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3.[64] Consider a 1-DOF (degree-of-freedom)
spring—-mass—damper system.

(a) The system has a mass of 9.80 kg, damping
of 350 N/(m/s),
15680 N/m. Calculate the oscillating period 7 in

s for the damped system.

coefficient and stiffness of

(b,c) The free response has the following form.

c(t) = A e
the

frequency w,

cos(wyt — ¢)
system with the undamped natural
1800 rad/s and the damping

ratio ¢ = 0.260, determine the amplitude A in

For

in radian when the initial

-7.50 mm and the

mm and phase ¢
displacement =z, is initial

velocity v, is O.
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3.[641 Consider a 1-DOF (degree-of-freedom)
spring-mass—damper system.

(a) The system has a mass of 8.50 kg, damping
coefficient of 320 N/(m/s),
21250 N/m. Calculate the

frequency f, in Hz.

and stiffness of

damped natural

(b,c) The free response has the following form.

x(t) =
For the

frequency w,

A et sin(wyt + ¢)
system with the
2450 rad/s and the damping

ratio ¢ = 0.280, determine the amplitude A in

undamped natural

mm and phase ¢ in radian when the initial

displacement =z, is —-5.40 mm and the initial

velocity v, is O.
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(4 o] © bouncing - “ebda,
pitching — oA & uj,
rolling — <olA & uj,
vawing — $lolA & u))

2. (a) X HPAUAE 233 AR 9} FolA] ko] wEAl o X W
(h) X HE oA 0 ¢7F S5 =94 FEE (A5 W 32, 298
GJ,
© O k= 2 o g o= o s L s Ly ome, R oy
L P T 27 m
3. (@ m = 9.80 kg, ¢ = 350 N/(m/s), k = 15,680 N/m
_ [k _ [15,680 N/m _
Wa = A4l T 080 kg 40.0 rad/s
¢ 350 kg/s
= = = 0.4464
¢ 2vVmk 24/(9.80 kg) (15,680 N/m)
wy = V1 —Cw, = V1 —0.4464> (40.0 rad/s) = 35.79 rad/s
_ 1 _ 2mrad _ 27 rad _
=4 w, 35.79 rad/s 017999
(b,c) w, = 1,800 rad/s, ¢ = 0.260, =z, = -7.50 mm, v, = O.
wy = V1 —Cw, = V1 —0.260> (1,800 rad/s) = 1738.1 rad/s
Cw, = (0.260)(1,800 rad/s) = 468 rad/s
z(t) = A e " cos(wyt — ¢)
2(t) = A ¢ ' [~Cw, coslw,t —¢) — w, sin(wyt —¢)]
z(0) = A cos¢ =z, = -7.50 mm <0 - @D
2(0) = A (-Cw, cos¢ + w, sing) = v, = 0
. GCwuzy (468 rad/s)(—7.50 mm) _
= A sin¢g = o, 1738.1 rad/s = -2.019 mm <O
@2+ @ = A4=+(=750mm)?+ (-2.019mm)’> = 7.77 mm
D+@ = ¢=tan’ __27'05109 = tan"'(0.2692) = 15.07° = 0.263 rad

sing<0 ©]aL cosg<0 °] P Z, ¢ 3AHEH ] Zbio]ojof g

=

¢ = 0.263 rad + 7 rad = 3.40 rad

- @



4. (a) § =20 log2 |

py = 2107 Pa

20
S 49
= p=p, 102 = p, 10%° = 282 p, = 282 (2x107° Pa) = 5.64x107° Pa
p p p
S, =8 =20 log—2 - 20 log—1 = 20 log—2
Po Py b1
S,— 5 49— 43
Py _ 20 _ 20 _
= — =10 = 10 =199 = 2
by
(bo) WAAA 1 A4 22y AGAsh 944 fwre] ¥
k, = 2 k cos?30° = %k
ky = 3LE3[ E A AF=(Young's modulus),
3 3EI
keq=k1+k2=5k+ 73
ke,
o = [F 1(3k+3Ef)
m m \ 2 3
1 2 _ l © 2
) T, g mv = gma
© 2
- L= Lo = 4L )_) Sl
7, 2Jw Jo 5 2mR = mx
1 <2 1 <2 3 .92
= + = = + = = =
T=1T 7, 5 M i i
- . 3 3
(b) B4 A mgR - ké(ER) =0 = mg - Skd=
2
U, = —mg(gé-l-x)
1 3\
U, = 2k‘ 6+ 236)

2 1 3\
= + = — — + — —
v=1U U, mg(36+x 2k:(5-|— Qx)

© Lir+v) =0
dt
d 3 -2 2 1 3\
— = - = + = =
dt[4mx mg 35+x 2k(6+2x ]
3 .. . 3 \3.
= — - + — — =
gmTT ~ mga k§+2x)2x 0
. 3 9
> = - + = + = =
5 MmT = myg 2k(5 4ka: 0
= %mi+ %km=0
EEPN mi+ She =0
DHAEFE o, = e



(b,c) w, = 2,450 rad/s,

0= V1—=Cw, = V1 —0.280* (2,450 rad/s) = 2,352 rad/s
Cw, = (0.280) (2,450 rad/s) = 686 rad/s
2(t) = A4 e " sinlw,t + ¢)
a(t) = A e ' [—Cwn sinlfwy t +¢) + w,; cos(w,t + ¢)]
z(0) = A sing = =-540mm <0 - @
z(0) = A4 (-Cw, sing + w, cos¢) = v, = 0
_ Cuwuzg (686 rad/s) (—5.40 mm)
= Acosg = — — = 2,352 rad/s
@2+ @ = A= +(-540mm)’* + (—1.575 mm)’
N o =540 _
DO+ ® = ¢ =tan 57 tan 1(3.429)

¢ =0.280, z, = -5.40 mm, wv, = 0.

Jl H & = & 20133 A&l (Vb & @
1. Az (#AAo] : A%AA - A% 4 == s &8 WFo wokoli}l A
HEaly - desl, 2, &, A5 5.

Fd - A vl
2. @X o ol ga 2% Fol gopaut, g ) = 2T
d
3
(b) O k = 3ﬁ[ olal [ = 11—2bh3 ojlmE | o (%)
4 4
(©) O ko= Gd30]Ei,koc d3
64n R nR
3. (@ m = 8.50 kg, ¢ = 320 N/(m/s), k = 21,250 N/m
/ /21,250 N/m
3.50 kg = 50.0 rad/s
320 kg/s
- = 0.3765
¢ 2\/m 2+/(8.50 kg) (21,250 N/m)
= V1 —-Cw, = V1 —0.3765" (50.0 rad/s) = 46.32 rad/s
. wg _ 46.32rad/s _
fa = 27rad 27 rad = 7.37 Hz

= 5.63 mm

1A

= 73.7° = 1.287 rad

sing<0 ©]aL cosg<0 ©]|P &, ¢= 3AHEH O] Zti-olojof &}
= ¢ =1287rad + 7w rad = 4.43 rad (=<

= 1.287 rad - 7 rad =

ot

=-1575mm <0 - @

-1.855 rad)



4. (a) + =

=2s, 0<t<2s oA z(t) = 5¢

\/ T/
1[ 1 1/ /tdt

(b) EAZ & A4t

L =2 kc
FA
1:L
keq
w. =
1
5.(a)T=5mv
U, = -myg
1
Uzzgk(
uv=10u +

5
1/ \/> \1/(;_ = 5.77 (mm)
o}

22y AgA 9 FXF Bo Fddd
2000 = 3
0s“30 5 k
E &A= Young's modulus),
+L:i+ L _ 2EA+3kL
FA 3kEA

B / keq \/ 3kEA
m(@2FEA + 3kL)

2:l 'ZZL 2 2
2m(l9) 2ml@

h = -mgl (1 - cosf)

o _ 1, 90
19) 2kl9

U, = -mgl (1 - cosf) + %klzez

d _
(b) E(T—i_ U) =

mi200

CRERI
m

d 1 5
dt[lea

° 2

+

- mgl (1 = cosh) %klz’a?]

- mgl sin@ 6 + k1’06 =0

mP*0 - mgl sinf + kI’0 =0
milf - mg sinf + k16 =0

L &AL =0 = singd = 6

10 - mg 0+ ki6 =0

(e}
A A

mlO + (kl - mg) 0 =0

w = JEZmg _ [k g
n ml m l

A A



