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Introduction
Ships are remarkable systems where structure, machinery, and the sea itself interact
to produce sound and vibration. These phenomena shape how crews work, how
passengers experience voyages, how equipment survives the rigors of operation, and
how vessels are perceived—both above and below the waterline. Acoustics, Vibration,
and Noise Control in Ships addresses this complex domain with an engineering focus,
uniting theory, measurement, and practical design guidance to reduce radiated noise,
onboard vibration, and crew discomfort.

The motivation for this book is twofold. First, rising expectations for comfort and
productivity demand quieter living and working spaces at sea, while naval and
research platforms require low signatures for mission effectiveness. Second,
regulations and owner specifications are increasingly explicit, making noise control a
design driver rather than an afterthought. Meeting these expectations requires
understanding not just how loud a ship is, but why—where energy originates, how it
travels, and where it can be most effectively intercepted.

We begin with fundamentals of marine acoustics and vibration, establishing the
language, metrics, and human factors that define acceptable performance. From
there, we examine the principal sources of noise on ships—propeller cavitation,
machinery dynamics, hydrodynamic loading, and auxiliary systems—and show how
these sources couple into the hull and the air. A central theme is structural–acoustic
coupling: the set of mechanisms that transform mechanical power into radiated sound
through panels, frames, decks, and foundations. Recognizing these paths allows
engineers to target interventions where they produce the greatest benefit per
kilogram and per dollar.

Accurate diagnosis underpins effective control, so the book devotes significant
attention to measurement and analysis. We detail instrumentation selection,
calibration, and uncertainty; define repeatable sea-trial protocols; and provide
procedures for both airborne and structure‑borne assessments. Methods for sound
source identification—including beamforming, near-field acoustic holography, order
tracking, and operational modal analysis—are presented with practical examples,
enabling practitioners to separate contributors that are often confounded in complex
machinery spaces.

Once the problem is characterized, the question becomes how to mitigate it. Here we
survey materials and components—absorbers, barriers, damping treatments,
silencers, and tuned elements—highlighting the physics that governs their
performance and the pitfalls that limit it in marine environments. Particular emphasis
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is placed on resilient mounting strategies, raft foundations, and piping/ducting
practices, since these determine the structure‑borne transmission that usually
dominates onboard vibration. The discussion is complemented by numerical modeling
approaches—FEM, BEM, and SEA—to support design iteration, sensitivity analysis, and
risk reduction before steel is cut.

Finally, we recognize that most ships that will sail in the coming decades are already
afloat. For them, retrofit solutions must be feasible within tight dry‑dock windows,
weight and space constraints, and budget realities. The book offers decision
frameworks and step‑by‑step retrofit strategies for both passenger and naval vessels,
illustrated through case studies that connect analysis to results. Across all chapters,
the goal is to provide engineers, naval architects, surveyors, and ship operators with a
coherent toolkit: how to measure, how to reason, and how to act to achieve quieter,
more reliable, and more habitable ships.

Readers can approach this text sequentially or as a reference. Early chapters build
shared foundations; middle chapters emphasize diagnostics and design; later chapters
present advanced controls, modeling, and implementation, including acceptance
testing and verification. Wherever you enter, you will find methods that are traceable,
choices that are justified by physics and data, and recommendations mindful of the
realities of shipbuilding and operations.
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CHAPTER ONE: Fundamentals of Marine Acoustics
The sea, a vast and often serene expanse, is anything but silent beneath the surface.
From the rhythmic thrum of a ship's engines to the delicate clicks of navigating
whales, a cacophony of sounds permeates the marine environment. For those who
design, build, and operate ships, understanding these fundamental principles of
marine acoustics is not merely academic; it is critical for ensuring the vessel's
operational success, the comfort and safety of its inhabitants, and its environmental
footprint. This chapter lays the groundwork, introducing the core concepts of sound
and vibration as they apply to the unique and often challenging world of maritime
engineering.

At its heart, sound is a vibration that propagates as an acoustic wave through a
medium, be it air, water, or solid material. Imagine a stone dropped into a still pond:
ripples expand outwards, carrying energy away from the impact point. Sound waves
behave similarly, though often in three dimensions. In air, these waves are typically
sensed by the ear as pressure fluctuations. In water, the pressure changes are far
more pronounced due to the medium's higher density and incompressibility. Within a
ship's structure, sound travels as mechanical vibrations, flexing and deforming the
material as it moves from source to receiver. Grasping these distinctions—between
airborne sound, underwater sound, and structure-borne vibration—is the first step
toward effective noise control.

The very nature of vibration is key to understanding marine acoustics. Vibration is
simply oscillatory motion, a back-and-forth movement around an equilibrium point. On
a ship, almost everything vibrates to some degree. The main engine throbs, the
propeller spins, pumps hum, and even the hull itself resonates with the forces of the
sea. These vibrations, if uncontrolled, can be transmitted throughout the vessel,
manifesting as noise in accommodation spaces, fatigue in structural components, or
even interference with sensitive onboard equipment. The challenge, therefore, is not
to eliminate all vibration – an impossible task – but to manage it, to reduce its
amplitude, or to shift its frequency away from problematic ranges.

One of the most fundamental characteristics of any wave, including sound waves and
vibrations, is its frequency. Frequency, measured in Hertz (Hz), represents the number
of complete cycles of oscillation per second. A low-frequency sound is often perceived
as a deep rumble, while a high-frequency sound is a shrill whistle. In the context of
ships, different sources tend to generate sound at specific frequency ranges. Propeller
cavitation, for instance, often produces a broad spectrum of noise, but with significant
energy in the lower and mid-frequency bands. Machinery, on the other hand,
frequently generates distinct tones at frequencies related to its operating speed and
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the number of rotating or reciprocating elements. Understanding these spectral
signatures is crucial for identifying the source of a noise problem.

Closely related to frequency is wavelength, the spatial period of a periodic wave—the
distance over which the wave's shape repeats. The relationship between wavelength,
frequency, and the speed of sound in a given medium is direct: wavelength equals the
speed of sound divided by frequency. This relationship has profound implications for
how sound interacts with ship structures and the surrounding water. For example, low-
frequency sounds have very long wavelengths. This means they can bend around
obstacles and penetrate large structures with relative ease. Conversely, high-
frequency sounds have shorter wavelengths and are more easily reflected or absorbed
by smaller objects and acoustic treatments. This principle guides the selection of
insulation materials and the design of acoustic barriers.

The amplitude of a sound wave, or the intensity of a vibration, is another critical
parameter. While frequency tells us about the "pitch" or "rate" of oscillation, amplitude
tells us about its "strength" or "loudness." In acoustics, amplitude is most commonly
expressed in decibels (dB), a logarithmic scale designed to better represent the vast
range of sound pressures that human ears can perceive. A 10 dB increase represents
a tenfold increase in sound power, a seemingly small numerical jump that signifies a
significant perceived change in loudness. This logarithmic scale also means that
combining multiple noise sources isn't a simple arithmetic addition; two identical
sound sources, for example, do not simply double the decibel level. The intricacies of
decibel math are a rite of passage for any budding acoustician and a constant
reminder that intuition can sometimes be misleading in this field.

The speed of sound varies dramatically between different media. In air, at standard
temperature and pressure, sound travels at approximately 343 meters per second. In
freshwater, it's around 1,480 meters per second, and in seawater, it's closer to 1,500
meters per second, influenced by temperature, salinity, and pressure. Within a steel
ship hull, the speed of sound (or more accurately, the speed of various structural
waves) can be several thousand meters per second. These differences are not trivial.
They dictate how quickly sound energy travels from a source to a receiver, and
critically, how sound behaves when it encounters an interface between two different
materials, such as the hull plating and the surrounding water.

When sound waves encounter a boundary between two different media, they can be
reflected, transmitted, or absorbed. Reflection is when the wave bounces off the
surface, much like an echo. Transmission is when the wave passes through the
boundary into the new medium. Absorption is when the energy of the wave is
converted into other forms, typically heat, within the material. The extent to which
each of these phenomena occurs depends on the properties of the two media and the
angle at which the sound wave strikes the boundary. This is why a well-designed
acoustic barrier will be dense and massive to reflect sound, and often incorporate

Sample from MixCache.com - The Online eBook Marketplace



SHARING STRICTLY PROHIBITED - For personal use of the licensed account only - See MixCache.com Terms of Use.

SA
MPL

E 
CO

PY

porous materials to absorb any sound that does penetrate. For ships, the air-water
interface, the water-hull interface, and the various material interfaces within the ship's
structure are all critical points where these acoustic principles come into play.

Another crucial concept is resonance. Every object has natural frequencies at which it
tends to vibrate with greater amplitude when subjected to an external force at or near
that frequency. Think of pushing a child on a swing: if you push at just the right time
(the swing's natural frequency), the swing goes higher and higher with minimal effort.
Ships, and their myriad components, are complex resonant systems. A machinery
foundation, a deck panel, or even the entire hull can resonate if excited by a force at
its natural frequency. When resonance occurs, even small input forces can lead to
very large and potentially damaging vibrations and noise levels. Identifying and
avoiding resonance conditions is a cornerstone of good marine acoustic design, often
achieved by adjusting stiffness, mass, or damping.

Damping is the process by which vibrational energy is dissipated, effectively reducing
the amplitude of oscillations. Without damping, a vibrating object would continue to
oscillate indefinitely. In real-world systems, internal friction within materials, air
resistance, and energy transfer to other systems all contribute to damping. For noise
control, engineers often introduce additional damping, for example, by applying
viscoelastic materials to vibrating panels. These materials convert vibrational energy
into heat, preventing it from radiating as sound or causing structural fatigue. The
effectiveness of damping treatments is highly dependent on frequency and
temperature, making material selection a nuanced aspect of marine acoustic
engineering.

The concept of sound intensity describes the amount of sound power passing through
a unit area. While sound pressure is what our ears primarily detect, sound intensity
gives a more direct measure of the energy flow of sound. This is particularly relevant
for sound source identification, where intensity probes can be used to pinpoint the
exact locations from which sound is radiating. Understanding the direction and
magnitude of sound energy flow helps in designing effective enclosures and barriers,
ensuring that the sound is indeed being contained or directed away from sensitive
areas.

Impedance, a concept borrowed from electrical engineering, is also fundamental in
acoustics and vibration. Acoustic impedance describes the opposition a medium offers
to the propagation of sound waves, while mechanical impedance describes the
opposition a structure offers to vibrational motion. When sound or vibration travels
from a medium or structure with one impedance to another with a different
impedance, some energy will be reflected, and some will be transmitted. A large
mismatch in impedance leads to significant reflection, which is why a dense material
like steel reflects a great deal of airborne sound. Conversely, matching impedances
can maximize energy transfer, a principle sometimes used in sonar transducers but
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typically avoided in noise control where the goal is to isolate.

When considering the marine environment, the propagation of sound underwater
presents unique challenges. Unlike air, water is a highly efficient conductor of sound,
and sound waves can travel vast distances with relatively little attenuation. This
efficiency is a double-edged sword: it allows for effective sonar systems and
underwater communication, but it also means that noise generated by ships can
propagate far and wide, impacting marine life and potentially compromising the
acoustic signature of naval vessels. Factors such as water depth, temperature
gradients (thermoclines), and salinity variations can significantly affect sound speed
and create complex propagation paths, including sound channels that can trap and
guide sound over hundreds or even thousands of kilometers.

The underwater radiated noise (URN) of a ship is a critical parameter, particularly for
naval vessels concerned with stealth and for all ships due to increasing environmental
regulations aimed at protecting marine ecosystems. URN is composed of various
components, including machinery noise transmitted through the hull, propeller
cavitation noise, and hydrodynamic flow noise generated by the movement of the hull
through the water. Each of these components has distinct characteristics and requires
different mitigation strategies. A thorough understanding of these sources and their
propagation characteristics is essential for minimizing a ship's acoustic footprint.

For structure-borne sound, the concept of transmission paths is paramount. Vibration
generated by a piece of machinery doesn't simply disappear; it travels through the
machine's mounting, into the foundation, through the ship's frames and plating, and
eventually radiates as airborne noise into compartments or as underwater noise into
the sea. Identifying these transmission paths is like being a detective in a maze. By
understanding the stiffness and damping characteristics of each link in the
chain—from the resilient mounts that isolate a main engine to the stiffeners that
reinforce a deck—engineers can pinpoint where energy is most effectively transmitted
and where interventions will have the greatest impact. Breaking the path at the right
point is often far more effective than trying to treat the source directly, especially
when dealing with powerful prime movers.

The human perception of noise and vibration is also a fundamental aspect of marine
acoustics. What constitutes an acceptable noise level for a crew member in a sleeping
cabin is vastly different from what is acceptable in a machinery control room. The
human ear's sensitivity varies with frequency, being most sensitive in the mid-
frequency range (around 2-5 kHz). This is why A-weighting is often applied to sound
level measurements, to more closely align with human perception. Similarly, human
sensitivity to vibration is highly dependent on frequency, amplitude, and the part of
the body being exposed. Understanding these psychoacoustic and psychophysical
factors is crucial for setting appropriate noise and vibration limits and for designing
habitable and comfortable ship environments.
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In summary, the fundamentals of marine acoustics revolve around the generation,
propagation, and reception of sound and vibration in a complex and dynamic
environment. From the basic physics of waves, frequency, and amplitude to the more
nuanced concepts of resonance, damping, and impedance, each principle plays a vital
role in understanding how ships create and experience noise and vibration. This
foundational knowledge will serve as the compass for navigating the subsequent
chapters, as we delve deeper into specific sources, measurement techniques, and
engineering solutions to achieve quieter, more efficient, and more comfortable ships.
The sea may be vast and full of sound, but with these principles, we can learn to
orchestrate a more harmonious coexistence.
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