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), ¢ 05 r
z(t) +w?z(t) = f, sinwt Xy :
(homogeneous solution) ©C) () I
z,(t) = A, cosw,t + A, sinw,t .
w w, y
(resonance) . , 5.6 1
(particular solution) z,(t) :
my
3.[6 ] The response of an underdamped 1-DOF
system excited by a harmonic cosine force is € '
z(t) = A eicw“tsin(wdt-i-gb) + Xcos(wt—9) Fr
(a) For the system of mass m = 8 kg, spring
stiffness &k = 65,000 N/m, damping coefficient ¢ Ir = V1+(@2¢r)
= 550 kg/s, calculate the steady state amplitude my e w; VA=r P+ 2cr)
X and phase 6 if the harmonic force is 720 N at ' r
11 Hz. Wy Wy, ) ¢
(b) For the system of damping ratio ¢ = 0.3, .
undamped natural frequency w, = 40 rad/s, | (@) ¢ O 0.5 :
driving frequency «w = 25 rad/s, steady-state Fr/myew r

amplitude X = 10 mm, and phase # = 0.55 rad,
calculate the amplitude A and phase ¢ of the
response if the system was initially at rest.
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(a) 1940 Tacoma Narrows Bridge , y(t)
(resonance) Y sinwt
o(t)
() |o——F—F—F— "
‘ § § Ay
(b) 440 Hz (@) (hinge) O (reaction) ,
(La) 2
(beat) - (free-body diagram) - (
(La) 2 )
(La)
C )] o(t) ,
(c) k = 2000 N/m, ¢ = 25 kg/s, m = 30 kg
2.4 ] 1 L 0.05 m : o(t)
©(t) = (0.06 rad) sin(20t-2.14)
)+ wlz(t) = f, sinwt (damper)
(homogeneous solution) N ?
z,(t) = A, cosw,t + A, sinw,t
w o, , 5.6 ]
, (particular solution) z,(t) 1
m , m
e , X,
3.[6 ] The response of an underdamped 1-DOF
system excited by a harmonic cosine force is m X, _ I
xz(t) = Aeiﬁw“tsin(wdt-i-gb)%- Xcos(wt—9) Mo € \/<1_T2)2+<2CT)2
(a) For the system of mass m = 9 kg, spring " = / ). ¢
stiffness & = 68,000 N/m, damping coefficient ¢ = / )
= 570 kg/s, calculate the steady state amplitude @ ¢ 025 L
X and phase 6 if the harmonic force is 810 N at m X, /mye "
10 Hz.
(b) For the system of damping ratio ¢ = 0.3, (b) 13 Hz '
undamped natural frequency w, = 40 rad/s, rom ?
driving frequency w = 20 rad/s, steady-state
amplitude X = 12 mm, and phase ¢ = 0.383 rad, ©
calculate the amplitude A and phase ¢ of the
response if the system was initially at rest. '
m, k, c




2010 2 ()

b
o= A1
(b) X ( r>1 (= w,/w,) X,

1. (@ O (T, = |125.4 - 125.3] = 0.1 Hz, |103.8 - 103.7] = 0.1 Hz)

2. () + w?z@) = fo sinwt

z,(t) = Aot coswt + By t sinwt
:c'p = Ao (coswt - wt sinwt ) + By (Sinwt + wt coswt)

z, = Ao (2w sinwt - w’t coswt) + Bo (2w coswt - w’t sinwt)

[ A (2w sinwt - w’t coswt) + Bo (2w coswt - w’t sinwt) ]
+ w® [A t coswt + By t sinwt] = f, sinwt

Ao (2w sinwt) + By (2w coswt) = f, sinwt

f
A= -——, B =0 z,(t) = -2t coswt
2w

3. (@ m = 8 kg, k¥ = 65,000 N/m, ¢ = 550 kg/s, F, = 720 N, f = 11 Hz
w = (2 7 rad) (11 Hz) = 69.1 rad/s

v, = [65.000N/m _ o041 Laqss ¢ = 550 ke/s _ 0.381
8 kg 2/ (8 kg)(65,000 N/m)

wy; =y 1—1(0.381)* (90.1 rad/s) = 83.3 rad/s

(w, = (0.381)(90.1 rad/s) = 34.3 rad/s

_ 720N
f()_ 8kg

= 90 m/s?

X = 90 = 0.01551 (m) = 15.51 mm

V9012 —69.1%)2 + [2(0.381)(90.1)(69.1))?

6 = tan™* 2(0'3311)2(90619)(1(29'1) = tan"*(1.419) = 0.957 rad (= 54.8°)

(b) ¢ =03, w, =40 rad/s, w = 25 rad/s, X =0.01 m, § = 0.55 rad

wy; =v1—1(0.3)* (40 rad/s) = 38.1 rad/s
(w, = (0.3)(40 rad/s) = 12 rad/s
z(t) = A e " sin@B8.1 t +¢) + (0.01 m) cos(25 ¢ - 0.55)
z(t) = -12 A e '?' sin(38.1 ¢t +¢) + 38.1 A ¢ '*' cos(38.1 t +¢)
- (0.25 m/s) sin(25 t - 0.55)
z(0) = A sing+ (0.01 m) cos(-0.55) = 0
A sing = - 0.00852 m <0

2(0) = -12 A sing + 38.1 A cos¢ - (0.25 m/s) sin(-0.55) = 0
A cos¢ = [(12)(-0.00852) - 0.131]/38.1 = -0.00611 (m) <O
A = /(—0.00852)% + (— 0.00611)° = 0.01049 (m) = 10.49 mm
= tant 200892 n1(1.394) = 0.949 rad (= 54.4°)

—0.00611
o 3 , ¢ =0949 rad + 7 rad = 4.09 rad (= 234°)



4. (a)

4k(3;—y)u4c(g-:_y) 2k(x—y)ff(if(i_ Z./u%(a:y)

V14 (2¢r)?

(1—72)"+ (2¢r)?

© 5 =

L (0, 1), (%, V2), @ V2), (V2. 1), (w, 0)

) () k Wn
r X'y 1
5. (@ ¢=0 ; (0, 1), (1, «), (vV2,1), (e, 0)
1
(=05 : (0, 1), (ﬁ' V2), @, V2), (V2,1), (=, 0)
b) (=0 =r>1
F
-1 <02 ”-1=5 "2 =6
myew, r°—1
r = V6 (= 2.45)
= (27 rad) <309 rpm) = 10 7 rad/s = 31.4 rad/s
60 s/min
Wpy = (27rrad)(1290 rpm) = 40 7 rad/s = 125.7 rad/s
60 s/min
w, w,.
r o, f w, \/E
Wp1 31.4 rad/s
= = = 12.82 rad/s 0 < < 12.82 rad/s
W, \/E \/g Wy,
(c) (
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1. (a X ( (vortex) )
(b) X ( w, = lw, —wl ,

2. Er':(t)-&-w"m(t) = f, sinwt
xp(t) = Ay coswt + By sinwt
z, = ~w Ao Sinwt + w By coswt z, = -w’ Ao coswt - w® By sinwt
(-w® Ao coswt - w® By sinwt) + w,’ (Ao coswt + By sinwt) = f, sinwt

(w,” = w?) Ao coswt =0, (0,2 - w?) By sinwt = f, sinwt
fo .
wEw, , A =0, B= —FG— z,(t) = ——— sinwt
w, —w w, —w
. fo
xp(t)=XS|n(u)t—0), X= 7557 w,>w 0 =0 ow,<uw 0 =
w, —w

3. (@ m =9 kg, £ = 68,000 N/m, ¢ = 570 kg/s, /, = 810 N, f = 10 Hz
w = (2 7 rad) (10 Hz) = 62.8 rad/s

w, = | SBOON/ g g adrs,  c = 570 ke/s = 0.364
9 kg 2/ (9 kg)(68,000 N/m)

w,; =V 1—1(0.364)* (86.9 rad/s) = 80.9 rad/s
Cw, = (0.364)(86.9 rad/s) = 31.63 rad/s

_ 810N
f(]_ 9kg

= 90 m/s?

X = 90 = 0.01677 (m) = 16.77 mm

V (86.9% — 62.8%)% + [2(0.364)(86.9)(62.8)]2
- 2(0.364)(86.9)(62.8)
86.97 — 62.8°

0 = tal

= tan"}(1.101) = 0.834 rad (= 47.8°)

(b) ¢ =03, w, =40 rad/s, w = 20 rad/s, X = 0.012 m, ¢ = 0.38 rad

w, =V 1—1(0.3)* (40 rad/s) = 38.1 rad/s

Cw, = (0.3)(40 rad/s) = 12 rad/s

z(t) = A e "' sin(38.1 t +¢) + (0.012 m) cos(20 ¢ - 0.38)

z(t) = -12 A e "' sin(38.1 t +¢) + 38.1 A ¢ '*' cos(38.1 t +¢)
- (0.24 m/s) sin(20 ¢t - 0.38)

z(0) = A sing+ (0.012 m) cos(-0.38) = 0
Asing = - 0.0111 m <0
z(0) = -12 A sing + 38.1 A cos¢ - (0.24 m/s) sin(-0.38) = 0
A cos¢ = [(12)(-0.0111) - 0.089]/38.1 = -0.00583 (m) <O ...
A= (=0.0111)+ (—0.00583)> = 0.01254 (m) = 12.54 mm
6 = tan‘1% = tan"’(1.094) = 1.087 rad (= 62.3°)

¢ 3 , ¢ =1.087 rad + r rad = 4.23 rad (= 242°)



4. (a)

ch@
lk‘(L@y)

(b) =M, = 1,0 I, =m(2L)? =4 mL*?
-L[k(LO—-y)]l-L (cLO)=4mL? O
AmL®> 6 + cL*6 + kL?0 = kLy
AmL 6 +cLO +kLO = kY sinwt

(c) K = 2000 N/m, ¢ = 25 kg/s, m = 30 kg, L = 0.05 m
o) = X sin(wt - 6) X =004 rad, w = 20 rad/s, 6 = 2.14 rad
F,(t) = ¢LO = ¢L w X cos(wt - 6)
Fr=cLwX = (25 kg/s) (0.05 m) (20 rad/s) (0.06 rad) = 1.5 N

5.(@) ¢ =0.25 : (0, 0), (1,2), (oo, 1)
c=1 ; (0, 0), (1, 0.5), (oo, 1)
® v = o,

N = (60 s/min) f. = (60 s/min) (13 cycles/s) = 780 cycles/min = 780 rpm

(©) r (= w/w,) w, (= Vk/m) :



