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3.[64d] The response of an underdamped 1-DOF

system excited by a harmonic cosine force is

z(t) = A eiw”tsin(wdtJrqb) + Xcos(wt—0)
(a) For the system of mass m = 22.5 kg, damping
743 kg/s,
328,000 N/m, calculate the steady-state amplitude X
and phase 6 if the harmonic force is 574 N at 27.5
Hz.

coefficient ¢ = and spring stiffness k£ =

(b) For the system of damping ratio ¢ = 0.125 and
undamped natural frequency w, = 40.0 rad/s with
excitation force F(t) = Fy cos(20.0t) and the

response (0.004 m) cos(20.0¢-0.165),
and phase ¢ of the
response if the system was initially at rest.

steady—state

calculate the amplitude A
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<«— Suspension system

-<—— Neglected unsprung mass
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1. (a) ¥, gHl, o, 3144 F= Hd7] Ag7], 11 Zy 2, <hnpr], g T,
(b) =71 Al A F53 F3d 7], oftE FIH 5, AAE, AE wd, Y Fx2E, A4
Aol L, A Hit
2. (@0  poc —
' \/k/m
(b) O 7o — 1
lw, — wl
() X z,(t) o ¢t sinwt
3. (@) m = 225 kg, ¢ = 743 kg/s, = 328,000 N/m
F(t) = F, coswt, F, =574 N, w = (27 rad) (27.5 Hz) = 172.8 rad/s
_ /328,000 N/m _ w _ 1728 _
\/m \/ 22.5 kg = 120.7 rad/s, r = o 190.7 1.431
743 kg/s 574 N 2
¢ = - = 0.1368, f, = = 25.5 m/s
2\/mk‘ 21/(22.5 kg) (328,000 kg/s”) " 225 ke
x= o L _ 255 m/s’ 1
wr AV (1—12)2+ (2¢r)? (120.7 rad/s)® v/ (1—1.4312)2 +[2(0.1368)(1.431)]2
= (0.001750 m)(0.894) = 0.001565 m = 1.565 mm
0 = tan'lLT2 = tan! 2(0'1368)(1'4231) = tan '(-0.374) — 6>0
1—r 1—(1.431)
= -0.358 + 7 rad = 2.78 rad (= 159.5°)
(b) ¢ = 0.125, w, = 40.0 rad/s, z,(t) = (0.004 m) cos(20.0¢-0.165), =z, = v, = 0
wy = V1—0.1252 (40.0 rad/s) = 39.7 rad/s, Cw, = (0.125)(40.0 rad/s) = 5.00 rad/s
z(t) = A e *% sin(39.7¢t + ¢) + (0.004 m) cos(20.0¢t- 0.165)
z(t) = (-5.00 rad/s) A e *%" sin(39.7¢ + ¢) + (39.7 rad/s) A e "% c0s(39.7 ¢t + ¢)
- (20.0 rad/s)(0.004 m) sin(20.0 t- 0.165)
z(0) = A sing + (0.004 m) cos(-0.165) = 0 = A sing = -0.00395 m <0
z(0) = (-5.00 rad/s) A sing + (39.7 rad/s) A cos¢ - (0.08 m/s) sin(-0.165) =
= A cos¢ = [(5.00)(-0.00395) - (0.08)(0.164)1/39.7 m = -0.000828 m
sing < 0 O] cosg < 0 O|ERE, Hp= AEW (r < ¢ < %ﬂ EE oo << —%m
A = /(=0.00395)% + (0.000828)> m = 0.00404 m = 4.04 mm

4 = 17 =
¢ = tan 00828

—0.00395

Pz ARER =

¢=

tan '(4.768) = 1.364 rad (= 78.2°)

1.364 + 7 rad = 4.50 rad (= 258°)

<0



4. v = 27.0 km/h, A =

(a)
= 27.0 km/h X

UG A =0T =

Y = % (4.00 cm) =

1.25 m

2.00 cm
1000 m 1 hour _

1 km 36005 (00 m/s

_ A _ 1 _ v _ 750m/s _
r=+ - =777 125m 00t

w=Q@rrad) f = @2x rad) (6.00 Hz) = 12 « rad/s = 37.7 rad/s

(b) w, = 15.70 rad/s, ¢ = 0.220
w 37.7rad/s _
"o w,  15.70 rad/s 2.40
X _ Wi+ @o)? V14 [2(0.220)(2.40))° _ 0.298
Yo a2+ 20r) V11— (2.40)2)% + [2(0.220)(2.40)]?
X, =Y = (2.00 cm)(0.298) = 0.597 cm
(c) X =150 cm = 0.0150 m, = 0.20 rad, Y = 0.0200 m, = 32,700 N/m
y(t) = Y sinwt , z,(t) = X sin(wt-6)
F,(t) = k(z—y) = k [X sin(wt-0) - Y sinwt]
=k [X (sinwt cosf — coswt sind) - Y sinwt]
=k [(X cosf - V) sinwt - (X sinf) coswt] = Fy sinlwt — ¢)
o) 27 Fp=kV(Xcosh — Y)? + (Xsinb)?

(32,700 N/m) V[(0.0150 m ) cos0.20 — (0.0200 m)]> + [(0.0150 m ) sin0.20]?

= (32,700 N/m) (0.00608) = 198.8 N
. .. 2
5. (@ -kx - cz = mz + my —5(z — esinw,t)
dt ko T Tcx
=m,z + myx + myew’ sinw,t
> (my+my)z + cx + kx = —myew” sinw,t my - m, E/m(t)
; . 27V \? L2V
= (my+my)a + cx + ka—er(gO gO t
(b) N = 1,800 rpm, e = 0.040 m, m; = 9.50 kg, m, = 0.50 kg, k£ = 16,000 N/m, ¢ = 240 kg/s
w, = (27 rad) (1,800 /min) (166“15“) = 188.5 rad/s
M = m; + m, = (9.50 kg) + (0.50 kg) = 10.00 kg
~ /16,000 N/m _ @
w, \/M = \/ 1000 kg = 40.0 rad/s, r = -
240 kg/s
= = = 0.300
¢ 2\/Mk 21/(10.00 kg) (16,000 N/m)
mqe r?
X, =
M \/(1—7“2)2-1-(2(7")2
_ (0:50 kg)(0.040 m) (4.71)?
(10.0 kg) V- 4712 +[2(0.30)(4.71))?

(2.00<107° m) (1.038)
2.08%10°% m = 2.08 mm




