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Topics for todays class

Forced Vibrations

1. Damped harmonic oscillator subjected to external force
2. Examples

3. Using forced vibrations to measure natural frequency and
damping factor

4. Forced vibration of systems with several DOF (optional — not
covered in homeworks/exams)
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Canonical forced vibration problem: The spring mass system =Lt F(f) = Fo si
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List of standard ODEs for vibration problems
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Solution to Case IV (From pdf on website)
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Steady state solution for externally forced system
1 d’x 2 dx

&Jg’ df wﬂ' dt
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Solving the case |V vibration equation
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Solving the case IV vibration equation

We have x(1)=C+xp(0)+x;(1) with x,()=KRM(e/ @,.<)sin(er + ¢)
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5.6.2 Example: A structure is idealized as a spring-mass system with the ]‘F( )=F,sin(@t)
following properties

m

1. Mass 10000kg .Lc k
2. Stiffness k: 100 kN/m é

3. Dashpot coefficient 6 kNs/m

Wind loading subjects the structure to a harmonic force with amplitude S00N and frequency 5 Hz,
Find the amplitude of vibration.

Appoach : use foommihs X, - KF, I

T —

-¢k/= !/k': 1/“5'0 ;CJOS MWn = fk/m "2 3-142 rad/s
5z c/(2Jkm ')z O
Fp = 500N L= JOIT rad/s

M- 1 . =00l
J (1-wYen- )+ (28 w/min)™

fence | X,= 800 x0O-01 = 5//um

100 w03




5.6.2 Example: A structure is idealized as a spring-mass system with the ]‘F(t)=f’,,w'ﬂ(ff”)
following properties h m

1. Mass 10000kg J_-h; k
2. Stiffness k: 100 kN é

3. Dashpot coefficient 6 kNs/m

Wind loading subjects the structure to a harmonic force with amplitude 500N and frequency 5 Hz.
Find the amplitude of vibration.

Fpraact : yse foormlas. X <= EE M (wm,,5)

K= Ve %00;:/03 Wn = Jf&/m_j = 3162 rad/s
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Hence | Xy = 890 x0-0] = 5f/um
] JO /03




5.6.3 Example: Both systems in the figure are ]‘F(U=F;ﬁfﬂ(mf) IF(I)=F,§H?(HH)
subjected to a force with amplitude 1 kKN and frequency h m h m
equal to the undamped natural frequency of the ILC i i‘f IC L.
tem.
'Sl%seznr‘:"lpiitude of vibration of system B is 1Tmm. —ﬁ- —Z-A—
What is the vibration amplitude of system A? A B
formla X, KL WM £, w2y, M= '/25
For both REB K=/ Wa=,)lk/m
System B: Sg= 2¢/ZJem’
Sﬁ&%ﬂm A: EBp= C/2 JEmM
A B
Henee  Xo /X, = 8/ 35, =2
A
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5.6.4 Example: A force sensor behaves like a spring-mass system. The force is determined
by measuring the extension x of the spring and converting the measurement to force as F=kx

A static measurement shows k=84.9 kN/m
The figure shows the results of an impulse test on the force sensor

(a) Find values for m and c for the sensor
(b) Suppose the sensor is subjected to a 10N harmonic force. Calculate the reading on the

sensor for frequencies of (i) 10Hz and (ii) 150 Hz
(c) Find the ‘bandwidth’ of the sensor (the frequency when the sensor overestimates the force

by a factor of /2 )

(@) Find (B, 0w, m,c1 using method fm 4L 13
(b) Note Sorce reaaﬁfg @m/bf;ﬂzdé s kX e

Fomulas for

(cy Einol valne of m “when kX, /R = 2
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Example: The figure shows the vibration amplitude
of an ultrasonic motor as a function of frequency. £ 20
Calculate (., for the vibration mode :

Vibration Am plitudefy
v ) &

5731 5759 5789 5818 5849 5894 5954 60.00
Frequency (kHz)

57.00

fmm‘ ~ 533 k/}
Xma,;c = Z’/Mm "> Xmoye /[ 27 = /5)0!”’7

fr= 582 kM, [ 584 ki
2 |§= L (584 -5&2) - ©-002

* 523
Wn = AN fmax = 366x/0° rad/S
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