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Internal Assesment Test - 11

Sub: | Control systems Code: 21EES52

Date: | 01/02/2023 Duration: 90 mins | Max Marks: 50 Sem: 5 | Branch: EEE
Answer Any FIVE FULL Questions

OBE
Marks o qpT
[10] [CO2[ L3

1 Obtain the closed loop transfer function using block diagram reduction
technique for the fig. shown

x\+

2 Apply the Mason’s Gain formula to the signal flow graph shown in fig to find | [10] | CO3| L3
the transfer function Xs / x1

3 Draw the signal flow graph for the electrical network shown in fig and find its | [10] | CO2| L4
transfer function




Derive the output response of second order system for under damped system | [10] | CO3| L2

for a unit step input

Find the overall gain of the given SFG using Mason’s gain formula [10] | CO2| L3
-H, Fig 1

Find the transfer function represented by the given equations using signal flow | [10] | CO2| L3

graph technique
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Most control systems are designed as under damped systems

to have fast response
Step Response of an under damped system 0< & <1

C(s) @? R(s)=1/s

R(s) 52 4 2%w,5 + 2

1
c(s) = s(s?+ 2¢w,s + w?)

1
Cs)=——F——
9 s(s* + 2fw,s + w?)

A Bs+C
) = st 52 4 28w, s + w?
Solving for A, B and C we can find that A=1 B=-1 and
C=-2w,
1 s+2&w,
s (s*+2w,5+ )




- s+ 20w,
Cs)=—- 2 2 2 2 2 2
S sT+2w, s+ o, +o, - o,
1 5+ 2w, I 542
€)==~ ) ()=t S
§ (S+é’a)ﬂ) +a}n(l_é’) s (s+§a)n)2+a)d

« Where @, =w,\[1—-& | is the frequency of transient
oscillations and is called damped natural frequency.

C(s) = 1__ s+, - <o,

s (s+w,) +o) (s+@,) +ao)

1 s+éwm, 3 w, @,

s (s+éo)+o o, (s+éo) +

1 s +E0, S @y

s téo) el (fimg (stée) tal

Taking the inverse Laplace transform of the above equation

c(t)=1—e " cosm,t —=——==sinm,t

EXAMPLE 1.26

Find the overall gain of the
system whose signalflow graphis R(s) 1
shown in fig 1. 35 <

SOLUTION

Letus number the nodes as shown in fig 2.

I. Forward Path Gains
There are sixforward paths. - K=6
Let the forward path gains be P, Pz, P3, Ps, Ps and Ps.

Gs
R‘:lg/é_—\_:_s@ e 1.0
1 2 5 & 1 2\ a a 5 6
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H,

7
Fig 7 : Forward path-5

Gain of forward path-1, P1= G2 G« Ge
Gain of forward path-2, P2= G: Gs G»
Gain of forward path-3, P3= G:1 G2 G
Gain of forward path-4, Pa= Gs Ge Ge
Gain of forward path-5, Ps = -G1G:G:GsH:
Gain of forward path-6, Ps=-G1G2GeGsH:

http://Easyengineering.net
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I Individual Loop Gain

e
1o exit full screen

There are three individual loops.

Letindividual loop gains be P11, P21and Pa1.

6 ¢ _H2
Fig 9 : Loop-1 Fig 10 : Loop-2
Loop gain of individual loop-1, Pn=-GsH
Loop gain of individual loop-2, Pz1=-GsHz
Loop gain of individual loop-3, Pi1= GiGeHiH2

Gain Products of Two Non-touching Loops
_H1

3 4

There is only one combination of two non-touching
teps. Let gain product of two non-touching loops be Pr.

| N
1] i =P = (-GuH) (i) = OO
of non - touching loops

'

. Calculation of A and A

A = 1-(Pn+P21+P3n)+Pi2 = 1-(-GeH1- GsHz+G1GsH1H2) + GeGsHiH2

Fig 8 : Forward path-6

7 8

H,
Fig 11 : Loop-3

G,

-H

Fig 12 : Combination of 2 norr—}uuclting loops

= 14 GiH1+ GsHz-G1GaH1H2 + GGsHagpvnloaded From : www.EasyEngineering.net




. Block Diagrams and Signal Fiow Graphs 141
AW = Xy(s) + aUs)
SNUS) =~ i) + Nys) + aU(s)
X8 = —enXi(s) + a U(s)
A = Xj(s) + aU(s)

- )
X9 = —‘X,(snl.\':(xnﬂum
s s %
X290 =22 x, 9+ %y s
- s s

sed on these equations, the signal flow graph is drawn as shown in Figure 3.70.
u ©

—ay/s
ay's s 1
Us)

Xy(s) —as X X(s) Xs)

/s

@,
Figure 3.70 Example 3.9.

The forward paths and the gains associated with them are as follows:

n=2l, @
Forward path U(s)-X5(8)-\(5)-\1s) Ty 2
Forward path  U(s)-X; ()-X(s) L
Forward path ~ {(s)-(s) M; = :(1)1
1 S:
The loops and the gains associated with them are as follow
-, l) _"
Loop Aa(8)-X()-Xa(s) L '( 3 )( Y
L="2
Laop X)X, (5) == N
i S d forward paths and no loop is touching
2lirdB;‘:h the loops are touching the first and secon

l"\\‘ard Palh

as ﬂ)—l a, a,
.\‘=1.A:=1.A3=1‘[‘ 2 3



142  control Systems

The determinant of the signal flow graph is D = 1 — (L, + L)
o o
A:]-(—a: _ﬁ):].{._l.‘._z
2 2
5 A A 5
Using Mason’s gain formula, the transfer function is
2 ., %
5 RRme
X(s) _ MA + M)A, +MyAy 57 s +ap =+ o) +a,s
Uls) A 1+ﬂ+9’§ sSSHos+a,
A A

X(s) _ay(s" +aqs+ @)+ + s
Uls) sS+os+ay




