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3.[4 ] The response of an underdamped 1-DOF

system excited by a harmonic cosine force is
z(t) = A e_cw”tsin(wdt-i-gb) + Xcos(wt—9)
(a) For the system of mass m = 20 kg, spring
stiffness & = 30,000 N/m, damping coefficient ¢
= 600 kg/s, calculate the steady state amplitude
X and phase 6 if the harmonic force is 800 N at
12 Hz.
(b) For the system of damping ratio ¢ = 0.25,
undamped natural frequency w, = 40 rad/s,
driving frequency «w = 10 rad/s, steady-state
amplitude X = 0.004 m, and phase 6 = 0.133
rad, calculate the amplitude A and phase ¢ of

the response if the system was initially at rest.
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3. (@ m =20 kg, £ = 30,000 N/m, ¢ = 600 kg/s, F, = 800 N, f = 12 Hz
w = (2 7 rad) (12 Hz) = 75.4 rad/s

o, = | 2R000N - ag g adrs, = 600 key/s = 0.387
20 kg 2 /(20 kg)(30,000 N/m)

754
T 38.7 1.95
800 N )
fo 20k 40 m/s
40
X = = 0.00841 (m) = 8.41 mm
v (38.72— 75.4%)* + [2(0.387)(38.7)(75.4)]2
9 = tan_12(0.387)(38.7)(75.4) = tan}(~0.539) ( 650 )

38.7% — 75.47
= -0.495 + 7 = 2.65 rad (= 151°)

(b) ¢ = 0.25, w, = 40 rad/s, w = 10 rad/s, X = 0.004 m, 6 = 0.133 rad

wy =V 1—1(0.25)% (40 rad/s) = 38.7 rad/s
(w, = (0.25)(40 rad/s) = 10 rad/s
z(t) = A e " sin(38.7 t +¢) + (0.004 m) cos(10 ¢t - 0.133)
z(t) = =10 A e ' sin(88.7 t +¢) + 38.7 A ¢ ' cos(38.7 t +¢)
- (0.04 m/s) sin(10 ¢ - 0.133)
z(0) = A sing+ (0.004 m) c0s0.133 = 0
A sing = - 0.00396 m <O
-10 A sing + 38.7 A cos¢ + (0.04 m/s) sin0.133 = 0

z(0) =
A cos¢ = [(10)(-0.00396) - 0.00530]/38.7 = -0.0449/38.7
= -0.00116 (m) <O
A = /(-0.00396)* + (—0.00116)* = 0.00413 (m) = 4.13 mm
_ 1000396 _
¢ =tan"— oo = tan (3.41) ( ¢ 3 )

=129 + 7 rad = 443 rad (= 254°)
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= %(0.04 m) = 0.02 m

_ 1 cycle ) ( 1 hour ) _
J = (15 km/h) (0.00Ikm 36005 ) - 417 Hz
27 rad
= (4.17 Hz) = 26.2 rad/s
1 cycle

_ wy, _ 26.2rad/s
T w,  16.5rad/s

= 1.588, ¢ = 0.150

X =y Y1+ o) - (0.02m) V1+ [2(0.15) (1.588))°
V=) + 2¢r) VI — (1588 + [2 (0.15) (1.588)]°

= (0.02 m) (0.695) = 0.0139 m = 13.9 mm

2

-kx - cx = (M- 2m0)i + 2m, ?(w-l- esinw,.t)

= Mz - 2myz + 2myx - 2mye w, Sinw, t Y ﬁ x(t)
Mz + cx + ka = 2myew Sinw, t
- : 2rN\? . 27N l
+ + = .
Mz cw kx 2moe( 60 ) In=5 t kax i

min

(2 7 rad) (1,200 1/min) ( ) = 125.7 rad/s

Wr = 60 5
B / [ 15,000 N/m w1257
w, = 10 ke = 38.7 rad/s, r = o T 387 3.25
300 kg/s
= = 0.387
¢ 2\/ v/ (10 kg) (15,000 N/m)
2mye 2
Xr — 0 T
Mo (1= )+ (2¢r)
_ 2(0.2kg)(0.05 m) (3.25)?
10 kg V(1 — 3.25%) + [2(0.387) (3.25)]?
= (0.002 m) (1.068) = 0.00214 m = 2.14 mm
m = 10 kg, ¢ = 0.20, w, = 8.0 rad/s, z(0) = v, = 20 mm/s
Cw, = (0.20)(8.0 rad/s) = 1.6 rad/s, w, = (8.0 rad/s)y1—0.20> = 7.84 rad/s
z(t) = A e Cent sin(wyt + @) z(0) = Asing =0
z(t) = A e <ot [-Cw, sin(w,t + ¢) + w,; cos(w,t + ¢)]
z(0) = A (-Cw, sing + w, cos¢) = v,
_ % _ 20 mm/s
A cos¢ = o, T8drad)s 255 mm >0
, $ =0, A= 255mm, z(t) = 255 ¢ "% sin(7.84 t) mm
F _ 1.0N - s _ _
= 0ke)(7.84rad/s) - 0.01276 m = 12.76 mm
xy(t) —Le’“"“’”sinwd(zﬁﬂ) = (12.76 mm) e """ Ysin7.84(t—5)
mwd
z(t) = z,(t) + z,(t)

255 ¢ % sin(7.84 t) + 12.76 ¢ "¢ %sin7.84(t—5) mm



