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Modelado matematico. Transformada
de Laplace. Funciéon de transterencia

transformada de Laplace ,C[f(t)] — F(S) — f(t)e_Stdt
0—

f(lt) — F(s)

vista de la senal
en tiempo 4

vista de la senal
en frecuencia

dos perspectivas del
mismo fendmeno

v

convierte ecuaciones diferenciales en ecuaciones algebraicas

relacion algebraica entre la entrada y la salida del sistema: Funcion de transferencia
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u(t)=11t>0
TABLE 2.1 Laplace transform table
Item no. (D) F(s) 0 t<O

1. (1) 1
2 u(t) =
s
3 tu(t) 1
2
4, u(t) i
gn+1
it 1
S e “u(t)
s+a
6. sin wtu(t) i
s? + o
i cos wtu(t) >
s? + o’

Table 2.1
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TABLE 2.2 Laplace transform theorems

Item no. Theorem Name
1. 2@ =F(s) = Ji f@)e *di Definition
2 Lkf(1)] = kF(s) Linearity theorem
3. Lf1(t) + fo(t)] = F1(s) + Fa(s) Linearity theorem
4. ZLle %) = F(s + a) Frequency shift theorem
9. ZLIft—T) =e>TF(s) Time shift theorem
{ P . .
6. g =_F(- Scaling theorem
21f(a) ~F (a) g
3 2 Z—f] =sF(s) — f(0-) Differentiation theorem
l

N 1% —“'z_f- o st(s) — sf(0—-) —f’(O—) Differentiation theorem

dr

d"f] ik pk—1 Differentiation th
9. 7= = s"F(s) — an 10-) ifferentiation theorem

L k=1
10. @ [ f’ f(r)dt] o & Integration theorem

- s
11. f(o0) = lim sF(s) Final value theorem'

s—

(7.5 f(0+) = lim sF(s) Initial value theorem?

'For this theorem to yield correct finite results, all roots of the denominator of F(s) must have negative real
parts, and no more than one can be at the origin.

%For this theorem to be valid, f(¢) must be continuous or have a step discontinuity at 1 = 0 (that is, no
impulses or their derivatives at ¢ = 0).

Table 2.2
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Transformada de Laplace de una funcion
f(t) = F(s)
Transformada inversa de Laplace de una funcion

F(s) 5 f(t)

expansion en fracciones parciales:
raices reales distintas
raices reales multiples
raices complejas o imaginarias puras
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Funcion de transferencia a partir de una ecuacion diferencial

d"c(t) d" " le(t)

d™r(t) dm—! ()
T R + bm

dtm T

+ ... + apc(t) = by,

A + ... + bor (%)

a,8"C(8)+an_18""1C(8)+...4+agC(s)+[cond. ipciales c(t)] = b,,s™R(s)+
bim—18™ 1 R(s) + by + [cond iniciales r(t)]

0

_C(s) _ bms™m4p™m s 4 4bg
G(S) ~ R(s)  aps™tan_18""14...4ag

Respuesta del sistema a partir de la funcion de transferencia, G(s), mediante T.L inversa

R(s m m-1 4 ... G5
Input System Output (s) | (b,,s""+ b, 15" + + D) (s) _
r(1) c(?) (ansn 4 an_lsn—l + -+ qp)

(@) —
C(s) =G(s) - R(s)

C(s )£—>1c(t)
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Concepto de impedancia

Impedancia en circuitos eléctricos con R, L, C

TABLE 2.3 Voltage-current, voltage-charge, and impedance relationships for capacitors, resistors, and inductors

Impedance Admittance
Component Voltage-current Current-voltage Voltage-charge Z(s) = V(s)/I(s) Y(s) =I(s)/V(s)
—{ % L. 5 dv(t) ' 1
v(t) = —/ i(t)dr $(f)=iC v(t) = =q(t) = Cs
Capacitor CJo dt c Cs
. 1 1
NN\~ v(r) = Ri(t) i(t) = = (1) v() = R%4Y) s
Resi R dt R
esistor
'§ 6660 \ di(t 1 /! £q(t
v(t) =L 1( ) i(t) = —/ v(t)dt v(t) = ¥ - (12 ) Ls 1
Inductor at L Jo dt T

Note: The following set of symbols and units is used throughout this book: v(z) — V (volts), i(f) — A (amps), g(¢) — Q (coulombs), C — F (farads),

R — Q (ohms), G — Q (mhos), L — H (henries).

Table 2.3

© John Wiley & Sons, Inc. All rights reserved.

Circuito RLC:

solucion mediante ecuacion diferencial //  solucion mediante T.L, impedancia

o) t) C == ve ()
0

— Vc(s)

Ls R
1 0000 “\N\\—
V(s) ic Ve(s)
- |

R 1 V(S‘) <+> L —
s+ s+ BN Cs 7]

L L

- 1(s)
6
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Sistemas mecanicos de traslacion

TABLE 2.4 Force-velocity, force-displacement, and impedance translational relationships
for springs, viscous dampers, and mass

Impedence
Component Force-velocity Force-displacement Zy(s)=F(s)/X(s)
Spring
—— x(1)
) e = Kf(; v(t)dt @) =KD K
K
Viscous damper
—— x(1) dx([)
H— 1) f(t) =fuv(r) f@& =f— j
5y
Mass
il dv(t d*x(t
) =m0 i = M0 M2

Note: The following set of symbols and units is used throughout this book: f(#) = N (newtons),
x(t) = m (meters), v(t) = m/s (meters/second), K = N/m (newtons/meter), f,, = N-s/m(newton-seconds/
meter), M = kg (kilograms = newton-seconds®/meter).

Table 2.4
© John Wiley & Sons, Inc. All rights reserved.
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Diagramas de bloque

Cascada Xy(s) = X,(s) = C(s) =
R(s) G1(s)R(s) Go($)G1($)R(s) G3(5)Go(8)G1(s)R(s)
— Gi(s) > Gy(s) > G3(s) >
(@)
R(s) C(s)
— = G3(5)G(5)G(s) =
(b) Feedback
Figure 5.3
© John Wiley & Sons, Inc. All rights reserved. capa
transducer Controller Plant
R(s) + E(s C(s)
Paralelo —l Gt ) Gy(s) | Gs0) -
Input Actuating Output
signal
(error)
- G,(s) Xi(s) =R(s)G(s) Hos) | Hi(s) |=
Feedback Output
i ’ o ~ "
R(s) Xa(s) = R(s)Gy(s) *+ C(s) = [+G/(s) = Gy(s) + G3(s)IR(s) HensCee:
> G(s) > > (a)
+
Plant and
X5(s) = R(s)G5(s) controller
> G3(s) R(s) + E(s) G6) C(s)
Ky
(@) AcFuatm g Output
signal
(error)
R C -
) TG (s) £ Go(s) £ Gs(s) —(s)> H(s)
Feedback
(b) (b)
Figure 5.5
© John Wiley & Sons, Inc. All rights reserved.
R(s) G(s) C(s)
_s
Input | 1+ G(s)H(s) | Output
(0
Figure 5.6

© John Wiley & Sons, Inc. All rights reserved.
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sistema de lazo cerrado (con retroalimentacion)

R(s) E(s) C(s)
G(s) - funcion de transferencia de lazo abierto:
B B
(s) (S) _ G(S)H(S)
H(s) [t E(s)
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