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3.[47] The response of an undamped 1-DOF system

excited by a harmonic sine force is

z(t) = A, sinw,t + 4, cosw,t + 5 sinwt

w, —w
Consider the forced vibration of mass 0.400 kg
connected to a spring of stiffness 2,000 N/m being
driven by a 20 N harmonic force at 10 Hz (20«
rad/s). The motion is assumed to have started from
rest (x,=v,=0).

(a) Determine the values of 4, and A4, of the
response equation.

(b) Determine the maximum amplitude of vibration (in

mm unit).
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1. @ (M= Ao @ 1/xess, 753055
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2. (a) 0] frb - |wn _(1)|, Tmax — ‘(U,,?*(U2| - (w7l+w)|wn_w|
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(c) O Atst A& r >>1, w, << o,

3. m = 0.400 kg, &k = 2,000 N/m, F, = 20 N, w = 207 rad/s, z, = v, = 0

. f :
z(t) = A, sinw,t + A, cosw,t + % sinwt

W, —w
2,000 _ _ ) _ 20N _
(@) w, = 0.400 70.71 rad/s, w = 207 rad/s = 62.83 rad/s, f, 0400 kg 50.0 N/kg
. . w fo
z(t) = w, 4, cosw,t —w, Ay sinw,t + —— coswt
w, —w
z(0) = A4, = 0
20) = oA+ I o g e S 828 500 g0
LW ! W, w?—w 70.71 70.71> — 62.83> '
(b) z(t) = -2 _fo sinw,t + _fo sinwt
Wy u)nz_(.UQ u)n?—wz
sinw,t = -1 °]al sinwt = 1 & o FHoj F
- W fo 4 fo Y N fo _ (62.83 +1) 50.0
T wy, @) - Wt w?— w? Wy, w! — w? 70.71 70.71% — 62.837

= 0.0897 m = 89.7 mm
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6. (@) my = 4 kg, m = 40 kg, k., = 80,000 N/m, N = 2,400 rpm, e = 80 mm, X, =

(2rrad) N _ (27 rad) (2,400 /min)

“r 7 60 s/min 60 s/min = 251.3 rad/s
eq 80,000 kg/s

Wy \/> \/T 44.72 rad/s

251.3
T - 002
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X = - = (0.10)(80 mm) (5.62)
m \/ (1—=r")2 4 (2¢r)? [1— (5.62)%]2

= (0.10)(80 mm) (1.033) = 8.26 mm

2
) D Fp = myew’ —— 1‘:22“) _ = (4 kg)(0.080 m)(251.3 rad/s)’ T
VA=) +(2¢r) [1—(5.62)%]
= 661 N

(=%, Fr =k, X, = (80,000 N/m) (8.26x107° m) = 661 N )
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