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Rotating Unbalance

A common source of vibration
Section 2.5
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Spinning Washing Machine

A top-loading washing machine executes the
spin cycle at 4 rotations per second. The
mass of the drum is 10 kg and it has a
diameter of 0.6 m. The stiffness and
damping coefficient of the mount are 379
N/m and 37.7 N's/m respectively. If the
mass of the clothes is 5 kg, what is the worst
case possible for:

= Vibration amplitude?

= Transmitted force?
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Equations of Motion for Rotating Mass
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Equations of Motion for Rotating Mass

Since X, (f)=esin wt

and i (t)=—w’esin ox

then

mx+cx+kx=m e’ sin o
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Solving the Differential Equation

I Final Eq uation (for rotating unbalance without free vibration).
x,()=X sin(a)t —(9)

where: m e r?
X =2
m -2 + gy

—r
w
r=——
a)n
MAE 340 — Vibrations Instimt;eofTechnology 6

West Virginia University.

Plotting the Frequency Response

Te Looking at just the forced vibration x,(#), we can plot the ratio
of the amplitude mXversus the amplitude m_ e as a function of
unbalanced mass rotation frequency w.
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Transmitted Force

The force transmitted to the base is: m @
F=kx+cx w ] ] et

(We could also use F'=m X —mX, but that is
more difficult.)

F = kX sin(awt — 6)+ caX cos(wr—0)

7

Since the two terms are orthogonal, the amplitude of the force

F, =(kX ) +(cax }
F. = X\k*+(co) = Xk1+(2¢g)
_ m ek rZ\/1+(2gr)2

" - + o)
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Plotting the Frequency Response

Te Looking at just the forced vibration x,(¢), we can plot the
ratio of the amplitude mF;/m_ek as a function of the
unbalanced mass rotation frequency ratio r= w/w,.
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