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5.[64d] Consider a simple spring-damper—mass
system shown below. The system is exerted by
a harmonic force F(t) = F,sinwt. The system
has mass m = 80 kg, damping coefficient ¢ = 40
kg/s, stiffness k£ = 320 N/m. The harmonic force
F, = 50

has the magnitude N and driving

frequency w = 4.5 rad/s.

m  —Pp F, sinwt

(a) Determine the amplitude X and phase 6 of
the steady-state response z,(t) = X sin(wt —6).
(b) The response is expressed by the following
compete solution.

2(t) = A e " sin(wyt +¢) + X sin(wt - )
Determine the amplitude A and phase ¢ of the

response if the system is initially at rest.
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6.[6d] Consider a simple spring—damper—mass
system shown below. The system is exerted by

a harmonic force F(t) = F, sin2t.

k »x(t)
m P F,sin2t

N

c

The standard form of the equation of motion of
the system is
z+2zx+16z = (0.3 N/kg) sin2t

(a) Determine the amplitude X and phase 6 of
the steady-state response z,(t) = X sin(2¢ —6).
(b) The response is expressed by the following
complete solution.

x(t) = A eicw”t

Determine the

sinlfwgt +¢) + X sin(2¢ - 0)
and ¢ of the

response if the system is initially at rest.

amplitude A4
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kE(x+y) ¢—

Co m |e— cz
c(a:+y)<—

—cx(t) = cla() + y@)] - klz(t) +y@)] = ma(t)

mazt) + 2caz(t) + ka(t) = - cylt) - kyt)

Y sin(307 ¢) = 2z(t) = X sin(307x¢t - 9), X =50 mm
cz(t) = ¢ (307) X cos(807t — 6)

Fr=c¢ @0n) X

4. (a)

(3500 N-s/m) (307) (5.0x107° m)

1649 N
f ac(t)
M
o
kx czx
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~kx - cx = (M—2my)z + 2m, ?(I + e sinw,t)

=Mz - 2myx + 2myx - 2myew,” sinw,t

= Mz + cx + kz = 2myew sinw,t

= Mx + cx + kx

t

27TN)25in 27N
60 60

2mg e



(b) M = 160 kg, = 900 kN/m, ¢ = 600 kg/s, N = 1800 rpm, F, = 4000 N

w, = \/W = 75.0 rad/s, w, = (2 ragé(sl/’i)fn/mi“) = 188.5 rad/s
r= 388 _ o513, ¢ - 600 ke/'s = 0.0250
75.0 24/(160 kg )(900 x 10° kg/s?)
X = 21 € o 2m ew = F)
M \/w —w, ) (Q(w )2 ! ’
_ F r?
- Mol A=)+ )
(4000 N) 2.513”

(160 kg) (188.5 rad/s)® /(1 —2.513%)% + [2(0.0250)(2.513)]?
= (0.7036x107% m) (1.188) = 0.836x10° m = 0.836 mm

(c) my = 1.20 kg, F, = 4000 N, w, = 188.5 rad/s
Fy = QmOea)f
F,
5 o= —'_ = 1000 X - = 46.9%107 m = 46.9 mm
2mg W, 2 (1.20 kg) (188.5rad/s)

5. (@) m = 80 kg, ¢ = 40 kg/s, =320 N/m, F, =50 N, w = 4.5 rad/s, F(t) = F, sinwt

k
/ / 320 N/m o w, 45
80 kg = 2.00 rad/s, r = o~ 200 T 2.25

40 kg/s 50 N 5
¢ = = 0.125, f, = —— = 0.625 m/s
2«/m " 2/(30 ke) (320 ke/52) " 80kg
_fo 1 _0.625m/s’ 1
X = 2 - 2
V=) +(2¢r) (2.00rad/s)” /(1—2.252)2 +[2(0.125)(2.25)]2
= (0.15625 m)(0.2438) = 0.0381 m = 38.1 mm
6 = tan' =2 = (g1 20A2)E25) a0 138) = 01376 rad (= ~7.88°)
1—r 1—1(2.25)
= -0.1376 + 7 rad = 3.00 rad (= 172.1°)
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(b)l’O:UO:O

4 = V1—0.125% (2.00 rad/s) = 1.984 rad/s,

z(t) = A e "% sin(1.984 t + ¢) + (0.0381 m) sin(4.5 ¢ - 3.00)
z(t) = (-0.25 rad/s) A e "* sin(1.984 t + ¢) + (1.984 rad/s) A e "*" cos(1.984 t + ¢)

Cw, = (0.125)(2.00 rad/s) = 0.250 rad/s

+ (4.5 rad/s)(0.0381 m) cos(4.5 ¢t — 3.00)
z(0) = A sing + (0.0381 m) sin(-3.00) = = A sing = 0.00538 m > O

2(0) = (-0.25 rad/s) A sing + (1.984 rad/s) A cos¢ + (0.17145 m/s) cos(-3.00) = 0

[(0.25)(0.00538) - (0.17145)(-0.99)1/1.984 m = 0.0862 m > O

= A cosgp =
sing > 0 ©]3 cos¢ > 0 o|BZ, o<¢<§

= 1/0.005382+0.0862> m = 0.0864 m

6 = tan’! 00'000856328 = tan"1(0.0624) = 0.0623 rad (= 3.57°)
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2. k = 4.5%10° N/m, ¢ = 150,000 kg/s, m = 2x10° kg, ¥ = 0.15m, f, = 1.2 Hz

ke, = 2k = 2 (4.5%10° N/m) = 9.0x10° N/m
Coy = 2c =2 (150,000 kg/s) = 300,000 kg/s
k . 6
w, = 4|~ w = 6.708 rad/s
m 2% 10° kg
= (@27 rad) f, = @r rad) (1.2 /s) = 7.54 rad/s
w,  T7.54rad/s _
TS . T 6708 radjs 14
¢ = Ceq _ 300,000 kg/s - 0119
2y/mk,  2v/(2x10"kg) (9.0 10° N/m)
2 2
vy Vit - (015 m) V1+12(0.112) (1.124)]
V=) +(2¢r) VL= (11242 + 2 (0.112) (1.124)]?
B 1.031 _
= (0.15 m) 0364 0.424 m
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u| g Al 44 z,(t) = Ay t coswt + B t sinwt
yép = A, (coswt - wt sinwt ) + B, (sinwt + wt coswt)
i'p = A4, (2w sinwt - w’t coswt) + By (2w coswt - w’t sinwt)
[ A4y (2w sinwt - w’t coswt) + By (2w coswt - w’t sinwt) ]
k . R
+ — [A, t coswt + B, t sinwt] = — sinwt
m m
k Iy F
2w Ay~ W't By v -t By = — = Ay = -5
—w2tA0+2wBO+%tAU=O = B, =0
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5 (a) -kx - cx = (M— mo)i + my ?(x + e sinw,t)

f a:(t)
= Mz - myz + myz — myew? sinw,t M
= Mz + cx + kx = myew sinw,t l l
. . a 27N\ . 27N kx cx
ﬁMx+cx+kx—moe(60)m60t
) Fr o _ V1+(2¢r)®
myew?  (1-r)?+2¢r)
6. (@) f, = 0.30 m/s?>, w = 2.00 rad/s
2 _ _ _w _ 200 _
w, =16 = w, = 4.00 rad/s, T o 1.00 0.50
2w, =2 = (=- =+ =025
_fo 1 . 0.30m/s? 1
X =5 212 2 2 22 2
wr V(1 =)+ (2¢r) (4.0rad/s)® v(1—0.5")*+12(0.25)(0.5)]
= (0.01875 m)(1.265) = 0.02372 m
6 = tan 2 = tan 1 202005 o 10.333) = 0322 rad (= 18.43°)
1—r 1-0.5
(b) o = Uy = O

wy = V1—0.250° (4.00 rad/s) = 3.873 rad/s, (w, = (0.250)(4.00 rad/s) = 1.00 rad/s
(t) = A e """ sin(3.873 t + ¢) + (0.02372 m) sin(2.00 ¢ - 0.322)

(t (-1.00 rad/s) A e """ sin(3.873 t + ¢) + (3.873 rad/s) A e """ cos(3.873 t + ¢)
+ (2.00 rad/s)(0.02372 m) cos(2.00 ¢t - 0.322)

z(0) = A sing + (0.02372 m) sin(-0.322) = O = A sing = 0.007507 m > O

2(0) = (-1.00 rad/s) A sing + (3.873 rad/s) A cos¢ + (0.04744 m/s) cos(-0.322) = O

= A cos¢ = [(1.00)(0.007507) - (0.04744)(0.9486)1/3.873 m = -0.009681 m < O

) =
) =

xT
T

sing > 0 ©]3 cosp < 0 O] HL=Z, % <o <o
A = 1/0.007507% + (— 0.009681)> m = 0.01225 m = 12.25 mm

_ 4 0007507 _ oy _ o qo
¢ = tan ' — 0000631 ~ t@n (-0.7754) 0.660 rad (= -37.8°)

2AFEH ¢ = ¢ = -0.660 + 7 = 2.48 rad (= 142.2°)



