BRITISH STANDARD BS EN
15433-2:2007

Transportation loads —
Measurement and
evaluation of dynamic
mechanical loads —

Part 2: Data acquisition and general
requirements for measuring equipment

ICS 43.160; 55.180.01

—
NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW b

e —————— British Standards

Full document details: BS EN 15433-2:2007


http://www.avadocuments.com/doc/bs-en-15433-2-2007
http://www.avadocuments.com/doc/bs-en-15433-2-2007

BS EN 15433-2:2007

National foreword

This British Standard is the UK implementation of EN 15433-2:2007.

The UK participation in its preparation was entrusted to Technical Committee
PKW/0, Packaging.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was Amendments/corrigenda issued since publication
published under the authority
of the Standards Policy and

Strategy Committee Date Comments

on 31 January 2008

© BSI 2008

ISBN 978 0 580 56270 9 Pocuments

Document Sharing Hub

Full document details: BS EN 15433-2:2007


http://www.avadocuments.com/doc/bs-en-15433-2-2007
http://www.avadocuments.com/doc/bs-en-15433-2-2007

EUROPEAN STANDARD EN 15433-2
NORME EUROPEENNE

EU ROPAISCHE NORM December 2007

ICS 43.160; 01.040.43

English Version

Transportation loads - Measurement and evaluation of dynamic
mechanical loads - Part 2: Data acquisition and general
requirements for measuring equipment

Charges de transport - Mesurage et analyse des charges Transportbelastungen - Messen und Auswerten von
mécaniques dynamiques - Partie 2 : Acquisition des mechanisch-dynamischen Belastungen - Teil 2:
données et exigences générales pour I'équipement de Datenerfassung und allgemeine Anforderungen an

mesure Messeinrichtungen

This European Standard was approved by CEN on 28 October 2007.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the CEN Management Centre or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the CEN Management Centre has the same status as the
official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2007 CEN Al rights of exploitation in any form and by any means reserved Ref. No. EN 15433-2:2007: E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 15433-2:2007


http://dx.doi.org/10.3403/30143780U
http://www.avadocuments.com/doc/bs-en-15433-2-2007
http://www.avadocuments.com/doc/bs-en-15433-2-2007

EN 15433-2:2007 (E)

Contents Page
L0 T o o 3
L)oo 1¥ T o o 4
1 T o - 5
2 NOrmMative refere@nCes ... ————— 5
3 Terms and defiNitioNS.......oociii e —————————————— 5
4 Measurement of dynamic mechanical transportation loads ...........cooccceiimiiinicccccsi s 5
Annex A (normative) Road transport (blank measuring report ).......ccccccnriemmminnnmr e —— 9
Annex B (normative) In-plant transportation (measurement on the transportation means)

— blank Measuring rePOIt .........oooiiiiiiiiiiiiieiereresrrrre s rrrrrr s rrrrrrnsnsssnsnsnsnsnsnsmsmsmsmsnsennnnnnnnns 20
Annex C (normative) Storage, handling and in-plant transportation — blank measuring

PO .eeeeeieieieeeeenenennnensnrnnnrnrnsnsnsnsssnssssssssssssssssssssssssmsmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnnnnnnnnnns 29
Annex D (normative) Rail transportation (blank measuring report).......ccccccvveccccccemrrerens s sesnns 40
Annex E (normative) Sea transportation (blank measuring report).......cccccoveecccccsemrreeenn s sssssseeeseee s sssenns 51
Annex F (normative) Combined transportation.........ccccccviccccesememreniniscscssssese e s ssere s s s ssssne e e s ssssnnnn 58
BibliOgrapRiy ..ot 60

Documents

2 Document Sharing Hub

Full document details: BS EN 15433-2:2007


http://www.avadocuments.com/doc/bs-en-15433-2-2007
http://www.avadocuments.com/doc/bs-en-15433-2-2007

EN 15433-2:2007 (E)

Foreword

This document (EN 15433-2:2007) has been prepared by Technical Committee CEN/TC 261
“Packaging”, the secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by June 2008, and conflicting national standards shall
be withdrawn at the latest by June 2008.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland and the United Kingdom.
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Introduction

This standard was originally prepared by working group NAVp-1.4, Requirements and Testing, of the
German Standardization Institute (DIN). It is part of a complete normative concept to acquire and
describe the loads acting on goods and influencing them during transport, handling and storage.

This standard becomes significant when related to the realisation of the European Directive on
Packaging and Packaging Waste (Directive 94/62 EC, 20 December 1994). This directive specifies
requirements on the avoidance or reduction of packaging waste, and requires that the amount of
packaging material is adjusted to the expected transportation load, in order to protect the
transportation item adequately. However, this presumes some knowledge of the transportation loads
occurring during shipment.

At present, basic standards, based on scientifically confirmed values, which can adequately describe
and characterize the magnitudes of transportation loads, especially in the domain of dynamic
mechanical loads do not exist nationally or internationally. Reasons for this are mainly the absence of
published data, insufficient description of the measurements or restrictions on the dissemination of
this information.

This standard will enable the measurement and evaluation of dynamic mechanical transportation
loads, thus enabling the achievement of standardized and adequately documented load values.

This series of standards consists of the following parts:

— Part 1: General requirements

— Part 2: Data acquisition and general requirements for measuring equipment
— Part 3: Data validity check and data editing for evaluation

— Part 4: Data evaluation

— Part 5: Derivation of test specifications

— Part 6: Automatic recording systems for measuring randomly occurring shock during monitoring
of transports.
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1 Scope

This standard specifies requirements for the preparation, performance and documentation of
transportation measurements.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

N _15433-3, Transportation loads — Measurement and evaluation of dynamic-mechanical loads —
Part 3: Data validity check and data editing for evaluation

N 15433-4, Transportation loads — Measurement and evaluation of dynamic-mechanical loads —
Part 4: Data evaluation

SO 8002, Mechanical vibrations — Land vehicles — Method for reporting measured data

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

31
data acquisition
acquisition of raw data by measuring the load-time function with the aid of a measuring device

3.2

measuring equipment

measuring chain consisting of at least a sensor, signal conditioner, data recorder and data-storing
device

3.3

source data

time function of a viewed stress amplitude, e.g. acceleration, acquired with a measuring device, but
without analysing same, e.g. by frequency analysis

3.4

measuring report
documentation covering the particularities gained during the acquisition of raw data

4 Measurement of dynamic mechanical transportation loads

4.1 General

Measurements shall be performed independently of the transported item and performed at the site
where the load is inserted into the cargo, i.e. as a rule on the cargo platform of the various
transportation vehicles.

NOTE Exceptions are measurements during storage, handling, and in-plant transportation (see Annex C).

4.2 Fundamental requirements

Dynamic mechanical loads shall whenever possible be acquired and recorded in an unbiased form as
source data, i.e. without immediate processing, such as frequency analysis. An_immediate
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processing during the measurement is only permissible when the source data is stored together with
the measurement in a separate storage device in such a manner that it is left accessible for further
examinations, and if necessary for different processing procedures.

NOTE 1 Due to various reasons, experience shows that the acquisition and data analysis of dynamic data can
easily be subject to error. As a rule, errors in the analysis can be corrected by reanalysis, whereas errors
occurring during data acquisition often demand a costly repetition of the measurements. Separate storage of the
raw data ensures that analysis errors or any other analysis procedures do not necessarily require new test drives.

The selection of measuring systems and their specific parameters, e.g. frequency range, shall be
done in such a way that the acquired raw data can be analysed universally and reused at any other
time. A deliberate limitation of the measurement to a smaller measuring range than one that is
possible with a justifiable technical effort can lead to faulty analysis and conclusions, and therefore
shall be avoided.

The measuring system shall comply with the technical state of the art, the relevant specifications and
technical rules, e.g. relating to calibration, and shall correspond with the aims of the measuring task.

The engineering personnel performing the measurements shall have the necessary knowledge to
perform the measurements appropriately and plan and perform the measuring task carefully.

All significant circumstances and technical parameters of the measurement are to be recorded in a
measuring report (see 4.4). Deviations from this measuring report shall be justified.

NOTE 2 Occasionally, after measurements have been performed, it is necessary to retrace the conditions that
occurred during the data acquisition. Only a complete description of the measuring process, as required by the
measuring report, enables the inspection and interpretation of the measurement. Otherwise, the measured data
can become invalid. Also, apparently unimportant information, (e.g. a detailed description of the vehicle type)
used for the measurement can be of great importance for later interpretation of the measured data values.

4.3 Preparation of the measurement

During the planning stage of the measurement, various aspects shall be considered, in particular the:
— intended utilisation of the data;

— selection of the sensors and their number;

— frequency and amplitude range of the measuring chain;

— number of measuring points, their spatial distribution and their axes of measurement;

— definition of the extent of this measurement, including the selection of the transportation routes
and the required test time;

— consideration and estimation of possible error sources.

NOTE In order to reduce expensive and time-consuming test drives to a minimum, careful planning of the
measurements is necessary. Here one especially has to take into account the ratio between cost and profit, and
to compare the total costs of a measuring program with the possible costs that an insufficient data acquisition can
cause.

Data validation and editing, as well as analysis of the measured data, shall be performed according to
EN 15433-3 and EN 15433-4, and the presentation of the analysed data shall comply with ]SO 8002.

4.4 Measurement

The measuring report for each transportation category is defined in a corresponding annex, as
follows:

Documents
6 Document Sharing Hub

Full document details: BS EN 15433-2:2007


http://dx.doi.org/10.3403/30143788U
http://dx.doi.org/10.3403/30143760U
http://dx.doi.org/10.3403/00161707U
http://www.avadocuments.com/doc/bs-en-15433-2-2007
http://www.avadocuments.com/doc/bs-en-15433-2-2007

EN 15433-2:2007 (E)

— road transportation (Annex A);

— in-plant transportation; measurements on the transportation means (Annex B);

— storage, handling and in-plant transportation; measurements in/on the packed item (Annex C);
— rail transportation (Annex D);

— sea transportation (Annex E);

— combined transportation (Annex F).
4.5 Measuring report

4.51 General

The measuring report shall be set up in the form of a questionnaire in order to achieve uninterrupted,
uniform and comparable data.

The required statements are explained in 4.5.2t0 4.5.7.

4.5.2 Scope of measuring report

The measuring report shall describe the means of transportation for which the data is being required
(seee.g. A1).

4.5.3 General information

The name and address of the institution performing the measurements shall be mentioned, as well as
the name of the responsible test manager and any further persons attending the measurements. A
summary of the test route, as well as the possible duration of the measurement, shall also be given
(see e.g. A2).

NOTE The designation of persons present during the test can be helpful for subsequent procedures.

4.5.4 Data transportation means

The data transportation means section shall contain a technical description of the transportation
means and its actual condition. These data contain information concerning the goods being
transported, load factor, location of load gravity centre and method of restraint (see e.g. A.3).

NOTE Experience shows that analyses can become useless due to missing information on transportation
means. This can lead to a repetition of the test drive, thereby causing considerable additional costs.

4.5.5 Measuring points and measuring chain

A detailed description of the location of the measuring points on the transportation means shall be
given, as well as the measuring chain used (see e.g. A.4).

NOTE When acquiring data on various means of transportation, numerous parameters need to be
considered. Correspondingly, suitable sensors, amplifiers and filters should be selected for the specific
measuring task. A complete listing of technical data of the instruments used is essential to perform a proper
analysis and for subsequent procedures. As a rule, these values can be taken from the instrument data sheets.

4.5.6 Performing the measurement

Information shall be provided concerning the transportation route, dynamic particularities and climatic
conditions during the measurement (see e.g. A.5).
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4.5.7 Data acquisition

Information shall be given concerning the mode of measuring, measuring range, and dynamic range
of the measuring chain. Certain aspects of the data acquisition shall be pointed out to the user, e.g. to
check the gain (saturated signals are invalid), means of transportation, and frequency range to be
analysed, as this defines the required frequency range of the measuring chain (see e.g. A.6).
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Annex A
(normative)

Road transport (blank measuring report)

NOTE The user of this measuring report is permitted to copy this document.

A.1 Scope of measuring report

The information requested in A.2 to A.5 shall be completed prior to or during the measurement.

A.2 General information

A.21  All values in A.3.2 to A5.3 that are marked with (%) are interdependent, and shall therefore
be recorded under that particular route section in Figure A.4.

A.2.2 Name and address of the institution performing the measurements:

A.3 Data on transportation vehicle

A.3.1 Technical description of transportation vehicle

NOTE As a rule, the following information can be gathered from the vehicle registration papers. It is
recommended that photographs of the vehicle are added to the measuring report.

A3.1.1 Vehicle category, e.g. commercial vehicle, general-purpose goods vehicle, goods trailer,
road train, articulated vehicle, etc.:
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A.3.1.6 Year(s) of manufacture:

A.31.7 Suspension, e.g. leaf spring, coil spring, torsion bar, air spring, shock absorbers (yes/no),
stabilizers (yes/no):
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Figure A.1 — Vehicle dimensions (example)
NOTE It is recommended that a photograph of the vehicle is added to the measuring report
A.3.2 Description of actual vehicle condition
A.3.2.1 Kilometre reading (%)
A.3.2.2 Tyre-size, manufacturer and type:
L) 0 1 SRR
L1522 L
A.3.2.3 Tyre pressure:
0] 0| PRSP
L1522 L
A3.24 Date of last vehicle maintenance:
A.3.2.5 Shock absorber condition:
NOTE Oscillatory behaviour is greatly influenced by the vehicle maintenance condition and the shock
absorber condition, as well as by tyre imbalance and wobbile. It is therefore desirable to describe these conditions,
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although in practice it might cause problems to determine these properties. Certain noticeable characteristics
should at least be described.

A.3.2.6 Imbalance and wobble of tyres/wheels (see Note to A.3.2.5):

A.3.2.7 Load factor (as a percentage of the maximum permissible useful load) (%)
A.3.2.8 Load (amount and description) (%)

A.3.2.9 Loading condition, method of restraint, e.g. packed/unpacked, stapled/restrained,
stapled/not restrained, palletized and restrained, palletized but not restrained ()

A.3.2.10 Estimation of load damping properties (large damping, e.g. bulk goods, or small damping)
(*)

A.3.2.11 Additional loads, e.g. measuring personnel, measuring equipment, auxiliary equipment,
declaration of weight of above-mentioned items (%)

A.3.2.12  Centre of gravity of the total load on the cargo platform (centre of gravity to be estimated
and reported) (%)

NOTE A change of the load factor and/or of the centre of gravity should be recorded.

A.4 Measuring points and measuring chain

A.4.1 Mounting of the sensors on the vehicle

Ad411 Location of the sensors and description of orientation of the sensors (see Figure A.2):

NOTE It is advantageous to mount the sensors on the bottom side of the cargo platform, in order to facilitate
loading and unloading,
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Key

1 measuring point 1
2 measuring point 2
3 measuring point 3

Figure A.2 — Location of the measuring points on the vehicle (example)

A.4.1.2 Method of mounting of the accelerometers (e.g. magnet, bonded or screwed) and

auxiliary fixing means (e.g. mounting cubes):

A.4.2 Instrumentation flow chart

Signal
Conditioner

Transducer

Filter

Recording

Voice
Channel

Device

Tachometer/
Generator

Figure A.3 — Instrumentation flow chart (example)

Full document details: BS EN 15433-2:2007
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A.4.3 Measuring range

For road transportation, the analysing bandwidth should be in the range from 0,5 Hz to 1 000 Hz. The
minimum frequency range for the complete measuring chain should therefore be between 0,2 Hz and
2 000 Hz. When sampling digitally, the sampling rate should be at least 5 000 Hz.

When measuring shocks, the frequency range shall be increased according to the expected shock
duration.

A.4.4 Transducer

NOTE The information required in A.4.4 to A.4.10 can usually be extracted from the technical data sheets of
the instruments involved.
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Transducer No.

A.4.4.1 Manufacturer:

A4.4.2 Type:

A.4.4.3 Dimensions (mm)

A4.4.4 Weight (g):

A.4.4.5 Measuring range (xms™):

A.4.4.6 Resonance frequency in mounted

condition (see ISO 2042 and |SO 5348):

A.4.4.7 Sensitivity/cross-axis sensitivity

(pC/ms? and mV/ms™) (see [SO 2041 and
ISO 45661):

A.4.5 Signal conditioner
Channel No.

A.4.51 Manufacturer:
A.4.5.2 Type:
A.4.5.3 Lower/upper frequency limit (Hz):
A.4.54 Measuring range:
‘ A.4.5.5 Sensitivity setting (mV/ms™) (%)

A.4.6 Filter
Channel No.

A.4.61 Manufacturer:

A.4.6.2 Type:

A.4.6.3 Lower/upper frequency limit (Hz):
A.4.6.4 Frequency roll-off rate:

A.4.6.5

A.4.7 Data recording device

EN 15433-2:2007 (E)

Setting: e.g. high pass, low pass, band pass, cut-off frequency (%)

A4.71

A.4.7.2 Manufacturer:

A.4.7.3 Type

A4.7.4

A.4.7.5 Voice channel available (yes/no):

Recording procedure, capacity and recording velocity (%)

Full document details: BS EN 15433-2:2007
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A.4.7.6 Lower/upper frequency limit (Hz):

A.4.7.8 Sensitivity setting (%)

A.4.8 Tachometer/generator

A.4.8.1 Installed inside the vehicle (yes/no):

A.4.8.2 Manufacturer:

A.4.9 Voice channel

A.4.91 Applicable (yes/no):

A.4.9.2 Recording mode:

A.4.10 Power supply of the measuring chain

A.4.10.1 Type (e.g. vehicle battery with converter, separate battery with converter, built-in
accumulator, generator):

A.4.11 Calibration of the measuring chain

A.4.111 Date of last calibration of each individual instrument used in the measuring chain:

A.4.11.2  Calibration of the complete measuring chain after installation in the vehicle:
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A.5 Performing the measurement

A.5.1 Test circuit (transportation route)
A5.1.1 Plan view of the transportation route:

A.5.1.2 Road categories of the route (motorways, long-distance primary roads, other roads
interconnecting roads, town/suburb roads, unpaved roads, cross-country) (%)

A.5.1.3 Total driving distance (km) (%)

A5.1.4 Driving distance per road category (km) (%)

A.5.1.5 Privileged driving speeds during measurements
— motorways: 80 km/h
— primary roads: 60 km/h
— other roads: 40 km/h

The listed speeds for the corresponding road categories shall be observed during measuring drives in
a particular country.

NOTE Measurements at other velocities can also be performed, as long as the traffic rules are observed.
For measurements performed in any given country, the possible speeds of that particular country should be taken
into consideration.

A.5.1.6 Average speed per road section (rated/actual value) (%)
A.51.7 Measuring duration per driving speed and road category (%)
A.5.1.8 Road surface per road category, e.g. concrete, asphalt, cobblestones, gravel (%)

A51.9 Road condition, e.g. pot-holes, train-crossing, road surface joints, frost heaves, winding
roads, dry/wet/ice-covered roads (%)

A.5.1.10 Particularities per road section, e.g. declaration of angle of climb/descent in degrees or as
a percentage (%)

A.5.2 Climatic conditions during test drives
A.5.21 Air temperature (OC) (%)
A.5.2.2 Air humidity (%relative humidity) ()

A.5.2.3 Climatic particularities, e.g. wind gusts, precipitation ()

A.5.3 Characteristic dynamic driving features, e.g. evasive manoeuvres, emergency
braking ()

A.6 Data acquisition

Check the level control of the measuring chain at the beginning of the measurement and at any
significant change of road category. Repeat measurements when the level control is doubtful.
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If low frequencies are to be analysed, the measuring durations shall be increased, in order to achieve
steady-state conditions.

NOTE Measurements can be performed continuously or intermittently for each road section. The
intermittent measuring mode can influence the stability of the signal.
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