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@D An automobile suspension system is excited har-

monically by a road surface through a shock absorber,

which may be modeled by a linear < > in

parallel with a viscous < >.

@ A common source of troublesome vibration is <
> machinery. Many machines and devices

have <

electric motors.

> components, usually driven by
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3.[6%] Consider the forced vibration of a damped

1-DOF system. The surface 1is friction free. The

harmonic force is F(t)

= Fysinwt.
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1. (@ @ spring, damper, @ rotating

(b) L ZollA] @Wize] 7] 7, = 0.20 s, HUFZ 2 = 0.40 Pa

T}
H

Af _ A f| _ (50-45)Hz _ 5
Af |f = fy (49—46) Hz 3
2T 1 1 , 1 1
T, = = = =0.20s, T, = ; T = =0.333
VT Jwr—wa|  |Fifa] | (50— 45) Hz SO T =T T (49— 46) He °
, 1 Af 5
=1 = ——— = T, - = (0.20 s) — =0.333 s
b f] _f2 ’ Af 3
2/ 2/ 2/
= = = =040 P
T nax |w%_wg‘ (w1+w2)|wl—w2| (w1+w2)27TAf a
;o 2/ _ 21 Af 5 _
tno' = o T )35 AF " o TuJ2rAf Ay = (040 Pa) 5 = 0.667 Pa
2. 331,(25) = A, t ", Ip = A4, (" + jwt ), :Ep =4, 2 jw " - witel)
Ay 2 jow el = W YY)+ Ww? Ayt elvt = Jo el
. f() fO jwt
= 2 jw Ay = f = Aozm = xp(t)= 5w t el
3. (@) AFEAE(F.B.D.)
A2 S H s ZH
ko
Yo mg Sina
mg
- k6 + mg sina =0 - klz@t) +6] - cz(t) + mg sina + Fit) = mz(t)
> mazlt) + cx(t) + kx(t) = F)sinwt
(b) a = 30°, k = 18,000 N/m, ¢ = 400 kg/s, m = 80.0 kg, F, = 40.0 N, w = 5.0 rad/s
[k [18000N/m _ B w50 _
Wy =g = \/480.0 ke = 15.0 rad/s, w = 5.0 rad/s, r = = Tso - 0.333
F 40.0 N . c 400 kg/s
= — = = 0.50 m/s? , = — = = 0.1667
fo = 80.0 kg ¢ 2vVmk 2/(80.0 kg)(18,000 N/m)

So 0.50

m = 2.48 mm

Vw2 =)+ (2¢w,w)? V(15.02—5.0)2 + [2 (0.1667) (15.0) (5.0)]2

2
26w 12(01667) (15:0)(5-0) 16 1950) = 0.1244 rad (= 7.13°)

0 =t =
an w?— w? 15.0* — 5.0
T oy = Jo 1 _ 0.50m/s’ 1
wl V-2 +@cr)?  (15.0rad/s)® V(1-0.3332)% + [2 (0.1667) (0.333)]2
= (0.00222 m) (1.116) = 0.00248 m = 2.48 mm
0 = tan 28 = (ant 20010670 0333) g 1949) = 0.1242 rad (= 7.129)
1—r 1—0.333



4. m, = 20.0 kg, m, = 0.40 kg, k = 80.0 kN/m, ¢ =0, N = 1,800 rpm, F, = 375 N

(a) w

_ (27 rad) (1,800 /min)

. 60 s/min = 188.5 rad/s

my e wf = F

F
e = 0 - 375 N = 96.4%10° m = 26.4 mm

mow? (040 kg) (188.5 rad/s)’

(b) m = m;+my, = 20.0 + 0.4 kg = 20.4 kg

. 3 2
w, = \/:L = \/SO'OXN kg/s” _ 62.6 rad/s

20.4 kg
_ w1885 _
r o= o 626 3.01
(c)¢=0
w2 Me @ (04ke)(26.4%10 °m) 188.5"
m|w?—w? (20.4 kg) | 62.6% — 188.5% |
= (0.517x107° m) (1.124) = 0.581x107° m = 0.581 mm
g oo Mt (04kg)(264<10 "m) 3017
= m | 1—?| (20.4 kg) |1—3.012]
= (0.517x107° m) (1.124) = 0.581x107° m = 0.581 mm
5. (@) AH=A% (F.B.D.)
0,
> 7 l 7 l 7 m
o, a
kL©O©—-B) c(2L)(©-73)
(b) =M, = I, 0, I, =m(BL)? = 9mL? B(t) = Bsinwt

- L kp(©=8B)1 - 2L [2¢L(6-B)] =9mIL> 6
= 9mL® O + 4cL’6 + KL*O = 4cL?*B + kL*B

= 9mL® O + 4c¢L*O + kL0 = dwcl?Bcoswt + kL? Bsinwt
TE 9m O + 4c¢O + kO = dwe Beoswt + kBsinwt

(c) k = 2,500 N/m, ¢ = 250 kg/s, m = 30.0 kg, L = 0.04 m

o) = 6, sinlwt - ) 6, = 0.05 rad, w = 20 rad/s, 6 = 1.14 rad
M, () =L [kL(©—pB)] + 2L [2¢L(O0-p)] =-9mLI? O

=9mL? w6, sinlwt - 6)
My =9mL?* w6, =9 (30.0 kg) (0.04 m)? (20 rad/s)? (0.05 rad) = 8.64 N-m



