Soil Dynamics

Lecture 03

Measuring Vibrations

© Luis A. Prieto-Portar, August 2006.



A rotating mass type of excitation.

m, = I'Otatlrlg mass 2;”89@2 S wf
e = eccentricity

~




The differential equation of motion is,
mz+c;+kz =0, sinot where Q,=2m,e0’=Uw’

The solution maybe of the form,

z=Zcos(ot+a)

where,

(U/m)(a)/a)n)2 and o =tan 1_(0)2/0)5)
\/(l—a)z/a),f)2+4D2(a)2/a),f) 2D (0/ w,)
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The normalized plot of Z /(U /m ) vs (a) /@, ) is shown on the next slide.

The angular resonant frequency f, is,

e
" \1-2D?
The amplitude at the damped resonant frequency Z
U/m
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resonant 2 D m
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Example 1.

% & Tuw
(
) *t ,

m =30 kips

U _ 2(1 kip )(9.75 inches ) 0.65 inches

m 30 kips
The amplitude at resonant frequency Z,_is,
Z = U/m_ _ 065 im =1.10 inches

res

2DV1-D* 2(0.31)\/1—(0.31)2
and,
Z, 1.10inches

res

U/m 0.65inches

=1.696=1.7 and from the plot on slide #4

S 2,000 rpm
1.1 1.1
Conclusion : the operating frequency is too close to resonance (within 10%).

@w/®,=1.1 therefore f =

=1,820 rpm




The “bandwidth method” to determine the damping ratio D.
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The log arithmic decrement 6 was shown to be,

5=ln£ Z, jz 27D ~2xD

Zn+1 V 1 — D2
It can be shown that,

Z
nd =ln—"=2znD where Z isthe peak amplitude of the nth cycle
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The max imum amplitude at the resonant frequency is Z

resonance ?

_ QO 1 ~ Q() 1 . .
Y jﬁwﬂ]( i Nap) oo

but we found previously that Z was given by,

,_ (Q,/ k) _ (Q,/k)

J[l—(aﬁ/wj)f +4D* (0” / @} J[l—(fz/fnz)T +4D*(f2/ f2)
and since Z =0.7077Z

resonance ?

0.707 _ 1
2D \/|:1_(f2/fn2)T+4D2(f2/fn2>
Expanding it yields,

J 2—2£f]2 1-2D° 1-8D*)=0



[}fj =(1-2D? )£2DJ1+D* or ﬂ?j —ij =4D\1+ D’ ~4D

n n
’

But, it is also true that,
[fzj _[flj :(fz_flj[fz+ﬁ] but f2+fiz2
. J. J. J. J.

-.4D:2£ﬂ_ﬁj

n

or |D= (fz flj
2\,




Example 2.

(58"

The damping ratio D is,

p_ L[ fimfi)_1(2,360-1,233)_
2l f 2 1,820




An instrument to measure vibrations.

$

vibration-Measuring instrument

Base




Assume that the motion of the ba se c an be given by,

7 =Z sinot

and the motion of the mass m is,

7 =Z sinwt

therefore, the differential equation of motion for the mass is,

m.z."_l_c(zn_z')_|_k(z"_z')20

In order to simplify,let 7 —7 =z and 7 -7 =3

therefore,

mz+ci+kz=mw’Z sinot

A solution similar to past analyses,
z=2Zcos(ot+a)

where,

_
Z = ma 2 and o = tanl(

\/(k —mo’ )2 + (ca))2

k—mo’
cw



mow'Z

\/(k —mo’ )2 + (ca))2

Z (0/ @,

7 -(era,) ] +4p*(0/a,)

Usually the natural frequency o, of the instrument is small, and therefore

Re arranging Z =

w/ o, is going to be l arg e. For most values of D the value of Z / Z is about 1.

Under the se c onditions the instrument works as a velocity monitor.

Alternatively,

Z 1 1

= ~— =constant
w7z 5

n

w \/[1—(0)/0),1)2}2 +4D* (w/ @, O

so, Zx®Z whichisthe absolute acceleration of the vibrating base.

Therefore, now the instrument is an acceleration pickup.
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