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4.[6% ] The response of an underdamped 1-DOF

system excited by a harmonic cosine force is

z(t) = A eiw”tsin(wdt+ ¢) + Xcos(wt—0)
(a) For the system of mass m = 20 kg, spring
k= 128,000 N/m,
coefficient ¢ = 700 kg/s, calculate the steady-
state amplitude X and phase # if the harmonic

force is 500 N at 60 rad/s.

stiffness and damping

(b) For the system of damping ratio ¢ = 0.125
40 rad/s

with excitation force F(t) = F, cos(10t) and the

steady-state response (0.004 m) cos(10¢- 0.85),
calculate the amplitude 4 and phase ¢ of the

and undamped natural frequency w, =

response if the system was initially at rest.
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(b) k£ = 2,500 N/m, ¢ = 300 kg/s, m = 40 kgo]
i, AE LE 0.04 m oW, viere] F W9 y(t)
= Y coswt ¥4 u, 2 O@)= o= £}

O(t) = (0.10 rad) sin(20t-1.14)
F4]7](damper)E &3l S g R dAdE= 3

73] 7]
o] A7]E= E NIV

4.[6% ] The response of an underdamped 1-DOF
system excited by a harmonic sine force is

z(t) = A eicw”tcos(wdt—qb) + Xsin(wt—8)
(a) For the system of mass m = 3.00 kg, spring
30,000 N/m,
coefficient ¢ = 120 kg/s, calculate the steady-

stiffness k& = and damping

state amplitude X and phase # if the harmonic
force is 900 N at 150 rad/s.

(b) For the system of damping ratio ¢ = 0.125
= 40 rad/s

with excitation force F(t) = F, sin(10t) and the

steady-state response (0.004 m) sin(10¢- 0.85),
calculate the amplitude 4 and phase ¢ of the

and undamped natural frequency w,

response if the system was initially at rest.
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270 2 NZR (k = 20,000 N/m,
= 150 rad/s, Z4JH] ¢ = 0.10)



Jl H & = & 20133 A2 (Hdh) & &
1. A& (@Y 0 153055, +5d59)
_ 2w _ 2fy _ 27 2f,/2m folm
2. (a)O Tb_ |wn_w|’ Tmax — ‘wi_wQ‘ - |(Un_(i)| (.Un+w - ]-;)LL)"I‘F(.U
b X o VIHEGF g oy
Y VA=) + (2¢r)
’ITLXT 'r2 —
(©) O = o] ag=
moe (1= +(2¢r)
3. (a)
k(z —y) o e— ko
c (x—y) +— “—
FEY % A2WE -k —y) -clx—y) - kz - cz =mz
= max +2cx+2kx = cy + ky
(b) y(t) = Y coslwt) = 25 cos(107 t) mm Y =25 mm, o =20 7 rad/s
= 2(t) = X cos(wt - ) X = 7.5 mm
F,(t) =ka®t) + cz(t) = kX coswt = 0) - ¢ w X sinlwt - 6)
Fr= VEX)?+ (—cwX)? = VE? + (cw)® X
= V(16,000 N/m)? + [(3,300 Ns/m) (107 rad/s)]®> (7.5 mm)
= (104,900 N/m) (7.5%x107% m)
=787 N
4. (a) m = 20 kg, ¢ = 700 kg/s k= 128,000 N/m
= F, coswt, =500 N, w = 60 rad/s
/ /128000N/m _ w _ 60 _
20 ke = 80.0 rad/s, r = TR0 0.750
700 kg/s 500 N )
¢ = = 0.2188, f, = = 25.0 m/s
2\/m " 9/(20 kg) (128,000 ka/5) " 20kg
v = Jo 1 _25.0m/s’ 1
wr V(1—12)2+ (2¢r) (80.0rad/s)* /(1—0.75%)% +[2(0.2188)(0.75)]>
= (0.003906 m)(1.8284) = 0.00714 m = 7.14 mm
0 = tan'llZiCT2 = tan! 2(0.2188)(0.75) = tan 1(0.7502) = 0.644 rad (=
-r

1—(0.75)?

36.9°)



(b)$0=vo=0

= y/1-0.125 (40 rad/s) = 39.7 rad/s, (w, = (0.125)(40 rad/s) = 5.00 rad/s
z(t) = A e " sin(39.7t + ¢) + (0.004 m) cos(10¢- 0.85)
z(t) = (=5 rad/s) A e °" sin(39.7t + ¢) + (39.7 rad/s) A e *' cos(39.7 t + ¢)

- (10 rad/s)(0.004 m) sin(10 t- 0.85)
z(0) = A sing + (0.004 m) cos(-0.85) = 0 = A sing = -0.00264 m < O
2(0) = (-5 rad/s) A sing + (39.7 rad/s) A cos¢ — (0.04 m/s) sin(-0.85) =
= A cos¢ = [(5)(-0.00264) - (0.04)(0.751)1/39.7 m = -0.001089 m < O
3

sing < 0 ©]aL cosgp < 0 O]2R, 71 < ¢ < o

A = V(=0.00264)2+ (—0.001089)> m = 0.00286 m = 2.86 mm
_ -1 —0:00264 _ _ 0

¢ = tan 0001080 C tan (2.424) = 1.180 rad (= 67.6°)

1< ¢ < %w olm@ ¢ = 1.180 + r rad = 4.32 rad (= 248°)

= 73,500 N/m, ¢ =0.1, m =15 kg, m; = 0.5 kg, e =0.20 m

73,500 N/m
1/ = 15 ke = 70 rad/s

(a) N = 1,800 rpm = 2”% = @n rad)% = 188.50 rad/s
_ w, _ 188.50rad/s _
" T W, 70rad/s 2.693
v = e r2 _ (0-5kg) (0.20m) 2.693
' mo o\ (1—2)2+ (2¢r) 15 kg V(1 —2.6932)2+[2(0.1) (2.693)]2

= (6.667x107° m) (1.156) = 7.71X10° m = 7.71 mm

(b) Fr = 2,500 N
F}T(t)=kx(t)+c:'z()=kX Sin(wt—9)+cwXCOS(wrt—9)
Fp = \/(kX)2 (cw, X)? \/kz2 X, =m \/wiJr(?(jwnwr)? X, = mwf\/1+(2(r)2 X,

X, = ' = 2500 N = 33.4x107 m = 33.4 mm
" omw2Vi+ @) (73,500 N/m) v 1+[2(0.1) (1)) ' '




A& s = 2013 Alg2 (b 3 g

2. (@ X 7HAe o] HEA o x| 7t FYEDE A 7t
(b) O 23> 83} Ay (¥ shock absorber)
(© X m X, r JEp—
C = (o) S
mpe V(=P 4 (2¢r)
3. (a)
2¢L6
n, ) .
TRy l k(L6 —y)
My = 1,0 Ip = m@BL)? =9 mL®

-L [k(LO —y)] - 2L (2¢LO) =9 mL> O

9mL* O + 4 cL?0 + kL*O = kLy

7k

w = 20 rad/s, 6 = 1.14 rad

=
= 9mL O+ 4cLO+ ELO =

(b) k = 2,500 N/m, ¢ = 300 kg/s, m = 40 kg, L = 0.04 m
0#) = X cos(wt — 6) X = 0.10 rad,

F,.(t) =2¢LO = -2¢L w X sin(wt - 6)
Fp=2cLwX =2 (300 kg/s) (0.04 m) (20 rad/s) (

0.10 rad) = 480 N

4. (@) m = 3.00 kg, ¢ = 120 kg/s = 30,000 N/m
F(t) = F, sinwt, = 900 N, w = 150 rad/s,
/ /30000N/m _ w _ 150 _
3.00 ke = 100 rad/s, TS T o0 T 1.50
120 kg/s 900 N )
¢ = = 0.200, f, = = 300 m/s
2\/m " 2/(3.00 k) (30,000 ke/5) " 3.00kg
_ fo 1 _300m/s® 1
wp AV (1—1)2+ (2¢r) (100 rad/s)* /(1 —1.50%)% 4 [2(0.200)(1.50)]?
= (0.030 m)(0.7212) = 0.0216 m = 21.6 mm
0 = tan_172§742 = an‘1—2(0'200)(1'520) = tan '(-0.480) = -0.448 rad (= -25.6°)
1—7 1—1(1.50)

a2 Q8 9 dAolmr  0<h<x. WA ¢ =

-0.448 + w rad = 2.69 rad (= 154.4°)



(b)l'():’l)o:o

w; = V1—0.125% (40 rad/s) = 39.7 rad/s, Cw, = (0.125)(40 rad/s) = 5.00 rad/s
(t A e ? cos(39.7t - ¢) + (0.004 m) sin(10t- 0.85)

) =
(t) = (-5 rad/s) A e °" cos(39.7t - ¢) - (39.7 rad/s) A e °' sin(39.7 t - ¢)
+ (10 rad/s)(0.004 m) cos(10 t- 0.85)

z(0) = A cos¢ + (0.004 m) sin(-0.85) = 0

xT
€T

= A cosg = 0.003005 m > O

#(0) = (-5 rad/s) 4 cos¢ — (39.7 rad/s) A sin(-¢) + (0.04 m/s) cos(-0.85) = 0
= A sing = [(5)(0.003005) - (0.04)(0.660)1/39.7 m = -0.000287 m

<0
. T L 37
sing < 0 ©]aL cos¢ > 0 o|2=Z, —5<¢<0 (5E—:7<¢<27r)
A = 1/0.003005% + (—0.000287)> m = 0.00302 m = 3.02 mm
_ ., —0.000287 _ _ e g
¢ = tan 0.003005 tan™'(-=0.0955) 0.0952 rad (= -5.46°)
T+ 6.19 rad (= 355°)
5. (a)
kr €—
. M |e—kz
CT 44—
. . 42
—kx —cx —kx = (M—my)x + moﬁ(z + 7 cosw,t) w, = 271n
= Mz —myx +myz — morwfcoswrt
= Mb}+ca'c+2kaz=morwfcoswrt
= Mz+cx+2kx = myr(27n)?cos(2rnt)
(b) k = 20,000 N/m, w, = 150 rad/s, ¢ = 0.10
w, = (2mrad) (20 rev/s) = 40 7 rad/s = 125.7 rad/s
X = 4x107 m , z(t) = X, cos(w,t —6)
F,(t)=kaz@t) + czt) = kX, coslw, t = 0) - ¢ w X, sin(lw, t - 6)
Fr —\/(k;XT)2 +(—cw, X, ) = \/k2+(cw7.)2 X, =m \/wiJr(Q(:wnwr)Q X = kV1+(2¢r) X,
< 1>

k 20,000 N/m
= — = ——— =0.8389 k
" w? (150 rad/s)? &

c=2muw, =2 (0.889 kg) (150 rad/s) (0.10) = 26.67 kg/s

Fp = k2+(cw,,)2 X,
= /(20,000 N/m)? + [(26.67 kg/s) (125.7 rad/s)]> (4x107° m) = 81.1 N
<HFH >
_ w1257 _
rE ot o 0.838

Fp = kvV1+(©2¢r)? X, = (20,000N/m)vV1+[2(0.1)(0.838)> (4x10% m) = 81.1 N



