Clarkson University
Department of Mechanical and Aeronautical Engineering
AE/ME 455 Mechanical Vibrations
Spring 2005 ~ Exam I
Thursday, March 31, 2005

Name, GOLOTIONS.

Student No.:

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 exam has 3 main problems
with multiple parts worth 80 points total. The exam is CLOSED BOOK and CLOSED NOTES.

You have 75 minutes to complete the exam.




Problem 1: (35 points)
Vibration of the system shown below is excited by the application of an harmonic displacement
to the right hand node (point B) of spring k; as shown.
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(15 points) A. Determine the equation of motion governing the response &(¢) of the system.
(10 points) B. Compute the steady state amplitude of the response.

(5 points) C. Compute the phase angle between the steady state response and the excitation.

(5 points) D. Compute the steady state amplitude of the force exerted by the damping element ¢,
on the rotating mass J,.
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Problem 2: (30 points)
The vibration of the system shown below is excited by motion of the platform. The platform
motion is specified by its acceleration history ¥(z) = Acost; the motion of the mass m is

denoted by x(z). The relative motion between the platform and the mass is denoted by

2() = y(t) = x(0).
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(15 points) A. Determine the equation of motion governing the relative motion z(z) .

(8 points) B. Compute the steady state amplitude of the relative motion (i.e. the steady state
amplitude of z(z)).

(7 points) C. Compute the steady state amplitude of the net force exerted on the mass byb the
spring and damper combined.



| Poblew. X

mE e ke <0

M%--@Qé +. Ie%‘ my

;" - a;wz

0] @ww«w é—a)mmf

>k oo N/m "

S Ty
i~w‘%: l(')»mi/s |

LOQ wml#g; 2.

2N sl @,iiv

§: wao 3(! k? ) ( IQW'«Z?"Vi) SR

oﬁ

LOQM/SZ 0 OT o

(’9 b[ e

P (W)?' f\[ (Co 0B

0.02 z -] 'f‘_ﬁf’f]_




Prob 3 camt - 255 8%,%&,‘ coglot= }

—

%

'*'{2

M,m% ﬁrms*iaﬁ‘( é} "‘W\cpsw’f

S‘s‘mav

¢ -1 (3w \ o (0“%) I

L= rlf ovla

,.~~mé~a$¢wm d‘z;zww quﬁ e /z

S ma x

.

38 coscot ~ 2./ sint N _ffj;f'fﬁﬁj




Problem 3: (15 points)

The vibration of the system shown below is excited by the excitation F(t); one cycle of which is
plotted to the right.
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F(t) has a period of 7 = 0.2 s, an amplitude of F, = 100N, and is represented by the following
Fourier series: '

4F &
FoO="—= % Lsintany; =22
n=1,3,5... T

(5 points) A. Compute the fundamental frequency w of the excitation.
(10 points) B. If the steady state response of the system to this excitation is

x, ()= i X, —rlzsin(na)t -9,)

n=1,3,5...

compute X, forn = 1, i.e. compute X,.
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AE/ME 455 Formula Page for Exam 11

Simple harmonic function

z(t)=acoswt +bsinwt = C cos(wt —y) =Csin(wt + )

C=+a*+b*; w=tan™’ (éj, v, =tan1(£j
a b

Harmonically excited single degree of freedom system

¥+ 2¢0,% + 0 x = w>5sin ot
x, (1) = X, sin(wt — @)

¥ +260,% + 0} x = w5 cos wt

Xs (t) = Xss COS(CUI - ¢)

X+2¢w,x + a)jx = a)jé cos(awt — )
xss(t) = Xss COS(O)t - ﬁ - ¢)

Xy = 0 ; ¢=tan‘1£272j; r=—"-
Ja-r2) +2g)’ -7

Harmonically excited single degree of freedom system - base excitation

Base excitation has form sin ot :

5c'+2ga)n5c+a),fx=a)fY[2gr cos wt + sin a)t]za)ffcos(a)t—a)
Y =YJ1+(Q2¢)*; a=tan” (%J

ar
Xgs (t) = st COS((OI —a - ¢)
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Base excitation has form cosat :

X+ 26w, % + @) x = o Y[cos ot — 2¢grsin wt] = Y sin(wt — a)

Y =Yy1+(2g)*; a=tan” (%}
%
Xgs (t)zst Sin(a)t_a _¢)

Y g 2¢r w
O, = ;  ¢=tan ( ); =
Ja=r)? + 2’ =)

Periodic excitation represented by Fourier series

X+2¢w,x + a),fx = a)fé‘[%) + z a; cos(jor) + ij sin(jot)]
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Fourier Series

2r
F(¢) periodic with period = 7 ; fundamental frequency =@ = —
T

Fourier series for F(f) is:

F@)= % + z a; cos(jor) + ij sin(jwt)
=l =l

27/ @ 27w 27/ @
a =217 Foyd, a =2 j F(t)cos(jar)dt; b =2 j F(¢)sin( jor)dt
C xd R R o



