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Design in vibration refers to adjusting the physical
< > of a device to cause its vibration
response to meet a specified shape or performance
criteria. . . . The damping ratio depends on the values
of m, ¢, and k. A designer may choose these values

to produce the desired < >.

(b)) AFH27] A9 BY 2% FA7|E FAHAEY 2%
g (SPL, sound pressure level)e] A+ 61.0 dBo]a
BE 67.0 dBolATh &5 & PBQ]' pAQ] v & PB/PA
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spring—mass—damper system.

Consider a 1-DOF (one degree-of-freedom)

(a) The system has a mass of 24.0 kg, damping
coefficient of 420 N/(m/s), and stiffness of 19,500

N/m. Calculate the undamped natural frequency w,,

damping ratio (¢, damped natural frequency w,; and

oscillating period 7 for the damped system.

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

z(t) = Ade °' cos(wyt — ¢)
For the system with the undamped natural frequency
w, = 1,900 rad/s and the damping ratio ¢ = 0.280,

determine the amplitude A4 in mm and phase ¢ in
radian when the initial displacement z, is -5.40 mm

and the initial velocity v, is O.
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(a) 2% (longitudinal vibration) ZHFA5T w, S E3A

atolet.

d Zl%(torsional vibration) ZFHEF w, & FE
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1. (a) 455 7](shock absorber), 3}Fo|3Z Z-5 474X (P-SVD), %3l sj=

%o] & =24 (door closer),

(b) @ parameters @ response

2. (@ 7 =8 ms

Jswra = [wora « [ mera s [ wpa s

T/ 4

T/4 27/4 37/4 T
=f Odt+/ (2)2dt+f (—1>2dt+/ 0dt = 0 + %<4>+ %(1>+o
2 3

T/4 T/4 T/4

1(5 ) _ V5 _
Trm s \/T/ dt = \/T(ZT) = T =1.118 (mm)

(b) SPL, = 61.0 dB, SPL, = 67.0 dB

20 logtd = spr, . 20 logiZ = sprr,

Po Py
= 20 log22 - 20 logtt = spr, - SPL, = 20 loglt =
Po Do P4
) SPL,— SPL, 67.0 — 61.0
= Z=10 * =10 * =10"=199 ~ 20
P4
3. (@ m = 24.0 kg, ¢ = 420 N/(m/s), k = 19,500 N/m
19,500 N/m
w, \/m \/ 2.0 kg = 28.5 rad/s
420 N/(m/s)
= = 0.307
¢ 21/(24.0 kg) (19,500 N/m)
= V1-¢ w, = V1—0.307*(28.5 rad/s) = 27.1 rad/s
27 rad 27 rad
= = = .2 2
r w, 27.1 rad/s 0.232 s
(b,c) w, = 1,900 rad/s, ¢ = 0.280, =z, = -5.40 mm, v, = O
w, = V1—Cuw, = V1 —0.280° (1,900 rad/s) = 1,824 rad/s
Cw, = (0.280) (1,900 rad/s) = 532 rad/s
z(t) = A e et coslwyt — ¢)
x(t) = e ot [-Cw, coslwgt —¢) - wy; sinlwgt — ¢)]
x()—Acos¢—x0=—5.4Omm <0 @
z(0) = [-Cw, cos¢ + w,; sing] =v, = “Cw, T, T wy

T

[z, ()] dt

T/4

SPLy -

= A 1 = =
s ¢ wy 1,824 rad/s

=-1575mm <0 - @

sing<0 ©]3l cos¢<0 Oo]|B=Z, ¢i= 3AMHZHO ZfLEo]ofof 3

SPL,

A sing =
vy T Cw, T 0 + (532 rad/s) (—5.40 mm)

@2+ @2 = A=+(540mm)?+ (—1.575mm)® = 5.625 mm =~ 5.63 mm

—1.575

O +®@ = ¢ =tan'—=—— = tan (0.2917) = 16.26° = 0.284 rad

—5.40
= ¢ =¢ +mrad = 0.284 rad + 7 rad = 3.43 rad



4. (@) z, = BR) 0, =, = (5RO, =z, = RO

N | = o w

— 1 2 _ 2 _ 9 2 n2
(U))spring = kel = —k(BRO)] = S kR0,
(Ul)gravity = _mlghl = _mlg(gR) (1_ COSH)

3
Uy = —myg (5 R)(l_ COSQ)

9 3
= U= (Ul)spring+ (Ul)grarity-'- U2 = EkRQ 02 - mlg(3R) (1_C059) - m29(5R)(1_C059)

= SRR - S@m, + my)g R(1- cost)
1 1 . .
(b) Ty 5 M @ 5 M (3RO = gml R

1 -2 1|1 9| 52 3 -2
T2 = 5(]2 0 = 5 [57’02 (3R)2]9 E 2R29

1 -2 1 2 11 -2 1 "\ 2 3 )
T = 5:]3 0 + o M3 T3 E(;m:))RQ) 0 + 5 M <R9> = ngRz 0
> T=T + T, + T,

g (RO + %mzRQGZ + %m3R2 0 = %(9m1+3m2+%m3)}3292

(o) % %(9m1+3m2+%m3)}?2 0+ ZkR0> - %(2m1+m2>93(1—cos9) =0

= (9m1+3m2+%m3)R299 + 9k R*00 - %(2m1+m2)gRsin99 =0

= (3m1+m2+%m3)Ré + BkR—%(Qm]—FmQ)g =0

(d) ¢FA(stable)dtd™ BFAlalx] @ WA= of oz

1 (2m1+m2)g
SkR—E(le-i-mg)g >0 = T
E A E,A
™ ™ 1441 2412
5. (a) 4, = de, Ay = Zd;’ ky = L—l’ ky = L—2
EA E,A E E. Ed}  E,d}
b=k k= — + 22=(ld12)—1+(122)—2:1 —
L, L, 4 L, 4% L, 4\ I L,
_ \/z _ o (Bl Bdy
@n m am |\ I, L,
G, J, Gy J, 1
_ T 4 _ T 4 _ 1¢pl _ 2¢p2 _ D)
(b) Jp] = ﬁdl’ JpQ = §d2, kﬂ = Ll ) kt2 = L2 , J = EmR

k,
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