p’ system presented by

1

: k ~
R N }_E"__i__J : L (s+1) (s42) d

+ Determine the range of controller gain (Kp K ) so that the PI controller prowdcs the
stable output.
b) A unity feedback control ‘system has an open loop tramsfer function
K({$+9)
GO =t —
© S(S* +4S+11)

i) The range of 'K' for system to be stable
if) Undamped natural frequency of oscillation

. Sketch the root locus and determine:

c) A closed loop servo is represented by the differential equation E- + 83y = 64z where

'y' is the dxsplacement of the output shaft and 'u' is the displacement of the input shaft
‘and z = u-y. Determine frequency of susta.med osclllatmn dampmg ratio and
percentage maximum overshoot for unit step input.

4. a) Draw the region in S-plane that satisfies following requiiemeﬁts.
i) $§>0707 (i)<28
b) Fora closed.loop system given by )

PR | S+4 | H ‘ ‘T' .
tw 160‘—8‘%‘6—?__—.:%:' : L |

i) - Can'the system track a step reference input 'r' with zero steady state error

ii) Can the system reject a step disturbance '@ 'with zero steady state error?

iii) Compute the sensitivity of closed loop transfer function to vchangc in the plmﬁ
pole at '-2' .

1+aTScan be used as lead or lag

- ¢) How a controller with transfer function G (8)= 1215

compensator, expla.m

5. a) Design a suitable lead compensator for a system whose open loop transfer function is

K
s(1+0.2s)

The system should meet the following criteria |

i) K, >=20sec™
i) PM.>244°

glven by G(S)=

b) The dlfferentlal equations related to a system are %=-—3X1 +Xx,and %{t_ ==2x, +ufor

t>0.Its output equation is given by y=x,. Derive the transfer function of the system
with these differential equation and output equation.
ko

[4]

18]

[41

i

_ -

[4]

[10]

6]
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Candidates are required to give their answers in their own words as far as pracncable
Attemprt AUl questions.

The figures in the margin indicate Full Marks.

Necessary graph paper and semilog gmph paper will be prowded

Assume suitable data if necessary.

. a

b)

What is control system? Mentlon its type and explain them with example and block
dlagram showing all necessary blocks and signals. ,
Explam the role of PD controller on firansient and steady state performance
specifications. ' '
Explain why closed loop system has better disturbance rejection capabﬂlty than open
loop.

Find transfer function of the system given below (take angular dlsplacement of Jz as
output) Also deveIOp Torque-Voltage analogy circuit. , o

What are the static error constants? Explain how they are apphed in mcasunng steady
state performance of given system.

Use RH criteria to find the position of roots of characteristic equatian given by
C(s)=5" +4s* +25° +8s” +s+4; and hence determine the stability of the system.

Constrict the root locus fdr unity feedback System with {}PTF Gis) ____lc_ﬁs_%z Hence
s(s—

show that the system is unstable for small value of gam fmd over damp at larger value
of gain. :

Discuss how the poles and zeros s affect system dynamics.

Following figure shows a mechanical system and the rmponse when 10 N of force is
applied to the system. Determine the value of M, D and K. The dmplacement x is
measured from the equilibrium position. .

8]
0
4

(8]

4

4

,{4] | _

“.



| 4. a) Designa suitable <compensator using root locus for a UFS with G(s)= -—-_=-1=-gm to
: s(s+1)(s+4)

meet the specifications; damping ratio = 0.5 and undamped, patural -
frequency =2 rad/s. - - [12]
b) Define relative stability. Discuss how nyquist plot is used to de’cermme the stabxhty of
asystem : _ < o 41
| 250k o
5. a) For a unity fcedback system with G(s )* — seie_ct th.a value of 'K’ so that

7 s(s+50)(s +5)
the steady state error for a ramp input is 10%. At this value of 'k‘ construct the Bode
plot. Hence determine approximate gain margin, phase margin, galn cross over

frequency and phase cross over frequency. . ‘ ‘[8] ,
b) _G1ven state equation and output equat:on, determine: the poles and Zeros' of glven v
system . . o _ R ]
0 1 0 0 _ '
={-1 -1 o[X+|/Ljuandy=[0 0 IX
1 0 0 10

ook
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- 4. 7) Construct the polar plot of umty feedback system w1thG(S)—

Candldates are required to give their answers in their own words as far as practlcable
Attempt All questions. -

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

NRNENEN

oy

a) What is control system? Draw the block diagram of a closed loop control system and-
briefly explain the function of each block. Mention also advantages of closed Ioop
system over open loop system. :

X2(8S)

b) Find the transfer function, , for the mechanical system of figure below. Also

draw the F-V and F-I analogy circuit of the system.

- x () ‘ %2(t)
—— D3 —

A%WV

///////7 '
DIJ

‘2. .a) ‘Discuss how the dynamic responses of control system are affected by a feed back,

2
O,

: s(s + 280 n)
€<, derive an expression for output when unit step input is applied.

b) ‘For an open loop transfer function with unity feedback G(S) = where

2 c) “Using R-H crltena, tell how many roots of polynormal is rlght half s—plane in leﬁ half
s-plane and on jw axis. . : ,

864-2854-884-+12834—2082-+16S-k16 0

3. a) The open loop transfer functmn of a control system is given by. .

K
s(s + 6)(s +4s+13)

Sketch the root locus for 0 < K < o and determine the breakaway pomt the angle of
departure from complex poles and the stablhty conditions.

G(S)H(S) =

b) Discuss how 'a Bode plot can be used to determine transfer function of the system

. Explain with an example.
K

S(S+1)(0. 18+i)
" Then, upgrade the plot to make it. Nyquist plot.. Hence find range of k for stable

(8]

[8]

[6]

[41
[6]

[10]

[6]

operation. , v . [34342]

b) For given state equation and output equation, find transfer function

Y©)
(S

[0 1 0 10 -
CX={0 0 11X +j0]Ju and y=[1 0 0]X.

-1 -2 -3 0

Design a suitable lead compensating network for G(5) = to meet the following

.k
s*(1+0.25s)

specification Ka =10 sec™ ‘ _
: P.M =>35°

koK

8]

{16]
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AVANNAN

a) Construct a general block dxagram of a control system showing. the different blocks,
~ variables and hence briefly pomt out their meanmg 4]

“ b) Effect of disturbance in case of feedbaok control system can be suppressed by increasing
the gain G(S) and/orH(S) O a , , 4]

ey Followmg figure shows a rnechamcal v1bratory system and the response when 10 lb of
force is applied to the system. Determine the transfer function and value of M, D and K.
The displacement x is measured from the equilibrium position. : : [8]

-
EE

- b
802

a) Show that using the veloclty feedback techmques shown: ﬁgure below dampmg ratio and

steady state error are both mcreased o \ ’ : 81
RS N pe | R(s)
s(s+2¢w,)
sk, -
E b) Develop block diagram model for the system below. o o ‘[6].

‘E—Ui




b)

Using R-H criteria, tell how many roots of polynomial is in right half s-plane, in left half
s-plane and on jw axis and also comment on stablhty [4]

S¢+38° +48* +68° +58* +38+2=0
For the unity feedback system with -open loop transfer function. (OLTF)

( )=-————-—l§—~, use angle criteria to check whether the root locus passes from point
(s+D(E+3) - : -

sq =—2+j3.5. If yes, use magnitude criteria to select the appropriate value of gain

parameter. ’ - . , [41

] -5 —6Tx] 1 ¢ %] . ;
For a system given by i{ 1] [ Lo ]L‘}+Lju;y=[l Z]L‘], determine the
' 2 2

zeros and the poles of the system. : o ' [41
The open loop transfer function of a control system is given by _ [8]
| ~25+5 ' '
Gs H(s) = K—————
(HE) s> +1.5s—1

Sketch the root locus for 0<K < and determine the breakaway -point, the angle of
departure from complex poles and the stablhty conditions. Also find value of K that gives

‘poles at (-0.35£j0.6)
De51gn a suxtable compensator for a umty feedback system with open loop transfer-

()“ ot 2) Such that the settling time W|Il become 2 seconds without change in
(s :

c:vvershoot and ve]ocnty txme constant will be 2 5™ : - [12]

s+t . e
,For a compensator transfer functlon given by G .(s) =——, give the condition of lead .
s+at

compensator. For the given value of 'a' what is the frequency that leads to maximum
phase angle lead. ’ : , [4]

‘State the Nyquist stabxhty criteria for negatxve feedback control system. Using this
: concept determine whether the following system represented by figure below is stable.  [4]

Nyquist Diagram

TR 0 4B

w
)
[y
N
Imaginary axis
(=3

051
-1

A5 e

Pole-zero plot » -2 -1 05 )

Real axis




b) Discuss how bode plot can be used to determine transfer function of the system. - [5]

¢) Develop state equation for motor circuit at below. ’ , ‘ (5]

B
Y" -5
P
4

Fekek

I3
L
b
[
!

|

.
k
vy
T
/
}
|
i
'
{
¢
f
13 i
i |
i
1
’ i
o H
|
1
i
i
i
|
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|
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. |
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v Candidates are required to give their answers in their own words as far as practicable.

v’ Attempt All questions.
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v’ Assume suitable data if necessary.

1. {a) Find transfer function for the following mechanical system considering displacement

of mass M, as output of the system. Also develop force current analogous circuit. (6]
” - . | > x
j Ig 15‘5 My pLS
{ 1 :

y . . 1’1‘1 K 3
a ) e ! _,____)j_ﬁfﬁﬂ\___. M,

(b) Reduce the following block diagram model to obtain its overall transfer function. [6]

G4
+

> G2 G3 |- —»C(s)

H3

L

Hl

(¢) How can you characterize a control system in term of (i) Speed (ii) accuracy (iii) Stébility

explain, (4]
. . ) - w3z _ . . .
2. {a) For a second order system as belpw G{s) = Py and H(s} =1, find expression
for maximum overshoot on its unit step response where w, is natural frequency of
oscitlation and £ is damping ratio at underdamped situation. [71
+
G(s) +C(s
RE) 5 (s)
——{ H(s)
(b) Discuss how a feed back control system reject the disturbance input. (3]

{c) Find all static error constant for a unity feedback system with feedforward transfer
1000

function G{(s) = T 10)(55100)" Evaluate steady state error if system is excited with

r{t) = 2+t, A (6]



3, fa) Obtain Nyqguist plot and comment on stabifity using Nyquist Criterion for a unity '
i (s+2) '
(s+1){s~1)

(b) Discuss how Bode plot is used for determining relative stability.

feedback system with feedforward transfer function (s) =

(c) Discuss the application of a P controller with suitable example. .

4. (a) Obtain characteristic equation for the system having\giv‘en state model.
4] _[-5 ~11/*% 2
{fz} B [ 3 -—1} [Xz] + {SJu
: X
r=01 2[]

(b} Design series lag compensator for the unity feed:back system with feedforward

transfer function G(s) = The velocity error constant is 30s™ and phase

K
5{5+4)(s+80)
margin at least 33°,

S- (a) Draw Root Locus for the system that has open-loop pole/zero plot in s-plane as
below in figure. Also estimate the system gain at the point where the system exhibits

critical damping. jw
. - ) ‘}
(,,:ié.;“jT.m.-
& i Favy g
O el
%

K{s+1) find

{b} The open loop transfer function of a closed loop system is (§) = preTeTr ey

maximum possible K for which the poles lie on left of point -0.5.

e ok iy
o o

(¢}
(4]
(4]

(2]

8]

(8]
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AN

1. (@) For a unity feedback system with open loop transfer function' (OLTF)

. k
G(s)= , generate Nyquist pl e of K’

) 102G ADGETS) g yquist plot of the system to find the range pf k’ for
stable operation Atk = 10, what will be the value of phase cross over frequency and gain
margin. ' } 6]

(b) For an approximate Bode Plot of a close loop system as shown below, evaluate the following '
performance indices: (i) maximum overshoot. (ii) peak time. [4]
Bode Diagram
26 f - " ......... B S BTSN S
E %
o
E
rfé 15
<)
[44]
=
{
0.1 1 h 10
Rad/s '
.. e
2.(a) Deduce the state space model of transfer function given by G(s) = s+l
: R . [4]
5" +55°=2s5+1

I 0 ]x (0

2

(b) Evaluate the state transition matrix of system represented by g—lixl }z [.—5 _GJ[JC' }-&[l]u [4]
‘ - at

(c)For a unity feedback system with OLTFG(s)=— 4
. ‘ s+ +D(s+2)
stable operation. At which of ‘a’, system become marginally stable; and also calculate undamped
frequency of osciilation. v ' [8]

, find the range of ‘a’ for



k :
(a) For the unity feedback system with OLTF G(s)=- , use angle criteria to check

(s +1)(s+3)
whether the root locus passes from point 5, = =2+ j3.5 . If yes, use magnitude criteria to sefect
the appropriate value of gain parameter. _ o 4]
. ~ . . k o 3
(b) For the unity feedback system with OLTF G(s) = T5+3) , plot the root locus and

(s=D(s* +25+4)
find the range of gain parameter (k) for the system for: unstable, undcr—damped over~damped

conditions. (8]
4 B
(b) Design a compensator using Bode plot for a unity feedback system with OLTF
G(s )_""(“""“““‘2‘){%——2—0')' to meet the specifications: PM =35°, K, 220 57", such that the
s(s+2)(s+ : »
bandwidth of the resultant system decreases, - : [12]

5. (3 How do you characterize control systems in term of their indices like speed, accuracy, stability

and robustness? [4]
(b) What do you mean by force voltage analogy of a mechanical system? Explain with examples. = [4]

c) Convert the following block: dxagram into signal flow graph-and hence use Mason Formula to get

transfer function. [8]
[ ]
1]
C(s)
+
-
!
1

6. (a) For a mechanical system with close loop transfer function, o(s) =
' : T(s) as*+bs+c
the output of step input T(s)=10 Nm. Determine values of ‘a’, ‘b*, and ‘¢c’; if maximum overshoot =6%

peak time (/, )=1 séc, and e, =0.5. ' [6]

: where 6(s)

(b) What are the performances indices of control system in time domain, explain with suitable
diagram or graph. . A o o (4]

L2
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Candidates are required to give their answers in their own words as far as practicable.
Attempt Al questions.
The figures in the margin indicate Full Marks.

Bode plot and normal graph paper would be provided.
Assume suitable data if necessary.

Stating an example of a system that you see in gveryday life, explain what do you
understand by closed loop system and the importance of feedback in it.

Write the differential equations governing the mechanical sysicus shown in figure below

and find

X, (s)
F(s)
fo= x4 o x;
A
B4z B2 N
" TN
fity—»| M - My RN
L ALALA T W\
K AN
—— 12 2 "\
vy

B4

TS S S S S S sS

Also tabulating the necessary analogies draw the Force-Current and Force-Voltage
electrical analogous circuit.

3. a) Convert the given block diagram to signal flow graph and determine the overall

transfer function using Masson's Gain Formula.

Ris)

L 4

Gyls)

»  Gyfs)

» Cis)

b) Consider a unity feedback system with a closed loop transfer function

C(s) _ Ks+b

R(S) s’+as+b

Determine the open loop transfer function G(8). Also compute
with unit ramp input. ~ '

the steady state error

(4]

[8+4]

(6]

[6]



. The characteristics equation of a system is given by S8 +3s° +4s? + 65 + 557 +3s +2=0,
Comment on the stabm“y :

Plot the root loci for closed loop system with G(®) = I;: ,7 H(S)=1. Also
S(S+1)(S” +45+5)
determine the dominant closed loop pole with £ = 0.5.
48(1+s)

. Draw the bode plot for transfer ﬁmctidn G(S) =
(s*)(1+3s)(1+0. 53)(2 +025)

graph determine (i) Phase crossover frequency (ii) Gain crossov. er frequency (iii) P M (iv)
G.M (v) Stability of the system.

. Design a suitable cascade lag compensator network for the given svstem

N .
Y T S+ 5)(s+10)

Such that the requirement of velocity error constant of 30 sec”! and phase margin of
> 45° are met.

Y 2

. A system has the transfer function =—
U@s) s®+6s>+11s+6

- Find the state- and - output ‘equation in-matrix form and test the" controllabﬂlty and

~ observability of the system.

Hdk

m the4

[10]

[16]

[8]

) £

E
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a) Find the transfer function e,(S)/ei(s) of the given circuit.

R,
Ri

j——“{c*——-% R,

€
1 "’:_r

o b) For an electromechanical system shown below, derive an expressxon for VL(S) ‘

Con31der1ng it as armature controlled dc motor.

T,

- ‘Motor: i) Moment of intertia = I, (ii) Frictional coefﬁczent Dm (iii) Torsional

" Load: i) Moment of 1ntert1a Jm (ii) Frictional coefficient =

2. a) Determine overall transfer function

SE_:_))__by block diagram reduction technique.

D, (iii) Torsional

(6]

(10]

8



~
2

R(S) -

b) Apply RH criteria to determine the range of ‘K’ for a. umty feedback system with -
K(S+13)

=———"""— will be stable. ' 8]
G(S) = S(S ey llbes | | | | [8]
. a) Sketch the root locus for the system having G(S) = K(S+? . [10]
(S* +28+2)(S’ +2S+5)
b) Estimate transfex function with the help of followmg Bode plot. [6]
. /K N : ‘ 4 v
207~__~20dB/dec |
e 0.1 ;1‘0 .
~>-40-dB/dec
Lva)y erte short notes on followmg . ’ | ] [4x2]
i) Gain margin and phase margin ‘ )
ii) PD and PI controller , ,
b) Determine TF for the system whose state space representation is given by: - K [8]
“ = ) +| lu :
x : ./ -
y=[ 0][ -’} .
X2
.. Design a suitable lead compensator for a system having open loop TF
G(S) = K such that the compensated system should have phase
~ S(1+0.1S)(1+0.001S) » : | .
margin of at least 45° and static velocity error constant of at least 1000. o [16]

gk
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1. State whether the following statements are true or false and justify them. [(1+3)x4]

a) Introduction of feedback on the system makes the system response faster.

b) Effect of disturbances can be reduced by increasing the gain of forward path TF..
" ¢) Proportional controller makes the steady state error zero.

d) Derivative controllers are always used with other controllers.

2. a) Write differential equation and obtain trensfer function of the mechanical system as -
shown below considering 6; as output. Also draw torque voltage analogy network. [6+2]

5 b) Find overall transfer function of the system as shown below by block diagram

reduction technique. o L . [8]_
8":}@"(31 -»+' 4::. ‘GZ‘ +>A_ | G3 —C
Hl
H2
3. a) The open loop TF of a unity feedback control systc?m is given as: (8]
G(s)= K

(s+2)(s+4)(s* + 65 +25)

Determine the range of gain K for the system to be stable. Also determine the value of
K which will cause the sustained oscillation and corresponding oscillation frequency.

T S et e



b) Write state equation for the system as below shown. Consider voltage across 2F
capacitor as output. . ‘

(8]

1 ohm
+ — ’ ;:
s

4. a) Sketch approximate polar plot:fof aumtyfeedbacksystem Wlth feedforwald transfel :

1
0 — and obtain gain margin, , (]
s(s+1) = : ol e o

function G(s) =

" b) Draw bode plot of a systerﬁ héving open loop transfer  function,

4 ' : o ‘ :
(Sz+ 4) . Also analyze the stability. - 8y
(s+2)s" +2s+4) ' T B

5. Design a lead compensator ‘for a system - having open

G(s) =

loop transfer

)

~ function as R such that the designed system should have %Mp. <.16.3% and

: _‘set'tli.ng time (t) < 2'sec. .




