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Systems Representation

> System =

input output

) rqg'\@ Kunction

Laplace Transform of the output y(t)

Laplace Transform of the input x(t)

considering inicial conditions zero.



Systems Representation

1749-1827

Y (s)
X(s)

Transfer Function =

X(s) = Laplace Transform of x(t)
Y (s) = Laplace Transform of y(t)




Systems Representation

Y (s)

X(s)

input

Transfer Function

X(s) = Laplace Transform of x(t)
Y(s) = Laplace Transform of y(t)






Systems Representation

cart / mass / spring

applied force
T
m u(t)

Liisplacement

X(t)

7



Systems Representation

cart / mass / spring

w0 S X()

entrada
(Input)

saida
(output)

T,

U(s) = Laplace Transform of u(t)

X(s) = Laplace Transform of x(t)
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cart / mass / spring

applied force
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or




Systems Representation

cart / mass / spring
applied force
N

TR '
] u — m u(t)

\“W///////////Z//////2/,4//97///7/7/////
Lcj_; splacement

0

y at

x'(0)=0,"  x(0)=0

hence,

ms X (s) + (s X(s) +k X(s) = U(s),



Systems Representation

cart / mass / spring

applied force

AR |
—— oo
k's: PRey
N , 9
Y,
L@_splac-ement

X(1)

ana then, the i1ransrer runction 1S given by

X (S) _ 1

ET. = 5
U(s) ms- +Us+Kk



translational mechahical movement
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Systems Representation

translational
mechanical
movement

displacement

"

X(t)

applied force

u(t)



Systems Representation

translational mechanical movement

U(s) = Laplace Transform of u(t) input
X(s) = Laplace Transform of x(t)
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translational mechanical movement

displacement

2

x(1t)

u(t)l applied force

or




Systems Representation

translational mechanical movement

displacement

2

x(1t)

u(t)l applied force

+ U -k x =mx" + ux' + kx =u,

-

—
)

-

x'(0) =0, x(0)=0

.

thus,

ms X(s)+ (s X(s) +k X(s) = U(s),



Systems Representation

translational mechanical movement

displacement

2

x(1t)

u(t)l applied force

and then, the Transfer Function (T. F.) becomes

X (S) _ |
U(s) ms” + s + k

E.T. =



Systems Representation

translational mechanical movement

52225?;; EhﬁT1#i

displacement

Y

X(1)

applied force

u(t)



Systems Representation

cart / mass / spring

applied force

—i
m = 1kg u(t)

=4 N-s/m
S S

Lﬂsplacement

X(t)
m = 1 kg u=4N-s/m k=3 N/m




Systems Representation

cart / mass / spring or translational mechanical movement

applied force
—

u(t)

UW=4 N-s/m
/7YY

Lﬂsplacement

X(t) l .
Q w- u(t) applied force

displacement

m = 1kg _+

X(1)

We have seen that these 2 systems are described by the
same differential equation (of 2" order) and have the
same model.



Systems Representation

cart / mass / spring or translational mechanical movement

applied force
—

u(t)

UW=4 N-s/m
/7YY

Lﬂsplacement

displacement

m = 1kg _+

X(1)

X(t) wv u(t)l applied force
(dZX dX " I
+ 4— + 3x = X +4x +3x = u,
o dt? dt

X'(0)=0,  x(0)=0



cart / mass / spring

X,

i i!};lil ‘

k=3 N/m

SIS I ISP IS

Hence, the Transfer Function (T.F.) is

m = 1kg

Systems Representation

or translational mechanical movement

forca aplicada

u(t)

=4 N-s/m

Ld»eslocamento

x(t)

F.T.

"

X(s)

U(s)

i

{CM%M

1=4
-

ll

S

m

— k 3 N/m

o —
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.f"f,f,“t"“??’

deslocamento

m = 1kg _+

x(t)
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Systems Representation

cart / mass / spring or translational mechanical movement

u(t)

1
u(t) (s> +4s +3) | x(t)

Transfer Function (T.F.)
of the system



RLC cir€bit’series
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Systems Representation

RLC circuit series

tensao tensao
na entrada na saida



Systems Representation

RLC circuit series

vi(t) . S AU, "

output

input

output

V (S
T, = ——
Vi(s)

V.(s) = Laplace Transform of v.(t)
V.(s) = Laplace Transform of v (t)




Systems Representation

RLC circuit series

or




Systems Representation

RLC circuit series

LCdz dV 'QQLCV"+RCV +v, =v,

v, (O) =0, QVO (0)=0

.

hence,

LC 32VO (s) +RCsV_(s)+V_(s) = V.(s),



Systems Representation

RLC circuit series

thus, the Transfer Function (T.F.) of the system is given by

V.(s) _ |
V. (s) L.Cs® +RCs +1

HDN\=



Systems Representation

RLC circuit series

C=1333x10°F

N

R =1000 0Q
L=250H

C=1,333x103F



Systems Representation
RLC circuit series AN
R=1000Q | =250H

F

C=1,333x10"

d*v dv : :
20+4 O+3VO :V0+4V0+3VO:3V19
J dt dt

v.(0)=0, v (0)=0



Systems Representation

. . c X000,
RLC circuit series D
L=250H

F

C=1,333x10"

and therefore the Transfer Function (T.F.)
of the system will be:

V.(s) _ 3
V. (s) s* +4s+3

ET. =



Systems Representation

RLC circuit series

vi(t)

&

vi(t)

Transfer Function (T.F.)
of the system



rotational meQamcal system
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Systems Representation

rotational mechanical system

vViscous

X(1) /

load-inertia

applied
torque angular
(moment) velocity



Systems Representation

rotational mechanical system

applied torque angular
(moment) velocity

H_J

X() ()(t)

FT. = OE™
X(S)\input

QQ(s) = Laplace Transform of oXt)
X(s) = Laplace Transform of x(t)



Systems Representation

rotational mechanical system

viscous

or



Systems Representation

rotational mechanical system

viscous

load-inertia

dw ,

]/ + pw = Jw + pw = x
3 dt

w(0) =0

hence,

JsQ(s) + pQ(s) = X(s),



Systems Representation

rotational mechanical system

viscous

load-inertia

and therefore, the Tr g@gunctlon (T.F.) of the system is
given by

Q(s) |
X (S) Js + U

F.T. =




Systems Representation

rotational mechanical system J=0,5 kg/m?

L= 2Nm /rad/s

VisSCous

\ o(t) / friction

L e
f—ﬁa__‘-J-—Oﬁkg/m =¥ j \];,2

x()  \ / H

load-inertia

do |
— 4+ 4w =0+ 4w

2 X,




Systems Representation

rotational mechanical system

ViSCous

\

=0,5 kg/m’

[ =2N-m/rad/s

load-inertia

thus, Transfer Function (T.F.) of the system is
Q) 2
X(s) s+4

T.F. =



Systems Representation

rotational mechanical system

X(t)

Transfer Function (T.F.)
of the system
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Systems Representation

seismograph
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Systems Representation

seismograph

displacement displacement
of the box of the m mass

H_J —

x,(t) y(t)

Y (Y

F.T. =

Xi (S) ST input
X.(s) = Laplace Transform of x.(t)
Y (s) = Laplace Transform of y(t)



Systems Representation

seismograph

o <




Systems Representation

seismograph

l X (1) :m. Y(t),
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my + Hdy + ky = —-mxX;

1 9

+

[
+

Z
]

- y(0)=0, y(0)=0
hence,

ms°Y(s) +UsY(s) +kY(s) = —ms” X.(8),



Systems Representation

seismograph

22222242

and therefore, the T@é& Function (

of the system 1s

_ 2
o Y (s) _ ; ms
X.(s) ms” + s +k




Systems Representation

seismograph

(1) (ms” + ps + k) | y(t)

Transfer Function (T.F.)
of the system



Transfer FQtion (T.F)

N




Systems Representation

Observe that the T.F.) should be
expressed as polynomial/polynomial iniits final form,
that is

1) ps).




Systems Representation

The roots of ((s) are called the zeros of the system.

The roots of p(s) are called the poles of the system.



Systems Representation

The polynomial P(S) is calledthe characteristic polynomial
of the system.

p(s) =0

is known as the

characteristic equation of the system.




Systems Representation

r(t) Q('_S) y(©
p(s)

Transfer Function (T.F.)
of the system



Systems Representation

or simply,

Transfer Function (T.F.) Single Block or
of the system Setcs Lo






Systems Representation

Having the T.F. we can represent systems with
Block Diagrams:

Sifgle Block or black box

Transfer Function (T.F)
of the system



Systems Representation

Block Diagrams is the theme of the next chapter.

There are several types of connections-with blocks,
such as for example, ‘blocks in cascade’:

Blocks in cascade




Systems Representation

Blocks with feedback:

O~ G(5
L=

Block G(s) with unit feedback




Systems Representation

Example 1:
We’ll see in the next chapter that the following block diagram




Systems Representation

Example 1 (continued):

This system has two p; and p, and no zeros.

pi=-2+] P, =-2-]

which are the roots of the characteristic polynomial p(Ss

p(s) = s +4s+5

and the characteristic equation of the is given by:

s°+4s+5 = 0



Systems Representation

Blocks with feedback:

G(s)

H(s)

-t} ——

X (s)

Block G(s) with non unit feedback H(s)



Systems Representation

Example 2:
We’ll see in the next chapter that the following block diagram

H(s) =
. (S) 5+3)
5
g YO L sbrd 5643
" R(s) g2 ol (s +7s° +12s +5)

s(s+4) (s+3)



Systems Representation

Example 2 (continued):

Y (S) S5(s+3)

T.F =

R(s) (s +7s° +12s+5)

This system has two P, P, and p; and one zero z,.
p =-465 p,=-1726 p;=-0,623 2;=-3
which are the roots of the characteristic polynomial p(s)
p(s) = s’ +7s” +12s+5

and of the s+ 3=0.
The characteristic equation of the is given by:

s +7s2 +12s+5 = 0
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