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Block diagram represéntations

A block diagram represents dependencies between signals.

Input signal U(s)

Boxes for systems

Y (s) =G(s)U (s)

Lines for signals

Output signal Y(s)
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Block diagram represefitations (Convolution)

Animation of Convolution

of Two Time Signals

https://www.youtube.com/watch?v=C1N55M1VD20

Y(s)=G(S)U(S)| 7o) = [ sttt —ryar

(f=g)(t / f(t —7)g(r)dr

https://www.youtube.com/watch?v=jwIfSIBNgP8

https://www.youtu be.com AateHPvZKkRMODXSMtPI



Systems in series i

This part deals with scenarios where systems are arranged in series, so
for example the output of system 1 is the input to system 2.

System 1 with
input u and
output x.

System 2 with
input x and
outputy.

The proposal is to use Laplace to
reduce the computation of y to
9 simple multiplications. y
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Systems in series 2

2y

0 Jh—ﬂ.“

11111

dx
dt

2X =

Next, elimin

Y (s)=

=5—+7x = X(S)—

1
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U(s) =G, (s)U (s)




Systems in series 2 [

deola

Finally, this can be representedﬂ'ﬁ'?*'e\' single block diagram.

X(8) =G, (S)U(s);

of e
N M 7
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Systems in series exampl@?

ojli_aJdl
A system’s behaviour is goverrTié‘d"by the following ODEs.
Find a single model to represent the input to output
relationship (thatis u = vy).

d—W+4W=2u; E+Z=W; ﬂ+3)’=42i
dt dt at
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Sharing an input sig

Taking the definitions provided on the previous slide.

X(s)=G(s)U(s); Y(s)=HS)U(s); W(s)=M(s)Y(s)




What is DC motor? s

An actuator, converting electrical energy into
rotational mechanical energy
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How does DC motor w

Stator
winding

PNy
.....

Rotor windings =
Brush \/
o— ~_#8

Shaft e

Brush
Commutator

Bearings

(from Dorf and Bishop book)
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Qg
Model of DC motor 5

Output
ia(t) Ra w(t) e
R W—/wW\ | 0(t) AN
ealt) en(t) | > [ D 7 (t)
nput HON
. J _J
D' '
“a' ;armature mechanical
eq .applied voltage ¢ :angular position
iq .armature current w .angular velocity
“p -back EME J . rotor inertia
B : viscous friction
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Modeling of DC n%tor: time domain

L dig (1
* Armature circuit eq(t) = Raia(t) + Lqg ZZE ) ey (t)

* Connection between mechanical/electrical parts
* Motor torque 7(t) = Kriq(t)
* Back EMF eb(t) — wa(t)

* Mechanical load Ji(t) = 7(t) — BO(t) — ()

* Angular position w(t) = 0(t)
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Modeling of DC n%tcr: s-domain
linll 1

* Armature circuit I,(s) = n
R, + Lgs

(Ea(s) — Ep(s))

* Connection between mechanical/electrical parts
* Motor torque T(S) — K’TICL(S)
* Back EMF
Ep(s) = KpS2(s)

e Mechanical load

s) = 75 (T6) ~T1()

e Angular position O(s) = lQ(s)
S

hitps-//manara.edusy/
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DC motor: Block diagtam

Va

Iy (s)
R"iL"Yﬂ % T(SB— 'JsiBQ(S)N 1
Ey(s) ol
\
Feedback system
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Block Diagram Models =

A block diagram of a system is a pictorial representation of the
functions performed by each component and of the flow of signals.

Such diagram depicts the interrelationships that exist among the various
components. Differing from a purely abstract mathematical
representation, a block diagram has the advantage of indicating more
realistically the signal flows of the actual system.

Transfer function can be represented as a block diagram:

b s"+b s"l4. ... +b
m m-1 0

R(S) —— - —
ans + an_ls + ...+ ao

> C(5)

https//manara.edu.sy/ 16



Components Of a block @;z%g"kam for a LTI system

R(s) sy R(s) G(s) sy
Input Output
Signals System
(@) (b)
Ry(s) :@ Cls) = Ry(s) + Ro(s) = Ra(s) R(s)
5 R(s) R(s)_
R;(s) Rs(s) R(s)
Summing junction Pickoff point

(¢)

https-//manara.edu.sy,
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Block Diagram Reductioh’

d

Va

Rules for reduction of the block diagram:

1. Any number of cascaded blocks can be reduced by a single block
representing transfer function being a product of transfer functions of
all cascaded blocks.

C(s) =
G3(5)G(s) G (s)R(s)

-

Xo(s) = Xi(s) =
G(s)R(s) G+(5)G1(s)R(s)
> Gy(s) > Gi(s)
(@)
R(s) C(s)
— - -

G1(5)Go(s)G1(s)

(b)

19
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Block Diagram Reduction

2. Moving a summing point

R(s )»

R(s C(s TR
M%— G |2
;+;

X(s)

“ (a) Behind the block

G(s)

4 8 C(s)

i

G(s)

|

X(s)

R(s) _ + C(s) —
LG [ —»@?— =
T

X(s)

(b) Ahead of the block

G(s)

C(s)

L

R(s) +
-

+ %

1

6 (:\'7)

|

X(5)

3

20



D

Block Diagram Reductioh’

3. Moving a pickoff point

R(s) G(s5) R(s) G(s)
1 ((5) - .
R(s) R(s) R(s) 1 R(s)
-— > G(s) H™ GG) P
R(.\') l R(.\')
et — -
G(s)
(a) Behind the block
R(s) G(s) R(s) G(s)
- — ((5)
R(s) R(s) G(s) R(s) R(s) G(s)
— G(5) - = G(s) o
R(s) G(s) R(s) G(s)
e — G(S) -

(b) Ahead of the block

21



Block Diagram Reduct%

6)lioJ
4. Equivalent transfer function for parallel subsystems is the sum of

their transfer functions

X1(s) = R(s)Gy(s)

—{G(s)

Gz(.\‘)

R(s) X5(s) = R(s)Ga(s) £ 4

X;3(5) = R(5)G3(s)

= G3(S)

4

(a)

C(s) = [2G(s) £ G (s) + G3(s)]R(s)
T

R(s)

C(s)

—_— iGl(S) X Gz(.\') + G3(S) b

(b)
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Block Diagram ReductB@

&ylial
5. Feedback control system
Plant and
controller
R(s) + E(s) 2 C(s)
- e - G(s) =
Input Actuating Output
* signal
(error)
H(s) [
Feedback
(a)

R(s) G(s) C(s)
e - b, /NN
Input 1 £ G(s)H(s) | Output

Ci(s5) = G(s)E(5)
E{s) = R(s) — B(s)
= R(5) — H{(5)C(s)
C(s) = G(s)[R(5) — H(5)C(5)]

Cls) _ G
R(s) 1+ G(s)H(s)

(b)

ttps-// manara.edusy/
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Block Diagra

Rules of block diagram algebra

Rule Original diagram Egquivalent diagram
X]_TX: X1+X3
X-X+X N+x5-X%
1 T R X1+ﬂh+ﬂ1 —4
Y Y
X, X; A b
A X-X, 4
+ A+ X -x A X -X+ X
e
A X,
i Xﬁl"l;Xﬁ:
X X + X X(Gy+ G
o G > ()—1s N PRpe G S
3 +
— | X,
* {-]': =
X XG X Gr X XG(Gy
4 Gy e Gy o GGy s
X]_—Xz-'.{-;
. X+ XiG-X,
g GGt~ HG-X Lty 1 G F—
5 -1 .!:':T/
A5 — L Xy
X -4 G
T

! G
_E .

X0 (7 Xa
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Block Diagram ReductEm

- m -

Rule

Original diagram

Eguivalent diagram

9

10

X _ XG
(r -
X =
X G AG
J;’j
i + A
LT Jd 2
+L
H ]
X, + 3 X,
_-O—- {r T =
H

X j X
(r
XG [ r
(r
A q X
X 1/(r j
A G Az
|- H
X {r A7
| + H

MUERE Y & Manard SWULEy s
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Block Diagram Reductgg

a)li_adl

* Follow these rules for simplifying (reducing) the block diagram, which
is having many blocks, summing points and take-off points.

Rule 1 - Check for the blocks connected in series and simplify.
Rule 2 - Check for the blocks connected in parallel and simplify.
Rule 3 - Check for the blocks connected in feedback loop and simplify.

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

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

Rule 6 — Repeat the above steps till you get the simplified form, i.e., single
block.

https//manara.edu.sy/ 26



Block diagram reduction via fami‘%forms for Examplel

doola
Problem: Reduce the blo¢k‘diagram shown in
figure to a single transfer function

h(s) = Gs(s) -

hitps-//manara.edusy/



Block diagram reduction via fami%forms for Example
Cont. e

R(s)

Rddi =i

C (.
‘ G5 () |—»‘ G5 () I S

77, (O |—
> (s) |"
IHB.(S) |——

()
RC) G (s) |_i®——| G3 ()G (s) I i GO N

T—{ F\(s) — FH>(s) + FH3(s)

H)

""'*‘ & (Cs)

R(s) G3(5) G2(5) G () | <o
1+ G3(s) Go(s) [H () — FH>(s) + FH3(s)] |

(<)

f—
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Example 2

-6

B

29
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Moving the summingipoint ahead of G1, we have:
H,
@

~@I-E)-) e ol

30



Combing G1 and G2 in Cagcade, we get:

31
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Eliminating the feedbackiloop G1, G2 and H1 we get:

R

32



Combing the two blocks ifi-Cascade, we get

R
o

X

#

GG
1- GLGZHL

33



Similarly eliminating the secgnd feedback loop we get:

RN (O GGG,
XX aen

34
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Similarly eliminating the third feedback loop we get:

R G,G,G, C
1- GG, H, + G,G,H,

35
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The system is reduced to thefollowing block diagram:

R GlelG C
1- GG, H, + G,G,H, + GGG,

hitps-//manara.edusy/
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Example3

D

o)jlioJl

hGg+G4

s G| G
— Y(s
- (s)
‘ Hl —
H, |«
Hale
R(S) . + ‘ R(s) Gits z
G G )
By GG, 3 + Gy Gs +P® > 1+ G,G,H,
— Y(s +
+
_ H,
H,
H, |« C.
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Xxampie 8 )Liall
Hs|e
R(s) Gibs 2 Y(s)
P
+.® P T Glﬂzﬂl ({;3 + 64)(;5 ——
_|_
H |, R(SZ® G EEG ) Y(s)
>
Gs + (1+G1G2H){1+ (G3 + G4)GsH3}
s
Hy |,
R(SZ@) | 66 (G4 6,)6x Y(s) Gs
s T A '
+
H
Gz < R(s) G1G; Gs%(Gs + Gy) _st)
2 @ £ GiGzH DL + (Ga + Go)GsH3)Gx — G1G365(Gs + Co)lE
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Example!

Q)

i Hl{é}:g; i Ql{'i} 1
(-h!.i' Rl f:z.'li H’z{-‘i:l

()

BiCs+1 RaCh5+1

.R'ECHF

(d)

R|'I'_-'|Rgl:g.'|'? + (ByC) + BaCy + R Cys + |

&)

(5}

()

(5)

als)
—
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Example5

W

11

Cis)

Cis)

=k

Rix) X(s)
— Gl C"E
Ris)
S N S——— Gz
(&)
Rix) Cis)

ot Gy | p—] Ga ——-@—»
(b

Ris) Cis)

iy + g 4 ] [——

<)

Xls)

The output signal C(s) is the sum of &2X(5) and R(s). Hence

= G,R(s) + R(s)

Cis) = GyX(s) + R(s) = G4[G\R(s) + R(s)] + R(s)

And so we have the same result as before:

)

R(s)

= G,G, + G, + 1
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