Block Diagram Reduction
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Figure 1: Single block diagram representation
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Figure 2: Components of Linear Time Invariant Systems (LTIS)
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Figure 3: Block diagram components

Definitions

e G (S ) = Direct transfer function = Forward transfer function.
« H (S ) =Feedback transfer function.

e G (S )H (S ) = Open-loop transfer function.

« C (S )/R (S ) = Closed-loop transfer function = Control ratio

« (O (S )/E (S ) = Feed-forward transfer function.
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Figure 4: Block diagram of a closed-loop system with a feedback element
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BLOCK DIAGRAM SIMPLIFICATIONS

Cascade (Series) Connections
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Figure 5: Cascade (Series) Connections

Parallel Connections

X\(s) = R(5) G\ (s
6, | K1 = RO Gis)
+
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=1 2ls - -
+
, X3(s5) = R(5)G3(s)
= Gs(s)
(a)
k) +Gy(5) £ G(s) = Ga(s) )
(b)

Figure 6: Parallel Connections



Block Diagram Algebra for Summing Junctions
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Figure 7: Summing Junctions

Block Diagram Algebra for Branch Point
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Figure 8: Branch Points




Block Diagram Reduction Rules

Table 1: Block Diagram Reduction Rules

Combine all cascade blocks

Combine all parallel blocks

Eliminate all minor (interior) feedback loops
Shift summing points to left
Shift takeoff points to the right

G\U‘I:hwl\)l—‘

Repeat Steps 1 to 5 until the canonical form is obtained

Table 2: Basic rules with block diagram transformation

Manipulation Original Block Diagram Equivalent Block Diagram

Equation

1 |Combining Blocks in X Y X ~—b Y

Cascade

Y =(GG)X

2 Combining Blocks in
Parallel; or Eliminating a
Forward Loop

Y'=(G £G)X

Moving a pickoff point u v==GCu
3 | behind a block v 1
i u = ? y
Moving a pickoff point u
ahead of a black y=Gu

)]
Moving a summing . ,l_@_p i, &)

5 |point behind a block ? e —G(!.! —u )
AL
u, u,
Moving a summing point| ~ £<) Uy & G Yy
6 ahead of a block ! P ¥y 5 y==GCGu, —u,
i

y=(G,—-G,)u




Example 1:

0y (s) 6,(s) 03(s) O4ls)
(a) =i Gils) }—pmed G3ls) gl Gjls)
0,(s) Bals)
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(b) - s Gls) -—
|
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b since C(s) = G(s)Els)

B(s) B2(s) 84(s)

= G(s)[R(s) — Cls)Hls)]

Rls) Cls)
(c) G](S) | G;(s) —
g .
RS
is Rls) G ls) Clss Rl G(5)Gals) Cls)
equivalent -‘-63)—0- G, (s) 1_6'21')_(')'+ 2 VAT 1™ ::'Ch —— + G28)H(s) + Gy (5)Gals) -
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s ) e
Uls) Cls)
(d) X G ls) X Gals) Gjls)
H,ls)
: [ Hals)
Cls)
can be rearranged hud G ls) Gals) Gjls) -
thus to avoid the
interlinking loops {
Hals)
Hils)
GJ(S)
which is  U(s) il G1(5)Gals) Cls) Uls) G1(5)G2ls)Gals) Cls)
equivalent ~ 3 G1(51G5 (s)H ) or =& 1+GGalsiHal) [
5 + G ()G, (s)H, (s)

H, (s)
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Example 2:

G, |4
3 3 Y(s)
SR K. [—# Gy » G, >
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X(s) + |G Y(s)
—p_?—p Ke > 17 GG, » G, >
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1+G,G,+ K.G,G.H

Example 3:
R(Lp Gi(s) | G3(5) )
G; and G, are in series
Hi(s)
o H, and H, and H; are in
2(s
parallel
Hi(s)
(@) G; is in series with the
feedback configuration.
ﬂr-(:](x) . G3(5)Ga(s) ) ~
N C(s) -G G,G, |
R(s) "11+G,G,(H,-H, +H,) |
Hy(s) — Hy(s) + H(s) -
(b)
R(s) G(8)Ga($) G (s) C(s)
R .
1+ G3(8)Go$) [Hy(5) ~ Hals) + Hy(s))
(c)




Example 4:

C'_\
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Hs(s) Hi(s)
Hi(s) =
R(s) + ZG1P INLZG) Gals) Cls)
4..®_.. Gy(s) Gy(s) XYAETAE
tiy(s) =
Ve(s
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(d)
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(e)



Example5:

- Hy(s)
Minor loop
( =
R(S)CHNE )] G,(s) g Ejls) Gy(5) LG G,(5) E(5) Gu(%) C(s;)
(Major loop C:lermedille loop
H}(’)
H (s)
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H"S)
R (5) =
Gy(s) G,(5) + £X | G,y(s) > G,ls) C(g
Gz‘!) H;(S)
H, (s)
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(c)
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G, (5) Gy (s) =
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(d)
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% 1+ Gy (s) Gy(s) Hy(s) + Gy(s) Gy (s) Hy(s)
H|(3)
(e)
R(s) G\(5) G,(5) G,(5)G,(5) . iy
1 +G(5)Gy(5) G, (5) Gy(5) H,(5) + Gy (5)Gy(s) H,y (5)+ Gyls) Gy(s) Hy(5)
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