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Input Output
> System B
r(1) c(1)
(@)
Input Qutput
»| Subsystem | Subsystem [—| Subsystem >
r(1) (1)
(b)

Note: The input, r(f), stands for reference input.
The output, ¢(#), stands for controlled variable.
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The output c(t) is related to the input r(t) by

d"c d"'c d"r d™r
+a +...+a,c=b +b

% dt" " dt"? "dt™ " g™

+...+b,r

where a5 and b § are system parameters

Using Laplace transform with zero initial conditions

(a,8" +a, 8" +..+8,)C(s) = (b, "+, ,r™* +...+b; )R(s)

where C(s) & R(s) are the Laplace transforms of c(t) & r(t)
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Transter Functi@n
b r"+b +b

- €O _ g2 B+ b0t o)
R(S) (a,s" +a,_,s" +..+a0)

where G(s) = transfer function of the system

R(s) (b,,s"+ b,, 5™+ ...+ by) C(s)
- .
(ansn+ an—lsn—l e aO)
— —_— —
G(s)

m) | C(s) =G(s) R(s)
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C(s) _G(s) - (bmrm +bm_1rm‘1+...+b0) _N(s)
R(s) (ans” +a _s" +..+ao) D(s)

Definitions

Zeros = roots of N(s), i.e. the values at which N(s)=0. At these
values the numerator becomes ZERO

Poles = roots of D(s), i.e. the values at which D(s)=0. At these
values the denominator vanishes & the system output (for any
finite input) goes to infinity.
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Find the transfer function represented by:
dec(t)
dt

+2¢(t) =r(t)

Solution with zero initial conditions

m SC(s)+2C(s)=R(s)

C(s) 1
R(s) s+2

or G(s) —
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Response from T.
Example.2:

Find the time response of :

4e®) L aety = r(t)

dt
For a unit step input r(t) (i.e. r(t)=u(t)).
Solution as the transfer function is
G(s) = C(s) _ 1
R(S) s+2

As r(t)=u(t) — R(s)=1/s
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5 b g [V Sk W
Response from T, f© =

@

1
+2)

mm) C(S)=G(s)R(s) = S

or by expanding into partial fraction

1 1
C(s)=—-
2s  2(s+2)
Taking the inverse Laplace transform
1 1 5
C(t)=———¢
(t) 575
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Response from T, t*

With MATLAB
>>Symst S

>> [laplace(1/(s*(s+2)),s,t)
ans =

-1/2%exp(-2*1)+1/2

MENG366 - Prof. Saeed Asiri @profsaeedasiri

8/14/2024

9



aslrAddmel

The Transfer Function
G(s) = C(s) _ 1
R(S) s+2
has Poles ats=-2, No Zeros
MATLAB Code OUTPUT
>>n=1; Z=
>>d=[1 2]; Empty matrix: 0-by-1
>> [z,p,K]=tf2zp(n,d) p= -2
k= 1
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Response from 1
MATLAB Time Response
—
>> 1=0:0.01:3; ]
>> plot(t,(1/2- — 1n /
1/2*exp(-2*t))) A //
>> grid By
>> Xxlabel('Time') o [ [
>> Time
ylabel('Response’)
MENG366 - Prof. Saeed Asiri @profsaeedasiri 8/14/2024
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(
|
|

Response from T, {*

MATLAB Time Response
de(t)
+2¢(t) =r(t)

%***************************************************** t
%********Step Input******************************** 05
0/fF*F*hkhhhkhhhhkhdhhhkhhhhkhkhhhkhhhhkhhhhhkhhhkhhdhhkhkhhhihkhdkhkhkihdhikikx

Yo 0.45 //
symsstc Cct /

0.4
eqn=sym('D(c)(t)+2*c()=1); 035 /
Iteqn=laplace(egn,t,s) ? /

— 1 i 1 0.3
newegn=subs(ltegn,{'laplace(c(t),t,s)",'c(0)'},{C,0}) § /
cs=solve(neweqn,C) 0 0.25
ct=ilaplace(cs,s,t) i /
%****************************************************** 0.2 /
ezplot(ct,[0 3]) 0.15 /
grid 0.1
xlabel(‘Time - 5) /
ylabel('Response - c(t)") 0.05
%********************************************* 0

0 05 1 15 2 25 3

Time
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Block Diagram

* A graphical tool can help us to visualize the model of a system and evaluate

the mathematical relationships between their elements, using their transfer
functions.

* In many control systems, the system of equations can be written so that their

components do not interact except by having the input of one part be the
output of another part.

* Inthese cases, it is very easy to draw a block diagram that represents the

mathematical relationships in similar manner to that used for the component
block diagram.

13

MENG366 - Prof. Saeed Asiri @profsaeedasiri 8/14/2024



aslri@met
Reminder: Component Block Diagram

Disturbance
Deswred r_Plailt_ ________ g____l Actual
output mput | + Control mput | | output
o— U Controller :- Actuator » Process |
filter ] , |
«__\______ ___§§" _
Sensor
SEengor noige
14
@profsaeedasiri 8/14/2024
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Block Diagram

* It represents the mathematical relationships between the elements of the
system.

U, (s) Yi(s)

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

* The of each component is placed , and the input-
output relationships between components are indicated by lines and arrows.
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Block Diagram Algebra

* Using block diagram, we can solve the equations by graphical simplification,
which is often easier and more informative than algebraic manipulation, even

though the methods are in every way equivalent.

* Itis convenient to think of each block as representing an electronic amplifier
with the transfer function printed inside.

* The interconnections of blocks include summing points, where any number of
signals may be added together.
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Block Diagrams

* Alineis a signal x ,[ @
* Ablockisagain

: : x ¢ S
* Acircleisasum /’@{ ’
. Ss=xXx+2z-y
e Due to h.f. noise, y z

use proper blocks: num deg < den deg

* Try to use just horizontal or vertical lines
— Use additional @ ”to help

+
X__, LS
+
+
«—Z
Y
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15t & 2" Elementary Block Diagrams

* Block in series: * Blocks in parallel with their outputs
added:
Y G,
Uts) R ¥
{,f ¥, i )
f(q)} Gf X Gg 3(‘;} o— @ y
G,
Y, (S Y, (S
2( ):Gle 2( )261_'_62
U,(s) U,(s
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39 Elementary Block Diagram

I —

* Single-loop negative) feedback

MO v

Gy s
)2 Uss)

Two blocks are connected in a feedback
arrangement so that each feeds into
the other:

 The overall transfer
function is given by:

Y(s)__ G
R(s) 1+G,G,
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8/14/2024

19



aslri@met

Feedback Rule

RO NG 6 Gy Y(s) G
» & _\] _ 1
_ R(s) 1+GG,
7y f——
VL2 Uy )
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Cascaded System

Parallel System

—_—_——— e — — — — — ——— —

Feedback System I ( S)
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1%t Elementary Principle of Block
Diagram Algebra

Ufo—/w—r Gf —o}? = Ufo—r Gf I?
Pickoff
pomt
vi
GI
g Y
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2" Elementary Principle of Block
Diagram Algebra

+ +
UI_?— Gy ———o Y, = Ujo— Gy ?ﬁ

2
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MENG366 - Prof. Saeed Asiri

3'Y Elementary Principle of Block
Diagram Algebra

Uy

Ny

_ 1 +
=RO—I+ G, 4@— G,

@profsaeedasiri
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Example 1: Transfer function from a
Simple Block Diagram

2
+ Y(s)
+ + T(s)=
R = 2‘4‘)— i Y (s) R(s)
] ‘ 25+4
2
1+—
= T(s)=
‘ ( S*+2s+4

fig. (&)

25

MENG366 - Prof. Saeed Asiri @profsaeedasiri 8/14/2024



asirdi@met . 2
Example 2: TF from the Block Diagram
26
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Example 2: TF from the Block Diagram
R + H 6 |- j:; - + " y
N +\1b;ﬁ153 - 2 S (fj
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Example 2: TF from the Block Diagram
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Example 2: TF from the Block Diagram
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Example 2: TF from the Block Diagram
G |
+: : s i J + +
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Example 2: TF from the Block Diagram
f G . % ]
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Example 2: TF from the Block Diagram

S

3

i :+
I
ol
S

S
+

"1'\”
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Example 2: TF from the Block Diagram
R +_ l-giﬁ?s EL’ Gy ‘6—’ Us : ¥
\—
T(s)= G,G,G. +G,G,
1-G,G, +G,G,G,
MENG366 - Prof. Saeed Asiri @profsaeedasiri 8/14/2024
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Block Diagram Reduction =
* Series: x_ e ]—l6,]—
'
X G; G, —3 Y
* Parallel:
—{6
+
X — ?—by > X G +G, |—> Y
+
| G,
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Block Diagram Reduction va——
* Feedback:
Yy > X G, » Y y=7 (élGX
1+Gl(32 5,0,
4_.
Proof: e=x-b, b=Gy, y=Ge = y= G X
' ’ e ' 1+G,G,
e=x-G,Ge /v
1
1+G,G,)e=x = e= X
1+GG,) 1+G,G,
35
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G

3 G, y — o L >
Gz 4_

+ n ,

o I e

n n
Mo | N, +d,d,
d,
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Block Diagram Reduction

| >> G=G1*G2
AvcSIMsA T Transfer function:
Transfer function: 55 +5
S QW & > Va \ L e
sh"2+7s+10
>> Gl=(s+1)/(s+2)
Transfer function: >> H=G1+G?2
s+1 Transfer function:
""" sh"2+11s+ 15
E-Ey ' B W /N o\
sh"2+7s+10
>> G2=5/(s+5)
Transfer function: >> HF=feedback(G1, G2)
S Transfer function:

""" sh"2+6s+5

sh2+12s + 15

37
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Quarter car suspension

Series

1
R(SLTCP_‘bSJrk_’m_’E_’E .Y
/ s s
R(s) + | bs + K "
:T: mSZ Feedback

R(s) bs + K

» > » Y
ms® +bs + k bs + k

TF = H(s) =

ms? +bs + Kk

38
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0
Block Diagram Reduction S—
>> b=sym('b’);
>>m=sym('m’);
>>k=sym(k’); >> Gel=G/(1+G)
>>s=sym('s");
>> Gl=b*s+k Gel =
Gl=
Pk (b*s+k)/m/s” 2/(1+(b*s+k)/Im/s"2)

>> G2=1/m*1/s*1/s

f/?nTS’\Z >> simplify(Gel)
ans =
>> G=G1*G2
g);k)/m/sAz (b*s+k)/(m*s” 2+b*s+k)
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Block Diagram Reduction

pick-up point

 Move a block (G1) across a < summation

into all touching lines:

along arrow — no change
k along arrom? X

—>
X —) G 3= G, | — ¥ -
1
no change
along arrow
r & G; |

along arrow

MENG366 - Prof. Saeed Asiri @profsaeedasiri
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Block Diagram Reduction

—

y

x4>| G,

>

P

) 1/G,

MENG366 - Prof. Saeed Asiri

@profsaeedasiri

8/14/2024
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Block Diagram Reduction

aHa-
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Block Diagram Reduction

agranst  against

Q\L,wx‘;\‘\ei-ed /7
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Block Diagram Reduction

I,

1 I, =] 1 |V

UJQ—» ) ) 1 R, —Y
f Ls+R, | + Cs LZS + Rz_
I, LS+ R, [
1 1 Ve 1
> > R, » Y
Lis+R, Cs|| | Ls+R,

44,
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Block Diagram Reduction

1 LS+R, [
U : > L R, —Y
t32 | Cs(Ls+R) L,s+R,
LS+ R, e

1 1
u + <
O Cs(Ls+R)+1[ | L,s+R, (h

45
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Block Diagram Reduction

l L13+R1|<
U + 1 y
(O— Cs(Ls+R)(Ls+R)+Ls+R | | e[
PN L "R —Y
Cs(Ls+R)(L,s+R,)+Ls+R,+Ls+R, ’

R
F.= 2
Cs(Ls+R)(L,s+R,)+L,s+R,+Ls+R

46
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Block Diagram Reduction

Find TF from U to Y: | 2
S+5 \
-+

U + -+ S +1 —_— 10
100 Y
A’Q_’ _Q Ts+2 [« | s(s + 20) Q__'

* No pure series/parallel/feedback
* Needs to move a block, but which one?

Key: move one block to create pure series or parallel or feedback!

So move 10 either left or right.
s(s+20)

47
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Block Diagram Reduction

100

10

—

s(s+20) 2

10 s+5

+ s+1
N
(%_ S+ 2

N

s(s+20)

100

10(s+1)

(T)' 1 s(s+2)(s+20)

MENG366 - Prof. Saeed Asiri

@profsaeedasiri

8/14/2024
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Block Diagram Reduction

10(s+1)

s(s +20) 1

ET?-AOO A

s(s+2)(s+20)+10(s+1)

5(s+5)

MENG366 - Prof. Saeed Asiri

@profsaeedasiri
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Block Diagram Reduction

P
S T

A(s)

(b) Q -
A(s) Y(s)

50
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Block Diagram Reduction

P
o] T oo

(a)

A(s)

(b) Q -
A(s) Y(s)

H1(s)G2(s) 5B®

MENG366 - Prof. Saeed Asiri @profsaeedasiri 8/14/2024
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Block Diagram Reduction

52

MENG366 - Prof. Saeed Asiri @profsaeedasiri 8/14/2024



aslri@met
Block Diagram Reduction

@
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Block Diagram Reduction

D(s)
Controller _ Plant
R(s) E(s) - . Y (S)>
2
+ : +
Output Sensor
H, |4

Can use superposition:

First set D=0, find Y dueto R

Then set R=0, find Y dueto D

Finally, add the two component to get the overall Y

54
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Block Diagram Reduction
First set D=0, find Y due to R

R Y
(s) Q { . ®)
+

Hl S
Y,(5)= 222 Rs)
1+G,G,H,

95
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Block Diagram Reduction

D(s)
Then set R=0, \ 0
find Y due to
D

(a)

D(s) —, -
o | Y,(8) =2 (-D(s))

" 1+ G,G,H,
56
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Block Diagram Reduction

Finally, add the two component to get the overall Y

D(s)
Controller _ Plant
R(s) E(s) G, G, Y(s)»
+ +
Output Sensor
H, |«
GG G
Y (s)=—F—-=—R(s)- ~—D(s)
1+ G,G,H, 1+ G,G,H,

o7
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Block Diagram Reduction

Ry(s)=0
R,(s) 3 -
r(P s+2 +

1 Y, (s)
= g Ry(s)
o 3 l Y2(S)
Tl s+2 - g
(_3_) 1
R(s) Th(s) = - s+23(S) Y, (s) Y,(s)
B/ o /3 | K}
:> —_— 1+ (s+2 (E) —_— l—_—{> Ry(s) i -+ . % 2
_ 3 ot
T s2+25+3 »
, «— -1
(@) s+2
1
. (-1 (;)
R2(S) 22(‘9) = 1 3 Yz(S)
l:> el 1 == (_) - | —
s s+ 2

. =s=2

T 2425+ 3

(b)

58

MENG366 - Prof. Saeed Asiri @profsaeedasiri 8/14/2024



aslri@met

Block Diagram Reduction

55+ 12
R(s) + - 4 Y(s)
P |, S5+ 12 > o
i FES;) s°+s5+4
[ o e e ‘| 55+ 12
I | e , 6s + 14
i o BTy | e —— —
, |
[ _ ' 3
| -
R(s) : _ " ! N s Y(s)‘ s+3
# / | i 8 i T st+s+4 o
e A _ @
5 | Be)y * . 552+ 12s il
743 [T — (65 + 14)(s2 + s+ 4)
3
2
g ’ Y(S)‘ s+3
T st4s+4 g =
552+ 125
(65 + 14)(s2+ s+ 4)
R(s
(s) (552 + 125)(3) .

1+
65+ 14)(s2+ s +4)(s + 3)

_ 553+ 2752 + 36s
65% + 3853 + 11352 + 2065 + 168

59
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