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Introduction 

The most significant component of “operational stealth” of a submarine is its 

underwater radiated noise, which remains the primary means by which it could be 

detected, tracked and attacked by Anti-submarine warfare (ASW) platforms such as 

aircraft, warships and submarines. Silencing of submarines remains a major challenge 

requiring intensive efforts at every stage of platform design, equipment development, 

construction and testing. 

In this paper, the major components and sources of submarine noise and their 

characteristics are examined. There are many lessons to be learnt from the 

experiences of the Cold War, in which there were progressive technological 

developments to improve submarine silencing. These are touched upon with examples 

of platforms and measures to improve detectability. Measures and means for better 

silencing of equipment for submarine applications are enumerated. Quantitative 

estimates are quoted to provide a feel of the challenges involved. 

 

Nature of Submarine Noise 

Sound travels much farther and faster in water than in the air. The range of detection 

of a sound source, often represented by the ‘sonar equation’ depends largely upon the 

source noise levels, the ambient noise and the sensitivity of the receiver. The main 

characteristics determining the range of transmitted noise and its classification as a 

submarine contact are the frequency of the noise and the temperature/ salinity 

characteristics of the sea water. 

Sea water characteristics vary not only with the location, the season and the time of 

day, but, most importantly for submarines, with depth. The upper layer of sea water is 

often warmer in tropical waters, succeeded by a cooler layer. Sound transmission 

across this interface is lower than that within the same layer. A submarine can 

therefore use the thermal layers to conceal itself from detection, particularly from 

surface ASW platforms.  

Sonar remains the most reliable method to detect dived submarines. Sonar can be 

either active or passive, mounted on ships, aircraft/ helicopters, and submarines. Fixed 

or hull-mounted sonars were fitted on warships during the Second World War. To 

counter the advantage of the submarine to change depth and take advantage of layers 

of ocean temperature, variable-depth and towed-array sonars were developed for 

deployment for surface ships. These were supplemented by variable depth sonars 

lowered by ship-borne helicopters, which also overcame issues of platform self-noise 

for warships. Fixed-wing aircraft for maritime reconnaissance combine these 



advantages with that of very long range and endurance, as well as large search 

coverage by laying patterns of sonobuoys. 

Another important factor is the frequency spectrum of the radiated noise. Lower 

frequency noise travels faster and hence farther, while higher frequencies travel 

shorter distances. However, sharp frequency spikes would be more characteristic of 

man-made noises, while flatter frequency distributions (or broadband noise) would 

tend to merge better with the ambient noise. 

In order to improve detectability of Sonar, one approach could be to use large arrays 

to improve antenna gain. This may not be practicable beyond certain limits of the 

platform. Further advantage can be through processing gain, using Low-Frequency 

Analysis and Ranging (LOFAR) for narrowband analysis1. 

 

 

Figure 1. Frequency spectrum of types of noise (Hervey, 1994) 

 

The main sources of submarine noise are: flow noise, propeller noise and machinery 

noise2. Hydrodynamic flow noise depends upon the shape of the hull and its speed 

through the water. The propeller-generated noise is also dependent on speed and 

 
1 (Friedman, US Submarines Since 1945: an Illustrated Design History, 1994) p.65 
2 (Hervey, 1994) p.94-95 



propeller shape. Both these are generally spread over various frequencies, that is, 

they are generally broadband in nature.  

Machinery noise, with which we are mainly concerned in this paper, can produce 

discrete frequency peaks. These peaks and their harmonics are detectable when 

passed through a narrow band filter (Figure 1). Although machinery noises travel 

lesser distance, their frequency spikes may make the platform easier to classify. 

Characteristic submarine noise spectrum for various types of noise sources are shown 

in Figure 1. 

 

Cold War Developments in Silencing 

The primary means of submarine detection during the Second World War was radar. 

Although ASDIC (later referred to as SONAR) had been invented by the British, it was 

not of significant advantage against U-boats except to retaliate against an attacker. 

Compared to ship-borne ASW, long-range aircraft were more effective in picking up 

U-boats on surface, which was their predominant operating condition. It was after 

World War II that the emphasis shifted to submerged performance, derived from the 

German Type-XXI design.  

The world’s first nuclear-powered submarine was the USS Nautilus. Its superlative 

performance in fleet exercises, as a result of its unprecedented range and speeds, 

shook up the US Navy’s concepts of operation against submarines. The tremendous 

advantages due to the speed and range of the Nautilus were unmatched by existing 

US ASW platforms, technologies or weapons. The US rightly assumed that it was only 

a matter of time before the Soviets deployed nuclear-powered submarines as well.  

A conclave of leading scientific and academic experts was organised by the US Navy 

at Nobska in 1956 to deliberate the possible technologies to counter the submarine 

threat through submarine and sonar development. Outcomes of this brainstorming 

were taken forward to develop the first spherical array sonar, the first noise isolating 

mounts and the first external hull sound-absorbing coatings. The Thresher class SSN 

commissioned in 1961 incorporated many such technologies. The 14 SSNs of the 

Thresher class (entering service from 1961 to 1967) were followed by 37 SSNs of the 

Sturgeon class (entering service from 1967 to 1975). 

It was found essential to reduce platform self-noise to improve Sonar performance as 

well as reduce detectability. Experimental platforms were built to test technologies for 

quieting such as natural circulation reactors (USS Narwhal), direct drive electric 

propulsion (Tullibee and Glenard P. Lipscomb) and contra-rotating propellers (USS 

Jack)3.  

Based on the geographical imperatives, the US strategy was to try and implement a 

‘barrier’ strategy to detect and trail Soviet submarines as they transited through choke 

points from their bases to their patrol areas that were within range of US (land) targets.  

 
3 (Polmar & Moore, 2004) 



Gradually, therefore, US efforts focused shifted from surface platforms to developing 

the submarine itself as the primary platform to detect and attack other submarines4. 

Thus, in the 1950s and 1960s, the US submarine force itself became the main ASW 

weapon against Soviet submarines, rather than airborne (fixed/ rotary wing) or 

shipborne ASW. The US’ efforts across three to four generations of SSN and SSBN 

design, spanning the almost-five decades of the Cold War have been documented in 

several detailed accounts.  

LOFAR (discussed earlier) was developed for better detection and classification of 

contacts. Fixed seabed sonar arrays (SOSUS) were developed and deployed by the 

US across various oceans to provide early warning of submarine passage. By 1974, 

22 SOSUS installations were functional along the East and West coasts of the United 

States and at various forward choke points5. Assemblies of submarine Sonar 

hydrophones took on various forms such as cylindrical, spherical and conformal arrays 

at the bow, flank array on the sides, intercept arrays and towed arrays (clip-on or 

reeled-out). Passive sensing became the preferred mode of detection, for which the 

source level (submarine) silencing became increasingly important.  

Although the US was the first to deploy nuclear power on a submarine, the USSR was 

close to follow. The Soviets embarked on a massive submarine-building programme, 

with the missile-capable submarines being the primary platforms posing a threat to not 

only US naval forces but also to US mainland targets. The USSR built the first ballistic 

and cruise missile submarines, followed by several generations of nuclear-powered 

submarines.  

US sound processing techniques along with sonar technology and platform silencing 

were significantly better than that of the Soviet Navy through the 1960s and 1970s. 

During this period, Soviet first- and second-generation nuclear submarines focused on 

maximising the qualities of armament, diving depth, survivability and speed, in which 

they generally exceeded contemporary US designs. Several accounts emerged 

towards the end of the Cold War of how US SSNs were able to routinely track Soviet 

submarines transiting through choke points into the Atlantic. 

However, Soviets realised the acoustic advantage of the US submarines and put in 

focused efforts for silencing their third-generation submarines, particularly the Victor 

(Project 671) class SSN from the late 1970s onwards. Sustained efforts were put in 

for developing more silent equipment and improving their frequency spectrum. The 

Soviets reportedly benefited from espionage over a period of more than a decade by 

the Walker spy ring that was busted in 19856. Machinery noise was significantly 

reduced and it became necessary for the US to use propeller blade tonals necessary 

for detection, using low frequencies by towed arrays. The higher frequency 

narrowband tonals of these Soviet third-generation submarines had been reduced.  

 
4 (Cote, 2003) p.26 
5 (Cote, 2003) p.41 
6 (Polmar & Moore, 2004) p.187 



UK’s Royal Navy also made significant advances in acoustic stealth. They were 

responsible for several innovative technologies such as a structural ‘raft’ for mounting 

and isolating noisy equipment together, as well as the first conformal and towed array 

sonars.  The concept of a ‘raft’ was introduced in the Thresher class in the 1960s7 and 

in the late 1970s by the Soviets in their Victor-III.  

By the time the fourth-generation Akula (Project 971) class SSNs entered service in 

1980, the US Navy was voicing concerns of their narrowing acoustic advantages8. Its 

narrowband, low-frequency tonals were reduced below source level of its continuous 

broadband signature. The source level of that broadband signature was close or equal 

to that of US SSNs of Sturgeon and early Los Angeles classes. This relative 

improvement in silencing is depicted in a diagram based on the US Office of Naval 

Intelligence (Figure 2).  

 

 
Figure 2. Comparison of relative acoustic stealth (broadband): US and 

Russian SSNs (Polmar, 2004)9 

 

Gradually, airborne ASW became more widespread due to advantages of greater 

range, persistence and coverage. The ship-borne helicopter proved to be a force-

multiplier for ASW capabilities of surface ships as well. However, the advances in 

submarine silencing were relentless through the years of the Cold War. The SOSUS 

arrays were supplemented by subsequent technologies referred to as the FDS (Fixed 

Deployable System) and the SURTASS (Surveillance Towed Array Sonar System)10. 

 
7 (Polmar & Moore, 2004) p.151 
8 (Cote, 2003) p.69 
9 (Polmar & Moore, 2004) p.319 
10 (Cote, 2003) p.78 



The culmination of Cold War capabilities was in the US’ Seawolf SSN designed in the 

mid-to-1980s, with a much faster tactical speed than the Los Angeles class as well as 

a much larger weapons load. However, the collapse of the USSR in 1991 signalled an 

end to this expensive programme and only three were delivered between 1997 and 

2005. 

The cat-and-mouse game played out at sea between submarines during the Cold War 

was reflected in the technological race for their silencing and detection. These 

technologies included several innovations and incremental developments. Initial 

improvements were quite drastic and significant, but subsequent ones required 

disproportionately greater efforts to display results. The series of acoustic test facilities 

and developmental efforts at the David Taylor Model Basin (now the Naval Undersea 

Warfare Centre, Carderock Division) are a testimony to these decades of effort. 

 

Means of Silencing Machinery Noise 

The discrete frequencies in machinery noise can be caused by vibration of rotating 

and reciprocating machinery, which are transmitted to the hull through their 

foundations and connected pipes. Spectrum lines become more detectable when 

machinery is not well-maintained or imbalanced, or when it involves repeated 

engagements and disengagements, such as in a gear train11.   

In addition, machinery can also produce a low volume, broad-band, continuous 

spectrum due to liquid flow in hydraulic systems and mechanical friction in bearings. 

These lower noise levels may become important as major sources of discrete 

machinery noises are progressively reduced or isolated. 

Unlike flow noise, machinery noise is not easy to reduce by merely lowering platform 

speed. The so-called ‘silent regime’ of a submarine involves switching off all non-

essential machinery (along with reduction in speed) to minimise its emitted noise.  

There are three broad means of reducing machinery-generated noise on a submarine, 

which are discussed further:- 

(a) Quieter equipment 

(b) Resilient mounts to isolate equipment from the hull 

(c) Hull coatings to attenuate radiated noise. 

The first and most effective means is to minimise the inherent noise produced by each 

machinery. Reciprocating machinery is generally avoided in submarines due to noise 

considerations. Rotating machinery also needs to be carefully selected for their 

frequencies and noise levels. These represent inter-related but different aspects of air-

borne noise and structural vibration. Permissible source levels need to be judiciously 

specified and equipment need to be specifically developed to meet these stringent 

requirements. For example, it is claimed that one could balance a coin on its end on 

 
11 (Hervey, 1994) p.95 



the gearbox of the UK’s Astute SSN even while running at full power12. The Steam 

Turbine plant prototype developed for the French SSBN Le Triomphant class (in 1987) 

was more silent in shop-floor trials than the level of normal conversation13. Different 

regimes of operation could be specified to enable a lower-noise mode in the ‘silent’ 

regime. The equipment needs to be carefully assembled, tested and maintained so as 

to minimise its noise levels14.  

Secondly, machinery is mounted on resilient mounts to reduce acoustic energy in the 

form of vibration from being transmitted to the hull. Shock mounts protect equipment 

from experiencing high accelerations and consequent damage due to nearby 

explosions. A typical shock and vibration mount is shown in Figure 3. 

 

 

Figure 3. Representation of a typical shock and vibration mount (Gates, 2018)15 

 

To achieve overall acoustic discretion objectives of the platform, it becomes essential 

to establish even more stringent standards for its equipment. For example, the 

requirements of the French SSBN Triomphant specified that it should be no louder 

than “an average washing machine”. Clearly, this itself appears paradoxical when the 

requirements also included two industrial-grade washing machines for the crew!16 

Hence the necessity for equipment isolation, noise attenuation and attention to details. 

Acoustic energy should also not be allowed to be transmitted from machinery to the 

hull through pipes or cables. Therefore, flexible sections are added in pipes, and clips 

 
12 (Gates, 2018) p.81 
13 (Quinchon & Dupont, 1995) p.15 
14 (Hervey, 1994) p. 193 
15 (Gates, 2018) p.82 
16 (Quinchon & Dupont, 1995) p.17 



for pipes and cables are isolated. Special efforts are required for developing flexible 

piping conduits, flexible cables and to minimise flow rates of circulating liquids17. 

Major sources of acoustic energy such as major pumps and other equipment are 

mounted on sound-isolating rafts, mentioned earlier. The rigid raft is flexibly supported 

from the hull (Figure 4). The UK design has mechanisms to lock the raft in place if 

necessary, at high power (Figure 5). All machinery on the raft needs to be carefully 

examined to ensure that vibration is not transmitted through a noise ‘short’ such as a 

rigid pipe connection18. 

 

 

Figure 4. Representation of a Raft for mounting equipment (Friedman, 1984)19 

 

 
17 (Quinchon & Dupont, 1995) p. 19 
18 (Hervey, 1994) p. 194 
19 (Friedman, Submarine Design and Development, 1984) p. 137 



 

Figure 5. Main Propulsion Machinery and Raft Arrangement on UK’s Astute 

SSN (Gates, 2018)20 

 

The third means of reducing radiated noise from machinery is to use elastomeric tiles 

on the submarine hull to absorb or attenuate acoustic energy. Their broad principle of 

operation is shown in Figure 6. There are more than 39,000 such tiles affixed on the 

outer hull of the UK’s Astute SSN (Figure 7). 

 

 

Figure 6. Representation of Acoustic Tiles to reduce target echo and to reduce 

radiated acoustic energy (Gates, 2018)21 

 

 
20 (Gates, 2018) p. 114 
21 (Gates, 2018) p.81 



 

Figure 7. Acoustic tiles coating the hull on HMS Astute (Gates, 2018)22 

 

Quantifying Quietness 

Quieting a submarine is definitely a desirable aim, but the ambient noise level 

represents the absolute minimum that is meaningful. The sources of noise in the sea 

include biologics, surface waves and shipping. The comparison of broadband noise 

given in Figure 2 was subsequently updated by the US Office of Naval Intelligence to 

include estimated noise levels of Chinese submarines, presented as Figure 8. 

 
Figure 8. Comparison of relative acoustic stealth: Russian and Chinese 

submarines (ONI, 2009)23 

 
22 (Gates, 2018) p.81 
23 (Office of Naval Intelligence, 2009) 



A rare quantitative estimation of SSBN noise levels and their detection ranges was 

presented by Wu Riqiang24. Based on the qualitative characteristics depicted in ONI 

report (2009), and plugging in the noise levels of the Russian Delta III (125-130 dB 

reference 1 micropascal) according to Eugene Miasnikov25, Wu provides the following 

estimates of Chinese nuclear submarine noise levels at ‘low’ frequencies (Table 1). 

 

Table 1. Chinese SSNs and SSBNs and their estimated noise levels26,27 

Class Type Designed 1st Entered 

Service 

Noise level (dB ref 

1 microPascal) 

Type 091 (Han) SSN Early 1960s 1974 155 

Type 092 (Xia) SSBN Late 1960s 1983 160 

Type 093 (Shang) SSN 1980s 2006 145 

Type 094 (Jin) SSBN 1980s 2007 140 

 

Considering the ambient noise in the South China Sea as 70 to 96 dB (at 10 Hz), Wu 

estimates the detection range for a Type 094 SSBN as 8 km if its source level is 120 

dB (or 50 km if its source level is 140 dB). These values are for the latest Chinese 

SSBN design that is considered ‘noisy’ by contemporary US accounts, achieved after 

more than three decades of effort. 

 

Conclusion 

The mission and role of the submarine suggests how silent it needs to be. An attack 

submarine may be required to sprint, detect as well as trail, possibly during the same 

patrol. It may therefore require a sustained, fairly high, ‘quiet’ speed. A ballistic-missile 

submarine, on the other hand, may primarily require to remain undetected, while on 

patrol at lower speeds. A conventional submarine, has inherent acoustic advantage 

but lower speed and endurance. Noise, therefore, is a relative parameter rather than 

an absolute one. Intuitively, ‘lesser is better’, but quantification of values is much more 

intricate, and their realisation is even more difficult. 

The design of the platform needs to ensure proper mounting and isolation mechanisms 

for all equipment. For every piece of machinery being developed, stringent 

specifications, rigorous testing and careful measurements are essential. Even 

seemingly minor imperfections can lead to the cumulative effect of the platform being 

noisy. During installation of equipment and systems, great attention is required to 

 
24 (Riqiang, 2011) 
25 (Miasnikov, 1996) 
26 (Riqiang, 2011) 
27 (Ray, 2019) 



details such as proper connections, secure mounting, and absence of any inadvertent 

paths for transmission of equipment vibration to the hull.  

Throughout its operations, machinery needs to maintained in proper condition as well. 

Careful noise measurements of equipment and the platform are necessary to verify 

predicted characteristics against achieved values. 

Equipment silencing on submarines is thus a complex, expensive and prolonged 

process that requires sustained efforts at every stage of design, development, 

construction, trials and operations. After the initial set of measures for silencing are 

implemented, further reduction in radiated noise levels in subsequent designs become 

progressively difficult. Understanding these challenges is only the first yet essential 

step towards developing technologies and attending to details for ensuring acoustic 

stealth. This is, in the ultimate analysis, the primary operational requirement of every 

submarine. 
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