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3.[6 ] Consider a 1-DOF (degree-of- freedom)
spring—-mass-damper system.
(a) The system has a mass of 5.2 kg, damping
coefficient of 175 N/(m/s), and stiffness of 9540
N/m. Calculate the oscillating period 7" in s for
the underdamped system.
(b,c) The free response has the following form.
z(t) = A e St cos(wyt + @)
For the system with the undamped natural
frequency w, = 1950 rad/s and the damping | ~——————————————— "o T-o-—-—-—-—--
ratio ¢ = 0.230, determine 4 in mm and ¢ in | 2. (a) X (b) O (c) X
radian when the initial displacement z, is -2.50 | 3. (&) 7' = 0.1595 s
mm and the initial velocity v, is 350 mm/s. (bc) A= 253 mm, ¢ =298 rad
. (@ p = 0.2 Pa
®) z,_, =6 mm, =z, =219 mm
.2m0 + k06 =0, w, = —

n
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3.[6 ] Consider a 1-DOF (degree-of- freedom) 9 9%

spring-mass—damper system.

(@) The system has a mass of 8.5 kg, damping
coefficient of 235 N/(m/s), and stiffness of 8750
N/m. Calculate the damped natural frequency f,

in Hz.

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

z(t) = A e ¢ sin(w,t + ¢)
the system with the undamped

t

For natural
frequency w, = 420 rad/s and the damping ratio
¢ = 0.250, determine 4 in mm and ¢ in radian
when the initial displacement z, is 5 mm and

the initial velocity v, is -1600 mm/s.

2. (@ X (b) X (c) O
3. (@) f, = 4.61 Hz
(b,c) A=566 mm, ¢ = 2.06 rad
4.3m60 + k6 =0, w,= k
3m

5. ¢, =2 ¢ cos’g
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2. (& X ( )

(b) O (wd =V 1_42 wn! 0<<<1)
() X (k,, =2 k cos’60° =2 k (05> =05k # k

eq

3. (@ m =52 kg, ¢ =175 N/(m/s), k = 9540 N/m
w, = F |/ 95;1021?{/ = = 42.83 rad/s
2\/_ V(5.2 1k7g5) i)gE)/zLSo N/m) = 0.393
= V1—Cw, = V1- 0393 (42.83 rad/s) = 39.39 rad/s
r= fid - Ma)zad - 39.237;12?1/5 = 0.1595 s

(b,c) w, = 1950 rad/s, (¢ = 0.230, =z, = -2.50 mm, v, = 350 mm/s.

= V1—Cuw, = V1—0.230° (1950 rad/s) = 1897.7 rad/s

z(t) = Ae ' cos(w,t +¢)  a(t) = Ae ' [Cw, cos(w,t +¢) - w, sin(w,t +¢)]
(0)-Acos¢>—x0——250mm <0
z(0) = A (-Cw, €OS¢ - w, SiNg) = v,

A sing = —Qw,xy— vy (—0.230) (1950 rad/s)(—2.50 mm) — (350 mm/s)
wy 1897.7 rad/s

= 0.406 mm > 0

24 2 A= /(=250 mm)>+ (0.406 mm)? = 2.53 mm
+ ¢ = tan™* 8'30560 = tan™'(-1.892) = -9.22° = -0.161 rad
sing>0 cos¢<0 , ¢ 2
¢ = -0.161 rad + 7« rad = 2.98 rad
4. (@) p, = 2x10™° Pa, 5 = 80 dB
S 80
S =20 |ogp£ p = p,10%° = (2x10° Pa) 10%° = 0.2 Pa
0
®) z,-, = (@ mm) - (-2 mm) = 6 mm
T, = \/%[02+2Q+42+ (—2)’] =2.19 (mm)
AR N 2) Lo p22 _L(E)Q L 2
5. T=5J0 2(239 MR U—2k20—8kR9
i d l 9 2) B l 5 l 9
dt(TJrU) dt( mR*9° + ShR) = SmRO + kRO =0
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2. (@ X ( )
b) X (v = V1-Cuw, w#w, T=27/w)

3. (@) m =85 kg, ¢ =235 N/(m/s), k = 8750 N/m

/ [ 8750 N/m
5.5 kg = 32.08 rad/s

235 kg/s
= = 0.4308
2\/ V(8.5 kg) (8750 N/m)
= V1—-Cw, = V1—0.4308” (32.08 rad/s) = 28.95 rad/s
_ wg 2895 rad/s _
fa = 27 rad 2w rad = 461 Hz

(b,c) w, = 420 rad/s, ¢ = 0.250, =z, =5 mm, v, = -1600 mm/s.
= V1-Cw, = v/1—0.250* (420 rad/s) = 406.7 rad/s

() = Ae ' sin(w,t +¢)  z(t) = Ae ' [Cw, sin(w t +¢) + w,; cos(w,t +¢)]

8

z(0) = Asing =z, =5mm >0
z(0) = A (-Cw, Sing + w, €OS®) = v,
W, Tyt v . —
4 coso = Cw, o+ vy _ (0.250) (420 rad/s) (5 mm) + (— 1600 mm/s)
wy 406.7 rad/s
= -2643 mm < 0
24 2 A= +/(Gmm)?+ (—2.643mm)> = 5.66 mm
. _ -1 5 _ -1, - _ o — _
: ¢ = tan o613 - tan™"(-1.892) = -62.1° = -1.08 rad
sing>0 cos¢<0 , ¢ 2

¢ = -1.08 rad + 7 rad = 2.06 rad

4, T= Lme)? +Ltem)@e)? = 2mr2e’,  Uu=Lkwer= Lrr2e
2 2 2 2 2
d d 3 1 2 2) _ 210 N 2 n —
dt(T+U) pr L6’+2kL9 =3mZL200 + EL®0H =0
3mé + k6 =0, w, =
3m

5. F=F cos§ + F,cos) ~ F, =cv, « v, =z cosl
c.qt = [c (z cosh)] cos® + [c (z cosf)] cosd

.y = ¢ C0s’ + ¢ cos’d =2 ¢ cos®d



