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systems. The article sheds light on how an RTOD EMS enables in-depth understanding of
the system’s operations.
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healthcare environment is essential to combat many detrimental effects of dry air on the
human body and immune system. This article describes isothermal humidification, which
is the most suitable for pharmaceutical and healthcare applications.
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By Sachin Maheshwari and Prabhu S.
Emphasis on energy efficiency has led the AHU market to adopt higher efficiency fans.
The objective of selecting direct drive fan technology is to improve system efficiency. This
article analyses the performance of various direct drive AC and EC fans over a wide range
of applications and highlights their benefits.

By Thomas Marte and Akhilesh Burghate
The article shows the way to reduce vibrations in HVAC systems by installing elastic
bearings. The use of elastic elements provides vibration isolation and prevents the
transmission of vibrations. Elastic bearings using microcellular polyurethane material
represent an improvement over conventional rubber elastic bearings.
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By Gaurav Mathur
Considering that energy efficiency is an important element of any sustainable cooling
process, it is important to explore various methods and opportunities for smart cities to
improve their energy consumption. With technology driven infrastructure, developed cities
have explored district cooling to cool urban hubs.
By Ajaj Kazi
Scope management is the part of project planning that involves determining and
documenting a list of specific project goals, deliverables, features, functions, tasks, deadlines
and costs. Schedule management typically refers to the skills, tools, and techniques used to
manage time when accomplishing specific tasks, projects and goals.
By Ramesh Paranjpey
This is the third of a series of articles meant for Refrigeration and Air Conditioning practicing
engineers, consultants and technicians, explaining everything they need to know about
insulation for cooling applications, in a manner that is easy to understand for all users.
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Providing the compressor assembly with elastic bearings reduces the direct excitation of the unit’s frame

Reducing Vibrations in HVAC Systems
by Installing Elastic Bearings
By Thomas Marte Product Manager, Industry Division, Getzner Werkstoffe GmbH and
Akhilesh Burghate Sales Manager, Getzner India Pvt Ltd

Introduction
Heating, ventilation and air conditioning (HVAC) systems are an indispensable aspect
of modern building engineering. HVAC equipment not only provides the air conditioning
required for living and office spaces, it is also used in industry for the cooling of
foodstuffs and in the systems and processes used in manufacturing facilities. The
vibrations caused by HVAC units, especially when they are installed on a roof or inside
a building, can have adverse effect on the living and working environment in other
parts of the building. Elastomeric vibration isolators can rectify this problem. The use
of microcellular polyurethane elements has proved to be particularly effective.

About the Author
Thomas Marte is Product Manager, Industry Division at Getzner Werkstoffe GmbH. He is focusing
on HVAC in this assignment. He studied in Calgary (Canada), has a master’s degree in Business
Administration, and has worked for several years in Australia.
Akhilesh Burghate is Sales Manager (Industry Division) at Getzner India Pvt Ltd. He is a sales
professional with mechanical engineering background and rich industry experience.
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Effects of a Rigid Machine
Installation
HVAC systems consist of many components that
can cause unwanted vibrations. Investigations show
that in addition to rotating parts like fans and pumps,
compressors are the main source of vibrations in
HVAC units. The cause is not primarily the imbalance
arising from the operation of rotating parts, as the
units are adequately balanced by the manufacturer
using balancing weights. What our experience in this
field has revealed is that vibrations are introduced
into the HVAC unit as a result of pressure pulsations
generated during machine operations. The excitation
frequency of equipment often corresponds to the
rotation frequency of the rotating parts inside the
machine.
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Reducing Vibrations in HVAC Systems by Installing Elastic Bearings
In situations where an HVAC unit is not decoupled, the operational
vibrations are transmitted into the foundation via the generally rigid
installation elements and connecting pipework (structure-borne
noise excitation). As a consequence other oscillatory systems, such
as ceilings, may become excited and generate natural vibrations,
leading directly to the radiation of secondary airborne noise (Figure
1). The resulting noise and vibrations are usually perceived as
intrusive by the occupants of the offices or adjacent apartments.
If these noise emissions lie above the legally permitted limit,
commissioning of the HVAC unit may not even be permitted until
adequate countermeasures have been introduced.

Noise Emissions from HVAC Units
Advances in the development of HVAC systems by
manufacturers also manifest themselves in direct noise
emissions, known as primary airborne noise, of the units.
Ongoing improvements to the units are resulting in even lower
noise levels. In principle, the operation of near-silent systems
appears possible. What must be borne in mind, however, is that
the sound pressure levels quoted by manufacturers always refer
to the primary airborne noise radiated directly by the unit. The
measurements are made in order to facilitate a comparison
of various manufacturers’ units in terms of their direct noise
emissions into the immediate surroundings. The values are
obtained under standard conditions (e.g. as per Eurovent 8/1)
and in an ideal installation scenario without the use of any
elastic decoupling. Generally speaking, these values are also
achieved after installing the units in the immediate vicinity of the
system. However, the varying effects of the installation site on its
surroundings cannot be ascertained using the values obtained
under standard conditions. The transmission of oscillations and
vibrations and the emission of secondary airborne noise into the
area surrounding the HVAC system cause the problems.

Figure 1: Oscillations and vibrations from systems and units are
transmitted into the surrounding area; this is prevented using a
microcellular polyurethane elastic bearing (© Getzner Werkstoffe)

Vibration Isolation
Installing elastic elements between the HVAC system and the
foundation underneath it will stop the transmission of vibrations.
This is the only way to prevent the generation of unwanted
secondary airborne noise. In addition, elastic elements inside HVAC
systems decouple the actual excitation sources of the vibration
July - August 2020

Figure 2: The elastic installation elements and the HVAC system or
assemblies placed on them create, from a physical point of view,
an oscillatory system; this can be described using the single mass
oscillator model
from the rest of the machine. Adopting such measures enables both
the primary and the secondary airborne noise levels to be reduced.
The elastic installation elements and the HVAC system or
assemblies placed on them create, from a physical point of view, an
oscillatory system (Figure 2). This is described using the single mass
oscillator model and possesses a resonance or natural frequency.
This characteristic vibration frequency is derived from the mass m
of the system and the dynamic stiffness c of the elastic bearing.
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The oscillatory system is excited by an external stimulus, e.g. the
coolant circuit compressor, and starts to vibrate. The model refers
to this as the exciting force. When assessing the isolating effect of a
single mass oscillator, the frequency ratio η between the excitation
frequency of the external stimulus (fe) and the natural frequency of
the vibrating system (fo) has to be considered.
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At a frequency ratio of η ≪1, the decoupled system will
vibrate to the same extent specified by the exciting force.
Vibrations are transmitted directly into the surroundings.
With a frequency ratio of η =1, the excitation frequency
corresponds to the natural frequency. At this resonance point
the excitation vibration significantly strengthens the natural
vibration response, resulting in very large vibration amplitudes.
Steady state operation at this working point must be avoided
at all costs, as vibrations are transmitted more readily into the
surroundings at the resonance point. In extreme cases these
can damage the system. Experiences in the field show that this
occurs when apparently less expensive rubber pads are placed
underneath the HVAC units. Rubber bearings that are just a few
millimetres thick and generally extremely stiff are frequently
used. They provide a very low-cost way of implementing a
simple solution to decouple the unit from the foundation. It is
not always possible to carry out a technical evaluation of these
products, since the manufacturers often do not release any
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Reducing Vibrations in HVAC Systems by Installing Elastic Bearings
data. There is therefore a risk, due to the extreme stiffness of the
rubber bearing, that these products have a natural frequency
that is very close to the working point of the compressor.
If a frequency ratio of ߟ ൌ ξʹ is reached, vibration isolation
starts to take effect. Here, due to the natural vibration of the
oscillatory mass-spring system, the mass forces act against the
exciting forces caused by the vibrations induced by the external
stimulation. The vibrating machine mass offsets the stimulation
caused by the compressor. The effect of the vibration excitation on
the surrounding area is therefore considerably lower, as the exciting
forces are no longer transmitted in their entirety. As the frequency
ratio increases, so too does the effectiveness of vibration isolation.
Precise knowledge of the natural frequency of the elastic
bearing is very important if unpleasant surprises during operation
of the system are to be avoided. Serious providers of elastic
bearing elements always offer the option of a rapid calculation of
the natural frequency for any given machine weight. This can be
done using diagrams in product catalogues or through the use of
computational apps that are made available online. All the user
has to know are the mass of the machine and the dimensions of
the chosen product.

Elastic Bearing with Optimum Natural
Frequency
In HVAC systems in which the coolant circuit compressor is
running at a fixed speed, the steady state rotation frequency of
the compressor should be significantly higher than the natural
frequency of the elastic bearing. A factor of 3 to 4 times higher
is a good reference value. In the case of a system operating at a
constant rotation frequency of 50 Hz, an elastic bearing with a
natural frequency of 15 Hz will provide an acceptable isolating
effect (> 90%).
In units using frequency-controlled coolant compressors,
which are typically found in VRF units, the lowest expected
working point must be considered. In order to achieve effective
vibration isolation even at the lowest rotational speeds, the
. If the lowest rotation
frequency ratio should be
frequency of the coolant compressor is 15 Hz, the natural
frequency of the elastic bearing of the system should be less

damping effect is helpful in
such instances, for example
to quickly dampen the unwanted excitations caused by
strong gusts of wind. This is
also the reason why installing elastic elements that have
no damping properties, such
as pure steel springs, underneath HVAC units on roofs is
not ideal. In these situations,
Figure 3: Pure steel springs
a microcellular polyurethane underneath HVAC units on roofs
based isolator is recommend- are not ideal; in these situations, a
ed (Figure 3).
microcellular polyurethane based
When an HVAC unit is isolator is recommended
operating normally, vibration damping plays a subsidiary role. The
stimulation comes not from on-off events, but from continuous
excitation, e.g. from the coolant circuit compressor. Damping of
the elastic material has a direct effect on vibration isolation, as it
also reduces resonance super elevation. This is important if the
HVAC unit is subject to frequent start-stop cycles. Whenever the
system is switched on or off, the resonance point is briefly but
repeatedly traversed. To prevent a build up to excessive vibration
amplitudes, it is not advisable to use solutions with low levels of
damping, such as pure steel springs. Combined heat and power
plants are a classic example of units that are subject to frequent
start-stop cycles (Figure 4). Microcellular polyurethane based
isolators can be used for effective damping. But a high level of
damping also reduces the effectiveness of the vibration isolation
for excitation frequencies ݂ ݂ ب ή ξʹ . The exclusive use of
highly damping materials for vibration isolation is therefore not
recommended.
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Impact of Material Damping on the Vibration
Isolating Effect
All elastic materials, such as microcellular polyurethane or
rubber, have a damping response as well as an elastic response.
For example, damping can be described through the loss factor
as a material characteristic. An on-off external stimulation of an
oscillatory system will cause the latter to vibrate at its natural
frequency. In this case the damping causes a defined decay
in the amplitude of the vibration, a phenomenon known as
vibration damping. This can be significant in situations where
an HVAC system has been installed on a roof. The vibration
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Figure 4: Bearing of a combined heat and power plant with Sylodyn
strips

Microcellular Polyurethane for Optimum
Vibration Isolation
Decoupling elements based on rubber materials are normally
used for vibration isolation. Their elastic effect is enhanced
through the use of plasticisers, which are layered between the
polymer chains of the rubber material, but do not bond to it.
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Reducing Vibrations in HVAC Systems by Installing Elastic Bearings
They can therefore leach out of the elastomer. Leaching happens
as a result of outgassing or when the plasticisers dissolve
on contact with fluids. The upshot of this is that the elastic
properties of rubber materials weaken significantly after a while
and the material becomes brittle. In the long term, therefore,
rubber materials – as opposed to microcellular polyurethane –
cannot provide a consistently reliable level of vibration isolation.
Due to their basic design, microcellular polyurethane materials
are much more suitable for use in elastic vibration-isolation components. They contain no plasticisers, so their elastic properties remain
constant for decades. With regard to the use of elastic materials
at temperatures below 0°C, microcellular polyurethane materials
display no tendency to temperature-related stiffening. They can
be used across a temperature range from -30°C to 70°C, with shortteam peaks of 90°C permitted. Another important aspect that must
not be overlooked is the dynamic stiffening of products made from
natural or synthetic rubber and classical rubber products such as
EPDM or SBR. This is why the annex to ISO 18437-1 explicitly draws
attention to the pronounced amplitude dependence of the dynamic properties of rubber products on account of their soot content.
Small excitation amplitudes, which typically occur in HVAC systems, lead to significant stiffening under dynamic loading conditions. Microcellular polyurethane does not exhibit this behaviour
to the same extent (Figure 5). What this means in practice is that
rubber and microcellular polyurethane layers exhibit a different
dynamic response, even though they display the same static deflection at the same static stiffness. In other words, they stiffen to a
greater or lesser extent under dynamic loading, such as vibrations.
Rubber products exhibit a significantly higher level of dynamic
stiffness compared with microcellular polyurethane products. This
stiffness results in higher natural frequencies and a reduction in
the effectiveness of the vibration isolation.

Elastic Elements Installed Directly on
Compressor Assembly Reduce Structure-borne
Noise
Elastic elements can be used both as traditional installation
elements between the HVAC unit and the subsoil as well as inside
the HVAC system itself. Utilising them inside the system on the
compressor assembly, in other words directly at the source of
the vibrations, also reduces the direct excitation of the unit’s
frame, which in turn can have a positive impact on the directly
emitted airborne noise, also referred to as the primary airborne
noise (please see title photo). Note, however, that the feed and
return lines of the coolant are soldered rigidly in place on the
compressor. These connections will be damaged if the elastic
attachment is not made correctly. Fractures leading to the loss
of the coolant into the surroundings must be avoided at all
costs. That is why it is important that the static stiffness of the
elastic bearing on the compressor itself closely matches that of
the rubber bearings supplied by the compressor manufacturer.
We recommend that these bearings are replaced due to the
much lower dynamic stiffening of microcellular polyurethane
compared to standard rubber materials. The result will be a
significantly improved vibration-isolation effect. To obtain as low
a natural frequency as possible and optimise the compressor
bearing, the stiffness of the elastic bearing must be further
reduced. Damage to the sensitive solder connections is avoided
by, in addition to optimised cable routing, mounting the entire
compressor assembly on an intermediate frame that is elastically
decoupled from the rest of the system (Figure 6).

Figure 6: Damage to the solder connections is avoided by mounting
the entire compressor assembly on an intermediate frame that is
elastically decoupled from the rest of the system

Case Study: Air Heat Pump in a Detached House

Figure 5: Rubber, unlike polyurethane, stiffens under dynamic
loading (Source: Dietrich, Martin, 2017: Polyurethan der perfekte
Schwingungsisolierer, Tagungsband 2017, FSK Fachtagung
Polyurethan 2017 [Polyurethane: the ideal vibration isolation,
Conference Proceedings 2017, FSK Polyurethane Symposium 2017])
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Large HVAC systems with numerous compressors are not
the only source of unwelcome structure-borne noise emissions.
An air-water heat pump in a detached house seriously affected
the well-being of the family. The heat pump was installed on a
concrete pedestal on the garage roof, with conventional rubber
bearings providing the decoupling. Despite this, the vibrations
generated by the compressor could be felt inside the house and

Air Conditioning and Refrigeration Journal

33

33

Reducing Vibrations in HVAC Systems by Installing Elastic Bearings
caused a considerable amount
of noise in the bedrooms of
the children and their parents.
This problem was particularly
apparent in the winter months,
as the cold temperatures
caused the rubber bearings
to stiffen. As access inside the
unit is no longer possible in
the case of a post-installation
complaint like this, the only
option was to look at the bearing of the entire heat pump.
The chosen solution was to use
a spring-microcellular polyure- Figure 7: Installing the heat
thane element (Figure 7). With pump on a suitable elastic
a main excitation of 50 Hz, this element significantly reduced
solution brought about an im- noise levels in the living areas
provement of 14.7 dB over the conventional rubber bearing
(Figure 8). To ensure that manufacturers and installers do not
have to deal with such complaints, the use of appropriate elastic
construction elements should be investigated during the design
phase or at least prior to installation.

1m apart. The location of the overall centre of gravity of the HVAC
system (and/or its components) must also be taken into account
to avoid installing the HVAC unit at an angle.

Installation and Elastic Bolting
There are hardly any restrictions regarding the installation of
microcellular polyurethane. Elastomer cuttings can be fashioned
as point, strip or full-surface bearings and are installed in
exactly the same way as rubber bearings. Rubber products
are connected to metal parts through vulcanisation, whereas
microcellular polyurethane elements are bonded to the metal.
Spring elements are also used depending on the application; for
example, slow-turning fans are decoupled with them due to their
low rotational speed.
If cuttings made of an elastic material are to be bolted,
additional elastic decoupling between the bolt head and the
oscillatory system will be required. Ignoring this requirement will
cause vibrations to be transmitted directly into the foundation via
the bolt. It is important to note that the bolted connection cannot
be made using the usual tightening torques. If this is unavoidable
for stability reasons, we recommend the use of a steel sleeve, as
this will dissipate the forces required to pre-tension the bolt. This
approach is the only way of making elastic connections with an
adequately pre-tensioned fastening bolt.
In situations where microcellular polyurethane is used for
the elastic decoupling, note that the elements should generally
speaking be compressed. Tensioning is to be avoided, as hightension peaks are generated at the edges of the fastening
surfaces. Owing to the high notch sensitivity, these peaks result
in damage even when only small cracks are present. Similarly,
permanent shear deformation of the elastic bearings is to be
avoided.

Summary

Figure 8: Improvement as shown in measurement report

Correct Choice of Bearing and Positioning in
the System
The practical choice of the bearing elements is based on
the computational model of the single mass oscillator. The
parameters that need to be known are the mass of the machine
and the geometry and type of installation element. Other factors
may also have to be considered in order to guarantee the longterm effectiveness of the elastic element. These factors include,
for example, how the system is to be operated (continuous or
start-stop), the local conditions (is the system installed on a
roof or inside the building), plus the requirement in terms of
the isolation effect of the elastic bearing. A number of elastic
bearings are to be positioned such that they are no more than
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The compressor assembly is the main source of unwelcome
vibrations in HVAC systems. The oscillations caused by the
operation of HVAC units result in the unwanted emission of
intrusive vibrations into surrounding residential areas and
workplaces. The use of elastic elements provides vibration
isolation and prevents the transmission of vibrations. Elastic
bearings made of microcellular polyurethane materials represent
a development of today’s conventional rubber elastic bearings.
Microcellular polyurethane-based elastic bearing elements, steel
spring solutions and combinations of steel springs with elastomer
components, and elastic solutions using various microcellular
polyurethane materials with a specific damping response will
achieve good isolation results for decades. The handling of elastic
components made of microcellular polyurethane does not differ
from that of rubber products. A further advantage is that the
isolation effect is very easy to determine. Manufacturers now
offer online calculation apps to speed up the calculation process.
These apps use the technical data provided by manufacturers of
elastic microcellular polyurethane bearings.
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