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3.[67] The response of an underdamped 1-DOF

system excited by a harmonic sine force is

z(t) = A eicw"tsin(wdt-l-(b) + Xsin(wt—8)
(a) For the system of mass m = 23.5 kg, damping
coefficient ¢ = 843 kg/s, and spring stiffness k =
385,000 N/m, calculate the steady-state amplitude X
and phase 6 if the harmonic force is 654 N at 28.5

Hz.

(b) For the system of damping ratio ¢ = 0.225 and
undamped natural frequency w, = 40.0 rad/s with
F(t) = F, sin(30.0t) and the
steady-state response acp(t) = (0.004 m) sin(30.0¢ -
0.771), calculate the amplitude A and phase ¢ of the

response if the system was initially at rest.
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4, H 3 dEke FAY AN e
gl M4 E7F 1,800 rpmelar, AAA 3] A

0.040 me]x, A4 A= m,7F 0.50 kg °]H
29 A% my o] 9.50 kgolth. ~=ZF 9 A4 k7 64,000
N/me]it, @5 2] A4 ¢7F 600 kg/so|th.
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(a) O O JUAF AP o FdH
_ 2m , 2w _
(b) X T, o ol T, = o1 27T,
2(,Un w
©X Ak o A b = BRAEE w8l el X =
w, —w

(@) m = 235 kg, ¢ = 843 kg/s, k = 385,000 N/m

F(t) = F, sinwt, =6 w = (27 rad) (28.5 Hz) = 179.1 rad/s

54 N,
385, OOON/m w1791
,/ =T 23.5 kg = 128.0 rad/s, TS o T Imo0 1.399

843 kg/s 654 N 5
¢ = = 0.1401, f, = = 27.83 m/s
2\/m " 21235 ke) (385,000 kg/5?) ® 235 kg
v Jo 1 _ 2783 m/s’ 1
wp AV (1—7)2+ (2¢r) (128.0 rad/s)* v/(1—1.399%)% +[2(0.1401)(1.399)]2
= (0.0016999 m)(0.967) = 0.001642 m = 1.642 mm
9 = tarflLr2 = tan! 2(0'1401)(1'339) = tan '(-0.410) — 0<#<n7r
1—r 1—(1.399)
= -0.389 + & rad = 2.75 rad (= -22.3° + 180° = 157.7°)
(b) ¢ = 0.225, w, = 40.0 rad/s, x,(t) = (0.004 m) sin(30.0¢-0.771), z, = v, = O

wy = V1—0.225° (40.0 rad/s) = 38.97 rad/s, (w, = (0.225)(40.0 rad/s) = 9.00 rad/s

z(t) = A4 ¢ """ sin(38.97t + ¢) + (0.004 m) sin(30.0¢- 0.771)

z(t) = (=9.00 rad/s) A4 e " sin(38.97t + ¢) + (38.97 rad/s) 4 e """ cos(38.97 t + ¢)
+ (30.0 rad/s)(0.004 m) cos(20.0 t- 0.771)

z(0) = A sing + (0.004 m) sin(-0.771) = 0 = A sing = 0.002787 m > 0O

(-9.00 rad/s) A sing + (38.97 rad/s) A cos¢ + (0.12 m/s) cos(-0.771) =

= A cos¢ = [(9.00)(0.002787) - (0.12)(0.7171)1/38.97 m = -0.001564 m < O

Q-
—~
()
N
Il

sing > 0 9]aL cos¢ < 0 °]E&E, ¢ 2AFEH (%w < ¢ <)

A = 1/(0.002787)* + (— 0.001564)> m = 0.00320 m = 3.20 mm

& = tan*% = tan"(-1.782) = -1.059 rad (= -60.7°)

¢ = ¢ + 7w rad = 2.08 rad (= 119.3°)



4. (a) F.B.D.

(b) =M, = Jb
—k(aO—y)a - c(bé)b - mgdf = (mdQ)é
= (mdQ)é + (cb2)é + (ka? +mgd) 0 = kay(t)
= kaY sinwt

() J=md , ct=cb2, ktZkaermgd
Cy ch?

<: =
K, 2\/md2 ka +mgd)

/kf /ka +mgd
w, 5
md
, / md2
Wy ka +mgd ka —|—mgd
V m d*

5. (@ N = 1,800 rpm, e = 0.040 m, m, = 0.50 kg, m,; = 19.50 kg, = 64,000 N/m,
¢ = 600 kg/s, m = m; * my, = 9.50 + 0.50 kg = 10.00 kg
64,000 kg/s?
w, \/ = AT 10.00 ke - = 80.0 rad/s
_ (2rrad/rev)N _ (2mrad/rev) (1,800 rev/min) _
“r = 60 s/min B 60 s/min = 188.5 rad/s
w, 188.5 c 600 kg/s
= = —— = 2.36 = = = 0.375
" Wy, 80.0 ¢ 2vVmk 2+/(10.00 kg) (64,000 N/m )
mye wf
(b) X =
m \/ (W2 —w?)+©2C¢w,w,)?
_ e r2
m \/ (1—1%) 2§r)
(0.50 kg)(0.040 m) 2.36°
= = (0.05) (0.040 m) (1.136)
(10.00 kg) V(1—=2.362)% + [2(0.375)(2.36)]?

2.27x107% m = 2.27 mm

(©) z,(t) = X, sin(w,t—6,) 2 34,
F,.(t) =c :ép(t) =cw, X, cos(w,t—0,) = Fy cos(w,t—40,)
Fp = cw, X, = (600 kg/s)(188.5 rad/s)(2.27x107° m) = 257 N



