. EXAMPLE 1.25

Find the overall transfer function of the system whose signal flow graph is shown in fig 1.

g

R(s) 1
o—> 0
! l 8
SOLUTION
I. Forward Path Gains
There are two forward péths. L K=2
Let forward path gains be P, and P, . :
RG) 1 G G, G, G, G, 1 CE
O0———>—-o0 —O0——>—O0—>—0—>—0- OoO—> -0
1 2 3 4 5 6 7 8
Fig 2 : Forward path-1.
R(s) 1 ' G, G, 1 C(s)
: —Oo—>—0—> O
6 7 8

Fig3:F ofward path-2.

Gain of forward path-1, Pr= G G;G; G, Gs
Gain of forward path-2, P,= GiGsGs

II. Individual Loop Gain

There are three individual loops. Let individual loop gains be P,,, P,, and Pj,.

3

O @ O
3 1 5

Fig4: Loop-1. . Fig 5 : Loop-2. Fig 6 : Loop-3.
Loop gain of individual loop-1, P, =- G, H,
Loop gain of individual loop-2, P2 =-G, G, H,
Loop gain of individual loop-3. Py =-G; H,
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e “\u@
Ill Gain Products of Two Non-touching Loops

ain products of WO non toye:
There are two combinations of two non-touching loops. Let the gain g Uchiy,
loops be Pp and Pa,.

G,
o "1 \3
}5 ’ & 6 ? 07
- 5 -}
\/ -H, 30 H,
. : P - ~hine
Fig 7 : First combination of 2 non-touching loops. | Fig8:Secor 1d combination of 2 non-touching loop,
Gain product offjlrst combination P, =P, Py, =(~G,H)) (-GHy) = G2GsHHy
of two non touching loops . i
Gain product of second combination P.. = P Py = (~G,G:H)) (-GsHy) = G,G;GH,H,
of two non touching loops 2~ arl -
IV. Calculation of A and A
A = 1=(Py+Py+Py)+ (P2 +Pn)
= 1 - (-G;H,- G,G;H; - GsH,) + (G.GsH Hy+ G:G;GsH:Hs)
= ‘ + GzH| + GzG;H: + GsH; + G105H1H3 + G:G;Gsl'l:H}
A =1, Since there is no part of graph which is not touching with first forward path.
The part of the graph which is non touching with second forward path is shown in fig 9.
Ag = I—P“ =1 —(—G:l'h) =1 ‘*‘G:H[ 3 > 4
V. Transfer Function, T G,
By Mason's gain formula the transfer function, T is given by, -,
Fig 9
il 1 . | :
T = XZ PyAg ey (P,A; +PA,)  (Number of forward paths is 2 and so K = 2)
K
_ G,G,G,G,G5 +G GG, (1+G,H))
_ G,G,G3G,Gs +G,GG4 +G,G,GG¢H,
1+G,H, +G,G;H,; + GsH3 + G,GH H; + G,G,GH,H,
1+G,H, +G,G;H, +G{H; +G,GH,H; + G,G,GH H,
EXAMPLE 1.26

Find the overall gain of the system whose signal flow
graph is shown in‘fig 1.

(S)
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SOLUTION

Let us number the nodes as shown in fig 2.

I. Forward Path Gains

There are six forward paths. " K = ¢

Let the forward path gains be Py, P,, Py, Py, Ps and P,

Fig 7 : Forward path-5.
Gain of forward path-1, P, = G, G4 Gs
Gain of forward path-2, P, =G, Gs Gy
Gain of forward path-3, P; = G\ G, G,
Gain of forward path-4, P, =G Gi G
Gaip of forward path-5, Ps=~G,G3G;GsH,
Gain of forward path-6, Ps= -GGGy GgH,

Fig 8 : Forward path-6. -

Scanned with CamScanner



II. Individual Loop Gain

There are three individual loops.
Let individual loop gains be Py, Py and Py,
G
- :
H] G4 4 7 w 8
’ ’ -H

2
Fig 9: Loop-1. Fig 10 : Loop-2.

Loop gain of individual loop-1, P, = -G4H, Fig 11 ¢ Loop:
Loop gain of individual loop-2, P, =-GsH, e
Loop gain of individual loop-3, P, = G,GsH,H,

III. Gain Products of Two Non-touching Loops -

G
= i -ﬂ 5
There is only one combination of two non-touching 36 V —W

loops. Let gain product of two non-touching loops be Pi.. Fig 72

: Combination of 2 non-touching los
Gain product of first combination . _
of two non - touching loops } P2 = PPy = (=G4H)) (-GsH,) = CaGsHiH;

IV. Calculation of A and AK

A= 1-(Py + Pu+Py)+Pp = 1-(-GH,- GsH,+G,GsH,H;) + G,GsH,H,

1+G:H, + GsH,-G,GsH,H, + G,GsH,H, G

5 v
7 {
The part of the graph non-touching forward path — 1 is shown in fig 13. "W

JA=1 - (—Gst) =1+ Gst ’ Fig B
The part of the graph non-touching forward path -2 is shown in fig 14. 4}@4
. 3
Sh8=1-(-GH))=1+GH, Fig I4

There is no part of the graph which is non-touching with forward paths 3, 4, 5 and 6.
‘ .'.A3=A4fA5=A6=1
V. Transfer Function, T

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

T = i- (Z Py AK} (Number of forward paths is six and so K = 6)
K

— % (P,Al + PzAz + P3A3 + P4A4 + PsAs + PéAﬁ)

620406(] +Gs]'l2) '+G3G§G7(l +G‘['l|)+G|G201 +G3GGGB
‘G‘G:;G-,Ggl'll _GIG2G6GSH2
1+G4H1 + Gst hGlGBHII-IZ +G4GsHIH2

i
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Chapter 1 - Mathematical Models of Control Systems

EXAMPLE 1.27

Find the overall gain C(s)/R(s) for the signal flow graph shown in fig 1
-H R~ > 1
1

SOLUTION

I. ‘Forward Path Gains

There are two forward paths. K =2. Let the forward path gains be P, and P,.

G G .
1 G G
R(s) o —> PP - N " g
i ‘\21 7 \jl 7 Z > 05 C(S)
Fig 2 : Forward path-1.
R o =
7 O > o] C(s
1 2 3 4 5 i
Fig 3 : Forward path-2. G

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

II. Individual Loop Gain

There are five individual loops. Let the individu
' G
2

AN 4

Fig 6 : loop-3.

Gs
4
Fig8 : loop-3.

Loop gain of individual loop-1, P&~ Qzﬁjﬂl
Loop gain of individual loop-2; Py H,G,

Loop gain of individual loop-3, P, =~ G,GH,

Loop gain of individual loop-4, P, =3 QZGJG H,

| loop-5, Pg = G,

Loop gain of individua

al loop gains be p,,, P,;» Pyy» Psy and p,,.
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II. Gain Products of Two Non-touching Loops

There are two combinations of two non-touching loops.

Let the gain products of two non-touching loops be P, and P, .

S
2 ' 3 |
GS
-H, 4 )
Fig 9 : First combination of
two non-touching loops. Fig 10 : Second combination of two non-touching
Gain product of first combination -
P, =P, P, =(-G,H,) (G,) =G,GsH
of two non touching loops } i2 = PPy = (-02H,) (G5) = G70H;
Gain product of second combination
P,, =P, P, =(-G,G(H;) (G5)=-G,G,G¢H
of two non touching loops } 1 = PPy = (=G2GH;) (Gs) e
IV. Calculation of A and A,
A=1-(P, +Py + Py + P, +P5)) + (P, +Py)
=1-(-G,G,H, -H,G, -G,G,G,H, +G, -G,GH,)
+(-G,H,G; - G,G,G¢H,)
Since there is no part of graph which is not touching forward path-1, A, = 1.
The part of graph which is not touching forward path-2 is shown in fig 11. 4
~A=1-Gs Fig Il

V. Transfer Function, T

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

-

1
T= v ZPKAK (Number of forward path is 2 and so K =2
3

e
[P, +P2A2]=Z [G1G,G,G, x1+G,G,G4(1 -Gy)]

- GleG3G4 +G‘G"\G6 ”G‘GQG_;G(‘ I
¢ ___'/

4
A

EXAMPLE 1.28

Find the overall gain C(s)/R(s) for the signal flow graph shown in fig 1.

Fig 1
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SOLUTION
I. Forward Path Gains

There is only one forward path, - K = |,

Let the forward path gain be P,

! G
! G G G 1
R(s) 00—y 532 O———0— S »—0 C(s)
' < 3 4 5 6 7

Flg 2 : Forward path-1.

Gain of forward path-1, P,= G,G,G,G,
II. Individual Loop Gain

There are three individual loops. Let the loop gains be P, Py, Py,.

G G
. . —H, G G G G,
4 6 Q O O &) O
2 :
O O o
-H, 3 4 .5 71

Fig 3 : loop-1. Fig 4 : loop-2.

Fig 5 : loop-3.
Loop gain of individual loop-1, P, =-G,GH

374771

Loop gain of individual loop-2, P, =-G,GH

27372
Loop gain of individual loop-3, P, =-G G,G,G

1727374

III. 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 Ay

A=1-(P, +Py+Py)
=1-(-G,G,H, - G,G,H, -G,G,G,G,)
=1+G,GH, +G,G;H, +G,G,G,G,
Since no part of the graph is non-touching with forward path-1, A = 1.

V. Transfer Function, T

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

T = C(s) - L PAg = = P, A; (Number of forward path is 1 and so K=1)
Rs) A4 A :

G,6,G,G,
14 G,G4H, +G,G;3H, +GG,G5G,
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EXAMPLE 1.29 o
EXAMPLE 1.29

The signal flow graph for a feedback control system is shown in fig 1. Determine the Cloggg
transfer function C(s)/R(s)

G
R Ot G, , g RSO
Cf— ) 3 4 5 6
H, H, H, Fig 1
SOLUTION
L Forward Path Gains
There are two forward paths. SJK=2,
Let forward path gains be P, and P,.
Gy G, G, G, G;
N ™Y 5 o~ A ~ A ™ ) o) C(S)
R(S) O ? O ? O 7 O— ? O
1 2 3 4 9
F. t'é 2 : Forward path-1.
G, G, Gy G; C(s)
R() o0—>r—O0—>— o o
Fig 3: Forward path-2.

Gain of forward path-1, P,= G,G; GGs Gs
Gain of forward path-2 P,= G, Gz GsGs

I1. Individual Loop Gain

A There are four individual loops. Let individual loop gams be Py, P2y, P and Ps,.

TR T Oy

Fig4: Ioopl Fig 5: loop-

Fig6: loop-3
Loop gain of individual loop-1, P, = GH,

Loop gain of individual loop-2, P, = G,H,

Loop gain of individual loop-3, P, = G.H,

Loop gain of individual loop-4, P, = GH,H

Fig 7 foop¢4

It

1II. Gain Products of Two Non-touching Loops
" There is only one combination of two non-touching loops.
Let the gain products of two non-touching loops be P,,.

Flg 8 : First combmatton of
two non touching 10

Gain product of first combination =
of two non - touching loops 2 =(G,H,) (G, H;)

=G,G,H,H,
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and A,

V. Calculation of A

Ve
A= 1= (Pyy Py + Py 4 Py ) + Py

a l"‘((}2”| -"03”2 + (}4“] +G6H2”J)+GZG4H|”3

Gince there is no part of graph which is non-touching with forward path-1 and .2,

A=A =]

V. Transfer Function, T

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

T :zl\' > Pxdy "[l{(PlAu +P,4,) (Number of forward paths is two and so K =2)
K -

= 0102030405 +GiGzcsG(,
I—Gzl'll "'GJI"]z —G,‘I'{J -061'121'13 +GzG4HIH3

EXAMPLE 1.30
Convert the given block diag

ram to signal flow graph and determine C(s)/R(s).

¥ 63 l |
R(s) Y. CO
——tp " G, G, +
H [ - Fig 1
SOLUTION |

The nodes are assigned at input, output, at every summing point & branch point as shown in fig 2.

H G, ' l

R(s) C(s)
3 . G 4 & 5 @ %
H Fig 2

—‘GJ
l : G, Gz 1
R(s) o F—Q > f— > 0 > O > 0 C(s)
1 3 4 5 6
-H
Fig 3
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Forward Path Gains

w i
There are two forward paths., - K=2

Let the forward path gains be P and P,

RE) 1 l G G, . CE

“G* S S —0— ) O——>——o0——3_ §

1 2 3 4 S 6
Fig 4 : Forward path-|.
S5,
1
Ry ‘ : C(s)

o0 o] > 0

1 ) .

= 3 4 5 6
Fig 5 : Forward path-2.
Gain of forward path-1,P =G G,
Gain of forward path-2, P -—G , 1 G,
1L Individual Loop Gain 2 §
There is only one individual loop. Let the individuai loop gain be
-H
Loop gain of individual loop-1, P,=-GH. Fig 6 : loop.1.
111 ‘Gain Products of Two Non-touchmg Loops
There are no combinations of non-touching Loops.
v. Calculauon of A and AL
A=1-[P, ] =1+GH
Since there are no part of the graph which is non- -touching with forward path-1 and 2,

A =A,=1

V. Transfct Function, T

By Mason s gain formula the transfer function, T is

given by,
G,G,-G
T=1 Peay = P A+PA,] = 21Y2-Gy
Z iy 2] I+G,H
- I
EXAMPLE 1.'31
Convert the block diagram to signal flow graph and determine the transfer function using Mast®
gain formula.
f G.g -—_
\ l C(s)
R(s) ‘g
H r
- Fig!
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Chapter 1 - Mathematical Models of Control Systems 19

SOLUTION

I'he nodes are assigned at input, ouput, at every summing point & branch point as shown in fig 2

>|| G-z ll

R(s)

Fig 2

I. Forward Path Gains

There are two forward paths. . K=2.
Let the gain of the forward paths be P, and P,.
1 1 G, I G, G, 1 1
o—>r—55- __)___O__>___O__>_-o-—-—>—0—-—)-—0‘—>—0§ - >0
1 2 3 4 5 6 7 8 9
G, Fig 4 : Forward path-1.
1 1 G, 1 1 1
o—> o—H>—o—> o—> e
] 2 3 4 5 6 1 3 9
Fig 5 : Forward path-2.

. P,=G,G,G;
P,=G,G,

Gain of forward path-1

Gain of forward path-2,

1L Individual Loop Gain
There are five individual 100ps: Let the individual loop gain be P, Py, Py, P, and P,
Loop gain of individual loop-1. Pi== G,G,G,
Loop gain of :ndividual loop-2, Py=~ G,G,H,
Loop gain of -ndividual loop-3. Py~ ~ G,G;H,
Loop gain of individual loop-4. P,=- G,-Gr4
Loop gain of individual loop-5. Ps=— G,H,
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EXAMPLE 1.16
-“\

Reduce the block diagram shown in fig 1 and find C/R.

- SOLUTION

Step 1. Move the branch poiﬁt after the block.
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— 0 e o

Control gy, -
J’Slenu

Step 3: Combining parallel blocks o
* » G,/G,
G ]
R » o i » G + ; C>
1+GH[ i :
) Sté;; Eombmmg blocks in cascade T e
R (’l o G+ ‘3 ;' C
T 1+GH 2 G, ’
T T e i
Cc_[_6, G,)\_(_G, GG,+G,) G,G,+G,
R 1+GH/\ ? G, 1+G,H G, 1+G,H
RESULT | N d
The overall transfer function of the system, LSS\ oL}
, R 1+GH

EXAMPLE 1.17

Using block dlagram reduction technique ﬁnd closed loop transfer function of the system who$

block diagram is shown in fig 1.

A 4

G

4

v

G, | X

H,

— P | 1‘: t
. r.

Fig 1

Scanned with CamScanner



LA

! N
U7 10 . the branch point before the block
O oving ¢

R G

-

W the blocks in cascade and eliminating parallel blocks
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< cha,
’—'—————i .
Step 5: Eliminating the feedback path and combining blocks in cascade L /7-(‘
....................................... L%
R : : ® 4 8 8 e e o s & s W T T L :
o : e P
o . " " ............ :...-.-...—--\l
1/G |e Ha
Step 6:  Eliminating the feedback path _S_(_]
C
PO
Gi(G3G; +Gy) G,G,G;+G,G,
l+GlGZH| :> R l+GIC'2H| G|G:)G; +G'G4 —
. Gi(G,G,+Gy) Hy [+G,GH, +G,0:H, + G Hy  — - 1+ G,G,H, + G,G;H, + G,H,
1+G\G,Hy Gy 1+G\G,H, '
Step 7:  Eliminating the feedback path
R G,G,G;+G,G, C
1+G,G,H, +G,G;3H, +G,H, '
—
G]GzG_-; +G|G4
_9= ]+GlozgléGG203H2+G4H2 = 0‘0203 +G|G4
R 1+ » 1~2 3+G|G4 I+G|GZH|+GzG3H2 +G_‘H2 +G|Gzc3+G|G4
]+G|02Hl +GzG3H2 +G4H2
- RESULT
The overall transfer function is given by,
c_ G,G,G;+G,G,y
R 1+G,G,H, +G,G;H, +G,H, +G,G,G; +G G, i
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petermine the overall transfer function £0)

" Rs) for the system shown in fig 1.

/ .
Step 1: Moving the branch point before the block

12

R(S)
== G, — G;-

Step 2 : Combining the blocks in cascade and rearranging the branch points
ep om‘ ining ad

R(S) .
R

x

Step 3 ; Eliminating the feedback path

R(s) 8 =

5

C(S)

Scanned with CamScanner



-—.—‘—'———_—— — et — - - E——— e e A e B M LA
- . . - st i A — - ”
NS

Step 4: Combmlng the blocks in cascade and chmnﬂlmg; fccdback path

_ 6,65
]+G H 03
(1261

e . '3

I+G4H,G,

-------------------------------

R(s) G 3 X GG, ) C(s
. G] -~ G4 >

-------------------------------

A4

G,G,G, C(s)

=
£
(=]
&
+
(o]
~
&
s
4
0

-----------------------

G/G,G,
l+(l G l! +(l|(.l]‘!
Q,Uy(h I
x G
I"’(l‘G,‘ll +(!1(I1”1 4
R(s) . Cts
: .-.. (jLCJZ(il 3 3 )
I} it int W of Uy
: l'f{Jj(J ih‘l(] (jiilz-i(,lGZ(J]('% :
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