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ENVIRONMENTAL CONDITIONS - VIBRATION
AND SHOCK OF ELECTROTECHNICAL EQUIPMENT -
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International Electrotechnical Commission (IEC) is a worldwide organization for standardization, conj
national electrotechnical committees (IEC National Committees). The object of IEC (is-to p
rnational co-operation on all questions concerning standardization in the electrical and eléctronic fig
end and in addition to other activities, IEC publishes International Standards, Technieal Specifiq
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter(referred to a
lication(s)”). Their preparation is entrusted to technical committees; any IEC National ‘Committee int
he subject dealt with may participate in this preparatory work. International, | governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordance ‘with conditions determi
bement between the two organizations.

formal decisions or agreements of IEC on technical matters express/Zas-nearly as possible, an interr]
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rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are made'to ensure that the technical content
lications is accurate, IEC cannot be held responsible{for”the way in which they are used or
nterpretation by any end user.

brder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their national and regional publications. Any divs
veen any |IEC Publication and the corresponding national or regional publication shall be clearly indid
latter.

itself does not provide any attestation .ef~conformity. Independent certification bodies provide con
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 hayetthe latest edition of this publication.

liability shall attach to IEC ¢r its directors, employees, servants or agents including individual expe]
mbers of its technical committées and IEC National Committees for any personal injury, property dan
br damage of any natufe Whatsoever, whether direct or indirect, or for costs (including legal feqg
enses arising out of<the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

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

indispensable forythe correct application of this publication.
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n’:ain task of IEC technical committees is to prepare International Standards. Howe

ected

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62131-5, which is a technical report, has been prepared by IEC technical committee
104: Environmental conditions, classification and methods of test.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
104/620A/DTR 104/639/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

The cpmmittee has decided that the contents of this publication will remain unchanged until the

stability date indicated on the IEC website under "http://webstore.iec.ch" in\the data related to

the sgecific publication. At this date, the publication will be

e regonfirmed,

e wilhdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this standard may be issued at adater date.
IMPOQRTANT - The 'colour inside' logo-on the cover page of this publication indigates
that| it contains colours which _‘\are considered to be useful for the cofrect
understanding of its contents. Users should therefore print this document using a
colopur printer.
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ENVIRONMENTAL CONDITIONS - VIBRATION
AND SHOCK OF ELECTROTECHNICAL EQUIPMENT -

Part 5: Equipment during storage and handling

1 Scope

IEC TR 62131-5, which is a technical report, reviews the available dynamic data relating [to the
handling of electrotechnical equipment. The intention is that from all the availablesnddta an
envirgnmental description will be generated and compared to that set out in the \EC 60721
serieq.

For epch of the sources identified, the quality of the data is reviewed and”checked fgr self
consigtency. The process used to undertake this check of data quality and that uged to
intringically categorize the various data sources is set out in IEC TR 62131-1.

This technical report primarily addresses data extracted from a,number of different sources for
which|reasonable confidence exist in its quality and validity. Thé.feport also reviews som¢ data
for which the quality and validity cannot realistically be vefified. These data are included to
facilitate validation of information from other sources. The report clearly indicates when ufjilising
information in this latter category.

This technical report addresses data from a number of data gathering exercises. The qyantity
and quality of data in these exercises variesceonsiderably as does the range of conditions
encompassed.

Not all of the data reviewed were made-available in electronic form. To permit comparison to
be mgde, in this assessment, a quantity of the original (non-electronic) data has been mapnually
digitized.

2 Normative references

are indispensable for-its application. For dated references, only the edition cited applies. For
undated references; the latest edition of the referenced document (including any amendments)

applies.

The following documents, in whole or in part, are normatively referenced in this docume’-}t and

IEC 6p068-(all parts), Environmental testing

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock
IEC 60068-2-291, Environmental testing — Part 2-29: Tests —Test Eb Bump

IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband
random and guidance

IEC 60721 (all parts), Classification of environmental conditions

IEC 60721-3-2:1997, Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities — Section 2: Transportation

1 Withdrawn and now incorporated into IEC 60068-2-27.
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IEC TR 60721-4-2, Classification of environmental conditions — Part 4-2: Guidance for the
correlation and transformation of environmental condition classes of IEC 60721-3 to the
environmental tests of IEC 60068 — Transportation

IEC TR 62131-1, Environmental conditions — Vibration and shock of electrotechnical equipment
— Part 1: Process for validation of dynamic data

IEC TR 62131-2, Environmental conditions — Vibration and shock of electrotechnical equipment
— Part 2: Equipment transported in fixed wing jet aircraft

IEC TR 62131-3, Environmental conditions — Vibration and shock of electrotechnical-equipment
— Part 3: Equipment transported in rail vehicles

IEC TR 62131-4, Environmental conditions — Vibration and shock of electrotéehnical equipment
— Pari 4: Equipment transported in road vehicles

3 Djata source and quality

31 Container handling measurements by Hoppe and Gerock

Work |by Hoppe and Gerock was under taken in the early 1970s and the resultant dafa are
reprodluced in a number of publications (see [1])2.

Thosg data appear to have formed the basis for the road transportation severities in a nimber
of natjonal standards. Moreover, as far as can be identified, they are probably the original|basis
for thr severities in IEC 600721-3-2. As the*measured data also include a number of hapdling
condifions, it is likely they were also considered in setting such severities. Although the
measlyired data presented are limited, the scope of the measurements is sufficient to justify
their ipclusion here.

The Hoppe and Gerock work relating to handling, involved vibration and shock measurements
on |90 containers at the container terminal, Hamburg/Burchardkai, during both in-yard
transgort and handling. The. measurements included both 6 m (20 foot) and 12 m (40 foot)
units wwhen empty and l6aded. Loaded 6 m and 12 m containers were also transferred ¢nto a
container train by means of a gantry crane. Dock side to ship measurements were made on
loadedl 6 m containers-only.

Accelgeration méasurements were made at six locations within the containers; door end ¢entre
(in three orthogonal axes), door end right hand side (vertical only), centre of container (vertical
only) |land\at the forward wall centre (vertical only). All six measurements were redorded
simultaneously and continuously on an analogue FM recorder. The frequency range cdvered
was 1 Hz to 1 250 Hz. All PSD analysis was undertaken using a 3 Hz frequency resolution and
a record duration of 32 s.

The ISO containers used comprised steel framed structures with plywood walls with roofs
reinforced with laminated fibreglass. The 6 m container was manufactured in 1969/70, it had an
empty mass of 1950 Kg and a loaded mass of 20 320 Kg. The 12 m containers were
manufactured in 1970/71, had an empty mass of 3 490 Kg and a loaded mass of 30 480 Kg.

The container vibration measurements made during movement around the container terminal
are summarised in Table 1. The measurements were found to contain predominant resonances
associated with the suspension of the straddle or van carrier used to undertake the movements
(typically at between 2 Hz to 3 Hz), the spreader used to support the container (6 Hz to 7 Hz)

2 Numbers in square brackets refer to the Bibliography.
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and of the containers themselves (at around 160 Hz, 240 Hz and 400 Hz). The largest
accelerations and displacements were consistently found to occur in the vertical direction and
at the centre of the container. The largest derived displacement arose from carriage of the
empty 6 m container at the maximum permissible speed. For the other container conditions the
maximum speed was 20 km/h to 25 km/h.

The corresponding shock measurements when the containers were handled by the straddle or
van carrier are summarized in Table 2. These include peak amplitudes occurring during pick
up, set down on to the ground as well as set down on to another container. Again the largest
accelerations were consistently found to occur in the vertical direction and at the centre of the
container. The largest shocks were noted to occur during engagement and disengagement of
the spreader

The IlHoppe and Gerock work also included measurements picking up and seiting |down
contajners on to rail vehicles (summarized in Table 3) and during transfer-on to |ships
(summarized in Table 4).

The shock measurements are all presented in terms of peak accelerationlamplitude and shock
duratipn. No time histories are presented so the method used for_the derivation of ghock
duratipn cannot be verified. Only one Shock Response Spectra (SRS)<or handling is predented
and ity origins are unclear.

Althoygh the information in this report is limited the quality ofthe information is reasonable and
meetq the required validation criteria for data quality (single 'data item).

3.2 |Intermodal container handling by Association of American Railroads

This frelatively recent (1991) work from the Association of American Railroads (sep [2])
concans the measurement and analysis ofvibration and shock conditions experienced by

standard ISO containers when transported by-both rail and road. The objective was primgrily to
establish the relationship between the vibration and shock conditions experienced during rail
and rgad movements. However, the waork-also includes shock and vibration measurementis that
occurfed during handling. The data_source relates almost entirely to 1ISO containers on the US
and Clanadian rail system.

The rgport indicates that the-handling measurements utilized a self contained recordef. The
recorder was programmed.to record data in 7,7 sblocks of data when a threshold of 0,1 g was
excegded for more tham3,9 ms. These recorder settings were selected in an attempt to ¢ollect
data Virtuously contifuously. The sample rate was 256 samples per second (sps) filtered|at 30
Hz with a Butterworth low pass filter. The pre-programmable data recorders housed|three
orthogonal accelerometers capable of DC measurement (using piezoresistive acceleromjeters)
in the|vehicle fore/aft, lateral and vertical axes.

Measliréments were made on a trailer carrying a 12 m (40 foot) ISO container, whilst |t was
loaded_an _and off rail cars The Inading and unlnading adopted both overhead crane hnd a
sideloader. The peak acceleration levels from these operations are summarized in Table 5 and
the associated acceleration power spectral densities are shown in Figures 1 and 2.

The information in this report is limited to a trailer carrying 12 m (40 foot) ISO containers. It
may also be specific to the US and Canadian rail systems. However, the quality of the
information is good and meets the required validation criteria for data quality (single data item).

3.3 Intermodal container handling at Swedish container terminal

These very recent measurements (2007) were undertaken by Mariterm AB in conjunction with
Helsingborgs container port (see [3]). The measurements relate to the handling of a 12 m
(40 foot) empty container at the Helsingborgs container port.
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The measurements were acquired using a data acquisition DT9816 recorder; this allowed
measurement of 6 channels (2 x three orthogonal axes) of acceleration measurements. The
digital recorder comprised a 12 bit ADC sampling at 1500 sps. Four channels of
measurements were low pass filtered at 370 Hz (one tri-axial and the fore/aft channel of the
other) and two channels at 500 Hz. The accelerometers were positioned along the centre line
of the container, on the floor and around 6 m apart. Although, the measurement axis of each
channel is known, the specific identification of the tri-axial accelerometer is unclear. For this
reason, the measurements are designated as from transducer groups 1 and 2.

The recorder measurement range was set to 10 g, which in comparison to other exercises, is
somewhat low. Moreover, a few of the shocks, specifically in the vertical axis, appear to

exceegd-this-measurementrangs-

Measlirements were made during handling of the container by a dockside contdiner ¢rane,
movement by a container tug, handling by a container crane and handling by a straddle carrier.
For each condition several separate measurement runs were made. Some attempt appefars to
have [been made at making the measurements during different severities of hapdling
condifions.

The report [3] supplies both sample time histories (albeit encompassing the entire record,
typical]ly 10 min to 20 min) and summary peak acceleration data along with approXimate
duratipn of the shock event. However, in addition to the report, the electronic measured data
were also made available.

From |the electronic data, summary information on the“vibration severities are assembfed in
Table| 6 and summary information of the highest shgcks measured is presented in Tgble 7.
Envelppes of the vibration acceleration power spectral densities, from each of the four hapdling
condifions and for each axis, are presented in Figures 3 to 5. Amplitude probability dengities,
again|for each of the four handling conditions@nd for each axis, are presented in Figures 6
to 8. $hock response spectra are presented in*Figures 9 to 11.

Althoygh the information in the hardcopy report is limited, the quality of the eledtronic
information is good and meets the required validation criteria for data quality (single data [tem).

3.4 |Handling of air cargo/pallet at Stockholm and New York airports

The Jwedish Packaging Research Institute reported a field study of loadings on an air |cargo
pallet|in 1988 (see [4])>\The measurements were made both on board a Boeing 747 Combi
(freight and passenden) aircraft and also during cargo handling operations at both Stockholm
airporf (Arlanda) and- New York (John F. Kennedy Airport). Shock and vibration acting ¢n the
cargo|during handling were measured and analysed.

A tri-g X|aI accelerometer was mounted on the paIIet with double-sided tape and was placed

from the corner The transducers were not mounted on the cargo in an attempt to establish
acceleration measurements sensibly independent of cargo type. Nevertheless, the pallet loads
chosen were 'typical'. During the outward stages (stages 1 to 3) the weight of the test pallet
was 1 470 kg and during the return journey (stages 4 and 5) the weight was 2 550 kg. The
measurement encompassed five stages:

— Stage 1 Arlanda terminal to aircraft, pallet weight 1 470 kg;

— Stage 2  Arlanda movement at aircraft, pallet weight 1 470 kg;

— Stage 3 JFK aircraft to terminal, pallet weight 1 470 kg;

— Stage 4 JFK terminal to aircraft, pallet weight 2 550 kg;

— Stage 5 JFK loading on aircraft, pallet weight 2 550 kg.
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The field data recorded during the trip have been computer analysed in the time and frequency
domains. The frequency domain analysis was carried out using both conventional spectral
analysis and autoregressive modelling techniques. The sampling frequency chosen was 100 Hz
and the signal was low-pass filtered at 31,5 Hz. The number of records, each spanning
256 samples, depended on the conditions under investigation. However, this was limited to
350 records, i.e. a sampling time of no more than 15 min. The window mostly used for the
frequency analysis was the Blackman window. For the analysis using autoregressive modelling
for the spectral estimation, the Hamming window was used.

A summary of the recorded extreme handling shock values and r.m.s. values are given in
Table 8. A summary of the corresponding vibration data is shown in Table 9. The vibration data

comprise-acceleration levels (gl\ exceeded for 1 % of the time of the trial. Vibration specira for

each gtage are shown in Figures 12 and 13 for the vertical and transverse axes respectivgly.

3.5 |Forklift handling

This [1975 measurement exercise (see [5]) was undertaken by M.B. Gens' at the Sandia
Laborptories in the US adopted a common payload and four different"size forklift tfucks.
Althoygh a little old these measurements are the basis for conditions in Sevéral standards|

The measurement exercise addressed the transient conditions arising from traversing p test
track [made up of paved and unpaved areas. The paved areas‘included asphalt streets with
manhple covers and metal utility covers as well as concrete.aprons and driveways. The paved
surfades included both new and smooth surfaces as well ascold and deteriorated surface$. The
unpaVed areas were not intended as a driving surfacetand included steps of up to 2P mm.
Experjenced drivers were used, each instructed to travel at highest speed possible congistent
with retaining the payload. In general, speeds were.reported to be less than 10 mph (16 km/h)
and mostly below 5 mph (8 km/h).

The npeasurements were made both on a pallet carrying a payload and the payload itself. The
report indicates the payload as having a mass of 1 000 Ib (500 Kg). The four forklift truckg were
charagterized as

D00 kg (2 000 Ib) capacity, elettric powered and solid tyres;

b00 kg (3 000 Ib) capacity,petrol powered and pneumatic tyres;

D00 kg (4 000 Ib) capacity, petrol powered and pneumatic tyres;

W N A

b00 kg (7 000 Ib) capacity, petrol powered and pneumatic tyres.

The measurements were made using two groups of orthogonally orientated transducers; one
group| selected and'set to measure accelerations up to 50 g peak-to-peak, the other t¢ 10 g
peak-fo-peak. Tri-axial measurements from both groups were made at two locations; one|close
to the] input frem the forks and the other on the skin of the payload. All measurements| were
recorded oh;an FM tape recorder.

The 5 Hz band pass anatysis of the data eticited the conciusion that o steady state contihuous
randomly distributed excitation was present in the forklift environment. Discrete excitations, on
the other hand were prevalent. A total of 49 vibration spectra (from all four forklift trucks) were
combined to allow plots of mean, mean plus three standard deviations as well an envelope of
maximum response. The responses for the pallet measurements (effectively the excitations
applied to the payload) are shown in Figures 14 to 16 for the vertical, lateral and axial axes
respectively. The envelopes of largest shock response spectra for each of the four forklift
trucks are shown in Figures 17 to 20.

3.6 Movement of unsuspended trolleys

This very recent (2009) measurement exercise (see [6]) was undertaken, by Drager Medical, to
determine the vibration and shock conditions arising from the movement of medical trolleys
over flooring typically occurring within modern building and outside in car park type surfaces.
The three trolleys have small, unsuspended castor type wheels which are common to many
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items of modern electro-technical equipment. They are also typical of handling trolleys
commonly used to move small packages on and off trucks and around warehouses. All the
movement occurred at walking speed.

The measurements were made on three different medical devices as set out below. In each
case the tri-axial acceleration vibration measurement were made on the support system, just
above the wheels:

— small trolley — A small medical ventilator, mass 22,5 kg, castors 100 mm diameter, castor
surface PA6 of hardness Shore A 80;

— medium trolley — Anaesthetic workstation, mass 147 kg, castors 125 mm diameter, castor
surface potyurettranme of frardress—Store D46;

— lange trolley — Intensive care ventilator, mass 54 kg, castors 125 mm diameter,” castor
surface polyurethane of hardness Shore D 40.

The intended velocity of the movements was 0,5 m/s although the real velocity.appears tq have
varied between 0,5 m/s and 0,7 m/s. Movement was in the X (axial) axis) with the 4 axis
vertical. The typical 5 surface types traversed were

e composite stone,
e granite plates 70 cm x 70 cm,

e pvic floor 60 cm x 60 cm at 0,5 m/s and 0,7 m/s,

. ajphalt light grey,

e asphalt rough.
The transducers and measurement system are.indicated as within calibration. The (igital
recorder sample rate was 8 192 sps and the remainder of the measurement chain was cdpable
of mepsurements of at least 3 kHz. The recorder utilized a 16 bit ADC, an anti-aliasing filter of
3,2 kHlz. The measurement record lengths varied between 1 min and 3 min although 120 [s was
commlonly achieved. In this case the measured data and all the analysis are available digitally.

Shown in Figures 21 to 29 are the vibration severities for each of the three axes for each [of the
three |[devices. A summary of the €orresponding overall acceleration root mean square yalues
are pfesented in Table 10. Amplitude Probability Density (APD) values for the device |which
exper|lenced the most severe conditions (the small medical ventilator) are show in Figures| 30 to
32. Cprresponding Shock \Response Spectra (SRS) for the same device are shown in Figures
33 to B5.

3.7 |Supplementary data

The ¢ata colection exercises which preceded this particular assessment attemptped to
suppl¢ment the data with any relevant sets of information, arising from reputable sources, but
for which/the data quality could not be adequately verified. Although no additional sourceg were
identitied—a 2 tHEry e€ Hrdertaker—during 098—reviewed—the ypes and
occurrences of damage that occur as a result of transportation and particularly that identified
during handling related to transportation. Although that report (see [8]) contains no specific
information on the mechanical environments occurring during handling, it does give a good
review of the different types of damage a range of items may experience during handling.

4 Intra data source comparison

4.1 General

The purpose of the following subclauses is to review each data source for self consistency.
The process for evaluating the vibration data takes into account the variations arising from the
different methods of handling.
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4.2 Container handling measurements by Hoppe and Gerock

Although the extent of the vibration information, tabulated in the Hoppe and Gerock report, is
relatively limited it does, with one exception, appear reasonably consistent. The acceleration
amplitudes are quite low, possibly giving rise to concerns over measurement accuracy. The
derived displacements are relatively high, for the low acceleration levels, suggesting low
frequency excitations (which are confirmed in the report). With that said, the report does not
make clear the method used for deriving displacements from the acceleration measurements.
The concern is that high displacements can arise if this is not undertaken appropriately. The
distribution of amplitudes between full and empty containers, as well as between axes, is
largely as would be expected. The one value that is out of line with the remainder is the vertical
measurement on empty containers. The acceleration amplitude indicated is more than double
any other tabulated value and the listed peak displacement is four times greater than any fother.
The occurrence of this condition is explained in the report as due to high movement sfgeeds.
The indicated peak displacement is essentially the same as the largest equivalentydrop height
sugggsted from consideration of the shocks.

The tpbulated handling impact acceleration amplitude values, presented\in’ the Hoppg and
Gerodk report, indicate an underlying trend. That is smaller empty container generally geperate
the worst case conditions whilst the largest loaded containers generally-result in lower impact
acceleration amplitudes. This is entirely as would be expected.

The shock data quotes acceleration amplitudes as well as durations. As a consequence [of the
differgnt approaches used, the validity of tabulated shock ,durations, without a descriptjon of
how they were derived, is always questionable. A verification exercise has been underfaken,
which| assumes the shocks are a result of impacts befween two elastic bodies. The exprcise
indicates that the accelerations and the derived vélocities follow a realistic and congistent
relatignship, Figures 36 and 37 refer respectively. Only a few values fall outside the main|trend
but eyen those are only to an extent expected“ffom measured data. The largest ind|cated
velocify change is 0,6 m/s with the majority.of“impacts occurring below 0,4 m/s. The values
suggsgst that size of container or its loaded state makes no underlying difference to the vejocity.
The Igrgest equivalent drop height, derivedfrom the velocities, is a little less than 19 mm.

The Hoppe and Gerock report supplies only a single shock response spectrum for the hapdling
impagts and this is marked as 'typical'. Nevertheless, the shape of the shock response spectra
is typical of that for short duration”impacts of the type indicated by the tabulated values.

Overdll, the Hoppe and«Gerock data appears self-consistent, showing trends and values that
are Igrgely within expectations. The data meets the required validation criteria for quality
against the intra data.source comparison criteria.

4.3 |Intermodal container handling by Association of American Railroads

The handling information presented by the Association of American Railroads report is| quite
limitedand the handllng measurements cIearIy were not the pnmary objectlve The shock

' - v Tt ' - S rends
can be discerned. The relatlonshlp between axes appears reasonable and as would be
expected. The frequency spectra indicate quite low frequency content from both handling
devices. The main concern with this data is that it is sampled at 256 sps and low pass filtered
at 30 Hz which is quite low for shock measurements. This may be limiting the peak amplitudes
measured. Also as no shock durations are indicated, the equivalent velocity and displacement
cannot be derived.

Although the data, in the Association of American Railroads report, meets the required
validation criteria for quality against the intra data source comparison criteria, it is limited in
both extent and range. The Association of American Railroads report supplies shock
amplitudes but not the corresponding durations. As a consequence they cannot be credibly
compared with other data and have only limited usefulness in the comparison with existing
environmental descriptions addressed hereinafter.
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4.4 Intermodal container handling at Swedish container terminal

The Mariterm AB measurements, made at the Helsingborgs container terminal, encompass
similar handling conditions to those of the Hoppe and Gerock work. However, the Mariterm AB
measurements are recent and available in electronic form. The primary concern arising from
primary review of the data is that some of the peak amplitudes of the vertical shock values
exceed the stated measurement range of 10 g.

The vibration r.m.s. values shown in Table 6 indicate a reasonable degree of consistency
notably that the responses in the vertical axis are markedly greater than those in the transverse
axis, which is in turn are greater than the axial axis. The severities of transducer group 1 are
mostl greater than transducer group 2 However this fact is not par’rir‘ularly useful without

knowledge of the specific locations at which the groups are located.

The vjbration power spectral densities shown in Figures 3 to 5, indicate that at, low frequency
(below 10 Hz) the movement of the straddle carrier is the most severe condjtion. At higher
frequencies the movement of the mobile handling crane is consistently theomost severg. The
suspension frequency of the various handling vehicles is clearly identifiable.in all axes, |but is
particplarly significant in the vertical axis. Modal responses, apparent at-30 Hz and 55 Hz, are
assumed to arise from the container.

The amplitude probability densities, shown in Figures 6 to 8, indicate a reasonably well defined
Gaussian distribution in the transverse and axial axes. In these\axes the amplitude distriblutions
are cpntained within the measurement range and imply only modest shocks superimposed
upon the vibrations. The distribution in the vertical axis iS«very similar to that identified fof road
vehicles. Specifically they contain a, low amplitude~and high probability distribution, [which
represents the vibrations. Onto this vibration distribution is superimposed a second, higher
amplifude and lower probability distribution, usually assumed to represent the shocks| This
latter |distribution is mostly contained within thes-measurement range (of 10 g) but some pingle
occurfences are outside this range.

The ghock response spectra, computed’ from the full measurement record, are shown in
Figurgs 9to 11. The shock response spectra indicate similar trends to those df the
corregponding power spectral densities. Specifically, at low frequency (below 10 Hz) the
movel:ent of the straddle carrier is the most severe condition. At higher frequencigs the
movement of the mobile handling crane is consistently the most severe. Apart from at low
frequency, identified as the vehicle suspension frequencies, the shock response spectra are
credifjly consistent. The.Shock response spectra correspond to a velocity change of jup to
0,2 m/s in the axial axis,) 0,5 m/s in the transverse axis and 1,0 m/s in the vertical axis. These
relate[to an equivalent’drop heights of 2 mm, 12,5 mm and 30 mm in the axial, transverge and
vertical axes, respectively.

The Mariterm.-"AB measurements essentially meet the required validation criteria for quality
against the intra data source comparison requirement. However, some concern remains fthat a
few verfical measurements exceed the set measurement range.

4.5 Handling of air cargo pallet at Stockholm and New York airports

The Swedish Packaging Research Institute study of handling loads on an air cargo pallet were
made on board a Boeing 747 Combi (freight and passenger) aircraft. This was integral with that
intended to make in-flight vibration measurements and reported in IEC TR 62131-2. The
verification exercise of those vibration measurements highlighted issues with the low sample
rate (100 sps) and the frequency of the low pass filter (31,5 Hz). As the measurement system
was identical, for the handling and in-flight vibration measurement exercises, these aspects are
also of concern here. The relatively low shock and vibration amplitudes observed in these
measurements are almost certainly influenced by the low sample rates.

The vibration information, presented in the form of acceleration power spectral densities
(PSDs), all show signs of a reasonably significant random error. The highest spectral density
amplitudes mostly occur at low frequency. However, the PSDs encompass a frequency range
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beyond that of the low pass filter. As a consequence some care needs to be taken with the
information above around 25 Hz.

The tabulated shock and vibration handling measurements show a broad degree of
consistency. The vertical axis produces the most severe acceleration amplitudes with the
measurements at the corner of the air freight pallet more severe than the centre. The
measurements made at JFK airport are more severe than Arlanda; this the report attributes to
less stringent controls at JFK. This would appear to be supported by consistently more severe
vibration and shock measurements at JFK. No shock duration information is supplied nor is any
form of data presentation employed that would allow velocity or equivalent drop heights to be
derived.

The §wedish Packaging Research Institute measurements from handling of an air cargo|pallet
make|a useful contribution to this review of handling conditions. Nevertheless, concerns over
the limited frequency range imply that the validation criteria for quality against the intrg data
source comparison requirement are only met with reservation.

4.6 |Forklift handling

Althoygh the US measurements on four different sized forklift trucks~were made somg time
ago, the work was undertaken by a competent authority with sigpificant resources. Although a
little gld, the shock measurements still appear within several current test standards.

The npost obvious reservation with the Shock Response, Spectra (SRS) envelopes is that the
frequency range adopted is a little limited. Many of the;SRS envelopes are still rising gt the
highe$t frequency, suggesting the frequency encOmpassed was insufficient. The |lower
frequé¢ncies indicate a fair amount of variation, which can sometimes be indicative of poor
measlirements. However, in this case the shock“esponse spectra are stated to be envelopes
generpted from a significant number of measuréments. As such the individual SRS are unlikely
to represent any single event. This couldexplain the observed variations at the |[lower
frequencies.

The three sets of SRS measurements from the petrol powered and pneumatic wheeled forklift
truckq imply a believable trend of decreasing shock levels with increasing forklift size. Bfoadly
speaklling, the amplitude of thé’vertical shocks exceed those from the other two |axes.
Moreqver, the vertical axis indicates a low frequency response (typically 3 Hz to 5 Hz) which
would| be expected from the .pneumatic wheels. The electric solid wheeled forklift truck $hows
much|lower SRS levelsithan the other three. This seems likely to be a consequence pf the
lower [speed capability ef that vehicle, especially on the rougher surfaces.

statisfical megan,” mean plus three standard deviations and measured peak. This form of
preseptationswas fairly typical of vibration measurements emanating from this establishmient at
that time~ ‘Unfortunately, when presented in this way the vibration measurements are diffigult to
utilize| directly but are useful checks on other data. The peak value envelopes of the vibration
measurements are consistently greater than the mean plus three standard deviation envelopes.
Moreover, the peak value envelopes are consistently around 3 times greater than the mean
envelopes. Together these imply that the vibrations are largely Gaussian, and the standard
deviations of the measurements are consistently low. All of this typifies good measurements.
The vertical axis measurements indicate a clear and well defined vehicle suspension/tyre mode
at around 5 Hz. This is not apparent in the other two axes.

The v|bration severities are in the form of band pass acceleration levels, presented in terEns of

Overall, the forklift truck data appear self-consistent, showing trends and values that are
largely within expectations. Both the shock and vibration data meet the required validation
criteria for quality against the intra data source comparison criteria. However, the presentation
of the vibration data means it is not particularly useful as a means of setting practical vibration
test severities. However, the information could be useful to confirm existing information.
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4.7 Movement of unsuspended trolleys

The recent measurement from the movement of three medical trolleys was available digitally,
allowing detailed information to be presented. The measurements encompass movement over
five surfaces typical of the flooring within modern buildings and immediate vicinity. The
measurements were typically made just above a wheel, thus allowing use for similar items of
equipment.

The results from the various measurements indicate a degree of consistency. The amplitude
distribution from all the measurements are fundamentally random, but with a Kurtosis greater
than would be expected from a purely Gaussian distribution. The amplitude distribution
measured is typir‘al of that seen aon vehicles pxppripnr‘ing a mix of vibration and shaocks In this
case, |the peak values are typically around 10 times greater than the acceleration ro6t[mean
squarg, or around 3 times greater than would be expected from a purely Gaussian distriution.
This frend is exhibited by the “rougher” surfaces for all three trolleys in all three jaxeq. The
“smogther surfaces” show an amplitude distribution closer to a Gaussian distribution.

Broad|ly, the frequency spectra from all three trolleys show a similar trend:"However, as would
be expected, the strong lower frequency modes (typically 20 Hz to 40 Hz),are different for each
trolley] and each axis. The power spectral densities (PSD) shows a dreater medium frequency
content than observed on some of the other vehicles. However, this‘is not entirely surgrising
given [that the three trolleys have no intrinsic suspension system.(The PSD amplitudes arg seen
to be more severe for the floor surfaces typically found outside. @ building (asphalt and composite
stone) The surfaces typically found inside a building (PVC-and granite tiles) are obseryed at
arounfd an order lower than those for external surfaces.

The donsistency between axes is reasonable, although, in terms of peak and overall r.m.s.
accelgration, the vertical axis is not, as would be_ expected, the most severe. In terms of|these
paraneters the fore/aft axes is consistently the most severe, albeit, not by a large margin| As a
conselquence, some doubt arises as to whether'the axes were correctly defined.

Overdll, the medical trolley measurements’ appear to indicate self-consistent trends and yalues
that are largely within expectations. Some slight concern exists as to whether the axes were
corregtly defined. Nevertheless, the“data meets the required validation criteria for quality
againgt the intra data source comparison criteria. The trolleys had small, unsuspended ¢astor
type wheels which are common o many items of modern electro-technical equipment. As|such,
they gre also typical of handling devices commonly used to move small packages on apd off
truckg and around warehguses.

5

nter data source comparison

For the most. part, the data from the various sources indicated a reasonable degree of self
consistenCy;~ However, it is clear some differences exist between sources, conditions
encompassed and the type of information available from the individual measurement exerfises.

Considering firstly the shock severities from the pick-up and set down of ISO containers, for
which information from three different sources are available. Of these sources, the Hoppe and
Gerock data is the oldest but also the most comprehensive. It indicates peak acceleration
amplitudes up to 38 g, a value which is very much consistent with the remaining data. The peak
acceleration amplitudes do vary with payload mass and container size, with the smallest empty
containers giving the highest acceleration amplitudes. Shock duration information supplied
indicate the largest velocity change as 0,6 m/s. The values suggest that size of container or its
loaded state make little underlying difference to the velocity. The largest equivalent drop height
for the velocities is a little less than 19 mm.

The Mariterm AB measurements, made at the Helsingborgs container port, also addressed the
pickup and set down of ISO containers, but are far more recent measurements. Although a few
measurements may be limited in peak acceleration amplitudes to 10 g, the general distribution
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of shocks indicates this is not a major issue. Whilst, reasonably consistent with the Hoppe and
Gerock data the general shock amplitudes are lower.

The peak acceleration amplitudes, indicated by the Association of American Railroads data,
are significantly lower than those from the other two measurement exercises. However, the
Association of American Railroads data had limitations in frequency range and also applied to
an ISO container already loaded on to a wheeled vehicle trailer (increasing mass and giving
some protection). As no shock duration information was supplied velocity change could not be
compared with the other two measurement exercises.

The study by the Swedish Packaging Research Institute considered of handling loads on an air
cargo[pattet;at-Stockhotmanmd-New - Yorkairports—Cargo tramdtingatairports touldbeexpected
to be|more controlled than at container ports. The data appear to support this, although the
accelgration peak shock amplitudes are not widely out of line with those from the Helsingborgs
contalner terminal. However, the frequency range of the data is very limited, and is gimost
certaiply likely to be limiting the occurrence of shock peak amplitudes. As no ,shock ddration
information was supplied velocity change could not be compared with the oether measurgment
exercises.

The US SANDIA measurements on four different sized forklift trucks.'encompass movements
on both good and poor surfaces. Unlike all the other shock measurements, the US SANDIA
measyirements present the shocks in the form Shock Responsg, Spectra (SRS). The SRS plots
for the three largest forklift trucks (petrol powered and pneumatic wheeled) imply a| peak
accelﬁ[)ration level marginally less than that from thé)'Hoppe and Gerock datp for

ISO cpntainers. The manner in which the SRS values wére assembled make deriving acg¢urate
velocity change information difficult, but they appear to,be largely between 0,5 m/s and 1,0 m/s.
The ghock information from the smallest forklift truck (electric and solid wheels) indicates a
much|lower levels of peak acceleration (around 3.g). This is not surprising as such a trjuck is
likely to have only a limited speed capability over poor surfaces. The SRS plots for this| truck
appedr to be significantly influenced by vibration conditions and shock velocity information
canngt be credibly determined.

The shocks from the movement of the,unsuspended trolleys are specified in terms of maXimum
response spectra (MRS). These areeffectively shock response spectra but computed frgm the
entirel| measurement record. As(Csuch the MRS includes contributions from both shock and
vibratjon. As was the case for the US SANDIA forklift truck measurements, the effects pf the
vibratlons complicate the ability to establishing an equivalent shock conditions. Neverthgless,
the vglocity of the shocks. appear to be largely below 0,5 m/s for movement over floor suffaces
found| immediately outside buildings and 0,05 m/s for internal surfaces. The correspgnding
accelgration peaks_are around 35 g and 8 g for external and internal surfaces respectively. In
both ¢ases the duration of the shock appears to be less than 1,5 ms. As such the wors{ case
shock| charactetristics are quite similar to those identified for other methods of movement dguring
handling.

When| eansidering the vibration information from the various sources, it is apparent that the
vibratiom measurements during handtiing and the type of information supptied im the Teports is
quite limited. In several cases the vibration measurements were simply to compare with other
measurements made during more severe operations, road or rail transport for example.

Wheeled vehicle transportation information from the Hoppe and Gerock exercise appears to
have been used to set older road transportation vibration severities. However, the information
supplied on vibration during handling is very limited, including only peak acceleration and
displacement values. Moreover, of these the displacement information is questionable. The
most common peak acceleration amplitude is 0,2 g with a single value exceeding this at 0,5 g
(made on an empty container). It seems reasonable to assume a broadly Gaussian distribution,
as such the worst case root mean square value is unlikely to exceed 0,15 g (1 Hz to 1 250 Hz).
The peak displacements indicated by the report are relatively high for the corresponding
acceleration levels. This would imply a predominant response at reasonably low frequency
(around 5 Hz).
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The envelopes of acceleration Power Spectral Density (PSD) vibration amplitudes, from the
intermodal handling at a Swedish container port are shown in Figures 3 to 5. The individual
spectra from which these envelopes were generated are shown in Figures 52 to 55. As already
indicated, the vibration aspects appear sensibly Gaussian in distribution. Apart from the low
frequency suspension modes (occurring at less than 5 Hz), the axial and transverse responses
are well encompassed by an amplitude of 0,001 g2/Hz and an overall rms value of 1,4 g (up to
370 Hz). The vertical axis responses are markedly greater with a reasonable number of
exceedances of the 0,001 g2/Hz value and one occurrences at around 0,02 g2/Hz. The low
frequency suspension modes are particularly marked at 0,1 g2/Hz. The highest overall rms
value is around 4,7 g.

The y the
Assodiation of American Railroads data, encompass a frequency range much lower the|other
exercises considered (less than 5 Hz). The vibration spectral amplitudes from moyvements by
overhpad crane are quite low showing no spectral value over 0,006 g2/Hz. The vibration
amplifudes from the side loader are higher showing a maximum spectral valué at 0,04|g2/Hz
but at|a frequency of only 0,5 Hz. The derived root mean square values are 0,18 g and 0,2 g for
overhgead crane and side loader respectively but both over the frequency range 0 Hz to 5 Hz.

The §wedish Packaging Research Institute study of conditions on,an-air cargo pallet during
ground movements presented the vibration in terms of a summary of peak conditions and
spectfal information which for this comparison has being converted to acceleration power
spectifal density (PSD) vibration amplitudes. The tabulated inforfwation indicated peak values of
around 1 g which, if a Gaussian distribution assumed, would correspond to an r.m.s. pf not
more [than 0,3 g (0 Hz to 31,5 Hz). The acceleration power spectral density (PSD) vibration
amplifudes indicate a considerable spread of results in both vertical and transverse axes. It is
notable that in the vertical axis the frequency of the transport vehicle suspension mode moves
from Jaround 3 Hz at low amplitude responses«to around 8 Hz in the higher amplitude
respopses. This would imply a “hardening” suspénsion stiffness which is typical of gimple
suspegnsion systems. The spectral shape of\the higher amplitudes is also typical of that
experlenced when shocks are embedded within the vibration, again a common characteristic of
simpl¢ suspension systems. The highest spectral amplitude is 0,04 g2/Hz although the
remaihder of the spectra are all below 0,005 g2/Hz. Root mean square values, derived frgm the
PSDs| indicate a very marked difference, of around 10, between the two airports at jwhich
movement occurred. The highest “vertical rrm.s. is 0,45 g (0 Hz to 50 Hz), angd the
corregponding highest transverse-r.m.s. value is 0,2 g (0 Hz to 50 Hz).

The yibration measurements from the movement of three unsuspended trolleys infdicate
suspgnsion modes which are more complicated and higher frequency than those of|other
measyirements. This jiS not entirely surprising as none of the trolleys have a specific
suspegnsion systemtbut rather rely entirely on the structural modes of the mounting system. As
a corjsequence Jaf this, the response amplitudes at these modes are the most se¢vere,
signifijcant aniplitudes still exist often beyond 100 Hz. The acceleration power spectral density
vibratlon amptitude values are essentially bounded by a peak amplitude of 0,01 g2/HZ. The
highes$t r.mss. values derived from the PSDs, is 0,9 g (0,5 Hz to 2 000 Hz) for the most devere
outdoprisarfaces and 0,12 g (0,5 Hz to 2 000 Hz) for the indoor surfaces.

The US measurements on four different sized forklift trucks were made some time ago, and the
vibration severities are in the form of band pass acceleration levels, presented in terms of
statistical mean, mean plus three standard deviations and measured peak. Unfortunately, when
presented in this way, the vibration measurements are difficult to numerically compare with
other data. In this case a relative comparison can be made with the maximum response
spectra from the medical trolley measurement exercise. This comparison indicates that the
forklift vibrations are of slightly lower in amplitude than the vibrations from the medical trolleys.
The highest amplitudes occur at the suspension frequency in the vertical axis.

Comparing the vibration severities, from the various measurement exercises is more difficult
than was the case for the shocks. Nevertheless, a reasonable degree of underlying consistency
is observed between the measurements. The measurement frequency range of some the
measurement excises is very low. However, mostly they are sufficient to encompass the
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primary suspension modes of the various vehicles which dominant the majority of the vertical
responses.

6 Environmental description

Ideally, an environmental description should quantify all aspects of an environmental condition.
Practically, it is usually sufficient to quantify the aspects that may induce damage and failure to
any equipment that may subject to it. For some environments this is easy to achieve, for others
it is quite difficult. The vibration and shock conditions arising from handling appears, based
upon the data reviewed, to fall somewhere between these two extremes.

Baseq upon the data reviewed, it would appear that the handling mechanical environmehis can
be ddfined in terms of shocks conditions arising from impacts as well as in terms of the
vibratjons arising from movements of the handling equipment. The latter appears [to be
compepsed of either random vibrations with a reasonable Gaussian distribution’ or a mix of
Gaussian vibration and a distribution of embedded transients.

The most severe shocks conditions arising from impacts that were reviewed as part ¢f this
work |were reasonably consistent given that they are largely dependant upon a number of
factors. The peak acceleration levels observed were a little under 40 g, although the
assocjated duration is typically around 1,5 ms. The derived, ‘velocity changes are mostly
encompassed by values of 0,5 m/s to 0,6 m/s. To put these\values in context the velgcities
could [be generated by a drop of no more than 20 mm.

ShocHK response spectra have been derived for the g€xercises were only shock amplitude and
duratipn are supplied. The intrinsic assumption necessary is that the impact occurs befween
surfages which remain sensibly elastic, resulting in a pulse shape which is likely [to be
reasopably represented by a half sine pulse. Ifdhat is the case then a shock response spectra
definifion for the impacts can be estimated. Such a definition is found to essentially encompass
the SRS information from measured data..This deduced shock response spectra describing the
envirgnmental severity for handling shoek’is compared with existing test severities in th¢ next
clausg.

The vyibrations arising from .movements of the handling equipment is more difficult to
quant|tatively define as a consequence of the many variables that affect it. Not only do
condi}ons such as surface and vehicle speed have an influence on the environment, |these

effectp are synergistic. In-this particular case the extent to which they are related is confrolled
almosgt entirely by the-actions of a third influence — the vehicle driver.

The most predominant feature of the vibration environment is the low frequency responsegs that
occur| at vehicle suspension modes. These responses frequently generate the hjghest
acceI{ration spectral amplitudes as well as the highest velocities and displacements. As would

be eqpected from a mode arising from vehicle suspension, the response amplitudgs are
affectpd. by considerations such as vehicle speed and road surface. By design, vghicle
suspension systems are intended to limit dynamic magnification (by modestly high levels of
damping) and attenuate much of the shock and vibration conditions that are imposed on the
vehicle.

The acceleration responses at the apparent suspension frequency are generally the highest
amplitudes generated by the various movements. The greatest acceleration power spectral
density amplitude at this mode is around 0,04 g2/Hz. For the vehicles likely to have suspension
systems response amplitudes, at frequencies other than the suspension frequency, are
generally less than 0,005 g2/Hz. The effect of the suspension system is to gradually attenuate
excitations at frequencies above that of the suspension system. The overall r.m.s. values from
the various measurements relate to widely different frequency ranges and should be treated
with some care. Nevertheless, the values mostly encompass the suspension frequency and at
low frequencies are essentially encompassed by a value of 0,5g (0 Hz to 50 Hz). Over a
broader frequency range this rises to around 1g (0 Hz to 500 Hz). For vehicles without
suspension, the highest amplitudes occur over a broader frequency range, with significant
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amplitude beyond 100 Hz. The measurements available indicate peak responses encompassed
by a value of 0,01 g2/Hz and an overall r.m.s. of 0,9 g (0 Hz to 2 000 Hz). These deduced
environmental vibration severity for handling movements are compared with existing test
severities in the next clause.

7 Comparison with IEC 60721

No environmental requirements are specified in the IEC 60721 series which specifically and
uniquely relate to handling conditions. Rather, the shock and vibrations conditions arising from
handling are assumed to be encompassed by those from general transportation. This is also
intrinsically the case for the test severities in the IEC 60068 series [11]

The thhree “transport” categories set out in IEC 60721-3-2 are designated 2M1, 2M2\and 2M3.
Only brief explanation is given as to the conditions these represent, but.seem [to be
essentially:

— 2MI1 - mechanical loading as well as transportation in aircraft, lorries.and air-cushioned
trycks and trailers

— 2M2 — transportation in all kinds of lorries and trailers in areas‘with well-developed road
syptems;

— 2N13 - other kinds of transportation, also in areas without well-developed road systems

The relevant environmental severities of Table 5 of JE€C60721-3-2:1997 are intended to
encompass all forms of transport but are mostly related-to.road transport. Comparison of|those
severities with transportation by fixed wing jet aircraft, rail vehicles and road vehicles is
addrepsed in IEC TR 62131-2, IEC TR 62131-3 and)EC TR 6213-4 respectively. As the quoted
value$ are environmental severities, no durations’or number of applications are specified. The
three felevant categories in Table 5 of IEC 60721-3-2:1997 include

e category a) — stationary vibration sinusagidal,
e category b) — stationary vibration random (illustrated in Figure 38),

e caftegory c) — non-stationary vibration including shock (illustrated in Figure 40).

Some| years ago it was identified that the amplitudes of the IEC 60721-3 series differed from
those| of the IEC 60068-2 .series. As a consequence of these differences a reconciliation
exercise was undertaken\ between the two documents. The recommendations from that
recongiliation exercise are set out in IEC 60721-4-2. For the stationary random vibration
condifion, IEC 60721-4-2 recommends the IEC 60068-2 amplitudes which are illustrated in
Figure 39. With regard to shocks, the nearest identified severity was that of IEC 60068;2-27,
Ea shpck (illustfated in Figure 42) but the recommended severity was that of IEC 60068-2-293,
Eb Bpmp (illustrated in Figure 41). Since the recommendations of IEC 60721-4-2| were
published,~TEC 60068-2-29, Eb Bump has been merged with IEC 60068-2-27, Ea ghock.
-2-29,
nction
was also made in I[EC TR 62131-2, IEC TR 62131-3 and IEC TR 6213-4). When applicable the
duration of vibration testing and number of shock applications are quoted in the figures.

The shock response spectra severities from IEC 60721-3-2 and IEC 60721-4-2 (half sine shock
pulse) are compared with the corresponding handling shocks in Figures 43 to 49. These
overlaid comparisons include all the available shock information available from; the Hoppe and
Gerock measurements (Figure 43), the unsuspended trolley measurements (Figure 44), the US
forklift truck measurements (Figure 45) and the four different handling methods encompassed
by the Swedish port measurements (Figures 46 to 49).

The majority of the actual shocks identified in this study are of much shorter duration than
those of the shock environments and tests set out in IEC 60721-3-2 and IEC 60721-4-2. As a

3 IEC 60068-2-29:1987 has been withdrawn and is now merged into IEC 60068-2-27:2008.
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consequence, the equivalent velocities and drop heights of the IEC 60721 severities are much
greater than the shocks identified in this study. Figures 43 to 49 indicate that the amplitudes of
2M2 can be considered to encompass the severities of ISO container handling, forklift trucks
handling (on good and poor surfaces), air transport handling and handling at walking speeds
using unsuspended trolleys in warehouses.

The acceleration power spectral densities from IEC 60721-3-2 are compared with the
corresponding handling shocks in Figures 50 to 55.These overlaid comparisons include all the
available vibration information from; the Swedish air transportation pallet handling
measurements (Figure 50), the unsuspended trolley measurements (Figure 51) and the four
different handling methods encompassed by the Swedish port measurements (Figures 52 to
55).

The handling vibration severities identified in this study are generally of lower amplitude than
those|of the stationary random vibration environments and tests set out in IEC _60721-342 and
IEC 6p721-4-2 (shown in Figures 50 to 55). The amplitudes of 2M2 can be,considefed to
encompass the severities of ISO container handling, forklift trucks handling{en good and poor
surfages), air transport handling and handling at walking speeds using unsuspended vehigles in
warehouses.

8 Recommendations

Good|data have been identified from several sources, encompassing a range of real|world
handling conditions for general electro-technical equipment. The data sources reviewed
encompass several measurement exercises related;\to the handling of ISO containgrs of
differ¢gnt sizes, loading and at different locations. The‘data sources reviewed also includ¢s the
handling of air transportation pallets at twocJlocations. Additionally considered arg the
mechanical environments from the forklift handling of items, both on good and poor surfaces.
This lptter data sources encompasses a rangé of forklift truck sizes ranging from small e|ectric
forklifis to large petrol vehicles. Lastly data\from the induced mechanical environments gue to
the mpovement of medical trolleys was reviewed. Although the information from these mgdical
devicTs relate to movement at walking pace on reasonable good surfaces, they represent
condifions occurring when small wheeled vehicles are used, which have no suspension system
delibgrately incorporated.

For the most part, the data from the various sources not only indicates a reasonable degree of
self cpnsistency but also.a fairly good degree of consistency across the various sources.|None
of the|data sources aré so obviously significantly different from the remainder to the extent that
the vglidity of this asséssment exercise is called into question. It is clear from the information
reviewed that thelhandling dynamic environment is sensitive to a number of varipbles.
Howeyer, some‘broad trends are consistent for the majority of modes of handling addressied.

The shock conditions observed from all the methods of handling are reasonably cons|stent.
The shock pulses are of relatively short duration, which gives some concerns, with many [of the
measurements—exercises, as the datacapture sampte ratesare—atmadequate—to—define the
shock with rigorous accuracy. The amplitude range of some measurement exercises has also
proven inadequate.

The handling shock amplitudes observed fall within the range of potential options specified in
IEC 60721-3-2, IEC 60721-4-2 and |IEC 60068-2-27. Moreover all the shocks identified by this
report fall within those specified for transportation definition 2M2. However, the actual pulse
durations are generally lower. In consequence the observed handling velocity change and
equivalent drop heights are mostly lower than implied by the existing tests.

The handling vibration severities identified in this study generally exhibit a similar degree of
variability as identified previously for wheeled vehicle transportation. Specifically, vibration
severity is associated with traversed surface and vehicle speed, the latter dependent upon the
vehicle driver. The transport vehicle suspension frequency is usually the most significant
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response amplitude. The suspension frequency usually occurs at low frequency and in a similar
frequency band as identified for wheeled transport vehicles.

The handling random vibration amplitudes observed fall within the range of potential options
specified in IEC 60721-3-2, IEC 60721-4-2, and IEC 60068-2-64. The amplitudes of 2M2 can
be considered to encompass the severities of ISO container movement, forklift trucks handling
(on good and poor surfaces), air transport handling and handling at walking speeds using
unsuspended vehicles in warehouses.

Table 1 — Maximum vibration accelerations and displacements
occurring during handling of ISO containers at container terminal [1]

Measurements made in frequency range 1 Hz to 1 250)Hz
Empty Loaded
Mdgvement Axis
Maximum Maximum Maximum Maxim:[nm
Acceleration Displacement Acceleration Displacefnent
g mm g mm
Vertical 0,5 20 0,2 5
6 m (20 foot) Transverse 0,2 1 0,2 3
contalner
Axial 0,15 1 0,15 4
Vertical 0,2 3 0,2 3
12 m (40 foot) Transverse 0,2 2 0,2 2
contalner
Axial 0,2 3 0,2 3
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Table 2 — Largest shocks occurring during handling
of ISO containers by straddle carrier [1]

Measurements made in frequency range 1 Hz to 1 250 Hz
Movement Axis Empty Loaded
Amplitude Duration Amplitude Duration
g ms g ms
6 m (20 foot) container
Vertical 38 2 32 1,6
Pick-up from Transverse 21 2 23 1,6
floor
Axial 7 12 13 1
Vertical 24 4 9 2,5
Set dpwn on to Transverse 9 2 18 1
floor
Axial 6 4 14 1
Vertical 15 2 3 1,5
Set down on to
anothpr Transverse 8 1 3 1
contalner
Axial 3 1 1,5 1
12 m (40 foot) container
Vertical 24 2 9 2
Pick-gp from Transverse 12 1 6 4
floor
Axial 6 2 6 1
Vertical 24 1,5 24 4
Set down on to Transverse 9 1 21 1
floor
Axial 6 1 12 1,5
Vertical 15 4 3 1,5
Set dpwn on to
anothpr Transverse 9 1 3 1
contalner -
Axial 2 1 1 1
Table 3 — Largest shocks occurring during transfer of ISO containers on to rail carp [1]
Measurements made in frequency range 1 Hz to 1 250 Hz
Mavement Axis 6 m (20 foot) container 12 m (40 foot) containe
Amplitude Duration Amplitude Duratign
9 ms g ms
Vertical 30 1,5 15 3
Pick-ypfrom s ap 4 10 4
floor Fransverse 24 1 12 1
Axial 14 1 9 1
Vertical 26 1,6 15 3
Set down on to Transverse 14 1 6 2
floor
Axial 18 1 12 1
Vertical 28 1,5 33 2,5
ge?rt down on rail Transverse 25 1 25 2
Axial 12 1 18 1,5
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Table 4 — Largest shocks occurring during transfer
of ISO containers on to ships [1]

Measurements made in frequency range
1 Hz to 1 250 Hz
Movement Axis 6 m (20 foot) Container
Amplitude Amplitude
g ms
Vertical 18 1,5
Pick-up from floor Transverse 15 1
Axial [} 1,9
Vertical 30 1,5
Set dpwn on to floor Transverse 15 1
Axial 10 1,5
Vertical 36 1,5
Loadipg on to ship Transverse 10 2,5
Axial 12 2
Table 5 — Largest shocks occurring during transfer
of ISO containers on to US rail cars [2]
Acceleration amplitude (g)
(sample rate 256 sps; low pass filter 30 H2)
Movement Axis Trailer and 12 m (40 foot) container
Maximum Minimum Maximgm
r.m.s
Vertical 2,8 -3,7 0,20
OverHead crane Transverse 0,9 -0,9 0,06
Axial 0,8 -0,5 0,05
Vertical 1,1 -0,9 0,11
Side lpader Transverse 1,8 -1,6 0,12
Axial 0,5 -0,3 0,05
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Figure 2 — Vibrations loading and unloading of container

on to US rail car using side loader [2]
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Table 6 — Summary of vibration r.m.s.
during port movements of ISO containers [3]

Acceleration root mean square (g)

12 m (40 foot) containers/low pass filter 370 Hz

Transducer group 1

Transducer group 2

Axial Transverse Vertical Axial Transverse Vertical
Movement by container transport tug
Run 1 0,35 0,69 2,25 0,29 0,63 1,30
Rym2 0,30 045 214 0525 048 38
Rdin 3 0,59 0,85 3,34 0,44 0,80 1;98
Rdin 4 0,66 0,91 3,40 0,45 0,85 2,04
Container crane pick-up and set down
Rdin 1 0,15 0,19 0,59 0,14 0,25 0,4p
Riin 2 0,25 0,30 1,03 0,23 0,35 0,78
Rdin 3 0,51 0,64 1,79 0,48 0,70 1,5¢
Mobile container handling crane pickup and set down
Rdin 1 0,12 0,14 0,34 0,12 0,18 0,3¢
Riin 2 0,53 0,72 1,88 0,46 0,76 1,511
Rdin 3 0,92 1,21 2,58 0,62 1,05 1,8b
Rdin 4 0,20 0,24 0,82 0,18 0,24 0,58
Rdin 5 0,18 0,25 0,62 0,18 0,23 0,4p
Rdin 6 1,23 1,24 3,86 0,96 1,43 3,6p
Straddle carrier picksup, movement and set down
Rdin 1 0,32 0,52 0,74 0,31 0,47 0,90
Riin 2 0,58 0,90 1,35 0,55 0,78 1,7¢
Rdin 3 0,45 0;51 0,93 0,43 0,46 0,91
Rdin 4 0,89 1,30 2,38 0,80 1,10 2,54
Table 7 — Summary of peak shock severities
during port movements of ISO containers [3]
Maximum shock acceleration amplitudes (§)
Movement 12 m (40 foot) containers low pass filter 370|Hz
Axial Transverse Vertical
Movement by container transport tug 4.1 5,9 10,3
Dockside container crane pick-up and set down 3,5 5,5 9,4
Mobile container handling crane pickup and set down 6,7 9,1 11,7
Straddle carrier pick-up, movement and set down 8,2 8,1 10,7
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Figure 4 — Vibrations from handling an ISO container at a port — Transverse [3]
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Figure 5 — Vibrations from handling andSO container at a port — Vertical [3]
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Figure 6 — Amplitude probability density from handling
an ISO container at a port — Vertical [3]
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Figure 7 — Amplitude probability.density from handling
an ISO container at a port — Transverse [3]
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Figure 8 — Amplitude probability density from handling
an ISO container at a port — Axial [3]
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Figure 10 — Shocks from handling an ISO container at a port — Transverse [3]
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Figure 11 — Shocks from handling an/ISO container at a port — Vertical [3]

Table 8 — Summary of shock levels‘from air cargo pallet ground operations [4]

(sample rate 100 sps/low pass filter 31,5 Hz)

Peak acceleration (g)

Aif cargo pallet ground movement
Vertical Vertical Transverse Axigl
centre corner centre centie
Arlandla terminal to aircraft 0,94 1,02 0,53 0,34
Arlangla movement at aireraft 0,49 0,51 0,51 0,5
JFK dircraft to terminal 2,4 2,95 1,32 1,84
JFK términal to aircraft 2,54 5,81 >2,08 >2,1p
JFK Ipading enaircraft 1,18 1,04 0,76 0,64



https://iecnorm.com/api/?name=8bd1b962e9ae5928b1cd35e806becb62

-32 - IEC TR 62131-5:2015 © IEC 2015

Table 9 — Summary of peak vibration levels from
air cargo pallet ground operations [4]

Acceleration levels (g)
Exceeded for 1 % of the time of the trial
Air cargo pallet ground movement (sample rate 100 sps/low pass filter 31,5 Hz)

Vertical Vertical Transverse Axial
centre corner centre centre

Arlanda terminal to aircraft 0,18 0,23 0,07 0,07
Arlanda movement at aircraft 0,08 0,10 0,08 0,10

JFK aircraft to terminal 0,48 0.86 0.24 0.2
JFK términal to aircraft 0,51 1,04 0,28 0124
JFK Igpading on aircraft 0,26 0,27 0,11 0,13

11— Air Pallet Vibration Severities Due to Aircraft Movement - Vertical

| I [ I
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F[igure 12 — Air pallet vibration severities due to aircraft movement — Vertical [4]
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Figure 13 — Air pallet vibration severities due to aircraft
movements — Axial/transverse [4]

Bandpass Envelope of All Movements for All Four Fork Lift Trucks - Vertical Axis
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Figure 14 — Bandpass vibration amplitudes from four forklift trucks — Vertical [5]
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100 1 Bandpass Envelope of All Movements for All Four Fork Lift Trucks - Lateral Axis
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Figure 15 — Bandpass vibration amplitudes from four forklift trucks — Lateral [5]
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Figure 16 — Bandpass vibration amplitudes from four forklift trucks — Axial [5]
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Figure 17 — Shock response spectra from 1 000 Kg forklift truck [5]
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Figure 18 — Shock response spectra from 1 500 Kg forklift truck [5]
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Figure 19 — Shock Response Spectra from 2 000 Kg Forklift Truck [5]
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Figure 20 — Shock response spectra from 3 500 Kg forklift truck [5]
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Figure 21 - Vibration at wheelscofysmall trolley — Vertical [6]
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Figure 22 — Vibration at wheels of small trolley — Lateral [6]
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Figure 23 - Vibration at wheels of small trolley — Axial [6]
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Figure 24 — Vibration at wheels of medium trolley — Vertical [6]
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Figure 25 — Vibration at wheels of medium trolley — Lateral [6]
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Figure 26 — Vibration at wheels of medium trolley — Axial [6]
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Figure 27 — Vibration at wheels oflarge trolley — Vertical [6]
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Figure 28 — Vibration at wheels of large trolley — Lateral [6]
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Figure 29 — Vibration at wheels of large trolley — Axial [6]
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Table 10 — Summary of overall vibration severities [6]

Vibration Acceleration Root Mean
Square (g) over frequency range
0,5 Hz to 2000 Hz
Small Trolle

Vertical Lateral Axial
Medium Rough Asphalt 0,53 0,39 0,37
Rough Asphalt 0,77 0,61 0,57
Concrete Composite Stone 0.85 0.68 0.66
Granite Tiles (70 mm x 70 mm) 0,12 0,08 0,08
PVC Tiles (60 mm x 60 mm) 0,11 0,07 0,07

Medium Trolley

Vertical Lateral Fare/Aft
Medium Rough Asphalt 0,49 0,22 0,33
Rough Asphalt 0,47 0,24 0,33
Concrete Composite Stone 0,92 0,39 0,55
Granite Tiles (70 mm x 70 mm) 0,08 0,05 0,11
PVC Tiles (60 mm x 60 mm) 0,11 0,05 0,11

Large Trolley

Vertical Lateral Fore/Aft
Medium Rough Asphalt 0,72 0,35 0,29
Rough Asphalt 0,38 0,22 0,21
Concrete Composite Stone 0,83 0,46 0,41
Granite Tiles (70 mm x 70 mm) 0,08 0,06 0,07
PVC Tiles (60 mm x 60 mm) 0,07 0,04 0,05
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Figure 30 — Amplitude distribution at wheels of small trolley — Vertical [6]
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Figure 31 — Amplitude distribution at wheels of small trolley — Lateral [6]
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Figure 32 — Amplitude distribution at wheels of small trolley — Axial [6]
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Figure 33 — Shock response spectra at wheels of small trolley — Vertical [6]
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Figure 34 — Shock response spectra at wheels of small trolley — Lateral [6]
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Figure 35 — Shock response spectra at wheels of small trolley — Axial [6]
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Figure 36 — Comparison of acceleration and derived velocity for largest impacts [1]
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Figure 37 — Comparison of acceleration and derived drop height for largest impacts [1]
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