Clarkson University
Department of Mechanical and Aeronautical Engineering
AE/ME 455 Mechanical Vibrations
Spring 2005 — OPTIONAL QUIZ
Thursday, March 3, 2005
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Instructions: Read the problems carefully and space your time so as to gain the
maximum number of points of credit. You will be given partial credit only for those steps
in a solution that are leading to a logical conclusion. Please write neatly and clearly and
make clear unambiguous sketches; cross out any work you do not wish to be
considered. This quiz has 2 main problems with multiple parts worth 40 points total. The
quiz is CLOSED BOOK and CLOSED NOTES. You have 50 minutes to complete the
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Problem 1

The system shown below is subjected to an initial excitation and allowed to vibrate
freely. - s '
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A. (10 points) Derive the equation of motion for the free vibration response of
system [for &(¢) ].

B. (5 points) Compute the frequency of the free vibration response.

C. (10 points) If the initial angular displacement and velocity of the bar are

0(0)=0.03rad and 6(0) i‘%fj_‘_rad/s, compute the amplitude and phase angle of the
free vibration response; i-e. if the response is:

6(t) = @e = cos(w,t — ¢)

compute © and ¢.

o ! . :
(Ah) 7 } gqua -ﬁw"¢®Q3 L@&?JO?Q O

st | T8 c£94~04‘1ki9 o)

- [é ‘ (2 2
(B ,) 6t ':."“‘ 6 Q'f‘ ‘ki 8 T O ("Jb;z © 9"““4?‘,4} \éwn - "%"Q'
Jo Jo Jo Jdo

0n: 034 < 003Nz ": = %09 rad/s

n

e [ Mzws/w(os,, i o
Q-Eéw',, ) O & ( O 0 Neté s’dmmi;-d

2 (0.3 kg m Y (1714 vadfs)

= codm,,‘\i [ - ?} = )14 ved/e I\![ () t 7.0 f‘cw




2N F o B, ] R » - ~
t’[ %\i} ;5 = @ v hd i; Vkmaé\ tA\ E

e

P

G.2¢ veti jo;

5 [ e g S
. R NI e,
vir
- N ettt e - - o
, e o A
g s E .
N #
: R .




Problem 2

For the system shown below:

= r=0.05m
§k, - 3, k =5000 N/m
///,—»\\\ J, =0.1kg -m?
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A. (10 points) Derive the equation of motion of the system.
B. (5 pointsy Compute the undamped natural frequency.
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AE/ME 455 Optional Quiz Formula Sheet

Undamped Free Vibrations

i+ wix=0
x(t) = Ccos(w,t — @)
x(t)=Csin(w,t +¢,)

x(t) = Acos@,! + Bsinw,t

a0 B [ A
C= A2+B2; =tan1——; =tan”'| =
¢ (Aj % B

Damped Free Vibrations

i+ 2w x+wx=0
l.¢g<l1 Underdamped Case:

x(t) = Xe ¢ cos(w,t ~ @)
x(1) = Xe ' sin(wyt + ¢,)
x(t) =™ [A coswyt + By sin wyt]

2
Wy =W, l_g

[ 4 B o] A
X = Alz -FBlz; ¢)=tan 1(A—]j; qj{) =tan I(B_lj

1

2.¢=1 Critically Damped Case:
x(1) = (C, + C,yt)e™

3.¢>1 Overdamped Case:

2_ = 2 _
X(I) — (Cle( g -1)w,t + Cze ¢ 1)wuf)e caw,t
Other Formulae:

. 1 27
period =7 =—=—
f =frequencyin Hz

w = frequency in rad/s



