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1.6 1] 8 kg, 120 kg/s, 5000 | 4.[6 1] (pitching)
N/m 1 , t=0 , 2

10 Ns 1 , t=1.5s m L

5Ns 2 . t=1.5s
x(t) , z(t)
, 6(t)
J LmL2

2[4 1 The free response of a 1500-kg 12

automobile with stiffness of & = 600,000 N/m is
observed to be of the form shown below.
Modeling the automobile as a single-degree-of-
freedom oscillation in the vertical direction,
determine the damping coefficient ¢ if the
displacement at ¢, is measured to be 0.7 cm and

0.3 cm at t,.
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1. z(¢t) = (52.4 mm) ¢ "°' sin(23.85 t)
+ (26.2 mm) e P19 gin[23.85 (t-1.5)]
2. ¢ = 8,020 kg/s
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4. (b) ma + (k+ k) x = (k — ky) ge =0

3.0 (b ¢ = wid(ﬂ - tan

)

L2
4

Loz - (e — k2)§ v+ (b + k)

12 0 =0

8 t 8 3t

=2 - —sin— - —sin— - ...
™

5. (a) F(t) 5 3. 5

(N)



2010 ( ) [27 1] 2010. 6. 11.
1.5 1] 2 kg, 20 rad/s 1 ifh
t=0 my
0.05 m . t=3s
k2
10 N-s . t=3s 1 5
1
.’If(t) kl m2 i kl
iy(t) = Y sinwt
2[5 1 In a damped single-degree-of-freedom | (a) (free-body diagram)
system, the mass of the system is measured to
be 8 kg and its spring constant is measured to | (b) z,(t)  x,(t)
be 5000 N/m. It is observed that during free )
vibration the amplitude decays to 0.2 of its ©) (b) (matrix)
initial value after two cycles. Calculate the
viscous damping coefficient c.
5106 1] Fourier
3.[2+3 ] .
(step response) (@) F(t)  Fourier
F , Fourier
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1 —
CC F(N)
¢ = tant———n
/1 — CQ 4
() o , X () 2
1 " (
) 0 3t 27 5 1)
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@, (t) «C )
: (b) 4.5 kg 1200 N/m
(b) _ ( (damping ratio) ¢ 0.25 1 .
peak time, t,) Fourier F(t)
( peak time, t,) x(t) .
(tpe = tp1) F(t) = 30 + 30 sinwt + ... (N)
4.[6 1] my ky
, Y | b _____ e ____
sinw? 1. 2,(t) = (0.05 m) cos20¢
2 & 2. ¢ = 50.8 kg/s
1 2
3. (a) O (b) th_ tpl = w—
d

4. (b) ml a’£1+ (k1+ kZ)‘/'Cl_ k2 .’EQ = kl YSinu)t

mQxHQ—kalJerzQ =0

8
S + ...
. cos3t (N)

(b) z(t) = 0.025 + 0.0258 sin(rt - 0.1) m

5. (@) F(t) =2 + %cost -
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2010 ( )

=8 kg, c = 120 kg/s, k = 5000 N/m, F(t) = (10 N=s) §(t) + (5 N-s) 5(t—1.5)
/ /5000 N /m
S kg = 25 rad/s
120 kg/s
= 0.3, w, = (0.3)(25 rad/s) = 7.5 rad/s
¢ = 2\/ 2/ (8 kg)(5000 N/m) Gun = (03) )
= V1-¢ w, = V1—0.3* (25 rad/s) = 23.85 rad/s
B 10N - s B o 5N -5 B
muwy ~ (8 kg)(23.85 rad/s) 0.0524 m, muwy ~ (8 kg)(23.85 rad/s) 0.0262 m
FA‘I —CQw,t . — 7.5t -
z,(t) = —— e °" sinw,t = (0.0524 m) e “°' sin(23.85 t)
muwy
ﬁ2 —Cw,(t—7) _; —75(t—1.5) o:
xy(t) = e sinw,(t—7) = (0.0262 m) ¢ ") sin[23.85 (t-1.5)]
d
t > 1.5s
z(t) = xl(t) + xQ(t)
= (0.0524 m) e 77! sin(23.85 t) + (0.0262 m) ¢ """ 1) 5in[23.85 (t-1.5)]
= (52.4 mm) e "% sin(23.85 ¢) + (26.2 mm) ¢ “° 19 sin[23.85 (¢1-1.5)]
m = 1500 kg, k = 600,000 N/m, =z(¢,) = 0.7 cm, =z(t) = 0.3 cm
x(t ) .
5 = haL - m27 - 08473, ¢ = 0 = (0.8473) = 0.1336
(ty) 0.3 Var? + 6 Var® +(0.8473)?
¢ = 2¢vmk = 2(0.1336) v/ (1500 kg)(600,000 N/m) = 8,016 kg/s =~ 8,020 kg/s
(@ O ( )
—(w,t, F
_ fol,_ _€ - 0
(b) =(t,) = A 1 WCOS( ) ’
o Gonts

) =0

ﬁcos (wdtr - ¢

cos(wyt, — ¢) = 0

1
< 1> wyt,—¢ = (n— 5)7r
_ o T T -1 ¢
n =1 , Wat, — ¢ = — wyt, = — + ¢ = — + tan
2 2 2 e
1 s -1 <
t, = — + tanT ———
(i){l(2 4/174‘2)
< 2> cosw,t, C0S¢ + Sinwyt, sing = 0
tanwyt, = L = - V1=C
Watr = tang ¢
aV1I=C
wyt, = -tan ITC + 7 (¢, m )
2 V1=
t, = —(r - tan 174)




4. (a)

| ky (2 + L)
I 2
(b)y mz = —kl(x—gé’) - kQ(x+§9) = —(ky + ky) = + (ky— ky) ge
mx + (k1+k2) xr - (kl_kQ) ge = 0
> L, L L, L L L\’
JOG:kl(x—?Q)? —k2($+79)7 :(klfk'z)i x —(k1+k2) (3)0
1 - L L?
EmL2 0 - (ki—k)5 o+ (b +k)0=0..
m 0 ky+ Ky 7(k1 ng)L
5 | |x z| _ 0}
T+ =
© mé {9} b = k)L (ke +ky)L? {9} {0
2 4
27 2 1
5. @ 7T =4r, wy= T = I = 5 O<t<2nmw F(t) =0, 2r<t<4r £ (t)
92 T 2) 2 47 )
gy = 7f0 F(t)dt = E{/o (0) dt + fz (4)dt} = 2 (0+4(m) = 4
2 [T 2 /4” nt
a, = 7/0 Fl(t) cosnwpt dt = 1r {0+ . (4) cos 5 dt}
i
= L{OJr g sinn—t } = i{sin2n7r*sinn7r} =0
2m n 2 |9 nm
_ 2 [T . _ 2 /4” . nt
b, = T/O Fl(t)smant dt = - {0+ . (4)sin 5 dt}
4m _ _
= L 0— é[cosn—t} = —4{cos2n7r—cosn7r} = —4{1— (—1)”}
27 n 2 o nm nm
- 4= 8 e O - 4
b= -0 =2 h= -1 =0 b= l1- (1)
Qg - 4 - nt
Fi(t) = 7—!— Z(ancosant—ansinant) =5 + Z [O—ansin?
n=1 n=1
=2 - %sin% - %sin% - (N)
()
2P T T

F(N)




2010 ( )

1. m =2Kkg, w, =20rad/s, z(0) =0.05m, x(0) =0, F(t)= (10 Ns) 5(t—3)

n

¢c=0, ¢=0
x,(t) = A sin(w,t+ ¢) z,(0) = A4 sing = 0.05m >0
z,(t) = w, A cos(w,t+ ¢) z,(0) = w, A cos¢ =0

cosgp =0, ¢ = g rad A sin% =0.05m A =0.05m

z,(t) = (0.05 m) sin(20t+%) = (0.05 m) cos20t

F 10N - s

muw, - (2 kg) (20 rad/s) =025m
_ }Ar 7<w,,,(t*7') - - _ R
x,(t) = ——c sinw, (t—7) = (0.25 m) sin[20 (t-3)]
d

t > 3s

a(t) =z, (t) + x,(t)
= (0.05 m) cos20¢ + (0.25 m) sin[20 (¢-3)]
= (50 mm) cos20t + (250 mm) sin[20 (¢-3)]

2. m =8kg, k =5000N/m, n-=2, x—0=0.2 $—2=0_2=5
N A _
0= In - =3 In(5) = 0.8047
¢ = 5 _ (0.8047) _ = 01270
Vart+ 6 Var? + (0.8047)>
¢ = 2¢vVmk = 2(0.127) /(8 kg)(5000 N/m) = 50.8 kg/s
F
3. (@ 0 ( () = )
£y e !
(b) x(t) - T 1— ﬁcos(wdt— gf))
£ eicw”t

z(t) = Tﬁé [(wncos (wyt— @)+ wysin(w,t— (;S)]

ﬁi(tp) =0 Cw, cos (wyt,— @)+ wysin(wyt,— ¢) = 0
tan(wdtp* ¢) = wgt,— ¢ = nm +tan il S
Wy 174-2
wgt, = nmw +tan71_7(: + tanfl# =n7w (n )
Vi=¢ 1-¢
wd(tﬂ—tm) =37 -7 =27
2w

lo —t =

Wq



4. (a)

(b)

(©

(b)

ml T kQ(:El_ .rQ)
NRIE. -
]f2($1_x2)1
_k1($1_y) _k1($1_y)
myxy = _Ekl (2, —y) _Elﬁ (2, —y) — ky (2, — xy)
ml :,51—"_ (k1+k2)x1_ kQ .’EQ = kl Ysinwt
mQxUQZkQ(xl—xQ) m2x"2—k2x1+k2x220
my 0 i'l k1+ kQ _kQ {$1} {kl Ysinwt}
L+ =
0 my| |z, —k, ky | (2 0
2 2 ™ s s 3
5@ 7T =2ns, wyp= 7 = g = 1 rad/s, —E<t<5 Fl(t) = 4, E<t<7 Fl(t) =0
2 [T 2| r% 7 2
ay = 7/ F(t)dt = %{/zﬂ(4)dt+ /: (O)dt} = 5{4(71')4-0} =4
0 ) 2
2 [T 2| %
a, = — F(t) cosnwptdt = — (4)cosnt dt + 0
rJ, 27 _g
= l i[sinnt]?7r +0p = i{sinn—w—sin_nw} = isinﬂ
T n - nm 2 2 nmw 2
_8.m_8 8. _ o _ 8 . 3 _ 8§
R T - TR i . B ) 3T
b, = i/‘TF (t) sinnwt dt = 2 /g (4)sinnt dt + 0
n T 0 1 T It s
= l{_—4[cosnt]2ﬂ + 0} = i{cosﬂ— coS —nw} =0
T n - nmw 2 2
F(t) = 7-&- E(ancosant-l-bnsinant) = §+ E [ancosnt-l-O]
n=1 n=1
=2 + écost - icosst + (N)
B s 37
m = 4.5 kg, k = 1200 N/m, ¢ = 0.25 w, = ,/ﬁ = ,/w = 16.33 rad/s
m 4.5 kg
Fy 30 N
Fl(t> =30 N ( ) l‘l(t) = T m = 0.025 m
F,(t) = 30 sinmt ( )  w, = m rad/s, z,(t) = X, sin(wyt — 6,)
F,/m .
X, = 2 - (30N)/ (4.5 kg) = 0.0258 m
V2= wi)+ (2¢w,w,)’ VI0(16.33)% — (7)*]* + [2(0.25) (16.33) (w)]* rad/s
2Cw,w . .
0, = tan'l% = an'12(0 25)(26 33)2<7r> = tan"’(0.1) = 0.1 rad
w, — W, 16.33° — =

z(t) = z,(t) + z,(t) = 0.025 + 0.0258 sin(rt - 0.1) m



