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Until a very few years ago the vibration isolator recommen-
dations for air conditioning equipment were more a matter of
tradition than science. It was well established in the industry
that cork was best under high speed equipment such as pumps and
centrifugal compressors, rubber mountings ideal for fans and air
handling equipment, and spring mountings the logical choice for
reciprocating equipment such as compressors. These selections
were so well established that the application engineer found his
decisions concerned a choice of materials within the categories,
such as double rather than single deflection rubber mountings.
Cork materials were manufactured and sold in natural form and al-
so in precompressed sheets. The natural form of cork was white
and the precompressed sheets were brown. One material really
worked no better than the other but a decision had to be reached
on which color to use. For all the difference it made, decorator
colors should have controlled.

This medieval method of engineering served its purpose as
it introduced the vibration control industry to this country.
0ddly enough installations were successful, at least financially,
as long as the equipment was installed in the basement or on
grade; as long as the HP involved was small; as long as the pub-
lic was not too demanding, and as long as building structures fol-
lowed the pattern established in the early nineteen hundreds when
floors were thick, spans were short and the curtain wall probably
didn't exist.

Sometime following the World War II years, a general con-
spiracy developed to embarrass the vibration control people.
The air conditioning industry really came into its own, and en-
tire buildings were air conditioned rather than just limited
spaces. Basement space, previously considered a machinery or



storage area, became rentable for offices or parking. This
meant that the air conditioning machinery had to be moved
somewhere in the building, and more often than not, it ended

up in the penthouse under the cooling towers and over executive
areas. In many cases, air distribution components such as high
pressure fans or high pressure cabinets were located immediately
adjacent to office space on the intermediate floors and the vi-
bration problem was exaggerated by the accompanying change in
structural design. Buildings were made very much lighter and
the floor spans were increased to provide unobstructed space

for offices. The old traditional method of mounting selection
fell down on job after job and bad installations plagued the vi-
bration control industry.

All of this ushered in a theoretical design era based on an
overly simplified vibration control equation. This equation as
discussed below merely says that a given percentage of the
vibration can be kept out of the structure by installing the ma-
chine which is creating a vibration at a known frequency (usually
the rpm of the machine) on a system of vibration mountings that
want to resonate at a frequency which is very much lower than the
disturbing frequency as described above. When this ratio of the
disturbing frequency to the natural frequency is about 3 to 1,
90% of the vibration is eliminated theoretically.

THEORETICAL
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EFFICIENCY EQUATION The Disturbing Frequency should be taken as either the

RPM of the equipment or the driver, whichever is lower.
All equipment has some unbalance at the primary speed
and this approach is conservative as any higher frequency

1 vibration used in the formula would result in overly opti-
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The formula for this Natural Frequency in cycles per

minute is f, = 188 [Id where “d” is the static deflection

E= Percentage of vibration isolated. in the resilient supports. The formula only applies to
fa= Disturbing Frequency of the isolated machine. mountings having a uniform deflection rate without
f, = Natural Frequency of the isolated machine. excessive damping.

All of the vibration companies published an Efficiency Chart
as shown in Figure 1, page 3, which expressed this relationship.
Since the disturbing frequency was always known and unvariable,
one merely had to establish the natural or resonant frequency by
proper mounting selection. Fortunately, just as a pendulum's
frequency is a function of its length rather than the weight of
the bob at the end, an isolation systems frequency is a function



of the static deflection in the supporting medium, rather than
the weight of the system. 1In order to provide 90% isolation ef-
ficiency for a compressor running at 600 rpm, you merely selected
a mounting that had about an inch of deflection which would re-
sult in a base frequency of 188 cycles per minute. The ratio of
about 3 to 1 was established and the problem was solved. The
vibration companies then advocated specifications which would
read "Vibration mountings shall be selected to eliminate 90% of
the vibration transmitted by the air conditioning equipment."
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While this approach was a tremendous leap from the nothing
era, it proved to be only a starting point for a number of rea-
sons. First, the 90% requirement gave no consideration to the
magnitude of the vibration. In approaching any problem we must
realize that the vibratory force varies directly as the unbal-
anced weight, directly as the distance the unbalance is located
from center and as the square of the velocity or the rpm. The
vibratory force created by an 18" vent set running at 300 rpm.
is nothing as compared to the vibratory force from a 60" class-3
fan running at 1000 rpm. While a 90% efficiency might be an ex-
aggerated number for the vent set, it might very well be com-
pletely inadequate for the large high speed fan. But the gross-
est error appeared because the selections were made on the false
premise that the theoretical equation applied to structures as



we know them today. Unfortunately this is not true, as the equa-
tion is based on the assumption that the deflection in the vi-
bration isolator is extremely large as compared to the floor de-
flection, and that the moving mass of isolated equipment is ex-
tremely small as compared to the floor mass. While these assump-
tions were closer to being correct in the old buildings with
smaller equipment, they are seldom valid today. We are dealing
with 2-mass rather than single-mass systems. The floor has a
mass and a spring rate of its own as schematically illustrated

in Figure 2. This system cannot be analyzed in terms

of the simplified theoretical equation. In using the theoret-
ical equation, in many cases you will select a mounting which
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has a smaller deflection than the floor system on which it is
sitting. For example, if we decide to isolate a 3600 rpm. pump
to eliminate 95% of the vibration, we would pick mountings with
deflections of about 0.05". Floors are designed with an allow-
able deflection which is normally as much as 1/360 of the free
span. Twenty foot bays are small today, but assuming this pump
were located in a 20' bay, the floor deflection might be as much
as 1/360 x 240" or approximately 0.666". If the floor had only
half the maximum allowable deflection, it would still be 6.5
times less stiff than the isolator we have selected. The in-
troduction of this stiff mounting will do nothing for the floor
isolation.

There are more complicated equations that can be used to
theoretically solve any vibration application problem. This



type of equation is useful occasionally to find out if we are
working in the proper direction when a new system of isolation

is developed. This type of analysis has shown that to get back
to the theoretical figures shown by the Efficiency Chart, the
isolator deflection has to be as much as 6 - 8 times the floor
deflection when the slab is light. While these numbers may sound
far fetched, in actual solutions of existing problems, we have
used mountings with as much as 3" of static deflection to solve

a problem where the theoretical charts showed us that a 3/8"
deflection should have been quite satisfactory.

Today's deflections are selected on an empirical basis
based on actual field experience. These are practical values
that are necessarily broad in scope. In some cases they may
be more than is actually required to solve a particular prob-
lem, but a commercial vendor must deal in broad terms. On large
critical jobs it is often important to rely on the impartial
professional judgment of a qualified acoustical consultant to
make a specific job analysis and sort out the exact requirements
for each piece of equipment depending on its size and location
in a particular type of structure. The commercial vendor is
dedicated to his own company and usually suffers from limited
acceptance of his competitor's best offerings. The professional
is free of this prejudice and can make his selections from de-
signs submitted by the entire industry. A concensus of the de-
flections we have worked to for various floor spans are shown
in the Selection Guide at the end of the Engineering Specification
Bulletin.

This need for higher deflection materials has caused re-
classification of products: Pad materials, be they neoprene,
cork, combinations of cork and neoprene, fiberglas, sisal
fibers, felt, lead or any other material, provide limited de-
flections. These deflections are normally 10-20% of the pad's
thickness. Therefore, pads are good for high frequency noise
breaks, and since their deflections are almost always small in
comparison to upper floor deflections, their use should generally
be confined to basement areas, non-critical jobs or situations
where job costs must be kept to an absolute minimum regardless
of performance.

Neoprene mountings and hangers fall into the 0.20" to
0.50" deflection range. They do provide sufficient static
deflection to offer protection under small high-speed equip-
ment such as close-coupled pumps up to 3 HP, vent sets, small
heating ventilating units, etc., where the unbalanced forces



are so small that in all probability only a noise break and
minor vibration relief need be provided. Neoprene hangers are
sufficiently effective for isolation of steam lines where there
is seldom any real vibration, but only high frequency whistles
and noises of that nature. While neoprene mountings and hang-
ers do have their place as noted, there is a tendancy for spec-
ifications to call for spring mountings throughout because the
dollar difference between the neoprene mountings and small
spring mountings is a very small percentage of the overall

job cost. Neoprene hanger elements are often used in series
with springs, because the neoprene element will do a far more
efficient job of eliminating the high frequency noises than the
spring alone.

Steel spring mountings are by far the most widely used
commodity on critical jobs today. Steel springs are practical
through 5" of static deflection and even more on specific oc-
casions. Springs provide an easily variable design medium,
and steel spring installations are as permanent as the machine
itself when selections are made within proper stress values.
Most modern isolators are simply steel springs that have been
designed with large enough diameters to provide stability with-
out the need for a supplementary, often detrimental, housing.
They are generally manufactured with an adjustment bolt and a
pad made of neoprene or some other material in series with the
spring to attenuate the high frequencies.

A relative newcomer to the field of air conditioning equip-
ment isolation is the Air Spring. In broad terms an Air Spring
is merely a large bladder that is manufactured in a configura-
tion to withstand as much as 100# of air pressure and provide a
stable support point for the equipment. By properly shaping the
air spring, small units can be designed to provide the equiva-
lent of 6" to 7" of spring deflection in the steel spring series.
Since the walls of the air spring are constructed of rubber, there
is no possibility of the type of spring resonance sometimes found
in the coils of large deflection, large diameter steel springs.
Air springs have the advantage of supporting a wide range of loads
merely by varying air pressure, and the spring frequency is a
function of the shape rather than the pressure. 1In general,
air springs are installed with a replenishing air supply to
compensate for leakage, or expansion and contraction where
there is a wide temperature variation. Height Control valves
are provided to maintain elevation and compensate for external
forces such as fan thrusts. Since these complete installations
are generally more expensive than steel spring isolation methods,
air springs are generally reserved for extremely critical
locations as recommended by an acoustical consultant.



Supplementary steel or concrete equipment bases are most
often used to keep equipment in alignment. This may be true
when the base is used to tie a fan and motor together, or pro-
vide the common base for a turbine-driven compressor. Bases may
also be used to stiffen an existing base such as a cast iron
pump base, provide stability for tall machines such as absorp-
tion machines, or tie a complete package together as in the case
of a long, many-sectioned heating and ventilating unit. 1In
many cases, bases are constructed of steel rather than concrete
because they can be shipped to the job as a complete welded as-
sembly and installed without involving more than one trade.
Their light weight as compared to concrete, lessens the floor
burden and reduces the need for strengthening the floor slab.
When steel bases are used, however, it is most important that
they are made sufficiently rigid to provide support for the me-
chanical equipment and do not resonate at the frequency of the
equipment they are supporting. The best approach to this is the
use of steel beams as the base members, and we would suggest a
depth of framing equal to 1/10 the longest dimension of the base.
Cross-framing may be used for additional stiffening especially
on large HP direct-drive units.

Floating concrete bases are recommended for pumps because
pump bases are designed for grouting to concrete floors. The
use of a floating concrete base provides a grouting surface and
the extra stiffness the pump base requires. When stiffness is
the only factor, a concrete depth equal to 1/12 the longest di-
mension of the base is usually satisfactory. Concrete bases are
also used for inertial purposes when an increase in mass is ne-
cessary to resist either the unbalance of the equipment or external
forces. The classic example of unbalanced equipment is the
single or double cylindered vertical or horizontal slow-speed
air compressor. These large bore, long-stroke machines usu-
ally run at 350 rpm and they can be only partially balanced.
The weight of the concrete base is calculated from the unbal-
anced force information supplied by the compressor manufacturer.
These concrete inertia bases are 5 to 7 times the weight of the
compressor in order to bring the motion down to acceptable limits.

Concrete bases can be used to offer resistance to external
forces such as fan thrust. We have found that this is particu-
larly important when isolating high pressure cabinet units be-
cause there is a combination of back vacuum and fan thrust which
tend to displace them. Concrete bases are suggested for the
isolation of high pressure fans above 6" static pressure. The



weight requirement falls somewhere between 1 to 3 times the
weight of the equipment and must be determined in each situa-

tion.

While simple steel bases are generally more economical than
concrete filled bases, most of our specifications call for con-
crete as a more foolproof broad application method.

Flexible hose should be installed horizontal and parallel
to the axis of rotating equipment. This allows the hose to flex
in the transverse direction. All hoses are quite stiff axially.
Butyl rubber hoses have a better chance of reducing pipe wall
transmitted noise, but we have found no hose particularly ef-
fective against water-borne disturbances. When butyl hoses are
used, we would suggest that Control Cables are installed paral-
lel to the hose to prevent elongation and possible hose failure.
Stainless steel or bronze metallic hoses are recommended for those
services where the static pressure or temperature exceeds the
capability of the rubber materials. While flexible hoses are
not complete protection against pipe line noises, they do pro-
vide flexibility at the points of connection to the mechanical
equipment. This reduces stresses to the flanges and allows the
isolated equipment to move freely on the springs.

Since noises transmitted to pipe lines will travel for un-
predictable distances, the trend is to isolate mechanical pipe
lines throughout their run. This type of isolation is normally
provided by combination spring and neoprene hangers.

While all connections to high pressure ducts should be
made flexible, these connections are not completely success-
ful either. There is enough air turbulence in high pressure
systems to vibrate the ducts and cause possible transmission
to the structure. Ducts are normally isolated by 1" deflec-
tion spring hangers that are installed up to 50' from the fan
discharge.

The following specifications describe commodities that
are now common to the industry. They are available from many
of the manufacturers. Our selection guide refers to these
commodities with suggested minimum static deflections as noted.
This guide is provided as a broad introduction to the field of
specifications and we recommend its use to develop a general
feel for the subject and application on projects of an every
day nature. We hope that your being familiar with these de-
signs and recommendations will help you in your work and that
we can continue to contribute to the general pool of vibration
control information.



