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Figure 4. Six examples of fabrication and installation failures. Images a 
and b illustrate shims left behind. Springs in c and d are shorted. Connec-
tions between rotating systems and piping/ducting are rendered in�exible 
in e and f.

Figure 5. Three pump isolation examples. Heel-strike data on two large 
pump bases (similar to those shown) illustrate the isolation systems’ natural 
frequencies. The additional stiffness provided by attached piping on one 
pump results in a natural frequency nearly twice that of the motor end. On 
another pump, signi�cant shorting of the system results in an inappropriately 
high natural frequency of 12.5Hz.
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Figure 6. Real-world ground vibration data for a brown�eld in�ll site be-
tween two existing buildings. With the adjacent factories running, ground 
vibration levels were high enough to preclude high-end microelectronics 
manufacturing at the in�ll site. During a planned factory shutdown, site 
ground vibration levels fell to acceptable levels, illustrating the impact of 
poorly isolated machinery. Note the large tones, each corresponding to a 
speci�c shaft speed, in the factory-running condition. 
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The most basic installation errors revolve around alignment. Real 
systems consist of large distributed masses supported on multiple 
springs and are free to move in other dimensions in addition to the 
vertical plane. Misalignments negatively impact overall isolation 
system performance when individual springs end up working 
against each other, or when the misalignment causes parts of the 
system to foul against framing or snubbers.

Six examples of misalignment errors are illustrated in Figure 3. In 
Figures 3a and 3b, the springs are collapsing to one side and cause 
direct shorting through the hanging rod (a) and by rubbing against 
part of the spring support (b). In Figure 3c, the base elevation is so 
low that the system rests on the pin in the seismic snubber. Figure 
3d illustrates an extreme lateral misalignment. Here, the spring 
is working against other springs in the system, undermining the 
isolation ef�ciency by increasing the isolator frequency.

Figures 3e and 3f illustrate springs with travel limits. In Figure 
3e, the system is against the travel limit even in the steady-state 
case, and the isolator is acting as a recti�er. In 3f, the bolts of the 
travel limit foul against the �oor framing. The presence of the neo-
prene grommets is no consolation, since a very high-compliance 
steel spring isolator was intended.

While misalignments comprise the most commonly observed 
installation problems, other issues exist. Several of these are il-
lustrated in Figure 4. Shims and construction debris sometimes 
foul isolators in initial constructions; forgotten shims are shown in 
Figures 4a and 4b, while 4c and 4d show installations where sup-
port framing or isolator components themselves foul the springs. 
In 4c, an unnecessary extension of the vertical framing causes the 
entire base to sit on the �oor. In 4d, the leveling bolt in the spring 
is far too long and touches the bottom plate.

More subtle installation errors are illustrated in Figures 4e and 
4f. In 4e, the control rods on a �exible pipe connection are rigidly 
installed, constraining motion perpendicular to the axis of the 
pipe. In 4f, the installer accidentally omitted a �exible connection 
between an isolated exhaust fan and the exhaust ducting. The omis-
sion constrains the �oating fan system, not only increasing vibra-
tion transmission into the structure but also delivering unintended 
loads to the duct riser. These conditions add signi�cant damping 
and stiffness to the system, both of which contribute to reduced 
vibration isolation ef�ciency at the drive frequency.

Conclusions
All of these design, selection, and installation problems under -

mine optimal isolator performance. The impact of the unintended 
stiffness and damping can be quanti�ed via testing. Data illustrating 
the importance of these parameters are presented in Figure 5 for 
two identical, large (100-HP) pump installations supported on steel 
springs. Spectral vibration data were collected on the pump bases 
by heel strike to illustrate the spring natural frequencies.

In Figure 5a, the natural frequency on the motor end of the 
base appears to be about 4.4 Hz, implying a spring static de�ec-
tion of about 13-mm. On the pump side of the base, the damping 
and stiffness provided by the attached piping nearly doubles the 
natural frequency to 8.4 Hz. For a pump speed of approximately 
1440 RPM (24 Hz), the 4.4 Hz and 8.4 Hz natural frequencies lead 
to an isolator ef�ciency of 97% and 86%, respectively.


