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nes etc.) are one of the main low-frequency noise and vibrati-
on sources in conditions of urban territories.

This paper is devoted to developing approaches and princi-
ples of classification of methods of power plants low-frequen-
cy noise and vibration reduction.

2. DISCUSSION OF THE APPROACHES TO 
CLASSIFICATION OF REDUCTION OF POWER 
PLANTS LOW FREQUENCY NOISE AND VIB-
RATION REDUCTION METHODS

Generally, the classification of low-frequency transport noise 
and vibration reduction may be based on the variety princi-
ples. In Tab. 1 approach to systematization of criteria and types 
of classification of methods of power plants low-frequen-
cy noise and vibration reduction is shown, proposed by the 
author of this paper.
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1. INTRODUCTION

Presently noise and vibration impact to the population and to 
equipment operation in industrial and domestic conditions is 
increasing every year [10, 14, 16 etc.]. Inadmissible noise levels 
affection to the housing estates leads to cities population dise-
ase growth. It is well known, that the strongest impact produ-
ced by noise effects on man is in frequency range from 1000 to 
4000 Hz (middle- and high frequencies). But for industrial town 
environment the most strong noise impact to the city popu-
lation is first of all caused by low frequency noise (from 20 to 
300 Hz). Analysis of population complaints confirms it [16 etc.]. 
Low frequency noise is spreading for a long distances without 
significant absorption. Low frequency vibration may cause 
professional illnesses of workers and workers disease, negative 
impact to environment and to the health of inhabitant on the 
territory near to industrial enterprises. Intensive vibration du-
ring exploitation of power plants and mechanical noise may 
cause reduction of attention and increasing of number of mis-
takes during work.
    

Among of the main low-frequency noise and vibration sour-
ces in conditions of urban territories are: 
•	 Transport (especially automobile internal combustion en-

gine intake and exhaust systems);
•	 Industrial enterprises and equipment (compressors, venti-

lators, pumps, mechanical noise etc.);
•	 Urban and domestic noise sources (noise from offices, 

shops, stadiums etc; noise generated by office and domes-
tic ventilation systems, TV, broadcasting, musical equip-
ment, human speech etc.).

Analysis of scientific research is showing that power plants of 
different kinds (compressors, automobile internal combustion 
engines, pumps, ventilators, heat-exchanges, stationary engi-
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may find in the case of vibrating surface. Three-dimensional 
noise & vibration sources are in automobile passenger com-
partment (the case of enclosed space) or transport noise from 
the several highways (the case of open space). The most com-
plicated case is three-dimensional broadband noise & vibrati-
on cancellation.

According to periodicity of low-frequency noise & vibra-
tion generation it should be noted that mainly low-frequen-
cy noise and vibration source radiate periodical sound. E.g., 
intake or exhaust noise of automobile internal combustion 
engine is caused by piston periodic operation and acoustic 
waves propagating in intake or exhaust ducts due to flow pul-
sations, so it has the periodical mechanism of generation. One 
of the main vibration sources of piston compressors pipelines 
are low-frequency gas pressure oscillations (pulsations) [8, 9].

Completeness of low-frequency noise & vibration sour-
ces reduction here is meaning how many low frequency noise 
or vibration sources have been cancelled. The simplest case is 
reduction of single source. For example, it may be reduction of 
automobile internal combustion engine intake low frequency 
noise by the active system [13, 15].

Reduction of several sources may be illustrated as following. 
Automobile internal combustion engine radiate both intake 
and exhaust noise. If reduced it separately by active mufflers 
strong coherent low-frequency sound radiation near to the 
air-suctioning pipe and exhaust pipe may appear. Combined 
control of ICE intake & exhaust noise is suggested in some Ge-
neral Motors patents [17 et al].

The kind of low-frequency noise & vibration spectrum 
may be very differs for different kind of transport or transport 
systems. E.g., for some cases in order to reduce significantly 
external engine noise it is enough often to reduce noise only 
for one or two harmonics [11, 15]. 

The kind of transport presently may be widely subdivided, 
e.g. aircrafts, automobiles, motorcycles, railway transport, 
trams, pipeline transport etc. Of course, every different kind of 
transport requires the separate approach when choosing the 
method of cancellation.

Sure, the described above systematization of criteria and 
types of classification of methods of power plants low-fre-
quency noise and vibration reduction is not complete and we 
may add further some new suggestions for classification.

3. ENERGETIC APPROACH TO  
CLASSIFICATION OF REDUCTION OF PO-
WER PLANTS LOW FREQUENCY NOISE AND  
VIBRATION REDUCTION METHODS

According to energetic approach it is suggested to classify 
power plants low frequency noise and vibration reduction 
methods as passive, adaptive-passive, active and hybrid  
active-passive.  

Passive methods are traditional and admit that passive 
elements do not add energy to the system. They may absorb 

Tab. 1: Systematization of criteria and types of classification of 
methods of power plants low-frequency noise and vibration re-
duction

Let us consider more detailed the criteria of classification. 

For the general way of low frequency noise and vibration 
reduction the classical approach is to subdivide the methods 
and means of noise and vibration reduction on the general 
way (in the source of generation and on the ways of propagati-
on) and on the meaning of reduction methods (collective and 
individual protection). As collective methods of protection 
acoustic barriers may be considered, as individual – electronic 
headphones.

The spatial distribution of low-frequency noise & vibra-
tion sources has a great significance when choosing the way 
of reduction. Low-frequency noise in ventilation ducts (one-
-dimensional spatial distribution) may be efficiently cancelled 
by active noise control. Two-dimensional vibration e.g. we 
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N Criteria of classification Types of classification Examples

1.
The general  way of  power
plants low-frequency noise
& vibration reduction

Reduction in the source of generation

Reduction on the ways of propagation

Individual means of protection

Noise mufflers

Acoustic barriers

Electrodynamics anti-noise 
headphones

2.

The  spatial  kind  of  low-
frequency noise & vibration
source reduction

One-dimensional (ducts)

Two-dimensional (plane surfaces)

Three - dimensional

Reduction inside of enclosed volume

Reduction in open space

Gas pressure pulsations 
compensator in compressor 
pipeline

Compensation of low-frequency 
noise spreading through the 
windows inside of buildings

Reduction of low frequency 
noise and vibration from 
industrial equipment in working 
place

Compensation of low-frequency 
noise inside of automobile 
passenger compartment

Compensation of low-frequency 
transport noise  in open space of
living territory

3.
Periodicity  of  low-
frequency noise & vibration
generation

Periodical

Non-periodical

Internal combustion engines 
(ICE) intake & exhaust mufflers

Traffic noise barriers

4.
Completeness  of  low-
frequency noise & vibration
sources reduction

Reduction of single source

Reduction of several sources

Complex reduction

Automobile ICE exhaust noise 
muffling

Automobile ICE intake & exhaust
noise muffling

Complex automobile low-
frequency noise & vibration 
reduction

5. The  kind  of  noise  &
vibration source spectrum Broadband noise

Noise inside of building

ICE intake & exhaust noise active
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Narrowband (tonal) noise

Broadband vibration

Narrowband (tonal) vibration

mufflers

Vibration dampers

Resonators

6. The kind of transport

Aircraft low-frequency noise and vibration

Separate automobiles, motorcycles

Noise of automobile transport flows

Trolleybuses

Railway transport, trams

Metro transport

Water transport

Submarines

Pipeline transport

Military transport

Space transport

Reduction of noise and vibration
by mufflers, vibration isolation 
etc.

Noise mufflers, vibration mounts

Noise reducing road surfaces

Acoustic barriers

Acoustic barriers

Underground vibration isolation

Ship diesel engines noise 
muffling

Vibration dampers inside of  
submarine

Pipeline vibration reduction 
mounts

Active noise & vibration 
reduction inside of  tank

Active vibration reduction

Tab.  1:  Systematization  of  criteria  and  types  of  classification  of  methods  of  power  plants  low-

frequency noise and vibration reduction
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and individual protection). As collective methods of protection acoustic barriers may be considered,

as individual – electronic headphones.

The spatial distribution of low-frequency noise & vibration sources has a great significance when

choosing the way of reduction. Low-frequency noise in ventilation ducts (one-dimensional  spatial

distribution) may be efficiently cancelled by active noise control. Two-dimensional vibration e.g. we

may  find  in  the  case  of  vibrating  surface.  Three-dimensional  noise  &  vibration  sources  are  in

automobile passenger compartment (the case of enclosed space) or transport noise from the several

highways (the case of open space). The most complicated case is three-dimensional broadband noise

& vibration cancellation.
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combination of an active system and passive system, so called 
active-passive hybrid [4, 6, 7, 14]. 

   

4. CONCLUSIONS

The principles of classification of methods of power plants 
low-frequency noise and vibration reduction are suggested. 
Author is proposing energetic approach, according of which 
all the methods and arrangements of reduction may be classi-
fied as passive (adaptive and non-adaptive), active and hybrid 
passive-active. The classification is illustrated by the different 
examples, including constructions of mufflers and dampers, 
some of which are developed by author. The classification pro-
posed in this paper is not complete and further we may add 
some new suggestions for classification. Using of results of 
this paper may be useful for analyzing and selecting optimal 
decisions for power plants low-frequency noise and vibrati-
on reduction and for further development and application of 
constructions of pumps plants with reduced vibration levels.
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energy or change the impedance of the source such that 
undesirable energy is not created. Classical passive noise cont-
rol example – sound absorption and sound isolation. Presently 
there are significant efforts to increase efficiency of passive 
control elements. We may either use new materials, or use exi-
sting materials in more effective ways (e. g. to absorb energy 
more effectively). But the negative feature is that passive me-
thods are not sufficiently reduces noise and vibration in low 
frequency range.

In general passive methods may be subdivided to complete-
ly passive and adaptive-passive [1, 5, 14]. Completely passive 
methods are the most oldest and traditional. E.g., it could 
be using of absorbing materials or noise barriers. Adaptive-
-passive methods utilize passive elements which can be tuned 
such that performance can be optimized over some specified 
range of conditions. But in this case passive elements again 
cannot add energy to the system. Adaptive-passive solutions 
are the most efficient for narrowband applications. For exam-
ple, the adaptive Helmholtz resonators described by Laman-
cusa [5] would be used for control of narrowband sound at 
several running speeds. 

Dampers with pliable walls may be considered as adaptive-
-passive constructions, for example, intake manifold oscillati-
ons damper of internal combustion engine [2]. However this 
construction cannot provide maximal efficiency of oscillations 
attenuation. Adaptive-passive low-frequency pulsations dam-
per in piston machine pipeline is described in [9]. At least one 
of the damper walls is pliable. Oscillatory gas movement will 
extend the walls and all variable flow consumption through 
the compressor pipeline will be locked within the damper. 
Another damper construction with pliable capacity is  mem-
brane-spring damper [12], where connection  between  the  
main  and  the  damper  is achieved through the light  mo-
vable  hermetically  suspended  membrane jointed with elas-
tic high-pliable element,  for example, soft spring.  Effective 
pressure impulses attenuation in abutting pipeline occurs due 
to membrane and spring oscillation and by means of resilient 
characteristics of spring.

As subclass of adaptive-passive schemes the so-called semi-
-active control systems may be considered [1, 5]. These sys-
tems are built up of passive components with adaptive para-
meters. However, for semi-active systems the parameters are 
changed at the same rate as the excitation. 

Active noise control systems are capable of putting energy 
into a system. Classically, these systems use loudspeakers to 
generate an acoustic wave interfering with the disturbance 
wave and are making stable system unstable. Active systems 
are generally relatively complicated compared to passive me-
thods and require a source of power.

Active vibration control (AVC) presently is well developed, 
especially for transport.  For cars AVC may be used for vibrati-
ons reduction of engine body, pan, steering wheel, seats etc., 
see e.g. developments of "Lotus Engineering", "Carl Freuden-
berg" etc.  

Hybrid (active-passive) methods are very promising. It is not 
the most efficient to implement purely active noise and vibra-
tion control systems. In fact most so called active systems are a 
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