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Q.2 a. What is open and closed loop control? Discuss advantages and disadvantages

of each.
Answer:
Open Loop System:
Advantages:
1. Simplicity and stability: they are simpler in their layout and hence are
economical and stable too due to their simplicity.
2. Construction: Since these are having a simple layout so are easier to construct.
Disadvantages:
1. Accuracy and Reliability: since these systems do not have a feedback

mechanism, so they are very inaccurate in terms of result output and hence they are
unreliable too.

2. Due to the absence of a feedback mechanism, they are unable to remove the
disturbances occurring from external sources.

Closed Loop System:

Advantages:
1. Accuracy: They are more accurate than open loop system due to their complex
construction. They are equally accurate and are not disturbed in the presence of non-
linearities.
2. Noise reduction ability: Since they are composed of a feedback mechanism,
so they clear out the errors between input and output signals, and hence remain
unaffected to the external noise sources.

Disadvantages:
1. Construction: They are relatively more complex in construction and hence it
adds up to the cost making it costlier than open loop system.
2. Since it consists of feedback loop, it may create oscillatory response of the
system and it also reduces the overall gain of the system.
3. Stability: It is less stable than open loop system but this disadvantage can be
striked off since we can make the sensitivity of the system very small so as to make
the system as stable as possible.

b. Determine the transfer function V,(s)/Vi(s) of the electrical system given in
Fig.2

R,

Answer:
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vi(t) = Input
+0 —WW— T vo(t) = Output

TF. = v

v ) - Volt) vite)
it Lo 1 Applying KVL to the loop,

~i(t) R = i(t) Ra = = [ i(9) + vi(t) = 0
Fig. 3.3(a) (1)

Taking Laplace transform and neglecting initial conditions,

I6) R+ 165) R + ) = Vis)
_ Vis)  sCVi(s)
I(s) = oL SRR +(2)

The output equation is,

vo(t) = i(t) Ry + %Ii{t} dt (3

Taking Laplace transforrmn.

Vals) = L) Rz + o) = 1) [R’ +*§E{f]

. . < -
Using (2) in (4), Vo(s) = { —— (;1 +]§:']+1} [{§é+1

Wals) s R +1
Wi (s =T (R +R2)+1

T.F. =

Q.3 Determine the transfer function C(s) /R(s) for the block diagram as shown
in Fig.3 by drawing its signal flow graph and using the Mason’s gain formula

G2 |
+3Lf C(s)

R Q) e Gy >
Z ~
W, ke [ay |« |

Fig.3

Answer:

SIGNAL FLOW GRAPH OF THE BLOCK DIAGRAM:
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Mason’s gain formula
Overall system gain is given by

1
T ==vPkA
AN
Pk —gain of kth forward path

A = det of the graph
=1 -sum of loop gains of all individual loops + (sum of gain products
of all possible combinations of two non-touching loops) —(sum of gain
products of all possible combinations of three non touching loops)+ ......
Ak =the value of A for that part of the graph not touching the kth forward path.

There are four path

gains Pl =G1G2G3
P2 =G4G2G3
F3 =G1G5
Pp =G4Gs
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Individual loop gains are
Pi1 =-G1G2 Hp
P21 =G5
H2
P31 =-GaGzH2

Pa1 =
-G4Gx

PB1 =
G1G2G3

Pe1 =
GyGoG3

Pr1 =
-G1Gg
There are no non touching loops

A = 1-(- G1G2H1-G5H2-G2G3H2-G4G5-G1G2G3-

G4G2G3-G1G5) P1 A1 +P2 A2 +P3 A3 +P4

1+
G1G2H1+G5H2+G2G3H2+G4G5+G1G2G3+G4G2G
3+G1G5

Q4 a. Explain the construction and working principle of stepper motor write its
applications.

Answer:
A stepper motor transforms electrical pulses into equal increments of shaft motion
called steps. It has a wound stator and a non-excited rotor. They are classified as
variable reluctance, permanent magnet or hybrid, depending on the type of rotor.
The no of teeth or poles on the rotor and the no of poles on the stator determine the size
of the step (called step angle). The step angle is equal to 360 divided by no of step per
revolution.
Operating Principle:
Consider a stepper motor having 4-pole stator with 2-phase windings. Let the rotor be
made of permanent motor with 2 poles. The stator poles are marked A, B, C and D and
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they excited with pulses supplied by power transistors. The power transistors are
switched by digital controllers a computer. Each control pulse applied by the switching
device causes a stepped variation of the magnitude and polarity of voltage fed to the
control windings.
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Figure: Stepper Motor

Stepper motors are used in computer peripherals, X-Y plotters, scientific
instruments, robots, in machine tools and in quartz-crystal watches.

b. A unity feedback control system has the open-loop function as 612)°
s(s+
Find the response of the system considering controller transfer function as (2s
+ 3) and with a step input.
Answer:

LT

} ] 0
@ i |
LAt

Gis) = _ (Bs43)
ot
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BA=0 e
I+ == Hi=h

5
.............. — {Zs+3]
== + X}

I+ — (2=+3)

Cis] -

Ci=] -
s+ 1L 5B M=+ L4174}

applying immvers baplace transform

o) = L9367 e p - 1L 5B+ LS e e pi- 1.4 174 %)+ LIHNE

Q.5 a. The open loop function of unity feedback system is given by

4
c6)= (s+1)

Find the nature of response of the closed loop system for a unit step input. Also
calculate rise time, peak time, peak overshoot and settling time of the system.
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Answer:

4

E‘l:.ﬂ- As+l) 4

Ris) I+ 4 P rged
sz+1)

Comparing it with the standard farm of the closed-loop trarsfer funclion of a second-arder
syabem,

Clsh 4 i
Ris) s +s5+4 5 +200 5+

o =4
Le. o, =4 =2
28, = |
i, §=L=L={llﬁ
2w, 2u2
Since £ < 1, the svstem is an underdamped one,
ap=21 and §=025
Therefome,

i, =, 41 - & =z=-:a.|5 —0.25" = [.936 radlls

f= Lan "" Ll “ —i..'ilEIrl:]
The rise time
g-F 3.041-1310
= = ={.945
YT 1o "
The peak time
& A4l
- — e | 22
#1936
The peak overshool

Therefare, percentage of peak overshoot is
M, % 100% = 43.26%
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b. Determine the range of K for stability of a unity-feedback control system

whose open-loop transfer function is G(s) = Kk
s(s+1)(s+2)
Answer:
Characteristic eguation:
s(s+1MHe+2)+ k=10
=(s7 + =) (s4+2)+ k
=s"+2s "+ s +Ps+k =5 +3s" + 25 + k=0
Fouth array:
s 1 2
5" 3 k
5! (6 —k ps3 0]
s" k
For stability ..
6 — k=0 k<6

range of k for stability

e ko= 5

Q.7 a. Obtain Bode plot for the system represented by
H(o) = Lloz
jo(jo+5)
Answer:
1. Putting H(w) in the standard form, we get

0.4(1 + jeu/10)

Hiw) = — - ;
Jroll 4 jea /5y

From this, we obtain the magnitude and phase as:

Hyn = 20log,, 0.4 + 201og,, || + %‘ — 201og, | el
- 401:@,“‘1 + %‘

e il
=0"+tan ' — —90° —2tan"' =
i + tan o an 3
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There are two corner frequencies at ® = 5, 10 rad/s. For the pole with corner frequency at ® =
5, the slope of the magnitude plot is — 40 dB/decade and that of the phase plot is — 90 per
decade due to the power of 2.

H(dB) 4 o
20 ]u-gmll |

-

. |
L 20008, —
:n’ e, ] HIHUE 10 |jm|

20 log ;0.4 e

=
)
N

T

0
gL OSNT A ST 0. 100w
: 1
idecade . 40 lo
20 20 dB/decade - Emll o]
” iy
a0k — il dB/decade .
—40) dB/decade

& A (a)

a0° - ae--

Ew

—180°

45% decade

45 decade
(b

Also determine the Phase margin and Gain margin of the system.
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b. Draw the complete Nyquist plot for a unity feedback system having the open loop

function G(s) = 6 from the plot evaluate absolute and relative

S(1+0.55)(6 +5)
stability of the system.

Answer:
S T
&
GisHi= = —m—
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5
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] -
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E= e

& varying Faom o throwgh O bo N

Maps ko

L&am —— = O

= =ik G e o (1S = Wl 1lfsa0

~ 90" thromph O b 07
mapping of posibyve fmaginary amis e =0 b 204

caloulate magmitods amd phose value=x of T.F

......................... =l warbous v aloes ol e

et R S L+ DEsger )

1 LD =0 (L n] SaHr
ey bk -1 DES -39 BS -2 359 -OE =0 ~- 1B 332
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E = FRo®™ {& wvaying from +5990 theough O o 00 as BE— 20
_ 1
= famr,
B 1+ 05 R - DSEFe T
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-7 through OF to -270°

ju

[

Gysbens i st able
NYQUIST FLOT

The sysiem is stable and the nzlative stability is neprzsented by phase margin and gain
Mmargin

(iain mangin = 181 ,Phas cross frequency = 344 mdfsec.

Phase margin= 572, Gain cross frequency = 0902 mdfsec

Q.8 a. Consider the control system shown in Fig.4 below in which a proportional
compensator is employed. A specification on the control system is that the
steady-state error must be less than two per cent for constant inputs. Find K¢
that satisfies this specification.

r T 5 i
— Disi=K - 3
_®_> (=) ¢ 53 45t 5542
&
Compenstor Plant
Fig.4
Answer:
s° 1 5 0
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S 4 2+2K¢
st (18-2Kc)/4 0 0
sv 2+2K¢ 0

The system is stable for K¢ <9.
Kp limg >0 D(s)G(s) = Kc;

e, = 1/(1+K.); e, = 0.1 (10 %) is the minimum
possible value for steady state error. Therefore e less
than 2 % is not possible with proportional compensato
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b. Explain a technique to obtain magnitude and phase frequency
characteristics of phase lag compensator.
Answer:
Phase lag compensator
Consider the following circuit. This circuit

Impust E R ¥ Eu Cupu

Whens T1=R|C1.:I.'nd T:=R;r I-F:1 + R:‘I T1

Obvicusly T, = T, For peiting the freguency m= spomse of the network, buts = jwie,

- -
E =I:_ 11"\rr_ :I":I o
E, T Yl+w T,

Andpha.ﬁc‘:tm'wT.- tam ™ wTs
Let os comsider the polar plot for this transfer functon as shown in figune e bow.
We can obsrve that at low freguencies, the magmitude is medwoed beimg Trf T at w=L

Imamnary

= = Beal

Mext, ket us consider the hode plot the trarsfer functon ax shown in figuness below

20 Log (E Byl
L L
o Ty T; W
- f
i S i
e |
1
1 1
1 1
] ]
i 1
. .
1
| —— 1
o el M
T o
¥ ™,
A1 [
., =
I‘ ."-- I ! =
L .
T T

We charve hens that phase ) is always positive. From magmitode plot we observe that
transfer function basx rero db magnituds atw= 1 F Tz

W can put 3/ dw =0 1o et maximum valwe of § which cocurs at scome
Frequency wx

© IETE 13



AEG61 CONTROL ENGINEERING | DEC 2013

i, we= 1 (T T )
P = tan” [ Tof T2] - tan” [ T2/ Ta]*°

In this network we have an abenuation of T,F T, therefom, we can use an amplification
of T, F T, to nullify the effiect of atenuation in the phase netw ork.

Q.9 a. Obtain the transfer function of the given state equation:
° 0 1 0
X = X+| |u
-8 -6 1

y=[1 1
Answer:

Can obtain transfer function by inspection (special case)
G(s)=C[sl, —A]"*B+D

- izl Ll

—0.5 1.5 s+1
s+2+s+4_52+65+8

b. Consider the linear continuous-time dynamic system represented by transfer
function H (s) = (s+3)/(s+1)(s+2)(s+3). Evaluate whether the system is
(i) completely controllable
(if) completely observable
Answer:
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i - =11 -6] [n 1
izttt 0 ol slo]a
.'|.'3 [I I ﬂ I3 ﬂ

Iy
y=[0 1 3|z
Ex

It is easy to show that the controllability and observability matrices are given by

I =6 25 o 1 3
C=10 1 =6}, O0=|1 3 0
n oo =5 =1l =6

dlﬂf::l;é[l = rank’=3=n

Since

and
det Q=0 = rankQ < d=n
this system is controllable, but unobservable.
Mote that, due 1o a zero-pole cancellation at 5 = =3, the system transfer
function ] 5] 15 reducible o
1 l

His) = H,(5) = - _
&)= l8) = e T P e

s0 that the equivalent system of order n = 2 has the corresponding state space

form i 2 =j 1
1 _ = = :li
o= [ TR
Ty 1
y=[0 L]L_._"
For this reduced-order svstem we have

-2 0 1
{=|:D ]]., E]':-] D]

Text Book
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