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Qutline

What are block diagrams?

Main rules: cascade, parallel, feedback.
Interchanging: pickoff, summation.
Combining/expanding summing junctions.
Examples.

Block Diagrams

Visual algebra: use block diagram
manipulation instead of algebra.

Block: transfer function of a subsystem.

Line: Laplace transform of a variable.

Simplify complex systems to obtain a
single equivalent input-output transfer
function.

Block Diagram Notation
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Cascade (Series) Rule

Xa(s) = Xi(s) = Cls) =
R(s) G(5)R(5) G(s)G(s)R(s) G4(5)Ga(s) G (5)R(5)
= Gy(s) = Gy(s) = Gs(s) -
(a)
R(s) C(s)
— G3(5)G1(5)Gy(s) —
(b)

Cascade: No Loading Assumption

What is the transfer function of the cascade?

R
Vi(s) Gy : Vi(s) Vi(s)
Gys)= 1
(5)
(a)
1
sC 1
Gy(s) = 11 = S+1171_R1C1
R, + a
sC,

Assumption in Cascading

R R,
Vi(s) (o} ;:/\/\/C\:lr\ Va(s)
1
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Buffer Amplifier: No loading.

R, Ry
o () o< K C2 = V4(s)
Va(s
Gr(s) = 2% L KG ()G (5)
V,‘(.Y)




Parallel Rule

Feedback Rule: Proof

X,(5) = R(s)Gy(s) R + E() ce —
Gy(s) | ' ©) _ E(s)=R(s)FH(s)C(s)
Ris) Gals) Xa(5) = R(3)Ga(s) ‘—'i Cls) = [£G)(5) £ Gals) £ Ga(s)]R(s) * —| C(S) - G(S)E(S)
o Xy(s) = R()Gas)
- E(s) _ 1
R(s) 1xH(s)G(s)
RG) £G1(5) % Ga(5) £ Ga(s) |—
» T(s) = C(s) _ G(s)
R(s) 1x£G(s)H(s)
Feedback Rule Feedback Control System
o ranaducer Controler_ Plant

-
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+ feed-forward
gain (transfer

C(S) B G(S) function)

T(s) =

R(s) 1xG(s)H(s)

©)
Negative Feedback: \
plus sign
open-loop gain

(transfer function)
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Cis)

o BCCN g IEE O Closed- loop system
CITOT |
Hals) [=— Hyis)

Feedback Ctput
i

E(5) = G,(8)[R(S) T H,(S)H,(5)C(S)]
C(5) = G4(5)G, (S)E(S)

E(s) _ G,(8)
R(s) 1% H,(8)H,(5)G,(5)G4(5)

m S
C(s) _ @L(S)GZ(/giGl(S) ‘open-loop gain
R(s) 1xH,(S)H,(8)Gs()G, (51>

feed-forward gain




Simplify Block Diagram

G,(5)G,(5)
1 H, (5)H,(5)G, (5)G,(5)
I“d.“\-k “"L)I‘:::Jl:‘:‘)‘
R(s) 6.9 ] G,(s)G,(s) C(s)
Rt Al 1+ H,(s)H,(s)G,(3)G,(s)
R(S) G,(5)G,(5)G () 0]

1+ H, (8)H,(5)G, (5)Gs(s)

Effect of Pickoff

Input
transducer
R(s) "
—l  Gy(5)
Input

+

F(s)
Controller Plant
E©) Ga(s) = Gsls) )
Actuating ' Output
sigyfal
(eyfror)
Hi(s) =1 Hy(s)
Feedback Output
transducer

CANNOT use the feedback formula since E(s) is needed.

Interchange order of Blocks and Interchange Order of Blocks
Summing Junction and Branching
A;{S] | Ris) Ris) - = RLL 665)
XI} Ris)
;% i - | %— il R(5) R(s) G(s5) — R(5) ”' G(.‘j] R(x) Gis)

(b)




Combining/Expanding Summing
Junctions

Problem Solution: 3 Basic Rules

Xzis) Xyls) Cls)
Ris) Gyis)R(s) Gals)Gys)R(s) Gyls) Gals) Gy s R(s)
—l Gyl Gals) Gals)
Rl(s) + (2 ;) + (j ;) +<§ ;) C(S) (a)
- + - Ris) - Cis)
— GGG [
R(s) G(s) C(s)
Cascade WL? =
R(5)Gy(5) -
Ry(s) Ry(s) Ry() HE)
- R(s) [ G {Y\l X3(5) = Ri(s)Gals) . N B [£G)(5) £ Ga(s) £ G3(s)IR(s) R(s) G(s) C(s)
- i® 1FG(s)H(s)
Rl(s) + C(S) Ris)Gyis) Feedback
eedbac
- ()
R,(s) N
—-—R[n H)(5) £ Gals) £ Gyls) —ﬁﬂ‘.] _.” necessary,
interchange.
Rs(s) R,4(s) 17 Parilel Apply one of the 3 rules. 18
Example 5.1
R 1
RO Gys) Go(s) |—=| Gis) )
Hi(s) |=
Hls) =
Ris) . + . . Cis)
Hi(s) ——=| Gyis) Gl8) G l5) f——g—=
Hy() = Ha(s) + Hais)
by
Ris) Grls)Ga5)Gyis) Cis)
1+ Gyl s) sl x) [H)(x) — Ha(5) + Hy(5))
19 el
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(6, ]
+T — [1-H,G,G6,| /
[ H, | 1G,

Example Move Pickoff Point
o [+, |
L 2] Move i
pickoff . +
& : @ +i G, ig _® T @ + @ @ <
T ™ LA | G, -
[ M|
Cascade Rule Feedback Rule
/lHﬁ\ GzG3 c
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Cascade Rule

Parallel Rule

G,G,G,

1-H,G,G,

[ GGG Y, H
1-H,G,G, G,
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P G,G,G, C R+ G,G,G, C
N - 1-H,G,G, I 1-H,G,G,
[ H, | 1/G, —%
Feedback Rule Example

Move
pickoff

Vs(s) . C{(s)

Hi(s) Hy(s)

Hy(s) =

V() = G,(s)V,(s)

V,(s) = GL(S)W (s)
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Two Feedback Loops

Book: Move Block

N
Gi(s) Gis) Vals) ; Vs(s) Gy(s) C(s) _
Gis) 2909 o Gy Gy(s) ©, J ) )
- Hys) 5O | )
V?{S) Hi(s) Hy(s) - Hy(s)
Hy(s)
Easier: Use feedback rule \Y 4 (S) _ G 2 (S)
Vo(s) 1+G,(s)H,(s)
29 30
Feedback Rule Combine Summing Junctions
Gals) Gy(s) . hes 615 Gas) LSO Gy )
Hys) |== i Hi(s) Ho(s)/ Gy(s) J Vs(s) Hys) =
L) Hy(s)
a1 32




Parallel Rule

Can we use parallel rule?

G(5)Gats) A . Gy(s) e, X c
_________________ J i ©) G\(5) Gols) Gy(s) ©.
Hy(s)/ Gy(s) Hi(s)
‘ Hi(s)
Hz{.}')/(;]{“']"’ H|(5}
33 34
Expand Summation Parallel Rule
1/G(s)
| ) GG 2 14 1/Gys) (”i("') -
Re) & Gy(5) Gals) V"(“—); Gs(s) ),
Hg(S)/(h(-\‘}‘:- H|(S) ~ ; B
. H3(.§‘) 77777777777777777777777777777777777777777777777777777777777777777777777777777777777
Hy(s)/ G(s)+ Hy(s)
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Feedback Rule

Simplify

R— GlGHZ 1 G, - C R— GG, 1+G, G, - -C
1+GlGZ(G:+ Hl] G, 1+G3H3 1+G,H, +G,G,H, G, 1+G3H3
Cascade Rule Motor with Feedback
E,,(5) = K,56(s)
| _E(9-E,()
* L,s+R,+R
Re &
- G,(1+G,)G, | . =] .
(L+G,H, + G,G,H, Y1+ G,H,) ] T Ampifier T ) m‘
D_“_ T9T ! J Z
1 1 K,
9(3)_59(8)_§XJ3+B a
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E,(5) = K,E.(5)
E,(5) = E, (5) ~RI, (5)
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Block Diagram

K. =

ks - K, |
Js + 8 5 s g

D

R

G.() = Y(L,s+R,+R) 1
71+ K R/(Ls+R, +R) L,s+R, +R+K,R
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Feedback Loop

Xi
G,(s) G,(s)
1 K,
Lis + R, +(1+ KR 5+B

_____________________________________________________________________________

6(s) _ K.Gi(5)G,(s) 1

E,(5) 1+K,G,(5)G,(5) s
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