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1.[24]1 ‘71 AW %8 mechanical vibration)’ % 9

ol A AN oml= FololH, i WS FA
‘A =3 (vibration) o] gt 3H#A] &= o] FollX

M4 st}

R
(damping ratio)?} F+% A3 F7]7F doljx

= C )

(b) 1A% HZH4 (undamped) Al9] A& 7S x(t)

jw, t —jJw,t .
=qa e + aye ' = A, cosw,t + A, sinw,t
g 288 o qp, ay, 4,, A, 2 (real number)
ol ¢

(c) 93} gAFo= o]Fox 3FH
fTrEANA,  FHFHe HEH (torsional
stiffness)?] @$]+= N-m/rad ©]t}. ( )

AE 3 1A

7OL /Ré

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

(a) The system has a mass of 9.50 kg, damping
of 320 N/(m/s),
19800 N/m. Calculate the oscillating period 7 in

s for the underdamped system.

coefficient and stiffness of

(b,c) The free response has the following form.
2(t) = Ae " sin(wyt + @)

For the system with the

frequency w, = 1900 rad/s and the damping

ratio ¢ = 0.250, determine A in mm and ¢ in

undamped natural

radian when the initial displacement z, is 8.50

mm and the initial velocity v, is -6200 mm/s.

4.[4%41 A A HSAZATE 2" 2ol Al A

Agteol ok Al 840 A F

Al A2z A4k, WY (damper)o] A
s

E, 94 4, 4

N
(a) T899 &S we A4 A 6 FHY AFE
A Z(free-body diagram)E 183, A& HIE 2
AAsker, A=Al 3 27)7F 2EE o oF 3)

(b) FE G e 4 3P JRzye W
p(O)2 AT W] AFRARE Tel5, 5

5.[24] 288 5H4E W, Pa d9=E SSH(sound

pressure)©] 2812 £8L dB 99 =+ % dB ¢ A
A=7he

6.[64] o 9ol H T AH(pendulum)e] &

WAANES (@) AUATHA (b) wEHHSE Fiest

2 3]

3.




A AR E o

20124 A1g1 (4¥h

[267% ]

PERE

AR % 5

1.[24] 71 A1¥ 8 (mechanical engineering)
o] LA AN A ‘&S E(dynamics) &3}
(mechanical vibration)' &2 A4 5o #7

ojltt. F FH=o] T Aolde 44 MEetEt

2.[64] t}& AHo) wow 00X, E8WH XTE ()
obo] 3l¥, B 2AS AN (F% wu Tt

(a) 1A= ¥ 7+ (undamped) Al 2] A8 H-&
x(t) = A sin(w,t + ¢;) = B cos(w,t — ¢,)
Fo, 4 =B oJa ¢ =¢, oIt ()

(b) ©@=Z3dF A WZE(amplitude)S F7|5h=
W % rms MFH(z,, ) peak-to-peak NFH(z, )
Ho 3 Ao C )
() 84 Ass gAst= AAE st 45 &%
o] HEFH TR A EFo] HES &
9. ¢

3.[6%4] Consider a 1-DOF (degree-of-freedom)
spring-mass—damper system.

(a) The system has a mass of 8.80 kg, damping
coefficient of 240 N/(m/s),
17500 N/m. Calculate the

frequency f; in Hz.

and stiffness of

damped natural

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

z(t) = A e_cw“t
For the

frequency w, =

sin(w,t + ¢)
system with the undamped natural
2250 rad/s and the damping

ratio ¢ = 0.290, determine A4 in mm and ¢ in

radian when the initial displacement z, is 4.80

mm and the initial velocity v, is =7500 mm/s.
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1. 71AIX%E & (mechanical vibration) ¥+ WA A ‘7] 2= machine°] olz}, S 71AA o] }aL
L dZFojA = ‘984 (mechanical)’®] oJw|e|t}h. ‘%158 (vibration) o] 2kl s ¢ 8A o] o X
&, b AAVNA e s EFEolof stem, A8t golgts ou|E £9d] str] flét]
TNAKE8Y o)} g
27 rad 27 rad W o = =
2. (a O T = = ol 0<(<1 BYlA 7t F5E 17 F
Wa V 1_C2 Wy,
(b) X Ay = a tay, Ay = jla;—ay) 1B, 0, a,= A HAFY.
() O Torque = k, § ©]2 2, k2 @9+ (torque 99)/(Z = ©9))

3. (@ m = 9.50 kg, ¢ = 320 N/(m/s), k = 9800 N/m

[k _ [19800 N/m _
on =\ TV 0s0 ke 45.65 rad/s
&

¢ = _ 320 kg/s
2vVmk 2+/(9.50 kg) (19800 N/m)

wy = V1 —Cw, = V1 —0.369° (45.65 rad/s) = 42.43 rad/s

_ 1 _ 2mrad _ 27 rad _
r=+ wg 12.43 radjs 148l

= 0.369

(b,c) w, = 1900 rad/s, ¢ = 0.250, =z, = 8.50 mm, v, = -6200 mm/s.

wy; = V1 —Cw, = V1 —0.250° (1900 rad/s) = 1839.7 rad/s

Cw, = (0.250)(1900 rad/s) = 475 rad/s

2(t) = A e " sinlwyt +¢), zt) = A e " [~Cw, sin(wyt +¢) + w, coslwyt +¢)]
z(0) = 4 sing = z, =850 mm >0 - @D
2(0) = A (-Cw, sing + w,; cos¢p) = v,

+ p—
= A cos¢ = Cwao T ¥ _ (475 rad/s) (8.50 mm) — (6200 mm/s)

Wy 1839.7 rad/s
=-1.175mm < 0 - @

D2+ @2 = A= +/(850mm)+ (—1.175mm)?> = 8.58 mm

D+@ > ¢=tan' 20 = an(-7.230) = -82.1° = -1.433 rad

sing>0 ©]aL cosg<0 O|E 2, ¢ 2AMEH o] Zhmojofof 3}
= ¢ =-1433 rad + « rad = 1.708 rad
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4. (@) k = 7

mg-ké-%&ZO

(b) mg-k(é-ﬁ-m)—T(é-&-x)—c;ﬂ:mi
EFA FA
= [mg - ko T&] kx — w T cr=mu
= mi+ci+kx+—Ax=O
L
= maz+ cz + (b + %)x=0

20 log2% - 20 log
Po Do

1 1 1 2

S - 2 _ 1 2 - L. g2/
6. (a) +FA4A T 5 MV 2m(l0) 2ml 0

EEEIEEY U= mgl (- cost) + +k(10)

[
Ny
T%(aﬂ;)
k(6+x)T l Tcx
mg

L. 20 log% = 20 log2 = 20(0.3010) = 6.020 =~ 6 dB
1

i(TJr U) = i[imFéQ + mgl (1 - cosf) + %kﬂez] =0

dt dt 2
= mP00 + mglsing 6 + kI’00 =0,
[mi (10 +qg 0+ kI’010=0 =

= G L Lty
l m

(b) J=ml
SM, = Jb
= -mg (I sinf) - k(I sind) (I cosd) = (m1%) 0
= mP 0+ (mgtkl cos) [ sinf = 0 ,
I + 0, 0=0 o] sinf=60, cosfh=1
= mlf + (mg + kD)6 =0

= Gty
l m

#=0 °]™ sinf=6

mif + (mg + k1) 0 =0




1. B2 Azt mE Waksts 5S UFE 98 (mechanics)ol L, wEO &5 AP
HA) o oA s &8sk 3o
Aol F e Fee g RO EA VAN ESS Wy 5 tEte Aot
2. (@ X A sin(w,t +¢;) = A (sinw,t cos¢; + cosw,t sing;)
B cos(w,t — ¢y) = B (cosw,t cosp, + sinw,t sing,)
A = B, COS¢, = sing, = ¢ F o
1
(b) O drezxslsd W, oz = WA, z,_, = 24
() X Pt eFo] £ AU, dasT oFFADE AA,
FE04F0] £ 4501, HDD) %= U+
3. (@ m 0 kg, ¢ = 240 N/(m/s), k = 17500 N/m

/17500 N/m _
8.80 kg = 44.59 rad/s

240 kg/s

¢ = \/ 2/(8.80 kg) (17500 N/m)
V1—Cw, = V1 —0.3058 (44.59 rad/s) = 42.45 rad/s

wg _ 42.45 rad/s
2 7 rad 27 rad

= 0.3058

fa = = 6.76 Hz

(b,c) w, = 2250 rad/s, ¢ = 0.290, z, = 4.80 mm, v, = -7500 mm/s.

wy = V1—uw, = V1 —0290° (2250 rad/s) = 2153 rad/s

Cw, = (0.290) (2250 rad/s) = 652.5 rad/s

2(t) = A4 ¢ " sin(wyt +¢) at) = A e " [~Cw, sinlw,t +¢) + w; coslwyt +¢)]
z(0) = A4 sing =z, =480 mm >0 - @

z(0) = A (-Cw, sing + w, cosg) = v,

= A cosé = Cun@y vy _ (652.5 rad/s)(4.80 mm) + (—7500 mm/s)
Wq 2153 rad/s

=-2029 mm<0 - @
D2+ @2 = A= +/(48mm) + (—2.029mm)®> = 5.21 mm

D+ @ > ¢=tan'—to = an(-2.366) = ~67.1° = ~1.171 rad

sing>0 ©]aL cos¢<0 ©| P&, $i= 2AHEH ] Zhizo]ojof 3}
= ¢ =-1.171 rad + 7 rad = 1.971 rad



5. xy, =25 mm, v, = 100 mm/s, 4 = 10 mm

z(t) = A sinlw, t +¢) , z(t) = w,A cos(w,t + ¢)
z(0) = A sing = =, - @D

iy v
z(0) = w, A cos¢p = v, = A cos¢p = w_o e

n

2
®2+®2; A2:x02+ (UU)

= 10.33 rad/s

’ - 42 RN _ v :\/ (100 mm/s)?
" A? — ] (10 mm)?* — (2.5 mm)?

6. AFAANRAE J=mL>+mQL)?* =5 mL?
SM, = J6
= -mg (L sin®) - mg (2L sinf) = (5 mL* 6 ,
mL + 0

= 5 L0+ 3 gsing =0
0 ~0 o|¥ sinf ~ 6
= 5L0+3g0=0




