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Forced Response for undamped SDOF system
Transient Response

Let us try to find out the transient response of a SDOF system due

to the loads shown below.
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A

Eq. of motion

F -

F(t) 0 mX + kx = F,
. F,

=2 X +—x = —=

m m

F,
> > %+ o’x = =2

m

t

The complementary part of the solution is

Xc = A sin wt + B cos wt and the particular integral may be
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. . F,
", Complete solution ; x = Asinot + Bcoswt + 70

x = Awcosot — Bwsinwt
BC at t=0 x=0 x =20

0= A0+B1+ 0 o p-_h
k k
0 = Aw.l - B.O = A=0
F E F
= - "Ycoswt + -0 = (1 - coswt) = x,(1 - cosmt)
k k k
X = dynamic amplification = (1 — cost)
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x(t)

Response of SDOF System
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Eq. of motion

mX + kx =

C.F

x = Asinwt + Bcosot
P.1
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Complete Solution :

x = Asinwt + Bcoswt + % L
t,
BC. t=0 x=0 %0 =0 B =0
x = Awcoswt — Bsinwt + Fo1
k t,
).((0) =0 = Aw-1 — Bw-0 + ii
k t,
= A = i i
ko t,
F, 1 F, t
x(t) = - —"—sinwt +-2—
kaot, td k t
F X A
= [a)t — sin a)t] — [a)t —smwt]
ka)t wt

d
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X . P 1 .
— Dynamic Magnification Factor —— [a)t — sin cot]
Xsr wtl[
. F, F,
X 0 [a) - a)cosmt] = 2 (1 - coswt)
kat, kt,
at t =1,
F, .
x(t) = 7"[(0[{1 - smmtd]
kmt,
. F
i) = =1 - coswt,]
kt,
when t > t, mk + kx = F, — earliercase
. F,
x = Asinot + Bcosot + —
x = Aw@cosowt — Bsinwt
at t = t, initial conditions

Substititing initial conditions and solve for A & B to get the complete solution.

Initial conditions are

. F,
x(t,) = Asinwt, + Bcoswt, + ~> =

K

X kaot, (wt, — sinot,)...... @
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and the velocity becomes

. . F,
Xt,) = Aocoswt, - Bosnwt, = k—o(l— COSDE,) wovvennnn (2)
td
. F,
(2) > Acoswt, —Bsinwt, = (1- coswt,)
ket,
. . 2 . F,sinwt, .
(1) x sinmt, = Asin"@wt, + Bsinwt,coswt, = 7((1)% - sma)td)
ket,
F,sinwt,
k
. F, coswt
(2) x coswt, = Acos’wot, — Bsinet,cosot, = —2——4(1- coswt,)
kat,
Adding above two equation we get
. F, . . F, .
A(smzmt,j +c052a)td) = 0 (a)td sinwt; — 51n2mtd + coswt, —COSza)td)— “Lsinmt,
kot, k
F, . F, .
= A = ' (coswt, + wt,sinwt, — 1) — “Lsinwt,
kot k

d
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Similarly, multiplying equation (1) by coswt, & (2) by sinwt, we get,

. ) F, cosmt, R
1) x coswt, = Asinwt,coswt, + Beoswt, = —>— (wt, - sinwt,)
kot,
_ Fycosat,
k
. . . F,sinet,
(2) x sinwt, = Acoset,sinwt, — Bsinot, = -——9(1- cosmt,)

kt,
substracting (2) from (1) we get,

B(sin2 ot, + cos’ wtd)

F, , , _ F,
= (wt, coswt, — sinet, cosmt, — sinwt, + sinwt, coswt, ) — —Lcoswt
kort, k
F, . F,
= B = *(wt, cosmt, — sinwt,)— —>coswmt
kot, k

Response at any time ¢ > ¢, we get,

F, . F, . .
x(t) ={—2(coswt, + wt,sinwt, — 1) — ~*sinwt, ysin ot
kaot, k

F, . F, F,
+ (a)td COSLL)[d - Sll'l[t)fd.)— —coswt coswt + —
koot, k K
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