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Review of Time Response

(\\

Inverse transformation is required to get back\@l“me domain;
Poles and zeros of transfer function; QOQ

Natural response is due to poles; ;\\O
Amplitude is affected by both pole d zeros;
Pole on real axis causes expo@%al@sponse;

First order system and tin%\c%qi@ﬁ? (one possible response);

Second order systen\@"bou&ﬁ%sible responses combination of poles;

Second order sy%g}% I\G_ﬁ\ral frequency @, and damping ration ¢;
Pole movemQ@s.®ﬁ response

Time response @omplex system with several subsystems?
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New terminologies in this topic

Block diagram 77 HE & Loop %%\O

Signal-flow diagram 15 5 it Loop g@&\ﬁ%%iﬁ*ﬁ

Mason’s rule kA Pat(.ﬁﬁ%

Summing junction EL# &S pcr)ward-path gain i [ P b s
Pickoff point 5| Hi & (Q Ngtouching loops JAEHEfERBE
Cascade Bk \s.\'o @)ntouching-loop gain JEEmIA S HE
Parallel FHx (&)\v @Q Traverse # il

Feedback 15 %) QéQ
Open-loop transfer func@%ﬂég@%iﬁ
Gain & . &QO\ %
Node i Q\ Q‘

3
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Learning Outcomes for Topic 4

After completing this topic, you will be able 1&

Reduce a block diagram of MULTIPL@@ﬁosystems to a SINGLE
block representing the transfer func@ from Input to output;

Analyze and design transient re(q&nse for a system consisting of
multiple subsystems; \O 0\‘}

Convert block diagrams @%‘g@@ﬂow diagrams;
Find the transfer fun&.}&mn o{@lultlple subsystems using Mason's

rule. O\Q 6

O
AR
S
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Outline

Brief Introduction \&O
Block Diagrams C
Analysis and Design of Feedback(b@étems

Signal-Flow Graphs 0((\ O
Mason's Rule v\s}\ ©
Q
S @
Summary 2)
& O
A O
W O

<.
AR
)
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Brief Introduction

(\\ N\

So far we have been dealing with G(s) the trq@ function of the plant,
without any consideration to the various su tems. In complex
systems, there will be several subsystenm(S gihd also can have multiple

feedback loops etc. ;\\'(,
Since the response of a single tra r function can be calculated, we
want to represent multiple sub n®‘§zs a single transfer function.

We can then apply the ana%?c‘al niques of the previous topics and
obtain transient responsg@ oration about the entire system.

Multiple subsystems r\i@gented In two ways: as block diagrams
and as signal-flow@rapis

We will deve \ecl@{qhes to reduce each representation to a single
transfer functi rﬁ)pck diagram algebra will be used to reduce block
diagrams and Mason's rule to reduce signal-flow graphs.
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Block Diagrams

(\\

We already know, a subsystem is represq&fé(\j as a block with an
Input, an output, and a transfer functlo

C)
;\}0
R(S)-' &\%(36:90 C(s)
Input N Output
\@ QCSystem
&N S
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Many systems are composed of multiple subs\@‘ems
example the space shuttle. O
W\

N

Pressurized Forward Cryogenic oxygen/hydrogen O

crew reaction tanks and fuel cells (oxygen for

compartment control crew and compartment)
ET liquid e T‘_gi:“ Deptyagle fadiator panels
DE YR i \ N load bay doors
Mid-deck " Payload bay
and crew

Fixed : :
side hatch . - ‘ \ St Vertical tail
SRB L = /! pancls Elevon rub panels
separatiol B, “ \ / =8
mgt;rs L e y : B ﬂudder/speed brake
SRB : e ? : 7> Elevons
e < Space shuttle
Ay e main engines
3
Liquid ' - (3)
hydrogen A
tank 4 ‘,
Remote \B ody OMS
manipulagg V engines (2)

systan ) i
OMS N
= OMS fuel %) SRB nozzle
d faﬁglzer oxidizer tank /&
tank

. / RCS engines
N (38 primary, 6 vernier)
lant Wing
0\
& SRB holddown SRB separation motors
* posts (4)
Figure 5.1 Q

casing RC
@ John Wiley & Sons, Inc. All rights reserved.
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.
When multiple subsystems are interconne%@, a few more
schematic elements must be added to lock diagram.

These new elements are summingk@q{ctions and pickoff
"\

points. (Q’O
Q' AN
Ri(s)  + C(s):&w@%&gts)__ R(s)_
PP S é\@ R(s) R(s)_

R,(s) \@g @Q R(s)
R3(.§‘)\Q \Q -
. \Qo «%

Summin ’}m&@ Pickoff point

Q
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The characteristic of the summing junctioo&@\hat the output
signal, C(s), is the algebraic sum of th(é@\put signals, R4(s),
R,(S) and R4(S).

O
A pickoff point distributes the inpl@?ignal, R(s), undiminished, to

several output points.
\&\0 (-90
Ri(s) + C(s) = R, @%R@v Ry(s) R(s)
A 90 >N R(s) R(s)
Ry(s) RN\ ‘Q R(s)
R3 < %) .
N\ )
SummingQJu ? Pickoff point
S
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Before we dealing with the complicated systems
N\
W\

Examine some common topologies for int,%a)nnecting

subsystems; O(\
Cascade form: Q
;\\0
Parallel form: (Q(b
Feedback form; O C?O

Derive the single transfe(\m'nct@w representation for these forms;

These common topolqg%s@\form the basis for reducing more
complicated syst @set @&ingle block.
&
QC O
N
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Cascade Form

XH(s8)= 7? Xi(s)= 7 Cis)= ?
R(.
L G (s > GH(s . "C)- Ga(s
]( ) 2( ) \3\) 3( )
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QO

Gl gf;\i‘}\(s +2)

O\QK 030 24(s+2)

s+

‘2‘\0 (s +1)(s +5)
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Parallel Form

Xi(s) =
— G(s) 1)
1 - ?
R(s) sl @s) Xo(s) = _
X3(s) =
N G3(5) 3{$)

C(s)
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@
% (\% s+35

O\Q %\\ 6(s+5)—4(s+1)

S (s +1)(s+5)
Q \\Q 25426
0 T (s+D(s+5)
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Feedback Form

Plant and Q\'

controller O
E(s) (,F) C(s)

G(x -
Actuating %b Output
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Negative Feedback Systems

N
> M G(s) \\ >
R(s) R,(s) =7 . %@ C(s)

Cg(ﬁ) =7? I{{'% Qg) ‘ C(s)

(5)C(s) ((\

xO
C(s) = R, (s)G(s) ?‘\} @QC? R(s)G(s) = C(s)+ C(s)H (5)G(s)

(R(S) C 2(5@ éQ Cls) G(s)
R(s) 1+G(s)H(s)
- Q¥endle o
 (5) =
- R(Q&)dq(é‘)ﬂ (s)G(s) 1+‘G(5‘) H(s)

Open-loop transfer function
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Positive Feedback Systems

N\
ey W e BN
() N Ri(9) =2 C (@ C(s)
&
O
CE(S) =7 I%g.{g) C(s)
06\ D
S O
C(s) = R, (5)G(s) s\?“\\Q R(5)G(s)=C(s)—C(s)H (5)G(s)
O C(s) G(s)
(R(S”C&@)%@ R(s) 1-G(s)H(s)
C@)G
R(Qé(& C(s)H (5)G(s) G,(s)= G(s)
Q | 1-G(s)H(s)
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Plant and ()\
controller \$

E(s) C(s)
= -
Actuating Output
signal

{error)

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn

19



6 O 6

(s+1)(s+5) (s) g s{}c’ (s+1)(s+5)
6

1+
(s+1D(s+3)

G(s) =

6
C(s+D(s+5)+6

B 6
sT+6s+11
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Reduction Formulae

(\\
Cascade: (Multiplicati O\
; plication) &
N
O
6(5)=G1(5)6 (5) 6, (5) O
N
" o
Parallel: (Addition) 0@ S
S O
G(s)zGl(s)JrGZ(s)éY‘-{\@\n(s)
Feedback: : Q\Q%\\QQ%
™ ©
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Two minutes quiz

(MG, ()= HG(G )\\Q

(B)G, ( @0 r&}\
\QG

(C)G, ( b

(Q)G Q

+GZ)
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Moving Summing Junctions

(\\

It should be noted that familiar forms (ca \e parallel, and
feedback) are not always apparent in ag&ck diagram.

If you move a summing junction afigf,a block, cascade the
transfer function. S

o
If you move before a block, @ e inverse transfer function.
o O
9 Q@
N\
\(\ <
CAINY
S
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-

X(s)

R(s) : ?“_ «@v) % o C(s)

G(s)

Gls)

|

(b) )

Figure 5.7
© John Wiley & Sons, Inc. All rights reserved.
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Moving Pick Off Points

.
If you move a pick off point after a block, Q&Qade the inverse
transfer function. O

O
If you move before a block, cascad@g)e transfer function.

3\
G (s) I

o
S rp)
R(s) | G R(s)G(s) \’}\,0 0& [| R()G(s)

1 .
v %\’\ G(s) R(j)h

2

>

R(s)G(s
NEIOCR

. R ,G .
01 I P EIOCQ
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Table 2.6 Block Diagram Transformations
Transformation Original Diagram

&quivalent Diagram

1. Combining blocks in cascade X X, O
—_— G(5) —»| Gy(s) 6-»

2. Moving a summing point
behind a block

3. Moving a pickoff point
ahead of a block

‘ Q
Q opyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

Q
W

X X3
_-" G 1 G 2 _b‘

or

X X5

> G >
5
p
G |e—
¥ %
i
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(Cont'd)

4. Moving a pickoff point
behind a block

5. Moving a summing point
ahead of a block

6. Eliminating a feedback loop X & ‘\ X X, G X,
" — = —>
%t Q J 1T GH
N :
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+ o+
R(s) »Q » G, G, G, » G, F—1—> ¥(5)
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Example

N\ ~
—+—> V(s)
AN 4

+
R(s) DQ

(ry > 1y
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+ = 15

] - {-;I;{;.LH]
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| = G3G4H,+G,G;3H

G,G4G4G, F(s)

. —
{Ie r@ﬂt +G1G3Hs+ G G1G4 Gy Hy
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G £xample 5.1

Block Diagram Reduction via F@Qar Forms
PROBLEM: Reduce the blnck.d\@gam shown in Figure 5.9 to a single transfer

function. \
(%

R(s) )
—

Gyis)

- G:;[S:I

\&
;tG LIIERE 5.9] Block diagramoé}Q %\Q | Hyls)
ple 5.1 ,\ .
T
O
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three summing junctions can be collapsed into a single summing junctiogy
in Figure 5.10(a).

Second, recognize that the three feedback functions, Hy(s), Hzgé Hs(s).are
connectedin parallel. They are fed from a commonssignal source, iroutputsare
summed. The equivalent functionis H,(s) — Ha(s) + Hs(s). ngze that Ga(s)
and G;(s) are connected in cascade. Thus, the equivalen fer function is the
product, G3(5)Ga(s). The results of these steps are show, gure 5.10(b).

Finally, the feedback system is reduced and Wlhied bG1 (5) to yield the
equivalent transfer function shown in Figure 3.1

SOLUTION: We solve the problem by following the steps in Figure ill’@l e

Ris)

—= G\(5)

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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&, Glts} y Gg{fJG-x{EJ
H\(s) = Ha(s) + Hy(s)
(&)
R(s) G3(5)G(8)G (5}
—_—

C(x)

| + G4(s)Gals)H (5) = Hals) +

Q) 69 )Q
é,\s 23

N
F 5.10 Steps in solving
mple 1: a. Collapse sum-

s, b. form equi-
vale caded system in the

0 ard path and equivalent
@lel system in the feedback
th; ¢. form equivalent feed-

é%ﬂo |

back system and multiply by
cascaded G,(s)

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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Cls)

FIGURE 5.11 Block diagram
for Example 5.2
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SOLUTION: In this example we make use nf\@gq

feedback. These results are sl;o\'@n Figure 5.12(b).

(%
\0((\00
s\?‘ Q {" Gyls)

o ] + Va(s)

Ris) +

¥+

N

uivalent forms shown in
Figures 5.7 and 5.8. First, move Gx(s) to the ast the pickoff point to create
parallel subsystems, and reduce the feedba tem consisting of G;(s) and H;(s).

This result is shown in Figure 5.12(a).
Second, reduce the parallel pdir isting of 1/G,(s) and unity, and push
G (s) to the right past the summing\ufiction, creating parallel subsystems in the

Gs(s)

—G'g ( Gals)

Q\ \QQ 0 s
\Q Hy(s) (=

Q\ QK (a)
W

Cis)

L + Ga(s)H3(5)

|

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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N

V
Ris) + Viis) + G()Gals) 4[5]': (B o~ G4l5) Cls)
Gyl I+ Gals)H(5)

Hals) - Q\
Giyis) 10
)

(b)

‘f".tlisl__( l +l)( Gsis) ) Cis)
Gals) 1+ Gls)H3(5)

)

O\
55533 CA X1 5)G,(9) v,t.s}_( VAT ) cw
(]

@ 1§ OMS)Hals) + G()Gals)H(5) as) S\ + Gals)Ha(s)
. A\ @

6 R(s) Gi(s)Gy(s) 1+ Gals)] cts)

. [1 + Ga(s)H3(5) + Gy(s)Ga()H (][] + G3i(s)H ()]

. \Q K
Q& Q i)
* IGURE 5.12 Stepsin the block diagram reduction for Example 5.2
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@ skill-Assessment Exercise

PROBLEM: Find the equivalent transfer function, T(s) = C(s)/R(s). for
shown in Figure 5.13.

G

FIGURE 5.13 Block diagram for Skill-Asse t Exer@?l

ANSWER: ()\Q %‘Q

Q‘}“‘@&h

|
.
&

5.1

the sy@g

Use the following MATLAB
and Control System Toolbox
statements to find the closed-
loop transfer function of the
system in Example 5.2 if all
Gi(s) = 1/(s + 1) and all
H(s) = 1/s.

E].:tﬂlr[l l“?
G2=Gl;Gi=G1;
Hl=tf1,[1 0]k
HZ2=Hl;H3=H];
System=append. ..
(5l1,G2,G3,Hl,HZ, H3x
input=1;output=3;

g=11 4 o o o
2 1 =5 0 @
3 2 1 =5 =6
4 2 o 0o @
5 2 0 0 0
6 3 0 0 0

T=connect{System, ...

2, input, outputhk
T=tf{ Tk T=minreali{T)

The complete solution 1s at w% v.com/college/nise.

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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Combine the parallel blocks in the forward path. Then, push \&he lett past the

pickoff point. QO
&

L2 x0T G
Ris) l N\ 1 C[s}h
4’@- e R

\@

5

Combine the para $ ig( paths and get 2s. Then, apply the feedback formula,
)

simplify, and get, T'( T‘QM i; :_23.

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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R(s) + K
g s(s + a) ’}\,
— OQ‘

\)

v& Q’ a +Ja?-4K a’
K S,=——% O0<K<—

‘Q 2 2 4

s(s+a) 9 9 a a’

T(S): K ) Sip =74 K =—
L+ s(s+a), C)\Q S | : *
RS __a, jVaK-a a

Q& QO \81’2 2173 5

W
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o\\

G £ <omple 5.3

Finding Transient RESDDI’EQ)

R(s) + - Es) PROBLEM: For tt;#k slrmwr} in Figure 5.15, find the peak time,

s + 5) = percent overshoo settling time.

) SOLUTION: T@s&d&m transfer function found from Eq. (5.9) is
FIGURE 5.15 Feedback system for 7@

(5.13)
Example 5.3 ?\ Q 455 +25 55 +25
From Eq. (4. 13§
w, = V25 =35 (5.14)

From 5@42 @
% 2;'5"-]?! =3 {515}

K\ ng Eq. (5.14) into (5.15) and solving for ¢ yields
Q * =05 (5.16)

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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Using the values for ¢ and w, along with Eqgs (4.34), (4.38), and (4@Q find
respectively,

o L
- 0.726 second é\ (5.17)

%08 = e~V % 100 = ﬁ.é(\ O (518)
! C9

Ty = =] ﬁsemn (5.19)

Tp

Cevp

Students who are using MATLAR shc:ul in prendlxﬂ You
will learn how to perform bloc ' ction followed by an
evaluation of the closed-loo em’s nsient response by find-
ing, Ts,%0S, and T;. Final u Earn how to use MATLAB to
generate a closed-loop st QTMS exercise uses MATLAB to

do Example 5.3. Q
*

MATLAR

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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@ skill-Assessment Exercise 5.2

PROBLEM: For a unity feedback control

WileyPLUS

Conlral Solutkans

QS

function G(s) = s{sl—fa)’ design the va
that has 5% overshoot. .
N

to yield a closed-loop step response

com/college/nise.

ANSWER: Q)
{Q =5.52
The complete solutio Qw@

T&m
Lize the fnﬂawm A ontrol
System Too temd L\ g,

%ﬂs T d [ [ osed-loop unily

in Skill- Assessment
.2 Sta @ = 2 and try some
alue e response for the closed-
syst

Qﬂ also be produced.

lyﬂn -alk
=t finumg, dengk

Qﬁfe edback{G, 1k

[numt, dent}=. ..
tfdatal(T, vk
wn=sgri{dent) 3
z=dent (2 ) 2%wn)
Ta=4 fiz*wn}
Tp=piAwn*. ..
sgre(l —z*2)
pos=axp{-z*pi...
Fegre(l -z 2p*100
Tr={1,T6%z"3=.,.

D.417*z"2+1.039 ...

Z+ 1)/ wn
step(T)

N

m with a forward-path transfer

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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O("[s} 16

Find the closed-loop transfer function, T(‘T)s%q TGO HD) R T
iRy 5 A s

16 :
and G(s) = and H(s) = 1. Thus@ =4 and 2¢w, = a, from which ¢ = g.

s(s + a) 0\)

= (0.69. Since, ¢ =

where

But, for 5% overshoot, ¢ = ca=>5.52.

H‘-—-"’”
ool &
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Signal-Flow Graphs

Signal-flow graphs are an alternative to b@diagrams;

A signal-flow graph consists only of bcz&:\hes, which represent
systems, and nodes, which repres@t ignals;

(a)

Figure 5.17
© John Wiley & Sons, Inc. All rights reserved.
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G =xople 5.5 D

Converting Common Block Diagrams to Signal-Flow Graphs

PROBLEM: Convert the cascaded, parallel, and feedback forms of the block diagrams \\
shown in Figures 33(a), 5.5(a), and 5.6(F), respectively, into signal-flow graphs. \
SOLUTION: Ineach case, we start by drawing the signal nodes for that system. Next O\

we interconnect the signal nodes with system branches. The signal nodes for the K

cascaded, parallel, and feedback forms are shown in Figure 5.18{a), (c), and (e), \
respectively. The interconnection of the nodes with branches that represent the OQ

subsystems is shown in Figure 5.18(b), (d), and (/) for the cascaded, parallel, and C)
feedback forms, respectively.

Giis)  Gils)  Gyls) . 5’\\()

R O O e Ta) i s ) e —— —=—{"}
Valih Vsl Valvd Eylx) éb

] i)

o

II"'|l.'.|

Il!lﬁ'lf_} I::I {:‘I:_"l.a.l

Wl

O

Wl vl \ f FIGURE 5.18 Building signal-
¢ Q flow graphs: a. cascaded sys-
() C)\ % ) tem nodes (from Figure 5.3(a)):
b. cascaded system signal-fow
graph; ¢. parallel system nodes

*
&\_Q \ t ] Gis) .
Ry (] Q 14 Qmﬂ U{m {From Figure 5.5(a)); d. parallel
Eisi I

* £ system signal-flow graph; e

—His feedback system nodes (from
Q Figure 5.6(b)}; I. feedback sys-
1) ] tem signal-flow graph

09365060 Principles of Automatic Control Shenshen Gu Shanghai University
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(\\

XZ(S) e X|'(S} = C(.h) = \
R(s) GI9R() ZOOLE G9)G2(5)G @)
—> Gi(s) > Gss) = G3(s) Q
(@) O

O
QD Gi(s) Go(s)  Gals)

Va(s) Vi(s ELE) 5
2 1(5) V&O 0\) Vs(s) Vi(s)
(@ & ) (b)
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X,(5) =R(5)G(s)

Y

Gi(s)

_+_
. =R(s e ol
R(s) - Gy(s) Xo(5) = R(5)Gy(s) el

X3(s) = R(s)G3(s)

=~ Gi(s)

RO ® @E
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Plant and \
controller \
R(s) e E(5) O

- = ((s)
Input >4 Actuating

signal c>
(error) Q

Qt}\ *QK (H
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G Example 5.6

Converting a Block Diagram to a Signal-Flow Graph \
PROBLEM: Convert the block diagram of Figure 5.11 %Qna]-ﬂnw graph.
in Figure 5.19(a). Next,

SOLUTION: Begin by drawing the signal nodes, as s
interconnect the nodes, showing the direction opm flow and 1dentifying cach
transfer function. The resuit is shown in Figure {b). Motice that the negative
signs al the summing junctions of the bjogk diagram are represented by the
negative transfer functions of the signal raph. Finally, if desired, simplify
the signal-flow graph to the one shown i@gure: 5.19%(c) by eliminating signals that
have a single flow in and a single f t, such as Vi(s), Vils), V(s), and Vy(s).

R(s) + g Vi(s) Gy(5) Gy(s) C(s) _
H3(S) =
Ve(s)

Figure 5.11
© John Wiley & Sons, Inc. All rights reserved.
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R(s) + ® Vi(s) Gi(s)

—A

Ga(s)

Hy(s)

Ve(s)

Hi(s) |-

Figure 5.11
© John Wiley & Sons, Inc. All rights reserved.

xO N
Ris) OO ® f:l' @o Q%
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C(s) _

R(s) + ® Vi(s) Gi(s) Va(s) +

—A

Go(s)

Hy(s)

Ve(s)

H(s) |=

Figure 5.11
© John Wiley & Sons, Inc. All rights reserved.

| {.Jﬂ\j
Ris) O = C(5)
4l5) '. o 5)
=] H(5)
'\-J'lb

()
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R(s) + @ Vi(s) Gi(s)

Ve(s)

H(s)

Figure 5.11
© John Wiley & Sons, Inc. All rights reserved.

Vsl Vils)

—ff_ﬂ."-‘b
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Mason’'s Rule

(\\

Block diagram reduction technique requirg\@(lccessive
application of fundamental relationship%@rorder to arrive at the
system transfer function. O

| . |
Mason’s rule for reducing a &gna@%w graph to a single transfer
function requires the applicati f(@e formula.

N
The formula was derived ti%.\] ason in “Feedback Theory-
Some properties of Sig IQ@Graphs” iIn 1953.

& &

<.
AR
S
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Definitions

Loop gain. The product of branch gains f \d by traversing a
path that starts at a node and ends at t ame node, following
the direction of the signal flow, withou.ﬁ,passing through any other
node more than once. s‘\\O

G(s) Go(s)
R(s) O——(O——0O
Vs(s)

&
3
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Four loop gains: \&O
1. Gy(S)H,(s) O&\
2. G4(S)H,(s) ;\}0
3. G4(s)Gs(s)H;(s) O
4. G,(S)G4(s)Hs(s) \O 0\)

‘\v Q Ge(s)

O &
Gy(s) Gs(s) G(s)
O)—» e = O C(s)

\Q* H;(s)

v & Sons, Inc. All rights reserved.
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Forward-path gain. The product of gains\@d by traversing a

path form the input node to the output of the signal-flow

graph in the direction of signal flow. O
;\\0 Ge(s)

2

G(s) G (s)
R(s) O——(O—
Vs(s)

Figure 5.20

o N B

Two forwara-patg@&irﬁ}\
1. Gy(5)G5H806:(5)Gs(5)G-()
2. G1(3)62(3@3)64(3)66(5)67(5)
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Nontouching loops. Loops that do not h@g@\any nodes in
common. O(\

Nontouching-loop gain. The prod@%f loop gains from
nontouching loops taken two, threé}four, or more at a time.

xO @0 Gl
B 5 (il(s)f\ G%(S) 3(s) s) ng) G7(i) O
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(\\
Loop G,(s)H,(s) does not touch loops G, ,%9\2(3)
G4(S)Gs(s)Hs(s), and G,(S)Gg4(s)Hs(s).

Three nontouching-loop gains takerﬂgfo at a time:

G, (S)Hy(S)][Go(S)Hy(S)] (Qrz?‘

Go(S)Hy(S)[G4(S)Gs(SHy P (5>
G(S)Hy(S)][G4(S)Ge (s)tf?(s Q
Ge(s)

G (s) m G7(s)
4 o i O ¢(s)

Vs(S) Va(s) Vi(s)

Hy(s)

Hj(s)

ol 'y & Sons, Inc. All rights reserved.
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Mason’'s Rule

k = number of forward paths; O
"\
T, = the kth forward-path gain; {Q(b

. N |
A=1 - > loop gains + ) nont m@oop gains taken two at a time
- > nontouching-loop gai s?ék@hree at a time + ) nontouching-

loop gains taken four%t(a tirgh- ...

2”0
A=A - >loop gai Ot A that touch the kth forward path. In
Kk
ormed b

other words, A.d y eliminating from A those loop gains

that touch tlQ‘k h @Ward path.

Notice the altéﬂ$ating signs for the components of A.
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G £xample 5.7

FIGURE 5.21 Signal-
for Example 5.7

Transfer Function via Mgdn’i Rule

PROBLEM: Find the trans[‘&}nctinn, C(s)/R(s), for the signal-flow graph in
Figure 5.21.

Rixs)y O

NZ
R

ﬂqﬁ}p QK ’ Hy(s)

3
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SOLUTION: First, identify the forward-path gains. his example there 1s only
one:

XS,
G1(5)Ga ()G (sgIS) Gis () (5.29)

Second, identify the loop gains. '['hene\.@e @bﬂﬁ follows:
L. Gy(s)Hi(s) ‘\v Q (5.30a
2. Ga(s)H3(s) @g Q% (5.30b
3. G7(s)H4(s) \ ‘Q (5.

4. G(5)G3(5)Gal {@%G{{.&j[ﬂﬂg (5.30d
s&
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Third, identify the nontouching loops taken two at a n@, om Eqs. (5.30) and
Figure 5.21, we can see that loop 1 does not touch lo loop 1 does not touch
loop 3, and loop 2 does not touch loop 3. Notice t(ﬂ) oops 1, 2, and 3 all touch
loop 4. Thus, the combinations of nuntuuchm%@ps taken two at a time are as

follows:
Loop1andloop2: @§}®m s)H>(s) (5.31a)

Loop 1 and 10((&“(?3@!1{3 )G1(s)H 4(s) (5.31b)
LcrupZan%) 30& s)Ha(s)Gr(s)Hyls) (5.31¢)

Finally, the HﬂﬂIﬂIb\@ %Q@aken three at a time are as follows:
é{\& 6:13 Go(s)H, (5)Ga(s)Ha(s)G(s) Ha(s) (5.32)

‘Q

09365060 Principles of Automatic Control Shenshen Gu Shanghai University gushenshen@shu.edu.cn
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O
Now, from Eq. (5.28) and its definitions, we f@»ﬂ and Ay. Hence,

A =1 ~[Ga()H1(s) + Gals)Ha(s) + Gi(s) @9
+ G2[(3(5)Ga(s)Gs(s)Gs (s)G1(5)Gs(s)]

+[Ga2(s)H1(s)Ga(s)Ha(s) + GoNH 1 ( G7(s)Hals)
@S?su(ﬁmswsn

- [Ga(s)H (}quyﬂz@ms} s))

O (5.33)
We fm'm Ay by elimina 3@1’1“:‘:@9 the loop gains that touch the kth forward

& 0‘
S
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<

O
Expressions (5.29), (5.33), and (5.34) are g;\u substituted into Eq. (5.28),
yielding the transfer function: \}0

G(.S"J _ _Ell_ﬁ:_: [G]_ Gg{.i‘ (_?3&;)@{5 ][1 —_ GT Hq{ H {5.35}

Since there is only one fnrwardé‘l cnnsmts of only one term, rather than a
sum of terms, each cﬂmmgé'm a,Q@ward path.

c)\s 2)
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@ skill-Assessment Exercise 5.4

WileyPLUS

Contral Solutions

PROBLEM: Use Mason’s rule to find the transfer fm@n of the signal-flow

diagram shown in Figure 5.19(c). Notice that this § same system used in
%gram reduction.

Example 5.2 to find the transfer function via blﬂc@

ANSWER: C)O

T(s) = Gi(s) @, 1 + Ga(s)]
1+ Ga(s)H2(s) + 2(s)H1(s)][1 + Ga(s)H3(s)]

The complete solution is at W@.Cﬂﬂ)&mllegﬁn{se.

Rix)

: _.Irfﬂ.".l'
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5.4 xS
Forward-path gains are G1G>Gs and G1G3 (\

Loop gains are —GG,H,, —G,H, and C1:3H3

Nontouching loops are |[—G1G2H,|[— (g@] = (1G>G H(H+ and
|—G2H| |-G H3| = GaGyHaH ;.

A]SD._, A=1 + (Jl'f.rgffl + f.rgffg R&@ﬂ:lfjgfj3fflff3 —|—f.rg(.r3ffgff3

Finally, A; =1 and A; = 1.
v Q ?} Z Ty
Substituting these values 11@) T@V
) Q R(s A
NZ
Q (;1[:'5'}{;3[5'}[ —|—f.;2(i'}]
fjgﬁ'}ffg T} + (31(?}(12{?}!!1 T}”: + (13[:?}!!3 TJ]

yields

T(s) =&

QS
)
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Summary

.
The block diagram of a linear, time-invari@&éystem consisted of
four elements: signals, systems, summ@ﬂunctions, and pickoff

points; O

O
These elements were assembledrgﬁo three basic forms: cascade,
parallel, and feedback; \O(Q S

Some basic operations w hqq erived: moving systems
across summing junctio& agé@tcross pickoff points;

Once we recognizes@%e @ic forms and operations, we could
reduce a compli ck diagram to a single transfer function

d
relating inpu&t’Q\%L@ut;
S
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Then we applied the methods of Topic 3 f \alyzing and
designing a second order system for trag&ent behavior;

The signal-flow representation of Iingpclf, time-invariant systems
consists of two elements: nodes @?ich represent signals, and

lines with arrows, which repreéﬁﬁ subsystems;
LAY

Mason's rule was used 3 Qé?lvg(he system's transfer function
from the signal flow grapty.
23

NS
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