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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL CONDITIONS - VIBRATION AND
SHOCK OF ELECTROTECHNICAL EQUIPMENT -

Part 8: Transportation by ship

ODICAALAOD R

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization, eonfprising

2)

3)

4)

5)

6)

7)

8)

9)

IEC TR®62131-8 has been prepared by
conditt ifreatt

all

national electrotechnical committees (IEC National Committees). The object of IEC ‘is,"to promote

intgrnational co-operation on all questions concerning standardization in the electrical and eleetronic fidlds. To
thisl end and in addition to other activities, IEC publishes International Standards, Technic¢al Specifigations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter(ireferred to a
Puljlication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee int

in

he subject dealt with may participate in this preparatory work. International, ,governmental an

governmental organizations liaising with the IEC also participate in this preparation: IEC collaborates
with the International Organization for Standardization (ISO) in accordance With conditions determi

agr

eement between the two organizations.

Thqg formal decisions or agreements of IEC on technical matters express¢as-nearly as possible, an intern
conjsensus of opinion on the relevant subjects since each technical eommittee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N

Co

hmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Puljlications is accurate, IEC cannot be held responsible“for the way in which they are used or

mis|

In

nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

trarlsparently to the maximum extent possible in th€ir national and regional publications. Any divg

bet
the

veen any |[EC Publication and the corresponding national or regional publication shall be clearly indid
latter.

IEQ itself does not provide any attestation @ef-Conformity. Independent certification bodies provide con

ass
ser

Al

No
me
oth

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

isers should ensure that they havecthe latest edition of this publication.

liability shall attach to IEC ¢r its directors, employees, servants or agents including individual expe|
nbers of its technical committees and IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg

explenses arising out of<the publication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publica

indi
Att
pat

pensable forythe correct application of this publication.

ntion is_drawn to the possibility that some of the elements of this IEC Publication may be the su
nt rights\IEC shall not be held responsible for identifying any or all such patent rights.

IEC technical committee 104: Environn

The text of this Technical Report is based on the following documents:

Draft Report on voting

104/912/DTR 104/921A/RVDTR

B “IEC
brested
d non-
closely
hed by

ational
rom all

ational
of IEC
or any

cations
rgence
ated in

formity

for any

rts and
age or
s) and
er IEC

ions is

ject of

hental

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement,
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available at www.iec.ch/members_experts/refdocs. The main document types developed by
IEC are described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 62131 series, published under the general title Environmental
conditions — Vibration and shock of electrotechnical equipment, can be found on the IEC
website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e regomfirmed;
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPQRTANT - The "colour inside" logo on the cover page of this document indicates that it
contgins colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a.colour printer.
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ENVIRONMENTAL CONDITIONS - VIBRATION AND
SHOCK OF ELECTROTECHNICAL EQUIPMENT -

Part 8: Transportation by ship

1 Scope

This

electrptechnical equipment by marine craft such as ships and boats either at seaor
riverine use. In this instance, there is a clear similarity between dynamic data relating

transg

on mgritime platforms.

part of |IEC 62131 reviews available dynamic data relating to the transportation of

juring
o the

ortation of electrotechnical equipment and that of electrotechnical equipment ingtalled

The iptent is that from all the available data, an environmental description will be geng¢rated
and cpmpared to that set out in the IEC 60721 series [1]1.

For each of the sources identified, the quality of the data,is reviewed and checked for

self-c

intrindically categorize the various data sources is set out in~lEC TR 62131-1 [2].

This document primarily addresses data extracted fnom several different sources for
reasophable confidence exists in their quality and walidity. This document also reviews
data fpr which the quality and validity cannot realistically be verified. These data are inqluded
to fac|litate validation of information from other¢sources. This document clearly indicates
utilizimg information in this latter category.

bnsistency. The process used to undertake this check ‘of/data quality and that uged to

which
some

when

The dim of this document is to review\information from a number of different data gathering

exerc

considlerably.

Not all the data reviewed were/ made available in electronic form. To permit comparison
made] in this assessment, _a quantity of the original (non-electronic) data has been ma
digitized.

2 Normativereferences

There] are A6 hormative references in this document.

ses. The quantity and quality~of information in these exercises is expected tq vary

to be
nually

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |E
e |S

C Electropedia: available at http://www.electropedia.org/

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

T Numbers in square brackets refer to the bibliography.
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4 Data source and quality

4.1 General

The first step in the process of reviewing available dynamic data, in this case relating to the
transportation of electrotechnical equipment by marine craft, is to identify measurement
exercises containing vibration and shock data which are likely to meet the validation criteria
set out in IEC TR 62131-1. Whilst several exercises have been identified for this purpose,
relatively few contain suitable vibration and shock data which can be realistically assessed
against the validation criteria. There appears to be two underlying issues as to why little
measured vibration data are available. The first is that the vibration levels experienced during
sea transportation-are—generally of particularlylow amplitude—and consequently of insufficient
concern to justify a measurement exercise. The second issue is that vibrations tend.to|occur
for significant periods of time and vary with sea state. Consequently, presenting real
measyred data can be difficult and it is generally easier to present worst case .conditipns in
terms| of test severities. Essentially, most of the identified exercises would be)classified as
"supplementary data" according to the process of IEC TR 62131-1. Only Awe measurg¢ment
exerclses have been identified which have the potential to meet the required criteria and
neithgr of those relate to large transport marine craft. For that purposey this document has
had tg rely on evidence from the "supplementary data".

4.2 NAYV vibration measurements

This measurement exercise [3] established the accelerations and vibrations on the floor [of the
forwafrd and aft holds, of a relatively small (approximately 2 000 tonnes) transport yessel
(RMAPB Arrochar) on a three-day transit from Zeebrugge dockyard (Netherlands) to
Glen Mallen on the west coast of Scotland. The journey was via the English Channel and the
Irish Bea and occurred in March 1990. The measurements encompass all the preyailing
condifions arising during the journey, which includes sea states from 1 to 6. This wgs the
second of two similar measurement exercises\on this class of vessel. The first exercisg was
on RV\EAS Kinterbury in July 1987 and employed a similar measurement layout in the fgrward

and aft holds. Although measured data. from the first exercise was not available for this|work,
the measurements and test severities~derived from both exercises were compared and [found
to be [similar. In this case, the measurement exercise and the data analysis were undeftaken
by separate agencies. The results-of both measurement exercises were utilized to ensufe the
vibratlon experienced by an equipment were less than those to which it had been evalliated.
For this purpose, a third independent agency reviewed the results.

The tfansport vessels(used for this work, RMAS Arrochar and RMAS Kinterbury, werg both
naval|larmament vessels (NAVs) of the same class, both operated by the UK Royal Mgritime
Auxiliary Service {RMAS). Both vessels are now decommissioned. The vessels had two polds,
both lpcated in‘the centre of the ship, with the aft hold (Hold 2) the closest to the propplsion
systen. However, as the vessels are relatively small, both holds are in proximity to|some
rotatifg machinery, particularly the generators. Information on the overall yessel
configuration, in this case for RMAS Arrochar, is shown in Figure 1.

The measurement exercise employed 24 accelerometers and three dummy loads. The latter
were utilized to establish the underlying measurement noise levels at various locations in the
holds. This is an issue when measuring vibration on marine craft as the vibrations can be
quite low level and consequently easily influenced by contamination from electrical and
mechanical noise. The exercise measured both low frequency acceleration transducers to
establish payload loadings (up to 10 Hz) as well as higher frequency vibration transducers (up
to 200 Hz).

The vibration measurement locations used in both measurement exercises are shown in
Figure 2. Vibration measurements, on the floor of both holds, were made simultaneously.
Eight piezo-electric transducers were located in the aft hold, four measuring vertical (2)
vibrations and two each for the lateral (X) and longitudinal (Y) vibrations. The transducers
were configured as two triaxial assemblies and two uniaxial devices. Two triaxial transducer
assemblies were located in the forward hold, each measuring in the vertical, lateral and
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longitudinal axis. The measurements from the two holds were recorded on separate magnetic
FM tape recorders, but with measurements from one location common to both recorders. This
was to enable synchronization and correlation to be undertaken for data analysis purposes.

All the spectral information presented in the available report [3] is in terms of "equivalent peak
acceleration" with a frequency resolution of 0,5 Hz. Most of the measured vibration data are
for conditions less than sea state 4, but with some limited data at sea state 5 to 6. Vibration
severities for different sea states are presented for each hold. Noise measurements are
around 0,000 1 g2/Hz.

As the report only presents data in the form of "equivalent peak acceleration" it can only
realisfically be compared with sine-based environmental descriptions. It cannot be jeasily
compared with power spectral density environmental descriptions without resortihg to
comparison of the effects of the vibration (for example using the maximum response)spgctrum
and fgtigue damage spectrum). This is an underlying issue with vibration measurements [made
on marine craft. Such measurements often contain sinusoidal vibrations arising-from rgtating
machLlnery. Consequently, the vibration analysis methods utilized are oftenthose appropriate

for guantifying such sinusoidal vibrations. However, measurements made away from rdtating
machinery can be more consistent with random vibration analysis assumptions, and hence
can utilize power spectral density analysis methods.

Most pf the data analysis plots, included within the report, cannot be easily reproduced|here.
Howeyer, summary information from that data analysis is included here as Table 1 and |Table
2 and|Figure 3 and Figure 4. Table 1 shows the most seyefe acceleration levels measurgd for
differgnt sea states, for each vessel axis and for each-held. These measurements are I[mited
to 10|Hz (no information on the filtering used is proyided) and are intended to indicaje the
accelgration loading that equipment could experience during transportation. Essentially, the
values$ are indicators of the acceleration loading<any payload tie down system would nged to
resist| Table 2 shows the most severe vibration levels measured for different sea statgs, for
each |vessel axis and each hold. Two parameters are provided, one for the long-term root
mean|square of the vibrations, the other the peak-to-peak value. Table 2 is shown graphically
in Figpre 3.

Envelppes of the "equivalent peak acceleration" for the vertical and lateral axes and foil each
hold are shown in Figure 4. Alsevincluded in that figure are similar values obtained from the
earlie[ exercise on RMAS Kinterbury. The values of "equivalent peak acceleration" shqwn in
Figurg 4 are composed of.envelopes of all sea states and measurement locations in each hold
and akis.

The spa state definitions for wind and sea levels, adopted for the NAV measurement exqgrcise,
were from the Douglas sea scale and information is provided in Table 3.

Althouygh the. information in the NAV vibration measurement report has some limitations, the

quality ©f the information is reasonable and meets the required validation criteria for data
quality (cingln data ifnm)

4.3 RIB vibration measurements

This measurement exercise, undertaken in December 2005, was on a moderately sized rigid
inflatable boat (RIB), used at high speed in a sea estuary and a river. The purpose of the
exercise was to establish the vibration severities likely to be experienced by equipment at
several cargo locations. These vibration severities were required to be compared to those
experienced by the same equipment during road transportation. For commercial reasons,
some measurements on certain equipment cannot be made available in this report. However,
there are sufficient remaining measurements on the deck and cabin of the vessel to give a
satisfactory view of the overall vibrations experienced. Given that the RIB is a relatively small
craft operated at high speed, the measurements obtained from this vessel would be expected
to contain some of the most extreme vibration conditions arising during maritime
transportation.
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The report of the measurement exercise [4] documents measurements made in both inland
river conditions (referred to as "riverine") as well as during sea conditions. The riverine
measurements included eight individual events made on in-shore water on the River Ore in
Dorset in the UK. The sea measurements were made by following a route offshore to the
entrance of Barnstaple and Bideford Bay. Most of the time was spent in high-speed traverses
of the sand banks at the entrance to the bay. These sand banks produced white water
conditions deemed to represent the worst-case sea state the vessel would be operated in.
The speed and position of the vessel was obtained from GPS measurements. The GPS speed
measurements are reproduced here as Figure 5.

As shocks were ant|C|pated W|th|n the vibrations, all the measurements were acquwed at a

5 S S gtronic
devicgs with a fixed senS|t|V|ty W|th a good voltage output wh|ch was fed d|rectly into a{solid-
state data recorder. The measurement ranges for the individual transducers were(set by the
selecfion of an appropriate voltage measurement range for each recorder channel., The|solid-
state recorder was configured with a 1 Gb memory and it was necessary to split the riyerine
and sea measurements onto separate cards. However, other than that, all ether measurg¢ment
condifions between riverine and sea conditions remained identical’\"The duratipn of
measyurement of the riverine segment was approximately 23 min and~for the sea segment
approkimately 15 min.

A totdl of 24 integral electronic accelerometers were used in the/measurement exercise and
the Iqcation of 18 of these is shown schematically in Figuré 6. In this case the K axis
corregponds to the vessel fore-aft (longitudinal) axis, the Yyaxis to athwartships (Iateral) and

the Z jaxis to the vertical axis with respect to the deck. As/the environment was expected| to be
mainly vibration, no check was made to establish the~sense of the measurement (i.e. whether
positiye accelerations were up going or down going).»The consequences of this omissign will
be addressed in Clause 5, the next stage of the«data validation process. The two transducers
mounted on the gearbox were an attempt to imeasure engine speed. However, as thg RIB
uses |water jet propulsion, these measutements were not effective for that pufpose.
Neveltheless, the gearbox measurementsido permit the identification of engine and| shaft
frequegncies which are also apparent at.several other locations. Up to about 150 Hz these are
identifiable (46 Hz, 72 Hz, 107 Hz and 140 Hz), although above that frequency so |many
components exist that individual identification is difficult.

The vlbration analysis of the measured data was undertaken for nine separate events |(eight
for riyerine and one for sea), these are listed in Table 4. A preliminary review of thg data
indicated that a few measurements were defective. This was particularly noticeable| after
riverine event 8, which was the longest period of sustained severe conditions] The
charagteristic of those measurements suggested the most likely cause was from |water
shortiphg the poweérisupply at individual transducer connectors. This issue had been obsgerved
on a previous-measurement exercise, when it was established that the transducer connector
was not in-factproof against water ingress to IPX9. The channels and events from whi¢h the
data \vas (of;'doubtful quality are excluded from the vibration data assessment as well as the
data neproduced here.

The analysis undertaken included statistical analysis, amplitude probability densities and
acceleration power spectral densities. The sample rate for the data acquisition was 6 400 sps
and the frequency resolution was 0,78 Hz. This frequency resolution was considered
adequate as the responses were predominantly random and, for the purpose of the work,
there was no need to accurately quantify the periodic components. However, if this had been
the case, a higher frequency resolution to quantify the frequency of the periodic components
would have been necessary.

Summary statistical information for the vibration measurements is presented in Table 5, Table
6 and Table 7. Acceleration power spectral densities are presented for three locations in
Figure 7 to Figure 14. These figures overlay the measurements from the high-speed sea

2 Samples per second.
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event as well as the eight riverine events and show the vibration severities at the forward
deck, centre port deck and the rear deck. Also, for reference, an acceleration power spectral
density from one of the gearbox measurements is included in Figure 15. Figure 16 and Figure
17 show the amplitude probability densities for vertical measurements at the front and rear
deck, respectively, for the high-speed sea event. A time history of the acceleration
measurements for the forward deck vertical axis is shown in Figure 18.

Extensive information from the RIB vibration measurement exercise was made available for
the purpose of this document. Apart from the measurement issues addressed above, the
quality of the information is good and meets the required validation criteria for data quality
(single data item).

4.4 |[Supplementary data

The s$upplementary data, detailed below, comprises information arising from reptitable
sources, but for which the data quality could not be fully verified. In fhis casg, the
supplémentary data largely comprise information of vibration test severitiesiused by different
agendies.

The Hrench military standard GAM-EG-13 [5] includes measured¢vipration information from
two marine craft, a naval supply tanker and a train ferry. Acceleration power spectral density
information for a small number of conditions is presented,“However, no informatjon is
provided on the location of the measurements or details cof\the marine craft. Acceleration
powel spectral densities for the naval supply tanker travelling at 20 kn are shown in Figyre 19
and fpr the train ferry, again at 20 kn, in Figure 20.3Mt is clear from the figures that the
vibratlons contain several periodic components and/if\is possible that the amplitudes §hown
do nof necessarily accurately quantify the periodiczxcomponents (this is because of the lise of
powel spectral density to describe them).

The UYS defence equipment test standard MIL STD 810 [6] contains two test severities for
shipbprne equipment. One of these is_ al'simple random vibration test severity (shown in
Figure 21) and the other is a sinusoidal”test severity (shown in Figure 22). For equipment
installed on ships, both severities are required to be applied. However, for transportatjon of
equipment, only the random vibration test severity is required.

The YK environmental test standard for defence equipment DEF STAN 00-035 [7] contains
vibrat|on test severities for_ equipment transported by sea as well as for equipment installed on
ships| The test for transportation of equipment by sea is a simple random vibratiop test
severity (shown in Figure 23). Several sinusoidal tests are provided for equipment installed in
ships| These depend.Upon the size of the ship and location of the equipment. For larger|ships
the s¢verities are’shown in Figure 24. For smaller ships (a naval minesweeper and smaller)
the se¢verities” are shown in Figure 25 and Figure 26. In this case Figure 25 relates |to aft
locatipns (close to the propulsion machinery) and Figure 26 to other locations. Broadly, the
most pevere test severities are for smaller ships and at (aft) locations close to the propplsion
machinery.

The UK defence standard DEF STAN 00-035 [7] also contains a small amount of information
related to equipment installed in the aft region of a naval frigate (again near the propulsion
machinery). The measurement exercise from which this information is extracted is not
disclosed nor is the specific location of the measurements. Nevertheless, it does provide
some useful insight into ship vibrations. Figure 27 shows an example acceleration power
spectral density which clearly shows the periodic components from the ships propulsion
system as well as the harmonics of those components. Figure 28 and Figure 29 show the
overall root mean square (RMS) vibration arising from different engine power demands and
for different ship manoeuvre conditions, respectively.

The SRETS study [8] was undertaken during 1998 and reviewed both measured data sources
and test severities for a variety of methods of transportation. For sea transportation it quotes
four sources of information viz. EXACT DK 1-237:1983, MIL STD 810, DEF STAN 00-035 and
GAM-EG-13. Of these only the first has not already been considered. Unfortunately, it has not
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been possible to confirm the existence of EXACT DK 1-237:1983. Nevertheless, the
information set out in the SRETS study indicates a composite test severity made up from
engine room measurements. The composite severity is shown in Figure 30. The severity is
made up from measurements on a ferry (approximately 11 000 tonnes), a small bulk carrier
(approximately 7 000 tonnes), a 20m catamaran and a large bulk carrier
(approximately 64 000 tonnes). The SRETS study is referenced in ASTM D4728-17 which is a
random vibration test for shipping containers. Except for the SRETS reference no severities
specifically for sea transport are either quoted or referenced in this ASTM.

The MIL STD 810 random vibration severity appears to arise from a measurement exercise,
undertaken in the early 1970s, by J.T. Foley [9] at the US Sandia National Laboratories.

Unfor unataely _tha analvucic nracace ticad hy Ealavy thravahaont hic wwarlke 1o tiniania and dn S not
et e—aRay SISO 68553586618yt roughout—HSWor—S—HHgHe—arRe—6oe

lend ifself to direct comparison with the information presented in this document.

Several documents have been identified which provide essentially identical, gepgric severities
for sHip design purposes. The document specially considered is Guidance Notes on Ship
Vibrafion by the American Bureau of Shipping [10], published in 2006~ Essentially two
vibratlon severities are provided. The higher severity is associated with~ship structure jin the
enging and equipment room. The second severity is associated with the Ship structure fin the
remaiphder of the vessel. These severities are shown in Figure 31~ However, there |is no
indication as to the source of these severities. Moreover, there is.a caveat associated with the
severities, relating to crew and passenger compartments. For, those locations, the vibration
criterip of 1SO 20283-5:2016 [11] may be applicable. 1SO20283-5 specifies the vibration
severities which are likely to provoke adverse criticism fromyerew and passengers. Whilst not
entirely relevant to the purpose of this document, these severities, shown in Figure 32,
provide a useful benchmark.

The IEC 60092 series are vertical product standards for electrical installations within ships. Of
specific relevance here is IEC 60092-101:20187[12] which sets out the general environmental
desigh requirements for electrical installations. The environmental design requirements,
espedially those quoted within informative:Annex A of IEC 60092-101:2018, are based| upon
those|in IEC 60721-3-6:1987 [13] and\@dopts the same categories (6M2, 6M3 and EM4).
Howeyer, some additional values are.quoted within the main body of the document whigh are
intended for specific types of equipment, notably accumulators as well as controfl and
instrumentation equipment. The primary mechanical environments are related to static and
dynamic angular motions (addressed in 7.1) as well as vibrations and shock. The vibrations
are all specified as sinusoidal and the shocks as shock response spectrum. The relatignship
(as specified by IEC 60092-101) between the IEC 60721-3-6:1987 mechanical categorigs and
locatipns within vessels which are in excess of 500 tonnes is:

Category 6M2 Equipment in general locations including bow sections and on vegssels
passing through ice.

Category 6M3 Equipment in stern sections including steering gear rooms for vessg¢ls up
to 10 000 tonnes as well as on masts and loading systems, for example on
container guides and cranes.

Category 6M4 Equipment on reciprocating machinery.

IEC 60945 [14] provides the test requirements for maritime navigation and radio
communication equipment. It groups the environmental test requirements into four types of
equipment (portable, protected, exposed and submerged). The environmental tests include
dry heat, damp heat, low temperature, thermal shock, drop onto a hard surface, drop into
water, vibration, rain and spray, water immersion, solar radiation, oil resistance and corrosion
(salt spray). The vibration test applies to all types of equipment and the procedure used is
based upon that of IEC 60068-2-6 [15]. The vibration test is a sine sweep resonance search
followed by a sine dwell test at all resonant frequencies identified by the sweep. The
amplitudes (shown in Figure 33) are 2 Hz to 13,2 Hz at £1 mm and 13,2 Hz to 100 Hz at
7 ms~2. The sine dwell is 2 h at each resonance otherwise 2 h at 30 Hz. The tests are applied
equally in all three axes. The drop tests apply to portable equipment only, and are six drops of
1 m onto a hard surface and three drops of 20 m onto water.
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Although not strictly relevant to the purpose of this document, it is worth noting that standard
ISO 20283-2:2008 [16] sets out guidance on making vibration measurements on ships. The
guidance relates to conditions and manoeuvres, measurement positions, signal acquisition
processing and storage as well as the content of the test report. It also provides examples of
the presentation of applicable global vibration measurements. However, it provides no specific
data. 1ISO 20283-4:2012 [17] provides similar guidance on making vibration measurements on
a ship's propulsion machinery. It also provides guidance on the vibration measurement of
specific types of machinery but provides no specific data.

A Swedish measurement exercise [18], undertaken in 1985, made vibration measurements on
cargo during winter sea transportation, in the north Atlantic. Despite its age the exercise was
competenthuhrdertakenand-assessedforthe-effestsofHocation—weatherand-earge-seguring

equipmment. However, the full report is only available in the Swedish language-‘@nd the
meastred data could not be readily utilized for comparison, within this document.

5

ntra data source comparison

5.1 General

The durpose of the discussion addressed in this Clause is to rewiew each data sourge for
self-cpnsistency. This is part of the verification process as described in IEC TR 62131-1.

5.2 NAYV vibration measurements

The NAYV vibration measurement work presented in this document was essentially a follpw-on
to a similar exercise undertaken three years previously. The two exercises used different
vessels, but of the same class, and made measurement in similar locations. Part of thg work
on th¢ measurements from the second exercise ‘was to compare the results with that pf the
first. This work indicated that the two sets of measurements produced quite similar resuls.

The wWork does provide a useful indicatiofy of how vibration levels increase with the sea |state.
Howeyer, it should be observed that.the NAV is only a modestly sized vessel (2 000 tgnnes)
and will consequently be more susceptible to higher sea states, than would larger vegsels.
Also, when considering the observed variations with sea state, it should be remembered that
whilst| the different sea states have a quantitative definition, estimating a sea state (from the
bridgg of a ship) is still largely subjective and relies upon the experience of the obsgrver.
Also, high sea states rarely. remain consistent over extended periods. Hence, some of the sea
stateq are specified in(a pand.

The Worst case~RMS vibration severities are around 1,5 ms™2 in the vessel verticall axis,
0,8 mp~2 in the.fore/aft axis and 0,1 ms~2 in the lateral axis. The vertical axis measurements
indicTe a distinct trend of increasing amplitude with sea state. There is also trend |n the
fore/afft aXis; but the maximum values occur at around sea state 4 and decrease subseqently
(poss|bly_due to decreased forward speed of the vessel). There is only a marginal incregse in
amplitude;—with—sez—state—mthetateralaxis—The peak-to-peak vibrationsfoltow—abroadly
similar trend, with sea state, as those observed when considering RMS vibration severities.

The spectral analysis method used for this work was unconventional. However, the use of
"equivalent peak" accelerations for the analysis, was intended to allow direct comparison with
an existing sinusoidal vibration test severity. Although not illustrated in this document, the
"equivalent peak" accelerations were also found to follow similar trends with increasing sea
state as discussed above. The spectral analysis did not show any predominant frequencies or
amplitudes. Indeed, the responses are quite consistent across the frequency range from 3 Hz
to 200 Hz. Although not particularly visible on the digitized plots included in this document,
the original hard copy plots indicate the presence of several periodic components (see
Figure 4), which are consistent across a range of locations, but nothing of significant
amplitude.
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The vibration information presented in the measurement report on NAV vibrations was
supported by earlier work and assessed by an independent agency. The report does present
data which appear to be self-consistent and shows trends and values which are largely within
expectations. Therefore, the data meet the required validation criteria for quality against the
intra data source comparison criteria.

5.3 RIB vibration measurements

The RIB measurements are from a small high-speed vessel which would be expected to
produce some of the most severe vibration conditions likely to be experienced by a marine
craft. In this case the purpose of the measurement exercise was to compare the severities
with an pyie’ring random vibration test undertaken to represent raad 1rsm<lnnrf2finn The
analysis methods adopted are primarily intended for random vibration data _ang are
consegquently influenced by the limitations of such methods. The random vibratien lanfalysis
methqds adopted are largely consistent with those dominantly used in the other documgnts in
the IHC TR 62131 series. However, they adopt a somewhat different analysis‘approach than
that nprmally used for making measurements on marine craft.

As alteady mentioned within this document, vibration conditions observed from maring craft
can gontain contributions from propulsion systems and other rotating machinery. [ Such
equipment tends to produce periodic responses of a sinusoidal nature, often with a signfficant
number of harmonics present. If the overall contribution of \these periodic responges is
significant, then it is possible that the use of random vibration analysis methods wijll not
necegsarily be appropriate. In the case of the RIB measurements, whilst some contribptions
are pfesent from the engine, these do not contribute significantly to overall vibrations, |partly
becayse of the nature of the water jet propulsion used. Also, although not included in this
document, amplitude probability density analysis did indicate predominantly random vibrations
occurfed at deck locations.

The most significant issue with the use of random vibration analysis methods, in this cgse, is
that the vibrations also include several shecks arising from the vessel impacting waveg. The
shockis appear in all three axes but are.far more apparent in the vertical axis. The shocks are
also more prominent in amplitude at the forward locations. The kurtosis at the forward dgck in
the vertical axis is 42 and the corresponding skewness is 0,2. The shocks decregse in
amplifjude along the vessel and af'the rear deck many of the shocks are encompassed within
the rgndom vibrations. The kurtosis at the rear deck vertical is 3,6 and the correspgnding
skewness is 0,2. The most” severe shocks are noticeably asymmetric (see Table 5),
particplarly in the verticah axis. At the forward deck the positive going shocks are |up to
290 n{s~2 but the corrésponding negative shock is only 230 ms~2. This asymmetry begomes
less noticeable at locations moving aft along the vessel.

As alfeady indicated, the measurement sense of the accelerometers was not verified during
the ekercisex-€Consequently, it cannot be confirmed that the positive vertical shocks are
upwaild going. However, it is assumed that the most severe (positive going) shocks| arise
when |th€ -bows of the vessel impact a significant wave. The negative going shocks| most
probabty—arise—from—the—subsequent—structurat—responses—of the—vesset—These—will be
prominent, because most ships exhibit low frequency structural bending modes (commonly
2 Hz to 5 Hz) and this will almost certainly be the case for an RIB vessel, which is structurally
quite flexible. If this is the case, then it could be speculated that the degree of asymmetry in
the responses is related to the amount of structural damping present.

The amplitude probability density analysis suggests that the observed shocks can form a
distribution of amplitudes. Unfortunately, the durations of the measurements are insufficient to
statistically quantify the distribution. The high-speed runs in sea conditions indicate that
significant shocks occur at an average rate of one every minute, but the peak occurrence rate
is approximately one every 6 s. This would equate to a spacing of large waves of
approximately 100 m, which would seem credible. The amplitude probability density analysis
also suggests that the underlying random vibrations are largely Gaussian. In this case
underlying random vibrations have broadly the lowest amplitude in the middle of the vessel,
with the most severe conditions occurring at front and rear.
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The vibration measurement exercise on the RIB was limited to a single vessel and some of
the transducers could not be relied upon during the latter events because of water ingress
into the electrical connections. However, this had been an issue on an earlier measurement
exercise (in that case due to use of pressure washers), using this transducer type.
Consequently, the effects of water ingress were well understood. As well as the vibration
information presented in the measurement report on RIB, vibration analysis and data from
other measurement locations have been reviewed for this assessment.

Overall, the vibration data appear to be self-consistent and show trends and values which are
largely within expectations. Therefore, the data meet the required validation criteria for quality
against the intra data source comparison criteria.

5.4 |Supplementary data

Altholgh a considerable amount of supplementary data was considered for thisdocument,
only ¢ne supplementary source included actual measured data, viz. those from the njilitary
standard GAM-EG-13. The information provided comprises one set of acceleration power
spectfal densities for each of two marine craft, a naval supply tanker and\a train ferry| Both
these|vessels are larger than the NAV considered above. The severitigs 'for both vessels are
similar but slightly less than those of the NAV. This would be in-line_with the expectation that
the lafger the vessel the lower the vibration severities.

Althoygh the information purported to be presented by the cEXACT DK 1-237 documept (as
reporfed by the SRETS study) does not represent direct measurements, it is understood|to be
based upon a composite of measurements from five.vessels. The overall severity gf this
composite spectrum is broadly that of the otherymeasurements, but slightly higher in
amplifjude. This is not unexpected as the measurements are from the engine rooms of the five
vessels. The data include several markedlysshigh amplitude peaks which presumably
encompass the periodic components from the propulsion system. How well these peaks
represent all the vessels considered is not'clear and they can be a unique artifact pf the
vessels selected as providing the most severe vibrations. Moreover, it is slightly surgrising
that the information is reported to be présented in the form of an acceleration power spectral
densily. This is because the accurate*amplitude of periodic components from any rgtating
machinery will not be represented orn-such an analysis.

Except for the GAM-EG-13 anhd'the EXACT DK 1-237 information, all the other suppleméntary
information considered in, this document corresponds to test severities. Two of these pfovide
a random vibration test.for the transportation of equipment and all provide a sinupoidal
(swee€lp and/or dwell)test for equipment installed within ships.

The skverities for'the two random vibration tests for equipment transportation are defiped in
terms|of acceléeration power spectral densities and have a similar amplitude (0,1 m2s~4Hz™1).
Howeyer, they do encompass somewhat different frequency ranges as shown in Figure 34.
The MIL-STD 810 severities have a test frequency range for 1 Hz to 100 Hz, at an ampglitude
of 0,1 m2%§~4 Hz~'. The DEF STAN 00-035 severity has a test frequency range of 5Hz to
200 Hz, but the amplitude of 0,1 m4s™*Hz™" is only required between 10 Hz and 40 Hz. It has
to be said, that neither of these test severities are in common use. Rather, it is much more
usual to encompass these, relatively low amplitude, test severities within higher amplitude
transportation tests, such as road transportation. Indeed DEF STAN 00-035 provides
assistance on the transportation equivalence of the sea transportation test severity tests
compared to road transportation. Papers suggesting similar equivalence to the MIL STD 810
sea transportation severities have also been published. Such equivalence is of course much
easier to achieve when sea transportation is defined as a random vibration test, rather than a
sine sweep or dwell test as was the case some years ago.

The need to achieve amplitude equivalence is not an issue when considering test severities
for equipment installed on ships. In this case the severities representing ship-board conditions
will be the dominant testing such equipment is likely to experience. The various sinusoidal
severities discussed previously, in 4.4, have different purposes and uses. Consequently, there
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are differences in the severities. However, as shown in Figure 35, there is also a degree of
underlying consistency.

6 Inter data source comparison

The third stage of the verification process described in IEC TR 62131-1 is to determine
whether the various data sources indicated a reasonable degree of self-consistency and
agreement, across the various sources. For the most part, the discussion on this is included
in 5.4. From that discussion, it is not unreasonable to presume that the data reviewed in this
document meet the required validation criteria for quality against the inter data source
comp'—lricnn criteria

7 Environmental description

7.1 Conditions causing the environment

A ship can be considered a vibration generator consisting of a significaht-number of different
vibratlon sources. There are a significant number of references which discuss the various
sources of ship vibration, mostly with a view to reducing these vibrations, of which only|a few
are included here: [10], [19], [20] and [21]. The most common(sSeurces of ship vibratign are
the ship’s propulsion system, (typically large diesel engings), propeller shafts (incjuding
bearings and shaft dynamics), propeller radiated pressures*and bearing forces, manoetvring
devicgs such as transverse propulsion units, vortex shedding mechanisms from sea ¢hests
and hull protuberances, intakes and exhausts, air conditioning systems and other |motor
driver] machines, cargo handling and mooring machinefy as well as hull wake and slamming
phengmena. Further, the ship's rolling and pitching.causes the depth of the propellers td vary.
This gffects the magnitude of the blade passage“pulses and cavitation noise. The contribution
from the vibration arising at higher sea states.'will become more significant as the ship's size
decrepses and its speed increases.

The shock conditions associated with~sea transportation in commercial ships are most|likely
to aripe from slamming phenomena) which can excite the fundamental dynamic response
modeg of the vessel (particularly-the bending modes which can occur in the region| 2 Hz
to 5 Hz). In the case of large-ships, where the equipment is located some distance from the
hull plating, it is likely that transient vibrations will not be observed to any significant exfnt at
any sea state. The transient-vibrations can be significant for medium size ships at highg¢r sea
stateq. However, for small fast craft the transient vibrations can be relatively severe, even for
low s¢a states. For €quipment transported by ship, the most significant shocks are likely| to be
those|associated with loading and unloading. IEC TR 62131-5 [25] contains information ¢n the
handl{ng of containers during loading and unloading from ships.

On tHe rare. occasions when payloads are carried as unprotected deck cargo, they can
exper|enee”impacts due to green sea frontal loadings. In such cases, impact loadings ¢n the
equipment of 70 kPa acting over 350 ms_with short duration transient loads of 140 klPa for
15 ms, have been quoted. These conditions are quoted in DEF STAN 00-035 [7] and appear
to arise from older (military) ship design handbooks.

A significant proportion of the dynamic responses of the ship's structures occur predominantly
at extremely low frequencies, compared to other forms of transportation. This results in the
fundamental mechanical excitations occurring at frequencies well below the mounted payload
natural frequencies. Payloads can be stowed directly in holds or on decks. However, an
increasing amount of equipment is transported in containers, which can be stacked to
considerable heights above the deck. The design of the deck structure supporting the payload
and the stacking arrangements will both influence the dynamic environment, and this will vary
from location to location.

Although not strictly a dynamic response characteristic, the low frequency motion of a ship
can give rise to large roll, pitch and yaw components. Some payloads can be susceptible to
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such motions and consequently it is possible that they will need to be considered as part of
the mechanical environment. Typical limit values for roll and pitch motions would be +30°
with a period of 8 s and +7° with a period of 6 s, respectively. These conditions are quoted
from DEF STAN 00-035 [7] and appear to arise from older (military) ship design handbooks.

IEC 60092-101:2018 [12] quotes static and dynamic angular motions for equipment installed
in ships larger than 1 000 tonnes. Static angular motions of up to 40° are specified for
accumulators and storage batteries and 22,5° for control and instrumentation equipment.
Additionally, dynamic motions of £+22,5° at a frequency of 0,1 Hz in all directions are quoted
for control and instrumentation equipment. For other types of equipment, the values of
IEC 60721-3-6:1987 [13] are adopted. Those values, which relate to all ship locations, are
static #6= =P i = = 2 about
all three-vessel axes.

7.2 Environmental characteristics

The ¢xcitation from machinery is frequently, but not invariably, periodic*with harmonic
compopnents. Conversely many of the ship motion induced vibrations such 'as vortex shgdding
and hpll wake effects, are largely random in nature. Moreover, the large-naGmber of perigdic or
harmgnic components from different machinery can appear "random like" when observed
some|distance from the source.

The Various sources of dynamic excitation produce a composite of random and pqgriodic
vibratjons which, in some situations, can have embedded transients present. Thg ship
vibratjon environment will differ for different locations’ within a ship, depending oh the
proximity of the equipment transported with sources“of periodic vibrations (viz. the ship’s
propujsion system and generators) and the hull.

As equipment can be transported at numerous‘different locations within a ship, it is likely that
an agcurate environmental description, gstablished for a specific location, will npt be
applidable to other locations. With that said, for sea transportation the vibration leve|s are
generplly considered to be low. Indeedy\ibration severities induced by ship transportatign are
generplly found to be the lowest originating from the various methods of transportatipn an
equipfnent can experience. Consequently, the accurate simulation of the sea transpoftation
vibratlon environment is not as:important as for other more severe transport environments.

Becayse of the mix of qperiodic, random and transient components, it is probablg that

describing the environment solely by means of an acceleration power spectral density will not
be ap})ropriate. Such~a-definition will also likely need to be supported by autocorrelation and
amplijude probability.density information.

7.3 |Test types

For epvironmental test purposes, the ship transportation excitations have been considefed in
terms| of*a pure random vibration test or as a sinusoidal sweep/dwell test. This problem is
associated with the complex nature of the excitations, which comprises both the random and
a multitude of tonal components, emanating from individual rotating machines, engines, shafts
and propellers. This issue extends to the type of test used to simulate the environment.

Several of the test specifications reviewed in this document have specified random vibration
as the most appropriate approach when testing equipment against ship transportation. This
would seem to be applicable when the equipment is transported at locations away from
installed machinery. It also has the advantage that any test severity can be compared directly
with the severities for most other forms of transportation. This has significant testing
advantage as ship vibration testing is frequently considered to be encompassed by other
forms of transportation. A common question, which arises when ship vibration is
encompassed by other forms of transportation, relates to equivalent test durations.
Specifically, how much ship transportation can be encompassed by say 1h of road
transportation. The data available to this document are insufficient to supply a definite answer
to this. However, DEF STAN 00-035 does suggest that 1 h of road transportation can be
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considered to represent six months of ship transportation. This probably represents an
underestimate of the ship transportation duration for large modern container vessels.

All the test specifications reviewed in this document, which address equipment installed in
ships, have specified sinusoidal sweep/dwell testing as the applicable approach. This seems
to be because such equipment is likely to be located in the vicinity of installed machinery and
propellers.

The testing approaches discussed above have advantages and shortfalls, and no single basic
test method can be appropriate in all cases. If the sinusoidal dwell test is used, it can result in
excessive response amplitudes at materiel resonances, particularly when they exhibit lightly
dampgd characteristics. mdeed, the sinusoldal dwell test 15 notorious for damaging. gertain
types|of equipment. Similarly, it is probable that a sinusoidal sweep test will not result|in an
adeqyate test, since only a limited test time is spent at each frequency within the)fange of
interept. The use of a random vibration test can also prove inadequate in simulating the
effects of tonal responses, particularly when materiel natural frequencies,exist within the
frequgncy range of interest. Therefore, whatever test is chosen, it will prébably repregent a
compfomise.

8 Clomparison with the IEC 60721 series

The purpose of this clause is to compare the severities identified within this documen{, with
those|set out in the IEC 60721 series. To ensure consistency with the previous documents in
the IHC TR 62131 series [22], [23], [24], [25], [26] and¢][27], this comparison is specifically
undertaken using the severities set out in IEC 60721-3-2:19973 [28]. As a result ¢f the
compgrisons undertaken within the IEC TR 62131 “series, |IEC 60721-3-2:1997 has|been
updated with new categories and severities. These changes are not addressed withip this
document but will be addressed by a separate document within the IEC TR 62131 series

No gnvironmental severities exist insJIEC 60721-3-2:1997 [28] specifically related to
transgortation in ships. Rather, the _shock and vibrations conditions are assumed [to be
encompassed by those from generattransportation. This is also intrinsically the case fpr the
test severities of the IEC 60068 series [29].

The three "transport" categories set out in IEC 60721-3-2:1997 [28] are designated 2M1}, 2M2
and 2M3. Only a brief explanation is given as to the conditions these represent but they[seem
to be pssentially:

e 2MI1 — mechanical loading as well as transportation in aircraft, lorries and air-custfioned
trycks and trailers;

e 2M2 - transportation in all kinds of lorries and trailers in areas with well-developed road
systents;

e 2MI3.~other kinds of transportation, also in areas without well-developed road systems.

The relevant environmental severities of IEC 60721-3-2:1997, Table 5, are intended to
encompass all forms of transport but are mostly related to road transport. No durations or
number of applications are specified. The three relevant categories in IEC 60721-3-2:1997,
Table 5 (2M1, 2M2 and 2M3), apply to four environmental parameters:

e category a) — stationary vibration sinusoidal, (illustrated in Figure 36);

e category b) — stationary vibration random (illustrated in Figure 38);

e category c) — non-stationary vibration including shock (illustrated in Figure 40);

e category g) — steady state acceleration (not illustrated but 2,0 g for all categories).

3 Withdrawn.
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Some years ago, it was identified that the amplitudes of the IEC 60721-3 series differed from
those of the IEC 60068-2 series. Because of these differences a reconciliation exercise was
undertaken between the two documents. The recommendations from that reconciliation
exercise are set out in IEC TR 60721-4-2:2001 [30]. For the stationary random vibration
condition, IEC TR 60721-4-2:2001 recommends the amplitudes of IEC 60068-2-64:19934
(see [31] and illustration in Figure 37). For the stationary sinusoidal vibration condition,
IEC TR 60721-4-2:2001 recommends the amplitudes illustrated in Figure 39. Regarding
shocks, the nearest identified severity was that of IEC 60068-2-27:19875, Test Ea: shock,
(see [32] and illustration in Figure 41) but the recommended severity was that of IEC 60068-2-
29:19876, Test Eb: bump (see [33] and illustration in Figure 42). Since the recommendations
of IEC TR 60721 -4-2:2001 were pubhshed IEC 60068 2-29:1987 has been merged with the
fourth i
the re commendat|ons of IEC TR 60721-4-2: 2001 IEC 60068 2 29 1987 (Test Eb: bur1p) is
refereénced whenever the severities of that procedure are intended. When applicable, the
duratipn of vibration testing and number of shock applications are quoted in the figures.

IEC 6p721-3-6:1987 [13] sets out mechanical environmental severities relatdd to
electrptechnical equipment installed within ships. The applicable mechanical categorigs are
6M2, BM3 and 6M4. The application of these categories to different locations within the yessel
is setfout in IEC 60092-101:2018, Annex A [12]. The IEC 60721-3-6:1987 sinusoidal vibration
severfties related to those categories are shown in Figure 43 and are those also specified in
IEC 6PD092-101. The IEC 60721-3-6:1987 shock severities are_shown in Figure 44 and appear
to alsp be those intended for IEC 60092-101:2018, Annex A ‘(although not clearly defingd). It
should be noted that the values of Figure 43 and Figure- 44 are not the test severities
reconmimended by IEC TR 60721-4-6:2001 [34]. Indeed,/ the vibration and shock severities
reconimended by IEC TR 60721-4-6:2001 seem to bear little relationship with the severifies of
IEC 6PD721-3-6:1987 or any of the data reviewed within this document.

Showp in Figure 45 are measured data fromdhe NAV compared to the stationary vibfration
sinusoidal severities of IEC 60721-3-2:1997\[28]. The NAV data comprise the worst| case
equivalent peak spectral values for each axis of each hold, for the entirety qf the
measyirement exercise on RMAS Arraochar. These are envelopes of all the measurg¢ment
locatipns and conditions, for each /hold. Also included are the corresponding worst| case
envelppes for the measurements, made during an earlier excise on RMAS Kinterbury. The
comparison of Figure 45 indicates that the vibration conditions measured on RMAS Ariochar
are quite similar to those on"RMAS Kinterbury. Also, that the measured vibration severities
are significantly below the sinusoidal severities of IEC 60721-3-2:1997.

Showh in Figure 46 are’measured data from the deck locations of the RIB compared o the
statiopary vibration ‘random severities of IEC 60721-3-2:1997 [28]. In this case th¢ RIB
measyirements are*those from the high-speed sea event. These are representative o¢f the
worst|vibration~Conditions and include all the deck locations, from which good measurements
are ayailablexlt will be seen that the most severe severities exceed the 2M1 and 2M2 rgndom
severjties_of IEC 60721-3-2:1997 but only at specific frequencies. The measurements

essegtially match the 2M3 severities. However, the most severe severities are those from the
rear i verti XiS. jon is di y \ W Jets and

is unlikely to be used for transportation purposes, Figure 47 shows the same comparison, with
the measurements from the rear deck removed. In this case the vibrations from the remaining
RIB deck locations are less than the random vibration severities of IEC 60721-3-2:1997.

The vibrations conditions of the high-speed RIB are included here, because such a vessel
would be anticipated to produce some of the most severe vibration conditions likely to be
experienced on a marine craft. Indeed, the vibration severities are markedly greater than any
other condition for marine craft considered within this document. The RIB vibration conditions,

4 withdrawn.
5 Withdrawn.
6 Wwithdrawn.
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at the front of the vessel, indicate a type of environment not observed in the other marine craft
considered here. Specifically, the forward floor locations show the occurrence of embedded
shocks of significant amplitude. Such shocks would normally be replicated by a separate
shock test. However, they could also be accommodated within a non-Gaussian vibration test
or a time history replication test.

A comparison of the ship vibration measurements provided within GAM-EG-13 [5] with the
stationary vibration random severities of IEC 60721-3-2:1997 [28] is shown in Figure 48. The
two vessels, from which the measurements arise, are quite large. One is a naval supply
tanker and the other a train ferry. Also included within the measured data is a measurement
from DEF STAN 00-035 [7] made at the rear of a naval frigate. As can be seen the measured

5 a are A-the 32199 7severities—H-is-worth-ebserving at
this ppint that the MIL STD 810 and DEF STAN 00-035 random vibration test severities for
sea transportation encompass the amplitudes observed in the GAM-EG-13 measurements as

The last comparison of the stationary vibration random severities of IEC 60%21-3-2:1997 [28]
with actual measured data is shown in Figure 49. In this case the, measured sqverity
comprises a composite made up from engine room measurements fromfive marine craff. The
severity is purported to be from EXACT DK 1-237, as reported by the/SRETS study [8]. In this
case the majority of the composite severity is below the IEC 60724-3-2:1997 2M1 and 2M2
levels| although there are two minor exceedances at specific frequencies. This is not
particplarly surprising as the measurements are for the enginevroom and can be expected to
compfrise mostly periodic components. This particular comparison does imply thgt the
transpgortation of equipment on larger ships, even when<expected to produce severe vibration
condifions, is still within the IEC 60721-3-2:1997 sevefities.

This flocument considered two random vibration>test severities specifically related fo the
transpgortation of equipment by ship, viz. MIL&STD 810 [6] and DEF STAN 00-035 [7]. These
are cpmpared with the stationary vibration. random severities of IEC 60721-3-2:199Y and
DEF $TAN 00-035 in Figure 50. This figure indicates that the test severities specifically
related to the transportation of equipment by ship are markedly lower in amplitude thgn the
generpl transportation severity of IEC, 60721-3-2. An observation from this comparison is that
the MJL STD 810 test severity does'seem to extend the amplitudes down to a particular]y low
frequency. This produces peak vibration displacement amplitudes of around 27 mm pegak to
peak.| This is beyond the capability of some vibration test equipment. Whilst some o¢f the
measlirements reviewed in this document do indicate the presence of some relatively low
frequency responses, theirramplitudes are significantly lower than implied by the MIL STP 810
test sllleverity. The tendency to extend test amplitudes down to relatively low frequepcies,
withoyt due consideration of the ability to apply them, does seem to be the feature of[some
standards. The frequency range and amplitude profile of the DEF STAN 00-035 sgverity
appedrs to be-more pragmatic with regard to the measured vibration information and the
capaljility of test equipment.

The gmplitudes of the MIL STD 810 and DEF STAN 00-035 test severities appear [to be
reasonable when compared to the majority ol measured vibration data from transportation by
ship, reviewed in this document. However, they do not encompass either the RIB
measurements or the information reported to be from EXACT DK 1-237, which are typically
an order of amplitude greater. This is not entirely unexpected as the former severities are
engine room measurements and the latter are from a small high-speed vessel, which would be
expected to generate high vibration conditions.

Some of the supplementary information considered within this document related to test
severities for equipment installed within ships as well as design recommendations for
tolerable vibration conditions. These were compared against each other in Figure 35. An
additional comparison of these, against the stationary vibration sinusoidal severities of
IEC 60721-3-2:1997 [28], is shown in Figure 51. This comparison is provided largely for
information. This is because the various severities included have different objectives and
purposes. The fact that some appear to be more severe than others is only relevant in so far


https://iecnorm.com/api/?name=b86ae9b5b66e9bc8ba707a78e0b591ba

IEC TR 62131-8:2022 © IEC 2022 -21-

as they relate to the purpose of the test severity. A similar comparison against the severities
IEC 60721-3-6:1987 [13] and IEC 60092-101:2018 [12] is provided in Figure 52.

Comparing the severities of IEC 60721-3-2:1997 [28] and IEC 60721-3-6:1987 [13], as shown
in Figure 51 and Figure 52, suggests some broad similarity of amplitudes. However, when
considered over the entire test frequency range, the transportation severities of 2M2/2M3
exceed those of 6M2, which are applicable to general equipment installed in ships. This is
also the case for 2M4 and 6M3, which encompasses equipment installed in the aft region of a
ship. It is not clear why equipment installed within ships at non-machinery locations justifies
less severe amplitudes at low frequency and a substantially truncated test frequency range. It
is also worth observing that the test severities recommended in IEC TR 60721-4-6:2001 [34]
are mere—severe—thanthose—-ofbeo 32499 8}and 3-6-498% [13].
Moreqgver, they appear to be quite arbitrary, displaying little relationship to any|of the
sever({ties considered in Figure 51 and Figure 52 nor the environmental severities considered
here.

9 Recommendations

The data verification process used for the IEC TR 62131 series is sét-out in IEC TR 62131-1.
Esserftially that is a three-stage process which is integrated intosthe format of each data
review document. One of the additional criteria recommended by IEC TR 62131-1 is tha{ each
review should be based upon three separate and valid data sQurces. Unfortunately, it has not
been [possible to meet this criterion for the sea transportation dynamic environments.
Howeyer, the use of the available supplementary «data has provided both add|tional
information and confidence.

There| are several possible reasons for the lack)of available verifiable measured vibration
data. |[Undoubtedly the main reason is that the severity of the sea transportation vibration
envirgnment is relatively innocuous and does not usually justify a measurement exercise of
the gyality which would meet the verification criteria of IEC TR 62131-1. This notwithstanding,
sufficlent good data have been identified, to allow the vibration conditions for| ship
transportation to be established with réasonable confidence.

Therel is a general assumption. fhat the larger the vessel, the less severe the ship vibration
envirgnment. The information)*reviewed for this document does appear to suppor} that
assunrption, although not necessarily conclusively. The vibrations from the small high-gpeed
vesse|, considered withinithis document, are likely to be some of the most severe vibration
severities that will be-encountered on maritime vessels used for transportation of equipment.
There| is also a general assumption that the ship vibration environment is more sevé¢re at
locatipns adjacent-to the ship’s propulsion and power generation machinery (typically pt the
rear ¢r aft loeations). Again, the information reviewed for this document does appgar to
suppdrt that,~but again not necessarily conclusively.

The measured data and other information reviewed for this document indicate that the
vibration severities for the sea transportation of equipment are less than the general
transportation vibration severities set out in |IEC 60721-3-2:1997 [28]. Indeed, when
equipment is transported by larger marine craft, the vibration severities are typically more
than an order lower (in terms of acceleration power spectral densities) than the general
transportation vibration severities of IEC 60721-3-2:1997. For this review, consideration of the
vibration severities for the sea transportation of equipment, has been extended to encompass
equipment installed in non-machinery spaces. This was to provide confidence that all potential
locations, used to transport equipment, would be encompassed. Even with this expanded
possibility, the vibration conditions are still less than the general transportation severities set
out in IEC 60721-3-2:1997.

Several of the test specifications reviewed in this document have specified random vibration
as the most appropriate approach when testing equipment against ship transportation. This
would seem to be valid when the equipment is transported at locations away from installed
machinery, hence minimizing the presence of periodic components within the vibrations.
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Specifying the transportation severities as random vibration has the advantage that the ship
transportation severity can be readily compared to the test severities for other forms of
transportation. This has relevance because, in most cases, no test is specifically undertaken
for ship transportation. Rather, the vibration environment is presumed to be adequately
encompassed by other transport environments (commonly road transportation). The low
vibration amplitude levels of ship transportation imply that the induced fatigue degradation will
be particularly low. In such cases a modest amount of testing to encompass, say, road
transportation, will potentially induce similar fatigue damage to many months of continuous
sea transportation.

It is also worthy of note that the vibration severities experienced by equipment during actual
ship transpertation—are—likely—to—be—markedlytess—than—those—arisirg—durirg—oading and
unloagling of the ship cargo as well as during handling at port facilities. Measured.-Vibration
and shock severities arising during such operations are provided in IEC TR 62131-525]

Lastly, this work indicates that the severities of IEC 60721-3-6:1987 [13];” as uskd in
IEC 6PD092-101:2018 [12], are reasonably appropriate. However, there is S§ome concerph that
the vibration test frequency range is quite limited and in practice only exercises the equipment
structlire. It can be argued that the low frequency range considered is)that of the dominant
excitdtions. However, some types of electrotechnical equipment (and particularly elegtronic
items] can be particularly sensitive at higher excitation frequencies: As such the inclusjon of
an adgditional Broad band random vibration test can be prudentfor/such equipment.
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Length 64,30 m
Breadtlh mid 41,90 m
Depth fnid 6,10 m
Displagement 1 968 tonnes
Draught loaded 4,6 m
Main epgines 2 off Mirrless Blackstone Type ESL 12MGR
t2-cytinder-diesetratedat-+4+20-+kw(+500-bhpat-924rmin-
Propeller Single, 4-bladed fixed pitch
Gearbox Reduction 5,55:1
Main generators 3 off — 1 200 r/min, Engine: Paxman Type RPH CZ Mk11, 6 cylinders
Engine generator 1 off — 1 200 r/min, Engine: Doorman Type 8JTZ, 8 cylinders

Figure 1 — RMAS Arrochar specification and layout [3]
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Figure 2 — RMAS Arrochar hold vibration measurement locations [3]

Table 1 — RMAS Arrochar hold low frequency (up to 10 Hz) accelerations levels [3]

RMAS Arrochar — Peak acceleration levels — Up to 10 Hz (g)
Sed Vertical Lateral Longitudinal
state | Negative | Positive N:zxppl)(k Negative | Positive N:zxppl)(k Negative | Positive N::xpik
Forward hold
0 0,16 0,17 0,33 0,05 0,06 0,11 0,01 0,02 ,02
1 0,05 0,08 0,13 0,05 0,05 0,10 0,01 0,01 ,02
2to 0,23 0,17 0,41 0,09 0,13 0,22 0,01 0,01 ,02
4 0,36 0,43 0,79 0,22 0,22 0,44 0,02 0,03 ,05
Aft hold
0 0,01 0,08 0,19 0,06 0,06 0,12 0,01 0,02 ,03
1 0,04 0,07 0,10 0,04 0,06 0,10 0,01 0,01 ,02
2t03 0,02 0,01 0,03 0,13 0,09 0,22 0,01 0,01 0,02
4 0,25 0,25 0,50 0,25 0,17 0,43 0,02 0,04 0,06
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Table 2 — RMAS Arrochar hold vibration levels for different sea states [3]

Forward hold

Aft hold

Sea state Vibration acceleration root mean square values (g)

Vertical Fore/Aft Lateral Vertical Fore/Aft Lateral

0 0,036 0,012 0,003 0,021 0,010 0,004

1 0,020 0,019 0,003 0,020 0,019 0,003

2,5 0,062 0,070 0,007 0,057 0,067 0,008
4 0,098 0,076 0,007 0,075 0,076 0,008

4,5 0,145 0,022 0,011 0,083 0,025 0,012
5,5 0,152 0,036 0,012 0,094 0,030 0,012

Vibration acceleration peak-to-peak values (g)

Sea state Vertical Fore/Aft Lateral axis Vertical Fore/Aft Latefal
0 0,333 0,114 0,025 0,189 0,124 0,028
1 0,127 0,104 0,011 0,104 0y100 0,014

D,5 0,407 0,223 0,024 0,262 0,219 0,026
4 0,789 0,438 0,048 0,493 0,426 0,048
4,5 0,936 0,220 0,071 0,663 0,181 0,019
5,5 0,901 0,219 0,068 0,569 0,180 0,067
Table 3 — Definition*of sea states
Douglas sea‘scale (wind sea)
Sea state Wav?n:\)eight Description

0 no wave Calm (glassy)

1 0to 0,10 Calm (rippled)

2 0,10 to 0,50 Smooth

3 0,50 to 1,25 Slight

4 1,25 to 2,50 Moderate

5 2,50 to 4,00 Rough

6 4,00 to 6,00 Very rough

7 6,00 to 9,00 High

8 9,00 to 14,00 Very high

9 > 14,00 Phenomenal
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Figure 4 — Envelope of vibration levels in forward and aft holds [3]
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Figure 6 — RIB transducer locations [4]
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Table 4 — RIB measurement events [4]

Condition Event Record period s Total duration of Event description
record
s
Riverine All 0to 1384 1384 Full riverine record
Riverine Event 1 100 to 470 370 Step up in speed to
full speed
Riverine Event 2 530 to 580 40 Reverse
Riverine Event 3 650 to 695 45 Accelerate on
throttle
Riverine Event 4 750 to 795 45 Accelerate on
buckets
Riverine Event 5 825 to 857 32 Emergency stdp
Riverine Event 6 880 to 905 75 Rort'turn
Riverine Event 7 950 to 1 000 50 Starboard turn
Riverine Event 8 1 050 to 1 330 280 High speed trajnsit
Sea All 1 500 to 2 387 887 Full sea record
Sea Event 1 1600 to 2 230 630 Full speed perfod

Table 5 — RIB statistics of vibration measurements from sea segment [4]

Sea maximum speed (Sea event 1)
Measurement location Axis Maximum Minimum RMS (g)
(9) (9) (1,5 Hz to 3 240 Hz)

X 6,3 -7,8 0,19

Forward deck Y - - -
z 29,1 -23,8 0,64
z 13,7 -4,9 0,25

Cockpit

X 7,9 -2,0 0,52

X - - -
Port deck Y 12,3 -8,5 0,18
z 16,1 -8,4 0,26
X 8,7 -6,4 0,24
¢entre deck Y 6,4 -4,8 0,22
z 21,8 -14,0 0,41
e X 3,6 -3,4 0,46
T z 12,3 -9,9 1,73
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Table 6 — RIB statistics of vibration measurements riverine events — RMS [4]

Measurement Axis Root mean square (1,5 Hz to 3 200 Hz) values (g)
location Event1 | Event2 | Event3 | Event4 | Event5 | Event6 | Event 7 | Event 8
X 0,14 0,20 0,19 0,20 0,18 0,19 0,16 0,20
Forward deck Y 0,17 0,22 0,20 0,22 0,22 0,22 0,13 -
Z 0,28 0,40 0,34 0,50 0,40 0,41 0,20 0,79
4 0,28 0,28 0,27 0,28 0,28 0,27 0,20 0,27
Cockpit
Y 0,39 0,41 0,39 0,47 0,41 0,39 0,29 0,62
X 0,17 0,26 0,25 0,25 0,24 0,23 0,20 -
Poit deck Y 0,16 0,20 0,20 0,19 0,19 0,18 0,12 0,21
Z 0,21 0,31 0,31 0,30 0,28 0,27 0,19 0,27
X 0,19 0,27 0,28 0,27 0,26 0,26 0,17 0,24
Cenfre deck Y 0,17 0,25 0,26 0,26 0,26 0,25 0,24 0,22
V4 0,34 0,38 0,37 0,37 0,34 0,34 0,23 0,48
X 0,78 1,14 0,92 0,91 0,73 0,76 0,37 0,62
Redr deck
V4 1,54 2,40 1,84 1,94 1,69 1,83 0,73 1,73
Table 7 — RIB statistics of vibration measurements
riverine events — Maximum and’ minimum [4]
Maximum and minimum values (g)
Measyrement location Axis
Event 1 Event 2 Event 3 Event|4
X 0,9 <11 0,9 -0,9 0,9 -1,0 2,4 -1,6
Horward deck Y 1,1 -0,9 0,9 -0,9 0,8 -0,8 1,6 -1,6
Z 21 -2,0 1,8 -2,0 1,6 -1,7 53 -4,6
Z 0,8 -1,2 0,8 -1,1 0,8 -1,1 0,8 -1,4
Cockpit
Y 2,0 -1,7 1,7 -1,8 1,9 -1,4 2,8 -1,8
X 1,2 -1,2 1,2 -1,2 1,3 -1,2 1,3 -1,1
Port deck Y 0,7 -0,9 0,7 -1,0 0,7 -0,9 0,7 -1,0
V4 1,5 -1,5 1,4 -1,5 1,4 -1,5 1,5 -1,4
X 1,2 -1,4 1,2 -1,5 1,2 -1,5 1,6 -2,0
Centre deck Y 1,2 -1,3 1,2 -1,2 1,4 -1,3 1,7 -1,9
V4 1,4 -1,9 1,2 -1,7 1,2 -1,5 5,1 -7,3
X 7,3 -5,3 59 -5,4 59 -4,8 6,5 -4,5
P\Ual dc\.,'r\
V4 12,0 -11,5 13,1 -11,8 10,8 -10,0 9,5 -9,6
Event 5 Event 6 Event 7 Event 8
X 1,8 -2,3 2,0 -1,6 0,8 -0,8 5,1 -7.9
Forward deck Y 1,6 -1,7 6,0 -1,6 0,5 -0,6 - -
Z 6,0 -4,8 5,0 -4,0 1,0 -1,0 23,9 -18,4
V4 1,0 -1,3 1,0 -1,2 0,3 -0,7 9,9 -5,0
Cockpit
Y 2,0 -1,8 1,9 -1,9 1,2 -1,1 8,8 -2,0
X 1,2 -1,2 1,3 -1,3 0,9 -0,9 - -
Port deck Y 0,8 -0,9 0,8 -0,9 0,3 -0,5 20,3 -2,8
Z 1,4 -1,2 1,3 -1,3 1,3 -0,8 4.6 -4,4
Centre deck X 1,2 -1,3 1,1 -1,4 0,9 -1,0 2,5 -4,1
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Maximum and minimum values (g)
Measurement location Axis
Event 1 Event 2 Event 3 Event 4
Y 1,4 -1,3 1,4 -1,2 1,1 -1,0 4,0 -2,6
VA 1,2 -1,6 1,6 -1,6 0,5 -0,9 13,0 -4,6
X 4,3 -4,4 5,0 -4,3 1,7 -1,6 3,8 -4,9
Rear deck
VA 8,8 -10,0 11,2 -8,7 4,0 -3,7 10,4 -10,6
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Figure 7—RIB vibration severities forward deck — Fore-aft [4]
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Figure 8 — RIB vibration severities' forward deck — Lateral [4]
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0,01 3
0,901 3
0001 AN - . Al
i 1
0,p0Q° 01~ - B 02 W/ Y (R - - -
3 \ v
0,000 001 =
0,000 000 1 — =
10 100 1000 10 000
Frequency (Hz)
IEC

Figure 9 — RIB vibration

severities forward deck — Vertical [4]
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A Sea and riverine centre port deck fore-aft axis
(overlay of all events listed in Table 4)
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Figure 10 — RIB vibration severities.centre port deck — Fore-aft [4]
A Sea and riverine centre port deck lateral axis
(overlay of all events listed in Table 4)
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Figure 11 — RIB vibration severities centre port deck — Lateral [4]
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Figure 12 — RIB vibration severities.centre port deck — Vertical [4]
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Figure 13 — RIB vibration severities rear deck — Fore-aft [4]
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A Sea and riverine rear deck vertical axis
(overlay of all events listed in Table 4)
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Figure 14 — RIB vibration sevefities rear deck — Vertical [4]

A Sea and riverine gearbox starboard
(overlay of all events listed in Table 4)
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Figure 15 — RIB vibration severities starboard gearbox [4]


https://iecnorm.com/api/?name=b86ae9b5b66e9bc8ba707a78e0b591ba

IEC TR 62131-8:2022 © IEC 2022

— 35—

>
= A
C
[0}
T 1000
2
3
3
S 100
o
3
2 10
a
& \
1 \
0,1 \
0,01 / \\
0,001 ﬁ// \\
0,000 1 rr’_/—rr \:
0,000 01 '_, -\J\-_
F S
~—{ 0,000 001 f——— w4 : o — : =
-30 -20 -10 0 10 20 30

Amplitude (g)

Figure 16 — RIB vibration amplitude probability density — Forward deck [4]
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Figure 18 — RIB vibration time history — Forward deck [4]

Navy supply tanker at 20 kn
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Figure 19 — Naval supply tanker at 20 kn [5]
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Figure 20 — Train ferryQ 0 kn [5]
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Figure 21 — MIL STD 810 [6] random vibration test severity for shipborne equipment
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Figure 25 — DEF STAN 00-035 [7] test severity for equipment
installed in smaller ships — Aft locations
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Figure 27 — DEF STAN 00-035 [7] information — Typical acceleration

power spectral density at aft region of naval frigate


https://iecnorm.com/api/?name=b86ae9b5b66e9bc8ba707a78e0b591ba

IEC TR 62131-8:2022 © IEC 2022 -41 -

) A
S 0,02
o ! .
:'E i m Vertical
~ | u Lateral
2 | = Axial
2
e 0,015
% L
0] L
>
O 5
0,gt I (L
- |
L M
I O
0,dJo5 +- IR | NRREEEE © EEEREEN 1 N 1 ] i --------
i O
L )
q
0 4 — I I —
0 10 20 30 40 50 6(\ 70 80 86

Power demand (%)
IEC

< S
Figure 28 — DEF STAN 00-035 [7] infor Qn — Overall vibration RMS
variations with Q&r demand

A ,\"QQ)

%$
u Vertical X\
m Lateral \O

= Axial
‘0

ot

N

Overall RMS (g 2 Hz to 200 Hz)

,015 e

] III‘II“I“IIII -----
0

Ahead Ahead Ahead Port turn Starboard Crash stop Astern

shallow deep at70 % at70 % turn from 86 % at12 kn
water water at 70 %

at 86 % at 86 %

Ship condition IEC
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Figure 31 — American Bureau of Shipping
recommendations for vibration severities [10]
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Figure 32 - 1SO 20283 [11] recommeéndations for passenger comfort
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Figure 35 — Comparison of sinusoidal severities
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Figure 37 — IEC TR 60721-4-2 [30] — Stationary vibration random severities
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Figure 39 — IEC TR 60721-4-2 [30] — Stationary vibration sinusoidal severities
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