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3.[6%1] 1-DOF

spring—mass—damper system.

Consider a (degree-of-freedom)

(a) The system has a mass of 28.0 kg, damping
coefficient of 450 kg/s, and stiffness of 20,500 N/m.
Calculate the damping ratio ( and the oscillating

period 7" in s for the damped system.

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

o(t) = A e ¢ cos(wyt — ¢)
For the system with the undamped natural frequency
w, = 1,900 rad/s and the damping ratio ¢ = 0.280
determine the amplitude 4 in mm and phase ¢ in
radian when the initial displacement z; is —-5.40 mm

and the initial velocity v, is 6,750 mm/s.
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1. (@ Al O W& @ 53 @ ¥t
(b) 2 AA mgsind - kd =0
A ZE mgsind — k@0 +z) = mua
= (mz + kz) + (k6 — mgsind) =0
= mz + kx =0
1 1 .2 11 2P 1
= — ’ = — .=—— 20 = — ’
2. (@) T, S m T, 2J9 2(2MR)(R 4M33
_ IS TRPTRN TR WA pe
T=1 + T2—2mx+4Mx 2(m+2Mx

2
U=U + U, = %(kl—kkz)m? + %kt(%)

2

=0

d[;(m-i-lM)x + (k1+k2)x +—k(

2 R

1 . k. .
= m+ =M xw+(k1+k2)zx+—2xx=0
2 R

1 . k, B
= (m—i—EM)x—i—(kl—i-kQ—&-?)x—O

(b) M =9.50 kg, R = 0.300 m, r =6.00<10" m, [ =0.400 m, G = 80.0 GPa

J = %MRQ - % (9.50 k) (0.300 m)? = 0.428 kgm?

= —GJ}} = g(lﬂ'Tﬁl) = 800><109 N/m
! l 1 \2 0.400 m 2

7(6.00x10"*m)*| = 407 N-m/rad

3. (@) m = 28.0 kg, ¢ = 450 kg/s, k = 20,500 N/m
450 kg/s

= = 0.297
€73 v/ (28.0 kg) (20,500 N/m)
~ /20,500 N/m
\/m \/ 28.0 kg = 27.06 rad/s
w, = Vi—Cw, = V1—0.2972(27.06 rad/s) = 25.84 rad/s
2m rad 27 rad
T = = = 0.243
y 25.84 rad/s °

(b,c) w, = 1,900 rad/s, ¢ = 0.280, =z, = -5.40 mm, v, = 6,750 mm/s.

wy = V1 —Cuw, = V1 —02802 (1,900 rad/s) = 1,824 rad/s
Cw, = (0.280) (1,900 rad/s) = 532 rad/s

z(t) = A e ! cos(wyt — ¢)
2(t) = A e " [~Cw, coslw,t —¢) - w, sin(wyt — ¢)]
z(0) = A cos¢ =z,=-540mm <0 - @
2(0) = A [-Cw, cos¢ + w, singl = v, = Cw, z, * w,; Asing =
L 4 sing = 20 + (o, (6,750 mm/s) + (532 rad/s) (~ 5.40 mm)
wy 1,824 rad/s

=2126mm >0 - @



sing>0 ©]aL cosg<0 o] B, ¢= 2AHE 9] Z}&=o]oof 3

@2+ @ = A= +(=540mm)® + (2.126 mm)®> = 5.803 mm = 5.80 mm

D+@ = ¢=tan’ 31512460 = tan"'(-0.3937) = -21.5° = -0.375 rad

= ¢ =-0.375rad + 7 rad = 2.77 rad

4.(a)T—8s

i (/odt+f05dt+/1dt+/05dt)

=2(0+ 025+ 1+ 0.25)

_ |1 2 = [Liay = 3 _
s \/T/o [z (¢)]" dt \/8 (3) \/8 0.612 (m)
(b) SPL = 101.4 dB, p, = 2X107° Pa
SPL 101.4
20 log- = sPL = p=p, 10 =(2x107° Pa) 10 * = 2.35 Pa

Po

(00 O AHs JA2E 5, LAdFHAFA), orifice, AFH(FAH), 552 vld)
@ Y9 HEE AA, orifice ¥HAZ S ZA, orificeE AA(SF IJ=TE 4AA),
Adr el v AaEe] gz T4,

5. (a) < 1 : Newton H3& (53] Euler H&)>

XM, = mie = —Q[k(é)sirﬂ](é cosf| + mg(sinf) = mio

. 2
= mile + 251 sinf cosd — m glsinf = 0O, sinf =0, cosf = 1
) 2k 12 -
= ml 0 + 9 0 - mgld =0 = 9mliot) + kI—9mg)o(t) =0
< 2 0ol A D>
S R e o L2
T va 2m(l€) 2ml 0

2
U= 2[% (é@ ] - mgl(l —cosf) = %kZZGZ - mgl( — cosf)

O I R P _ =
o [2 PO+ kI mgl(1—cosh) 0
= ml209+3kl299—mglsm00—0 16 + 0, sinf =6

= 9mift) + Qki—9mg) o) =0

(b) 9(15) +326(t) =0 = 0t) = aq Pt 4 as e Pt = A, cospt + Ay sinfBt = A sin(pt+¢)
=  Z3}sk 2 AE(oscillation)dr. ¢F4(stable)$t

(c) 0(t) —0t)=0 = 0@t) =a e +ae

= ' o 93 WaHdivergence)dt. E-¢F4 (unstable)dt.



