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meccanica delle vibrazioni 
!

laurea magistrale 
ingegneria meccanica 

!
parte 9  

vibrazioni per navali
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Vibrazioni a bordo

• forzanti  
• vibrazioni di trave scafo 
• massa aggiunta 
• vibrazione fondazioni 
• vibrazioni della linea d’assi 
• regolamenti / classi 
• …

Si toccheranno perciò i seguenti argomenti specifici:

I problemi delle vibrazioni a bordo delle navi sono di diverso tipo, 
e possono essere classificati in diverse maniere..  
Si possono pero raggruppare in due grandi insiemi: 
!
• i problemi relativi alla l’integrità della struttura della nave 
ed i suoi componenti (vibrazioni trave scafo, linea d’assi, fondazioni motori..) 
!
• i problemi relativi all’esposizione di personale di bordo ed utenti  
a vibrazioni e rumore (utilizzo DPI, classi di comfort,…) 
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Section 5 Vibration Analysis 
 

32 ABS GUIDANCE NOTES ON SHIP VIBRATION . 2006 

Local structural components are the minor structural assemblies, relative to major substructures previously 
referred to. Local structure may be identified as panels, plates, girders, bulkheads, platforms, handrails, minor 
equipment foundations, etc., and are components of larger structures (major substructures) or of the entire 
hull structure. Most ship vibration problems occur in local structural components and are the result of 
either strong inputs received from the parent structure amplified by resonance effects in the local structure 
or are the response to vibratory forces generated by mechanical equipment attached to the local structure. 

This section describes the analysis procedure for propeller and main engine induced ship hull vibration using 
a three-dimensional finite element method. The objective of vibration analysis is to determine the overall 
vibration characteristics of the hull structure and major superstructures so that areas sensitive to vibratory 
forces may be identified and assessed relative to standard acceptance criteria on vibration level.   

1.3 Procedure Outline of Ship Vibration Analysis 
The flowchart of the procedure is shown in Section 5, Figure 1. The procedure recommended is to perform 
the vibration analysis using a three-dimensional finite element model representing the entire ship including 
the deckhouse and main propulsion machinery system. Both free and forced vibration analyses are included.  

 

FIGURE 1  
Procedure to Perform Ship Vibration Analysis 
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3 Finite Element Modeling 

3.1  Global Model 
3.1.1 General 

Ship structures are complex and may be analyzed after idealization of the structure. Several simplifying 
assumptions are made in the finite element idealization of the hull structure. The modeling 
requirements are that all significant structural sections are to be captured and deflection/velocity/ 
acceleration are to be sufficiently predicted.   

Vibrazioni a bordo
..lo studio delle vibrazioni a bordo secondo ABS

..già visto!
nel corso..
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10

hull model used to compute the natural vibrations up to 20 Hz.

3.1 Global Structures
Global vibrations in this context are vibrations of the ship’s entire 
hull in the frequency range from about 0.5 to 10 Hz. Typical large 
substructures, such as the aft part of the ship, the deckhouse 
and the doublebottom, are coupled in a way that they cannot be 
considered isolated. Thanks to advances in computer technology, 
computation methods for deter mining global vibra tions progres-
sed rapidly during the past two decades. From today’s point of 
view, classical approxi mation formulas or simple beam models 
for determining natural bending frequencies of a ship’s hull are in 
many cases no longer adequate. For container ships with a high 
deck-opening ratio, e.g., for which coupled horizontal and torsional 
vibra tion modes play an important part, they do not offer the ne-
cessary degree of accuracy. In the past, one had to make do with 
beam models of a more complex type to cover shear and torsional 
stiffnesses of the ship’s hull. However, in the meantime FE an-
alyses using 3D models of the hull became the standard compu-
tational tool, as described in [9], for example.

In Fig. 5, the vibration phenomena relevant in shipbuilding applica-
tions are plotted versus frequency. The frequency limits indicated 
are valid for standard designs and for normal ship types.

The transitions between ship motions, ship vibra tions and ship 
acoustics are smooth. In the field of vibration, it is possible to 
distinguish between three different phenomena: global hull vibra-
tions, vibrations of sub struc tures and local vibrations. 

In general, the higher the frequen cy, the greater the modal density, 
i.e., “the number of natural frequencies per Hertz”. As a result, the 
system response in the higher frequency range is defined by the 
interaction of more natural modes than at low frequencies. In the 
transition to structure-borne noise, the mode density finally beco-
mes so large that a fre quency-selective analysis of the structure’s 
dynamic beha v iour requires an unacceptably large effort. One then 
has to make do with characteristic energy values averaged over 
frequency intervals (Statistical Energy Analysis, Noise-FEM, etc.). 
Today, of course, FEM is used to some extent in this frequency ran-
ge, too. However, with the currently avail able power of computers, 
frequency-selec tive computation is limited to partial areas of parti-
cular interest, such as engine foundations. For example, an FE model 
intended for reliable compu ta tion of natural fre quen cies and natural 
modes of an engine foundation up to a frequency of about 200 Hz 
has about the same number of degrees of freedom as a complete 

Fig. 5: Natural frequency ranges in shipbuilding applications

Vibrazioni a bordo
.. i range di frequenza tipici di vibrazioni, secondo GL
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Forzanti

Le forzanti a bordo di una nave hanno natura meccanica ed idrodinamica

Le forzanti di natura impulsiva o 
ciclica tendono a deformare la struttura 
della nave o parti di essa.. 
generando vibrazioni.. che si propagano 
lungo lo scafo.. 
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Forzanti

Le forzanti sono caratterizzate da frequenze caratteristiche, ad esempio..

n pale dell’elica 
N giri motore [rmp]dall’elica allo scafo..

dalla linea d’assi allo scafo.. f = N
60

dal moto ondoso.. f = 1
2T

T periodo dell’onda incidente

dal motore allo scafo.. Nc numero cilindri 
k tempi motore

f = nN
60

f = 2NcN
60k

..queste devono essere confrontate con le frequenze di risonanza dello scafo  
o delle parti di questo..(vibrazioni globali o locali)

…

mailto:bregant@units.it
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Trave scafo
..esistono varie formule empiriche per valutare le frequenza naturali di una nave..

formula di Schlick..
φ coefficiente correttivo 
J momento d’inerzia sezione maestra  
Δ dislocamento 
L lunghezza nave fuori tutto 

f = φ J
ΔL3

formula di Burrill.. f = β

1+ r 1+ B
2i

J
ΔL3

β coefficiente correttivo  
B larghezza alla linea di galleggiamento 
i immersione media 
J momento d’inerzia sezione maestra  
Δ dislocamento 
L lunghezza nave fuori tutto  
(termine correttivo sforzi di taglio, acqua trascinata)

formula di Todd..

formula di Costantini.. 
formula di Bunyan.. 
formula di… …

f = β BD3

Δ 1,2 + B
3i

⎛
⎝⎜

⎞
⎠⎟ L

3

β coefficiente correttivo 
B larghezza alla linea di galleggiamento 
D altezza ponte principale 
i immersione media 
Δ dislocamento 
L lunghezza nave fuori tutto 

..oppure si può utilizza un analisi FEM..

mailto:bregant@units.it
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Fig. 6: FE models of various types of ships

The replication of a ship’s structure in an FE model is ge ne rally the 
most laborious step of the analysis. For global vibrations, it turns 
out to be sufficient to represent primary structural components with 
the aid of plane stress elements. Bending stiffnesses of deck and 
wall girders are not covered by this type of modelling, since they 
are generally simulated by truss elements. Large web frames are 
taken into account by plane stress elements as well. For the sake 
of simplicity minor structural components lying outside the planes 

of the modelled sections are considered as additional element 
thick nesses or are ignored altogether. The division of the model is 
oriented relative to deck planes and to main longi tudinal and trans-
verse structures. The number of degrees of freedom is 20 to 40 
thousand, yielding 50 to 150 natural vibration modes in the range up 
to 20 Hz. Three typical models are shown in Fig. 6, namely, a 700 

container ship.

3.1.1 Modelling

12

In global vibration analyses, it is not necessary to model the middle 
and the forward part of the ship with the level of detail shown. 
However, the global models are mostly used for strength analyses, 
too, which require a more accurate modelling of the structure in 
these areas. If the bending stiff nesses of deck grillages are also to 
be included in the global model, the representation of transverse 
and longitudinal girders of decks is necessary, at least in the form 
of beam elements. Normally, these models possess 40 to 80 thou-
sand degrees of freedom and have 300 to 500 natural frequencies 
in the range up to 20 Hz. An alternative for taking account of deck 

grillages in the form of beam elements is to model the webs of 
girders by means of plane stress elements and flanges by truss 
elements. 

Fig. 7 shows three typical FE models of this kind in an overall view 
and a longitudinal section: a yacht approximately 60 m long, a 240 
m passenger ship, and a frigate. As can be seen from the centre-line 
sections, webs of the deck grillages are modelled three-dimen-
sion ally in the case of the yacht only. For the other two much larger 
ships, this procedure would have led to un necessarily large models.

Fig. 7: FE models of various types of ship

..che prevede in prima battuta la modellazione della nave.. 
ed in seconda battuta la scelta della tecnica di estrazione degli autovalori/ 
autovettori più opportuna

..considerando 
• la struttura della nave 
• gli equipaggiamenti 
• il carico nei serbatoi 
• il carico pagante 
• i contributi idrodinamici 
• .. 

Trave scafo

https://www.youtube.com/watch?v=C2Ami1m1m-w
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Trave scafo

14

Fig. 8:  Natural torsional and vertical bending modes  
of various ship types

In the transition between global and local vibrations, vibrations of 
large subsystems, too, are of interest in prac tice. Here subsystems 
are structures or equipment items whose natural vibration cha-
racteristics can be regarded, for the sake of simplicity, as being 
independent of the vibration behaviour of the structure surrounding 

f = 1.4 Hz

f = 3.3 Hz

f = 2.1 Hz

f = 2.6 Hz

f = 0.6 Hz

f = 1.7 Hz

them – which is the case with a vibrating radar mast, for example. 
However, in the analysis of subsystems, the surrounding structure 
must not be ignored, because it defines the connecting stiffness,  
i.e. the supporting conditions.

3.2 Substructures3.2 Substructures

15

Fig. 9:  Natural torsional and vertical bending modes  
of various ship types

f = 5.2 Hz

f = 5.6 Hz

f = 1.7 Hz

f = 2.0 Hz

The aim of analyses of this type is the avoid ance of resonance 
between funda mental vibration modes and main excitation fre-
quencies. A typical example of a substructure is a deckhouse when 
considered as an isolated system. Fig. 10 shows such a model 
with the calculated fundamental vibration modes.

The longitudinal and transverse vibration modes, in par ti cu lar, are 
significantly affected by the vertical stiffness in the supporting area. 
Therefore, an attempt must be made to incorporate, in a simplified 
manner, an appropriate part of the ship’s hull in the region of the 
deckhouse into the model.  

3.2.1 Deckhouses

..le forme modali (autovettori) così ottenute evidenziano come si deforma lo scafo 
(in funzione delle condizioni di analisi!)  
Le frequenze naturali (autovalori) individuate dovranno essere “lontane”  
dalle frequenza di eccitazione delle forzanti!

mailto:bregant@units.it
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Trave scafo
Similmente questi analisi di corrispondenza (risonanze-eccitanti) 
vanno fatte relativamente  a zone circoscritte e più limitate della 
nave come le sovrastrutture, gli alberi, fondazioni,..

17

Longitudinal vibration
16.2 Hz

In the case of masts, there is a clear separation from the sur-
rounding structure. Depending on the size and nature of the equip-
ment fixed to a mast, four design principles can be distinguished:

 and which are stiffened by means of additional stays

correspondingly high bending and torsional stiffness

as latticework constructions made of tubular or MSH members

In the case of stayed masts, adequate stiffness of the con nec t  ing 
structural members on deck and of the correspon ding foundation 
must be ensured. Stays should be provided with pre-tensioning 
devices and should form as small an angle as possible with the hori-
zontal. In the case of both tri pod and latticework designs, it turns out 
that the frequency depends not only on the height and the location 
of the centre of the mass, but also on the stiffness of the foundation 
at the footing. Mounting on deck areas supported by bulkheads is 
the best solution. Particularly in the case of masts mounted on the 
wheel house top, this requirement can be met only  
if communication between steel construction and equip ment depart-
ments is well coordinated at an early stage.  
 
In many cases, it is possible to position the mast on bulkheads of 
the stair casing or on pillars integrated in accommodation walls.
Permissible vibrations are mostly defined by limit values for elec-

Fig. 11: Natural vibrations of a mast

Transverse vibration
17.2 Hz

tronic equipment situated on mast platforms. These limits are not 
standardised, and at present they are mostly based on empirical 
values. 

A mast vibra ting in reso nance can also act as a secondary source 
of excitation. As a result, deck coverings and partial walls can, in 
turn, experience excitation. This usually involves generation of noise.

Fig. 11 shows the possible extent of a computation model for a 
mast situated on a wheelhouse top. The FE model should continue 
at least down to a level one deck below the mounting deck. This 
is the only way to ensure that supporting con di tions are taken into 
account realistically. Natural fre quen  cies of longitudinal and trans-
verse vibrations are 16.2 and 17.2 Hz, respectively. This means 
that a subcritical design with regard to a frequency twice that of the 
propeller blade fre quency was ensured in this case. 

As with any design aimed to avoid reson ance, it is necessary to 
select – mainly in conjunction with distance from propeller and 
main engine – the order of excitation up to which there should be 
no reson ances. In general, it turns out to be ade quate to design 
fundamental vibration modes of the mast con  struc tion subcri tically 
relative to twice the propeller frequency or to the ignition frequency.

3.2.2 Masts

16

In this way, it is also possible to investigate the effect of design 
changes in the deckhouse foundation on the vibration behaviour.  
As can be seen from the natural vibration modes presented, the 
foundation is stiffly con structed. There are two coupled natural 
modes for longi tudinal vibrations of the deckhouse and funnel. 
The low-frequency vibration is the in-phase vibration, whereas 
these subsystems in the following vibration mode vibrate in the 
anti-phase mode at 11.9 Hz. Because of the stiff foundation, the 
natural frequency is defined mainly by the shear stiffness of the 
deck-house. Global transverse vibration of the deckhouse does not 
exist in the frequency range considered. The sup por ting structure 
governs the vibrational behaviour of the funnel as well, leading to a 
natural frequen cy of 15.7 Hz for the transverse mode. Vibration of 
the upper region of the deckhouse occurs at 17.9 Hz. This natural 
frequency is defined mainly by the grillage stiffness of the bridge 
deck. The natural torsional vibration frequency is found to have a 
com paratively high value of 21.4 Hz because of the large external 
dimen sions of the deckhouse.The design proves to be advanta geous 
from the point of view of vibration because the basic recommen da-
tions had been adopted:

width of the deckhouse

  bulkheads or wing bulkheads under the fore and aft bulk heads of 
the deckhouse (alternatively: support of longitudinal deckhouse 
walls on longitudinal bulkheads in the ship’s hull)

  by means of continuous longitudinal walls having as few and  
 small cut-outs as possible

For container ships, in particular, the first two of these recom  menda-
tions are often unachievable, since deck houses are designed to be 
both short and tall to optimise stowage space. For the same reason, 
deckhouses are additionally often situated far aft, i.e. in the vicinity 
of the main sources of excitation. Thus, a risk of strong vibrations 
exists in many cases. 

However, it is not possible to assess, on the basis of such models, 
whether resonance situations may lead to unaccep t   ably high 
vibrations, since couplings with hull vibrations can not be taken into 
account. Thus, for example, vertical vibrations of the aft part of a 
ship lead to longitu dinal vibra tions in the upper region of the deck-
house. These vibrations attain a significant level in many cases. 
This situa tion can only be in vestigated in a forced vibration analysis 
by taking account of stiffness and mass cha rac   teristics of the entire 
hull and by considering excitation forces realistically. It is not least 
due to this fact that an isolated consideration of deckhouses is in-
creasingly giving way to complete global vibration analyses.

 f = 15.7 Hz f = 17.9 Hz f = 21.4 Hz

 FE model f = 9.4 Hz f = 11.9 Hz

Fig. 10: Natural vibrations of a deckhouse

L’importanza dell’analisi dipende  
dall’utilizzo della parte..
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Trave scafo

Ricordando che gli autovalori/autovettori dipendono dalle matrici di 
massa, smorzamento e rigidezza.. va da se che la qualità delle previsioni 
è legata alla qualità del modello utilizzato..  
c’è il solito trade-off

..>quanto più si semplifica il modello tanto più rapida sarà la soluzione numerica

..>quanto più si dettaglia  il modello tanto più accurata sarà la soluzione numerica

http://www.shiplab.hials.org/?page_id=53
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Massa Aggiunta
In prima battuta si può considerare la nave libera di vibrare nello spazio, 
ma appare evidente che questa è una semplificazione estrema.. 
lo scafo è bagnato dall’acqua.. 
vibrando scambia forze con questa.. le equazioni del moto di modificano..

vediamo un esempio semplice,.. 
un cilindro in grado si oscillare, parzialmente sommerso..

6.3. SINGLE LINEAR MASS-SPRING SYSTEM 6-9

Figure 6.6: Superposition of Hydromechanical and Wave Loads

½ = density of water (kg/m3)
r = volume of displacement of the body (m3)
Fh = hydromechanical force in the z-direction (N)
Fw = exciting wave force in the z-direction (N)

This superposition will be explained in more detail for a circular cylinder, floating in still
water with its center line in the vertical direction, as shown in figure 6.7.

Figure 6.7: Heaving Circular Cylinder

6.3.2 Hydromechanical Loads

First, a free decay test in still water will be considered. After a vertical displacement
upwards (see 6.7-b), the cylinder will be released and the motions can die out freely. The

6-10 CHAPTER 6. RIGID BODY DYNAMICS

vertical motions of the cylinder are determined by the solid mass m of the cylinder and
the hydromechanical loads on the cylinder.
Applying Newton’s second law for the heaving cylinder:

mz̈ = sum of all forces on the cylinder

= ¡P + pAw ¡ bż ¡ az̈
= ¡P + ½g (T ¡ z)Aw¡ bż ¡ az̈ (6.24)

With Archimedes’ law P = ½gTAw, the linear equation of the heave motion becomes:

|(m+ a) z̈ + bż + cz = 0| (6.25)

in which:

z = vertical displacement (m)
P = mg = mass force downwards (N)
m = ½AwT = solid mass of cylinder (kg)
a = hydrodynamic mass coe¢cient (Ns2/m = kg)
b = hydrodynamic damping coe¢cient (Ns/m = kg/s)
c = ½gAw = restoring spring coe¢cient (N/m = kg/s2)
Aw =

¼
4
D2 = water plane area (m2)

D = diameter of cylinder (m)
T = draft of cylinder at rest (s)

The terms az̈ and bż are caused by the hydrodynamic reaction as a result of the movement
of the cylinder with respect to the water. The water is assumed to be ideal and thus to
behave as in a potential flow.
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Figure 6.8: Mass and Damping of a Heaving Vertical Cylinder
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Massa Aggiunta

F = −a!!x − b !x

nelle ipotesi di moto potenziale, acqua “ideale”, … 
il cilindro e l’acqua si scambiano delle forze  
(derivano dall’integrazione delle pressioni sulla superficie del natante) 
!
La risultante delle forze scambiante ha un contributo in controfase con  
l’accelerazione.. (massa idrodinamica, coefficiente a [N/(m/s2)] ) e  
uno in controfase con la velocità .. (smorzamento idrodinamico b [N/(m/s)]

I coefficienti a e b sono dipendenti dalla profondità di immersione del corpo, 
dalla frequenza e dall’ampiezza del moto, dalla forma del corpo (cilindro / scafo)… 
!
(nb se il corpo è “profondamente” immerso si perde la dipendenza dalla frequenza)
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Massa Aggiunta
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vertical motions of the cylinder are determined by the solid mass m of the cylinder and
the hydromechanical loads on the cylinder.
Applying Newton’s second law for the heaving cylinder:

mz̈ = sum of all forces on the cylinder

= ¡P + pAw ¡ bż ¡ az̈
= ¡P + ½g (T ¡ z)Aw¡ bż ¡ az̈ (6.24)

With Archimedes’ law P = ½gTAw, the linear equation of the heave motion becomes:

|(m+ a) z̈ + bż + cz = 0| (6.25)

in which:

z = vertical displacement (m)
P = mg = mass force downwards (N)
m = ½AwT = solid mass of cylinder (kg)
a = hydrodynamic mass coe¢cient (Ns2/m = kg)
b = hydrodynamic damping coe¢cient (Ns/m = kg/s)
c = ½gAw = restoring spring coe¢cient (N/m = kg/s2)
Aw =

¼
4
D2 = water plane area (m2)

D = diameter of cylinder (m)
T = draft of cylinder at rest (s)

The terms az̈ and bż are caused by the hydrodynamic reaction as a result of the movement
of the cylinder with respect to the water. The water is assumed to be ideal and thus to
behave as in a potential flow.
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Figure 6.8: Mass and Damping of a Heaving Vertical Cylinder

ba

dal momento che i coefficienti a e b sono variabili.. 
> le equazioni del moto diventano non lineari!

..i termini di aggiunti massa e smorzamento, influenzano in maniera diversa i 
diversi elementi del tensore d’inerzia della nave 
..a seconda del moto!!.. a seconda delle forme dell’opera viva!!.. 
(la massa aggiunta può essere comparabile alla stazza dell’imbarcazione )

6-12 CHAPTER 6. RIGID BODY DYNAMICS

made dimensionless using the mass and moment of inertia of the displaced volume of the
fluid by the body. The added mass m11 corresponds to longitudinal acceleration, m22 to
lateral acceleration in equatorial plane and m55 denotes the added moment of inertia for
rotation about an axis in the equatorial plane.

Figure 6.10: Added Mass Coe¢cients of Ellipsoids

Note that the potential damping of all these deeply submerged bodies is zero since they
no longer generate waves on the water surface.
Since the bottom of the cylinder used in figure 6.8 is deep enough under the water surface,
it follows from figure 6.10 that the added mass a can be approximated by the mass of a
hemisphere of fluid with a diameter D. The damping coe¢cient, b, will approach to zero,
because a vertical oscillation of this cylinder will hardly produce waves. The actual ratio
between the added mass and the mass of the hemisphere, as obtained from3-D calculations,
varies for a cylinder as given in figure 6.8-a between 0.95 and 1.05.

It appears from experiments that in many cases both the acceleration and the velocity
terms have a su¢ciently linear behavior at small amplitudes; they are linear for practical
purposes. The hydromechanical forces are the total reaction forces of the fluid on the
oscillating cylinder, caused by this motion in initially still water:

mz̈ = Fh with: Fh = ¡az̈ ¡ bż ¡ cz (6.26)

and the equation of motion for the cylinder with a decaying motion in still water becomes:

(m+ a) · z̈ + b · ż + c · z = 0 (6.27)

A similar approach can be followed for the other motions. In case of angular motions, for
instance roll motions, the uncoupled equation of motion (now with moment terms) of the
cylinder in still water becomes:

6.3. SINGLE LINEAR MASS-SPRING SYSTEM 6-11

The vertical oscillations of the cylinder will generate waves which propagate radially from
it. Since these waves transport energy, they withdraw energy from the (free) buoy’s oscil-
lations; its motion will die out. This so-called wave damping is proportional to the velocity
of the cylinder ż in a linear system. The coe¢cient b has the dimension of a mass per
unit of time and is called the (wave or potential) damping coe¢cient. Figure 6.8-b
shows the hydrodynamic damping coe¢cient b of a vertical cylinder as a function of the
frequency of oscillation.
In an actual viscous fluid, friction also causes damping, vortices and separation phenomena
quite similar to that discussed in chapter 4. Generally, these viscous contributions to the
damping are non-linear, but they are usually small for most large floating structures; they
are neglected here for now.

The other part of the hydromechanical reaction force az̈ is proportional to the vertical
acceleration of the cylinder in a linear system. This force is caused by accelerations that
are given to the water particles near to the cylinder. This part of the force does not dissipate
energy and manifests itself as a standing wave system near the cylinder. The coe¢cient
a has the dimension of a mass and is called the hydrodynamic mass or added mass.
Figure 6.8-a shows the hydrodynamic mass a of a vertical cylinder as a function of the
frequency of oscillation.

In his book, [Newman, 1977] provides added mass coe¢cients for deeply submerged 2-D
and 3-D bodies.
Graphs of the three added mass coe¢cients for 2-D bodies are shown in figure 6.9. The
added mass m11 corresponds to longitudinal acceleration, m22 to lateral acceleration in
equatorial plane and m66 denotes the rotational added moment of inertia. These poten-
tial coe¢cients have been calculated by using conformal mapping techniques as will be
explained in chapter 7.

Figure 6.9: Added Mass Coe¢cients of 2-D Bodies

Graphs of the three added mass coe¢cients of 3-D spheroids, with a length 2a and a
maximum diameter 2b, are shown in figure 6.10. In this figure, the coe¢cients have been
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Vibrazioni apparato motore

L’apparato motore è sicuramente la sorgente di vibrazioni più importante della nave, 
dal motore primo, attraverso la linea d’assi, fino all’elica, sono presenti eccitazione  
di tipo meccanico e fluidodinamico 

• motore sulle fondazioni 
• cuscinetti  
• squilibri e disallineamenti 
• giunti 
• scarichi 
• variazione pressione elica 
• ..

mailto:bregant@units.it
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*alla rotazione del motore / linea d’assi / elica 
squilibrio albero (distribuzione di massa) 
squilibrio elica (distribuzione di massa) 
errore di pitch pale dell’elica  
squilibrio motore 
albero piegato 
squilibrio eccentricità cuscinetti 
squilibrio eccentricità giunti 
.. 

Ship Vibration Design Guide

Figure 1-1
Main Excitation Sources

1.3.1.1 Shaft Frequency Forces
Mechanical forces that are associated with shaft rotational speed (1st order) may result from
one or more of the following causes:

A. Shaft unbalance
B. Propeller unbalance
C. Propeller pitch error
D. Engine unbalance (for slow-speed diesel driven ships)
E. Bent shafting
F. Journal eccentricity
0. Coupling or flange misalignment

The most likely causes of shaft frequency forces are attributed to A, B, C, and D above. The
other possible causes are not as likely to occur if reasonable specifications, workmanship, and
inspection procedures are exercised during the design and construction of the ship.

Shaft frequency forces occur within a low frequency range. They are, however, of considerable
concern since they may be of large magnitude and may excite one of the lower null modes at or
near full power, thus producing a significant resonant effect.

The principal engine unbalance encountered with slow-speed diesel driven ships are the primary
and secondary free engine forces and moments. Of particular concern is the magnitude of the

1-4

*forzanti legate all’interazione dell’elica con fluido e scafo  
diversità tra le pale, 
spinta variabile 
pressioni sulla volta di poppa 
cavitazione 
..

Vibrazioni apparato motore

..più in dettaglio si considerano le eccitazione legate 
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Vibrazioni apparato motore

Forze generate dal motore: 
• forze di dei gas di combustione 
• forze d’inerzia (masse in moto alterno) 
!
queste forze, che dipendono dal numero di cilindri e dall’ordine di  
accensione del motore di scaricano sullo scafo tramite i resilienti.. 
(il motore tende a muoversi come un corpo rigido (H) o flessibile (X).. 
!
i resilienti devono disaccoppiare il motore e lo scafo minimizzando  
l’ampiezza delle forze che si trasmettano allo scafo
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S e c t i o n  3 :  E x c i t a t i o n s  

S E C T I O N   3  Excitations 

1 Introduction 
It is appropriate that the principal vibration exciting sources be addressed first, since with high excitation 
levels excessive vibration can occur almost independently of system structural characteristics. In general, 
the major sources are the low-speed diesel main engine and the propeller. Gas turbines are generally considered 
to give less excitation than diesel engines. Thus, in this section, attention is paid to the excitation of the 
low-speed main diesel engine. 

3 Low-speed Main Diesel Engine 
Significant progress has been made in recent years by engine manufacturers in reducing vibratory excitation, 
largely by moment compensators installed with the engine.  Steps to be taken by the engine manufacturer 
are to be addressed in main engine specifications for a new vessel.  In this regard, it is important for the 
shipyard or owner to be technically knowledgeable on this issue. Diesel engine vibratory excitation can be 
considered as composed of three periodic force components and three periodic moment components acting 
on the engine foundation.  Actually, the periodic force component along the axis of the engine is inherently 
zero, and some other components usually balance to zero depending on particular engine characteristics.  

Two distinctly different types of forces can be associated with the internal combustion reciprocating engine.  
These are: (a) gas pressure forces due to the combustion processes (guide force couples) and (b) inertia 
forces produced by the accelerations of the reciprocating and rotating engine parts (external forces).  
Section 3, Figure 1 shows the typical external force and moments acting on a diesel engine. 

 

FIGURE 1 
External Forces and Moments 
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Section 3 Excitations 
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Guide force couples acting on the crosshead result from transverse reaction forces depending on the number 
of cylinders and firing order. The guide force couples cause rocking (H-couples) and twisting (X-couples) 
of the engine, as shown in Section 3, Figure 2. The engine lateral vibration due to the guide force couples 
may cause resonance with the engine foundation structure. A possible solution at concept design stage may 
be a consideration of lateral stays (top bracings), connecting the engine’s top structure to the ship hull. 

 

FIGURE 2 
Guide Force Couples 
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The vertical force and moment, which are of primary concern with regard to hull vibratory excitation, and 
the transverse force and moment as well, are due to unbalanced inertial effects.  For engines of more than 
two cylinders, which is the case of interest with ships, the vertical and transverse inertia force components 
generally balance to zero at the engine foundation. This leaves the vertical and transverse moments about 
which to be concerned.  The values of the moment amplitudes are usually tabulated in the manufacturer’s 
specification for a particular engine.   

The majority of low speed marine diesels currently in service have 6 cylinders or more. Therefore, the 2nd 
order vertical moment M2v is generally considered to contribute the most to the hull vibration. However, 
depending on the specific number of cylinders, the first order or higher order moment can be as large as the 
second order moment. In that case, further consideration is to be given to the first or higher order moment. 

A hull girder mode up to the third or fourth can have a natural frequency as high as the twice-per-revolution 
excitation of the 2nd order vertical moment.  Hull girder modes higher than the first three or four have 
diminishing excitability and may be of less concern. The following steps are therefore recommended in 
concept design: 

i) The 2nd order vertical moment M2v is the diesel engine excitation of most concern. The potential 
danger is in resonating one of the lower hull girder vertical modes with a large 2nd order vertical 
moment.  The value of M2v is to be requested from the potential main engine manufacturer, as early 
as possible. 

ii) Power Related Unbalance (PRU) values may be used to determine the acceptable level of M2v 

[kW]

]mN[2

rEnginePowe
M

PRU v �
  

 

The same applies to the calculation of coupled torsional/axial 
vibra tions. In practice, these turn out to be relevant only for shaft 
sys-tems driven by slow-running main engines.  
 
A corresponding compu tation model includes both the entire shaft 
line and the crank shaft – see also [17]. If the axial/tor sional vibra-
tion resonates with the thrust fluctuation of the propeller or with a 
radial force excitation of the main engine, comparatively strong axial 
force fluctuations can appear at the thrust bearing. These forces are 
further trans mitted into the ship then acting as a secondary source 
of excitation. However, this will not be dealt with here.

Bending Vibrations

For the determination of natural frequencies of shaft bending 
vibrations, it is advisable to take account of the structure surround-
ing the shaft system. Detailed investigations should be considered 
for a shaft line design for which at least one of the following criteria 
apply:

-
namic masses to act

natural frequencies close to the propeller blade frequency

as of dynamic bearing loads in a forced vibration analysis

Because the transverse members in the ship’s aftbody, which ta-
pers off in a catamaran-like manner, are not very stiff, the task was 
to check the risk of reso nance between transverse modes of the en-
gines and the ignition frequency. Because the H-moment also leads 
to verti cal vibrations of the double bottom, hydro dynamic masses act 
on the ship, which have to be considered. Large tank-fillings in the 
vicinity of the main engines are taken into account as well. For this 
exam ple various natural frequencies were determined, reflec ting 
coupled vibrations of the port and starboard engines.  
Fig. 14 shows three corresponding vibration modes. Depending 
on cou pling conditions of the port and starboard engines, H-type 
trans-verse vibration modes occur at 17.9, 20.5 and 22.5 Hz. The 
design was, there fore, su per critical relative to the ignition frequency 
of 30 Hz. Consequently, there was no need to install an elastic or 
semi-elastic moun ting. Computa tions of X-type vibration modes of 
the main engines revealed fre quen  cies in a band between 34 and 
38 Hz, thus indicating an adequate safety margin to the ignition 
fre-quency as well.

As far as axial and torsional vibrations are concerned, it is often 
adequate to consider shaft lines isolated, i.e. independent of the 
surrounding structure of the ship. With regard to torsional vibra-
tions, relevant requirements of the Classification Society have to 
be accounted for – see [8]. Axial vibrations are usually calculated 
by isolated models consisting of point masses, springs and damp-
ing elements. 

f = 17.9 Hz

f = 20.5 Hz

f = 22.5 Hz

Fig. 14: H-type natural vibration modes of two 7-cylinder engines on a RoRo trailer ferry

19

3.2.4 Shaft Lines
Axial/Torsional Vibrations
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Vibrazioni apparato motore

… resilienti più flessibili > buon disaccoppiamento vibrazioni, ma moti reciproci  
tra nave e motore troppo grandi 
… resilienti più rigidi > cattivo disaccoppiamento, e piccoli moti reciproci  
tra nave e motore

Le caratteristiche di mobilità dinamica delle  
fondazioni diventano importanti! per far lavorare bene  
i resilienti.. i basamenti motore devono essere rigidi..  
se sono rigidi trasmettono bene le vibrazioni.. 

..bisogna trovare un COMPROMESSO!

Per semplificare il problema…alcuni cantieri mediano tutto, 
richiedono solo un valore di vibrazione massima mediando 
• la vibrazione di tutti i resilienti..  
• su tutto il lato motore.. 
• per bande di frequenza.. 
• ..

Altri valutano il PRU (Power Rated Unbalance)  
per decidere se mettere o meno uno smorzatore  
dedicato..
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Guide force couples acting on the crosshead result from transverse reaction forces depending on the number 
of cylinders and firing order. The guide force couples cause rocking (H-couples) and twisting (X-couples) 
of the engine, as shown in Section 3, Figure 2. The engine lateral vibration due to the guide force couples 
may cause resonance with the engine foundation structure. A possible solution at concept design stage may 
be a consideration of lateral stays (top bracings), connecting the engine’s top structure to the ship hull. 

 

FIGURE 2 
Guide Force Couples 

H-Couples X-Couples
Guid

e p
lan

e

lev
el
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ks

ha
ft
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The vertical force and moment, which are of primary concern with regard to hull vibratory excitation, and 
the transverse force and moment as well, are due to unbalanced inertial effects.  For engines of more than 
two cylinders, which is the case of interest with ships, the vertical and transverse inertia force components 
generally balance to zero at the engine foundation. This leaves the vertical and transverse moments about 
which to be concerned.  The values of the moment amplitudes are usually tabulated in the manufacturer’s 
specification for a particular engine.   

The majority of low speed marine diesels currently in service have 6 cylinders or more. Therefore, the 2nd 
order vertical moment M2v is generally considered to contribute the most to the hull vibration. However, 
depending on the specific number of cylinders, the first order or higher order moment can be as large as the 
second order moment. In that case, further consideration is to be given to the first or higher order moment. 

A hull girder mode up to the third or fourth can have a natural frequency as high as the twice-per-revolution 
excitation of the 2nd order vertical moment.  Hull girder modes higher than the first three or four have 
diminishing excitability and may be of less concern. The following steps are therefore recommended in 
concept design: 

i) The 2nd order vertical moment M2v is the diesel engine excitation of most concern. The potential 
danger is in resonating one of the lower hull girder vertical modes with a large 2nd order vertical 
moment.  The value of M2v is to be requested from the potential main engine manufacturer, as early 
as possible. 

ii) Power Related Unbalance (PRU) values may be used to determine the acceptable level of M2v 

[kW]

]mN[2

rEnginePowe
M

PRU v �
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TABLE 1 
PRU Need for Compensator 

Below 120 Not likely 
120-220 Likely 
Over 220 Most likely 

 

Further attention is recommended in cases where PRU exceeds 220 N-m/kW. The action 
recommended at the initial engine selection stage may be either change of engine selection or 
installation of moment compensators supplied by the engine manufacturer. Otherwise, the vertical 
hull girder response is to be checked by calculation within an acceptable level without installation 
of compensators. 

iii) The engine lateral vibration due to X-type and H-type moments may produce excessive local vibration 
in the engine room bottom structure depending on the engine frame stiffness and engine mounting. 
The installation of lateral stays on the engine room structure is to be addressed at the early design 
stage. 

5 Hull Wake 
Hull wake is one of the most critical aspects in avoidance of unacceptable ship vibration. Propeller-induced 
vibration problems in general start with unfavorable hull lines in the stern aperture region, as manifest in 
the non-uniform wake in which the propeller must operate. Unfortunately, propeller excitation is far more 
difficult to quantify than the excitation from internal machinery sources.  This is because of the complexity 
of the unsteady hydrodynamics of the propeller operating in the non-uniform hull wake.  In fact, the non-
uniform hull wake is the most complicated part; it is unfortunate that it is also the most important part.  
Propeller-induced vibration would not be a consideration in ship design if the propeller disk inflow were 
circumferentially uniform. Any treatment of propeller excitation must begin with a consideration of the 
hull wake.    

For engineering simplification, the basic concepts allow for the circumferential non-uniformity of hull wakes, 
but assume, for steady operation, that wake is time invariant in a ship-fixed coordinate system. Nominal wake 
data from model scale measurements in towing tanks are presented either as contour plots or as curves of 
velocity versus angular position at different radii in the propeller disc. Section 3, Figure 3 shows the axial 
and tangential velocity components for a typical conventional stern merchant ship. 

The position angle, T, on Section 3, Figure 3 is taken as positive counterclockwise, looking forward, and x 
is positive aft.  The axial wake velocity vX and tangential wake velocity vT are dimensionless on ship 
forward speed, U. Note that the axial velocity is symmetric in T about top-dead-center (even function) and 
the tangential velocity is asymmetric (odd function).  This is a characteristic of single screw ships due to 
the transverse symmetry of the hull relative to the propeller disk; such symmetry in the wake does not, of 
course, exist with twin-screw ships.   

The wake illustrated above represents one of the two characteristically different types of ship wakes.  The 
flow character of the conventional skeg-stern is basically waterline flow; the streamlines are more or less 
horizontal along the skeg and into the propeller disk.  The flow components along the steep buttock lines 
forward of the propeller disk are small.  The dominant axial velocity field of the resultant wake has a 
substantial defect running vertically through the disk along its vertical centerline, at all radii.   
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Vibrazioni apparato motore

..i produttori forniscono solo la rigidezza statica! 

..questi prodotti hanno risonanze nel range di funzionamento !
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Vibrazioni apparato motore

..il numero di appoggi è elevato..

..e non è facile tirarli fuori se bisogna fare 
delle modifiche..

mailto:bregant@units.it


Meccanica delle VibrazioniUniversità degli studi di Trieste 
Dip. Ingegneria e Architettura

Luigi BREGANT 
bregant@units.it

E’
 v

ie
ta

to
 o

gn
i u

til
iz

zo
 d

iv
er

so
 d

a 
qu

el
lo

 in
er

en
te

 la
 p

re
pa

ra
zi

on
e 

de
ll’e

sa
m

e 
de

l c
or

so
 d

i M
ec

ca
ni

ca
 d

el
le

 V
ib

ra
zi

on
i @

U
ni

ts
 

E’
 e

sp
re

ss
am

en
te

 v
ie

ta
to

 l’
ut

iliz
zo

 p
er

 q
ua

ls
ia

si
 s

co
po

 c
om

m
er

ci
al

e 
e/

o 
di

 lu
cr

o

Vibrazioni apparato motore
Le eccitazione generate dal motore e quelle generate dall’elica..  
sollecitano la linea d’asse..generando vibrazioni..

..a queste si aggiungono quelle derivanti 
da squilibri (albero, giunti, cuscinetti, ausiliari..) 
e da disallineamenti.
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FIGURE 4 
Alternative Shafting Arrangements:  

Open Strut Stern (upper); Conventional Skeg Stern (lower) 
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A characteristically different wake flow is associated with the strut or barge-type stern, the upper of Section 3, 
Figure 4, which has a broad counter above the propeller disk and minimal irregularity immediately forward.  
The engine is further forward with this stern-type to accommodate finer stern lines needed to minimize 
wave resistance in high speed ships, although an open strut stern would be beneficial for vibration minimization 
at any speed (provided the buttocks lines are not too steep). The flow character over this type of stern is 
basically along the buttock lines, versus the waterlines.  Some wake non-uniformity may be produced by 
appendages forward, such as struts and bearings or by shaft inclination, but the main wake defect, depending 
on the relative disk position, will be that of the counter boundary layer overhead.  In this case, assuming 
minimal shaft inclination, substantial axial wake again exists, but only in the top of the disk.  Generally, 
only the blade tips penetrate the overhead boundary layer, and the axial wake defect occurs only at the 
extreme radii near top-dead-center, rather than at all radii along the vertical centerline, as in the case of the 
conventional single screw stern.  Just as in the case of the conventional stern, the tangential disk velocity 
with the strut stern will generally be small; the vertically upward velocity ratio through the propeller disk 
will have average values on the order of the tangent of the sum of the buttock and shaft inclination angles.  
The idealization in the case of the barge stern, as a sequel to the vertical strut idealization of the wake of 
the conventional stern, is a horizontal flat plate above the propeller.  Here, the degree of axial wake non-
uniformity depends on the overlap between the propeller disk and the plate boundary layer.  The tangential 
(and radial) wake components are due entirely to the shaft relative inclination angle in this idealization, as 
the flat plate boundary layer produces only an axial defect. 
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Vibrazioni apparato motore
Esistono codici di calcolo dedicati 
per valutare modi e deformate degli alberi…

..e soluzioni che riducono la presenza 
di linee d’assi particolarmente 
lunghe (azipod) o combinano motori 
termici ed elettrici
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Vibrazioni apparato motore
Gli apparite motore sono di diversissime tipologie..  
(il numero e quantità di armoniche di eccitazione saranno dipendenti dalle 
scelte fatte..)
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Vibrazioni apparato motore

..giunti e smorzatori..
..innesti e frizioni..

..alberi e prolunghe.. www.vulkan.com
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Vibrazioni interazione fluido struttura

A causa delle linee di scafo ed alle variazioni di pressione generate dal moto  
della nave e dal moto dell’elica si generano interazioni fluido-struttura variabili 
nel tempo.. che generano vibrazioni.

Il problema è complesso visto la natura non lineare e non stazionaria dell’interazione!

Si può cercare la soluzione dal punto di vista numerico.. o sperimentale.. 
ma in entrambi i casi, l’estrema variabilità del problema rende difficile  
generalizzare la soluzione… (ogni nave.. uno studio dedicato..)
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Vibrazioni interazione fluido struttura

I parametri più importanti che influenzano l’interazione fludo-struttura sono : 
• la forma dello scavo 
• le caratteristiche dell’elica 
• la posizione reciproca tra scafo e elica (hull-propeller clearance) 
• la direzione di rotazione delle eliche 
• ..
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FIGURE 5 
Open Strut Stern Arrangement 

10 deg max.

5 deg max.

Tc/D = 0.25 min.

 
 

ii) Conventional Stern with Skeg and Bossing. 

x The waterline angle from the vertical centerplane at the entrance to the aperture just forward 
of the top of the propeller disk is not to exceed 35 degrees.  Refer to Section 3, Figure 6. 

 

FIGURE 6 
Conventional Skeg-Stern Arrangement 

35 deg. max.

 
 

x With regard to the propeller tip clearance, the conventional skeg-stern ships are less critical 
than the strut-stern ships, as discussed earlier. In commercial practice, a minimum vertical tip 
clearance on order of 25% of propeller diameter and forward clearance of 40% of propeller 
diameter are often employed as a usual practice. 

iii) In the event that these limits cannot be achieved in concept design, it is recommended that the 
decision be made to proceed on to model testing and/or direct calculation for confirming or establishing 
stern lines. 

 
 
 
Section 3 Excitations 
 

12 ABS GUIDANCE NOTES ON SHIP VIBRATION . 2006 

FIGURE 5 
Open Strut Stern Arrangement 

10 deg max.

5 deg max.

Tc/D = 0.25 min.

 
 

ii) Conventional Stern with Skeg and Bossing. 

x The waterline angle from the vertical centerplane at the entrance to the aperture just forward 
of the top of the propeller disk is not to exceed 35 degrees.  Refer to Section 3, Figure 6. 

 

FIGURE 6 
Conventional Skeg-Stern Arrangement 

35 deg. max.

 
 

x With regard to the propeller tip clearance, the conventional skeg-stern ships are less critical 
than the strut-stern ships, as discussed earlier. In commercial practice, a minimum vertical tip 
clearance on order of 25% of propeller diameter and forward clearance of 40% of propeller 
diameter are often employed as a usual practice. 

iii) In the event that these limits cannot be achieved in concept design, it is recommended that the 
decision be made to proceed on to model testing and/or direct calculation for confirming or establishing 
stern lines. 

I diversi registri registro danno indicazioni specifiche su come  
minimizzare l’insorgere dei problemi di interazione idrodinamica,
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Vibrazioni interazione fluido struttura

Le eliche ruotando creano forze 
• di spinta longitudinali, variabili che sollecitano vibrazioni assiali della line  
d’assi e dei macchinari 
• di pressione sullo volta di poppa, variabili, che eccitano lo scafo  
e le sovrastrutture

Le forze longitudinali hanno frequenze note (# pale elica * RPM asse,  
e tutte le armoniche) quindi è possibile prevedere se queste eccitano moti  
del sistema propulsivo.

Si favoriscono eliche con alto numero di pale (alzare frequenza di eccitazione) 
e numero dispari di pale (per ridurre sollecitazioni alterne sull’albero)
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7 Propeller  
With an unfavorable wake, propeller compromises are then usually required to achieve compensation. Two 
types of excitation are of primary concern in conjunction with the three main items identified as critical in 
Subsection 2/5.  

i) Alternating thrust exciting longitudinal vibration of the shafting and machinery, and  

ii) Vertical pressure forces on the stern counter exciting hull and superstructure vibration. 

7.1 Alternating Thrust  
Alternating thrust, the excitation for longitudinal vibration of the shafting/main machinery system, occurs 
at blade rate frequency (Propeller RPM u Blade number N) and its multiples.  The fundamental is usually much 
larger than any of its harmonics, however.  Alternating thrust is produced by the blade number circumferential 
harmonic of the hull wake. This suggests that the higher the blade number the better, since the wake harmonic 
series does converge.  However, around the typical blade number of 4, 5, and 6, the wake harmonic series 
convergence is not well organized, and is not a primary consideration.  In fact, with the wake of a conventional 
single-screw stern, lower alternating thrust favors an odd-bladed propeller. This is because of, for an even 
bladed propeller, the line-up of opposite blades with the characteristic wake spike along the vertical center-
plane above and below the propeller axis. This wake characteristic was discussed in Subsection 3/5 on hull 
wake.  With strut-stern ships there is typically little blade number bias on the basis of wake. 

Misconceptions exist about the effectiveness of propeller blade “skew” in reducing vibratory excitation.  
Skew is the tangential “wrapping” of the blades with radius.  Positive skew is in the angular direction opposite 
to the direction of rotation. For the case of the conventional single screw ship wake, it has been discussed 
that the shadow of the vessel skeg produces a heavy axial wake defect concentrated along the disk vertical 
centerline.  The blades of conventional propellers ray-out from the hub (i.e., the blade mid-chord lines are 
more or less straight rays emanating from the hub centerline).  Such “unskewed” blades abruptly encounter 
the axial velocity defect of the conventional stern wake at the top and bottom-dead-center blade positions.  
The radially in-phase character of the abrupt encounter results in high net blade loads and radiated pressure. 

A more gradual progression of the blades through the vertical wake defect is accomplished by curving the 
blades.  Different radii enter and leave the wake spike at different times; cancellation results in the radial 
integrations to blade loads and radiated pressure, with the result of potentially significantly reduced vibratory 
excitation.  

Percentage skew is the blade tip skew angle, relative to the blade ray through the mid-chord of the propeller hub 
section, divided by the blade spacing angle (e.g., for 5 blades the blade spacing angle is 72 degrees; therefore, a 
tip skew angle of 72 degrees would be 100% skew).  See Section 3, Figure 7, where ray ‘A’ is passing through 
the tip of blade at mid-chord line and ray ‘B’ is tangent to the mid-chord line on the projected blade outline. 

 

FIGURE 7 
Maximum Skew Angle 
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..l’effetto dello skew non è direttamente legato  
alla vibrazione generata dall’elica!
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Vibrazioni interazione fluido struttura

Le variazione di pressione generate dal 
passaggio dell’elica sollecitano lo scafo 
e le appendici …

..a peggiorare il problema, c’è la  
possibilità che si instauri anche la cavitazione 
(le vibrazioni aumentano anche di un ordine 
di grandezza)

 
 
 
Section 3 Excitations 
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FIGURE 8 
Burrill Cavitation Inception Chart 

 
 

An example of the use of the Burrill chart for this purpose is as follows: 

x Take a single screw ship with a delivered power Pd = 22,380 kW and a max rated speed U = 22 knots, 
corresponding to a thrust, T = 1,400 kN.  The propeller diameter has been set at 6 meters consistent 
with tip clearance maxima.  The PRPM = 120 and the wake fraction is estimated as w = 0.2.  The pitch 
ratio at the 0.7 radius, P/D]0.7R = 0.9. This gives an advance coefficient, J = 0.755 and resulting qT of 
399.3 kPa. For the hub centerline depth h = 4.5 m, pa = 101.3 kPa, and pc = 6.9 kPa, V = 0.35.  If the 
5% back cavitation line is selected, Wc # 0.16. With the disk area A0= SD2/4, the required projected area 
ratio would be: 

2
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T
A
A

Tc

p
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x Substituting the values, Ap/A0 = 0.775. It is preferable to work with the developed area ratio, Ad/A0, 
where Ad denotes propeller developed area with zero pitch. Taylor’s approximate formula gives the 
projected area in terms of the developed area as: 

Rd

p

D
P

A
A

7.0
229.0067.1 »¼

º�#  

Then the required developed area ratio is: 

90.0
0
 

A
Ad  

..design dell’elica .. es.Burill - Cavitation Inception Chart
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Criteri di accettazione
I registri di classifica stabiliscono i criteri di accettazione delle navi 
e la definizione della classe di appartenenza anche per quello che riguarda il  
rumore  ele vibrazioni!

Ogni registro ha i suoi criteri.. 
ad esempio ABS definisce i seguenti livelli: 
!
limiti di vibrazione per passeggeri ed equipaggio 
limiti di vibrazione per strutture 
limiti di vibrazione per macchinari

 
 
 
Section 7 Acceptance Criteria 
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TABLE 1 
Maximum Weighted RMS Acceleration Levels for Crew Habitability 

ABS Optional 
Notation 

Frequency  
Range 

Acceleration 
Measurement 

Maximum  
Level 

HAB 0.5 - 80 Hz aw 0.4 m/s2 

HAB+ 0.5 - 80 Hz aw 0.315 m/s2 
 

 

TABLE 2 
Maximum Weighted RMS Acceleration Levels for Passenger Comfort  

ABS Optional 
Notation 

Frequency  
Range 

Acceleration 
Measurement 

Maximum  
Level 

COMF 0.5 - 80 Hz aw 0.315 m/s2 

COMF+ 
0.1 - 0.5 Hz MSDVZ 30 m/s1.5 

0.5 - 80 Hz aw 0.20 m/s2 
 

3.3  ISO 6954 (1984) Criteria for Crew and Passenger Relating to Mechanical Vibration 
ISO 6954 (1984) has also been widely used as acceptance criteria for crew habitability and passenger 
comfort. The criteria are designed to ensure vibration levels are below at which crew and passenger do not 
experience discomfort. ISO 6954 criteria are shown in Section 7, Figure 1, which can be transformed into 
the following: 

x For each peak response component (in either vertical, transverse, or longitudinal direction), from 1 Hz 
to 5 Hz, the acceleration is acceptable below 126 mm/sec2, and adverse comment is probable above 
285 mm/sec2 

x For each peak response component (in either vertical, transverse, or longitudinal direction), from 5 Hz 
and above, the velocity is acceptable below 4 mm/sec, and adverse comment is probable above 9 mm/sec.  

Criteria in the format of Section 7, Figure 1 characterizes ship vibration as a simple harmonic (i.e., periodic 
at a single frequency).  The criteria are readily applied to the evaluation of FE-based vibration analysis, as 
described in Section 5. However, the ship vibration in seaways is actually random in nature (i.e., it is composed 
of components at all frequencies rather than at a single one).  The random character of ship vibration is 
clearly evident in records from underway vibration surveys. Note that ISO 6954 (1984) criteria are given 
for the peak values considering the modulation of ship vibrations in seaways. For the measurement and 
evaluation of ship vibration in seaways, the Envelope method in Section 6 would be the most direct and 
simple method to effectively measure the peak values.  
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NB.. 
• classe 
• range di frequenza 
• metodo di misura 
• valore limite
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Criteri di accettazione
 
 
 
Section 7 Acceptance Criteria 
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FIGURE 2 
Vibration Limits for Local Structures 

 

 

7 Vibration Limits for Machinery  

7.1  Main Propulsion Machinery 
The vibration of main propulsion machinery tends to be severe because of the excitation from the propellers. 
The machinery of primary concern is to be the main propulsion machinery, principally in longitudinal 
vibration at propeller blade rate frequency (see Section 4). The vibration criteria for the main propulsion 
machinery are to be provided from manufacturers. Otherwise, when the data on the vibration criteria are 
not available, the following criteria are recommended as a reference. 

ANSI S2.27 (2002) and SNAME T&R 2-29A (2004) provide comprehensive guidelines on the vibration 
limits for the main propulsion machinery. The vibration limits are provided in terms of broadband rms 
values with multi-frequency components (nominally from 1 to 1000 Hz). The longitudinal vibration (rms, 
free route) at thrust bearing (and bull gear hub for geared turbine drives) is to be less than 5 mm/s rms. For 
other propulsion machinery components exclusive of engines, propellers and shafting aft of the thrust bearing, 
the longitudinal vibration is to be less than 13 mm/s rms. For stern tube and line shaft bearing, the lateral 
vibration is to be less than 7 mm/sec rms. For direct diesel engines (over 1000 HP, slow and medium speed 
diesels connected to the shafting), the vibration limits are 13 mm/sec at the bearings and 18mm/sec on the 
engine tops, in all three directions. For high-speed diesel engines (less than 1000 HP), the vibration is to be 
less than 13 mm/sec at the bearings and engine tops, in all directions. 
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TABLE 4 
Vibration Limits for Main Propulsion Machinery  

Propulsion Machinery Limits (rms) 
Thrust Bearing and Bull Gear Hub  5 mm/s 

Other Propulsion Machinery Components 13 mm/s 
Stern Tube and Line Shaft Bearing 7 mm/s 

Diesel Engine at Bearing 13 mm/s 

Slow & Medium Speed Diesel Engine on Engine Top (over 1000 HP) 18 mm/s 

High Speed Diesel Engine on Engine Top (less 1000 HP) 13 mm/s 

 

A primary concern in the longitudinal propulsion machinery vibration is the avoidance of thrust reversal at 
the thrust bearing due to system longitudinal resonance, which can result in destruction of the thrust 
bearing. ANSI S2.27 provides the criteria on the alternating thrust at thrust bearing. During free-route runs, 
the broadband peak value of the alternating thrust on the main thrust bearing is to be less than 75% of the 
mean thrust for that speed, or less than 25% of the full power mean thrust, whichever is less. 

As shown in Section 4/3, it may not be possible to avoid a longitudinal resonance in the operating range 
with long shaft ships. A critical at least 20% below the full power RPM is the usual practice.  Even if the 
critical occurs at an RPM less than 20% of full power, it may be very difficult to achieve the criteria proposed 
by ANSI S2.27 at the resonant point, depending on the blade-rate alternating thrust amplitude and the 
damping present.  In this case, an RPM band around the critical might have to be restricted for operation as 
the only reasonable recourse. 

7.3  Machinery and Equipment 
The vibration criteria of machinery and equipments are to be provided by manufacturers. Otherwise, when 
the data on the vibration criteria are not available, the following criteria are recommended as a reference in 
terms of overall rms value (nominally from 1 to 1000 Hz) for normal operating conditions. 

x For reciprocating machinery, the vibration in all directions is to be less than 10 mm/sec rms at bearings  

x For rotating machinery, the vibration in all directions is to be less than 9 mm/sec rms at bearings  

The machinery includes but is not limited to generators, motors, centrifugal pumps, compressors, turbochargers, 
blowers and fans. The application of vibration limits may vary depending on specific type, size, configuration, 
and mounting of the machinery. 

ISO 10816 provides guidelines on the vibration criteria in terms of overall rms values (from 2 to 1000 Hz) 
for the non-rotating and, where applicable, non-reciprocating parts of general machines, measured at the 
bearings or bearing housings. It is noted that the criteria relate only to the vibration produced by the 
machine itself and not to vibration transmitted to it from outside. ISO 10816 is complemented by ISO 7919, 
which provides guidelines on the vibration criteria for the rotating parts of the machines. 

In accordance with Appendix 7-A-14, “Surveys Based on Preventative Maintenance Techniques” of the 
ABS Rules for Survey After Construction (Part 7), ABS Recognized Condition Monitoring Company is to 
submit the measured machinery vibration data and acceptance criteria to ABS. The vibration limits for 
machinery given in this section are to be used as a reference for the acceptance criteria of the Condition 
Monitoring Program, if applicable. 

 

NB attenzione al registro che utilizzate 
e a cosa volete proteggere..
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Criteri di accettazione

Rules for Ships, January 2011  
Pt.5 Ch.12 Sec.2  –  Page 6   

DET NORSKE VERITAS

SECTION 2 
NOISE AND VIBRATION

A. General
A 100 Rule applications
101    The rules give requirements for noise and vibration related to comfort on board ships. Reference is made
to national and international standards on noise and vibration criteria related to hearing damage, speech
intelligibility for safety reasons, and acceptable vibration for machinery and equipment.
102    The rules apply to the spaces specified in tables B1–B9.

A 200 International standards
201    International standards have been used as foundation for the rules, but have not necessarily been adhered
to. When setting the noise and vibration limits, and determining the measuring procedure, due consideration
has been given to technical and practical limitations inherent in the design and construction of different types
of ship and localities.
202    The standards shown below contain provisions which are referred to in this text or have been used by the
Society as basis when developing the rules. Unless a particular edition is referred to explicitly, the latest edition
of each standard shall apply.
203    Noise:

— IMO Resolution A. 468 (XII), “Code on noise levels onboard ship”.
— ISO 2923, “Acoustics – Measurement of noise on board vessels”.
— ISO 31/VII, “Quantities and units of acoustics”.
— IEC Publication 651, “Sound level meters”.
— IEC Publication 225, “Octave, half-octave and third-octave band filters intended for the analysis of sound

and vibration”.
— IEC Publication 804, and amendment no. 1, 1989, “Integrating-averaging sound level meters”.
— IEC Publication 942, “Sound calibrators”.
— ISO R717/1, “Acoustics – Rating of sound insulation in buildings and of building elements – Part 1:

Airborne sound insulation in buildings and interior elements”.
— ISO 717/2, “Acoustics – Rating of sound insulation in buildings and of building elements – Part 2: Impact

sound insulation”.
— ISO 140/4, “Acoustics – Measurements of sound insulation in buildings and of building elements – Part 4:

Field measurements of airborne sound insulation between rooms”.
— ISO 140/7, “Acoustics – Measurements of sound insulation in buildings and of building elements – Part 7:

Field measurements of impact sound insulation of floors”

204    Vibration:

— ISO 6954, “Mechanical vibration and shock – Guidelines for the overall evaluation of vibration in merchant
ships”.

— ISO 2041, “Vibration and shock – Vocabulary”
— ISO 4867, “Code for the measurement and reporting of shipboard vibration data”
— ISO 4868, “Code for the measurement and reporting of local vibration data of ship structures and equipment”.
— ISO 2631, “Guide for the evaluation of human exposure to whole-body vibration”.

A 300 Definitions
301    Basic noise and vibration quantities and units are defined in ISO 31/VII and ISO 2041.
302    Crew Accommodation:   Cabins, offices, hospitals, mess rooms, recreation rooms, and open deck areas
to be used by officers and crew.
303    Passenger Accommodation:   All areas intended to be used by passengers.
304    Public spaces:   Communal indoor areas, e.g. restaurants, theaters, cinema, discos, shops, reading rooms,
game rooms, gymnasiums, hobby rooms etc.  Corridors, washrooms and toilets are excluded.

A 400 Abbreviations
401    ISO:  International Organization for Standardization
402    IMO:  International Maritime Organization
403    IEC:  International Electrotechnical Commission.

Per quanto riguarda il rumore .. il DNV suggerisce di seguire le 
indicazioni delle norma elencate..:

e raccoglie i livelli prescritti in tre tabelle..:
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 Rules for Ships, January 2011
  Pt.5 Ch.12 Sec.2  –  Page 7

DET NORSKE VERITAS

B. Noise and Vibration Requirements

B 100 General

101    Compliance with the rules shall be verified through measurements. It may, however, be advantageous to
carry out calculations at an early project stage in order to ensure that necessary noise and vibration control
measures are included.
102    The required test conditions are given in Chapter E.
103    The requirements for noise and vibration are set up for several types of ships related to the main class
issued for the ship. The requirements for each type of ship are divided in groups for specified locations.
104    All locations specified in the tables below shall comply with the criteria in order to be assigned the
additional class notation COMF-V. However, in special cases small deviations from the requirements may be
accepted. This will be decided by the Society in each particular case. Guidelines for handling of excessive noise
and vibration levels are given in Appendix A.
105    The noise and vibration criteria are divided into three groups depending on the level of comfort achieved,
i.e. comfort rating number (crn) 1, 2 and 3, where (crn) 1 represents the highest comfort level and (crn) 3
represents an acceptable level of comfort.
106    The highest comfort rating number achieved for noise or vibration will determine the overall rating for
noise and vibration, e.g. a vessel meeting (crn) 2 for vibration and (crn) 1 for noise will be denoted (crn) 2.
107    For offshore service vessels to be operated at DP (Dynamic Positioning) mode, noise and vibration
measurements shall be carried out with the side thrusters in operation. The operating condition shall correspond
to contractual conditions or with at least 40% power on the thrusters.
108    For passenger ships the given comfort rating number applies to the passenger accommodation only. The
crew accommodation shall comply with minimum rating (crn) 3 for cargo ships.

B 200 Noise criteria

201    The maximum allowed noise levels for different ships, localities and comfort standards are given in
Table B1,B2, B3 and B4.
202    In Table B4 Yacht, the noise levels specified for the transit condition apply to yachts not intended for
overnight cruising. For yachts intended for overnight cruising, the rules for passenger ships shall apply for the
transit condition.

Table B1 Passenger Ships - Passenger Accommodation Noise levels in dB(A)
Locations Comfort rating number (crn)

1 2 3
Passenger top grade cabins 44 47 50
Passenger cabins, standard 49 52 55
Public spaces 55 58 62
Open deck recreation 1) 2) 65 65 70
1) 5 dB(A) relaxation in sports areas and passage ways
2) 5 dB(A) relaxation near ventilation inlets and outlets

Table B2 Cargo ships 1) - Crew Accommodation Noise levels in dB(A)
Locations Comfort rating number (crn)

1 2 3
Wheelhouse 60 60 65
Radio room 55 55 60
Crew cabins 50 55 60
Crew public spaces 55 60 65
Hospital 55 55 60
Offices 60 60 65
Engine control room 70 70 75
Open deck recreation 70 70 75
1) For working areas and engine room it is referred to IMO Res. A. 468 (XII).
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B 300 Sound insulation
301    The acoustic insulation between accommodation spaces, is at least to satisfy the requirements for
weighted apparent sound insulation indexes given in Table B5. Note that the requirements are stated as the sum
of the relevant noise criterion Lp and the weighted apparent sound insulation index. This has been done because
a low background noise level will require a stricter requirement to sound insulation in order to achieve a
satisfactory level of comfort.
302    For cabins in areas with a low background noise level (below 45 dB(A)) precautions shall be taken when
a boundary of such a cabin is facing an entertainment area. For such cases a minimum weighted apparent sound
insulation index of 65 dB is recommended. Care should also be exercised when mounting loudspeakers to the
structure, so that noise transmission from the loudspeaker in the structure is avoided.

B 400 Impact sound insulation, passenger ships
401    For passenger cabins the normalized impact sound pressure level is not to exceed 50 dB. For passenger
cabins below areas with wooden deck, marble deck or similar hard deck covering materials, the above
requirement may be relaxed to 60 dB due to constructional limitations.
402    For passenger cabins located below dance floors, stages and gymnasiums, a normalized impact sound
pressure level shall not exceed 45 dB.

Table B3 High Speed and Light Craft - Length above and below 50m Noise levels in dB(A)
Locations Comfort rating number (crn)

50m and below Above 50m
1 2 3 1 2 3

Passenger localities 65 70 75 60 65 68
Navigation bridge 60 60 65 60 60 65
Service areas /hops/kiosk 68 73 78 65 65 70

Table B4 Yacht - Owner and Guest Areas Noise levels in dB(A)
Locations Comfort rating number (crn)

In harbour condition Transit condition
1 2 3 1 2 3

Sleeping rooms 35 40 45 - - - 
Lounges / Saloons 40 45 50 53 58 62
Outdoor re-creation areas 50 55 60 75 80 85
Navigation bridge - - - 60 60 65

Table B5 Sound Insulation Indexes
Positions Lp + RW' (dB)
Cabin to cabin (crew) 88
Cabin to cabin (passenger) 90
Cabin to corridor 87
Cabin to stairways 100
Cabin to engine rooms 100
Cabin to public spaces 100
Machinery/ technical spaces to passenger corridor 100

Table B6 Passenger Ships - Passenger Accommodation Vibration level in mm/s peak for single frequency 
components between 5 and 100 Hz 1)

Locations Comfort rating number (crn)
1 2 3

Passenger top grade cabins 1.5 2.0 2.5
Passenger cabins, standard 1.5 2.5 4.0
Public spaces 1.5 2.5 4.0
Open decks recreation 2.5 3.5 5.0
1) For frequencies below 5 Hz the requirements follow constant acceleration curves corresponding to the acceleration at 5 Hz.

Criteri di accettazione

..quanto sono 50dB??
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http://www.nauticalweb.com/superyacht/527/tecnica/vibrazioni.htm

http://www.insean.cnr.it/it/content/dinamica-strutturale-e-idroelasticit%C3%A0

http://www.ingegnerianavale.net/Tematiche/2AN/2ANrobustezzaC/2ANrobustezzaC_carichi/
2ANrobustezzaC_carichi.htm

http://maritimetechnology.nl/events/onboard-noise-vibration/
http://www.marin.nl/web/Research-Topics/Propulsion/Noise-vibrations.htm
https://www.dnvgl.com/services/noise-and-vibration-measurements-4706
http://www.mmf.de/pdf/an23e-ship_vbration_iso6954.pdf

http://www.jandaenterprises.com/JoeSmullinN&VLargeYachts.pdf

http://www.icmrt07.unina.it/Proceedings/Papers/B/72.pdf

http://www.yishuosh.cn/UploadFiles/4286292293.PDF

standard e classi

http://www.iso.org/iso/catalogue_detail.htm?csnumber=38978
http://isi-be.eu/wp-content/uploads/2013/04/vibration-standards.pdf

http://www.gl-group.com/infoServices/rules/pdfs/gl_i-1-23_e.pdf

http://www.gl-group.com/infoServices/rules/pdfs/gl_i-1-16_e.pdf

https://law.resource.org/pub/in/bis/S08/is.iso.6954.2000.pdf
https://law.resource.org/pub/in/bis/S08/is.iso.20283.2.2008.pdf
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o http://docplayer.it/1135339-Vibrazioni-e-r-m-a-bordo.html

vibrazioni

https://www.eagle.org/eagleExternalPortalWEB/ShowProperty/BEA%20Repository/Rules&Guides/
Current/147_ShipVibration/Pub147_ShipVib
https://rules.dnvgl.com/docs/pdf/DNV/rulesship/2011-01/ts615.pdf
http://www.germanlloyd.org/pdf/GL_Ship_Vibration_09.pdf

http://www.dtic.mil/dtic/tr/fulltext/u2/a232630.pdf

http://www.lr.org/de/images/vibration1_tcm202-175226.pdf

http://www.chassis-plans.com/PDF/MIL-STD-167-1A.pdf

https://www.cdlive.lr.org/information/documents%5CLRGuidance%5CGuidance%20Notes_General
%20Overview%20of%20Ship%20Structural%20Vibration%20Problems_COMPLETE.pdf

rumore

http://www.marinetechnologynews.com/news/noise-506402
http://www.loggers.eu/imo-noise-code/
http://www.sciencedirect.com/science/article/pii/S0029801816300129

http://www.imo.org/en/Publications/Documents/Newsletters%20and%20Mailers/Mailers/I817E.PDF

http://www.imo.org/en/KnowledgeCentre/indexofimoresolutions/documents/msc%20-%20maritime
%20safety/337(91).pdf
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https://ocw.mit.edu/courses/mechanical-engineering/2-016-hydrodynamics-13-012-fall-2005/readings/
2005reading6.pdf

http://www.sname.org/HigherLogic/System/DownloadDocumentFile.ashx?
DocumentFileKey=e4a08273-330b-4d05-9b0c-cc8fb66b0339

https://ocw.tudelft.nl/wp-content/uploads/Part_2.pdf

http://www.slideshare.net/hnam7/162658

Korotkin, Alexandr I. , Added Masses of Ship Structures, Springer 2009

massa aggiunta

http://www.shipjournal.co/index.php/sst/article/view/127/385

mailto:bregant@units.it
http://www.slideshare.net/hnam7/162658
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