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Vibrating Machines: rotating mass type of excitation.

Not all vibrationsare “bad”. Some machines have been intentionally designed with
eccentric weightsthat shaketheir framesin aforceful manner. For example, steel
sheet-piling vibrating machines use this principle, along with the application of water
pressure, in order to create a “liquefaction” condition in the soil and thereby easily
place these sheet-pilesto great depths. A ssmple diagram of thistypeisshown below.

A rotating mass excitation of a foundation-soil system.



A vibratory sheet-pile
driving machineis
commencingto placethe
steel casing of adrilled
shaft.

Notice the two counter-
rotating masses on its
lower part of the
vibrating machine.



Vibratory hammer
driving atimber
pile.

Note the opposite
rotating shafts on
thedriver.



A vibro-flotation machine. This
deviceisused to “liquefy” granular
soilsand thereby densify a column
of thissail. It isused for soil
improvement.

The vibro-flotation probe has two
concentrically rotating masses
within its shaft, to generate large
vertical vibrations.



Thedifferential equation of motionis,
mu+cu+ku=Q,snmt where Q,=2mew’ =Uw

The solution maybe of theform, |z=Zcos(mt +a)

where,

2
Z = (U7 m)(wi w,) and a=tan'

\/(1- W | WZ) +4D (n? | W) 2x(wi w)

Thenormalized plotof Z /(U /m) vs b =% isshown on the next dlide.
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The angular resonant frequency f_ is,

f =0

J1- 2x°
Theamplitude at the damped resonant frequency Z

Z = U/m whereD:x:C— ¢
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Example 1.

Isit prudent to operate a steel sheet-pilevibratory machine at 2,000 rpm, given that
each of itstwo counter-rotating elements have an eccentric mass of 1 kip each, and
arelocated at a distance of 9.75 inches eccentrically from their drive shafts? The
entire vibrator/sheet-pile system weighs 30 kips, and the damping ratio is about 0.31.

U _ 2(1kip)(9.75inches)

m=30kips \ _ =0.651nches
m 30 kips
The amplitude at resonant frequency Z . Is,
Z . = U/m == 0651n = =1.10inches
2xy1- ¥ 2(031)1- (0.31)
and,

Z . 110inches

res

= : =1.696»1.7 and x=0.31 use plot on slide#7
U/m 0.65inches

\ X =11 therefore f, = f _2,000rpm
W, 1.1 1.1
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Conclusion : the operating freguency istoo close to resonance ( within 10%).

=1,820rpm




The " bandwidth method” to determinethe dampingratio (D).

It isdifficult to deter mine the damping coefficient c of a foundation-soil system. There
Ishowever, a method to deter mine the damping ratio , known asthe bandwidth
method, and from that back-figure the damping coefficient.

The procedureisasfollows:
The logarithmic decrement @ was shown to be,

d=In Ly __2X » 20X

Zn+1 \/1- X2

It can be shown that,

nd = In% =2pnx where Z_isthepeak amplitudeof thenth cycle

n
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During a forced vibration test, the procedureisasfollows:

(1) Thesystem isvibrated with a constant force excitation. Theresulting plot of the
amplitude Z versusthe frequency f (shown below);

(2) The peak isthe Zresonance;

(3) Theroot mean square of Zresonance 1S found by multiplying by 0.707; thisyieldsthe
two frequencies f; and f,, as shown below.



Themaximum amplitude a the resonant frequency is Z

Z — QO 1 3 QO 1
resonance k 2 D ﬁ k 2 D

But wefound previously that Z was given by,
L (/) i (@)

resonance !

If Dissmall

\/1_ (w1 w2) 2+4D2(W2/W§) \/1_ (121 12) 2+4D2(f2/ f2)
and S nce Z — O'7O7Zr&eonance )
0.707 _ 1

2D \/1-(f2/ (2) " +ap?( 12/ 12)

Expanding it yields,

2 2

fi -zfL (1- 2D*)+(1- 8D*)=0
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2
fi =(1- 2D?)+2Dv1+D* or

0 172

But, it isalso true that,
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Example 2.

A forced vibration test is performed with a steel sheet-pile vibratory machine, by
varying the excitation forces and frequencies. Theresulting displacements are plotted

versustherecorded frequencies. Find the system’sdamping ratio if the natural
frequency is 1,820 rpm, and the testswere run between 1,233 rpm and 2,360 rpm.

Thedampingratio (D)Is,

1 f,-f, _12360-1238 _ .,
2 f 2 1,820 —
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