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4.[6 ] Consider the free vibration of a 1 DOF
(one degree-of-freedom) spring-mass-damper
system.

(a) The system has mass of 4.50 kg, damping
coefficient of 105 N/(m/s), and stiffness of 1350
N/m. Calculate the undamped natural frequency

w,, the damping ratio ¢, and the damped natural

frequency w,.
(b) The response has the form
z(t) = Ae cos(wyt - 0)
For the system with w, = 160 rad/s and ¢ =

0.25, determine A and 6 when the initial
velocity v, is 7.50 m/s and the initial

displacement z, is O(zero).
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1. (a1 : (modeling) -
2 :  (solving) -
(prediction) -

(b) - ( )

2. |zl = w24 = 2xf,)*A = [27 (30 Hz)*] (0.014 m) = 497.4 m/s®

497.4 m/s?

20'0910—2 = 20log50.7 = 20 (1.705) = 34.1 (dB)
9.81 m/s

3ET 1
3. (a) X k’l = 7, k(,,q = k1+l€, k(,,q = T_’_l
ko k
® O  w, =/F

- 29 - 29
(c) X =N r2n On =N L+ an

4. (@) m = 450 kg, ¢ = 105 N/(m/s), Kk = 1350 N/m

¢ 105 N/(m/s) _
¢ = 2v/mk 2450 kg) (1,350 N/m) 0.674

wy = V1—Cw, = V1—0.674% (17.3 rad/s) = 12.8 rad/s

(b) w, = 160 rad/s, ¢ = 0.25, v, = 7.50 m/s, =0

xo -
wy = V1—Cw, = Y1—0.25% (160 rad/s) = 155 rad/s
2(t) = Ae ' [-Cw, cos(w,t — 0) - w,sin(w,t — 0)]
z(0) = 4 cosf =z, =0
z(0)

A [-Cw,cos0 + w,sinf] = v,
wgAsing = v, = 7.5 m/s
. ™
, sinf > 0, cosfd =0 0 =

—Erad

_ Y% _ 75m/s _ _
A = o, = 155 rad/s rad/s 0.0484 m = 48.4 mm




5. (@ 7 =0.08s

27 rad _ 27 rad

(b) wg = = = g, - 785 radls
©) w, = @2nm rad) f, = (27 rad) (15.0 /s) = 94.2 rad/s
wg = Vl_CQ(Un
2
_ wgq 785\ _
¢ = ¢/1 o = 4/1 (94'2) = 0.553
6 U:%m?
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T = mx+2J9—2mx+2(2mR (R)_
4 _ S E
dt(T+U)_O dt(4mx+2km =
3 .
5mxaz+kx$=0
3 - _ _ 2k
5mw+kx—0, wn = A3



