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5.[47] Calculate the response of the critically-
damped system given by

+ 2w, 2+ wlz = oné(t)
using the Laplace transform method. Assume

that the initial conditions are all zero.

F(t) = % + E—smnt (N)
n=1"M
A 100 kg, 44 kv 1000 N/meolth. 8%
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5.[54] Calculate the response of the undamped
system given by
= fo e

Laplace transform method. Assume

T+ a)fx
using the
that ¢>0 and that the initial conditions are all
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1. @ O ThEE A ALE s HYE < 1, = :’ < 1oBR, wol AW »w HIYE AZ.
(b) X t, = 575 olmE, (7} Ao ¢ 7} =,

_l 1 mo 125
0= - 1 P 5 In ) 5 In 05 0.8045
N 1) 0.8045

¢ = = = 0.127
Var® + & Var? + (0.8045)?

(b)T=%(t3—t])=%(O.95—O.1s)=0.4s

_ 2mrad _ 2mrad _
wy = T " oas 15.71 rad/s
w, = “a _ 15Tl rad/s _ 15.84 rad/s
Vi-¢ V1 —0.1272
(= 5— = c=2muw, =23 ke (1584 rad/s) (0.127) = 16.09 ke/s
3. (@ z(t) = z,(t) - 2,(t)
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FO [ e*@’n (tftz) 67 Cw, (tftl) ]]
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F F
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mw,
<HER 2>
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1 t—t, ) 1 t—t, ) F _ t—t,
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— F F
= 02 [cosw, (t —t,) — cosw, (0)] = —=[1 — cosw, (t — t,)]
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m = 100 kg, &k

1000 N/m, wg = 1rad/s, 7T =

=27 S
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Qg ].N -3
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x,(t) 5% 5 (1000 N/m) 0.5 107 m = 0.5 mm
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acp(t) =z, + E r, () =z, + 2 X, sin(nwpt —6,)

n=1 n=1

40 & 1 .
= (0.5) +— ——— sin(nt — 6, (mm)
T nz:% n |10 —n?| (n )
=05 + 40 %sin(t—@l) + ——————sin(2t — 0,) + —————sin(3t — 6,)
T 1/10—17] 21(10— 2?] 3110 — 37|
+ -] (mm)
= 0.5 + 4—0[ S sin(¢) + = sin(2¢) + S sin(3¢) + - ] (mm)
T 9 12 3
=05+ 290 Go + 20 sineo + 20 GnGo + - (mm)
91 37 3T

0.5 + 1.41 sin(¢) + 1.06 sin(2¢) + 4.24 sin(3t) + - (mm)
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1. (@ O sinedd o] W EL FouriergdF® &S] ofg] F49o 71308 A .
(b) X HEZFH A A= overshooto] $l&.
_ _ 2mrad _ 2mrad _
2. T, = 025s, w = 7.~ 0255 25.13 rad/s
_ _ 2mrad _ 2mrad _ _
T, =030 s, w,= 7 0.30 5 20.94 rad/s, Am = 3.5 kg
_ |k _ 2
wy = 4/— = k=muw; o)
m

k
W2 = AT A = k=(m+Am) wy @

=00 = mwi = (m+ Am) wi

2

w . 2
(35 ke) (20.94 rad/s)
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wl — w; (25.13 rad/s)? — (20.94 rad/s)?

\
3
I
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3

= 7.95 kg

D = k=mw’=(795kg (25.13 rad/s)? = 5021 N/m
A% @ = k=(m+Am) w} = (7.95 kg + 3.5 kg) (20.94 rad/s)* = 5021 N/m

3. (@ z,(t) =0
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k ,/I_CQ ‘
1 t . 1 t .
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mwy 0 mw, 0
<HEFH 1>
1 t2 . £ t2
zy(t) = F(r)sinw, (t—17) dr = 0 / sinw, (t—7) dr
mw,, t, mwy ty
F ty I
= cosw, (t—7)| = —2 s lcosw, (t —ty) — cosw, (t —t,)]
mwy, n t muw,
R 2F, ty —t t+t
= ?O[coswn(t —t,) — cosw, (t —t,)] = TO sinw, 2 5 ! sinwn(t S 5 2)
<P 2>

t<t—-7<t, = tH-t< 1< th—t = t—t, >T>t—t

1 t—t, t—t,

xy(t) = F(t—7)sinw, rdr = F, sinw,7dr
muwy, t—1, mawy, t—1t,
Fy |- -t —F
= cosw,, T = 02 [cosw, (t —t;) — cosw, (t — t,)]
muw, Wy, t—t, muw,
F 2 I ty — t t,+t
= ?O[coswn(t —t,) — cosw, (t —t,)] = TO sinw, — 5 ! sinwn(t = 12 2)



4. (a)

]fz (=T1 71'2: Cy (32.1*33.2) k'z (332_1‘1:

b }

my
k, (z, — Ysinwt) Cy (1:2_ 331)
(b) ml 1.:1 = _kl (:L'li YSil’lwt) - k2 (1‘1*1'2) - CQ (1:171:2)
= ml ‘Tnl + 02 1:1 - Cz l:2 + (k1+k2) xl - k2 IQ = kl YSil’lu)t
my INQ = ~ky(zy—zy) — o (iE.Q_if.l)
= mQ $2 - 621:1 + 02552 - k2.’£1 + kaQ = O

Cy TG

(c) [ml 0 Hle +
0 myf |z,

;:vl . [k1+k2 —k,
Ty —ky ks

Ty | _ {k:l Ysinwt}
T9 0

5. T+ owlir = fie "
2 2 _Jo
-~ s X(s) + w, X(s) =
sta
Jo A Bs+ C
= X = =
(s) (s+a)(s® +w?) fo (s+a) Pt w?
A[32+w3 + (Bs+O)(s+a) =1

A+ B=0, aB+ C =0, wlAd+ aC=1
- B=-4, C=-aB=add, w'A+ a@d) =1

1 -1 a
A = —F, B: —A = —, C: aA = - - @
u),,,z + a’ w,? + a? w,? + a’
f 1 — f 1 W,
X(s) = 202 7(29a2 = 202 - 32+a2n2
w,+a |\ sta "+ w, w. +a’|sta s+ w, W, s+ w,
— —1 _ f() —at a :
z(t) = L '[X(s)] = ———le " — cosw, t + sinw, t
W, + a n




