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Example-15;: Multiple Input System., Determine the
output C due to inputs R and U using the
Superposition Method,
U
t/|\+ G, C

R+j> G, O— I,

Step 1: Put U=0.
Step 2: The system reduces to

C
R+t [g¢a, .

|

Step 3: the output Cy due to input R is[CR =[G,G,/(1 + GG, }]R]
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Stepd4a:  Put R=0.
Step4b:  Put —1 into a block, representing the negative feedback effect:
Rearrange the block diagram: U + "\ J 6, Cuv _
+
e l P Gl

Let the — 1 block be absorbed into the summing point:

U + 7\ T Cuﬁ

—
G, I+

Step dc: the output C,, due to input U i~:~;[f.’:,,,r =[G,/(1 + GIGZJ]U.]
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Step 5:  The total output is C=Cy + C,

G,G, G,
R+ U
1+ G,G, 1+ GG,

G,
= G,R+ U
L+q%h1 |
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Example-16: Multiple-Input System. Determine the
output C due to inputs R, U, and U, using the
Superposition Method,

/LUl
+
R + >3 - o

NS

G, l
Bsat
H, O)+—in Il‘

?
U2
Let Uy = U,=0. R + 7\

. GG,
\E_ ——I
‘ HIHQ

[ Cr=16,G,/(1 = GG, H H,)]R ]

where C is the output due to R acting alone.
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Now let R= U, =0. ;li
2 G‘ l o G’ Cl
4

Rearranging the blocks, we get
U, +

[ C] = [Gz (1 - GleHIHz}]Ul ]

where C; is the response due to U acting alone.

Associate Prof. Dr. Mohamed Ahmed Ebrahim



ﬁ =V
i

o G | O
Finally, let R= U, =0. pe sy

1Ga

Marlad \I{L

U,

Uy + 7\ GnG:HnI C, .
| |

Rearranging the blocks, we get

.-

Hcl

[q = (6,G, Hy /(1 ~ G,G, Hy Hy )]Uz]

where C, is the response due to U, acting alone.

By superposition, the total output is

G,G,R + G, + G,G, H,bg}

[C-CR+C1+CZ= I—GIGZHLHE
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Example-17:  Multi-Input  Multi-Output  System,
Determine C, and C, due to R, and R..

R, + 7\ J ¢ C,
LS i e l =
G, |
e 3 G; __1
A
R C
3 +:O —s Gy 2,

First ignoring the output C,.

B+ ¢ | 4
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R, +

Hence C,,, the output at C; due to R, alone, is[(:'11 =G, R, /(1 - 61636364}]

For R, =0, M ¥ g - -010304} fe

Hence [Cu = —G,G,G, R, /(1 - GIGIG;,G,)]is the output at C, due to R, alone.
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e

Now we reduce the original block diagram, ignoring output ;.

By +\ V_G.—l Ca
l e W TR
| 6:6s |- ﬁ | Gs

When R1=0, R, +

When R2=0, R, 4

~ ~GiG:G | ]

Gs IF Hence C21 - G,G,G,R, /(1 - 61626364}]

Fina]ly,[ =G+ G = (GyR, = GGG4R,) /(1 GthGJG-t)]
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Skill Assessment Exercise:

PROBLEM: Find the equivalent transfer function, 7(s) = C(s)/R(s), for the system

1 C[.".'n']

. 4+ -
—_— % - A - L) 4>®——- 5 -
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Answer of Skill Assessment Exercise:

ANSWER: T(ﬁ"):z'ﬁi;izq
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ﬁ
P Signal-flow Graph Components g

a, system;
b, signal;
c, interconnection of systems and signals

Ry(s) Cy(s)
G(s) Gy(s)
—G(s) Gs(s)
Ry(s) O A > O Cy(s)
G3(s) Ms) NLGe(s)
G(s)
- O R5(s) C5(s)

V(s)

(a) (b) (c)
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a, Cascaded system nodes o 0 0 009 wO——O-—0——0c

Vi(s) 418 4
b, Cascaded system 0 Y
signal-floy graph; i
C, Parallel system nodes i
d. Parallel system signal- «o o ow
flow graph; ]
e, Feedback system o ‘*
nodes ’ !
f.  Feedback system .. . oo oo ® o
signal-flow graph E“) (W
(e) (f)
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> Converting a Block Diagram to a <

Signal-flow Graph
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> Converting a Block Diagram to a p

Signal-flow Grap
Sighal-flow graph . ..
development: | “ |
a. signal nodes;
b. signal-flow
graph;
C. simplified
Signal-flow o : mVl(S) - V3(s) = AV4(S)1 Vs(s)CiS)j‘ h
graph

—Hi(s)
(c)



P Mason’s Rule - Definitions .

Ge(s)

G1(s) Go(s) G3(s) _ Gyls) Gs(s) G7(s)
R(s) O—»—O—>—(O—» { —w - —( C(s)
WVQ (s) V3(s) V5(s) V1(s)

Hi(s)

H;(s)

Loop gain “L,” The product of branch gains found by traversing a
path that starts at a node and ends at the same node, following the
direction of the signal flow, without passing through any other node
more than once. G,(S)H.(S), G,(s)H,(S), G,(s)Gs(s)H4(S),
G,(S)Gg(s)Hs(s)

Forward-path gain “P,”: The product of gains found by traversing a
path from input node to output node in the direction of signal flow.

G1(S)G2(S)G3(8)G4(8)Gs(S)G(S), G1(S)G,(S)G3(S)G4(S)Ge(S)G4(S)
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P Mason’s Rule - Definitions .

Ge(s)

G1(s) Go(s) G3(s) _ Gyls) Gs(s) G7(s)
R(s) O—»—O—>—(O—» { —w - —( C(s)
WVQ (s) V3(s) V5(s) V1(s)

Hi(s)

H;(s)

Nontouching loops: loops that do not have any nodes In
common. G,(s)H,(s) does not touch G,(s)H,(S),
G,(S)Gs(S)H3(s), and G,4(s)Ge(s)H3(S)

Nontouching-loop gain: The product of loop gains from
nontouching loops taken 2, 3,4, or more at a time.
[Go(S)Hy(S)I[G4(S)Ha(S)],  [Go(S)H(S)I[G4(S)Gs(S)Ha(S)],

[G2(S)H1(S)I[G4(3)Ge(S) HSSqu.)«]mate Prof. Or. Mohiamed Ahmed Ebrakiim



Mason’s Rule

The Transfer function. C(s)/ R(s), of a system represented by a signal-
flow graph is

C(s) 2y Prlg
R(s) A

G(s) =

Where
K = number of forward paths
P, = the k" forward-path gain

A =1 - 2loop gains +Y. nontouching-loop gains taken 2 at a time - 3.
nontouching-loop gains taken 3 at a time + ). nontouching-loop gains taken 4
at a time - ...... .

A, = 1 -loop gain terms that does not touch the kth forward path.
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PP Transfer Function via Mason’s Rule | g

Problem: Find the transfer function for the signal flow graph

fS el dn: h k) O G1(s) N Ga(s) N Gs(s) = Gy(s) N Gs(s) o
G,(S)G,(5)G4(S)G(3)Ge(S) Va(s) Va(s) w Vi)
Loop gains

H)(s)

G,(S)H(S), G4(s)H,(S), G7(S)H4(S),
G2(S)G3(S)G4(8)Gs(s)G7(S)Gs(S)
Nontouching loops
2 at atime
G(S)Hy(5)G4(S)H,(S)
Go(S)Hy(5)G(5)H4(s)
G4(S)Ho(S)G7(5)H4(s)
3 at atime G,(S)H,(S)G,(s)H,(S)G(s)H,(S)
Now

A = 1-[G,(5)Hy(8)+Gy(S)Ho(S)+G(S)Hq(S)+ G,(S)Gs(S)G(S)Gs(S)G7(5)Gg(S)] +
[G2(S)H1(S)G4(S)H(S) + Ga(S)H1(S)G7(S)H4(S) + G4(S)H,(S)G(s)H4(S)] -
[G2(S)H1(S)GC4(S)H(S)G7(S)HA(S)]

A, =1-G7(s)H4(s)
PiA;  [Ga(8)G,(S)Gs(S)Ga(S)Gs(S)I[1-G(s)H,(S)]
A A Associate Prof. Dr. Mohamed Afimed Ebrahim

Ge()

Hy(s)

G(s) =




Signal-Flow Graphs of State Equations

° g - e R(s) O O O O O O O QO ¥(s
Problem: draw signal-flow graph for;* ©

X, (s)
] (a)
X, =2X, —9X, +3X; +2r 1 1 1
R(s) O O——0 O——0 O——0O Q ¥(s)
[ SX5(5) X5(5) 5X5(5) X, () sX(s) X, (s)
X, =—6X,;, —2X, +2X,; +5r ®)
[l

Xyg=X; —3X, —4X,+7r
y =—4x, +6X, +9X,
a, place nodes;

b. interconnect state variables and

derivatives; -
c., form dx1/dt ; «©
d. form dx2/dt

| O Y(s)

) O ¥(s)

Associate Prof. Dr. Mohamed Ahmed Ebrahim



Signal-Flow Graphs of State Equations

(continued)
e, form dx, /dt;
f. form output
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