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Foreword

78:2016(E)

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.
organizations, governmental and non-governmental, in liaison with ISO, also take part

International
in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular the different approval criterian

intenance are

beded for the

differjent types of ISO documents should be noted. This document was drafted in aceordgnce with the

Attenltion is drawn to the possibility that some of the elements of this document may be the subject of

patenft rights. ISO shall not be held responsible for identifying any or all such patent righ

s. Details of

any pptent rights identified during the development of the document will be'in the Introdyction and/or

on the ISO list of patent declarations received (see www.iso.org/patents):

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

For an explanation on the meaning of ISO specific terms~and expressions related t

and does not

conformity

assespment, as well as information about ISO’s adherence to the WTO principles in the Technical

Barrigrs to Trade (TBT) see the following URL: Forewoid - Supplementary information

The cpmmittee responsible for this document is ISO/TC 107, Metallic and other inorganic cgatings.

This third edition cancels and replaces the second edition (ISO 2178:1982), which has been technically

revis¢d.
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INTERNATIONAL STANDARD ISO 2178:2016(E)

Non-magnetic coatings on magnetic substrates —
Measurement of coating thickness — Magnetic method

1 Scope

This International Standard specifies a method for non-destructive measurements of the thickness of

The npeasurements are tactile and non-destructive on typical coatings. The probe or aninsfrument with
integrated probe is placed directly on the coating to be measured. The coating thickness is|displayed on
the infstrument.

In this International Standard the term “coating” is used for material such as, for example, paints and
varnipghes, electroplated coatings, enamel coatings, plastic coatings, powder)coatings, claddings.

NOTE This method can also be applied to the measurement of magnetizable coatings on nonfmagnetizable
base rhetals or other materials (see ISO 2361).

2 Normative references

The fpllowing documents, in whole or in part, are nornfatively referenced in this documet. For dated
refer¢nces, only the edition cited applies. For undatéed references, the latest edition of tHe referenced
document (including any amendments) applies.

ISO 2064, Metallic and other inorganic coatings~ Definitions and conventions concerning the measurement
of thigkness

ISO 4618, Paints and varnishes — Ternis and definitions

ISO 5¥25-1:1994, Accuracy (trueness.and precision) of measurement methods and results — Part 1: General
principles and definitions

ISO/IEC Guide 98-3, Unceftainty of measurement — Part 3: Guide to the expression of uncertainty in
measyirement (GUM:1995)

3 ':lerms and definitions

For the purpesés of this document, the terms and definitions given in ISO 2064 and ISO #618 and the
followingapply.

31
adjustment of a measuring system

set of operations carried out on a measuring system so that it provides prescribed indications
corresponding to given values of a quantity to be measured

Note 1 to entry: Adjustment of a measuring system can include zero adjustment, offset adjustment, and span
adjustment (sometimes called gain adjustment).

Note 2 to entry: Adjustment of a measuring system should not be confused with calibration, which is a
prerequisite for adjustment.

Note 3 to entry: After an adjustment of a measuring system, the measuring system shall usually be recalibrated.

Note 4 to entry: Colloquially the term “calibration” is frequently but falsely used instead of the term “adjustment”.
In the same way, the terms “verification” and “checking” are often used instead of the correct term “calibration”.

© IS0 2016 - All rights reserved 1
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[SOURCE: ISO/IEC Guide 99:2007, 3.11 (also known as “VIM”), modified - Note 4 to entry has been added.]

3.2
calibration

operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation to obtain a measurement result from indication

Note 1 to entry: A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of
the indication with associated measurement uncertainty.

Note 2 to ent
called “self-cal

Note 3 to entr]

[SOURCE: IS
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An[Jex A describes the physical background of this.éffect in more detail.

y: Calibration should not be confused with adjustment of a measuring system, often mist
libration”, nor with verification of calibration.

y: Often, the first step alone in the above definition is perceived as being calibration-

/IEC Guide 99:2007, 2.39 (also known as “VIM”)]

)le of measurement

principle of all magnetic measurement methods

c flux density close to a magnetic field source (pérmanent magnet or electroms
the distance to a magnetizable base metal. ThisPhenomenon is used to determir
h non-magnetic coating applied to the base metal

ds covered by this International Standard evaluate the magnetic flux density to dete
5 of the coating. The strength of theaqnagnetic flux density is converted into correspo
'rents, electrical voltages or mechahical forces depending on the method used. The v
e-processed by digital means or are directly displayed on a usefully scaled gauge.

e methods described in 4.3 @nd 4.4 can also be combined in one and the same probe with a
ith the eddy current method according to ISO 2360 or ISO 21968.

cribes the basic penformance requirements for coating thickness gauges based @
thod described inthis International Standard.

ptic pull-off method

r flux-density of a permanent magnet and thus the attraction force between a perm|
h nfagnetizable base metal decreases with increasing distance. In this way, the attr:

nkenly

gnet)
e the

‘mine
nding
ralues

hother

n the

anent
iction

pctmeasure for the coating thickness of interest.

working with the magnetic pull-off method consist of at least three units:

a permanent magnet;

— apull-off device with continuously increasing pull-off force;

— adisplay or scale for the coating thickness, which is calculated from the pull-off force.

The pull-off force can be generated by different types of springs or an electromagnetic device.

Some instruments are able to compensate the influence of gravity and allow measurements in all

positions.

All other instruments may only be used in the position specified by the manufacturer.
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The location of measurement shall be clean and free from liquid or pasty coatings. The permanent

magn

et shall be free from particles.

Electrostatic charging can cause additional forces on the permanent magnet or the measuring system
and is therefore to be avoided or shall be discharged before the measurement.

Figure 1 shows a magnetic pull-off gauge.
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Figure 1 —<Magnetic pull-off gauge

Magnetic inductive principle

il is placed onto a‘coated magnetizable base metal.

on a

roated magnetizable material > 1) the magnetic flux densit

lectrical inductivity of a ¢oil'changes when an iron core is inserted into the coil or yvhen an iron
[, e.g. a plate, approaches the coil. Therefore, the electrical inductivity can be used asfa measure of
stance between the ¢oil'and a ferromagnetic substrate or as a measure of the coating thickness, if

are many different electronic methods to evaluate changes of the electrical inductivity or
paction of aycoil system to a ferromagnetic substrate. Magnetic induction probes for thickness
irementS, of coatings on magnetizable materials can consist of one or more coils. Mgst often two
hre used (see Figure 2): the first (primary coil) to generate a low frequency alternating magnetic
indthe second (secondary coil) to measure the resulting induced voltage U. If the prpbe is placed

see Annex A) and the induced

voltage of the secondary coil vary as a function of the coating thickness. The function between the
induced voltage and the coating thickness is nonlinear and depends on the permeability p; of the base
metal. It is usually determined by a calibration. Calibration curves that assign a coating thickness to the

induc

ed voltages can be stored in the gauge.

Different designs and geometries of these kind of probes are used. Very often both coils are
employed together with a highly magnetizable core in order to increase the sensitivity of the probes
and to concentrate the field. In this way, both the coating area, which contributes to the thickness
measurement, and the influence of the geometry of the coated component are reduced (see 5.5 and 5.6).

On the contrary, a two pole probe (see Figure 3) has a wide and open field distribution. The two-pole
probe has area integrating properties, while a one-pole probe measures locally.

© ISO 2016 - All rights reserved
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Usually the frequency of the generated field is below the kilohertz range, which avoids eddy current
generation if the coatings are conductive. Therefore, both conductive and nonconductive coatings can
be measured by means of this principle.

1
/ 2
/AR
B i
»
E P )}U:f(f)l

|7 3

Key

1 iron corejof the probe I exciting current

2 low frequency alternating magnetic field t coating thickness

3  steel/iror} substrate U=f(6)) measurement signal
4  coating

Figure 2 — Schematic of the magnetic induction principle
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Figure 3 — Schematic of a two pole probe

Magnetic flux gauge
nagnetic flux density close to a magnetdepends on the magnetic properties of the g

ises relative to magnetizable substances. This fact is used in magnetic flux gauges (4
oating (4) is non-magnetizable;~the base metal (3) is magnetizable. A magnet

hced close to the magnet gutputs electrical signals, which depends on the coating thi
1  Magnetic flux detgctors are Hall-sensors or magneto resistive sensors.

2 The magnet cairbe a permanent magnet or an electromagnet.

ubstances in

agnetic field. The magnetic flux density decreases if the fraction of non-magnetizable substances

ee Figure 4).
1) creates a
flux detector
ckness.
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1 permanent magnet U output voltage
2 static magnetic field a  measurement signal
3 base metal
4 coating
5 Hall elempnt as magnetic flux detector

Figure 4 — Flux gauge using a Hall probe

The electric|signals of the flux detector ar€ further processed by electronic means. The fumction
between flux detector output and the ceating thickness is nonlinear and depends on the permedgbility
ur of the bade metal. It is usually determined by calibration. Calibration curves that assign a cgating
thickness to fhe electric detector output can be stored in the gauge.

5 Factors affecting measurement accuracy

5.1 Basic jnfluenee of the coating thickness

The sensitivity of @probe, i.e. the measurement effect, decreases with increasing thickness withfn the
measuremert range of the probe In the lower measurement range thls measurement uncertal ty (in

depends on the propertles of the probe system and the used sample materlals e. g the homogenelty of
the base metal permeability, the base metal roughness and the sample surface roughness. In the upper
measurement range of the probe the uncertainty becomes relative to the thickness and is approximately
a constant fraction of that thickness.

5.2 Magnetic properties of the base metal
The permeability of the base metal causes the measurement effect of this method.

The relationship between coating thickness and the measured value depends strongly on the
permeability of the base metal. Consequently, calibration procedures and measurements shall be
made on the same material. Different materials with different permeabilities can cause more or fewer

6 © IS0 2016 - All rights reserved
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thickness errors as well as local fluctuations of the permeability or variations between different
samples.

Residual magnetism of the base material can also affect the measurements considerably, especially
when static magnetic fields are used (see 4.2 for magnetic pull-off force or 4.4 for magnetic flux gauge).

The base metal can be magnetized by repeated measurements on the same location if a measurement
method with a static magnetic field is used (see 4.2 for magnetic pull-off force or 4.4 for magnetic flux

gauge). This may lead to errors in the thickness readings.

NOTE

Examples of the initial permeability of typical steel used is in the range of 100 to 300.

5.3

Coati
field
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induc|

NOTE
1 kHz
(thick

5.4

If the
redud
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metal
and e

Thec
and t
other

NOTE

5.5

The e
drills
the in
to av(

Electrical properties of the coating materials

hg thickness measurements can be affected if the probe is operated with an alternat
Hue to eddy currents (see 4.3 for magnetic inductive principle or 4.4 foxn ‘magnetid
induced eddy currents can counteract the measurement effect of the.magnetic
ed eddy current density increases with increasing conductivity and frequency.

Usually instruments using measurement methods 4.3 or 4.4 workwithin a frequenc)
Therefore, induced eddy currents affecting measurement results axe only effective for
hess above 1 mm) with a high conductivity, e.g. copper.

Geometry: base metal thickness

base metal thickness is too small, the interactiop,of the magnetic field with the
ed. This influence can only be disregarded above‘a‘certain critical minimum base me

fore, the thickness of the base metal should always be higher than this critical m
thickness. An adjustment of the instrument can compensate for errors caused by a
thickness. However, any variation in thickness of the base metal can cause increased
[rors.

ritical minimum base metal thickness depends on both the probe system (field strengt
he magnetic properties of the.base metal. Its value should be determined experime
wise specified by the manufacturer.

A simple experimgnt to estimate the critical minimum base metal thickness is describe

Edge effect

kpansion of the magnetic field is obstructed by geometric limitations of the base met
and other). Therefore, measurements made too near to an edge or corner cannot be
strument has been specifically adjusted for such measurements. The necessary dist
idan impact of the edge effect depends on the probe system (field distribution).

ing magnetic
flux gauge).
method. The

/ range below
thick coatings

ase metal is
ral thickness.

nimum base
too low base
| uncertainty

h, geometry)
htally, unless

Hin C.2.

hl (e.g. edges,
valid unless
hnce in order

NOTE

5.6

A simple experiment to estimate the edge effect is described in C.3.

Geometry: surface curvature

The propagation of the magnetic field is affected by the base metal surface curvature. This influence
becomes more pronounced with decreasing radius of the curvature and decreasing coating thickness.
In order to minimize this influence an adjustment should be performed on a base metal with the same
geometry.

The influence of surface curvature depends considerably on the probe geometry and can be reduced
by reducing the sensitive area of the probe. Probes with very small sensitive areas are often called
microprobes.
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Measurements performed on parts with too small radius of curvature can result in unreliable results,
even after calibrations. The resulting uncertainty should be considered to determine whether such a
measurement is acceptable or not.

NOTE A simple experiment to estimate the effect of surface curvature is described in C.4.

5.7 Surface roughness

Measurements are influenced by the surface topography of the base material and of the coating. Rough
surfaces can cause both systematic and random errors. Random errors can be reduced by making
multiple measurements, each measurement being made at a different location, and then calculating the
average valup of thatserfesof measurenTents:

In order to reduce the influence of roughness, a calibration should be carried out with an uncoated base
metal with a|roughness equivalent to the coated sample base metal.

If necessary)| the definition of the used average coating thickness should be stated between supplier
and client.

NOTE ISO 19840 describes special measurement procedures in cases of application paint and varnishes on
steel with roujgh surfaces.

5.8 C(Cleanliness: lift-off effect

If the probe 1s not placed directly down on to the coating, the gap.between probe and coating (lift-off)
will act as ah additional coating thickness and will therefore affect the measurement. Lift-off dan be
produced unfintentionally due to the presence of small particles between probe and coating. The probe
tip shall freqLently be checked for cleanliness.

5.9 Prob€ pressure

The pressur¢ that the probe exerts on the testspecimen can affect the instrument reading and shall
always be the same during adjustment and measurements.

The influencf of the probe pressure is niore pronounced in cases of soft coatings because the prope tip
can be indented into the coating. Therefore, the probe pressure should be as small as possible| Most
commercially available instruments are equipped with spring loaded probes, which ensure a conpstant
pressure during the placement;A-suitable auxiliary device should be used in case the probe |s not
spring loadedl.

NOTE1 The contact pressure and the probe tip indentation depth can be reduced by reducing the applied
force or by using a probe.with a larger diameter of the probe tip.

NOTE 2  An|indentation of the probe tip into soft coatings can be reduced by placing a protective foil with
known thickness/onto the coated surface. In this case, the coating thickness is the measured thickness minus the
foil thickness.

5.10 Probe tilt

Unless otherwise instructed by the manufacturer, the probe should be applied perpendicularly to the
coating surface as tilting the probe away from the surface normal causes measurement errors.

The risk of inadvertent tilt can be minimized by probe design or by the use of a probe holding jig.

NOTE Most commercially available instruments are equipped with spring loaded probes, which ensure a
perpendicular placement on the sample surface.

8 © IS0 2016 - All rights reserved
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Temperature effects

As temperature changes affect the characteristics of the probe it should be used under approximately
the same temperature conditions as under calibration.

NOTE
The m

NOTE
cause

5.12

1
anufacturer’s specification has to be taken into account.

2
strong thickness errors. One example is the thickness measurement of hot coatings.

External electromagnetic fields

The influence of temperature variations can be reduced by a temperature compensation of the probe.

Temperature differences between probe, electronics of the instrument, environment and sample can

The 1
show
factor
be ca

6 C

6.1

Befor

heasurement results can be influenced by strong electromagnetic interferingfie
ng unexpected results or a strong variation of results, which cannot be @xplair
s, this reason should be taken into account. In this situation, a comparison/neasursg
'ried out at a location without interfering fields.

alibration and adjustment of the instrument

General

e usage every instrument shall be calibrated or adjusted according to the instru

manuffacturer by means of suitable thickness reference standards and base metal. Mater

and s
speci
influe

Durin
same

In or
stand|

NOTE
by the

6.2

ThicK
which

Foils
assoc

Irface properties of the base metal used for calibration or adjustment should comply
mens in order to avoid deviations caused by the factors described in Clause 5. Oth
nces shall be considered in the estimation of the measurement uncertainty.

g calibration or adjustment the instruments, the standards and the base metal shq
temperature as the test specimens to minimize temperature induced differences.

ler to avoid the influence of instriiment drifts, periodic control measurements w
ards or control samples are recommended. If required, the instrument has to be re-a

Most instruments automatically adjust themselves during a function called “calibratio
operator, whereas the result of the calibration is often not obvious.

Thickness reference standards

ness referencestandards for calibration and adjustment are either coated base m
are placed’onto uncoated base metals.

and coatings shall be non-magnetizable. Thickness values of the reference standat
jateéd uncertainties shall be known and unambiguously documented. The surface ar

these

values are valid shall be marked. The thickness values should be traceable to certif

Ids. In cases
ted by other
ment should

rtions of the
al, geometry
with the test
erwise these

uld have the
th reference

djusted.

h”, carried out

btals or foils,

ds and their
ea for which
ed reference

stand

ards.

The uncertainties shall be documented with their confidence level, e.g. U (95 %), i.e. there is a 95 %
probability that the documented thickness value is within the reported uncertainty interval.

Prior to use, foils and coatings are to be checked visually for damage or mechanical wear as this would
cause a wrong adjustment and therefore systematic deviation of all measurement values.

The use of foils as reference standards, compared to selected coated base metals, will enable the foils to
be placed directly on to the base metal, thus matching the shape and geometry exactly.

However, by placing the probe on foils elastic or plastic deformation may occur, which can affect the
measuring result. Moreover, any gap between the pole of the probe, foil and base metal has to be
avoided. Especially for concave specimens, or if the foil is wrinkled or bended, the usually low pressure
of the spring loaded guiding sleeve of the probe may not be sufficient to ensure there is no gap .
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A possible elastic or even plastic deformation of a reference foil used depends on the applied load force
of the probe and the probe tip diameter (see 5.9). Consequently, the calibration of such reference foils
should be carried out with comparable values of the applied force and tip diameter to avoid indentation
differences during the probe calibration. In this way, respective indentation errors are already taken
into account in the foil thickness value, i.e. this value can be smaller than the unaffected geometric
thickness. Both values, the applied force and the tip diameter of the foil calibration should be known
from the reference foil manufacturer in order to estimate possible thickness errors.

NOTE In most cases the foil material is plastics but other materials, e.g. copper alloys, can be used as well.

6.3 Methods of adjustment

Adjustment j)f the coating thickness gauges is executed by placing the probes on uncoated and/c
or more coatpd pieces of base metal with known coating thickness. Depending on the instrument f
the instructipns of the manufacturer and the functional range of the instrument under use; adjustj
can be carrigd out on the following items:

r one

ypes,
nents

a) apiece Iuncoated base metal;

b) apiece of uncoated base metal and a piece of coated base metal with defined’coating thicknegs;

c) a piece df uncoated base metal and several pieces of coated base métal with defined but different
coating fhickness;

d) several pieces of coated base metal with defined but different.coating thickness.

The stated gdjustment methods may lead to different aceur@acies of the measuring results. [Thus,

a method shpuld be used that best fits the given applicationr and leads to the desired accuracy. The

n the
bf the

ncertainty that can be achieved by the different adjustment methods depends g
gorithm of the gauges as well as on the material, geometry and surface condition

measuring U
evaluation a

standards an
a different a(

d of the base metals to be measured. Ifithe desired accuracy is not achieved by one mg¢
ljustment method may lead to betterresults. In general, the measuring uncertainty ¢

reduced by i

the expected thickness interval of the coating-to be measured.

The measurgment uncertainty resultingfrom an adjustment of the instrument cannot be gener
to all subseqpent measurements. In €ach case, all specific and additional influencing factors need

considered i

NOTE1 Th
uncoated bas
“adjustment”

NOTE2 De
the correspon|

creasing the number of adjustmentpoints and positioning them with closer coverag

detail, see Clause 5@nd Annex C.

e metal is often, called “zeroing” or “zero point calibration”. However, even this procedurg
hr part of an adjustment process as defined by this International Standard.

pending eivhow many pieces of coated and uncoated base metals are used to adjust the instr
ding adjustment method is often called “single-point”, “two-point” or “multiple-point adjusty

)

NOTE 3

SoméEtypes of gauges permit resetting the instrument to an original adjustment of the manufa

rthod,
an be
b over

hlized
to be

e process that is Gsed to adapt the probe to the given base metal by placing the probe onto the

is an

Lment
hent”.

[turer.

This adjustment is valid for the manufacturer’s uncoated or coated reference standards only. If these standards
or the same types of standards are used to check the instrument after a period of use, any deterioration of gauge
and probes, e.g. wear of the probe by abrasion of the contact pole, can be recognized by observing deviations of
the measuring results.

7 Measurement procedure and evaluation

7.1 General

Every instrument shall be operated according to the manufacturer’s instructions and shall consider the
factors affecting measurement accuracy discussed in Clause 5.

10 © IS0 2016 - All rights reserved
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Before using the instrument and after making changes affecting the measurement accuracy (see
Clause 5) the adjustment of the instrument shall be checked.

To ensure that the instrument measures exactly it shall be calibrated with valid standards at the place
of inspection each time

a) theinstrument is putinto operation,

b) the material and geometry of the test specimens are changed, or

c) other conditions of the inspection have changed (e.g. temperature) whose effects are not known
(see Annex D).

As nolfnall changes of measurement conditions and their influences on the measurement
be immediately recognized (e.g. drift, wear of the probe) the instrument should be calibrat

time i

7.2

The d
are m
shoul
incre
to me

NOTE
stand
thickn

NOTE
scatte
range
device

NOTE
gradig
can be

8 U

8.1

A conpplete evaluiation of the uncertainty of the measured thickness shall be carried out i

with ]
in An|

ntervals while in use.

Number of measurements and evaluation

oating thickness should be determined as the arithmetic mean.ef)several single v
easured in a defined area of the coating surface. In addition to-the mean, the standd
d be reported (see Annex E). The random part of the measurément uncertainty can b
ising the number of measurements. If not otherwise specified or agreed upon, it is r¢
Asure at least five single values (depending on the application).

1  From the standard deviation a variation coefficient .can be calculated. V corresponds
esses.

2 The total scatter of the measurement is*¢omposed of the scatter of the instrument
I caused by the test specimen. The standard deviation of operator and probe in the measy

is determined by repeated measurements-at the same location, if required with the help d
for placing the probe.

nts (e.g. due to their size and/ortheir shape) the reason for deviations between the single 1
determined by a series of systematic measurements.

ncertainty of the results

General remarks

SO/IEC\Guide 98-3. Details of the background of the expression of the uncertainty are
heX'E.

hccuracy can
ed at regular

alues, which
ird deviation
e reduced by
rcommended

to the relative

hird deviation (e.g. in percent) and enables a direct e8mparison of the standard deviation for different

itself and the
red thickness
f an auxiliary

3  When measuring on rough coating surfaces or on test specimens with known large thickness

neasurements

h accordance
summarized

Uncertainty of the thickness measuring result is a combination of uncertainties from a number of

differ

ent sources. Important sources that should be considered include the following:

a) uncertainty of the calibration of the instrument;

b) stochastic influences affecting the measurement;

c) uncertainties caused by factors summarized in Clause 5;

d) further influences, drifts, digitalization effects and other effects.

All uncertainty components shall be estimated and summarized to the combined standard uncertainty
as described in ISO/IEC Guide 98-3, see Annex E.

© ISO 2016 - All rights reserved
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A possible procedure for the estimation of the uncertainty is given in the following simplified approach
(see 8.2 to 8.5).

NOTE1 The single uncertainty components of the listed sources are dependent on the respective
measurements, the properties of the samples measured, the instrument, the environmental condition, etc. and
can show large differences for different applications. Therefore, the single uncertainty components are estimated
for each measurement in detail. The quality of the uncertainty is determined by the quality of the estimation of
all uncertainty components. Missing components result in wrong uncertainty estimations and consequently in
wrong thickness results.

NOTE 2  Inparticular, the factors listed in Clause 5 can result in large uncertainty values and are minimized by
an adjustment if possible.

NOTE 3 In pddition to the need to express the uncertainty in the result, the analysis of possible uncerftainty
components pirovides detailed information in order to improve the measurement.

8.2 Uncel]‘tainty of the calibration of the instrument
If no other ipformation is given, the current uncertainty of an instrument can be, eStimated within a
limited thickiness range by realization of n repeated measurements on a given teference standard with
known thickpess ¢r and uncertainty Ur(k = 2). The measurement result is the-arithmetic mean valye ¢
of the measuyred thickness values with the standard deviation s(ty). Thé€ quality of the calibratjion is

determined py the ratio E of the resulting difference ‘tm — tr‘ and‘the combined uncertainty pf the

verification measurement. This uncertainty (denominator of E, ¥&.2) is considered to be caused by the
stochastic efror of the measurement with n repeats (comparé’8.3) and the given reference stapdard
uncertainty [J.. In the case of E < 1 the calibration is valid and'cannot be further improved by means of
this referencE standard, i.e. the difference cannot be distinguished from the uncertainty. Therefote, the
standard unfcertainty of the calibration ucgy (k = 1)\is"given by the combined uncertainty ¢f the
verification pneasurement but with respect to the 1. sigma level (k = 1).

However, in the case of E > 1 a significant deviation of the calibration within the uncertainty is detlected
and an adjusfment of the instrument should Be carried out in order to improve the calibration accpiracy.

tr —~tm‘
E = — (@8]
2-um1
2
S(t 2
Uy = 4|[IE(68,27%,n21) - (t) —i—[O,S‘Ur] (2)

Jn

NOTE1 In|case the“tolerance T of the reference standard is given (& + T) instead of U, the respective
T
-
The calibration uncertainty ucy) is only valid in a small thickness range around t.. In the case of a larger
thickness range of interest, the uncertainty uc,) should be estimated on both sides of the thickness
range. The linear interpolation between both values gives the uncertainty of interest as a function of
the thickness.

uncertainty Up(&5 2) can be calculated: U, (k = 2) =1,653-

Very often the accuracy of the calibration is limited by the given uncertainty of the reference standard,
as the uncertainty of the calibration cannot be smaller than the uncertainty of the reference standard
used. In order to improve the calibration, a reference standard with a smaller uncertainty is necessary.

12 © IS0 2016 - All rights reserved
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Usually a normalization or zeroing on an uncoated base metal is recommended by the manufacturer
at the beginning of a measurement. The resulting uncertainty of this normalization is considered to be

already included in ucg.

NOTE 2

p = 68,27 % ). Respective values are summarized in Annex F.

8.3 Stochastic errors

t(68,27 %,n —1): student factor (degrees of freedom f =n—1 and level of confidence with

General repeated measurements are recommended in order to improve the accuracy of the arithmetic

mean
result

._In the case of n repeated measurements, the

standard uncertainty usto (k = 1) of®

mean|t can estimated by (Type A):

s(t)

Jn

tandard uncertainty ust, is a measure of all errors arising frony unpredictable
ral and spatial variations of influence quantities.

., = t(68,27%,n—1)-

d

The 9
temp

5 calculated both for calibration uncertainty and uncertainty of the thickness meg
ple.

Usto 1
a samn

The s
This ¢

tandard uncertainty usto can be reduced by increasing the number of repeated mg¢
an be important, e.g. in the case of rough samplesttfaces.

Care
contr

thould be taken to address the risk that Type B standard uncertainties (e.g. see 8.4),
bute to Type A standard uncertainties, aré\not counted twice.

NOTE
desigy
inah

Not all contributions to the uncertainty ust, are of a random nature (Type A). This d
of experiment. For example, the measured thickness of a larger sample with a thickness gy
gh uncertainty usy, because of the(systematic thickness variation. In the case of a reduced

area Usto is reduced and the arithmetie mean value ¢ gives a better description of the local thickng

8.4 |Uncertainties caused by factors summarized in Clause 5

The ipfluence of the factors summarized in Clause 5 should be minimized by means of
whengver this is possible. However, very often these influences can only be estimated and
uncerjtainty shallébevconsidered as a component of the combined uncertainty of the n
Simp}lle experiments to estimate the uncertainty of some of these factors are described
Usuallly the_influence of these factors, and therefore the resulting uncertainties, are 3
thickness, €€onsequently, in order to estimate the uncertainty for a given thickness or f

small|thickness range the experiments shall be carried out with samples with the thicknes

he thickness
e arithmetic

3

br stochastic

surement of

pasurements.

which might

bpends on the
adient results
measurement

SS.

a calibration
the resulting
easurement.
in Annex C.
1 function of
br, at least, a
s of interest.

For example, the variation of the magnetic properties of the base metal is considered (permeability
variation). As described in C.5, the expected variation should be estimated for the thickness of interest.
The resulting thickness variation with respect to the selected reference base metal should be

Aty =abs(t . —t.)or abs(t . This gives the standard uncertainty caused by the variation

of the base metal properties upm(k = 1):

min max tr)
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(4)

Upm =

The same estimation of the standard uncertainty shall be carried out for all relevant factors listed in
Clause 5. For example, in the case of an expected variation of the surface curvature resulting in At

with respect to the procedure C.4, the standard uncertainty can be estimated as ucs(k = 1):

At

Cs
3

In case the finfluence of a factor is minimized by a calibration the remaining uncertainty-gf this

uCS

(5)

calibration shall be considered.
Some of the flactors influencing the accuracy, e.g. base metal properties (5.4) or surface curvature|(5.6),
can be minimized by means of flexible foils as reference standards, if the calibration is carried ouf with
foils on the hase metal with identical material and curvature properties as the sample of intergst. In
this case only expected variations of the sample properties shall be considered.
8.5 Combjned uncertainty, expanded uncertainty and final result
The combingd uncertainty summarizes all the standard uncertainty epmponents (8.2, 8.3, 8.4 arld any
potential otHers). In the simplified approach described, when estimating the uncertainties for a|given
thickness, orffor a very small thickness range, the sensitivity coeffigients can be considered to belequal
to 1 (see Anrlex E). This results in the combined uncertainty u,:
y 2 2 2

uc = \/ucal + usto + ubm + ucs e (6)
As the final rfesult, the expanded uncertainty U(k = 2J71s calculated (2-sigma level, 95,45 %):

Uk = 2)|=2u, (7)
And the complete result of the measurement with the thickness value ¢ :

t=t+tUYk=2) (8)
9 Precision
9.1 Genernal
See Annex G feffurther-informationron-determiningpreeision:

9.2 Repeatability (r)

Repeatability, r, is the value less than or equal to which the absolute difference between two test results
obtained under repeatability conditions may be expected to be, with a probability of 95 % (according
to ISO 5725-1:1994, 3.16). The repeatability limit, r, in accordance with this International Standard and
calculated with a probability of 95 %, is given in Table 1.
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9.3

Reprqducibility limit, R, is the value less than or equal to which the absolute, difference

test rgsults obtained under reproducibility conditions may be expected tobé, with a proba
(according to ISO 5725-1:1994, 3.20). The reproducibility limit, R, in aceotdance with this

Standard and calculated with a probability of 95 %, is given in Table 2

10

The t¢st report shallinelude the following information:

g)

h)

ISO 2178:2016(E)

Table 1 — Repeatability limit (r)

Coating thickness
rX1 ry
approx. pm pm pm
12 1,5 2,0
25 1,3 1,7
125 2,0 7,0

ry Repeatability limit of first measuring point (triple measurement).
1

ry Repeatability limit of all five measuring points.

Reproducibility limit (R)

Table 2 — Reproducibility limit (R)

between two
bility of 95 %
nternational

Coating thickness R R_
Xl X

approx. pm pum pm

12 4,2 4,3

25 6,0 6,0

125 5,8 8,7

Rx Reproducibility limit of first measuring point (triple measurement).
1

R;{ Reproducibility limit of all five measuring points.

Test report

a|l information necessary for the identification of the test specimen;

a|reference to this International Standard, including its year of publication, i.e. ISO 217

—

8:2016;

Hle sjzes of the test areas over which the measurements were made in square millime

‘res (mm2);

NOTE Other units of measurement can be used, with agreement between supplier and client.

the location(s) of the test area(s) on each specimen;
the number of test specimens measured;

an identification of the instrument, probe and standards used for the test, including
any validation certification of the equipment;

reference to

the results of the test, reported as the measured thicknesses, in micrometres, at each area at which
the test was carried out, including the results of the individual determinations, their arithmetic

mean and the respective uncertainty;

the name of the operator and testing organization;

© ISO 2016 - All rights reserved
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i) any unusual features (anomalies) observed and any circumstances or conditions thought likely to
affect the results or their validity;

j) any deviation from the method specified;

k) date of the test.

16 © IS0 2016 - All rights reserved
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Annex A
(informative)

Basic principle of all measurement methods

Figure A.1 shows a ferrous ring coil with a small gap.

Key

I electric current through the coil
n number of windings in the coil
r radius of the ferrous ring

X length of the air gap

Ur relative magnetic permeability

Hc  |magnetic field strength in the ferrous ring
Hg |magnetic field strength in thegap

Figure A.1 — Set-up with a ferrous ring having a gap

The magnetic flux density of a ferrous ring coil (see Figure A.1) with a small gap is calculg

equation

B nI‘HO‘ur
2NTer—Xx+p, X

where

B is the magnetic flux density;
n  is the number of windings;
I s the electric current through the coil;

ur is the relative magnetic permeability of the used ferrous material;

© ISO 2016 - All rights reserved
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to is the magnetic constant;

r isth

x isth

e radius of the ferrous ring;

e length of the air gap.

If the gap length x is zero Formula (A.1) becomes

n-I-

Ho " Hy

2.

mT-r

(A.2)

Formula (A.Z)TsTdemntical to the formuta describing a pure ferrous ring coit-

Considering [the other extreme, if the gap length becomes identical to the coil length (x =2 Tc-r)

Formula (A.1]) becomes Formula (A.3), which describes an air ring coil:

B =
2.

Ho

- r

(A.3)

A comparisopn of Formula (A.2) to Formula (A.3) shows that the magnetictflux density in the ajr gap

decreases by

the factor uy if the ferrous metal is completely replaced by-ait.

18
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Annex B
(informative)

Basic performance requirements for coating thickness gauges

B.1

The manufacturer’s technical specification should at least provide the following téchnica

which are based on the magnetic method described in
International Standard

this

for in

a)
b)

c)

d)

e)
f)
g)
h)
i)
)
k)
D)
m)

n)

Technical specification

struments and probes:

b
c

—n

t
b

p
p

a
C

a

d

S

i[inciple of measurement;

Tlformation on how measuring results are influenced\by the material, curvature and

flinction of an under voltage monitor and-automatic under voltage switch-off;

npeasuring rate;

easuring range;

asic information on measuring uncertainty or permissiblé érror of measurement if
hrried out under conditions specified by the manufacturet;

e base metal and by the edge effect (measurements close to an edge);

httery operating time;

ermissible operating temperature;

ermissible storage temperature;

7ailable methods for calibfation and adjustment;

bntact force of probeswith spring loaded guiding sleeves;

vailability of temperature compensation;

hta memovry (design, capacity, data communication);

ze‘and weight of instrument (with batteries) und probes.

information

measuring is

thickness of

B.2 Check/verification of instruments and probes

B.2.1 Prior to supply, after repair and at regular intervals after use

After the instruments and probes have been adjusted according to the manufacturer’s instructions,
the measuring accuracy should be checked and verified by using a plane and uncoated base metal
and a representative number of coated calibration standards or calibration foils, whose coating or foil
thicknesses should be equally distributed within the measuring range of the respective probe.

Measurement errors shall not exceed the manufacturer’s technical specification.

© ISO 2016 - All rights reserved
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B.2.2 Performed on site

The accuracy of instruments and probes should be verified daily. After the instrument has been adjusted
according to the manufacturer’s instructions, verification shall be made with an appropriate number of
coated calibration standards made from the same base metal as the items to be measured or by means
of calibration foils put onto the base metal to be measured. Their thicknesses should cover the expected
coating thickness range. If curved coated items shall be measured, verification needs to be executed on
items of the same base metal, geometry and curvature as the items to be measured.

Measurement errors shall not exceed the manufacturer’s technical specification.
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C.2

ISO 2178:2016(E)

Annex C
(informative)

Examples of experimental estimation of factors affecting the

measurement

General

s affecting the measurement accuracy are summarized and described in Clause 5
irements it is important to estimate the influence of these factors or the Tesulting|
fore, some examples of simple experiments are described in this annex in order to s
nce of these factors can be estimated. These experiments also provide a basis for e
ctive uncertainty.

(&

ng with combined measuring principles in one probe. €onsSequently, the factor
ated separately for each combined measuring principle.

Base metal thickness

In practical
uncertainty.
how how the
timating the

actors described in C.2 to C.5 can cause differently pronounced influences for an instrument

s should be

A simple test to prove that the metal base thickness\t; is larger than the critical minimun base metal

thicki

thicki
illust

Step

Place
the s3

Step

Adjus

Step

Place

instr
base

crit

ness t;  uses two (or more) clean, uncoated and even samples of the base me

ness of interest and follows the procedure described in steps 1 to 4 below. The
rated in Figure C.1.

L

the probe on the first sample. It should be proven that the reading is not affected by
mple (see C.3).

D
t the instrument to read zero.
B

the second sample beneath the first one, place the probe on top of this stack al

tal with the
procedure is

the edges of

hd check the
fertainty, the

mentireading. If the instrument reading is still zero with respect to the expected un
| Lthicl isl ] 1 itical mini ] Lthicl !crit |

ho additional

uncertainty needs be considered. If the instrument reading changes negatively with respect to the

expected uncertainty, ¢, is smaller than ¢

crit
0

metal thickness.

Step

If t,

4

crit

is smaller than to

, i.e. the measurement is affected by the too small base

, place a third sample beneath the stack of step 3, place the probe on top of this

stack and check the instrument reading. If the instrument reading is still the same as in step 3 with
respect to the uncertainty the critical minimum base metal thickness lies within ¢ < t(c)”t <2t,.lfthe

instrument reading shows a larger negative value than in step 3 then two times of ¢t is still smaller

[o

than tgrit . Continue to stack further samples in order to estimate torit :
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The instrument may be used without correction provided that the base metal thickness ¢, is larger

than tgrit If t ) is smaller than ¢

that possible

The experimentally determined critical minimum base metal thickness t

crit
0
base metal variations cause an increase of the respective thickness uncertainty:.

crit

o can be used to est

the resulting uncertainty.

In order to improve the accuracy of the estimation of ¢t

crit
0

should be used.

aspecial calibration correction is required and it shall be considered

imate

samples with smaller thickness than ¢,

If the instru
between the

NOTE

allows only a

Th

properties of {
procedure caj

ment does not display negative values, it is recommended to use a thin foil (e.g.0
probe and base metal in order to observe the decrease of the thickness.

e procedure to stack several samples in order to simulate an increase in the basé metal thi

ough estimation of tgm because the air gap between the samples causes a chdnge of the ma|

he sample stack in comparison with the respective homogeneous material. However, this sim
be carried out more easily than producing base metals with variable thickness.

) um)

kness
gnetic
blified

to
to
to

C.3 Edge

A simple edg
even sample
is illustrated

Step 1

Higure C.1 — Schematic representation of the test for base metal thickness

effect

e effect test, to~assess the effect of the proximity of an edge, uses a clean, uncoate
of the base nietal and follows the procedure described in steps 1 to 4 below. The proc

in Figure. C/2.

Place the pra

d and
edure

be'on the sample, sufficiently away from the edge.

Step 2

Adjust the instrument to read zero.

Step 3

Progressively bring the probe towards the edge and note where a change of the instrument reading
occurs with respect to the expected uncertainty or to the given thickness tolerance.

Step 4

Measure the

22

distance d from the probe to the edge (see Figure C.2).
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The instrument may be used without correction provided that the probe is further from the edge
than the distance as measured above. If the probe is used closer to the edge, a special adjustment or
calibration correction is required or the additional resulting uncertainty for the used distance needs to
be considered. If necessary, refer to the manufacturer’s instructions.

Key
d d|stance from the probe to the edge

Figure C.2 — Schematic representation of the test for edge effect

C.4 |Surface curvature

A simpple test to assess the effect of the influence of the sample surface curvature uses a cl¢gan uncoated
sample of the base metal with different curvature diafmeters (e.g. cylinder) and follows the procedure
descrjbed in steps 1 to 4 below. All used samples should provide the same material progerties as the
base metal. The procedure is illustrated in Figured.3 using the example of a convex curvature.

Step L

Place|the probe on an even sample (noscti¥vature). It should be proven that the reading i§ not affected
by the edges of the sample (see C.3) and that the base metal thickness of the sample is layger than the
critical minimum base metal thickness (see C.2).

Step 2
Adjusft the instrument totead zero.
Step B

Place|the probeten each sample starting with the largest available diameter and then |continue the
test with decfeasing sample diameters. Note the diameter where a change of the instrument reading
(positive increase) occurs with respect to the expected uncertainty or to the given thickngss tolerance.

The ihstbument may be used without correction provided that the sample of interest sHows a larger
diameter than the noted one. If the diameter is smaller, an adjustment or special calibration correction
is required or the additional resulting uncertainty for the used distance can be considered. If necessary,
refer to the manufacturer’s instructions.

In practical situations, the diameter of the samples of interest varies very often. In this situation, the
smallest and the largest diameter expected should be estimated and the instrument should be adjusted
on an uncoated sample close to the average diameter. As a result, the measured deviation for the
smallest and largest diameter can be estimated from the described procedure and used to estimate the
uncertainty. Take this uncertainty into account during the measurement.
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In order to improve the accuracy of the estimation of the curvature influence, increase the number of
samples with different diameters.

NOTE The same procedure can be used in cases where the samples show a concave curvature, however, this
concave curvature results in negative thickness readings. If the instrument does not display negative values, it
is recommended to use a thin foil (e.g. 10 pm) between the probe and base metal to observe the decrease of the
thickness.

08 3

Figure C.3 — Schematic representation of the test for curvature effect

C.5 Magnletic properties of the base metal

In practical situations, the magnetic properties of the basé(metal varies very often. The simplified
procedure described in steps 1 to 5 below helps to redueg this influence and estimate the resplting
uncertainty.| This procedure requires several uncoated, clean and even samples represgnting
approximately the expected variation of the base metal variation. The procedure is illustrated in

Figure C.4.
Step 1

Place the prgbe on one of the samples. It should be proven that the reading is not affected by the edges
of the sampl¢ (see C.3), that the base nietal thickness of the sample is larger than the critical minjmum
base metal thickness (see C.2) and that the sample is even (with no curvature, see C.4).

Step 2
Adjust the instrument to readzero.
Step 3

Place the prgbe on-each of the samples and notice the reading. It is recommended to carry out repeated
measuremer]ts-on each sample and to use the average value in the next steps.

Step 4

Calculate the average of the readings of all samples and select the sample with the smallest deviation
from this average.

Step 5
Use this selected sample as areference base metal to carry out the zero adjustment for all measurements.

The instrument may be used without correction provided that the deviation of the sample with the
smallest reading (or with the largest reading) from the calculated average value is smaller than the
expected uncertainty or the given thickness tolerance.
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If there are larger variations, the selected sample should be used as a reference base metal and the
estimated deviation of the readings of the described procedure can be used to estimate the uncertainty.
Take this uncertainty into account during the measurements.

+0,9 1,2

J J i

Figure C.4 — Schematic representation of the test for base metal permeability test
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D.1 Samp

Annex D
(informative)

Example of uncertainty estimation (see Clause 8)

le details

The example

— paint/steel (part of a car body);

— expected thickness is around 25 pm;

— thebase
product]
measurd
used ste

range at

D.2 Steps

D.2.1 The ¢
(1) Verify th

— ten

sample to be measured is as follows:

metal is not accessible, but possible thickness variations caused by the used car body
on lots (permeability variations) have been determined by anZéxperiment (see
ment of uncoated steel parts from car body production representing the variabil
el from different suppliers, production lots, etc., resulting{complete thickness var

t=25um:At, =+ 1,2pm.

xample sample is measured by following thesé steps.

e probe calibration:

zeroing on base metal)

— the given tolerance of the reference foilis T = + 0,5 um

— the

— thet

— calc

sed base metal is a selected reference base metal (see C.5)
esultis (n = 10)>+= 24,06 pm and s(t) = 0,11 um
1late the unéertainty and E (see 8.2)

T 0,5pm
the standard uncertainty of the reference foil is u_ = = = 0,29 um

B

r steel

C.5):
ity of
jation

repeated measurements with a reference foil of ¢ = 25,2 pm on base metal (including

he’standard nnr‘prfninfy of the verification measurement (nn]y the stochastic comp

nent

i idered) i (68 27 % 1) () 1,06 211
is considered) is u = t(68, o,n—1). — =1, T
10

Jn

= 0,04 pm

2 2
— the combined uncertainty is u, = \/<0,04 um) + (0,29 um) = 0,29 um

— the expanded uncertainty is U, (k = 2) = 2-u, = 0,58 um

26
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‘t—tr

1,14 pm
=1,96

— theresultis E = = =
U (k = 2) 0,58 um

— calibration is not correct. A significant deviation has been detected, because E = 1,96 > 1, i.e.

the difference between the measured value t and the given reference foil value

t—t,

islarger

than U, (k = 2) = 0,58 um ; consequently the calibration accuracy can be improved by means

of this reference foil.

2 A PN | 4 i 4 adla 2] £ Lol
JUST LIIT IS T UIIITIIUT WILIT LIIT TTITT TITU T TUTLL.

(3) V

4 M

S

(5) M

6) C

U

erify the improved probe calibration:

easure the uncertainty of the probe calibration (resultef step 3):

= \/(0,03 um)z i (0,29 um)z — 0,29 um

easure the sample:

plculate all measurement untertainty components and the combined uncertainty:

e \/ucalz tug ttu, ? = \/(0,29 um)z +(0,31 um)z + (0,69 um)z — 0,81 pum

ten repeated measurements (repeat of step 1)
result (n =10):t = 24,87 pm and s(t) = 0,11 pum

calibration is ok, because E = 0,56 <1, i.e. the diffekence ‘t—tr is §

U_.(k=2)=0,58um, no significant deviation can be/preven now

cal

seven repeated measurements withifithe given measurement area of the sample

result (n=7): t = 22,8 um and's(t) = 0,76 um

s (t) 0,76 um
stochastic uncertainty (see 8.3): u,, = t<68,27%,n - 1) : T =1,09- T =
n 7
standard uncestainty caused by possible base metal deviation from calibrati
thicknessvaviation range (see 8.4): Aty (25pm)=+1,2pm: u, = 0,69 pm

combined uncertainty (see 8.5):

maller than

= 0,31 um

n (expected

(7) Calculate the expanded uncertainty and expression of the result:

— expanded uncertainty (see 8.5): U(k = 2) = 2-u, = 1,6 pm

final result of the measurement:t = 23 ym 4+ 1,6 um

D.2.2 All other possible factors affecting the measurement accuracy are considered to be negligible in
this example (edge effect, base metal thickness, curvature, temperature drift, etc.).

D.2.3 Further conclusions: it is obvious that the resulting uncertainty is limited by the largest
uncertainty component, in this case the possible base metal property variation (permeability variation).
Therefore, an increase of the number of repeated measurements would reduce usy,, however the
combined uncertainty wouldn’t be strongly affected in this way.

© ISO 2016 - All rights reserved
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D.2.4 The final result of the thickness value should be rounded in accordance to the value of the
estimated uncertainty.
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Annex E
(informative)

Basics of the determination of the uncertainty of a measurement
of the used measurement method corresponding to ISO/IEC

E.1

Coati
are ¢4

Onth
is ass

Analy
funct
as shq

t
To ey
modi
Whern

partiz

¢

Ifthe
isrec

In m3

Guide 98-3

General

g thicknesses are generally determined as the mean value of several single’measu
rried out at a fixed section of the layer’s surface.

e basis of these measurements, a mean value is allocated to the meagurand “coating thi
gned an uncertainty value that provides information about the reliability of the allocz

sis is carried out progressively and begins by drawing up a model equation thj
onal correlation between the indicated output value t andall the relevant influence
wn in Formula (E.1):

= F(Hy,H, H,,..H,..H )
rery influence quantity belongs a sensitiyity coefficient c¢;, which indicates h
ication AH; effects the result t.

the function F is given as analytic.expression the sensitivity coefficients may be (
11 derivation, see Formula (E.2):

st
SH,

kind of the functional correlation is unknown, an approximation by means of polynon
bmmended.

iny practical.tases, this formulation is expressed by a linear dependence, i.e. th

rements that
ckness”. This
ted value.

it shows the
quantities Hj,
(E.1)

w strong a

alculated by

(E.2)

ial functions

e sensitivity

coefficients becanie one. This situation arises, for example, in sections of limited coating thickness.

In ord
comp

er to summarize the uncertainties of various error influences appropriately, all singlg

P uncertainty

pnents'may be referred to a level of confidence of 68,27 %: the so-called “standard u

Calcu

and Type B (see E.3).

E.2

Type A

certainty”.

e A (see E.2)

The standard uncertainty of Type A is a measure of all random errors arising from unpredictable or
stochastic temporal and spatial variations of influence quantities.
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