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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
electrotechnical standardization.
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Non-magnetic metallic coatings on metallic and non-
metallic basis materials — Measurement of coating

thi

ckness — Phase-sensitive eddy-current method

1 Scope

This
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met3g

a)
b)
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metH
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q

In thlis document, the term “coating” is used for materials\such as, for example, paints an

elect

This

coatings can be non-magnetic metallic coatings“on non-conductive, conductive or m3

matg

The

of c
pern

zinc, cadmium, copper, tin or chromium on steel;

con((i)r;llctivity and permeability (o, ) of.ene of the materials is at least a factor of two times

document specifies a method for using phase-sensitive eddy-current instrumnier
uctive measurements of the thickness of non-magnetic metallic coatings on metal
llic basis materials such as:

opper or silver on composite materials.

phase-sensitive method can be applied without thickness errors\te’ smaller surface 4
iger surface curvatures than the amplitude-sensitive eddy-current method specified
s less affected by the magnetic properties of the basis niaterial. However, the phg
od is more affected by the electrical properties of the coating materials.

roplated coatings, enamel coatings, plastic coatings, claddings and powder coatings.
method is particularly applicable to measurements of the thickness of metallic coa
rials, but also magnetic coatings on non-cenductive or conductive base materials.

measurement of metallic coatings en metallic basis material works only when thg

ductivity and permeability forsthe other material. Non-ferromagnetic materials hay
leability of one.

2

The following documents are referred to in the text in such a way that some or all of t
consfitutes requirémeénts of this document. For dated references, only the edition cited
unddted references; the latest edition of the referenced document (including any amendme

ISO 2064, Metallic and other inorganic coatings — Definitions and conventions concerning the n
of thickness

ormative references

ts for non-
ic and non-

ireas and to
in ISO 2360,
se-sensitive

d varnishes,

tings. These
gnetic base

product of
the product
e a relative

heir content
applies. For
hts) applies.

heasurement

ISO 4618, Paints and varnishes — Terms and definitions

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2064, ISO 4618 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
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[EC Electropedia: available at http://www.electropedia.org/

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: Types of adjustment of a measuring system can include zero adjustment of a measuring system,
offset adjustment, and span adjustment (sometimes called gain adjustment).

Note 2 to entry: Adjustment of a measuring system should not be confused with calibration (3.2), which is a
prerequisite for adjustment.

Note 3 to ent

Note 4 to ent
In the same W

[SOURCE: IS

3.2
calibration
operation th
values with
indications
establish a1

Note 1 to ern
calibration c
the indicatio

Note 2 to ent
called “self-c

Note 3 to ent

[SOURCE: IS

4 Princi

Phase-sensi
field generaf
the probe is
(see Figure]
probe coil sy
impedance.
the coating

}

Fy: After an adjustment of a measuring system, the measuring system shall usually be recalibr

y: Colloquially the term “calibration” is frequently, but falsely, used instead of the term “adjustn
Fay, the terms “verification” and “checking” are often used instead of the correct tegm-“calibrat

D/IEC Guide 99:2007, 3.11 (also known as “VIM”), modified — Note 4 to entry has been ad

measurement uncertainties provided by measurement~standards and correspor
lvith associated measurement uncertainties and, in a se€ond step, uses this informati
elation for obtaining a measurement result from an indication

try: A calibration may be expressed by a statementiZcalibration function, calibration dia
rve, or calibration table. In some cases, it may consist of an additive or multiplicative correct
with associated measurement uncertainty.

[y: Calibration should not be confused with adjustment of a measuring system (3.1), often mista
hlibration”, nor with verification of calibration.

Fy: Often, the first step alone in the above definition is perceived as being calibration.

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

ple of measurement

Live eddy-currentinstruments work on the principle that a high-frequency electromag
ed by the probgsystem of the instrument will produce eddy currents in the coating on
placed and in'the base material beneath the coating in case this base material is condu
1). These~induced currents cause a change of the electromagnetic field surroundin
r'stem and'therefore result in a change of the amplitude and the phase angle of the prob
Theinduced eddy-current density is a function of the coating thickness, the conductiv
niaterial, the used frequency of the probe system and the base metal conductivity. I

ated.

nent”.
- ”

on.

ded.]

lat, under specified conditions, in a first step, establishes a relation between the qualntity

1ding
bn to

bram,
on of

kenly

netic
rhich
ctive
b the
P coil
ty of
f the

thickness of

atoating of tonstant comductivity tsincreased fora giverr frequerncy; the impedarnce v

ector

describes a so-called local function of the thickness in the impedance plane (see Figure 2). Each point of
this local curve connects a phase angle of the impedance vector with the respective coating thickness.
Consequently, this impedance angle (phase shift) can be used as a measure of the thickness of the
coating on the conductor by means of a calibration with reference standards (see also Annex A).

In order to measure a change of the coil impedance phase angle, the test coil is usually part of a coil
system and is coupled with the exciting coil on one ferrite core such as in a transformer (see Figure 1).
The changes of phase angle and amplitude due to the impact of the induced eddy currents can be
measured, for example, using a lock in amplifier. These values are usually pre-processed by digital
means and the resulting thickness is then calculated and displayed.
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The probe and measuring system/display may be integrated into a single instrument.
NOTE1 Annex C describes the basic performance requirements of the equipment.

NOTE 2  Factors affecting measurement accuracy are discussed in Clause 5.

! ﬁ\/// :
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Key
gxciting current 4  measured signal U = f{t(@))

2 :rrrit core of probe 5 base material (conductive)
3 igh-frequency alternating magnetic field 6 induced eddy currents

Figure 1.— Phase-sensitive eddy-current method
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Dimensions in micrometre

X

Y

Key
conductyvity local curve for the frequency f,
thickness local curve of Cu for the frequency f,
conductyvity local curve for the frequency f;
thickneds local curve of Cuforthe frequency f;
coil in aifr (unaffected)

real part

< Ul A W N R

imaginafy part

Figure 2 —| Thickness local curves of Cu in the normalized impedance plane for two frequencies
fiand f;

For each instrument, there is a maximum measurable thickness of the coating.

Since this thickness range depends on both the applied frequency of the probe system and the electrical
conductivity of the coating, the maximum thickness should be determined experimentally, unless
otherwise specified by the manufacturer.

An explanation of eddy-current generation and the calculation of the maximum measurable coating

thickness, t ., is given in Annex A.

4 © IS0 2019 - All rights reserved
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t

’ "max’

can be estimated using Formula (1):

tmax =0,8-8 (1)
where § is the standard penetration depth of the coating material (see Annex A).
5 Factors affecting measurement uncertainty
5.1 Basicinfluenceof tirecoating tirickmess
The §ensitivity of a probe, i.e. the measurement effect, depends on the used frequency, the ¢onductivity
of the coating and the base material, and the properties of the probe system. Besidesthe groperties of
the probe system, the resulting uncertainty of the thickness also depends on theSample materials, such
as the homogeneity of the coating and base metal conductivity and roughness.
5.2 | Electrical properties of the coating
The ¢onductivity of the coating as well as the base material determinethe induced eddy-curjrent density
for a|given probe system and frequency. Consequently, the coating and base metal condudtivity cause
the measurement effect for this method. The relationship between coating thickness and the measured
valug¢ depends strongly on the conductivity of both the coating'and base material. Thereforg, calibration
procgdures and measurements shall be made on the same.-material. Different materials wijth different
conductivities as well as local fluctuations of the conduétivity or variations between differlent samples
can dause (more or less) errors in the thickness reading.
5.3 | Geometry — Base material thickness
In cdses of a conductive base material \(base metal), the generation of eddy currents by the coil's

magnetic field in the depth of the base\metal is obstructed if the base metal thickness is to

influ

Ther]
meta
How

The
and
unle

NOTH

How
can k

t

ence can only be neglected above.a certain critical minimum base metal thickness.

efore, the thickness of the-base metal should always be higher than this critical mi
| thickness. An adjustment-of the instrument can compensate for errors caused by thin
bver, any variation in/thickness of the base metal can cause increased uncertainty and

critical minimum: base metal thickness depends on both the probe system (frequency
he conductivityof the coating and the base metal. Its value should be determined exp
s otherwisespecified by the manufacturer.

A simple experiment to estimate the critical minimum base metal thickness is described

byvetin the absence of any other information, the required minimum base metal thi

small. This

himum base
base metal.
errors.

, geometry)
erimentally,

in Annex D.

rkness, i,

e estimated from Formula (2):

min :3'60

where § is the standard penetration depth of the base metal (see Annex A).

(2)

In cases of a non-conductive and non-magnetic base material, the base material thickness does not
affect the measurement results and consequently it shall not be considered as an influencing factor.

5.4

Geometry — Edge effects

The induction of eddy currents is obstructed by geometric limitations of the coating (such as edges,
drills and others). Therefore, measurements made too near to an edge or corner may not be valid unless

© IS0 2019 - All rights reserved
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the instrument has been specifically adjusted for such measurements. The necessary distance in order
to avoid an impact of the edge effect depends on the probe system (field distribution).

NOTE1 A

NOTE 2

simple experiment to estimate the edge effect is described in Annex D.

affected by edge effects.

5.5 Geometry — Surface curvature

Amplitude-sensitive eddy-current instruments as described in ISO 2360 can be substantially more

The propagation of the magnetlc f1eld and consequently the mductlon of eddy currents are affected by

the surface g

with decre
influence, aj

The influen
by reducing
“microprobg

NOTE 1
surface curva

NOTEZ2 A

5.6 Surface roughness

Measureme
surface topq
errors. Ran
made at a di

In order to 1

with a roughness equivalent to the coated sample.

If necessary,

supplier and

NOTE
base metal rd

5.7 Lift-o

If the probe
affect the m
probe desig
mathematic

There are instruments and probes available that are capable of automatically-¢compensating the s3
ture influence if the curvature diameter is known. They can avoid the tesulting thickness erroi.

Amplitude-sensitive eddy-current measurement as described in ISO 2360 can be more affect

sing radlus of the curvature and decreasmg coatlng thlckness In order to minimizg
adjustment should be performed on a sample with the same geometry.

ce of surface curvature depends considerably on the probe geometry and can be red
the sensitive area of the probe. Probes with very small sensitive areas-are often ¢

”

ES .

Kimple experiment to estimate the effect of surface curvature is,deScribed in Annex D.

hts are influenced by the surface topography of the'coating and can also be influenced b
graphy of a conductive base metal. Rough surfaces can cause both systematic and raf

educe the influence of roughness, a.galibration should be carried out with reference |

the definition of the average.coating thickness that is used should be stated bet)
client.

ughness.

ff effect

is not placed directly onto the coating, the gap between probe and coating (lift-off]
pasuremerit of the metal coating thickness. The strength of the lift-off effect depends o
h and the resulting field geometry. By using appropriate electronic circuit design and|

y the
idom

lom errors can be reduced by making multiple measurements, each measurement lpeing
[fferent location, and then calculating the ayierage value of that series of measurements,.

barts

iween

ed by

will

n the

or a
mim.

alalgorithm in the instrument, lift-off compensation can be applied for gaps of up to 1

The strength of the lift-off effect can be small for some probe designs. In this case, an increase of the
lift-off height results mainly in a reduction of the impedance amplitude but only in a small change of the
phase angle as a measure of the thickness (see Figure 3). The remaining influence can be compensated
by an appropriate mathematical algorithm using the measured amplitude and phase angle information.
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BN EXESES.

Imaginary part

Figure 3 — Lift-off effect

Lift-off compensation shall be verified in accordance with the manufacturer’s instructions by using
electrically nonconductive shims of known thickness, which are inserted between the probe and the
coating.

NOTE1 Asimple experiment to estimate the lift-off effect is described in Annex D.

NOTE 2  Instead of lift-off compensation, the thickness of non-conductive coatings on top of conductive base
metals can be measured by using the amplitude change as measuring effect (see Annex A).

© IS0 2019 - All rights reserved 7
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5.8 Probe pressure

The pressure with which the probe is applied to the test specimen shall be made constant as it can
affect the instrument reading.

NOTE The phase-sensitive eddy-current measurement can be substantially less affected by the pressure

with which the probe is placed onto the sample than the amplitude-sensitive eddy-current method given in
ISO 2360. Contactless measurements are possible.

5.9 Probe tilt

Unless otherwise-imstructed-by thremmanufacturerthe probeshoutdbeappited-perpendicutarty tp the
coating surface as tilting the probe away from the surface normal can cause measurement errors,

The possibility of tilt inadvertently occurring can be minimized by probe design or by using a probe
holding jig.

5.10 Temperature effects

As temperature changes affect the characteristics of the probe, it should be used under approximjately
the same temperature conditions as when the instrument was calibrated.

The influenge of temperature variations can be reduced by a temperdture compensation of the pfobe.
The manufafturer’s specification shall be taken into account.

Most metal$ change their electrical conductivity with temperature. Because the measured copting
thickness is|influenced by changes in the electrical conductivity of the coating and the base matgrial,
large tempefature changes should be avoided (see 5.2).

NOTE Tgmperature differences between the probe, thé electronics of the instrument, the environment and
the sample can cause large thickness errors. One exampleyis the thickness measurement of hot coatings.

5.11 Intermediate coatings

The presence of an intermediate coating, can affect the measurement of the coating thickness if the
electrical characteristics of that intermediate coating differ from those of the coating or the base njetal.
If a difference does exist, then thé measurements will, in addition, be affected by an intermediate
coating thirner than ¢ . If the intermediate coating is thicker than ¢ _;, and non-magnetic, it cqn be
treated as the base metal (see.53).

5.12 Externnal electromagnetic fields

The measufement ‘tesults can be influenced by strong electromagnetic interfering fields. When
observing ynexpected results or a strong variation of results, which cannot be explained by ¢ther

factors, this|inflaence should be taken into account. In this situation, a comparison measurement should
be carried olut:at a location without intprfpring fields

6 Calibration and adjustment of the instrument

6.1 General

Before use, every instrument shall be calibrated or adjusted according to the instructions of the
manufacturer by means of suitable thickness reference standards, base material and a reference
standard with sufficient coating thickness as a saturation material. The material, geometry and surface
properties of the base metal used for calibration or adjustment should be similar to those of the test
specimens in order to avoid deviations caused by the factors described in Clause 5. Otherwise, these
influences shall be considered in the estimation of the measurement uncertainty.

8 © IS0 2019 - All rights reserved
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During calibration or adjustment, the instruments, the standards and the base material sho
same temperature as the test specimens to minimize temperature-induced differences.

uld have the

In order to avoid the influence of instrument drift, periodic control measurements with reference
standards or control samples are recommended. If required, the instrument shall be re-adjusted.

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

6.2 Thickness reference standards

Thic
avail

onto uncoated base materials.

laced
Met
valugs of the reference standards and their associated uncertainties shall be known-and und

documented. The surface area for which these values are valid shall be marked. The thicl
should be traceable to certified reference standards.

The
prob|
thick

uncertainties shall be documented with their confidence level, for  example U (95
hbility, that the “true” value is within the reported uncertainty:interval around the
ness value, is minimum 95 %.

Prior
woul

to use, metal foils and coatings are to be checked visuallyfor damage or mechanical
d cause an incorrect adjustment and thus systematic deviation of all measurement val

The
the
factdg

se of metal foils as reference standards, compared to selected coated base metals, b
ossibility of placing the foils directly on each‘base material. The geometry influend
rs are then already considered during the adjustment.

6.3 | Methods of adjustment

Adju
orm
high
type
adjug

a)
b)

)

stment of the coating thickness gauges is executed by placing the probes on uncoated
bre coated pieces of base metal with known coating thickness and a coated piece with g
coating thickness, so that ittcan be used as a saturation standard. Depending on the

tments can be carried quton the following items:

4 piece of uncoated®dase material;

q
q

q

hickness;

d) a piece of uncoated base material and several pieces of coated base material with

q

| piece of coated'base material with a sufficiently high thickness (saturation standard)j

” carried out

aterials or, if

| foils and coatings shall have the same conductivity as the coatings to be measured. Thickness

mbiguously
(ness values

%), i.e. the
Hocumented

wear as this
ues.

bnefits from
e and other

and/or one
sufficiently
instrument

5, the instructions of the manufacturer and on the functional range of the instrument under use,

| piece of.umncoated base material and a piece of coated base material with a defined coating

defined, but

différent, coating thicknesses:

e) a piece of uncoated base material, one or several pieces of coated base material with defined, but
different, coating thicknesses and a piece of coated base material with a sufficiently high thickness
(saturation standard);

f) several pieces of coated base material with defined, but different, coating thicknesses;

g) several pieces of coated base material with defined, but different, coating thicknesses and a piece of

coated base material with a sufficiently high thickness (saturation standard).

According to 6.2, the term “coated base material” includes metal foils placed onto uncoated base

material.
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The stated adjustment methods may lead to different accuracies of the measuring results. Thus,
a method should be used that best fits the given application and leads to the desired accuracy. The
measuring uncertainty that can be achieved by the different adjustment methods depends on the
evaluation algorithm of the gauges as well as on the material, geometry and surface condition of the
standards and of the base metals to be measured. If the desired accuracy is not achieved by one method,
a different adjustment method may lead to better results. In general, the measuring uncertainty can
be reduced by increasing the number of adjustment points, which should be properly adapted to the
thickness interval of the coating to be measured.

NOTE1 The process used to adapt the probe to a given base material by placing the probe onto the uncoated
base material, is often called “zeroing” or “zero point calibration”. However, even this procedure is an “adjustment”
or partofan n the
base materia

1= 1 Lo 1.1 1. 1 La a3 L h I x 1 1
IUJUD LITICTIIU pl UCLCSS d5 UCTIIICU U_y LITIS UUCUIIICIIL. T II1S Ly }JC Ul dujubtllltllt I|IN) Ulll_y IITCES5dl _y VVIIQ
is a conductive material.

NOTE2  Dq
the correspo

bpending on how many pieces of coated and uncoated base metals are used to adjust the instru

nding adjustment method is often called “single-point”, “two-point” or “multiple-pointadjustm

ment,
ent”.

NOTE3 T
thickness (s
even this pro

e process used to adapt the probe to a given piece of coated base material with.a sufficiently
uration standard) is often called “saturation measurement” or “saturation calibration”. Hoy
cedure is an “adjustment” or part of an adjustment process as defined bythis'document.

high
fever,

The measurement uncertainty resulting from an adjustment of the instrument cannot be generalized

to all subse
considered 1

NOTE4  Sd
This adjustm|
or the same t
and probes,

quent measurements. In each case, all specific and additiordal influencing factors sh4
n detail, see Clause 5 and Annex D.

me types of gauges permit resetting the instrument to an original adjustment of the manufac
ent is valid for the manufacturer’s uncoated or coated reference standards only. If these stan
ypes of standards are used to check the instrument aftér a period of use, any deterioration of
for example, wear of the probe by abrasion of the contact pole, can be recognized by obse

11 be

furer.
Hards
rauge
rving

deviations offthe measuring results.

7 Measurement procedure and evaluation

7.1 Genefal

Every instry
the factors 3

ment shall be operated agcording to the manufacturer’s instructions especially consid
ffecting measurement aceuracy discussed in Clause 5.

Pring

Before using ), the

adjustment

b the instrument andyafter changes affecting the measurement accuracy (see Clause 5
pf the instrument-shall be checked.

To ensure t
place of insf

hat the instfdment measures correctly, it shall be calibrated with valid standards at the
ection eacl{ time

a) the instrumentis put into operation,
b) the material and geometry of the test specimens are changed, or
c) other conditions of the inspection have changed (for example temperature) where the effects are

not known.

As not all changes of measurement conditions and their influences on the measurement accuracy can
be immediately recognized (such as drift, wear of the probe), the instrument should be calibrated at
regular time intervals while in use.

7.2 Number of measurements and evaluation

The coating thickness should be determined as the arithmetic mean of several single values, which
are measured in a defined area of the coating surface. In addition to the mean, the standard deviation
should be reported (see Annex B). The random part of the measurement uncertainty can be reduced by
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increasing the number of measurements. If not otherwise specified or agreed upon, it is recommended
to measure at least five single values (depending on the application).

NOTE1 From the standard deviation, a variation coefficient IV can be calculated. VV corresponds to the relative
standard deviation (e.g. in percent) and enables a direct comparison of the standard deviation for different
thicknesses.

NOTE 2 The total scatter of the measurement is composed of the scatter of the instrument itself and the
scatter caused by the test specimen. The standard deviation of operator and probe in the measured thickness
range is determined by repeated measurements at the same location, if necessary, with the help of an auxiliary
device for placing the probe.

Whefimeasuring on rough coating surfaces or on test specimens with kKnown large thickngss gradients
(for example due to their size and/or their shape), the reason for deviations between the single
meagurements should be determined by a series of measurements.

8 Uncertainty of the results

8.1 | General remarks

A complete evaluation of the uncertainty of the measured thickness shall be carried out in accordance
with|ISO/IEC Guide 98-3. Details of the background of the expression of the uncertainty are yummarized
in Arinex B. A typical example of this calculation is describeddn Annex F.

Uncertainty of the thickness measuring result is a combination of uncertainties from 3 number of
diffefent 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) incertainties caused by factors summarized in Clause 5;

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

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

A possible procedure for.the estimation of the uncertainty is given in the following simplified approach
(see B.2 to 8.5).

The gingle uncertainty components of the listed sources are dependent on the respective mepsurements,
the properties of-the samples measured, the instrument, the environmental condition, ¢tc. and can
show large «differences for different applications. Therefore, the single uncertainty fomponents
shall| be estimated for each measurement in all detail. The quality of the uncertainty is|determined

by the quality of the estimation of all uncertainty components. Missing components resylt in wrong
unceriai o i Vi hic] ] |

In particular, the factors listed in Clause 5 can result in large uncertainty values and should be
minimized by an adjustment if possible.

NOTE In addition to the need to express the uncertainty in the result, the analysis of possible uncertainty
components provides detailed information in order to improve the measurement.

8.2 Uncertainty of the calibration of the instrument

If no other information is given, the current uncertainty of an instrument can be estimated within a
limited thickness range by realization of n repeated measurements on a given reference standard with

known thickness t. and uncertainty U.(k = 2). The measurement result is the arithmetic mean value ¢,

of the measured thickness values with the standard deviation s(t,). The quality of the calibration is
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determined by the ratio E of the resulting difference ‘tm —t,.| and the combined uncertainty of the

calibration measurement, see Formula (3). This uncertainty [see Formula (4), denominator of E, k = 2] is
considered to be caused by the stochastic error of the measurement with n repeats (compare to 8.3)
and the given reference standard uncertainty U.. In 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. Therefore, the standard uncertainty of the calibration u_,(k = 1) is given by the
combined uncertainty of the verification measurement 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 detected

and an ad'una-mnne- afthainctriionnt el ld bhn cosind oot 100 A dan bt g dtlha colibheati gy o a0y rac
] e Rt ettt ST e Rt Soth o Carrica ottt oraer o HRprove e Cardntatohace y

(3)

r tm‘
cal

2
t
vea = (6827%.n-1)- 2500 | 050, 7 @)

Jn

NOTE1 In|case the tolerance, T, of the reference standard is given insteadef U, i.e. (t. £ T), for example in a
certificate offa certified reference material, the respective standard uncertainty (for 68,3 % confidence level) can

be calculated as u, =T/\/§ and the expanded uncertainty (for 95,4 %:confidence level) as U, =1,653-T V3.

The deviatiop from the usual factor of two for normal distribution is due to the fact that tolerances fpllow
rectangular distributions.

The calibratfion uncertainty u_, is only valid in a small thickness range around t.. In the case of a larger
thickness range of interest, the uncertainty u_, should be estimated on both sides of the thickness
range. The linear interpolation between both values) gives the uncertainty of interest as a functipn of
the thicknegs.

Very often, the accuracy of the calibration is{limited by the given uncertainty of the reference stanflard,
as the unceftainty of the calibration cannot be smaller than the uncertainty of the reference standard
used. In order to improve the calibratjen;a reference standard with a smaller uncertainty is necespgary.

Usually, a nprmalization or zeroing'en an uncoated base metal is recommended by the manufacfurer
at the beginhing of a measurement. The resulting uncertainty of this normalization is considered fo be
already inclpded in u_,.

NOTE2  t(68,27 %, n —-<1)-i5 the student factor (degrees of freedom f = n - 1 and level of confidence| with
P =68,27 %){Respective values are summarized in Annex E.

8.3 Stochasticerrors

In neral reseatedHreasurementsarerecommendedinorderteimprovethe ofthearithin ti
general, repeateameastrementsarerecoin enaedaHo+t P 1e e+treaeHnNnetic

mean value t of the thickness values measured (see 7.2), i.e. to reduce the uncertainty of the thickness
result. In the case of n repeated measurements, the standard uncertainty u, (k = 1) of the arithmetic

mean t can be estimated by (Type A), as shown by Formula (5):

s(t)

Ugeo =t(68,27%,n-1)-—= (5)

Jn

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

NOTE1 The standard uncertainty ug,, can be reduced by increasing the number of repeated measurements.
This can be important, for example, in cases of rough sample surfaces.
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NOTE2  Not all contributions to the uncertainty u, are of random nature (Type A). This depends on the
design of experiment. For example, the measured thickness of a larger sample with a thickness gradient results
in a high uncertainty ugy, because of the systematic thickness variation. In the case of a reduced measurement

area, u,,, is reduced and the arithmetic mean value ¢t gives a better description of the local thickness.

sto

Care should be taken to address the risk that Type B standard uncertainties (see e.g. 8.4), which might
contribute to Type A standard uncertainties, are not counted twice.

8.4 Uncertainties caused by factors summarized in Clause 5

The influence of the factors summarized in Clause 5 should be minimized by means of an adjustment
whenever this is possible. Very often, these influences can only be estimated. The resultingluncertainty
shalll be considered as a component of the combined uncertainty of the measurenient. Simple
expefiments to estimate the uncertainty of some of these factors are described immAnnek D. Usually,
the ipfluence of these factors, and therefore the resulting uncertainties, are a_function ¢f thickness.
Consequently, in order to estimate the uncertainty for a given thickness or for, atleast, a small thickness
rangg, the experiments shall be carried out with samples with the thickness-ofinterest.

For ¢gxample, the variation of the conductivity of the base metal is considered. As described in Annex B,
the ¢xpected variation should be estimated for the thickness of dnterest. The resultirlg thickness

varigtion with respect to the selected reference base material’ should be Atbm:|tmin —tr| or

Aty b :|tmaX —tr|. This gives the standard uncertainty catised by the variation of the[base metal
properties uy ., (k = 1), as shown by Formula (6):
Aty

(6)

[}
bm \/g

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

with|respect to the procedure D.4, the standard uncertainty can be estimated as u((k = 1), ps shown by

Formula (7):

Al %

cs \/§

In case the influence-of'a factor is minimized by means of an adjustment, the remaining|uncertainty
shalljbe considered:

o~

Somg¢ of thesefactors influencing the accuracy, such as base metal properties (5.3) or surfag¢e curvature
(5.5)} can be-minimized if the calibration is carried out with flexible foils as reference standards on a
base[metakwith identical material and curvature properties as the sample of interest. In this case, only
the expected variations of the sample properties shall be considered.

8.5 Combined uncertainty, expanded uncertainty and final result

The combined uncertainty summarizes all standard uncertainty components (8.2, 8.3, 8.4 and any
potential others). In the simplified approach described, when estimating the uncertainties for a given
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thickness or a very small thickness range, the sensitivity coefficients can be considered to be equal to
one (see Annex B). This results in the combined uncertainty u., as shown by Formula (8):

_ [,2 2 2 2
U —\/ucal +Ugro HUpy TUc t o (8)

As the final result, the expanded uncertainty U(k = 2) is calculated (2-sigma level, 95,45 %), as shown

by Formula (9):

U(k=2)=2u, )

And the conpplete result of the measurement with the thickness value t , as shown by Formula (10):

t=t tU|(k=2) (10)

9 Precisjion

9.1 General

See Annex ( for further information on determining precision.

9.2 Repeptability (r)

Repeatabilify, 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
IS0 5725-1:1994, 3.16). The repeatability limit, r, in accordance with this document and calculated|with
a probability of 95 %, is given in Table 1 for typicalapplications of this measurement technique.

Table 1 < Repeatability limit (r)

Application Thickness Repeatability limit
uin urr‘n

4,9 0,033
16,7 0,042
Cu/Epoxy 32,1 0,078
64,0 0,092
4,9 0,028
Foil/Cu/Epoxy 1?'6 0,038
318 0,062
63,7 0,082

NOTE “Foil” represents a possible non-conductive coating on top of the metal coating of interest,

such as a protective lacquer. The foil thickness used is approximately 75 pm.
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Table 1 (continued)
Application Thickness Repeatability limit
ufn u?n
3,5 0,23
5,2 0,21
9,3 0,28
Cu/Fe 11,0 0,32
141 0,19
19,3 0,18
26,1 0,64
3,5 0,2t
11,0 0,28
Foil/Cu/Fe 14,1 0,22
19,4 0,14
26,2 0,59
6,2 0,07
77 0,29
12,1 0,25
Zn/Fe 16,5 0,31
23,3 0,45
28,1 1,31
35,5 1,8
6,2 0,06
12,0 0,12
Foil/Zn/Fe 16,4 0,31
23,2 0,34
35,5 1,56
51 0,21
6,1 0,16
9,6 0,16
Ni/Fe 13,2 0,36
16,8 0,72
257 67
27,6 1,19
6,5 0,15
10,0 0,16
Foil/Ni/Fe 13,4 0,37
22,0 0,66
27,6 1,19
NOTE “Foil” represents a possible non-conductive coating on top of the metal coating of interest,
such as a protective lacquer. The foil thickness used is approximately 75 pm.

© IS0 2019 - All rights reserved
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9.3 Reproducibility limit (R)

Reproducibility limit, R, is the value less than or equal to which the absolute difference between two
test results obtained under reproducibility conditions may be expected to be, with a probability of 95 %
(according to ISO 5725-1:1994, 3.20). The reproducibility limit, R, in accordance with this document and
calculated with a probability of 95 %, is given in Table 2 for typical applications of this measurement

technique.
Table 2 — Reproducibility limit (R)
Application Thickness Reproducibility limit
um am
49 0,052
16,7 0,181
Gu/Epoxy 32,1 0,105
64,0 0,827
4,9 0,126
. 16,6 0,169
Foil/Cu/Epoxy 318 0,150
63,7 0,887
3,5 0,30
5,2 0,45
9,3 0,28
CQu/Fe 11,0 0,62
14,1 0,27
19,3 0,40
26,1 0,72
3,5 0,22
11,0 0,51
Fpil/Cu/Fe 14,1 0,32
19,4 0,40
26,2 0,77
6,2 0,11
7,7 0,90
12,1 0,31
TnfFe 165 68;39
23,3 0,89
28,1 1,81
35,5 2,24
6,2 0,13
12,0 0,18
Foil/Zn/Fe 16,4 0,57
23,2 0,72
35,5 2,15
NOTE “Foil” represents a possible non-conductive coating on top of the metal coating of interest,
such as a protective lacquer. The foil thickness used is approximately 75 pm.

16
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Table 2 (continued)

10
The {

g)

h)

j)
k)

q

q

1

q

q

1
\

q

Application Thickness Reproducibility limit
pjn ulre‘n
51 0,36
6,1 0,40
9,6 0,46
Ni/Fe 13,2 1,24
16,8 1,58
21,7 1,66
27,6 2,82
6,5 0,38
10,0 0,52
Foil/Ni/Fe 13,4 0,88
22,0 1,53
27,6 2,40
NOTE “Foil” represents a possible non-conductive coating ontop of the metal coating of interes,
such as a protective lacquer. The foil thickness used is approXimately 75 pum.

[est report
est report shall include the following information:

11l information necessary for the identification of the test specimen;

g reference to this document, including-its year of publication, i.e. [SO 21968:2019;

he sizes of the test areas over which the measurements were made in square millimg
ther units may be used, with.agreement between the supplier and client;

he location(s) of the testarea(s) on each specimen;

he number of test specimens measured;

gn identification,of the instrument, probe and standards used for the test, including

iny validatioficertification of the equipment;

he results of the test, reported as the measured thicknesses, in micrometres, at ¢
vhich-the test was carried out, including the results of the individual determinatio

arithmetic mean;

tres (mm?2),

reference to

ach area at
ns and their

the name of the operator and testing organization;

any unusual features observed and any circumstances or conditions that are likely to affect the
results or their validity;

any deviation from the method specified;

the date of the test.

© IS0 2019 - All rights reserved

17


https://standardsiso.com/api/?name=d75a8c7ec53d922392ab1d7cfddfcbb4

ISO 21968:2019(E)
Annex A
(informative)
Eddy-current generation in a metallic conductor
A.1 General

Eddy—currelllt instruments work on the principle that a high-frequency electromagnetic field gerrel

by the prob;d
probe is pla
the probe c
coil impeda

The eddy-cy
The eddy-cy

At the depth &, (standard penetration depth), the electromagnetic field’and consequently the cu

density droj

conductivity

e system of the instrument produces eddy currents in an electrical conductor on'whic
Ced. These induced eddy currents cause a change of the electromagnetic field-surrour
il system and therefore result in a change of the amplitude and/or the phase of the
nce, which can be used as a measure of the thickness of the conductor.

rrent generation in a metal conductor is shown in Figure 1.

rrent density J(§) changes its magnitude with increasing thickness of the conductor (d¢g

J(6o)
J(0)

, the permeability and the frequency of the probe ¢oil system, see Figure A.1.

DS to

8o

J(8)

a) High f;

Key

requencyor/and high conductivity b) Low frequency or/and low conductivi

rated
h the
1ding
robe

pth).
rrent

= 1 . In principle, this standard penetration depth is determined by the sample
e

Ly

1 probe
2 eddy cur

N £ A a4 41 £ + £3

UO oldlitudru u\,yul UT }J\.«ll\,\,l dAlIUIT

rents 6 depth

J(6) (magnitude of) eddy-current density

Figure A.1 — Schematic to show the influence of frequency and conductivity on the standard

18

penetration depth
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The standard penetration depth, §, is a useful value for some important rough estimations. It may be
calculated, in mm, using Formula (A.1):

508k (A1)

\If'G"ur P

602

where

f  isthe probe operating frequency, in Hertz;

o ___is the electrical conductivity of the conductor, in Megasiemens per metre;

. is the relative permeability of the conductor (for non-magnetic materials u, = 1);

F_ isacorrection factor determined by the geometry of the probe.

A.2 | Example 1 — Conductive coating on a non-conductive base material

In thfs case, the eddy-current density is determined only by the thickness’of the conductive|coating (see
Figure A.2). A changed coating thickness results in a changed interaction of the magnetig field of the
probge with the conductive coating and consequently the eddy-eGrrent density is affected,. This effect
causes a change of the phase angle of the test coil impedance_and consequently it can he used as a
meagure of the coating thickness (see Figure 2, thickness localkcurve).

Key
1 probe

2 donductive coating

3 npon-conductive'base material

Figure A.2"— Schematic of the eddy-current density in the case of a conductive coating on a non-
conductive material

The approximate maximum measurable thickness, t in mm, may be calculated from Formula (A.2):

max’

tmax =0,8 8 (A.2)

The thickness range is limited by the penetration depth §,. If the conductive coating thickness is
increased further, the resulting increase of the generated eddy-current density starts to become
smaller, i.e. the measurement sensitivity will be reduced.

The amplitude-sensitive eddy-current method (see ISO 2360) is also capable of measuring a conductive
coating on top of a non-conductive material. However, the phase-sensitive eddy-current method gives
in most applications better results (accuracy and repeatability) and is therefore the suitable method for
this situation.
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A.3 Example 2 — Conductive coating on a conductive and/or magnetic base metal

In this case, the generated eddy-current density is determined by the thickness and conductivity of the
coating and the conductivity and permeability of the base metal (see Figure A.3). The coating thickness
can only be measured by means of the phase-sensitive eddy-current method.

A changed coating thickness results in a changed interaction of the magnetic field of the probe with
the conductive coating and consequently the eddy-current density of the coating and the base metal
is affected. This effect causes a change of the phase angle of the test coil impedance and consequently
it can be used as a measure of the coating thickness (see Figure A.4, thickness local curve of Zn/steel).
The material properties of the base metal (conductivity or/and permeability) should be constant for all
measuremefits, OTHerwise the thiCKNess can be affected, Tesulting i thickNess errors.

\_/
o
1
ow
\
o~}
~
S5
L —

Key

1 probe
2 conductie coating

3 conductive base metal

Figure A{3 — Schematic of the eddy-current density in the case of a conductive coating on a
conductive and/or magnetic base metal
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Dimensions in micrometres
Fe

50

Y
Key

hickness local curve)of Zn on top of steel (Fe) for frequency f;
fonductivity letalcurve for frequency f;

hickness Jecal curve of Zn on top of steel (Fe) for frequency f,

Foildn air (unaffected)

realpart

1
2
3
4 fonductivity local curve for frequency f,
5
X
Y

imaginary part

Figure A.4 — Thickness local curve of Zn on top of steel (Fe) in the normalized impedance plane
for two frequencies f; and f,

The permeability of the base metal and the generated eddy currents affect the measurement in an
opposite way. In the case of an uncoated magnetic base metal (such as steel), both properties result
in the impedance vector shown in Figure A.4 at the point “Fe”. With increasing coating thickness, the
eddy-current influence becomes more and more pronounced resulting in the shown local curve.
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The conductivity of both coating and base metal should show a difference at least of a factor of two.
With increasing conductivity difference, the measuring effect becomes more and more pronounced, i.e.
the thickness accuracy increases. Contrary, the accuracy is limited by a conductivity factor below two.

It is also possible to measure the thickness of magnetic coatings on top of magnetic base metals,
such as Ni/steel. However, all material properties of the coating and the base metal, especially their
conductivities and permeabilities, should be constant to avoid thickness errors.

The amplitude-sensitive eddy-current method (see ISO 2360) is only capable of measuring a conductive
coating on top of a non-conductive material. In the case of a conductive coating on top of a conductive
base metal, the amplitude-sensitive method cannot distinguish between the coating and the base
metal, i.e. the-entire-eddy-cturrentdensity generatedin-thecoa ing-and-the-base-metatwontdbeused to
determine t

A.4 Example 3 — Non-conductive coating on a conductive and/or magnetic
base metal

In this case
base metal,

the eddy-current density is only determined by the distance between the probe ang the
i.e. the non-conductive coating thickness (see Figure A.5). The'resulting change of the

impedance 4
eddy-currer]
ISO 2360) o}

Furthermor
coatings on
paint/Zn/st
coating thic

implitude (lift-off effect) can also be used to measure this thickngss, i.e. the phase-sen;
t method can also be used instead of the amplitude-sensitive"'eddy current method
' the magnetic inductive method (see ISO 2178).

e, the phase-sensitive eddy-current method can also-be used to measure non-condu
top of conductive coatings on top of a conductive 'and/or magnetic base metal, su
eel. However, the impedance amplitude (lift-off effect) as a function of the non-condu
kness is affected by the thickness of the conductive coating beneath (see Figure A.6).

itive
(see

ctive
th as
ctive
This

should be ¢
able to calc
conductivity

t are
ness,

nsidered in the calibration of the probe or@espective algorithms should be used thg
l1late the correct thickness as a function-of the conductive layer’s properties (thick]
, permeability).

1

AY

7B JR(5)

Key
1 probe
2 non-conductive coating

3 conductive base metal

Figure A.5 — Schematic of the eddy-current density in the case of a non-conductive coating on a
conductive and/or magnetic base metal
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Y
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-5000 [~
-10 000
0 2000 4000 6 000 8000 10 000 X
Key
X  1eal part
Y i[naginary part
1  lift-off height in um
a  Yaturation thickness of coating.
b Pncoated base material.
NOTH The paint coating thickness corresponds to the lift-off height and can be measured.
Figure A.6 — Thickness local curve of Zn on top of steel (Fe) beneath a paint coating in the

normalized impedance plane for f= 240 kHz
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Annex B
(informative)

Basics of the determination of the uncertainty of a measurement
of the used measurement method corresponding to
ISO/IEC Guide 98-3

B.1 Gendral

Coating thidknesses are generally determined as the mean value of several single medsurementg that
are carried put at a fixed section of the layer's surface.

Based on tljese measurements, a mean value is allocated to the measurand_“coating thickness[. An
uncertainty|value is assigned, which provides information about the reliability of the allocated value.

Analysis is |carried out progressively and begins by drawing up a model equation that show$ the
functional cprrelation between the indicated output value t and all th€ relevant influence quantitips H,,

as shown by Formula (B.1):

t=F(Hy,H{,Hy,..H;..H,) (B.1)

Every influgnce quantity has a sensitivity coefficient ¢, which indicates how strong a modificatioh AH;
affects the rlesult ¢.

When the fynction F is given as analytic expression, the sensitivity coefficients may be calculate¢d by
partial deriyation, see Formula (B.2):

_ ot

Ci —5—H' (BZ)

If the kind of the functional correlation is unknown, an approximation by means of polynomial funcfions
is recommenpded.

In many prpactical cases,this formulation is expressed by a linear dependence, i.e. the sensitivity
coefficients pecome constant. This situation arises, for example, in sections of limited coating thickness.

In order to summasize’the uncertainties of various error influences appropriately, all single uncertainty
”

componentd may be referred to a level of confidence of 68,27 %, the so-called “standard uncertainty”.

There are twa types of uncertainties: Typn A (cnn B 7) and Typn B (an B '2)

B.2 TypeA

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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The standard uncertainty corresponds to the point of confidence of the mean value, see Formulae (B.3)
and (B.4):

()

Uy, =t(68,27%,n—1)- (B.3)
sto \/H
where s is the empirical standard deviation of the n repetition measurements,
_ 2
2 ?:1()( X )
s=4 - (B.4)
| mT—1

and £(68,27 %,n - 1) the student factor (degrees of freedom f = n - 1 and level of ¢onfidence with

P=6

Resp|

B.3

Many
Clau

In or]

8,27 %).

ective values are summarized in Annex E.

Type B

 influencing factors or errors are not to be described by Type A) such as the influenci
be 5. These are classified as Type B.

der to realize a balanced combination of those error influences with the uncertainties

hoc probability factors are allocated. In many practical ¢ases, the influencing factors trea

desc

ribed by a uniform distribution (rectangle distribution).

influence quantity deviates by AH, the resulting uncertainty can be calculated a

ula (B.5):

o~

Thes|

In m
exan
that
folloy

Inor

|tmax ~Umin |

J12

e fluctuations are generally estimated or determined experimentally (see Annex D).

B=

any applications, knowr uncertainties can be used for the uncertainty determinatid
iple is a given uncertainty of a thickness reference standard. To release this, take into c
these statements of uncertainty are converted into the standard uncertainty, for exam
vs the standard @ncertainty shown by Formula (B.6):

0,
(68,27%)=w

Herto'summarize all investigated uncertainties, the so-called “combined uncertainty” i

This

hg factors of

fType A, ad
ted here are

s shown by

(B.5)

n. A typical
nsideration
ple, U(k = 2)

(B.6)

s calculated.

is-done by multiplying all standard uncertainties by their sensitivity coefficients and

hdding them

up squared. In a simplified case, the sensitivity coefficients c; equal one, see Formula (B.7):

u= 2(

2
Ci“i)

i

(B.7)

Multiplying with an indicated coverage factor of k = 2 results in an expanded uncertainty, which should

be indicated in the actual result, see Formula (B.8):
U=k-u
© IS0 2019 - All rights reserved
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Annex C
(informative)

Basic performance requirements for coating thickness gauges

based on the phase-sensitive eddy-current method described in

C.1 Tech

this document

nical specification

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

for instrum(

a)
b)

c)

d)

e)
f)
g)
h)
i)
j)
k)

the prin
the med

basic in
is carrig

informd
the of t}

the batt]

the fund

bnts and probes:
ciple of measurement;

suring range;

htion

formation on measuring uncertainty or the permissible errorof measurement if measfiring

d out under conditions specified by the manufacturer;

tion on how measuring results are influenced by the\material, the curvature, thickng
le base metal, the edge effect (measurements closédo an edge) and the lift-off-effect;

ery operating time;

tion of an undervoltage monitor and automatic undervoltage switch-off;

the per

issible operating temperature;

the permissible storage temperature;

availab
the conf
the avaj
the meg
the datd

the size

methods for calibrationand adjustment;
act force of probes with'spring loaded guiding sleeves;
lability of temperature compensation;
suring rate;
memory, (design, capacity, data communication);

and weight of the instrument (with batteries) and probes.

ss of

C.2 Check/verification of instruments and probes

C.2.1 Prior to the 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 using a plane and uncoated base metal and a
representative number of coated calibration standards or calibration foils, for which the coating or foil
thicknesses should be equally distributed within the measuring range of the respective probe.

The aim of the check/verification of the instruments is to ensure that the thickness deviations are
within the manufacturer’s technical specification.
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C.2.2 Performed on site

The accuracy of the instruments and probes should be verified daily. After the instrument has been
adjusted according to the manufacturer’s instructions, make a verification 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 need to be measured, verification should be
executed on items of the same base metal, geometry and curvature as the items to be measured.

The aim of the check/verification of the instruments is to ensure that the thickness deviations are
within the manufacturer’s technical specification.
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Annex D
(informative)

Examples for the experimental estimation of factors affecting the

measurement accuracy

D.1 Gene€

Factors affe
measureme
Therefore, s
influence of|
respective

The factors

ral

cting the measurement accuracy are summarized and described in Clause 5.‘Ih pra
hts, it is important to estimate the influence of these factors or the resultingiincertd
ome examples of simple experiments are described in this annex in orderfo show hoy
these factors can be estimated. These experiments also provide a basis for estimatin,
ncertainty.

described in D.2 to D.5 can cause differently pronounced influences for an instru

rtical
1inty.
v the
o the

ment

working with combined measuring principles in one probe. Consequently, the factors should be

estimated s

D.2 Edge]

A simple edj
sample of tH
illustrated i

a) Step1:]
b) Step 2: 4
c) Step3:1

reading]
d) Step4:1

The instruni
distanced a
the addition|
the manufaq

eparately for each measuring principle.

effect

be effect test to assess the effect of the proximitj.of an edge uses a clean, uncoated and
e base metal and follows the procedure desetibed in steps 1 to 4 below. The procedy

h Figure D.1.

Place the probe on the sample, sufficiently away from the edge.
Adjust the instrument to read zero;

Progressively bring the probétowards the edge and note where a change of the instru
occurs with respect to the'expected uncertainty or to the given thickness tolerance.

Measure the distanced,from the probe to the edge (see Figure D.1).

ent may be used'without correction provided that the probe is farer from the edge tha
5 measured above. If the probe is used closer to the edge, a special adjustment is requir
al resulting uicertainty for the used distance needs to be considered. If necessary, re
turer’s instructions.

even
re is

ment

n the
ed or
er to

Key

d distance
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,_|
—4d — 9

from the probe to the edge

Figure D.1 — Schematic representation of the test for edge effect
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Base metal thickness

This influencing factor is only relevant in cases where the base material is conductive, i.e. a base metal.

For a

non-conductive base material, its thickness influence can be neglected.

A simple test to prove that the base metal thickness ¢, is larger than the critical minimum base
metal thickness, tOC”t, uses two (or more) clean, uncoated and even samples of the base metal with
the thickness of interest and follows the procedure described in steps 1 to 4 below. The procedure is
illustrated in Figure D.2.

a) Step 1: Place the probe on the first sample. It should be proven that the reading is not affected by

q

d)

The
than
poss

The
ther]

In o
shou

If th{
betw

NOTH
allow
genel
curre
easily

$tep 4: If t, is smaller than t,°rit, place a third sample bengath the stack of step 3, pla

tep 2: Adjust the instrument to read zero.

tep 3: Place the second sample beneath the first one, place the probe on.top of th
heck the instrument reading. If the instrument reading is still zero withmespect to t
ncertainty, the base metal thickness ¢ is larger than the critical minimum base met]
o“"tand no additional uncertainty is to be considered. If the instrument réading changg
ith respect to the expected uncertainty, ¢, is smaller than ¢,"t, {e;the measuremern
y the too-small base metal thickness.

n top of this stack and check the instrument reading. If thé instrument reading is st
s in step 3 with respect to the uncertainty, the criticaliminimum base metal thicknes
o0 < torit < 2¢,. If the instrument reading shows a ldtger negative value than in step
till smaller than ¢,°it. Continue to stack further sdtples in order to estimate ¢,

nstrument may be used without correction.provided that the base metal thicknesg
torit If ¢, is smaller than ¢,°rit, a special adjustment is required and it should be con
ble base metal variations cause an increase of the respective thickness uncertainty.

pxperimentally determined criticalaninimum base metal thickness t,°Tit can be used
esulting uncertainty.

der to improve the accuracy of the estimation of t,°rit, samples with smaller thick
[d be used.

e instrument does not)display negative values, it is recommended to use a thin foil
een the probe and base metal to observe the decrease of the thickness.

The procédure to stack several samples in order to simulate an increase of the base me
s a good estimation of t,°rit because the impact of the air gap between the samples on the
ation in the,Sample stack in comparison to the respective homogeneous material is almost neg
nt flow-is.perpendicular to the probe axis). Therefore, this simplified procedure can be cary
r with\good results instead of producing base metals with variable thickness.

s stack and
he expected
al thickness
s negatively
t is affected

re the probe
ill the same
5 lies within
B then 2t is

ty is larger
sidered that

to estimate

ness than ¢,

(e.g. 10 pm)

tal thickness
eddy-current
ligible (eddy-
ied out more

— ———
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Figure D.2 — Schematic representation of the test for base metal thickness
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D.4 Surface curvature

A simple test to assess the effect of the influence of the sample surface curvature uses a clean uncoated
sample of the base metal with different curvature diameters (e.g. cylinder) and follows the procedure
described in steps 1 to 3 below. All samples for this test should have the same material properties as the
base metal of the sample of interest. The procedure is illustrated in Figure D.3 using the example of a

convex curv,

a)

ature.

Step 1: Place the probe on an even sample (no curvature). It should be proven that the reading is

not affected by the edges of the sample (see D.2) and that the base metal thickness of the sample is
larger than the critical minimum base metal thickness (see D.3).

b) Step 2: 4
c) Step 3:
continu
instrumn
given th

\djust the instrument to read zero.

Place the probe on each sample starting with the largest available diameter,and

then

e the test with decreasing sample diameters. Note the diameter where a_change of the

ent reading (positive increase) occurs with respect to the expected uncértainty or t
ickness tolerance.

The instrument may be used without correction provided that the sample of’interest shows a |

diameter th
is required
necessary, r

In practical
smallest ang
on an unco
smallest ang
uncertainty

In order to |
samples wit]

NOTE
concave curv
recommende
thickness.

hn the noted one. If the diameter is smaller, an adjustment or special calibration corre
or the additional resulting uncertainty for the used curvature should be consider
efer to the manufacturer’s instructions.

situations, the diameter of the samples of interest vaties very often. In this situatioy

b the

Arger
ction
pd. If

, the

| the largest diameter expected should be estimated®and the instrument should be adjysted

hted sample close to the average diameter. As_a“@esult, the measured deviation fo
| largest diameter can be estimated from the deScribed procedure and used to estimat]
Take this uncertainty into account during thesmeasurement.

mprove the accuracy of the estimation ef the curvature influence, increase the numh
h different diameters.

The same procedure can be used in cases where the samples show a concave curvature, howeve

ature results in negative thickness readings. If the instrument does not display negative value
d to use a thin foil (such as10 ) between the probe and base metal to observe the decrease

+1,3

i

+0,8

 the
e the

er of

r, this
5, it is
bf the

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

D.5 Conductivity and permeability of the base metal

This influencing factor is only relevant in cases where the base material is conductive, i.e. a base metal.
For a non-conductive base material, this influencing factor can be neglected.

In practical situations, the conductivity of the base metal varies very often. A simplified procedure
described in steps 1 to 5 below helps to reduce this influence and to estimate the resulting uncertainty.
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This procedure requires several uncoated, clean and even samples representing approximately the
expected variation of the base metal. The procedure is illustrated in Figure D.4.

a)

e)

The
sma

expefcted uncertainty or the given thickness tolerance.

Step 1: Place the probe on one of the samples. It should be proven that the reading is not affected
by the edges of the sample (see D.2), that the base metal thickness of the sample is larger than the
critical minimum base metal thickness (see D.3) and that the sample is even (no curvature, see D.4).

Step 2: Adjust the instrument to read zero.

Step 3: Place the probe on each of the samples and notice the reading. It is recommended to carry
out repeated measurements on each sample and to use the average value in the next steps.

itep 4: Calculate the average of the readings of all samples and select the sample with fhe smallest
eviation from this average.

$tep 5: Use this selected sample as a reference base metal to carry out the zero.adjustment for all
neasurements.

nstrument may be used without correction provided that the deviation of the sample with the
llest reading (or with the largest reading) from the calculated average value is smalller than the

If the¢re are larger variations, the selected sample should be uséd as a reference base metal and the
estimhated deviation of the readings of the described procedure‘can be used to estimate the pncertainty.

Take|this uncertainty into account during the measurements.

D.6

+0.9 1.2

J d J

Figure D.4 — Schematic representation of the test for base metal conductivity|test

Lift-off-height

In prjactical situations, very often the thickness of a conductive coating beneath a non-conductive paint
(protectivelacquer) needs to be measured or, in cases of a contactless measurement, the probe is placed
above the'sample surface. A simplified procedure described in steps 1 to 5 below helps to ¢stimate the
resulting'uncertainty by this lift-off effect in case the lift-off effect is not compensated. This procedure
requires—severalnon-conductive—clean—and—even—foills—with—differentthicknesses—+epresenting
approximately the expected variation of the non-conductive paint thickness or the measuring height.

The
a)

b)

procedure is illustrated in Figure D.5.

Step 1: Place the probe on one of the samples. It should be proven that the reading is not affected
by the edges of the sample (see D.2), that the base metal thickness of the sample is larger than the
critical minimum base metal thickness (see D.3) and that the sample is even (no curvature, see D.4).

Step 2: Read the coating thickness of the conductive coating.

Step 3: Place a non-conductive foil on top of the sample, place the probe on the foil and notice the
reading. It is recommended to carry out repeated measurements and to use the average value in
the next steps.
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