.-gif.'d"

wmqmm | | o
‘ . cﬂcullﬂOn of A and A‘ Vol
B e

A=l_(P"+P"+P3|+P¢|)+P12

=1-(G,H, +G,H, +G H;+GH,H,)+G,G,H H,

Since ;her: ns ;\0 part of graph whuch ls non touchmg with forward path-1 and 2,

V. Transfer Function, T

—

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

! 1
T=K z PyAx = K(P'A‘ +P,A,) (Number of forward paths is two and so K =2)
2 .

L G|GzG3G4Gs +01020506
1-02H| _G_‘Hg —O4H3 _GGHZHl +GzG4H|H3

EXAMPLE 1.30
Convert the given block diagram to signal flow graph and determine C(s)/R(s).
; |
C(s)
R(s) |
— " G ﬂi G, ——”fg T
H Fig 1
SOLUTION ) _
The nodes are assigned at input, output, at every summing point & branch point as shown in fig 2.
= » 03 l
C(s)
i 3 G, 4 E 5 Q D 6
‘ 2
H Fig 2

ystem is 'shown in fig 3.

flow graph of the above S

The signal

y»—0O
s O

Fig 3
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Path Gains

- There are two forward paths. . K=2.
- Let the gain of the forward paths be P, and P,.

] ] G, 1 G, G, i ]
O O—Pp—O—P—O—F>—O—F>—O—F>—O—F>—O—>—0
i 2 3 4 5 6 7 % 5
G, F&l Forward path-1.
1 G 1 I )
I ! 2

~ Gainof forward path-1, P,=G,G,C;s
w,ﬁhofforwardpath-Z P,=G,0,

+ individu; LWP Gain
' h are five individual loops. Let the individual loop gl 0.8, £, P, 7, smd P,

p gain of individual loop-1, P,=~G,6,0,
2, P,=~G,0MH,
gain of individual loop- !
3. P =~ 0, (.l H,
gain of individual loop- 0 (’
Loop gain of individual loop-4. P“: —0 B
oop gain of individual loop-5, Py~
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Fig 9 : Loop-4.

II. Gain Products of Two Non-touching Loops

There are no possible combinations of two non-touching loops, three non-touching loofs, etc.,
IV. Calculation of A and A‘

A = I_[P1|+P21+PJ:+P4|+PS|] = 1+G|G'203+G:GZH|+GZG3H1+GIG¢+G4H:

Since no part of graph is non touching with forward paths-land 2, A =A,= 1.
V. Transfer Function, T

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

| 1
T = Zz PlAt == Z[P|Al + Pzdz]

¥ G,G,G; +G,G,
1+G,G,G; +G,G,H, +G,G3H, +G,G, + G H,

Fig 1
- Scanned by Scanner Go
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H, L
X )—— G K
4 ) -
Sl
9 s

" G

. Forward Path Gains
There are two forward path, .. K=2.

Let the forward path gains be P, and P,.

- » g % H

c'ﬂl!-l.t:)flndividual loop-1, i G.ng‘

% .G‘,mofindividUal loop-2, Py~ 'GZHJ 2
B ividual toop-3, P,i= ~ O

G,
Gain of forward path-1, P,=G,G,G;
L Gain of forward path-2, P,=G,
%ﬁl Loop Gain g
There are three individual loops with gains PP, and &5,
_H
B 0 ()
s
0 O O
1o -H, 4 5 6
9 Fig7: loop-2.

Fig 6 : loop-1.

i 8

Fig 5 : Forward path-2.
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. Contro|
1.9 \M

M1 Gain Products of Two Non-touching Loops three non-touching loops, ¢

! touching 100ps:
There are no possible combinations of two-non o

IV. Calculation of A and Ay
A= 1-[P+P,+P, ] = | +GGH, +G,GH, * %
Since no part of graph touches forward path-1, 4, = b
The part of graph non touching forward path-2 is shown in fig 9'.
“8, = 1 -[~G,GH, -G,GH,~GH, ] 3
= 1+G,G,H,+G,GH, +GH,

19,0, + G,G,H,
V. Transfer Function, T 2 Fig 9

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

! . '
A Z SER =‘i‘ [PA, + P,A,] (Number of forward paths is2 and so K =2)
¥

I _
= [616:6,+G,(14+G\G,H, +G,G H, +GyHy)|

1 ’

= GIGIGJ +G4 +G|GZG‘H! +GzGJG4H2 +GzG4H|
1+G,G,H, +G,G4H, +G,H,

EXAMPLE 1.33

Draw a signal flow graph and evaluate the closed loop transfer function of a system
whose block diagram is shown in fig 1.

{G,]
R(s) e
» G, (%
X H] ¢
| 04 | T F‘gl
SOLUTION
The nodes are assigned at input, output, at every summing point & branch point as sh in fig 2
_ as shown in fig 2.
{6
R ¥ £
e % : ;
5 - 7
— (g
8
-,_—_J G
Fig 2
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~SIe 2
| Forward Path Gains " Fig 3
" There are four forward paths, K = 4

the forw ard '
Let path gains be P, P, P, and P,
o_—)l_o_—i—o—?lho“—%-o—lb—o——)lo )
1 2 3 4 s p 3 Fig 4 : Forward path-1.
: ‘ 0 o [ |
1 2 3 4 5 p : Fig 5 : Forward path-2.

Fig 6 : Forward path-3.

Fig 7 : Forward path-4.

Gain of forward path-1, P= GG,
Gain of forward path-2, P= -GG,
Gain of forward path-3, P,= G G,GH,
Gain of forward path-4, P,=-G G,GH,

Il Individual Loop Gain
There are two individual loops, let individual loop gains be P and P, .

Fig 8 Loop-1.~

Fig 9 : Loop-2.

Loop gain of individual loop-1, P, =~ GnGal:l1H2
Loop gain of individual loop-2, Py, =G G,H/H,
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: £
L1or _ 2
III. Gain Products of Two Non-touching Loops .
¥ n
There are no possible combinations of two non touching

loops, three non-touching loops ¢

IV. Calculation of A and Ay

A =1~ sum of individual loop gain ] = § =Bt P,)

-G GHH
= |= [—(}lCIJH'I“‘[2 + GIGIH|H‘J] = 1 +G|G)H|H2 Gl ’ |A2 AZ- A=A=1
Since no part of graph is non touching with the B e
V. Transfer Function, T

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

T=+% PKAK=P'*P2+P’+P‘ (Number of forward paths is 4 and so K = 4)
B - .

G,G, -GG, +G,G,G,H, - G,G,G,H,
1+G,G;H,H, - G,G,H,H,
_ Gi(G3-G,)+G,G,H,(G;-G,) _ Gi(Gs -G, )(1+G4H,)
1+G,H H,(G; - G,) 1+G,H,H,(G; -G,) -
1.13 THERMAL SYSTEM

List of symbols used in thermal system.

q = Heat flow rate, Kcal/sec.
A Absolute temperature of emitter, °K.
6, = Absolute temperature of receiver, °K.
A8 = Temperature difference, °C.
A Area normal to heat flow, m?.
K = Conduction or Convection coefficient, Kcal/sec-°C.
K Radiation coefficient, Kcal/sec-°C.
H =  K/A=Convection coefficient, Kcal/m?-sec-°C.
K = Thermal conductivity , Kcal/m-sec-°C,
AX = \Thickness of conductor, m.
R = . Thermal resistance, °C-sec/Kcal.
C: T Thermal capacitance, Kcal/°C,
HEAT FLOW RATE

Thermal systems are those that involve the transfe

r of heat fro
are three different ways of heat flow from one substanc i o

€ 1o another, T stance to another. Th

and radiation. €Y are conduction, convection
For conduction, o
Heat flow rate, 9 = K A6 = 5 3
1 3
For convection: S (
Heat flow rate, q.=K 40 =HA 40
..... (1.37)
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