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Abstract -  The paper provides an overview on the sources of Underwater Radiated 
Noise Levels (RNL) with special emphasis on Machinery Noise. It provides an 
introduction to Structure Borne Noise (SBN) and Radiated Noise Levels. The 
procedure for Tonal analysis in RNL narrowband data with emphasis on detection, 
classification and source localisation. Identification of Tonals as Speed Independent 
and Speed Dependent Tonals. Correlation of the Structure Borne Noise at equipment 
level and narrowband RNL in frequency domain. Limitations of the present 
methodology and proposed way ahead. This paper is limited to the effects of Structure 
Borne Noise, primarily due to machinery, on RNLs of the platform. 
 
 
Index Terms – Structure Borne Noise, Underwater Radiated Noise Level, Speed 
Dependent Tonal, Speed Independent Tonal, Source Mean Pressure Level, 
Source Line Pressure Level 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 

 

1. Ships, submarines, and torpedoes are excellent sources of underwater sound. 
Being themselves machines of great complexity, they require numerous rotational and 
reciprocating machinery components for their propulsion, control, habitability and 
weapon systems. This machinery generates vibration that appears as Radiated Noise 
Levels (RNL) at a distant hydrophone after transmission through the hull and through 
the sea. Analysis of these RNLs can be used towards detection, classification of target 
as well as a triggering criterion for hostile weapons like torpedoes and mines. 
 
2. Sources of Radiated noise on ships, submarines, and torpedoes can be broadly 
grouped into three major classes namely machinery noise which comprises that part 
of the total noise of the vessel caused by the ship’s machinery, propeller noise which 
is a hybrid form of noise having features and an origin common to both machinery and 
hydrodynamic noise, and  hydrodynamic noise which is radiated noise originating in 
the irregular flow of water past the vessel moving through it and causing noise by a 
variety of hydrodynamic processes [1]. At the overrun type Ranges at Goa, Naval 
platforms are ranged periodically and RNLs measured and analysed. This paper is 
limited to the effects of Structure Borne Noise, primarily due to machinery, on the 
underwater RNLs of the platform. Machinery noise is dominant in the lower frequency 
spectrum (< 2 KHz). 
 
 
Machinery Noise 
 
3. The first contributor in machinery noise is the main propulsion system. Different 
engines or propulsion architectures can be considered. The most commonly used are: 

 
(a) Diesel Electric. The noise signatures of the diesel-electric vessels 
typically contain energy from the diesel generators and from the electric 
propulsion motors in combination with the frequency converters. The levels of 
electric propulsion motor noise energy, and the frequencies at which they occur 
vary with ship and propulsion shaft rpm. 

 
(b) Diesel. Typical propulsion noise contributors include the diesel engines 
and the reduction gears. Because diesel engine rpm varies according to 
propulsion demand, these signature components occur at frequencies that 
depend on ship speed.  

 
(c) Turbines. Propulsion turbines, turbine generators, and reduction gears 
are the dominant sources of propulsion system noise on steam/ Gas turbine 
equipped ship. 

 
4. Auxiliary machinery also contributes significantly to underwater Radiated Noise 

Levels. Noise components from rotating/ reciprocating auxiliary machinery and other 
shipboard equipment contribute to the ship overall noise signature, but usually at lower 
levels than propulsion systems. The list of noisy equipment and their relative 
contribution depends strongly from one ship to another. In general, the auxiliary 
machinery considered are Diesel Alternators and GTGs for power generation, Air 
Conditioning Plants, Refrigeration Plants, Sewage Treatment Plants, HP Air 



Compressors, Steering Gear, Stabilisers, Weapon Convertors, Pumps viz Fire main, 
Sea Water Cooling and Salvage pumps. 

 
 
Structure Borne Noise  
 
5. Structure Borne Noise (SBN) La, in decibels (dB) is 20 times the logarithm to 
base 10 of the ratios of the measured structure borne vibratory acceleration to ao . 

Reference vibratory acceleration ao is 10 micrometres per second squared (µm/s2) 
root mean square (rms); that is 10 µm/s2. [2] 

 

𝐿  𝑖𝑛 𝑑𝐵 = 20 𝑙𝑜𝑔
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 µm/s (𝑟𝑚𝑠)

10 µm/s (rms)
 

 
6. A noisy machinery from SBN point of view can be characterized by: 
 

(a) The vibratory levels at its connections to the foundations or to pipework and 
cables 
 
(b) The airborne radiated noise power 
 
(c)The pressure fluctuations in the fluid pipes (in case of pumps) 

 
7. These excitations are transmitted to the hull through different noise or vibratory 
transfer paths and radiated into water. A classical solution for vibration isolation/ 
reduction of noise and vibrations, through the foundation, is the use of resilient or 
elastic mounts. As shown in Fig 1, a resilient mounted engine must be equipped with 
the engine frame of sufficient stiffness to deal with the engine unbalanced forces and 
moments. It means the deflections and their transmission to engine foundation must 
be as low as possible.  

 
 

Fig 1. Scheme of the resilient mounted propulsion systems 
 
8. The energy flow from source/ machinery to foundation and from foundation to 
some receiving structural element depends on the dynamic and geometric properties 
of sources, mounts, foundations/ supporting and adjoining structures. In general, the 
energy flow from a source to its supporting structure is predominantly caused by the 
one dimensional often vertical motion of the source. The second most important 
transmission mechanism is typically induced by the horizontal motion of the source. In 
this case the energy transfer is primarily caused by shear in the resilient mounts. 
Although the motion of a source in the vertical and horizontal directions can be of the 
same magnitude, the mobilities normal and tangential to a standard foundation can be 



quite different; the mobility normal to the foundation being the higher one. A 
consequence of this is that the transmission path perpendicular to the foundation in 
general dominates. [4] 

 
Mounts 
 
9. Mounts are utilised to isolate/ attenuate vibrations from equipment to 
foundations/ support structure and hull. Suitability of Mounts for application on 
equipment depends on load, forcing frequencies, stiffness of foundation, space 
availability, temperature range, etc. The attenuation achieved between equipment and 
foundation by the mount shows the mechanical filtering property of a mount. It 
basically gives the vibration that will be transmitted through the mount to the 
foundation of the vessel. The measurement is given by the ratio of the vibration across 
two points of the isolator. Force transmissibility (T), which is the ratio of the excitation 
force from the equipment to the transmitted force on the supporting structure 
(foundation or hull) varies with frequency, more precisely, with frequency ratio [5]. 
Reduction in transmissibility or attenuation is only achieved when the ratio of the 
forcing frequency of the equipment (fd) to the mount natural frequency (fn) is greater 
than √2. A worthwhile attenuation can only be achieved when this ratio (fd/fn) is greater 
than 4 for a simple system. Therefore, the loaded mount frequency (fd) and the lowest 
forcing frequency (fn) must fulfil the criteria of fd/fn ≥4. [2] 
 

 
 

Fig 2. Plot of Transmissibility (T) vs Frequency Ratio (fd/fn)  
 
 
Foundations 
 
10. The term foundation refers to support structure which is used below the resilient 
mounts and which may or may not resemble the shipboard structure. Foundations 
shall have a natural frequency of not less than 25 Hz and shall not have fixed base 
natural frequencies within ±0.4 (ie √2 − 1) times the fundamental rotational or other 
primary forcing frequency of the machinery or equipment. In addition, they shall not 
have natural frequencies within 0.4 times other machinery or equipment exciting 
frequencies between 0 and 500 Hz. [2] 
 

fd/fn 



Hull Structure 
 
11. The foundations sits on the hull structure. Modelling of how noise vibrations 
travel through the hull structure or to define transfer function of the hull is a challenging 
domain. The extensive use of periodically stiffened plates and shells in naval ships 
increases the structural complexity for noise and vibration analysis. It has long been 
recognised that vibration waves in a periodic structure can only propagate in certain 
frequency bands (pass bands) and this phenomenon has a significant effect on 
vibrations transmissions. Due to the complexity of naval ship structure and the large 
frequency range of interest, a deterministic analysis of all resonant modes of vibration 
is usually impractical [6]. 
 
 
Measurement of Structure Borne Noise 
 
12. Machinery Structure Borne Noise (SBN) is captured using accelerometer-
based COTS equipment, wherein measurements are taken at the top, bottom and hull 
positions of the machinery. SBN data in terms of acceleration (mm/sec2), velocity 
(mm/sec) and displacement (mm) are recorded for the frequency range 0-5000 Hz 
with resolution of 1Hz in the form of plots. While multiple points in equipment are 
considered, SBN measured at the bottom and hull point remain the primary area of 
focus. The data is represented in terms of dB levels iaw MIL-STD-740-2(SH) [2]. 
 
13. SBN data of auxiliary machinery viz DA, GTG, Fire Pumps, HP air compressors, 
weapon convertors etc are captured at harbour. SBN data for propulsion machinery, 
steering Gear Pump, Stabilisers etc are captured at sea under different speed/ SRPM/ 
load conditions. 
 

 
 
 
 
 
 
Silencing of Structure Borne Noise  
 
14. Problem statement for silencing Structure Borne Noise can be divided into three 
segments, the source, path of propagation and the receiver. Addressing the source to 
tackle the issue may involve redesign of the equipment which may not be a practical 
approach. Receiver isolation in terms of Radiated Noise Level is challenging view the 
medium is large for any practical technique to be implemented. The best approach 
would be to address the noise propagation path. Various active and passive 
techniques can be employed for the same. Passive techniques employ isolators like 

Fig 3(a). SBN as measured on 
bottom point of machinery 
 

Fig 3(b). SBN as measured on hull 
point of machinery 
 



metallic springs, polymer blocks, or trapped volume of air. Two stage isolation systems 
are widely used to isolate equipment against high frequency vibration. Active isolation 
techniques can be used in parallel with passive elastomeric isolators to achieve better 
isolation in lower frequency range < 100 Hz [5]. 

 
 

Radiated Noise Level 
 
15. Mechanical vibrations of machinery are transmitted via foundation/ hull as 
acoustic pressure in the surrounding medium (water) and can be detected by sensors 
as Radiated Noise Levels. The Underwater Radiated Noise Source Level is defined 
as the intensity, in decibel units of the noise radiated to a distance by an underwater 
source, when measured at an arbitrary distance and reduced to 1 metre from the 
acoustic centre of the source.  
 
16. Acoustic Signal Level is an expression of Acoustic Signal Intensity in decibels 
referred to some accepted acoustic intensity IO thus; 

 
Acoustic Signal Level = 10 log10 (I/IO) dB, 
where I = p2/Z 
 

p is pressure with unit as the pascal. The reference level for pressure is 1 µPa.  
 
1 Pascal (Pa) = 1 newton/metre2 (1 N/m2) 
pO = 1 micropascal (1 µPa) = 10-6 Pascals 

 
Z, specific acoustic impedance for a single medium can be taken as having the same 
value for practical purposes in all circumstances; 

 
Acoustic Signal Level = 10 log10 (p2/pO2) dB 
           = 20 log10 (p/pO) dB 
 

where p is root mean square signal pressure and pO the root mean square pressure 
consistent with an intensity in the medium of IO, where pO2 = IOZ. Since the quantity 
measured is normally acoustic pressure, and not acoustic intensity, it is a convenient 
and accepted convention to write: 
 

Acoustic Pressure Level = 20 log10 (p/pO) dB ref pO 

 

Acoustic Pressure Level or Noise pressure level N = 20 log10p dB re 1 µPa 
 

17. Data analysis and recording for RNL is done from 10 Hz to 100,000 Hz. RNL in 
broadband is expressed in terms of Power Spectral Density per unit bandwidth or 
Spectrum Level. By convention, the spectrum level is expressed in acoustic pressure 
rather than in power terms. Measurements are usually made in a bandwidth wider than 
1 Hz, and in pressure rather than in power. The accepted method for making the 
conversion from pressure level in a finite bandwidth to power spectral density is: 

 
(a) By appeal to the fact that for a medium of constant impedance, pressure 
is proportion to the square root of the power; thus 
 



(b) Spectral density can be approximated by dividing the in-band noise 
pressure (p) by the square root of the bandwidth. 

 
18. These corrections implicitly assume that the sound energy is uniformly 
distributed across the measuring band. For the bandwidth commonly used in 
measurement, this is usually acceptable.  
 

Pressure Mean Spectrum Level NS (f Hz) = 20 log10 (p/√∆𝑓 ) dB re 1 µPa 
        NS (f Hz) = N(f) – 10log10∆𝑓 dB re 1 µPa 
 
p is total noise pressure for the band f1 to f1+∆𝑓 in micropascals. The quantity NS 
relates to unit bandwidth. Where values for NS are quoted, the bandwidth of 
measurement or analysis from where they have been derived are always stated. The 
band level N(f) and the spectrum level NS(f) are associated with the geometric mid 
frequency of the full band of measurement. This mid-band frequency will be noted in 
qualification of N where appropriate. The unit of frequency (Hz) must always be shown. 
To indicate the intensity in a clearly discrete component of the noise spectrum the 
notation  
 

Line pressure level NL = 20 log10 p dB re 1 µPa 
 
will be used. Line levels should be expressed in terms of their absolute values, where 
p is the measured noise pressure in µPa associated with the line component. 
 
Noise Pressure Levels are adjusted to equivalent source levels S by application of 
local propagation factors. Accordingly, Equivalent Source Pressure Mean Spectrum 
Levels SN is derived from NS and Equivalent Source Line Pressure Levels SL is derived 
from NL. Narrowband RNL is usually expressed in terms of SL and broadband data in 
terms of SN. In free field conditions, noise intensity is inversely proportional to distance 
squared and noise pressure is inversely proportional to distance, therefore the 
adjustment would be 
 

S = N + 20 log10 r/rO dB 
 
where r is the direct distance between hydrophone and source, and rO the selected 
standard (radius) of reference i.e 1 metre. [3] 
 
 
Prediction of Radiated Noise Level 
 
19. The Underwater Radiated Noise Level is generally predicted during the design 
phase. To predict the noise radiated into sea, individual contribution of different 
sources of noise on the platform need to be considered. Finite Element Method (FEM) 
and Boundary Element Method (BEM), Statistical Energy Analysis (SEA) and certain 
data based semi-empirical methods have been utilised towards modelling the complex 
RNL characteristics of a platform [8]. The accuracy achieved during modelling stage 
has to be ascertained with actual measurements post construction. 
 
 
 
 



Measurement of Radiated Noise Level 
 
20. As per standards in vogue [3], minimum two hydrophones are utilised for 
measurement of Underwater Radiated Noise Levels. One hydrophone is placed 
directly under the track of the ranged vessel called the Track Hydrophone. The other 
is placed at a plan distance from the prescribed track (ideally not less than 100 mtrs) 
called the Beam Hydrophone. The measurement can be undertaken in a Static Range 
wherein the vessel is moored and RNL due to each independent machinery system 
(with propulsion machinery switched off) may be measured incrementally. The 
measurement can also be undertaken on an overrun type of range. In the overrun type 
of Range, the vessel is required to traverse over the track sensor on reciprocal 
headings in different regime configurations for capturing of Radiated Noise Levels by 
the Track and Beam hydrophones.  
 
 
Analysis of Radiated Noise Levels (Tonals) 
 
21. RNL tonal analysis involves identification/ detection, classification, source 
localization and prioritisation of discrete frequencies (tonals) observed during the 
ranging of the platform. Tonal analysis is undertaken on narrowband plots (of requisite 
resolution) obtained from the track sensor. The stages of tonal analysis have been 
explained below: - 
 

(a) Detection. Line levels are reported as tonals whenever they exceed the 
general level, indicated by the spectrum analyser for adjacent frequencies, 
significantly, as per standards in vogue, and are therefore easily identifiable.  

 
(b) Classification. Once identified, the tonals need to be classified as Speed 
Dependent or Speed Independent for ease of source localisation. A Speed 
Dependent Tonal shifts in frequency with change in speed/ SRPM of the ship 
[Fig 4(b)], whereas a Speed Independent Tonal does not shift in frequency with 
change in speed/ SRPM of the ship [Fig 4(a)]. Consequently, Speed Dependent 
tonals are attributed to propulsion (variable RPM) machinery and Speed 
Independent tonals are attributed to Auxiliary (fixed RPM) machinery. 

 

  
 

Fig 4(a). Speed Independent Tonal - frequency and dB level constant with 
change in vessels speed/ SRPM 
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Fig 4(b). Speed Dependent Tonal - frequency and dB level varying with 
change in vessels speed/ SRPM 

 
(c) Source Localisation. The tonals or line components (especially Speed 
Independent Tonals) of the radiated noise emanating from the platform may 
lead to classification of platform by smart mines/ LOFAR/ Passive SONARs. 
Hence, mitigation of these tonals is essential. A database of known frequencies 
which are expected from the vessel machineries are collated beforehand. 
Mapping of frequencies based on Structure Borne Noise measured on the 
bottom and hull of machinery is accordingly undertaken. Based on defined 
regimes the machinery of the vessel are sequentially switched “ON/ OFF” to 
analyse the RNL of limited set of machineries. The data as captured by the 
track sensor is analysed and correlated with the database of known frequencies 
and SBN measured data in frequency domain for source localisation.    

 
 
Correlation of RNL Tonals with SBN  
 
22. Post identification and classification of tonals they are correlated to the 
corresponding source/ machinery by using respective SBN data. As a practice, bottom 
position SBN measurements are first checked. If the tonal is found to be present in the 
bottom position, then hull position SBN measurements are checked. If the amplitude 
is found to be lower than bottom position, then tonal is generally understood to be 
originating from the said machinery. 

 
 

Fig 5(a). Sample SBN plot as measured on hull of a machinery at harbour 
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Fig 5(b). SL – Source Line Pressure Level imposed on SN – Source Mean Spectrum 
Level 
 
The peak in SBN data as seen in Fig 5(a) is correlated with the SL – Source Line 
Pressure Level in Fig 5(b) as matching frequency. The effect of the tonal on the SN 
(1/3 Octave Level) can be seen. Reduction in tonals in the SL plot is observed to cause 
a corresponding reduction in level of the SN plot. 
 
 

Case Studies 

 
23. A few case studies on correlation of SBN and RNL (SL- Source Line Pressure 
Level) are shown below: -  
 

(a) Case Study I. Auxiliary machinery A has been isolated from hull using 
resilient mounts. Plot in Fig 6(a) pertains to vibration measurement as taken on 
bottom point of machinery A i.e vibrations as measured on the equipment. Plot 
in Fig 6(b) pertains to the vibration measurement taken on the hull point next to 
machinery A i.e post vibration isolation by resilient mount. Plot in Fig 6(c) 
pertains to the Underwater Radiated Noise Level (SL) as measured by the track 
sensor. 
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Fig 6(a). SBN as measured on 
bottom point of machinery A 
 

Fig 6(b). SBN as measured on hull 
point of machinery A 
 



 

 
 
 

The dominant forcing frequency of the equipment as marked by blue down 
arrow has significantly reduced (>70%) as measured on hull point Fig 6(b), 
when compared to bottom point Fig 6(a), however the tonal is still prominent in 
the SL plot, Fig 6(c).   
 
(c) Case Study II. Auxiliary machinery B has been isolated from hull using 
resilient mounts. Plot in Fig 7(a) pertains to vibration measurement as taken on 
bottom point of machinery B. Plot in Fig 7(b) pertains to the vibration 
measurement taken on the hull point next to machinery B i.e post vibration 
isolation by resilient mount. The forcing frequency as marked by blue down 
arrow has reduced significantly as seen in Fig 7(b) when compared to Fig 7(a), 
however it is prominent in the RNL as seen in the SL plot, Fig 7(c). Switching 
“OFF” of Machinery B confirms the Tonal source. The SL plot in Fig 7(d) 
indicates a drop in dB level at the marked frequency ascertaining the source of 
tonal as machinery B.  
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Fig 6(c). SL peak observed at same frequency 
as observed in Fig 6(b) SBN plot 

Fig 7(a). SBN as measured on 
bottom point of machinery B 
 

Fig 7(b). SBN as measured on hull 
point of machinery B 
 



 
 

 
 
The attenuation achieved by the discrete frequency (marked with blue down 
arrow) by use of mounts is >80% as seen in Fig 7(b) when compared to Fig 
7(a). Resilient mount in the present case study may achieve the attenuation 
standards from SBN point of view, however the vibration on hull caused by the 
equipment is significant enough to be identifiable as a tonal in the RNL(SL) plot. 
 
(c) Case Study III. Plots in Fig 8 and Fig 9 correspond to SBN and SL 
measurement taken on machinery C over two years. Vibration isolation of 
Machinery C from hull has been achieved by use of resilient mounts. Fig 8(a) 
and 9(a) pertain to SBN measurement as taken on bottom point of machinery 
C. Fig 8(b) and 9(b) pertain to SBN measurement on hull point of machinery C.  
Fig 8(c) and 9(c) pertain to SL as measured by a track sensor placed on seabed.  

 

   
 
 
 
 

 
 
 
 
 

Fig 7(c). SL plot when Machinery B is 
“ON”  
 

Fig 7(d). SL plot when Machinery B is 
“OFF”  
 

Fig 8(a). SBN as measured on 
bottom point of machinery C in 2018 
 

Fig 8(b). SBN as measured on hull 
point of machinery C in 2018 
 

Fig 9(a). SBN as measured on 
bottom point of machinery C in 2020 
 

Fig 9(b). SBN as measured on hull 
point of machinery C in 2020 



   
 

 
 
 

The forcing frequency of machinery C as marked by blue down arrow is not 
observable in SL plot in 2018, Fig 8(c). The same is a dominant tonal in 2020, 
Fig 9(c). Comparing plots in 8(b) and 9(b), it is observed that the SBN on the 
bottom point of the marked frequency has reduced between 2018 to 2020, 
however the attenuation offered by the resilient mount has deteriorated, leading 
to detection of the vibration as a prominent tonal in SL plot. Another possible 
explanation is existence of a “Noise Short” ie existence of vibration isolation 
bypass, through piping/ ventilation connection to the hull structure.   
 
(d) Case Study IV. Auxiliary machinery D has been isolated from hull using 
resilient mounts. Plot in Fig 10(a) pertains to vibration measurement as taken 
on bottom point of machinery D i.e vibrations as measured on the equipment. 
Plot in Fig10(b) pertains to the vibration measurement taken on the hull point 
next to machinery D i.e post vibration isolation by resilient mount.  
 

  
 

 
 
 

 
Plot in Fig 10(c) pertains to the Underwater Radiated Noise Level (SL) as 
measured by the track sensor. 
 
 
 
 
 
 

Fd1 

Fig 8(c). SL as measured by track 
sensor in 2018  

Fig 9(c). SL as measured by track 
sensor in 2020  

Fig 10(a). SBN as measured on 
bottom point of machinery D 
 

Fig 10(b). SBN as measured on hull 
point next to machinery D 
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In the above plots, the dominant forcing frequency of the equipment, Fd1 and 
Fd2 as marked by blue and yellow down arrow respectively in Fig 10(a) have 
reduced as measured on the hull point [Fig 10(b)]. The forcing frequencies 
between Fd1 and Fd2 (marked with red bracket) have been attenuated 
completely. Though, Fd2 is not observable on SL plot, Fd1 is still identifiable in 
the RNL measured by a track sensor as seen in the SL plot [Fig 10(c)].  

 
24. Based on numerous similar case studies, following can be inferred: -  
 

(a) The Resilient Mounts or Shock and Vibration mounts employed for 
vibration isolation of machinery are able to isolate/ reduce the forcing 
frequencies to an extent, however the reduction may not be adequate enough 
to prevent exhibition of the vibration as an identifiable tonal in the near field of 
the vessel.  
 
(b) The mounts may not be fully effective towards vibration isolation in the 
lower frequency region. The forcing frequency (fd) of machinery is still able to 
find a path to the hull and exhibit itself as a defining tonal. This may be amplified 
due to characteristics of the foundation or interactions in the ship’s hull. 
 
(c) While the exact relation between the SBN at the hull point and tonal 
observed at measured RNL cannot be deduced, as it involves complex 
interactions of the hull transfer function, the relative reduction in former and its 
effect on the latter can be measured and observed. 
 
(d) The required reduction (attenuation) of SBN across the mounts can be 
validated using the detection of tonals in the RNL. Propagation of each 
frequency emitted during vibrations of a machinery can be mapped and 
effectiveness of the attenuation, quantified. 
 
(e) Recording of SBN of individual machinery, recording of Radiated Noise 
Level (SL) of the vessel and subsequent statistical analysis to map the SBN with 
SL can be utilised towards defining criteria for noise level compliance and 
acceptance.  SBN recordings that meet compliance levels may be then 
benchmarked for future reference. 
 

Fig 10(c). SL peak observed at same 
frequency as observed in Fig 10(b) SBN plot 

Fd1 
Fd2 



(f) With sufficient samples, the problem of correlating SBN with RNL can be 
broken down into subsets of individual machinery instead of addressing the 
problem holistically through a singular hull transfer function.   
 
(g) With an approach to address the effects of SBN of individual machinery 
on RNL, specific silencing techniques, passive or active can be worked out 
depending on the severity of the tonal on the RNL. 

 
 
Lacunae in Existing Methodology of Determining RNL 
 
25. While predictive models and numerical simulations are available for determining 
Underwater Radiated Noise Levels during design stage, there may be multiple 
iterations required to meet the specified RNL. Furthermore, differences in construction 
practices viz-a-viz the design model, may create further deviations in actual RNL from 
that desired. Additionally, while overall RNL targets (SN) may be met, the presence of 
identifiable tonals (SL) would make the platform susceptible to detection/ classification/ 
triggering by smart mines/ weapons. Mitigation action/ inputs to design agencies to 
reduce the level of tonals would serve in reducing such threat, and also help in 
achieving better overall RNL (SN) of the platform. It is therefore opined that an 
alternative methodology of determining the effect of SBN on RNL can be pursued using 
statistical data made available during noise ranging of platforms.  
 
 
Proposed Methodology 
 
26. Though, the two identities SBN and RNL are related to each other by a complex 
hull transfer function, a black box approach is proposed, wherein the input and output 
are measured and known. Even with limited knowledge of the transfer function of the 
black box, the statistical correlation of SBN and RNL (SL), is achievable, as brought out 
in the case studies. 
 
27. Measuring of SBN. It is proposed to record SBN (levels in frequency domain at 
bottom and deck points) at different stages of machinery induction/ fitment. The SBN 
measurements over life cycle of equipment can be recorded for monitoring amplitudes 
of its forcing frequency, besides ascertaining equipment health, as is in vogue. 
 

(a) The first stage would be to measure and record SBN data as per OEM 
standards, on an independent and standard medium, during FATs.  
 
(b) The second stage would involve measurement of the same data post 
fitment of equipment onboard (HATs). The two different data sets would clearly 
bring out the difference between the intended SBN levels and that influenced by 
the foundation (other factors) on which the equipment is mounted onboard.  
 
(c) The third stage would involve measurement of RNL during SATs/ 
commissioning of the vessel. This would bring out a clear effect of the SBN on 
the RNL of the platform.  
 
(d) Subsequently, SBN and RNL measurements would be undertaken 
periodically through the life cycle of the platform, towards establishing trending. 



 
28. Benchmarking of SBN. Mapping of SBN values with RNL is an important step 
towards understanding the frequency response of the transmissibility path from ship’s 
hull into the water. The database can be employed towards generation of an SBN 
benchmark level for individual equipment so that it not only meets the required RNL 
(SN), but also reduces the detectability of specific tonals in SL.  
 

(a) If the measurement of SBN onboard is similar to that measured at factory 
premises, and however, displays prominent tonals in the RNL, then feedback 
may be provided to the OEM for redesign of the equipment mount.  
 
(b) If the measurement of SBN at factory premises and onboard are different, 
then effect of foundation/ deck needs to be catered for, towards mitigation action/ 
design considerations. Alternately, active silencing techniques may then be 
considered on case to case basis for addressing specific tonals. 
 
(c) Optimisation of the transfer path, either through passive or active means, 
so as to lower the prominence of tonals in the RNL, would then be recorded as 
benchmark level of the SBN. 
 
(d) Such benchmarking of SBN would assist future endeavours in mitigation 
post trend analysis or considerations for tweaking the design processes. 
 

29. The proposed approach for SBN and RNL (SL) mapping and feedback action is 
shown in Fig 11 
 

 
 

Fig 11.  Proposed approach for SBN and RNL (SL) mapping and feedback action 



 

Conclusion  
 
30. Propulsion and Auxiliary machinery are the dominant source of Structure Borne 
Noise onboard Naval Vessels. At the design stage modelling techniques like Finite 
Element Method - Boundary Element Method, Statistical Energy Analysis and semi-
empirical methods have been employed to predict RNL of the selected equipment with 
vibration isolation mechanism, foundation and hull structure. The predicted values on 
ground may differ post manufacturing and fitment of the machinery on a vessel. 
Benchmarking of SBN and RNL values and subsequent lifecycle measurement offers 
a practical solution towards management of Structure Borne Noise onboard platforms. 
Mapping of SBN with Underwater Radiated Noise Level would provide actionable input 
to design agencies to fine tune/ improve accuracy of the predicted RNL. Any deviations 
from benchmarks/ trend can be utilised towards timely mitigation action by active/ 
passive SBN quieting techniques. 
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