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Q.2 a. Define the open loop control system and closed loop control system. Write
Comparison between open loop control system and closed loop control system.(8)
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b. Define Servomechanisms and regulators. Explain and Draw the Schematics
and Block diagram for servomechanism of Water valve positioning with help
of Potentiometer. (8)
Answer:
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Q.3 a. Derive the Laplace Transform of the following function.
(l) eat
(ii) Sinmt (8)
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b. Obtain the Solution of the differential equation given below

dzx dx
+ 2% =
= 2::: +2x =0

Given x(0+)=0and x'(0+)=1 (8)
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Q.4 a. Define the Transfer function and Derive it for the given electrical network. (8)
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b. For the block diagram shown in fig. 2, determine the overall transfer function
using block diagram reduction technique. (8)
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Figure 2
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Q.5 a. Find the Transfer function C/R for the system shown in fig.3 using Mason’s

gain formula. (8)
Gs
1 GGy /gz\ 1 1
Re + + - +(
Hy
_]_]:2
Figure 3
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b. Explain transfer function computation of cascaded components using suitable
example. (8)
Answer:
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8.7 TRANSFER FUNCTION COMPUTATION OF CASCADED COMPONENTS

Loading effects of interacting components require little special attention using signal flow graphs.
Simply combine the graphs of the components at their normal joining points (output node of one to the
input node of another), account for loading by adding new loops at the Joined nodes, and compute the
overall gain using Equation (8.2). This procedure is best illustrated by example.

EXAMPLE 8.9. Assume that two identical resistance networks are to be cascaded and used as the control

elements in the forward loop of a control system. The networks are simple voltage dividers of the form given in Fig.
8-20.

R,
o——— W 9 -
+ +
vl /11\\ Ra 02

Fig. 8-20
Two independent equations for this network are

1 1
1

The signal flow graph is easily drawn (Fig. 8-21). The gain of this network is, by inspection, equal to

kT
vy R +R,
—1/R,
f IIR] Ra
v, = 7 ™ vy
Fig. 8-21

[f we were to ignore loading, the overall gain of two cascaded networks would simply be determined by multiplying
he individual gains:
Uy Rj

2
(E) " RI+ R +2R,R,

14
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This answer is incorrect. We prove this in the following manner. When the two identical networks are cascaded, we
note that the result is equivalent to the network of Example 8.6, with R, =R, and R, = R, (Fig. 8-22).

+ 0

ol

Fig. 8-22

The signal flow graph of this network was also determined in Example 8.6 (Fig. 8-23).

~1/R, ~R, ~1/R,
VR, &, e, 2 1
;1 e i = g iy [ vg vy
Fig. 8-23

We observe that the feedback branch —R; in Fig. 823 does not appear in the signal flow graph of the
cascaded signal flow graphs of the individual networks connected from node v, to vy (Fig. 8-24). This means that,
as a result of connecting the two networks, the second one loads the first, changing the equation for v, from

G=Ryy 10 0,=Ryi, — Ryi

~1/R, ~1/R,

1/R, m VR, m 1 p

v I i 3 Vg o L V=1 v=v, Vg
Fig. 8-24

This result could also have been obtained by directly writing the equations for the combined networks. In this case,

only the equation for v, would have changed form.
The gain of the combined networks was determined in Example 8.8 as

0y R}
v, R} +R3+3RR,
when R, is set equal to R, and R, is set equal to R;. We observe that

Uy Z R§ 4 Uy
v, R} +RI+2RR, o

It is good general practice to calculate the gain of cascaded networks directly from the combined
signal flow graph. Most practical control system components load each other when connected in series.

a. Derive Static error constant K, Ky, and K, for unit step, unit ramp and unit

Q.6
parabolic input. (8)

Answer:
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b. For a Unity feedback control system the forward path transfer function is

given by
_ 20
G(s) = s +2)(s% +25+20)
Determine the Steady state error of the system, when the inputs are: (8)
z
()5 (ii) 5t (i) =

Answer:
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Q.7 a. (i) Explain the Nyquist Stability criterion.

(if) Write the Properties of POLAR plots.

Answer:
© IETE

(2x4)

19



DEG65 CONTROL ENGINEERING DEC 2015

- ¥ (—_/’ll
- Ny quist  steifary  Cyivenion

- The Closed dsof contiol sysiem Shese ofen
deop T.F. |y A 15 Cable \§ omd only 'k

N=pzo
Wi eve i
Me poles (>a) ok GH in RHP for
fo» Ceninous S‘i:,r;vﬂ;.

Ci
Tele Ca Z-flgne ) $vr  screde ~time
S Stem

Vo tod Mo b cW emeisclements o3 Fae
(o) Poimt (ie gu=—1) in Ahe H~Plane
Ccotintouy gr i serefe ),

I N0 [ the Number o cw enclksClemends o

4 ¥ "”f”f’ trv Continesus  gystewme, o owl Side
the Umit  civele oy AMsovete SYSHEM (s deteyminef
2y

ZaTM‘FPg

Jb Mo the ¢1,0) poind 13 not enClexd by

The Nyquise  stebiity flot . There brre NZo it dHye

_ M o e Tight ok the  omdour in Hie Progom
aveeHn  does not Mclude que (4, 0) Point rmqm%&’

Hus Gien  Aelps Siamibicedl y

— PR N< g and Po= o H—b\t&‘/ﬂ fhe. SYSkewm 13
Sﬁﬂm‘t‘l‘f SGble ik omd only ¢ Nzo ! that 1§ Cmd

Y 1§ the C1,0) point die) pot trein  the Chaded veqim.

'In d%M '}‘L_!f!\.'q.- L&Hmm M{b

© IETE 20



DE65 CONTROL ENGINEERING | DEC 2015

—= Prpenties o (olav Plet @@)CP@‘.‘)WP({J‘NH
’ﬂﬁﬁ L The Polay Plot  fov

Pt g .
a 1S any Compler omtent 13 identired
T e Pl 16) wiy fhe oigm o Cexdinoded

2 hitteq to fe Pondt —G-= ¢leatiFma)

Wheore

By Fiihe P\ oo piu{— A the HUNI§&Y tunCHow ok

a Hme —imvariant Qimeon SysStem exhibits emyygde
Symnetry . That s the ggaph fm a0 L®Lo i< U
MIYYey Tmege abewt tue Nezizmted axis &
the gouph 4+ 04 @ <o

3- The Polar flot may be omstrutied dvecHy
o o Rodc Plot | [§ one (s aquablapie. Uqu{ﬁcﬂ—.

Megnitude  and  phage angle o vqriuy hp_quawg

Co
y o0 the  Poae plot prezent Printinge atm}g Hhe
U A the paler plat.

A Omstemt IMoreenonts o frequonoy GEM ot

Joneratly Sepmodesd by eqyal imievioals
C{_,{‘C‘Mgf ’H\e_. PD,NW P.“t' |

b. Sketch the Nyquist Stability plot for the Open loop transfer function given by
GH(s) =————  py, p2>0
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Q.8. a. A unity feedback control system has an open loop transfer function

G(S)=

3(31-4}
Draw the root locus and determine the value of K if the damping ratio & is to
be 0.707 (8)
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b. Find break away point between 0 and 1 for GH =

K

s(s+1)(s+3)s+4) )

Answer:
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Find the breakaway point between 0 and —1 for
K
H =
s(s+1)(s+3)(s+4)
The breakaway point must satisfy

1 4 1 1 1

% (0,+1) (o0,+3) (0,+4)
If this equation were simplified, a third-order polynomial would be obtained. To avoid solving a third-order

polynomial, the following procedure may be used. As a first guess, assume 0, = —0.5 and use this value in
the two terms for the poles furthest from the breakaway point. Then

:; 1 1 1 0
_—t =
o Lol 2538
which simplifies to o} + 3.920, + 1.46 = 0 and has the root 0, = —0.43 between 0 and — 1. This value is
used to obtain a better approximation as follows:
1 1 1 1

t—t—=
ST o G R

The second computation did not result in a value much different from the first, A reasonable first guess
can often result in a fairly accurate approximation with only one computation.

c. Determine angle of departure for complex poles and angle of arrival for

_KE+L+ s +1-0) oo oo, (4)
complex zeroes for GH = G+2j)5-2])

0

0 07 +3.990, + 1.496 = 0 o, = —0.424

Answer: -

13.25. Determine the departure angles from the complex poles and the arrival angles at the complex
zeros for the open-loop transfer function

K(s+1+j)(s+1-))

S612))(=2)) nxh

For the complex pole at s =2 i
arg GH' = 45° + 71.6° — 90° — 90° = —63.4° and B, =180° — 63.4° =116.6°

Since the root-locus is symmetric about the real axis, the departure angle from the pole at s= —2;
—116.6°. For the complex zero s = —1 +

arg GH" = 90° —108.4° - 135° - 225° = —18.4°  and  , = 180° — (—18.4°) = 198.4°
Thus the arrival angle at the complex zero s = —1 —jis 8, = —198.4°. i
Q.9 a. Define Gain margin, Phase margin, Gain Cross Over frequency and Phase
cross over frequency. (2x4)
Answer:
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b. Sketch the Bode Plot for the Open —loop transfer function for the unity
feedback system given below and assess stability.

_ 50
G(5) = (s+1)(s+2) (8)

Answer:
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