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3.[6% ] Consider a 1-DOF (degree-of-freedom) spring
-mass—damper system. The free response has the
following form.
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(b,c)

frequency w,,

For the system with the undamped natural
= 1,600 rad/s and the damping ratio ¢ =
0.280, determine the amplitude 4 in mm and phase ¢
in radian when the initial displacement z; is 4.50 mm
and the initial velocity v, is -5.85 m/s (= -5,850

mm/s).
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(a) Folld A (kinetic energy) 79t 91X oA (potential
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(b) SPL, = 70 dB, SPL, = 82 dB

SPL, = 20 logz—;, SPL, = 20 1og£—z

SPL, - SPL, = 20 log2 - 20 logh = 20 [log2 - logih] = 20 log2
Po Do Do Po D1
SPL,— SPL _
S g2 = 222 Lo 8770 _ g o P2 0623098 ~ 40
m 20 20 m
2. (a) X A2 = dALA, BAA}
(b) O SHAE m, = lms, w, = i
3 m,
(c) X A3} = L22W% £y

3. @) z(0) =0 = A sing =0 = $4Hphase) ¢ =0

T=4s = wy; = 27T;ad = %TW rad/s = 1.571 rad/s

744 152 %4 (damped natural frequency)

(b,c) w, = 1,600 rad/s, ¢ = 0.280, =z, = 4.50 mm, v, = -5,850 mm/s.

w; = V1 - Cuw, = V10280 (1,600 rad/s) = 1,536 rad/s

Cw, = (0.280) (1,600 rad/s) = 448 rad/s

2(t) = A ¢ " sin(wyt + ¢)

2(t) = A e " [~Cw, sinlw,t+¢) + w,; cos(wyt + ¢)]
0) = A sing =z, =450 mm >0 - @

r(0) = A [~Cw, sing + w, cos¢l = v,

= A cos¢ = U T CWn o - (—5,850 mm/s) + (448 rad/s) (4.50 mm)
Wgq 1,536 rad/s

=-250mm <0
sing>0 ©]aL cosg<0 o] Z ¢ 2AEM o] Zhi-o]ojof g}

D2+ @2 = A= +/450mm)’ + (—2.50mm)? = 5.148 mm = 5.15 mm

D+ @ - ¢=tan'h = tan(-180) = -60.9° = ~1.064 rad

= ¢ =-1064 rad + 7 rad = 2.08 rad (& ¢ = -1.144 rad - 7 rad = -4.21 rad)



4. (a)

T 9 3 T/3 9 2T/3 9 T 9 3 1 9 : 2
fo ()Pt = fo Lo, ()] dt +fm e, (1)) dt +/2T/3[x3(t)] it = 2/015 a+0-2

Ny e e R
Trms — T/U [.’L’(t)] dt = 313 = 3 = 0471 (mm)

(© %o Ty WAE J = Tdt Ao ARWARAE T = mA’
L GJ,
9 o T T=k@6 k; -
2GJ,
Wy 2y g, =2k = L”
GJ rdt
Y = keg _ L _ 4GJ, 4G5y _ | rgd
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5. (@ T = —mv* = Em(lgﬁ) = Eml29 (b)

1 1 -2 1 "9
?/w? = E(mZQ)G = 5””39 )

U= %kx2+ mgh = %k(zlaﬂ + mgl,(1 = cos#)

() =M, = Ja
~(k1,0) I, cos® - mgl, sinf = mi20

= ml20 + ki20 cos® + mgl, sind = 0

f~0 = sinf=§0@, cosh=1

= mil20+ k120 + mgl,0 =0
= mi2o + (ki2+mgly)o =0



