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Block Diagram

Block
Diagram

Block diagrams consist of a single block or a combination of
blocks. These are used to represent the control systems in
pictorial form.
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Basic Elements of Block Diagram

Ripal Patel

Block
Diagram

Block, The summing point and The take-off point

Summing point

Take-off point

R(s) +

H(s)
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Do The transfer function of a component is represented by a block.
Block has single input and single output.

The following figure shows a block having input X(s), output Y(s) and the transfer function
G(s).

X(s) Y(s)
—* G(s) —

Transfer Function, G(s) = 12

= Y(s) = G(s)X(s)

Qutput of the block 15 obtained by multiplying transfer function of the block with input
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Block
Diagram

Summing Point

The summing point is represented with a circle having cross
(X) inside it. It has two or more inputs and single output. It
produces the algebraic sum of the inputs. It also performs the
summation or subtraction or combination of summation and
subtraction of the inputs based on the polarity of the inputs.




18EC45

Ripal Patel

Block
Diagram

Take-off Point

The take-off point is a point from which the same input signal
can be passed through more than one branch. That means
with the help of take-off point, we can apply the same input to
one or more blocks, summing points.

C(s)

Take-off point
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Series Connection

Series connection is also called cascade connection. In the following figure, two blocks

having transfer functions  G(s) and Ga(s) are connected in series.

X(s) Z(s) Y(s)
—>  Gy(s) G,(s) p—»

v

For this combination, we will get the output  Y'(s) as

Y(s) = Go(s)Z(s)

Where, Z(s) = Gi(s)X(s)

= Y(s) = Ga(5)[C1(s) X(5)] = Ga(5)Ca(s) X(s)
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X(s)

G1(s)G2(5)

Series Connection

Y(s)
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Parallel Connection

Ripal Patel

The blocks which are connected in parallel will have the same input. In the following figure,

two blocks having transfer functions G1(s) and Ga(s) are connected in parallel. The

outputs of these two blocks are connected to the summing point.

Basic Connections

for Blocks X(s) o G.(s) Yi(s)
e Y(s)
_l_
> Gy(s)
Y2 (s)

For this combination, we will get the output  Y'(s) as

Y(s) = Y1(s) + Ya(s)
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Parallel Connection
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Where, Yy(s) = Gy(s)X(s) and Ya(s) = Ga(s)X(s)

= Y(s) = C1(s)X(s) + Cal(s)X(s) = {G1(s) + Ca(s)}X(s)

Basic Connections
for Blocks Compare this equation with the standard form of the output equation,

Y(s) = G(s)X(s) -

Where, G(s) = Gi(s) + Ga(s) .

That means we can represent the parallel connection of two blocks with a single block. The
transfer function of this single block is the sum of the transfer functions of those two
blocks. The equivalent block diagram is shown below.

X(s) Y(s)
—¥ Gi(s) + Gy (s) p—>»
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Feedback Connection
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As we discussed in previous chapters, there are two types of feedback — positive feedback
and negative feedback. The following figure shows negative feedback control system. Here,

two blocks having transfer functions G(s) and H(s) form a closed loop.

Basic Connections
for Blocks

X(s) + E(s) _ Y(s)

G(s)

H(s)

The output of the summing point 15 -

E(s) = X(s) — H(s)Y(s)
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Feedback Connection
Negative Feedback
The output  Y(s) is-
Y(s) = E(s)G(s)
Substitute  E(s) value in the above equation.
Y(s) = {X(s) - H(s)Y()}G(s)}
¥(s) {1+ G(s)H(s)} = X(s)G(s)}

Y(s) _ Cls)
X(s) 1+G(s)H(s)

=
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Feedback Connection
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Positive Feedback

This means we can represent the negative feedback connection of two blocks with a single
block. The transfer function of this single block is the closed loop transfer function of the
negative feedback The equivalent black diagram is shown below.

X(s) G(s) Y(s)
—p >
1+ G(s)H(s)

Similarly, you can represent the positive feedback connection of two blocks with a single
block. The transfer function of this single block is the closed loop transfer function of the

G(s)

positive feedback, ie., T CWEE
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Block Diagram Algebra for Summing Points

There are two possibilities of shifting summing points with
respect to blocks:

e Shifting summing point after the block
e Shifting summing point before the block
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Consider the block diagram shown in the following figure. Here, the summing point is
present before the block.

R(s) + R(s)+X(s) Y(s)
: G(s) b——

el

X(s)

Summing point has two inputs  R(s) and X(s) Theoutputofitis {R(s)+ X(s)}

So, the input fo the block  G(s) is {R(s) + X(s)} and the outputofitis -

Y(s) = C(s) (R(s) + X(s)}

=Y(s) = G(s)R(s) + G(s)X(s) (Equation 1)
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Now, shift the summing point after the block This block diagram is shown in the following
figure

e
R(s) a(s) G(s)R(s) z Y(s_);

+

X(s)
Output of the block G(s) is G(s)H(s)

The output of the summing point is

Y(s) = G(s)R(s) + X(s) (Equation 2)
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The first term  ‘G'(s)R(s)" is same in both the equations. But, there is difference in the

second term. In order to get the second term also same, we require one more block

G(s) . Itis having the input X(s) and the output of this block is given as input to

summing point instead of X(s) This block diagram is shown in the following figure

Basic Connections
for Blocks

£
R(s) (s G(s)R(s) 4 Y(s)=

Y

+
G(s)X(s)

G(s)

I

X(s)
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Consider the block diagram shown in the following figure. Here, the summing point is
present after the block.

T
R(s) () G(s)R(s) : Y(s_);

+

X(s)
Qutput of this block diagram is -

Y(s) = G(s)R(s) + X(s) (Equation 3)
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Now, shift the summing point before the block. This block diagram is shown in the following
figure

R(s) + R(s)+X(s) Y(s)
> G(s) ————

Y

o]

X(s)
Qutput of this block diagram s -

Y(5) = G(s)R(s) + G(s)X(s) (Equation 4)
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The first term  ‘G(s)R(s)’ is same in both equations. But, there is difference in the

second term. In order to get the second term also same, we require one more block % .

It 1s having the input X(s) and the output of this block is given as input to summing point

Basic Connections
for Blocks instead of X(s) . This block diagram is shown in the following figure.

R R(s) + i} X(s) Y
(s) -I-: {s( ) 6(s) (sl

Y

+

G(s)

X(s)
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There are two possibilities of shifting the take-off points with
respect to blocks:

e Shifting take-off point after the block
e Shifting take-off point before the block
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Consider the block diagram shown in the following figure. In this case, the take-off point Is
present before the block.

R(s) ) G(s) Y(sz

A4

Basic Connections
for Blocks

X(s)
Here, X(s)=R(s) and Y(s) = G(s)R(s)
When you shift the take-off point after the block, the output  ¥(s) will be same. But, there
is difference in - X(s) value. So, in order to get the same X(s) value, we require one

more block ﬁ . Itis having the input Y'(s) and the output is X(s) . This block




18ECE5 Shifting Take-off Point After the Block

R(s) Y(s)
— G(s) >
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Consider the block diagram shown in the following figure. Here, the take-off point is present
after the block.

R(s) Y(s)
——| G(s)

Basic Connections
for Blocks

X(s)
Here, X(s) =Y(s) = G(s)R(s)
When you shift the take-off point before the block, the output Y'(s) will be same. But,

there is difference in X(s) value. So, in order to get same X (s) value, we require one
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R(s) G(s) Y(s)

Y

G(s)

X(s)
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Follow these rules for simplifying (reducing) the block diagram,

which is having many blocks, summing points and take-off

points.
e Rule 1 Check for the blocks connected in series and

simplify.

lock diagram e Rule 2 Check for the blocks connected in parallel and

Reduction S|mp||fy

e Rule 3 Check for the blocks connected in feedback loop
and simplify.

e Rule 4 If there is difficulty with take-off point while
simplifying, shift it towards right.

e Rule 5 If there is difficulty with summing point while
simplifying, shift it towards left.

e Rule 6 Repeat the above steps till you get the simplified
form, i.e., single block.
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Block diagram
Reduction
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Example 1: Block diagram Reduction
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Step 1 — Use Rule 1 for blocks &7 and (9 . UseRule 2 for blocks Gg and Gy

The modified block diagram is shown in the following figure.

M le
Block diagram | d

Reduction

Gs + Gy

Y(s)
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Block diagram
Reduction

R(s) Gib:
'® g CEW N A

Example 1: Block diagram Reduction

Step 2 - Use Rule 3 for blocks G1G3 and Hjp . Use Rule 4 for shifting take-off point

after the block (5 . The modified block diagram is shown in the following figure

| Hsf¢
Al
G;+ G,y
H,




18EC45

Example 1: Block diagram Reduction
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Step 3 - Use Rule 1 for blocks (G + G4) and Gy . The modified block diagram is

shown in the following figure.

[He
Block diagram l—sr
Reduction
R(s) GG + (s Y(s)
+'§? 4 FETr sl i a
+
H,

F s
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Step 4 - Use Rule 3 forblocks (Gy + G4)Gs and Hj . The modified block diagram is

shown in the following figure.

Block diagram

Reduction

R(s) 16, (gt Y(s)
+'® "1+ GG, H, 1+ (63 + G4)GsH; i
4

H,
Gs

F Y
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Step 5 - Use Rule 1 for blocks connected in series. The modified block diagram is shown in
the following figure.

Block diagram

Reduction
R(5)® G1G,G5(G3 + Gy) Y(s)
+ (14 6,GH){1 + (G5 + G4)GsHs} -
+
H,

F Y

Gs
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Step 6 - Use Rule 3 for blocks connected in feedback loop. The modified block diagram is
shown in the following figure. This is the simplified block diagram.

Block di
Rec:iilctiloafram R(S) GIGZ GSZ(GS + 64) Y(S)

— —
(1+61G2H){1 + (G3 + G4)GsH3}65 — G1G2Gs(G3 + Gy )Ha

Therefore, the transfer function of the system is

Y(s) G1G2G2 Gy + Ga)

R(s) (14 G1GoHy){1+ (G + G4)C5H3}G5 — G1G2C5(G3 + Gy)Ho
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Example 2: Block diagram Reduction

Hyo |

Block diagram

Reduction Ris) i)
6)7\ G —t -

Y
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Example 2: Block diagram Reduction

Block diagram A

Reduction Ri{s} +7\ Cis)

H,
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Example 2: Block diagram Reduction

Rix) G H, Cix)
|+ GH 2z &)

Block diagram
Reduction

Ris) G+ H, C(.'F}L
| + GH,
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Example 3: Block diagram Reduction

R(3) (v} Cis)
Block diagram GI
Reduction

[}

[

4
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Example 3: Block diagram Reduction

R(s) C(s)
Block diagram P G| 1 62 |t
Reduction
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Example 3: Block diagram Reduction

Y

R(s) €(s)
G 1+ | Gz #@—y

Block diagram
Reduction

(b)

R(5) C(s)
———— G|02 + 02 +1
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Example 4: Block diagram Reduction

L]
Block diagram l P
X I (s)
Reduction —_— by sz‘ G, Gy
II H, _Il Hy
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Example 4: Block diagram Reduction

1 H,
Block diagram Gy [N
Reduction
R(s) Cls)
G & [ -
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Example 4: Block diagram Reduction

Hs
GGy
Block diagram R(s) G G Gy Gy C(s)
Reduction =+ v G G H) - 1 Gy Ga iy >
(b)
R(s) G, G,G: G, &is)

1+ Gy Ga H + Gy Gy Hy - Gy Gy Hy + Gy G2 Gy G H s
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Uls) Cls)
. G ls) G,ls) Gsls)

Group Activity

H,ls)

[d H::S:‘ -
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Group 2 Problem: Block diagram Reduction

RS 6, o Gy5) | S
Hy(s) =
Group Activity
H(s) =
Hi(5) le
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Group 3 Problem: Block diagram Reduction

Gils) Cis) .

G(s)

Group Activity

()

Hy(s)

4
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Group 4 Problem: Block diagram Reduction

I
PR
Wi
A

]

> Y(s)

4
Group Activity X(s)—; Gl(s) “'>®—> Gy(s) —>®—) Gs(s) GQ(S)
B + + T

Hl(.s)

F N
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Rs) + cxVi6s) Va(s) + V3(s) C(s)

Gi(s)

Gs(s)

Group Activity V4(s) Hy(s)

Vi(s)

Hy(s)
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Cls)

can be rearranged

thus to avoid the

interlinking loops

Group Activity
which is  (J/(s) Gl G1(5)G3ls) Cls) Uls) G1(51G(5)Gls) Cls)
equivaient X 118 e G;tsIGJ{S?Hz(Si OF =—i— 1*61E;]G](S)H7lﬂ
= + Gy (5)Gals)Hy(s)
H,i (s)

G ls)
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Group 2 Solution: Block diagram Reduction

R(s) + C(s)

— (ﬂ(\) (;:a,(i] Gz[\)

H,\(s) — Hy(s) + Hs(s)

Group Activity

(b)

R(s) Gy(5)G(5)Gy(s) C(s)
1 + Gy(s)Ga(8) [H (s) ~ Ha(s) + Hy(5)]
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Group 3 Solution: Block diagram Reduction

1
Ga(s)
+
R(S) + o V(s () + o Fals Vals + G, Cis
P
) Hy(s)
Group Activity V(s
o(5) Hy(s)
Vils) 1 Gy(s) C(s)
ols F I 1V L
Gi(s)Gals) Gals) 1+ G3(s)Hals)
Hals)
Gyls)

Hy(s)
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Group 3 Solution: Block diagram Reduction

Ris) + ¥ 1 (Jafx YOG
(s 61651 Go(s) als) (5 Y 3(%) ) (G
h Gals) 1+ Gy()Hs ()]
Fhp(s)
= FH ()
Gy(5) i
Group Activity
Ris) Gil5) Ga(s) s 11 G3(s) Cls)
1+ Gos)Hy (s) + G(s) Gais)H (5) LGE{S) )(1 = Gsls)H; (s})
Ris) Giis) G351+ Gals) ] Cls)
— =] -

[1+ Gols)Hy(5) + Gy{5)Gals)H ()] [1 + G3(s)H3(s)]
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Group 3 Solution: Block diagram Reduction

Ris) + ¥ 1 (Jafx YOG
(s 61651 Go(s) als) (5 Y 3(%) ) (G
h Gals) 1+ Gy()Hs ()]
Fhp(s)
= FH ()
Gy(5) i
Group Activity
Ris) Gil5) Ga(s) s 11 G3(s) Cls)
1+ Gos)Hy (s) + G(s) Gais)H (5) LGE{S) )(1 = Gsls)H; (s})
Ris) Giis) G351+ Gals) ] Cls)
— =] -

[1+ Gols)Hy(5) + Gy{5)Gals)H ()] [1 + G3(s)H3(s)]
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By applying transformation 7 (Table F2.1), the branch point at the left of the block
with transfer function G,(s) is moved at the right of G,(s). The equivalent block

diagram is:

Hy(s)

Gq.(ﬁ')
Group Activity
= +

R
Xt m~>®+ 6,09 ++®+ 6,0 —>®—> G [ G > vy
T Hl(ﬁ)

A

A

=
=
X




18EC45

Group 4 Solution: Block diagram Reduction
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The next block diagram emerges when transformations 1 and 3 are applied t
the loop that contains the blocks with transfer functions Gs(s), G4(s), and H,(s)

Hy(s)
Gys)

el _f@ i a | TheGee | 1Y

|

Group Activity
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Group 4 Solution: Block diagram Reduction
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Next we apply transformations 1 and 3 to the loop that contains the transfer
function H,(5)/G,(s) as feedback and get the following block diagram:

_+> - G,(5)G3(5)Gy(s) ¥
] s e
M)~ @ ! L= 666Gy + Go0)Gy o) (s) B

Group Activity

Hyl(s)

Similarly, by applying transforms 1 and 3 we obtain the simplified block dia-
gram that represents the system’s transfer function.

o G1(5)G,(5)G3(5)Gyls) .
1 - H\(5)G3(5)Gys) + Gy (s)G3(s) H(s) + G ()G, (5) G3(5) G4 (s) H(s) )
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Group 5 Solution: Block diagram Reduction

Vats) +Q D Vals) s -
T Va(=) 115(5)
2 s
=]
Group Activity
(er)

\ Ga(s) C(s)
[ . -
I+ Gals)H5(x)
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Group 5 Solution: Block diagram Reduction

R(s) — B Fals) 1 N CFy() | <o
H}{)——l i +1 3
& Gl &als) (G‘;(ﬂ Ja ('-'_3[~‘IH3[\‘I)|

(<)
Activi
Group Activity Ris) G1ts) Gals) Pa(s) Ga(s) )' C(8)
1+ Gals) o (5) + G G ) () (Qm \_l F Galsa1a(sy/ |
)

R | GGl + Galsy) SO
|1+ G20 + GieI G2 HUL - G Ha()]
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Group Activity

Independent

The one thing
you change.
Limit to only one
in an experiment.

Example:
The liquid used to
water each plant.

Independent
Variable

&

e

The change that
happens because
of the
independent
variable.

Example:
The height or
health of the plant.

Dependent
Variable

Types of Variables

Controlled

Everything you
want to remain
constant and
unchanging.

Example:

Type of plant used,
pot size,

amount of liquid,
soil type, etc.

Controlled
Variables
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The End




	Block Diagram
	Block diagram of a closed loop systems and its reduction techniques
	Basic Connections for Blocks

	Block diagram Reduction
	Group Activity

