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3.[64] Consider a 1-DOF (degree-of-freedom)
spring—mass—damper system.

(a) The system has a mass of 21.2 kg, damping
coefficient of 557 kg/s, and stiffness of 20.4
kN/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.
z(t) = A eicw”t sinfwyt + ¢)

For the system with the undamped natural

frequency w, = 2,540 rad/s and the damping

ratio ¢ = 0.285, determine the amplitude A in

mm and phase ¢ in radian when the initial

displacement z, is 4.50 mm and the initial

velocity v, is -6520 mm/s.
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(a) o] Al=®le] 2Fo A (kinetic energy)S 3%
ahof 2.

(b) o] Alz=®le] ¢ X% (potential energy)=
Astofzt.
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(b) M= (FHo] Bk, A, AetvlE, A5 o5, AR, v8)

2. () O il = w, lal o« w, o z) = 12 L
(b) O 20 log 22 - 20 log2h = 20 logi2
Po Do V41
- % =2 = 201lo0g2 = 20 (0.301) = 6.02 ~ 6 (dB)
1
@ X wo= 29 e g AFe Ao

3. (@ m = 21.2 kg, ¢ = 557 N/(m/s), k = 20,400 N/m
¢ 557 kg/s

= = = 0.423
¢ ~ 2/(21.2 ke) (20,400 N/m)

. 1/ = 2024102 Ilj/m 31.0 rad/s
wy; = V1 —Cw, = V1 —0.423" (31.0 rad/s) = 28.08 rad/s

1 2mrad _ 27 rad _
= = T T 2808 radjs | 0224

(b,c) w, = 2,540 rad/s, ¢ = 0.285, =z, = 4.50 mm, v, = -6,520 mm/s.

wy = V1 —Cuw, = V1 —0.285" (2,540 rad/s) = 2,435 rad/s

Cw, = (0.285) (2,540 rad/s) = 723.9 rad/s

z(t) = A e Gt sin(w, t + ¢)
(t) = A e [—Cwn sin(fwyt +¢) + w,; coslw,t + ¢)]

(0) = A sing =z, =450mm >0 - @
( ) A (- Cw Sil’l(b T owy COS(b) = Uy < -6520 mm/s

S A cosp = 0 T Cwao _ (—6,520 mm/s) + (723.9 rad/s) (4.50 mm)
wy 2,435 rad/s

=-1.340 mm <0 = @

D2+ @ = A =+/@450mm)® + (—1.340mm)?> = 4.70 mm
D+@ = ¢=tan'—2s = tan(-3.36) = -73.4° = ~1.281 rad
sing>0 ©]aL cosg<0 OJE R, ¢ 2AHEH o] Zh-olojof &},

= ¢ =-1.281 rad + 7 rad = 1.860 rad (% ¢ = -1.281 rad - 7 rad = -4.42 rad)
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(a) &FHR K = 5 E, @ @A AT(Young's modulus), 7 @ WAHIHEANE(22 B
1
EQAQ e .
B K, = — E, : &4 A=(Young's modulus), A4, : ©H 3
2
23 kg = 2k cos?30° = Sk ko7 mxee] sxeahs
ky + k ky k
(b) kl =1i i lj airr el el ey
eql 1 2 12 1 2
b = ko = kiky kbt (k)R kik + ik + kK
eq 5kt ky 3 k, + ky k + K,
y Fog Ty ky + Ky ks + Ky ks
"\ m (k + ky)
5. () T, = =M = (1) Mo
L, 11 2) _l(i )22
T, = 57 2(3 iy S \gm| o
T=1T+T = ~MP§ +l é )129 - %(MJF m)1292
(b) U, = -Mgh, = -Mgl (1 - cosf)
Uy = —-mghy = —mgé (1 - cosf)
-1 RN G
Uy = 5 k(607 = S k6
1 1, 20
U=U + U, +U; = —(M—F?m)gl (1 - cos#) + 5/4)[ 0
© Lr+o) -
L 41 1 Vg 1 - Loeze| =
p [Q(M—i- 3m)l (M+2m)gl (1 - cosf) + 2k19 0
= (M+ ;m)ﬁee (M+ 1m)gl sin & + k1’06 =0

> (M—i—%m)lé - (M-l—%m)gl sind + k10 =0
3| dzto] wj$- ZS-. f =~ 0 = sind = 6

oA M+%m)lé + [kzl—(MJr%m)g} =0

(M-i— %m)g

g =1 kl—(M+im)g>o = ko> ;
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