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KEY

Question

L. Using the block reduction technique find the transfer function <2 ( 5) for the system

shown in the Figure below.

|| G6 || C(s)

Solution:
v Rule 1 cannot be used as there are no immediate series blocks.

v Hence Rule 2 can be applied to G4, G3, G5 in parallel to get an equivalent of G3+G4+G5
v" Apply Rule 2 Blocks in Parallel

—(1—{ Gs_} C(s)
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¥ Apply Rule 1 Block in Series

RE—9 .I cs)
El

LH2 |

¥" Apply Rule 3 Elimination of feedback

R(s) —R—) —{Ge —c

1LH2

¥ Apply Rule 1 Block in Series

- b

”

1LH2 T

v Apply Rule 3 Elimination of feedback loop

R(s) —2 G1G2 (G3+G4+GS) [Ge | C(s)
1+ GIHI — ¢
|' H2 |'

v" Apply Rule 1 Block in Series

G1G2 (G3+G4+G5)
R(S) G C(s
1+GIHL + GIG2ZH2(G3 +G 4+ G 5) {66 F—ce)

G1G2G6 (G3+G4+GS5)
R(s) C(s)
1+GlH1 +GIG2H2(G3+G4+G5)

C(s) G1G2G6 (G3+G4+GS5)
R(s) 1+GIHI+GIG2H2(G3+G4+G35)

For the Signal Flow Graph shown in the Figure below determine % using Mason’s

gain formula.

R(S) o>
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Solution: Number of forward paths =1

Forward path is the path from input node to output node without repitition

of any node.
Forward path gain =1 Y

1
la= 6x(-x5="2 L=(-3xg

Individual loops: L, =- 2

[ 10 8]

Calculation of A ;

A = 1—[Sum of gains of all the Individual loops]
+ [Sum of Products of gains of all possible combinations of two
Non-touching Loops]
— [Sum of products of gains of all possible combinations of
three Non-touching Loops]+ ......

Assocmied pa’rh Facfor- S
1/5 1/s

= 1= (L1 +Llz + L)+ (L1 L)~ (0)

=1- (52"’ :4"'—3)”52)

—1+24+2
- § §2 5_
 §242984+6 ' 24 3 27
A=—— S1- L)+ =1- (- T =14
E 1= s .

Applying Mason’s gain formula:
st27.  _S74+295+6

=1 1= 3 = 5z
(s Z’: Py A P1 Ay
R(S) A
ne S+27
1X=—5—
T S2429.5+6
SZ

P C(S) _ S.(S+27) |
i R(S)  S*+29.5+6 |

Explain the different time domain parameters of 1st order and 2nd order closed loop
systems. Explain each parameter with the plots.
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Time Domain Parameters

* These are the parameters that are used to define the performance of control system in
the time domain.

* Weuse step signal as the input to define various time domain parameters both in case
of 15" order and 2™ order systems.

Tirne Domain Parameters of 1" Order Systems
1. Delay time
2. Rise time
3. Settling time

Let us consider the standard 1" order system with step signal as the input:

] o =[1-eJucm

5 £50) i C 1
R(s) s cis) ) _ N o

R(s) 1+ts | =

c(t) = [l - e't"“] u(t)

. S
1. Delay time (t4):
It is defined as the time taken by the response of the system to reach from O to 50% of
it's steady state value.
(t)
o) = [1 - e~%]u®
1 = 05=1-¢"%
e e =05
|/ i . In(0.5) = —0.693
} H t T
1 ty
So, the delay time of 1* order system is ty = 0.693 t
2. Rise time (t,):
Rise time of a I order system is defined as the time taken by response to reach from
10% to 90% of it's steady state value.
. - ta: -
() hi ) =1-eh ¥ om=1-eh
1 01=1-¢ " 09=1-¢ "
] - - e V=09 = e =01
ty tz
-8 o -2 _ncoa
= = =1n(0.9) = T = m(0.)
i t t
- : t . S —-2=_2305
—’:_, ta = < 0.105 = .
—ty —
' = t, = 0.1051 = tp = 2.3051

Rise time: t,=tz—t; = t =2.3051-0.1051 =
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2. Settling time (ts):

Settling time of a 1* order system is defined as the time taken by response of the system
to reach to the steady state value and stay within 2% error band.

c(t) = [l "'e"/‘] u(®) c®)=1- e
1 . S 098=1-¢ "k
0,98 |-z

» e %e=002

ts
= = In(0.02) Conclusions:

¢ = 5 = -3912 tq =0.693 Xt
T
t,=22XT
= t, = 3912t
tg=4XT
Settling time for a 1 order system is: |t =4XT |

Ti i nd c(v)
ime Domain Parameters of 2™ Order System ta <ty <ty <ts

w3

R(s) s.(s+2.0w,) SO

05 |-t

{sin(wgqt + 0)}

: e il L :
................ V1 _(z ........................... Tt t % (T ¢

* The Time Domain Parameters are defined for a 2" order system when the system is
underdamped and the input is step signal.

* Various Time Domain Parameters of 2™ order system are:

1. Peak time (t,) 3. Maximum Peak undershoot (MPU) 5. Settling time (t)
2. Maximum Peak Overshoot (MPO) 4. Rise time (t,) 6. Delay time (ty)
1. Peak Time (t,,):

* It is the time required for the response to reach it's peak value.

+ It is also defined as the time at which the response undergoes it's first overshoot
(Peak Overshoot).

W4
tan t+0)=—
~Twqt = (@ ) {wg

e
c() =1 ————{sin(wgt +06)} ;t=0
J1-2¢ ta e 1-2
Applying the concept of maxima & minima to maximize c(t): = tan(wgt+0)=
d';(t) =0 = tan(wgt + 6) = tan(0)
t
oy gt ta 8) = tan(6)
0= . wg cos(wgt + 8) + sin(wgt + 8). (—lw,).—=|=0 n(nm + 6) n
J1-C -
wgt = nm
e~fwnt e~twnt nn
= si t+ 0).{w,. t=— n=123 00
m. Wy cos(wgt + 0) = sin(wqt +8).3w, i-c = "
e L
= wg cos(wgt + 08) = sin(wgt + 6). lw, Pty =— !
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Consider the unity feedback system below fig. Let Kp=20 and J=50. Determine the
equation of response for a unit step input and determine the steady-state error
using the P controller.

Controller

R(s) 4 K,

Solution
K
Cls) 5t _ K,
R(s) 1+K—ﬁ St + K,
Js*
cis) K

R(s) J(s2+(o§) r
J \/:rad/s : !
c(t) = 2 (1-cosa,r) ‘

2
e(t) = {1 cos\/;t}

steady-state error

5,(1) = l(lcosff} :cosFt
5 5

Examine stability of the following system given by
st+553+252+35s+1=0

using Routh-Hurwitz stability criterion. Find the number of roots in the right half
of the s-plane and check the stability of the system.
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Solution:

In this problem, Routh’s array is

sy 2 2
s? s 30
s 1.4 2
(-4.14 0
50 2

There are two sign changes in first column elements of this array. Therefore, the system is unstable.
There are two poles in the nght half of the s-plane.




