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The object of the following is to acquaint the user with the principles and
terminology encountered in analyzing basic vibratory systems. Information
is presented regarding the simple vibratory system and the principles of
vibration isolation plus a discussion of how these principles apply to
isolated foundation design.

THE BASIC VIBRATORY SYSTEM

Vibratory systems are comprised of a means for storing potential energy
(i.e., a spring) and a means for storing Kinetic energy (mass or inertia)
and a means by which the energy 1s lost (dampened). The vibration of a
simple vibratory system involves the alternating transfer of energy between
its potential and kinetic forms. 1In a dampened system, some energy is
dissipated at each cycle of vibration and must be replaced from an external
source 1f a steady state vibration is to be maintained.

Although a single physical structure may store both kinetic and potential
energy and may dissipate energy, the properties of that structure can be
studied as separate elements.

A simple and convenient method of representing the elements of a simple
vibratory system is to consider that the system is comprised of a spring,
connected to a rigid infinite body and a mass which is suspended by that
spring. 1In a classical theoretical analysis the dampening action is
represented by an additional element connected in parallel with the spring
which has the property of dissipating the energy without affecting the
action of the spring. The mass in this model provides the method of storing
kinetic energy, the spring provides the method of storing potential energy
and, of course, the damper (or dash pot) provides the method dissipating the
vibratory energy (see Figure 1).
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If we displace the mass from its resting position by stretching the spring,
we are imparting potential energy through the force operating against the
spring. Upon releasing the spring, the potential energy stored begins to be
converted to kinetic energy as the mass is accelerated from its resting
position by the spring as it returns to its original length. All of the
energy imparted to the system is now stored in the kinetic energy of the
mass as it passes through the zero point and continues to move upward.
Kinetic energy is transformed back into potential energy and once again
stored in the spring. At some displacement above the at rest position the
mass will come to a complete stop with the kinetic energy again having been
transformed into potential energy and stored by the system. The events
described are one cycle of a steady state vibration which will repeat itself
indefinitely if no energy is lost from the system. In the real world,
however, this would not be the case as a small amount of energy is lost
during each vibratory cycle in deflecting the internal structure of the
spring and through air resistance on the moving mass. This results in the
displacement of the mass being slightly less with each vibration until no
motion is encountered at all.

The equations defining this "simple harmonic motion" are:

Figure 2
2.1 Displacement X = X SIN (2YTfT) T = Time (period)
2.2 Velocity X = Xo(2T1f) cos2TIET f = Frequency (Hz)
2.3 Acceleration X =-XO(ZTYf)2sin2TYfT Xo = Amplitude of

Displacement

The maximum values of displacement, velocity, and acceleration occur when
the trigonometric function of the above are numerically equal to 1. The
expressions of Figure 2 then become Figure 3.

Figure 3
3.1 Displacement = Xo = Xg
3.2 Velocity Max.= io = (2T1f) X,
3.3 Acceleration = %0 = (217f)2x0

Displacement is typically expressed in inches, velocity as inches per second
and acceleration as a dimensionless multiple of the gravitational
acceleration g. In the English system g = 386 in/sec.2 requiring that the
result obtained from equation 3.3 above be divided by 386 to obtain the
traditional value.






























