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2.[47 1 Consider a spring-mass system shown below,
and assume the bearings provide a viscous damping
force only in the vertical direction.

(a) Express the static equation under gravity, and then
derive the equation of motion of the system

(b) Assume

small displacement, and express the

undamped natural frequency w, and the damping ratio
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Jl H & = & 201993 Ald1 OH/Y/oEh  §l

1. (@ @ As d=el 71zF &5, Hv§ ek, AAdAdA A= jlo] 75
@ 39 B ERH ABSH, FEH WAF S,
W55 A% 1 1FAES
(b) @© &AM ¢ <1 @z, =0 @ v, >0 @ A =15 mm
2. (@ B2 A3 A= mg — kdcosa =0
2315 A mg - k(6 + Al) cosd - cx = mz
A3} cosa = cosf, Al = x cosh = mz + cz + (kcos’a)zx
(b) undamped natural frequency damping ratio
k cos’a
w. =

a a a
o a
A1 ]
k(a®) c(2a0)
ZM0=[0é I =m (3a) =9 dm

k(@B a-c(2aB) (2a=0addmo
9 mO+4ad2cO+ k6O =0

(b) k = 2,400 N/m, ¢ = 30.0 N/(m/s), m = 32.0 kg, a = 0.05 m
m,, =9 a®> m =9 (0.05 m* (32.0 kg) = 0.720 kgm”

¢,y =4 a®c =4 (0.05 m? (30.0 kg/s) = 0.300 kgm®/s

k., = a®k = (0.05 m)? (2,400 N/m) = 6.00 kg-m?/s’
k. ; . m2/s?
w, = 4| = \/600 kg - 1 /2 = 2.887 rad/s
msq 0.720 kg -m
2
(= 5t = 0-80 ke - m /s = 0.0722

2me,w, 2(0.720 kg - m?)(2.887 rad/s)

wy = V1—=Cw, = V1—0.0722% (2.887 rad/s) = 2.879 rad/s

2w rad 27 rad
= = = = =
T . 9.879 ra /S 2.182 s T 2.18 s

(¢) w, = 1,900 rad/s, ¢ = 0.280, ©(0) = 0.200 rad, ©(0) = 50.0 rad/s.

wy = V1 —Cuw, = Y1 —0.280* (1,900 rad/s) = 1,824 rad/s

Cw, = (0.280) (1,900 rad/s) = 532 rad/s
0t) = A e " sinlw,t — ¢)
o) = 4 ¢ ' [-Cw, sinfw;t+¢) + w,; coslwyt + ¢)]



= A4 sing = 0.200rad >0 - @D
00) = A [(w,

sing + w, cos¢] = ~Cw, 6(0) + w,; A cosé = 0(0)
L4 coso - 6(0) +wcwn@(0) _ (50.0 rad/s) + (532 rad/s) (0.200 rad)
d

1,824 rad/s
= 0.0857 rad >0 - @

sing>0 ©]3L cosp>0 OB, ¢ 1A= Zhizo]ojof &
D%+ @* = 4 = V(0.200rad)? + (0.0857 rad)?

N 0200 _
DQ+~©® = ¢ =tan 0.0857 tan"1(2.334) =

= 0.2176 rad = 0.218 rad

= 1.166 rad
4. (@) T=5s
T

f @) dt = (/102dt +/20.52dt +/312dt +f4(—1)2dt +fj(—o.5)2dt)

(0+ 025+ 1+ 1+ 0.25) =

Tpms = 4/ Tf (25 = /0.5 = 0.707 (mm)

(b) SPL, = 101.9 dB, SPLy =

= 94.3 dB
20 logp—A = SPL,, 20 log@ = SPLy
Po Do
S 20 log Xt - 20 10g22 = sPL, - SPL, = 20 logit = SPL, - SPL,
Po Do PB
» SPL,— SPLy 101.9 — 94.3
> oy =10 2 =10°% = 240
Pp
(c) @ HAANYAL} AR F7]4 W3 = Aoy =] FH ko] |4 o= dkEs
@ =P8R = A FAo] slAFAHARTG Yo I
@ MA-Eky AE7E FU1A o kg
5. (a)
L 11 2)'2:l 2 12
T 2]0 2(3ml 0 ml° 0

!
|

_ 1 l _ — 2 02 _ 1 _
2[—2k } 95 (1 —cosh) = k1’0 —ngl(l cosf)

d 2 2 2 n2 1

(b) —(T+ U) = m [—6 PO +kl°6 5 mgl (1 —cos@)] =0

= gmz"’(;vé + 2k1°00 - %mglsin@é =0

6 =~ 0 o™, sinf = 0

= %mlé + 2kl - %mgsin@

= = + - = = = = + - = =
3ml9 2k16 2mg9 0 3ml9 (le 2mg)9 0

(c) stable : %33 82 U =(oscillation) 3t
1

2kl —

2mg>0 (= 4kl —mg > 0)
w, = (E‘E}E n = \/3(4kl_ mg) = %_3_‘9 )
2ml

=0



