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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document has been developed in response to the demand, noted by the International Maritime
Organization (IMO) and its Marine Environment Protection Committee (MEPC), for an International
Standard on reduction of vibration and noise from machinery onboard ships, considering the negative
effects of ship vibration and noise on the health of seafarers and the negative effects of underwater
noise radiated from ships on marine life.

The reduction of ship vibration and noise may necessitate machinery vibration isolation measures.
Although marine machmery V1brat10n isolation d651gn can be done by professmnal groups, such as

cons
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us techmcal f1elds for ship de51gn is becomlng a necessity.

ship designers themselves should also understand the procedures, requirement

odology in this document is not limited to better vibration isolation measures, but
ners take into account the need of machinery vibration isolation, planning for th

the application of vibration isolation design technology onboard.
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ition isolation concerns the use of comparatively resilient elements called vibrati

o-stage isolation that can provide greaterrattenuation than single-stage isolation

odology of vibration isolation for shipboard machinery. The purpose ©f”develop

ht for machinery vibration isolation in advance at the design stage(@and to consequen

fical vibration isolators usually consist of springs, of elastomeric elements with damnj
ination of these. The primary purpose of isolators is to‘attenuate the transmission o
eas the main purpose of dampers is the dissipation of'mechanical energy. Simple m
stems with a single degree of freedom are useful for establishing some fundament]
as single-stage isolation. Extensions of these models can account for the non-rigidity
solated items, as well as for reaction effects.on vibration sources. More complex 1

tategration of

5 and basic
ing a basic
to help ship
b space and
tly promote

n isolators.
ping or of a
f vibrations,
odels based
al relations,
of supports
1odels apply
systems. As

cominon measures onboard a ship, single-stage*and double-stage vibration isolation design methods

are §

uggested in this document.
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Ships and marine technology — Guidelines on vibration
isolation design methods for shipboard auxiliary
machinery

1 Scope

The purpose of this document is to provide general guidelines on the design of ship vibrat
basefl on the basic methodology of vibration isolation for shipboard machinery, for examp
engine, compressor, fan, pump, etc. A well-designed vibration isolation system can signific

the

onbaard the ship or the underwater noise radiated from the ship.

ibration transmission from shipboard machinery to ship structures lowering the

on isolation
le, auxiliary
intly reduce

noise level

heir content
applies. For
hts) applies.

-installation

ddresses:

n through a

rdiate frame

foundation

2 Normative reference

The following documents are referred to in the text in such a way that some or all of t
consfitutes requirements of this document. For dated referenees, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme
ISO R0283-3, Mechanical vibration — Measurement of ¥ibration on ships — Part 3: Pre
vibrdtion measurement of shipboard equipment

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO dnd IEC maintain terminological databases for use in standardization at the following g
— IEC Electropedia: available atthttp://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

single-stage vibratien.solation

vibrgtion isolation #vhere a single machinery or assembly is mounted on the ship foundatig
stage of elastic connection by a group of isolators

3.2

double-stage vibration isolation

vibrgtien\isolation where a single machinery or assembly is flexibly installed on an intermg
thro lgh a first stage isolator group, and an intermediate frame is mounted on the shin
through a second stage isolator group

3.3

displacement limiter

rigid element which is used in combination with the vibration isolator to avoid excessive displacement
and consequent damages of the vibration isolation system

3.4

coast down test
test to determine the resonant frequencies of the machine isolation system for the machinery from a
certain speed while it is shut down, simultaneously recording the vibration level until the machine stops

Note 1 to entry: Annex A gives information on the determination of the resonant frequencies of machine
isolation system.
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4 Basicrequirements of vibration isolation system design

4.1 Vibration isolation performance

The design of vibration isolation should meet the requirements of vibration isolation performance and
avoid resonance according to the structural dynamic characteristics of the ship structure including
machinery foundation. The choice of vibration isolation type depends on the vibration levels difference
between shipboard machinery and ship structure, as well as the limit of weight and space onboard the
ship. The design requirements on the limit of the ship structure vibration response in ISO 20283-5 and
relevant ship specifications can be referred to.

isolation is pdopted and reach 25 dB to 30 dB when the double-stage vibration isolation is.adopted.
r the double-stage vibration isolation, transmissibility of the isolation syStem vpries
nt intermediate mass values. The heavier the intermediate mass block is, the bettef the
duction effect is. Design of the weight of the intermediate mass blockrdepends on the
iction and vibration reduction requirement. Meanwhile, the advantage ‘of introducing the
e mass block is more obvious in the high-frequency range.

In general, ‘L;Ee effect of vibration reduction can reach more than 15 dB when the single-stage vibration

Especially

with differd
vibration r¢
weight restj
intermediat

4.2 Vibrdtion severity of machinery

n the
y and
jould
bn or

The vibratid
value of the
toreduce th
meet the re
ISO 10816.

n response of mechanical machinery will be enhanced affer elastic installation. Whe
machinery vibration severity is large, it is easier to cause{fatigue damage of machiner
e reliability of machinery operation. Therefore, machinery thatis installed resiliently sk
quirements of the vibration limits of machinery according to the product specificati

4.3 Stability of machinery

Machinery 1}
rocking by 4
with the vik
system fronj

4.4 Envirg

Vibration is

related admjinistrator after inspection.

4.5 Ease

The vibratid
for mainten|
isolation ele¢]

nstalled resiliently should be ensured-to work normally under conditions of mach
hip motion, such as yawing, rollingiand pitching. Limiters can be mounted in combin
ration isolators to prevent the maximum displacement of any flexible joints isolatin
| exceeding the permissible value.

onmental adaptability

blation elements sliall'meet the requirements of marine products and be approved b

pf installation and maintenance

n isolation system of shipboard machinery shall meet the requirements of space and w|
ance and machinery reinstallation of isolation elements. The specifications of vibr
nients should be universal for the convenience of maintenance.

nery
htion
o the

y the

eight
htion

5 Design procedure of single-stage vibration isolation

5.1 General

The design of single-stage vibration isolation depends on vibration characteristics, gravity centre,
weight, size and form of machine mounting feet, etc., of ship machinery according to the general
requirements. Through optimizing the parameters and layout of isolators, the vibration isolation
analyses are then implemented to reach the desired vibration isolation.

© ISO 2017 - All rights reserved
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Spectral analysis of disturbance

Test and plot (in accordance with ISO 20283-3) spectrum of disturbance from machinery can describe

the e

5.3

xcitation characteristics and analyse the main excitation frequencies.

Natural frequency

There are six degrees of freedom for the single-stage isolation system. The major exciting force can be
projected to six directions of principal axes and there are corresponding major exciting frequencies. In
the design of the vibration isolation system, the single-stage isolation system can be simplified as
single-degree-of-freedom system for each direction of principal axes. For the considered directions,

maj0|r exciting frequency, f, should be greater than J2 times of natural frequency/of

f1h
with
as sh

For f|
trang
pres
asm

At sy
they
systd
desig
gene

The
ener
masq

s >+/2 . The vibration transmissibility, T, from machinery to foundation of ship stru

the frequency ratio, f/fy, and with the value of the loss factor, n, (n = 2&(f/fn), &is the da
own in Formula (1):
1+772

\/[(f/fn)z—llz +n?

requency ratios of more than V2, Tvalue is less than 1. Thigreflects that better isolat
missibility) is obtained at higher frequency ratios. Thus,{in order to obtain good iso
ence of a disturbance at a given excitation frequency f,.the natural frequency, fy, shall
ich lower than f as possible.

L

ch low-frequency ratios, the items with isolatien‘system are subjected to greater nj
would experience without any isolation. For auxiliary machinery onboard, design of
m is restricted by revolution times and.the' number of resonant resolutions is di
ned under the revolution times. Therefore, low-speed auxiliary machinery isolat
rally should be carefully designed.

hatural frequency is the frequeney:-of free vibration in which a system vibrates to
by. The natural frequency, fy, expressed in radian per second, is a function of its stiffne
, M, as shown in Formula (2)%See Figure 1.

system, fy,
cture varies
mping ratio)

)

ion (smaller
ation in the
be designed

otions than
an isolation
fficult to be
on systems

Hissipate its
ss, K, and its

Key
1 mass, M
2 stiffness of spring, constant, K
3 foundation
Figure 1 — Schematic diagram of single-stage vibration isolation
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1 |K
fn_% i (2)

The calculated results from Formula (2) shall meet the requirements listed in Clause 4 and 5.3.
Otherwise, isolators should be rechosen or redistributed and the calculation should be performed
repeatedly.

5.4 Select type of vibration isolator

The selection procedure for the type of vibration isolator is as follows.

Firstly, detgrmine the natural frequency based on the desired degree of isolation. Secondly, si[elect
isolators with the correct dynamic stiffness with which the isolation system will achieve the nafural
frequency ahd determine the static loads with the weight of the machine. Thirdly, check the,ampljtude
at resonancg so that the displacement of the isolator is below the allowable maximum.

5.5 Layout of vibration isolators

The layout pf vibration isolators is designed with consideration of the directions of the disturhance
force, machinery weight, gravity centre of mass, connection between the feet of the machine and hull
structure and the location of machinery in the ship. Isolators should bearranged symmetrically gbout
principal axes of inertia in order to reduce the vibration coupling of different directions.

The commoh arrangement of vibration isolators is that through isolators, machinery would be moynted
horizontally or inclined on the foundation of the ship hull.

a) A horizontally installed type is the most common arrangement and has the feature of |easy
installation for simple structures (see Figure 2).

Oy,

—
{ I
I

:
L g

Key
1 isolator
2 oil pump

Figure 2 — Horizontal arrangement of isolators

b) An inclined installed type is adopted for the case of large machinery with a high centre of gravity
(see Figure 3). The stiffness of three principal directions of the isolation system is determined by
the projection of stiffness of the isolator reference axes in the principal directions.
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Figure 3 — Inclined arrangement of isolators

Design of foundation

Hesign of the foundation should be carried out accordihg to the mass, volume and 1
linery. The foundation of machinery shall be firmly fixed to the strong frame of ship §
ion to meeting the strength requirements, the stiffnéss of the foundation should be

bundation should be at least 6 to 10 times higher than that of the vibration isolator.

Single-stage vibration isolation system calculation

e-stage isolation systems shall meetthe proposed requirements, such as coincidence of
less centre, relation of first order matural frequency to main disturbance frequency 4§
hchinery over a resilient mount. The calculation process is listed below, which migh
Led to achieve the best degree of isolation:

alculation of the natural frequencies of the isolation system;
evised calculation‘en coincidence of gravity and stiffness centre;
alculation on.deviation of systemic natural frequency from main disturbance frequen

alculation\0n stability of machinery over resilient mount.

Design procedure of double-stage vibration isolation

hyout of the
tructure. In
designed as

as possible. According to the practical engineeringexperience, the input mechanical ijnpedance of

gravity and
ind stability
[ need to be

cies;

6.1

General

Double-stage vibration isolation can be commonly used for auxiliary equipment, etc., to improve the

effec

6.2

t of vibration isolation effectively on the basis of the isolation requirements.

Vibration character analysis of machinery

Similarly for single-stage vibration isolation, vibration spectrum analysis of the machinery as an
exciting source could be carried out additionally in order to determine major excitation frequencies, if
necessary, at each considered directions along the principal axes, vibration spectrum of the machinery
is ordinarily obtained by test.
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6.3 Design of intermediate mass and foundation

a)

b)

Intermediate mass should have enough stiffness in order to avoid large deflection under static
loads of the machinery. Structurally, the fundamental natural frequency of intermediate mass
should be as high as possible, which is higher than excitation frequency of machinery. For design
of intermediate mass, modal analysis and transfer function calculation should be carried out and
optimal design is required for increasing the natural frequency and reducing the transmission
ratio over the main excitation frequencies.

For achieving good vibro-isolation performance, high input impedance is necessary for design of
foundation through increasing plate thickness or alterating the supporting structure. If necessary,

a high

Increas
isolatio
require

6.4 Selec

For the two
the two-sta
of principal
frequencies
from the ma

should be le

Good vibro;
natural fred
isolation syj4
the resonan
the intermg
preventing ¢
can decreas
the vibratio

AIPINE MTaterat coutd be taid o tire fourmdation to decrease TeSoITalt TeSPOITSE-

ng the weight of intermediate mass would improve the performance of(vibr
1. The determination of weight depends on the weight restriction and vibratiervredu
ment.

tion of upper and lower isolators

stage isolation system, there are 12 degrees of freedom. For the linear orthogonal syj
pe isolation system can be simplified as a two-degree-of-freedom*system for each dire

of the system lie in a narrow frequency band and the natural frequencies should be
iin exciting frequency. For each of the considered directions, natural frequency of sy

ks than 1/ V2 of the main exciting frequency.

isolation performance occurs only at frequeneies that are above the higher of the
uencies of the system, so that it is desirableto make the natural frequency of the v
tem as low as possible because the higher fdtural frequency in practice often depen
t frequency of the intermediate mass. And this frequency can be reduced by incre
diate mass. In this case, displacement-limiters should be considered to be adopte
bxcessive displacement of machinery,Generally, reducing the stiffness of the lower isol
e the high frequencies of the systerm and the vibration transmission and make the eff¢
h isolation more effective.

6.5 Arrangement of isolators

The arrangs
stage isolati

ment of isolators.dan be horizontal or inclined, which can refer to the layout of the si
on system.

6.6 Machlinery itenys'isolation

Sometimes,
on a comm

severalmachinery items need to be isolated, and it is often advantageous to support
pn.Mmassive platform (sometimes called a “subbase” or “raft”), to isolate each item

the platform and to isolate the platform from the supporting structure. In such an arrangemen

htion
ction

tem,
ction

axes. Proper selection of stiffness of upper and lower isolators should make the nafural

hway
stem

two
ibro-
1s on
hsing
d for
ators
pct of

ngle-

them
from
, the

platform acts as a relatively large intermediate mass for each of the machinery items isolation, resulting
in more efficient double-stage isolation performance with a comparatively small total weight penalty.
The platform should be designed so that it exhibits no resonances of its own in the frequency range of

concern. If s

uch resonances cannot be avoided, the platform structure should be highly damped.

6.7 Calculation of double-stage vibration isolation system

The double-stage vibration isolation system calculations should include:

— natural

frequency of system and transfer function calculation;

— modal analysis and structural strength calculation of intermediate mass;

— stability calculation of machinery over double-stage vibration isolation.

6
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Key

1 1nass, M1
2

3 1ass, M>
4

5 foundation

Douljle-stage isolation systems, as shown schematic¢ally in Figure 4, can provide consider
high{frequency isolation. In a two-stage system, the‘mass, M1, is connected to the supporti
via two isolators (indicated as springs K1, K7 in Figure 4) and an intermediate mass, M.

The gystem in Figure 4 has two vertical natural frequencies, f1 and f3, given by the following:

Al

dtiffness of spring, constant, K1

dtiffness of spring, constant, K,

Figure 4 — Schematic diagram of double-stage vibration isolation

1

hbly greater
hg structure

AN ()
1
f=fi (C—JCZ—RZ )2 @)
where
2C=R*+1¥K, /K, (5)
RER/fi 6)
where
’ 1
fi= (7)
Ki K,
and
» 1 [Kq1+K,
- (=21 "z 8
2= 50\ i, ®)
M1, M3, K1 and K3 represent the masses and stiffness as shown in Figure 4.
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Formula (7) denotes the natural frequency of the system consisting of the mass, M1, supported on the
springs in mechanical series in the absence of the intermediate mass.

Formula (8) represents the natural frequency of the mass, M2, between the two springs for the situation
where mass M1 is held completely immobile. The natural frequency fi, as obtained with Formula (3),

will always be greater than the larger of f{ and fz'. The natural frequency f7, as obtained with
Formula (4), will always be smaller than the smaller of f; and f,.

If any of the above results cannot meet the requirements in 6.4, the design procedure should be
repeated.

Figure 5 is gn example for a double-stage vibration isolation system.

= 6 5

1. g 7
OO0 0Oy ] | !
AANAAANANNANANAAN

gy =cszeel|| 8w SEEE

ja vom oo omlin

2 3 4

Key
upper isplator
intermediate mass
lower isglator
limiter

generatdr

N U1 AW N

diesel

Figure 5 — Example for a double-stage vibration isolation system
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