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1 |Determine C(S)/R(S) using the block diagram reduction technique. 10 |ICO2!| L3
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R(s) G, C(s)
© | & 1+ G4H,H |
KIRLEP)
H,y
HyHyH,
R(s) = G,G, C(s)
! 1+ G3H,H,
- - Minor
fee Iback
H, loop

H,HaH,




G,G,4
1+ GgH,H, + G,G3H,

G,G3
R(s) pe 1+ G3H{H; C(s)
! G363
o 1+ ———.H,
1+ G3HyH,
HyHH,
R(s} G,G,G, C(s)
1+ G3HyH, + G,G3H, :
- Minor
feedback
HHH; et lo0P
Gl GZ G:!
R(s) 1+ G3H; Hp + G;G3 H, Cls)
—_— —
. Gy Gy GaHyH, Hy
1+ G3H Hz + GGy H,
C(s) G G2Gs

R(s) = 1+G3 HL H;+G2 G Hy+Gy G2 G3 Hy Ha Hj

Determine C(S)/R(S) using Mason’s gain formula.

Solution : Number of forward paths = K = 2

2
X Tx Ak

Cis) k=1 Ty A+ T3 Ay " ont

@ - x = 3 .. Mason's gain formula

TT=GiGsGeG7Gs T2=G1G2GaGsGs
Individual loops are,
-Hg G,y

"L A
Ge 3
L; =-Gg Hg L =-G;3H;

Both L; and L; are non touching to each other.
1-[L; + L2]+[L1 L2]
1+GgHs +GaH3+G3Ge Ha Hg
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R
..H3

4 = l—Lz =1+03H3

Ge

Consider T; , L, is non touching

transfer function using mason’s gain formula. Given R1=100KQ, R>=1MQ, C1=10pf
and Co=1pf

R\ ll—-

t I '\-{«o

G G
G; Gy
G;
A = 1-L; =1+GgHg
Cis) ThiA+T24A;
Rs) &
_ 61G5GeGrGa(1+GaHa)+Gi G2G3 Gy G (1+Ge Ho)
A
C(S) _ G[ Gs Ge Go Gs(1+G3 H3)+G| Gz G3 G G (1+Gg He)
Rs) ~ 1+G¢He+G1Ha+G3 Ge Hi He
For the network shown in the figure, Construct the signal flowgraph and find the, 10 |CO2| L3




Writing down equations for Iy , Vi ,I2 . V, we get,

VW)
- 1

I =sG (Vi - Vo) w ([0

Eey

3

Vi = (h-I2})Ry

vy =V,
I = (._‘-1___)=scz(v]-v‘,) . ... (1)

Ee)
Vo = 2R2 .. (IV)
Simulating above equations by signal flow graph.

Vi
\'_’/ For equation (1)
w For equation (1)

w For equation (Ill)

L R Y% For equation (IV)

Combining we get signal flow graph for given network.

Vyo ¢ L RV, G L Ry v,

-sCy R, -sC,

To find T.F. apply Mason's gain formula

I ETk &
| TFE = —_

| T &
o TFE. = —--3-—-

sCI Ry sCzR2=s2Ri Ry C G2

Number of forward path = K = 1

T

il

M

. _—
Control Systems Engineering 6-52 Signal Flow Graph Representation

Individual loops :
Li=-RGs Ly =-8R; C; L3 ==-RysCy
Qut of three, Lj and L3 are nontouching

A = 1-[Ly+La+L3]+[Li L3]
= 1—[—SR| G -sR; C; -sRa C;]+[s2 G R-_!Cz]
) = 1+5[R;C1+R1C1+R1Cz]+ s2 [R;C1 RzC:]
: Vi(s) A

All loops are touching to T4, = A; =1

Vols) 2RI G R C;
Vi)  1+s[RiG +R C2+R: Cz] +5? [R, G R C2]

For the system shown in figure 1, Draw the signal flowgraph and find the transfer|

function using mason’s gain formula.
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C(s)

Fig 1

Forward Path Gains

There are two forward path, .- K=2,

Letthe forward path gainsbe P, and P, : .
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R(s) 1
c ;. )
1 2
Fig 4 : Forward paih-1.

R(s) 1 . 1 C(s)
Fig 4 : Forward path-1

Gain of forward path-1, P,= GGG,
Gain of forward path-2, P,=G,




Il. Individual Loop Gain

There are three individual loops with gains PP, and P,,.

G, Gz _Hz 4 G2
»> O > 5
3 . 8 = T 6 {7
1 H| 4 > > H\
5 9

Gain of individual loop-1, P,,= G,G,H,
Gain of individual loop-2, P, = -G,GH,
Gain of individual loop-3, P, = ~G,H,

lll. Gain Products of Two Non-touching Loops

There are no possible combinations of two-non touching loops, three non-touching loops, etc...
IV. Calculation of A and A,
A=1-[P,+P,+P, ] =1~ G,GH, +G,G,H, +G,H,
Since no part of graph touches forward path-1, A =1
The part of graph non touching forward path-2 is shown in fig 9. G, G3 G,

~ 48, = 1-[GGH,-G,GH,-GH,] 3 44—!4//'5
=1-G,GH,+G,GH,+GH, 1 ;

V. Traﬁsfer Function, T

By Mason's gain formula the transfer function, T is given by,

T =71. Y R, =—;- [PA, +P;A,] (Number of forward paths is 2 and so K = 2)
k
1
= [618Gs + Gy(1-GGoH, +G,GiH, + G H,)

1
e [GG,Gy + G4 - GG,G H; + G,G3G H, + G,G4H,]

_ GG,Gy + G, ~GG,GH, + G,G,GH, + G,G H,
1= GG,H, + G,G,H, + G,H,

Determine C/R using the block diagram reduction technique.

Solution : Shifting summing point before G, and takeoff point after G, we get,

Exchanging summing points and takeoff points using associative law and combining
series blocks we get,
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Eliminating minor feedback loops we get,

H,
GG,
R > G, Gy G3 G,y -C
14G,GzH, 1+G4GyH,
« )
~
Series blocks
[ GiGs 1[ G3Gy
@ _ |1+G:GzH,; J|T+G3G.H2 J
R(s) ~ 1+[ GGz ]I' GaGs Hs]
1+G,GoH, J11+G3GH; ILGGa
G1G2GaGy

= (1+G:G2H1) (1+G3GHz)+G2G3H3

@ _ G1G2G1aGy
R(s) = 1+4G1Gz2H; + G3GsH2+GiG2G 3G HIH2+G2G3H;

Determine C(S)/R(S) using Mason’s gain formula.

-~

ces)
Kcs)
Solution : Number of forward paths K=4
T = 1-G;-G2-1=G; G2
T, = 1-G3-G4-1=G1 Gy
Tz = 1-G1-G4-G4-1=G; G Gy
T = 1-G3:G5:G2-1=G2G1Gs
Individual loops are e
L = -G2H,, L2=-G3Hz, L3=GsGs
Ly = =G4 H, G, Ls=-Gy Gg Hz
Combinations of two non touching loops are '

i) L, and L,

i) No combination of three non touching loops
A=1-(Ly+La+L3+L;+Ls)+(L; L2)

= l—[(— G:Hy-GaH:+Gs Ge-Gy Gg H -G Ge Hz)]'l'[(—cz Hi)(-G3 Hg)]

A= l-l-Gg H] +G; I'Iz—Gs G5+C.| Ga H; +G1 G(, H2+Gg Ga H1 Hz
For all the forward paths all the loops are touching hence

C(s) _ ZTkAx _ TiA1+ToAr+ 383+ A,

Hence =
R(s) A A

C(s) G G2+4G3G31+G; G, Gs+G2 G3 Gs

R(s) = 1+G2 H;+Ga H2-Gs Ge +Gs Gg Hy +G1Ge¢Hz2 +G2GsHH;,
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Derive the expression for unit step response of the second-order underdamped

system.

The standard form of closed loop transfer function of second order system is,

©___ o

R(s) & +20m, 5+

For underdamped system, 0 < £ <1 and roots of the denominator (characteristic equation) are
omplex conjugate.

The roots of the denominator are, s=—{o, o, -1

Since { <1, ¢*isalsolessthen1, andso 1-¢? isalways positive.

v s==Lo, 2o(-1)1-C) = o, ijmn,ll-gz
The damped frequency of oscillation, w;=w_1-
ss=—Lo, *jo,

2

Op

The response in s-domain, C(s)=R(s) 5 —r—
"+ 20w s+ o,

For unit step input, r(t) = 1 and R(s) = 1/s.

(1)2

C(s) =.*"_
s(s? +2Lw,5+02)

A is obtained by multiplying C(s) by s and letting s = 0.
: .

s(s2 +20w,5+ mﬁ) .
To solve for B and C, cross multiply equation (2.25) and equate like power of s.

S A=sxCs) _, =sx =1

ﬂeid 1381\)

On cross mulﬁplication equation (2.25) after substituting A = 1, we get,

02 =5 +200 s+02 +(Bs+C)s

o) =5’ +2o s+l +Bs* +Cs

Equating coefficients of s> we get, 0=1+B ~B=-1
Equating coefficient of s we get, 0=2Lw_+C S C=-2C0,
aoe=toSEEe, (226)

s S 42 s+00

Let us add and subtract (o ? to the denominator of second term in the equation (2.26).

e -1 s+2Lo, _ s+20m,
. Ts 42w, srol+l0l-Cal s (€ +26os+C00) + (0 -Co?)
_1 s+ 200, _1  s+20e, - a——
s (0o, +0l(1-0) s (s+4e,) +o] |0g =0,y1-E
1__ s+Co, £o,y ‘ wel227)

s (s+lo,) +0i (s+ln,) +o]

Let us multiply and divide by o, in the third term of the equation (2.27).
st+la, Co, 04 £{|}=l
S

Cs) =1

s (s+§mn)2+m§ @4 (s+§m,,)2+m§

[} ]
(s+a)2 +o’ ;

The response in time domain is given by, L{ei smmt} T
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Co,

s+Lo, .
s (s+§m JH0; 0y (5+Ce,) o]

@4

5 =1

The response in time domain is given by,

s+{o, Cwn ©y

oty = LH{e(s)} = L“{i_

(s+50,)* +0F

Lo,

®y

= . . i e'@“n'
[./i € cosm5t+Csm@dt) 1 ﬁ

=1-en'cosa

e_Cmnl

Let us express ¢(t) in a standard form as shown below.

P
cft) —l—\/_(smmdtxcose+cosmdtxsm0}
1-¢*

~Cogt

J1-&

{Bzm-l_«l*-# J
Z

sin(w 4t +8) (228)

where,

0 (s+50,) +0j

e 5nsing = 1~ e [cc)scodt +

1
L =—
fif-
. )
Lie sinot; = —————
{ J (s+a)’ +0?
s+a
Lie ™ cosat}=
} { } s+a)2+m2
Co, .
t N
o md] R

(sinmdt x £ + cosogt x ﬁ]

| Note : On constructing right angle|
Em‘ang!e with £ and {1-3*, we get

sm 8=41-52
1-¢2

|w59-€

i tan 0 = I_;2

|
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