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Foreword

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

This document takes the form of a guide and describes how to deal with the uncertainty of vibration
quantities associated with human exposure to vibrations.

The uncertainty arises from various sources. These uncertainties need to be distinguished from errors,
such as when using measuring instruments or selecting the measurement strategy, which may falsify
the measurand. Errors are not considered in this guide.

Calculations of measurement uncertainty are meaningful and valid only if all significant mistakes have
be¢n identified.

Thiis document is intended to be used as a reference document for other standards) Examples of
the application of the individual methods in practical situations are provided in the‘annexes. These
examples are related to hand-arm vibration but the principles also apply for whole-body vibration.
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Mechanical vibration — Uncertainty of the measurement
and evaluation of human exposure to vibration

an

In
qu

In
fau

2

culated following a relevant measurement model on the basis of directly meastred
hluate

human exposure to hand-transmitted vibration at the workplace,

vibration emission of hand-held and hand-guided machinery in a laboratory setting,
human exposure to whole-body vibration at the workplace, and

whole-body vibration emission of vehicles.

hmples of the application of the individual methods in practical situations are provid
hexes.

Fhis document a measurement error is defined as the difference between a measured and 3
hntity value.

this document “uncertainty” does not include‘errors that result from bad measurement
Ity use of measurement equipment or other@nistakes.
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Th£ following document is referred-té in the text in such a way that some or all of it’s content c

/IEC Guide 99, Internqtional vocabulary of metrology — Basic and general concepts and
ms (VIM)
Terms and-definitions

" the purposes of this document, the terms and definitions given in ISO/IEC Guide 9
owjingapply.

rences, the latest editionof'the referenced document (including any amendments) applieg.

valuation
isurands),
values, to

ed in the
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and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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31

input quantity in a measurement model
input quantity

X

quantity that must be measured, or a quantity, the value of which can be otherwise obtained, in order
to calculate a measured quantity value of a measurand

EXAMPLE When evaluating the daily vibration exposure, vibration magnitude and exposure time are input
quantities of a measurement model.

Note 1 to entry: An input quantity in a measurement model is often an output guantity of a measuring system

Note 2 to pntry: Indications, corrections and influence quantities can be input quantities in a measurement
model.

Note 3 to eptry: An estimated value for X is x.
[SOURCE:|ISO/IEC Guide 99:2007, 2.50, modified — example adapted and Note 3 addéd]

3.2
output qyantity in a measurement model
output qupntity

Y
quantity, the measured value of which is calculated using the values of iiput quantities in a measurement
model

Y=f(X{, X5, (1)

Note 1 to eptry: An estimated value for Yis y.
[SOURCE:|ISO/IEC Guide 99:2007, 2.51, modified — Eefmula and Note 1 added]

3.3
arithmetjc mean value
X
best estimated value for the expected valtue of the individual measured values when N independent
observatipns x; 1, X; 5,..., X; y are available for the input quantity (3.1), X;:

_ ] N
X, =71 ) X (2)
N kz; *
Note 1 to eptry: The arithmetic mean value of the output quantity for N independent observations is
_ 1| &
Y= (3)
NS
3.4
variance

2
s
measure for the scattering of the measured values when N individual measured values are available for
the variable X;:

SN T §

S = m k:l (xi,k _;i)z (4)

Note 1 to entry: This Formula produces an estimated value for the variance of the measured values.

Note 2 to entry: An estimated value for the variance of the mean value is
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(5)

Note 3 to entry: The variance of the mean value is always smaller than the variance of the measured values.

3.5
standard deviation

N

positive square root of the variance (3.4)

No

Th
(m
vib

No

Th
1S U
3.6
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pa
thg

No
grd

3.7

unjcertainty

pa
va

No

Fe 1 to entry: The standard deviation of the individual measured values is therefore

N J—
Si =\/ﬁ2(xi,k —X; )2 S

k=1

e standard deviation of the measured values is a measure for the scattering of the measured values
pasurement series) around their (arithmetic) mean value. It is also referred to ass,, ;'in standards to
ration emission values of machines (see Annex A).

fe 2 to entry: The standard deviation of the mean value is

— 1 < —2
s(x;)= mZ(Xi,k -x;)

k=1

e standard deviation of the mean value is a measure for thé\accuracy of repeated measurements. H
sed when Type A evaluation is applied (see A.2).

nsitivity coefficient

rtial derivative of the output quantity (3.2) according to X; at the location of the estimateq
input quantities (3.1):

=
x|

Xy

Le 1 to entry: If the output'quantity has a linear relation to the input quantity, ¢; is a constant that c3
ater or lesser value. The X; relation can also be selected in the model so that ¢; = 1.

Fameter asSigned to the result of a measurement or calculation which identifies the scatte
ues thatiean sensibly be assigned to the measured or calculated variable

fe 1to'entry: The uncertainty does not necessarily have to be a standard deviation.

(6)

nasample
determine

(7)

ormula (7)

values of

(8)

n have any

ring of the

3.8

standard uncertainty

u

uncertainty (3.7) of the result of a measurement or calculation expressed as a standard deviation (3.5)

Note 1 to entry: The standard uncertainty u(x) of a variable x has the same unit as x. The relative standard
uncertainty u(x)/(x) is dimensionless.
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3.9

combined standard uncertainty

uC

standard uncertainty (3.7) of a result y that is obtained from L values of other variables, X;

Note 1 to entry: The combined standard uncertainty is equal to the positive square root of a sum of terms,
whereby the terms are variances or co-variances of these other variables X;, weighted according to the sensitivity
coefficients c;.

For a mathematical model of the measurand Y = f (X;) with uncorrelated input quantities X;, the following applies
in the first approximation:

L
ue (y) :,/Zc,-zuztx,-) (9)
i=1

The standqrd uncertainties u(x;) can be determined according to two types of evaluation (Type A and Typg B
evaluation| see ISO/IEC Guide 98-3).

3.10
coveragelfactor
k
factor by|which the combined standard uncertainty (3.9), u., is multiplied to obtain the expanded
uncertainty U

3.11
coveragelinterval
interval cpntaining the set of true quantity values of a measurand with a stated probability, based|on
the informpation available

Note 1 to ¢ntry: A coverage interval does not need to be gentred on the chosen measured quantity value (see
[SO/IEC Guide 98-3:2008/Suppl.1).

Note 2 to pntry: A coverage interval should not be termed “confidence interval” to avoid confusion with the
statistical foncept (see ISO/IEC Guide 98-3:2008, 6.2.2).

Note 3 to| entry: A coverage interval can be derived from an expanded measurement uncertainty (kee
[SO/IEC Gdide 98-3:2008, 2.3.5).

[SOURCE:[ISO/IEC Guide 99:2007,2,36]

3.12
coverage|probability
probabilitly that the set-0f true quantity values of a measurand is contained within a specified covergge
interval

Note 1 to eptry: This.definition pertains to the uncertainty approach as presented in the GUM.

Note 2 to eptry:*The coverage probability is also termed “level of confidence” in the GUM.

[SOURCE: ISO/IEC Guide 99:2007, 2.37]

3.13

expanded uncertainty

U

product of the coverage factor (3.10), k and the combined standard uncertainty (3.9), u., which describes
the range y + U around the result y, which can be expected to comprise a majority of the distribution of
those values that can be reasonably attributed to the result:

U=ku, (10)

4 © IS0 2022 - All rights reserved
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Note 1 to entry: In EN 12096, the expanded uncertainty is indicated by the letter K. It is used in the determination
of the measured vibration value a and also indicates the dispersion in the production of batches of machines. The
value K, however, does not include all uncertainty components.

3.14
test subject
person exposed to the vibration that is determined by a measuring body

Note 1 to entry: The test subject is also referred to as the operator, operating personnel or exposed person.

3.15

mdasuring personnel IIn
persons responsible for performing the measurements, in particular managing the “neasuring
indtruments

3.16

me¢asuring body
organizational unit that is responsible for conducting the measurements, in particular managing the
mgdasuring instruments and personnel

3.17

reproducibility conditions
conditions where test results are obtained with the same methdd on identical test items in different
mdasuring bodies by different measuring personnel (3.15) usingdifferent equipment

Note 1 to entry: The method can define operating conditions, type and number of test subjects, or mdasurement
enyironments, for example.

Note 2 to entry: The measurement time or the measurenient object can vary depending on the problem or aim of
thg measurement; for example, if the measurement object is a workpiece that changes during measurement or if
thg influence of aging of a machine is to be determiped.

[SOURCE: ISO 5725-1:1994, 3.18, modified 35— “Laboratory” replaced by “measuring body”, foperator”
replaced by “measuring personnel”]

3.18
in{situ conditions
reproducibility conditions (3.17):in the same measurement environment

Nofe 1 to entry: The measurement environment is influenced, for example, by the ambient temperafure which
cai} influence the conditions of the measuring instrumentation and measurement object.

3.19

repeatability conditions
conditions where independent test results are obtained with the same method on identical ftest items
in the sameuneasuring body (3.16) and measurement environment by the same member of measuring
personnel(3.15) using the same equipment within short intervals of time

[SOURCE: ISO 5725-1:1994, 3.14, modified — “Laboratory” replaced by “measuring pody and
measurement environment”, “operator” replaced by “member of measuring personnel” and Note 1
deleted]

3.20

reproducibility standard deviation

measuring body standard deviation

oL

standard deviation (3.5) of results obtained under reproducibility conditions (3.17)

Note 1 to entry: The measuring body standard deviation is also referred to as the measuring body or laboratory
deviation or scattering.

© IS0 2022 - All rights reserved 5
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Note 2 to entry: Depending on the measuring method, it is not always possible to create the same conditions.
For example, ISO 20643 requires three different test subjects for vibration emission measurements. The
reproducibility standard deviation then includes the test subject standard deviation.

Note 3 to entry: The measuring body standard deviation principally consists of the standard deviation of the
measuring instrument and the standard deviation that results from the measurement strategy that is used. It
therefore also includes interpretations of the measurement standard, for example with regard to the points of
the transducer coupling and locations of the measurement point.

3.21

in-situ standard deviation
O-S
standard feviation of results obtained under in-situ conditions (3.18)

3.22
repeatabjlity standard deviation
O-I‘
standard fleviation of results obtained under repeatability conditions (3.19)

Note 1 to eptry: According to ISO 5349-2, at least three individual measurements should be made.

3.23
interlaboratory test
series of measurements performed by different laboratories or measuring bodies under reproducibility
conditiong (3.17)

Note 1 to ¢ntry: Interlaboratory tests (sometimes referred to as “Rotind robin tests”) can have very different
objectives.| For example, to verify a measurement method, to determine measurement uncertainties or| to
benchmarl for a particular measuring body.

3.24
specified|value
vibration yalue that is specified in a technical rule©r required by law or otherwise that is to be compljed
with

Note 1 to entry: Depending on the context, the specified value is referred to as the limit value, action value,
guidance vplue or threshold limit value.

3.25
productign standard deviation
standard deviation (3.5) of results obtained under the same conditions for different new products of the
same typg of device or machine in a series

Note 1 to ¢ntry: With the.exception of the product to be measured (for example machine or vehicle), all other
conditions|(measuring instrument, measuring body, measuring personnel, test subjects, measuring conditipns
and the mdasurement method and, if relevant, also the in-situ conditions) are the same.

Note 2 to ¢ntry: The production standard deviation is also referred to as the product scattering in EN 120[96.
However, théproduct scattering can also include the deviation due to aging.

3.26
test subject standard deviation

standard deviation (3.5) of results obtained under the same conditions, but with different test subjects
(3.14)

Note 1 to entry: With the exception of the test subject (for example machine user or vehicle driver, all other
conditions (machine, vehicle, measuring instrument, measuring body, measuring personnel, measuring

conditions and the measurement method and, if relevant, also the in-situ conditions) are the same.

Note 2 to entry: If the individual measurements are not performed promptly, changes can occur in the same test
subject, for example change of mass, change of behaviour or improved skill.

6 © IS0 2022 - All rights reserved
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3.27

uncertainty budget

<for a measurement or calibration> statement summarizing the estimation of the uncertainty (3.7)
components that contributes to the uncertainty (3.7) of a result of a measurement

Note 1 to entry: The uncertainty of the result of the measurement is unambiguous only when the measurement
procedure (including the measurement object, measurand, measurement method and conditions) is defined.

Note 2 to entry: The term “budget” is used for the assignment of numerical values to the uncertainty components
and their combination and expansion, based on the measurement procedure, measurement conditions and
assumptions.

[SOURCE: ISO 14253-2:2011, 3.9]

3.28
me¢asurand
qupntity intended to be measured

EXAMPLE 1 The potential difference between the terminals of a battery may decrease when using § voltmeter
with a significant internal conductance to perform the measurement. The open-circuit potential difference can
be falculated from the internal resistances of the battery and the voltmeter,

EXAMPLE 2  The length of a steel rod in equilibrium with the ambient temperature of 23 °C will Qe different
from the length at the specified temperature of 20 °C, which is the measurand. In this case, a cdrrection is
negessary.

Note 1 to entry: The specification of a measurand requires knowledge of the kind of quantity, description of the
state of the phenomenon, body, or substance carrying the quantity, including any relevant component, and the
chgmical entities involved.

Nofe 2 to entry: In the second edition of the VIM and,in IEC 60050-300:2001, the measurand is defjned as the
‘quiantity subject to measurement’.

Note 3 to entry: The measurement, includifig the measuring system and the conditions under|which the
mefsurement is carried out, might change.the phenomenon, body, or substance such that the quaptity being
mefasured may differ from the measurasndias defined. In this case, adequate correction is necessary.

[SOURCE: ISO/IEC Guide 99:2007,2.3, modified — Note 4 to entry deleted]

4 | Considerations regarding the uncertainty of vibration measurements

4.1 Measurement objectives and fixed parameters

The consideration of measurement uncertainty shall begin with a clear understanding of the pbjectives
of the measurements. The measurement objectives will define those parameters that are|fixed and
these that-contribute to the uncertainty evaluation. For example, our objectives may be any of the

HSEV used by a
particular operator;

b) to obtain a typical in-use vibration value for a particular task for that particular tool or vehicle
(used by any worker);

c) to obtain a typical in-use vibration value for a particular task for that type of tool or vehicle.

NOTE The vibration value can be a vibration emission value, a vibration immission value or a vibration
exposure value.

Other objectives may also be possible, but in each case, the fixed parameters are different, and will
affect how the measurement is planned so that measurement uncertainties can be determined. For

©1S0 2022 - All rights reserved 7
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the three scenarios above, there are two key variations, relating to the machine and to the machine
operator, which are associated with each objective.

— To achieve objective a), measurements for the specified task on the identified tool or vehicle with
the same operator are sufficient. The measurements do not require the assessment of differences
between operators or machines, they are both fixed.

— To achieve objective b), measurements for the specified task on the identified tool or vehicle are
needed with anumber of machine operators. The measurements require consideration of differences
between operators, while the machine is fixed.

— To ackieve objective c), measurements for the specified task of a number of samples of theyt

ol

or vehicle types used by a number of machine operators are needed. The measurements-tequfire

consi

These ex
variables,
road cond
planning

in many c
time unce

4.2 Tyy

It is usefu

a) Measyirement equipment uncertainty: Uncertainties related to the system selected for
measyirement: transducer calibration, mounting, instrumentation, signal processing and d
handling.

b) Measyirement procedure uncertainty: Uncertainties related to

1) d
t

Uncertai

NOTE
laboratory]|
measurem

2) trIe skill and experience of the pérson performing the measurements.

leration of differences between operators and machines.

nmples, only consider two variable parameters. It may be necessary to .¢onsider otl
such as machine configuration, materials, inserted tools, machine models, ages, maintenan
itions. Table 1 provides more examples of factors that may need to be,accounted for wh
h measurement strategy. The examples also only consider vibration fhagnitude evaluati

rtainties will be required.

es of uncertainties

to define three distinct types of uncertainty relating to Vibration measurements.

bcisions that have to be made when performing a measurement, such as the selection
ansducer locations, measurement.periods, test subjects, work tasks, and

ies need to be distingujshed from errors. Examples of typical errors are listed in Annex C

Measurement equipmeént uncertainty and measurement procedure uncertainty are representing
uncertainty. Performing measurements according to a standardised procedure usually limits
bnt uncertainty.

c) Measi
the li
the

1) ayailability of work sites, tasks or machines,

irement restfictions uncertainty: Depending on the objectives, uncertainties may result fr
ited aceess to a representative sample of measurement environments (usually issues outs
asurer’s control). These could include restrictions on the

hses the measurement will be of vibration exposure, in which case consideration of exposuiire

he
hta

of:

the
the

DIM

de

2) environmental conditions (temperature, noise humidity) during measurements,

3) machine operator physical characteristics (e.g. height, mass and strength), and

4) machine operator skill, experience and behaviour.

4.3 Measurement instrumentation uncertainty sources

Measurement uncertainty connected with the measurement instrumentation is dealt with in ISO 8041-1.

© IS0 2022 - All rights reserved
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Evaluation of the uncertainty

5.1 Evaluation of the uncertainty through mathematical modelling

2022(E)

For various reasons, the aim is to draw up a detailed uncertainty budget based on a mathematical model
of the evaluation of measurement, including interferences. One reason is that a budget of this kind can
be used to determine the most important uncertainty components and, if applicable, reduce them.
Furthermore, the uncertainty determined through such a mathematical model reflects the concrete
conditions that were actually present when determining the measurand. That means the uncertainty

is

un
Ex

Th
be
an
ass

In
ag
asy

st

Th
ev

The term that describes the vartance for repeated measurements in Formula (12) is d
ac(
stg

me

The uncertainty in this case is equal to u(X,epear) =

All
oc

a)

b)

q

individually adapted to the measurand. This clause provides instructions for determi

ning such

certainty budgets.
hmples of models for measuring procedures are provided in Annex B.

e functional relation f between input and output quantity is often not known.\In such ca

1 the associated sensitivity coefficients, ¢; = 1. The following is one possible formulati
umption:

Y=y+) X,
Formula (11), the input quantities X; are random numbers that are obtained from a distrib

umed that the input quantities have a normal (Gaussian) distribution. Formula (9) for the
ndard uncertainty, then simplifies to

> ()

u(y)=

hluation, see ISO/IEC Guide 98-3).

ording to the Type A method: For n repeated measurements, the variance is describ
ndard deviation of the méan value s(X;).For measurement series with less than about 3(

asurements, the standard deviation of the mean value should still be corrected using the B

— _1 2
Scon(xi): _3S(xi)

othet-uncertainties u(x;) can be calculated according to the Type B method. Two cases f
U,

iven standard deviation, s; and the mean value X; =0. Iffto/other information is availablg,

ses, it can

assumed that the individual, uncorrelated variables X; have a linear relationto the outpuft quantity

on of this

(11

ition with
it can be

combined

(12)

e terms of Formula (12) can be determined according to two types of evaluation (Type A and Type B

btermined
ed by the
repeated

pyes term.

(13)

requently

If an estimated value and its uncertainty u(x,) are known (e.g. from a calibration report), this

uncertainty is used. A normal distribution is assumed.

If it is known that the estimated value is between two values, a rectangular distributi

assumed. For a symmetrical distribution of the input quantities around the mean value, i.

X; =X; ta, the uncertainty is

u(x,-)=%

on can be
e.

(14)

Besides this analytical approach to the combined standard uncertainty via Formula (9), a numerical
approach can also be selected (see ISO/IEC Guide 98-3:2008/Suppl.1). If it is assumed that the input

© IS0 2022 - All rights reserved
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quantities are uncorrelated random numbers, the uncertainty of the output quantity can be determined
using a Monte Carlo calculation. In this case, in contrast to Formula (9), it is possible to use any
distributions and standard deviations of any magnitude.

5.2 Determination of the uncertainty from interlaboratory tests

If the uncertainty is only limited to the reproducibility standard deviation, o; and the repeatability
standard deviation, o,, the combined standard uncertainty u.from an interlaboratory test can be stated
as standard deviation op.

U, =dy =0, +0; (15)

C

The fundamental concept and the method for determining these standard deviations are’'déscrihed
in ISO 57P5-1 and ISO 5725-2. Both standard deviations are determined in interlabopatory tests|in
which as many measuring bodies as possible should participate, in order to gain reliable results. The
reproducipility and repeatability standard deviations describe the combined standard uncertaipty
linked to|a method. This combined standard uncertainty is associated withall/results that were
determingd using the same specified method. It can therefore also be used as-éstimated value foran
in-situ stagndard deviation.

The methpd for which the reproducibility or repeatability standard deyviabion is to be determined shall
be descrilhed exactly. Each participating measuring body shall apply-the method in such a way thaf in
the repeated measurements as many of the possibilities are cover€d as possible. For example, in mgny
situationg the vibration transducers should be recoupled for each-réepetition.

The measfirement results shall not be subject to any preselection by the measuring bodies.

NOTE The choice of test object for an interlaboratory\test not only depends on the measurand to|be
determinegl, but also on the specified boundary conditions, such as setup and operating conditions. Practical
aspects cap also be considered. Ideally, the same test @bject can be used by all measuring bodies, which is
examined by the first measuring body for possible changes at the end of the interlaboratory test (“round ropin
test”). However, it is also possible that all participants receive nominally identical test objects, for example from
one produgtion batch. In this case, a consistency~test can be conducted to investigate factors such as ageing or
maintenanie before and possibly also after the.interlaboratory test.

5.3 Determination (estimation) of uncertainties from field measurements

Ifthe uncqrtainty of a measurement and the mathematical model is not known, uncertainties determined
from othgr investigations car’be applied to the task under consideration as being indicative. In some
cases such values are specified in standards for example for hand-held motor-operated tools (see setfies
IEC 6074%) and transportable motor-operated electric tools (see series IEC 61029), a constant value
is specifigd for the éxpanded uncertainty, to which an emission measurement is assigned. EN 12(96
specifies dn estimated value for the expanded uncertainty for the production standard deviation.

If estimating“uncertainty from comparative data, the accuracy of the uncertainty estimate is largely
dependenf o how many conditions are the same between the new measurements under consideratjon
and the comparison data set used for the estimation. Influencing factors are listed in Table 1. Table 1
illustrates possible considerations for two example cases where comparison data are being considered.
A detailed example with values can be found in Annex A.

Table 1 illustrates factors which may be significant. However, many other conditions can be included in
the analysis, such as the age and condition of the machine and its engine or power supply, and inserted
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tool or attachments used, the workpiece or vehicle loading, measurement environment, measuring
personnel, machine operators and measuring instrument.

NOTE The referred vibration quantities are usually the vibration accelerations directly measured at the
interfaces between the human body and a tool, a machine, a vehicle, or a workpiece using a method defined in an
ISO standard, or those derived or calculated using the accelerations defined in the standard. The general concepts
and methods described in this document can also be optionally applicable to help analyse the uncertainty of the
vibration quantities or biodynamic responses measured at or on the human body.

Table 1 — Illustration of influencing factors for uncertainty data

Examples
Hand-arm vibration Whole-body vibration
Example case:| Uncertainty of vibration measure- Uncertainty of vibr-ation measure-
ment of an angle grinder cutting steel |ment of a forklift,truck in aqyware-
pipe in a workplace house
Influencing factors Is the comparison data set based on measurement:
M¢asurands are identical. i.e.: the — in accordance with ISO 5349-2,|— «in accordance with IfO 2631-1,
measured values are evaluated ac- for example using the W, for example using W, & W,
cofding to the same specification. frequency weighting frequency weightings
THe measurements to determine — on machine handles, at the|— on the vehicle se3t, during
the measurand are transferable. centre of the gripping{zone periods of representative
duringperiodsofrepresentative driving
cutting
THe measured objects (machines) |— grinder of identical'make and|— vehicle of identical make and
shpuld be identical as far as possible model or similar specification, model or similar spegcification,
interms of vibration generation, size, power and cutting wheel load capacity and powyer
sige and coupling to the environ-
mént. — suspension seat of] identical
make and model ¢r similar
performance category
THe work processes of the meas- — during cutting (rather than|— driving on warehduse style
ured objects are transferable. grinding) a similar material road surface at speeds similar
to those in a warehouse
THe machine operator, measure- — with similar forces, posture,|— handling similar lqads with
mént duration and number of hand position and cutting rates similar travel distdnces and
me¢asurements for determining the loading rates
measured values are confparable.
THe environment — temperature, location (inside,|— weather conditions| surface
outside), weather conditions conditions
6 | Presentation of results
Vibpration quantities shall be given with their physical units, such as m/s2.

Theuncertainty information shatt inctude

a) anuncertainty value, reported either using the physical unit of the output quantity (e.g. as m/s2) or
as a percentage,

b) the coverage factor of the uncertainty value,
c) any relevant additional information, such as use of non-Gaussian distributions.

The uncertainty value of the measurand (the expanded uncertainty) is dependent on the combined
standard uncertainty u, determined according to Clause 5 and on the selected one- or two-sided
coverage probability, taking into account the coverage factor k required by the application.

©1S0 2022 - All rights reserved 11
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A one-sided coverage probability is considered when it is necessary to ensure that the expected value
y of the measurand does not exceed a limit value y ., (or does not fall below a limit value y_;). For a p,
the expected value is only above the upper limit value (or below the lower limit value) with a probability

of 1 -p.

A two-sided coverage probability is assumed, if the expected value y of the measurand for a coverage
probability, p, has to lie within a symmetrical interval around the mean value of the measured values.
In the case of a distribution density function assumed to be symmetrical, the expected value y only lies
above the upper interval limit or below the lower interval limit with a probability of 1 - p/2 in each

case.

The coverpge factor, k, is e.g. 1,0 or 1,3 etc., depending on the desired coverage probability for twoSsided

and for onle-sided tests, see Table 2.

EXAMPLE For a typical measurement of a hand-held drilling tool a coverage probability of 95 % \is commojnly
used, which results in a coverage factor of 1,6 for one-sided tests and a coverage factor of 2,0 fortwa-sided tegts.

For the statistical background see Annex D.

Table 2 - Coverage factor for different coverage probabilities during one3ssided and two-sid¢d

tests with normal distribution

Coverage probability, p Coverage probability, p
Coverpge factor (rounded)
for two-sided tests for one-sided tests

k % %
1,0 68 84
1,3 80 90
1,6 90 95
2,0 95 97,5

The measpirement result shall be stated as follows.

a) Forafwo-sided test:

Y=yxU=yztku (16)
where

Y is the measurand;

y  |is the bestestimated value determination on the basis of measurements;

U is the expanded uncertainty, see Formula (10).
EXAMPLE For a measured value of 12,5 m/s? and a determined combined standard uncertainty of 0,9 m//s?
in a two-sidedtestataselected-coverage probabilityof95-%the folowingresultisobtained:

a,, =(12,5+1,8) m/s’
Thus, the expanded uncertainty is U = 1,8 m/s2 with the coverage factor, k = 2 (see Table 2).
b) For a one-sided test (see also 7.2):
— Ifthe aim is to comply with a specified value:

Y=y+U=y+ku, 17)

— Ifthe aim is to exceed a specified value:

12 © IS0 2022 - All rights reserved
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Y=y-U=y-ku, (18)
NOTE The above instructions apply to a positive specified value.
EXAMPLE For a measured (positive) value of 12,5 m/s? and a determined combined standard uncertainty of

0,9 m/s? in a one-sided test at a selected coverage probability of 95 %, the following result is obtained according

to Formula (17):

ay, =(12,5+1,44) m/s>

ThLS the expanded uncertainty is U = 1,44 m/s? with the coverage factor, k = 1,6 (se¢ X

sp

pcified value of 13,94 m/s? would be met with a coverage probability of 95 %.

able 2). A

ThE complete measurement result therefore consists of the estimated value for the\measurand and its

ex

NO
prd

7

7.

panded measurement uncertainty.

ctice, is equivalent to a coverage probability of just 50 %.

Use of uncertainties

1 General

\Y

ether and how uncertainty is used can be defined by:statutory provisions or contractual ag

The use of uncertainty is determined by the purpose @f the measurement.

7.

Use of uncertainties in comparisons

When comparing results with specified values, uncertainty plays a significant role, for exan

ev
ted
to
ex
un

hluating measurement results. The use of uncertainty is typically required by a standar

TE Indication of the best estimated value y without an expanded uncertainty, as was previoysly typical

reements.

hple when
1 or other

hnical rule or regulation. A distin€tion can be made between the following cases with regard

NO

deciding whether the result determined according to a specified method, taking into agcount the
panded uncertainty U, complies'with a specified value Y, (for example a limit value), whereby the
Certainty is used as an increased or reduced allowance.
The decision “specified value complied with” is reached reliably when the result plus uncertainty
does not exceed thespecified value:
y+Ust, (19)
The degision “Specified value exceeded” is reached reliably when the result minus upcertainty
exceed the specified value:
y-U>Y (20)
TE The above instructions apply to a positive specified value.
©1S0 2022 - All rights reserved 13
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Unc

Annex A
(informative)

ertainty in the measurement of hand-arm vibration at the

workplace — Example for determination of the measurement
uncertainty of the vibration exposure during task-based

A1 Int

This anng
workplacg
applied in|

Uncertairﬁy based on empirical values according to 5.3 can be applied for an initial rough estimat

from the

to be 50 ¢
only give
values.

A.2 Pri

A2.1 G¢

The uncef
random s
uncertain
very largg
a full-shif
from limit

The mathematical model for-the measurands corresponds to Formula (12). According to this,

following

budget) u}:

L

h
)

i=

measurements according to ISO 5349-2

roduction

x is concerned with the uncertainty of the measurement of hand-arm *"ibration at
using mathematical modelling according to 5.1. Results from interlaberatory tests are a
this case (see 5.2).

lustrative values according to EN 12096 for measured values‘between 2,5 m/s? and 5 m

ronventions for estimating the expanded uncertainty; these conventions are designated a

nciples of the calculation

bneral

tainty when recording the longer-term typical vibration exposure is derived based on
hmple linked to the measurement (limited measurement duration). In order to reduce t

amount of samples is necessary, depending on the measurement strategy chosen. Someti

[ measurement strategy ¢an“be a feasible way of reducing measurement uncertainty aris
ed measurement duration.

Formula applies-to the combined uncertainty (total uncertainty, result of the uncertail

u’ (x) A

Ly, a particularly careful work analysis in conjunction with very careful measurements ;I‘ a

he
[so

on

h and for measured values > 5 m/s? to be 40 %. Emission measurement standards frequently

5 K

he
his

es
ng

he
Lty

1)

A22 1

Jancing factane
TacTICrrg Tattor s

The state of knowledge concerning the precise extent of uncertainty is limited, which means only
illustrative or estimated values can be indicated for measurements at the workplace. The values
presented in Table A.1 are for illustration only, to provide information for the examples provided in this

Annex.
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Table A.1 — Example values for the measurement uncertainty components

Components u(x,) of
the measurement
uncertainty

Rotary hammers?

Range

+%

u(x;)®

Relative uncertainty® u/x

ChainsawsP

Range

+%

Rotary ham-
mers¢

£% | uy®

Jigsaws¢

% | uy®

Grinders¢

% Uy©

Measuring
instrumentd
forlaborato-

82t013

0075

ry applica-
tion

Measuring
instrumentd
for field ap-

plication

u(xq, X, X3)

Transducer
coupling
(without

mechanical

filter)

LlM=

Transducer
position
(measure-
ment point)

Measuring body standard deviation

12,6 to
26

0,152

0,029

30

0,173

Repeatability stand-
ard deviation of one
test subject (user)

(8)

(0,046)

Test subject standard
deviation

15

0,087

171 0,008
to to
45 | 0191

21,3 | 0,123

16,17 0,093

54,0 | 0,312

u(x,), according to Type A evalhiation

Production standard
deviation

8

0,046

Values for rotary hammers except u(x;y) from BAuA Report[20],

Example values.

From interlaboratory test {BGIA-Report”[21],

From ISO 8041-1.

All values u are relative’ uncertainty values.

AIA

A’

In

2.3 Uncertainty under repeatability conditions (Type A evaluation)

.3.1 _“Examining the repeatability conditions (measurement conditions)

[He-task-based measurement strategy, the uncertainty of results when recording the typica

vibration

ex

OSure depends on the Uncertainty u(x, ), of the frequency-weighted acceterations determi

ed for the

individual activities as well as the uncertainty u(x,), of the corresponding duration. The time sections
shall be divided so that they apply for the repeatability conditions.

According to ISO 5349-2 at least three measurements are necessary for every individual activity m.
The scattering of the measured values yields the standard uncertainty, u(x,),, ,, to be considered for the

corresponding activity m:

© IS0 2022 - All rights reserved
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where
a, is the arithmetic mean value of I measured vibration total value of frequency-weighted ac-
v,m
’ . . . Io!
celerations of activity m, i.e. ay , =7 E i1 %y im 5
I is the number of vibration measurement values for the activity m.

The standard uncertainty u(x,),,, for determination of the duration T,, of the activity m can be
estimated or calculated from several time measurements T}, as follows:

1 —\2
ulx)|,=|——=)I\T., T, (A4.3)
o \/J(J—1)jz=;( ) )
where
T |is the average duration of activity m from the individual time measurements, T, ;
m jm
] is the number of time measurements.

NOTE Often, the determination of the exposure duration is mostly based onrough estimations.

A.2.3.2 (Checking the repeatability conditions (measurement conditions)

Depending on the measurement task, the suitable measurement strategies according to ISO 5349-2:2001,
Annex E, ghall be applied. The main sources of uncertainty thatare caused by the activity (for example
unbalancg of a grinding disc, fluctuations in the output at, coupling forces) shall be recorded gnd
ed, if possible. If necessary, the number of repéated measurements shall be increased until
ing criterion for the coefficient of variation C;is complied with:

icient of variation C, of a measurementseries (of the operational state or of the partial activjity
to be recdrded) is the ratio of the standard,deviation s,_; to the mean value ay, of the measurement

c,= (A.4)
hv
where thd standard deviatien s,_; of the measured values a;,, ; is analogue with Formula (6).
1 X —\2
St 47 2w ~any ) (45)
)
where

a,, Mmean value of the measurement series in m/s?;

n number of measured values (measurements of a measurement series).

A.2.3.3 Example

The measurement series in Table A.2 of an impact drill consists of 5 repeated measurements that were
tested with the same test subject under the same operating conditions.

16 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=202c8c1f21c9496b1481a7f065ec4c60

ISO/TS 22704:2022(E)

Table A.2 — Example of a measurement series

Measurement apy
m/s2
12,5
13,1
13,2
12,5
10

G | W[

ThIis produces the following values:

Mean value: ay, = 12,26 m/s2
Standard deviation: S,.1=1,31m/s?
Standard deviation of the mean value: u(x,), = 0,58 m/s?
Coefficient of variation: C,=011

A.2.4 Uncertainty of the measuring instruments (Type B-evaluation)

When using measuring instruments that satisfy the accuracy requirements of ISO 8041-1, the standard
unfertainties u(x;) listed in Table A.1 can apply to the measuring instruments. These| standard
unfertainties are based on an estimation with the tolérance limits according to ISO 8041-1 [and apply
to|determination of the energy-equivalent frequéncy-weighted acceleration. When deftermining
other measurands, such as peak values, larger uncertainties are to be expected. Likewise, measuring
indtruments that do not correspond to ISO 8044-1 can have higher uncertainties.

NOTE Details of this estimation are provided in ISO 8041-1.

A.2.5 Uncertainty owing to the choice of measuring points and coupling
(Type B evaluation)

Patticularly in the case of hand-arm vibration, the position of the measuring point has a largg effect on
th¢ measurement result. The“uncertainties indicated in the emission measurement standajrds of the
relevant instrument faniily can be used as an initial approximation. If no uncertainties are indicated in
th¢ relevant measurefaent standards, the values from Table A.1 can be used as illustration forf u(x,) and

u(¥3).

The acceleration transducers shall be coupled without contact resonances. Guidelines on the correct
colipling aré given in the measurement standards. In practice, errors can occur here, whi¢h make a
measurement uncertainty consideration impossible and are hence not discussed in this|standard.
Expmples of typical errors are listed in Annex C

A.Z.6 Uncertainty due to the influence of the measuring body (measuring body
scattering according to Type B evaluation)

The uncertainty of the measuring bodies results from the uncertainty of the measuring equipment
(such as measuring instrument and calibrator) and its regular inspection and, to a large extent, from
the experience and qualification of the persons performing the measurements.

Accredited measuring bodies that fulfil the requirements of ISO/IEC 17025 have a quality management
system (QM system) and hence validate compliance with the requirements. The value uy; from Table A.1
can be only used if there are no systematic deviations and the quality requirements are fulfilled.

NOTE1 The measuring body scattering essentially comprises the uncertainties of the measuring instrument,
the coupling and the transducer position (see A.2.4 and A.2.5).

©1S0 2022 - All rights reserved 17


https://standardsiso.com/api/?name=202c8c1f21c9496b1481a7f065ec4c60

ISO/TS 22704:2022(E)

The uncertainty owing to the measuring body scattering is currently about *35 % even with
experienced measuring bodies with QM system. It is recommended that this important uncertainty be
reduced by participation in interlaboratory tests.

NOTE 2  According to ISO 5349-2:2001, Clause 8, the uncertainty when determining A(8) is often high (20 % to
40 %).

A.2.7 Transferability of the results to comparable workplaces (Type B evaluation)

A.2.7.1 General

If the purjpose of the measurement is not the determination of the vibration exposure on a centpin
test subjefrt or a workplace, but the determination of the vibration exposure that is representativg of
a certain machine or work task, then the uncertainties associated with the machine user (test’subjgct)
and production corresponding to Formula (A.1) shall be added for the total uncertainty‘(sesult of the
uncertainfy budget).

For economic reasons, the measurements are predominantly made with random samples with only ¢ne
test subjeft and one machine. The components of the measurement uncertainty u(xs) and u(xy) shall
then be edtimated.

A.2.7.2 Uncertainty due to the influence of the test subject (Type B evaluation)

According to ISO 5349-2:2001, 7.3, the measurements shall be condurcted with at least three differgnt
test subjdcts. The arithmetical mean of these measurementssshall be indicated as the result; the
standard fleviation should also be noted.

A.2.7.3 Uncertainty due to production and aging of the measurement objects
(Type B ejvaluation)

The prodIction standard deviation depends to a(large extent on the product. The indication of the K
value in the operating instructions of the releyant machines and devices provides an illustration.

There is qurrently very little knowledge about the aging effect. Lower vibration can therefore reqult
from a pg¢rformance decline due to aging. However, the vibration can also increase due to wqrn
bearings. |Higher vibration due to aging of the rubber damping elements has also been observed| in
vibration lamping systems. This éffect can be several hundred percent in the case of poorly maintaired
machines] The value u(x,) indicated in Table A.1 for the production standard deviation applies for new
or nearly hew machines and devices.

A.3 Ex3gmple for_calculation of the daily vibration exposure and the measurement
uncertajnty for task-based measurements

A.3.1 Step1:'Work analysis

The vibration exposures for a window fitter’s daily task of installing windows are determined in the
example. The vibration exposure is generated by means of an impact drill and a hand milling machine.
The impact drill is used for placing dowels for 10 min to 15 min and the same time is needed for drilling
metal brackets. The groove milling machine is used for 40 min to 60 min.

A.3.2 Step 2: Selecting the measurement strategy

The measurements are conducted according to ISO 5349-2:2001, E.2.2, with the measurement duration
the time the machine is actually in use. Work breaks are included in the recording.
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A.3.3 Step 3: Calculation and presentation of the results and the repeatability deviation
(practical example according to Type A evaluation)

The work cycles of the impact drill are measured separately for drilling into the wall (with impact action)
and into metal (without impact action). Depending on the work cycle, five repeated measurements are
conducted with two different test subjects. The mean value and the standard deviation of the mean
value according to Formula (A.2) are determined from the measured values (see Table A.3).

Table A.3 — Mean value and standard deviation of the mean value

Acceleration in m/s?2

Test subject 1 Test subject’R
m |Machine (activity m)
Ghy,m u(xy), Ahy,m 1 (Xy)
1 |Impactdrill (wall) 12,3 +0,6 13,0 +0,7
P |Impact drill (metal) 4,3 +0,7 5,5 +0,9
B |Milling machine 2,4 +0,2 3,0 +0,4

In |case of measurement series with fewer than about 30 repeated measurements, the| standard
deyiation of the mean value should be corrected with the Bayes term,

U(X) oo = \’ i u(x,) (A.6)
n-3

Thijis produces the corrected values according to Tablé<A¥4 for the n = 5 individual measurements per
tedt subject and work cycle.

Table A.4 — Value cotrected with the Bayes term

Standard uncertamtyr Z%)xlg l}; ogf' the mean vatue from Bayes term for n = 5 A
m/s? m/s2
0,2 1,41 0,28
0,4 1,41 0,56
0,6 1,41 0,85
0,7 1,41 0,99
0,9 1,41 1,27

e mean valugs_and corrected standard deviations of the mean value under repeatability ¢onditions

E 1 . n'this example it is assumed that the observations during the conducted measurements reyealed that

attering Shows a Teproducibitity o e Tepedated Measurenments. 1 1e coetticientof variation
according to A.2.3.2 is complied with. Depending on the problem, the mean value of the relevant test
subject or the total mean value shall be used.

NOTE 2  If the mean values of the individual test subjects are far apart, measurements with further test
subjects are recommended. If the exposure is also used for other test subjects, use of the higher mean value is
recommended.
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Table A.5 — Mean value and corrected standard deviation of the mean value

Acceleration in m/s?

Test subject 1 Test subject 2
m |Machine (activity m)
hy,m u(xy), hy,m u(xy),
. 0,85 0,99
1 |Impactdrill (wall) 12,3 13,0
(0,069)2 (0,076)
. 0,99 1,27
2 |Impact drill (metal) 4,3 s 5,5 i
INZLTAS) ALY )
Al . 0,28 0,56
3 |Milling machine 2,4 3,0
(0,117)a (0,187)2
a  The values in brackets are the relative values without unit.

A.3.4 Step 4 and all other steps according to Type B evaluation

A3.4.1

The consi
the furthe

The uncer

eneral

Heration of the further uncertainty components depends on the aim of the measurement
r use of the measurement results.

tainties according to Table A.1 shall be considered for theyfollowing cases.

The
oper

NOTE
calcul
compd

— The neasurement results are used for the.evdluation of other workplaces with the same work t:

(same

A3.4.2

Besides tH

the couplipng and the transducet position shall also be considered for the evaluation of the workplacg

which the,

The follov
the meastu

umeas

u

gkeasurement results are only used for evaluating the theasured workplace (working dev

or and operating conditions are identical).

htion method for the uncertainty of the daily gibration exposure is shown in Example A.3.4.5
rable workplaces.

type of working device, but othersetial number, other user).

Uncertainty of the measurement results for the measured workplace

e scattering of the repéated measurements, the uncertainties of the measuring instrumse

measurement was‘performed.

ing examplerefers to test subject 2 and, to illustrate the components of the uncertainties
ring body, d.& u(x;) to u(xs), to the data for rotary hammers (relative uncertainty):

ring ifrstrument —

u(x;) = 0,152 Field application (from Table A.1)

Transducer coupling (from Table A.1)

coupl

Only the measurement uncertainty of the medsured values is shown in Example A.3.3. T

or

he
for

sk

nt,
at

of

ng3 U(xy) = 0,029

u

urepeatability = u(x4—)a corr

measurement point —

u(x;)=0,173 Transducer position (from Table A.1)

Dependent on the measurement series (from Table A.5).

This can be used to determine the combined relative uncertainty u, for each activity m as follows:

Uc = fzuz (%)

_ |2

20

+Ll2

2
u measurement point + Urepeatibility

+ 2
measuring instrument ucoupling
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U tmpact rill wall) =V 0,152 +0,0292 +0,1732 +0,076 =0,244

Ue impact drill (metal) —/0,1522 +0,029° +0,173% +.0,2312 =0,328

U milling machine = J0,152% 10,0292 +0,173% +0,1872 =0,298
3.4.3 Transferring the results to comparable workplaces

When transferring the results to comparable workplaces, the scatterings due to the test subjects
(operators) and the production of the machines used (product scattering, see Note 2 to 3.25) shall be

adfled to the uncertainties considered under A.3.4.2 for one workplace.

If
or

approximations. It is recommended that the highest workplace value from the individual teq

is

frqm A.3.4.2 are used:

Thiis can be used to determine the combined relative ungertainty u, for each activity m at cq
wdrkplaces as follows:

Al

Fo

the test subject scattering cannot be determined by measurements with severaltes
there are no values available for the product scattering, the values from Table A.1"can k

Uised when transferring results to comparable workplaces; in this example, the|yalues of tes

Uporkplace Result from A.3.4.2 (uncertainty of one test Subject at one workpl3
Utest subject = 0,087 Test subject standard deviation (from Table A.1)

Uproduct = 0,046 Production standard deviation (fron Table A.1)

Ue = /Zuz (x;)

_ [,2 2 2
- \/uworkplace F Utest subject + Uproduct

2 2 2
c,impact drill (wall) = \/0'244 +0,087" +0,046

u

=0,263% acombined (absolute) uncertainty of 3,42 m/s2

2 2 2
U impact drill (metal) = \/0'328 +0,087" +0,046

=0,342 % a combined (absolute) uncertainty of 1,88 m/s2

U milling maghfng = ¥ 0,2987 +0,0872 +0,0467

=0,314 £a combined (absolute) uncertainty of 0,94 m/s2

.4.4 \Expanded uncertainty and indication of the measurement result

L subjects
e used as
t subjects
[ subject 2

ce)

mparable

[ the one-sided coverage interval (one-sided test) an expanded uncertainty [J with a

coverage probability of 95 % according to Table 2 produces the following result:

Impact drill (wall): U=k-u,=1,6x3,42m/s* =5,5m /s
Impact drill (metal):  y=k.u, =1,6x1,88 m/s? =3,0 m /s>

Milling machine: U=k-u. =1,6x0,94 m/s? =1,5m /s

assumed

The vibration total value g, of the individual activities at comparable workplaces shall be indicated as

fol

©lI

lows (see Table A.5):
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Impact drill (wall):
Impact drill (metal):

Milling machine:

ay, =(13,0+5,5) m /s
ap, =(5,5+3,0) m/s?

ap, =(3,0+1,5) m /s

A.3.4.5 Calculation of the daily vibration exposure value A(8) and of the uncertainty of the

exposure duration
Besides the-evaluatedaceeleratio
the daily yibration exposure value.
The estimation of the uncertainty is carried out for the exposure duration according to Formula (114)
and is ind|cated in Table A.6.
Table A.6 — Exposure duration and its uncertainty
Time in nin
Exposure du- Mean value Half'period Uncertainty
i |Maghine (activity) ration L
te,i te,l At u(xi)t
. 1,44
1 |Impactdrill (wall) 10to 15 12,5 2,5
(0,115 2)a
. 1,44
2 |Impact drill (metal) 10 to 15 12,5 2,5
(0,115 2)2
s . 5,77
3 |Milling machine 40 to 60 50 10
(0,115 4)2
a2 The values in brackets are relative values without unit:
According to Formula (14), this yields thefellowing uncertainty for the exposure duration for the
impact dr}ll:
At
u(x;)=—
RV
2,5 min
20 (A7)
3
=1,44 min
The daily| vibration\exposure value A(8) of all three activities is calculated from the mean valfies
according|to Table:A’4 and Table A.6 for test subject 2 as follows:
3
1 2
A(8) | 2o ter
\/ 8h i
1 2\2 . 212 . 212 .
= |[— (13,0m/s ) ><12,5m1n+(5,5m/s ) ><12,5m1n+(3,0m/s ) x50min (A.8)
480min
=2,48m/s’
22 © IS0 2022 - All rights reserved
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A.3.4.6 Calculation of the uncertainty of the daily vibration exposure value A(8)

The general definition of the daily vibration exposure value A(8) over i = 1 to m exposure time sections
T; with the applicable vibration total value a,;

m

1 2
A8)=,|=— D auT; (A.9)
8 h+4
i=1
gives the sensitivity coefficients for the uncertainty components of the acceleration according to
Formula (8) as

_ aA(8) _L aviTi

c. .= = Vi A.10
“ Qa,; 8h A(8) (4.10)
anfl those for the uncertainty components of the time therefore as
2
e, =20 _ 1 du (A11)

dT,  2x8h A(8)

The combined standard uncertainty for the daily vibration exposurge value A(8) according to F¢rmula (9)
is therefore

ue (A(8))= \/Z(ci,,-uz (ay )+ 2 (T))) (A12)

A.3.4.7 Calculation example

NOTE1 The following calculation example is sheiwn without units for reasons of clarity. The afceleration
values have the unit m/s? and time has the unit min:

Th example refers to test subject 2.

Acfording to Formula (A.10), the sensitivity coefficients for the uncertainty components of adceleration
aré

1 (13,0x12,5
Ca,impact drill (wall) =g 7" 5 40 =0,1357
1 5,5x12,5
Ca,impact drill (métal) = 8%60 248 =0,0578
c 1 3'0X50=0,1260

a,millingimachine — 8x60 2,48

Actording to Formula (A.11), the sensitivity coefficients for the uncertainty components of tilme are

1 13,0

CT ,impact drill (wall) :m > 48 =0,0710
2

L 5,5 =0,0127

CT impact drill (metal) = 2%8x60 2 48
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1 3,08
ing machine — 2%8x60 2 48

=0,0038

The combined standard uncertainties of the individual activities are (see terms in Formula (A.12))

uc,impact drill (wall)

u

c,impact drill (metal) =

= J0,1357%x3,422 +0,07102 x1,44% =0,4752

J0,0578%x1,882 +0,01272 x1,442 =0,1100

Ue mill;

According
is

C

NOTE 2

This resu
Table 2 an

0,126 0%x0,94% +0,0038%x5,772 =0,120 4

ng machine

to Formula (A.12), the combined standard uncertainty of the daily vibrationexposure va

u. = 4(8)=40,2524 =0,502 m/s>

Rounding in the calculation process results in deviations from the third decimal place on.

ts in an expanded uncertainty for the assumed coverage-ptobability of 95 % according
d Formula (10):

— inao

— inat

ne-sided test:  y—k.y_ =1,6x0,5m/s?=0,8 m/s>

lvo-sided test: U=k -u, =2x0,5 m/s2 =1,0 m/s2

As a comparison of limit value is undertaken wheh determining the workplace exposure in t

example,

Formula (
A(8)3

NOTE 3
would be r

A3.4.8

The vibrg
comparis
A(8) into 4
of 95 %.

the one-sided test applies. As a resultythe daily vibration exposure value A(8) according
17) is as follows:

(2,48+0,80) m/s?

In the above calculation three digits are given, but for measured values a declaration of two dig
htional.

nterpretation 6fresults

n with alimit value, the one-sided test is utilized (see A.3.4.7) and, taking the uncertainty
ccount, the daily vibration exposure value is maximum 3,28 m/s2 with a coverage probabil

tion exposure of the window fitter is A(8)=2,48 m/s2 +0,80 m/s2 (see A.3.4.5). F

ue

to

his
to

rits

For
of
ity

NOTE

24

With a coverage probability of 95 %, this daily vibration exposure value is maximum 3,28 m/s? and
therefore is still below the exposure limit value of 5 m/s2, but above the action value of 2,5 m/s2, both values
being commonly used in national or regional legislative specifications.
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Annex B
(informative)

Example for determination of the measurement uncertainty of
emission measurements on hand-held and hand-guided machines

o

Copsidering measurement uncertainty in emission measurements on hand-held and_fiahd-guided
mdchines, i.e. for determining vibration emission values, is a provision of the Machinery| Directive
which requires that uncertainty is also to be indicated with the measured vibration‘émissipn values.
Fufthermore, the measurement uncertainty is a quantitative indicator of the quality of the results,
which can be used to evaluate the reliability of a result.

In [general, the measurement uncertainty of hand-held and hand-guided mnachines - for example as
in fthe standards series IEC 60335, [EC 60745, IEC 61029 and ISO 28927/~.iS determined ac¢ording to
or [along the lines of EN 12096. The method is described in sufficient detail in the above- mentioned
stgndards.

Defermination of the uncertainty of an emission measurement on a machine according to pne of the
abpve standards on the basis of ISO/IEC Guide 98-3 is described below. This uncertainty can be used
to |estimate the true vibration total value. The determination is based on the five measured values
determined by each of the three operators (test subjects).en one machine.

Table B.1 — Example values for determination of the measurement uncertainty

Acceleratjon in m/s?2

Vibration total value g, of the individual measurements
Test sub-
. Measurement Mean value
ject
1 2 3 4 5

4,0 4,2 41 4,3 4,0 4,1

4,2 4,2 4,3 4,0 4,2 4,2

4,2 4,0 4,1 4,1 4,0 4,1

Averaged vibration value a;, = 4,1

When determining-the measurement uncertainty of hand-held and hand-guided machjnes, it is
re¢ommended thapthe total measurement uncertainty according to ISO/IEC Guide 98-3 is diyided into
twp differentgroups of uncertainty components.

a) | TypeAevaluation,

b) | Aype B evaluation.

Type A evaluation in this case is a method of calculating the uncertainty components via statistical
analysis of series of observations, whereby the uncertainty can be determined from the directly read
measured values. All other components (uncertainty of the measurement technology, uncertainty of the
transducer coupling, etc.) cannot be determined from the current measured values and shall therefore
be determined according to Type B evaluation. Such components may include data from previous
measurements, information from the manufacturer, empirical values, data from calibration certificates
and manuals, etc.

This gives the standard uncertainty components according to Type A evaluation from the standard
deviation of the mean value. The consequence is that the standard uncertainty for the determined
values can be reduced, the more measurements are performed. If the number of measurement readings
increases towards infinity, the standard uncertainty converges towards zero for the measured value.
However, for practical reasons, the measurement standards define determination of five measured
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values in each case by three operators. As the number of repeated measurements is therefore specified
as n = 5, the individual standard uncertainties are still corrected with the Bayes term according to
Formula (13), which has the value 1,41 when n = 5. This gives the values in Table B.2.

Table B.2 — Summary of the individual components of the standard uncertainty
according to Type A evaluation

) Standard uncertainty u; Sensitivity coefficient c; CiUj corr
Variable /s pe
m/s m/s
é‘operamu 006 1 04
60perator2 0,05 0,07,
50perator3 0'04 0'05

The maximum standard uncertainty of the individual test subjects should be used to calculpte

the meas
uncertain|
favourabl

for the md

standard
C,=0,15.

All other
however,
componer|
dividing t
Table B.3)

T

able B.3 — Summary of the individual components of the standard uncertainty
for rotary hammers according to Type B evaluation

irement uncertainty. In the case under consideration, the maximum corfected standgrd
by according to Table B.2 is 0,08 m/s? by test subject 1. This consideration of the lepst
e case should be chosen for the best possible estimation of all occurring(scdtterings of resylts
asurements. [t shall also be noted that according to the underlying statidard the repeatability
deviation does not exceed o = 0,3 m/s? and the coefficient of farfation does not excged

incertainty components, such as the uncertainty from the-applied measurement technology,
remain dependent on the number of individual measurements. These standard uncertainty
ts according to Type B evaluation are obtained from:ithe stated standard deviations or|by
he stated value by the coverage factor, if the expandéduneasurement uncertainty is given (see

Empirical value for expected
uncertainties according to
Table A.1

%

Standard uncertainty u; at
vibration total value of 4,1 mp/
s? according to Table B.1

m/s?

Position o

the transducer

30

1,23

Transducd

r coupling

5

0,21

Uncertain
(for labor4

y of the measuremefitsystem
tory application)

10

0,41

Uncertain
scattering

y of the operatoxs (test subject

15

0,62

scattering
materials)

Further uncertainty~components? (e.g.

fromstest benches, tools and

a[f furthe

nhr‘prf:\infy componentsare known, fhpy should be added

On the assumption that the specified single components are independent of each other and have normal
distribution, and that the output quantity has a linear relation to the input quantity, the sensitivity
coefficient for all uncertainty components is ¢; = 1.

26
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