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While the spring forms a physical model for storing

potential energy and hence causing < >,

the dashpot, or damper, forms the physical model for

dissipating < > and thus damping the

response of a mechanical system.
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spring-mass—damper system.

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

(- &5 A} significant figures] &)
(a) The system has a mass of 25.0 kg, damping
coefficient of 430 N/(m/s), and stiffness of 19,400

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.

2(t) = Ae ! sin(w,t + @)
For the system with the undamped natural frequency
w, = 1,950 rad/s and the damping ratio ¢ = 0.290,
determine the amplitude A in mm and phase ¢ in
radian when the initial displacement =z, is 5.20 mm

and the initial velocity v, is =6.5 m/s (= —6,500 mm/s).
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1. (@ F199=) 717, 98, wEes, 9A, &8, 5714, d57%=, 7FAAE

(b) @ vibration @ energy

2. (a) T =10 ms, z,_. = (1 mm) - (-2 mm) = 3 mm

7/5 4T/5 T
’ [, ()] dt +f a4 ()] dt +/4 [z, ()] dt

fOT[m)Pdt _ /OT/S[m(t)]th . f ;

/5 37/5
/5 37/5 47T/5 T
=f 0dt+/ ()Zdt+f 0dt+/ (—2)*dt = 0 + %(1“ 0+ %(4)
4

T/5 37/5 7/5
1(6,.) _ [6 _
Trms — \/T/ \/7 (gT) = \/5 = 1.095 (mm)

(b) py = 20 pPa, p, = 3.6 Pa, py = 0.40 Pa

20 log 24 = 20 log—>0 — = 105.1 dB ~ 105 dB
Po 20> 10

20 log22 — 20 1og 22 = 20 log2t = 20 log—5 = 19.08 dB ~ 19 dB
Po Do PB 0.40

3. (@ m = 25.0 kg, ¢ = 430 N/(m/s), k = 19,400 N/m
19,400 N/m _
\/m \/ 25.0 kg = 27.86 rad/s = 27.9 rad/s
430 N/(m/s)
2 /(25.0 kg) (19,400 N/m)

wy = Vi-¢ w, = V1—0.3087%(27.86 rad/s) = 26.5 rad/s

_ 2mrad _ 2mrad _
= Wy 26.5 rad/s 0.237 s

¢ = = 0.3087 =~ 0.309

(b,c) w, = 1,950 rad/s, ¢ = 0.290, z, = 5.20 mm, v, = -6,500 mm/s

= V1-Cw, = V1 -0290° (1,950 rad/s) = 1,866 rad/s
Cw, = (0.290) (1,950 rad/s) = 565.5 rad/s

() = A e Cnt sin(w, t + ¢)
2(t) = A e ' [- Cw, sinlwgt +¢) + w; coslwyt + @)l
:r()=Asm¢— rg =520 mm >0 - @
2(0) = 4 [-Cw, sing + w; cos¢l =v, =  ~Cw,z, + wy, A cos¢ =
S 4 cose = vy + Cw, T _ (=6,500 mm/s) + (565.5 rad/s) (5.20 mm)

w, 1,866 rad/s
=-1.908 mm <0 - @
sing>0 ©]3l cos¢<0 O]|B=E, ¢i= 2AHZHO| Zfo]ofof 3

D+ @ = 4= (520mm) + (—1.908 mm)

5.539 mm = 5.54 mm

. r_ -1 920 _ -1
O +©@ = ¢ =tan 1008 tan '(-2.725)

= ¢ =¢ +7mrad = -1.219 rad + 7 rad = 1.922 rad

-69.85° = -1.219 rad
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U, = 51{902, U, = Ek(—@)? = —kQ3x)? = %ka
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U=U1+U2—§kx+2kz=5kz
12 Lo (L (20 L e
b)) 73 g m T, 2J9 Q(QmR)(Rx) mx
T=1 + T = —mz’ + ma = %mxz
a3 .2 2| =
(c) glgme +5kx 0
= 3mzz + 10kzz =0 F.B.D.
= 3ma+ 10kz =0
2mg L).
1 1 — | sinf
5. (a)JI=§mL2, J, = 2m)yt, J=J + JQ=§mL2+2my2 Z;
SM, = J

= mg (é sinf) + (2m)g (y sinf) - k(%sin&)(écos@) = (%mL2 +2my2) 0 (’

0 + sinf = 0

2
= (lmL2 +2my’ k(%cos@) - mgé — (2m)gy

3

0 = 0 o] sinf = 0, cosh = 1 (- %02)

3

= (lmLQ—F?myZ) 0 + 5

%k[/2 — lmgL —2mgy)9 =0

9mg+ 18mgy

) %k[}—imgL—ngy >0 = k>

2 2L 1.2
= o) ANy S } = 45mg
y = L 4 W unstable 7FsAdo] 71 2 = E> 57
3mL 2my m 3L 2y, 9kL ngL 2maqy gkL mg|3 2y
1,2 1 _ 1,2 (£ )
) 9kL ng[/ 2mgy ) 9kL mg 2+2y
w, = 1 =
—mL*+2my’ ( L* +2 2)
3m +2my m 3 +
(© 1 #sd%, 29y, 3 »=2¥
:l ~2:ll 2~2:l 9 52 _ 1 2:l 2) p2 _ 9 22
T = 5 2(3mL)9 smLPo, 7= 50 2(2my)9 my’ 0
= I'=T+ 1T, = %mL2é2 + my2 92 = m(é L*+ 2)é2
_ _ 1 o _ 1
U = -mgh, (1—cosf) = —myg 5[, (1—cosb) = U = myg §L cost
Uy, = —2mgy(1—cosf) = U, = -2mgycost
= l 2 l l : — L 2 2
U, 2k:x3 2k(3L9) 18kL 0

1
S U=U + U, + Uy = —mg(%L)(l—coso) - 2mgy(1—cosh) + ﬁkﬁ(ﬂ

= —mg(%L-l—Qy)(l—cosQ) + 1—18kL292 e mg(%L-l—Qy)cosﬁ + %M?a?



