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3.[6 ] Consider a 1-DOF (degree-of-freedom)
spring-mass—damper system.
(@) The system has a mass of 9.8 kg, damping
coefficient of 240 N/(m/s), and stiffness of 8930
N/m. Calculate the damped natural frequency f,
in Hz.

(b,c) The free response has the following form.

z(t) = A e St sin(w,t + ¢)

For the system with the undamped
frequency w, = 430 rad/s and the damping ratio
¢ = 0.280, determine A in mm and ¢ in radian
when the initial displacement z, is -4.5 mm and

natural

the initial velocity v, is -1500 mm/s.
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3.[6 ] Consider a 1-DOF (degree-of-freedom)
spring-mass—-damper system.

(a) The system has a mass of 5.4 kg, damping
coefficient of 186 N/(m/s), and stiffness of 9650
N/m. Calculate the oscillating period 7 in s for
the underdamped system.

(b,c) The free response has the following form.

z(t) = Ae " cos(wyt + ¢)
the system with the undamped natural
1890 rad/s and the damping

For
frequency w, =
ratio ¢ = 0.225, determine A in mm and ¢ in
radian when the initial displacement z, is -2.80

mm and the initial velocity v, is 4300 mm/s.
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2. (a) (@] T = i: = \/12—7;2(’0

2_9 _ 29 _ 29
(b) X O T T “n = N 2L+2n
" \/ V 64n}?5 \/ 64nR3

(c) O w, =
ds
_:_ = v1.10 = 1.049 = 1.05 5%
Wy Wy dl wl

3. (@) m = 9.8 kg, ¢ = 240 N/(m/s), k = 8930 N/m

/ / 8930 N/m
98 kg = 30.19 rad/s

240 kg/s
= 0.4056
¢ = 2\/ V(9.8 kg) (8930 N/m)
= V1—Cuw, = V1—0.4056> (30.19 rad/s) = 27.59 rad/s
_ Wy _ 2759 rad/s _
fa = 2mrad 2w rad = 4.39 Hz

(b,c) w, = 430 rad/s, (¢ = 0.280, =z, = -4.5 mm, v, = -1500 mm/s.

= V1—Cuw, = V1—0.280> (430 rad/s) = 412.8 rad/s

Cw,t

z(t) = A e Ot sin(w, t +¢) z(t) = Ae
Asing =z, = -45mm <0

[-Cw, sin(w;t +¢) + w,; cos(w;t +¢)]
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—_ —
=
~— ~—
1 1

A (-Cw, sing + w,; €O0S®) = v,

4 cosé = Cwpzot vy (0.280) (430 rad/s) (4.5 mm) + (— 1500 mm/s)
- wy B 412.8 rad/s

= -4946 mm < O

2+ 2 A

V(=4.5mm)?*+ (—4.946 mm)> = 6.69 mm

1 —4.5
—4.946

sing<0 cos¢<0 , ¢ 3
¢ = 0.738 rad + 7 rad = 3.88 rad

+ ¢ = tan tan™(0.910) = 42.3° = 0.738 rad
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L/T[l 5sin(2t+ )] dt = — L :

TJ, . by 2 2
2

457 _ L5 (mm) = 1.06 mm

Trms = \/LT‘/IOT[15 SlH(2t+¢))]2dt = 5 = \/5

Or o |
kr €4—
mar=—cx—kxr—cx mz + (e,+c)r + kx =0
ceq=cl+02
1241 -1 )2 l(_ 2)2_3 2 2
T = mx+2J9—2m(RG)+22mRG—4R9
Loy = L ﬁ) 9 p2e?
U= k) = 2k[200) = Lknte
i d (3 522 2 22) 9
dt(T+U) dt( RH+8I€R9 =-—mR 06 + kR0 =0
3k
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1. ( )
(stiffness)
2. (@ O w, = 3E3] m w,,
ml
2
(b) X 90°-60° = 30°, k,, = 2 k c0s°30° = 2 k (@) = %kz
_ _ 3k _ k
“n = - 2m “n = 2m
(©) X 0~ 0 b + %sine =0 L w, 9
3. (@ m = 5.4 kg, ¢ = 186 N/(m/s), k = 9650 N/m
9650 N/m
1/ =\ = 5.4 ke = 42.27 rad/s
186 kg/s
= 0.407
2\/ V(5.4 kg) (9650 N/m)
= V1—Cuw, = V1—0.407* (42.27 rad/s) = 38.60 rad/s
1 _ 27rad _ 27 rad _
r= fa wy,  38.60rad/s 0.1628 s

(b,c) w, = 1890 rad/s, (¢ = 0.225, =z, = -2.80 mm, v, = 4300 mm/s.

wy; = V1—Cw, = V1—0.225" (1890 rad/s) = 1841.5 rad/s

2(t) = A e " cos(w,t +¢)

z(t) = Ae ' [-Cw, cos(w,t +¢) — w,; Sin(w,t +¢)]
z(0) = Acosg =z, = -2.80 mm <O
(

0) = A(-Cw, COS¢ - w, SinNg) = v,
A sing = —Qw,o— vy _ —(0.225) (1890 rad/s)(—2.80 mm) — (4300 mm/s)
wy 1841.5 rad/s
= -1.688 mm < 0
24 2 A= /(-2.80mm)’ + (—1.688 mm)’> = 3.27 mm
= ¢ = tan™" __12‘68808 tan™*(0.6029) = 31.08° = 0.543 rad
sing<0 cos¢$<0 , o 3

¢ = 0543 rad + 7 rad = 3.68 rad



4., z, = 2(0) = (0.5 mm) sin(%) = %—2 mm = % mm = 0.354 mm
v, = 2(0) = (0.5 mm) (= rad/s) cos(%) = %TZ mm/s = Wf mm/s = 1.111 mm/s
t=0 , z(0) , z(0) =M=23
wrad/s
t(s)
|
5. 20 log2t = 100 dB 20 log2? = 85 dB
Py Py
- ; 20 Iog& - 20 Iogﬂ = 85 - 100 dB = -15 dB
Po Po
Do P 15 D2
log— - log— = -— log— = -0.75
gpo gpo 20 gpl
P2 1077 = 01778 ~ 17.8 %
Y41
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.. 2
(mrQ—l-J)Q +kr’0 =0, w, = 1/k+
mr°+J



