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[Transient response (1-1)

Define the frequency response function H(i w)
X (1w)
F

Assume a complex exciting force
f(t) = Fexp(lwt)
Response against the complex exciting force

X(t) = FH (iw) exp(iot)

H (o) =
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[Transient response (1-2)

Inverse Fourier transformation of the exciting force

f (1) = % [* Fliw)expliat)do

Response against the exciting force

X(t) =i " F(io)H (io)expliot)do

Fourier transformation of the response
X(lw) = F(lo)H (1w)
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[Transient response (1-3)

Necessary condition of the Laplace transformation is
not strict compared to that of the Fourier transformation.

X(t) = i :ZOF (s)H (s)exp(st)ds

F(s) = j: f (t)exp(—st)dt
H (s) = joo" h(t)exp(—st)dt = H(iw) ]

where

=S
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Transient response (1-4)

Table 2 Laplace transformation

Time function

Laplace transformation

8(1)
u(t) (Unit function)

at

sin wt

cos wi

fHt=1T)
(@)
L1t)

F(s)je—sT
sF(s) — f(0)
s2F(s) — sf(0) — & f(0)
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[Transient response (1-5)
Example 1 Unit impulse response function
MmX+cX+kx="f and f(t)zg(t)

mmm)p MS°X(S) +CsX (S)+ kX (s) =1

m)p X (S)= L Transfer function

ms?® +cs + Kk

1 -1 N 1
m2w,\S—4 S—4,
where 4, , = —Cw, + 1w,
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[Transient response (1-6)

Example 1 Unit impulse response function

—) x(t):; ! (— et +e”“2t)

20,

1 .
="~ sinw,t = h(t)
Mo,
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Transient response (1-7)

Example 2

¥ f Transfer function

m
I I S

m s’ + w’

Fig.4 Undamped one degree-of-freedom

vibration system
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Transient response (1-8)

Example 2
f .
/Fu(f)
F |0
0 T r
—f u(t-T)

EXxcitl

f(t) =+

Fig.6 Decomposition of the exciting

force into unit step functions

ng force

i 0

Fu(t)
Fu(t)-Fu(t-T)
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(0<t<T)
(t>T)
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[Transient response (1-9)

Example 2
0 0
3 F
X(t) =< L H(S)— (0<t<T)
- S — _
—1_ F —-sT

LY H@)—(1-e)| (t>T)

L S —
L‘l[ ] Inverse Laplace transformation
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