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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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TECHNICAL SPECIFICATION ISO/TS 19397

:2015(E)

Determination of the film thickness of coatings using an
ultrasonic gage

1

Scope

tallic and non-metallic substrates using an ultrasonic gauge.

Normative references

yatings on

The following documents, in whole or in part, are normatively referenced in this document and are

ing

references, the latest edition of the referenced document (including any amendments) applies.

IS(

3
Fo

3.1
ult

ispensable for its application. For dated references, only the edition(cited applies. Fo

4618, Paints and varnishes — Terms and definitions

Terms and definitions

" the purposes of this document, the terms and definitions given in ISO 4618 and the follow

rasonic wave

acustic wave having a frequency higher than the'range of audibility of the human ear, gener

das
[S(
3.7

higher than 20 kHz
URCE: EN 1330-4:2010, 3.1.1]

lopgitudinal wave

co
A

IS¢

3.3
ec
ult

[S(

3.4

mpressional wave
ve in which the particle motion in a material is in the same direction as the propagation of]

URCE: EN 1330-4:20719, 2.3.1]

N0
rasonic pulséreflected to the probe

URCE=EN1330-4:2010, 5.5.2]

 undated

ing apply.

ally taken

the wave

ec]

ht

T

echo amplitude
height of an echo (3.3) indication on the screen

[SOURCE: EN 1330-4:2010, 5.5.5]

3.5
ultrasonic impulse
short-lived ultrasound signal

3.6

ultrasonic sensor
ultrasonic probe
device for sending and receiving ultrasonic waves (3.1), mostly based on piezoelectric materials
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acoustic impedance

Z

product of sound velocity and density of a material

3.8

reflection coefficient
ratio of total reflected sound pressure to incident sound pressure at a reflecting surface

[SOURCE:

EN 1330-4:2010, 3.4.11]

Note 1to e
of the bord

Z
R = —
A

For a negaf

3.9
phase
fraction o

[SOURCE:

3.10
interface
boundary

[SOURCE:

3.11
sound pa

ntry: For a wave the reflection coefficient R is calculated from the acoustic impedances (3.7) Z1 and
ering media, for which 1 is the medium of the incoming sound:

p — 24
p T2

ive reflection coefficient the phase (3.9) of the reflected signal is changed by 180°,

[ a complete wave cycle, expressed as an angle

EN 1330-4:2010, 2.2.5]

between two media, in acoustic contact, having different acoustic impedances (3.7)

EN 1330-4:2010, 3.4.1]

th travel time

time needed for the sound path travel distance

[SOURCE:

3.12

couplant
coupling
medium i
ultrasonic

[SOURCE:

3.13
A-scan pr
display of

EN 1330-4:2010, 5.6.3]

film
hterposed betweefi-the probe and the object under examination to enable the passage
waves (3.1)between them

EN 1330-4:2010, 5.3.2]

esentation
the Gltrasonic signal in which the X-axis represents the time and the Y-axis the amplitude

[SOURCE:

EN 1330-4:2010, 5.5.16]

Y4,

of

Note 1 to entry: Ultrasonic film thickness measuring devices, besides the numerical values of the obtained film
thicknesses, normally display A-scans for checking the echo forms and echo sequences on a screen as well.
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3.14

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 for obtaining a measurement result from an 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 entry: Calibration should not be confused with adjustment of a measuring system (3.15), oftén mistakenly
called “self-calibration”, nor with verification of calibration.

Nofe 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.
[SOURCE: ISO/IEC Guide 99:2007, 2.39]

3.15

adjustment of a measuring system
adjustment

sefl of operations carried out on a measuring system so that.it\provides prescribed indications
cofresponding to given values of a quantity to be measured

Noge 1 to entry: Types of adjustment of a measuring system include zero adjustment of a measuring system,
offfet adjustment and span adjustment (sometimes called “gain adjustment”).

Nofe 2 to entry: Adjustment of a measuring system should'not be confused with calibration (3.14),|which is a
prgrequisite for adjustment.

Note 3 to entry: After adjustment of a measuring system, the measuring system normally should be rgcalibrated.
[SOURCE: ISO/IEC Guide 99:2007, 3.11]

3.16
wqrking standard
stgndard which is traceable to the national standard

[SQURCE: EN 60731:2007, 34.1:2]

4 | Principle

Thee method described in this Technical Specification determines single film thicknesses from the times
of flight of ansultrasonic impulse that is partially reflected at the interfaces of the coating syjstem. The
strlengths and ‘'weaknesses of the method are shown by measuring data for the different film{substrate
combinations that are relevant in practice.

D1 = 1 - =1 £ - &1 3 3 1z e
5 riysitdl pPpriicipicy U1 UIT IHICASUl g Iicuiou diida U1 U1 dpPppiitdiiuil

When measuring the film thickness using ultrasound, longitudinal waves are used because they can be
easily generated and can be coupled into a work piece with almost every liquid. As shown in Figure 1, a
sensor (6) consists of a piezoelectric disc, for sound generation and for reception, and of a “delay path”.
The ultrasonic impulse generated in the sensor first passes the delay path and then spreads through
layers 1 to 3 down to the substrate (1) and beyond.

On each interface, a fraction of the impinging ultrasonic wave is reflected as a new ultrasonic impulse,
while another fraction passes through. The first reflection occurs in the ultrasonic sensor when the
ultrasonic impulse impinges on layer 1 (4).

© IS0 2015 - All rights reserved 3
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Figure 1 — Ultrasonic method

impulses are recorded when they ate-received in the ultrasonic sensor. The distances
reen the ultrasonic impulses correspond to the sound path travel times T; (i = 1, 2, 3) in
vidual layers. The amplitude or echo height of the ultrasonic impulse reflected on eg

1) applies:
d
/2

the sound'velocity;

depends on the respective reflection factors. If the sound velocity in each single layer i
e respective film thickness:can be calculated by means of the times of flight. For each lay

of

the

ich

er,

(1)

T is

the sound path travel time in the layer (back and forth).

In order to be able to resolve echoes with short intervals of sound path travel times with the naked
eye (e.g. 20 ns in a 20 pm thick coating), the ultrasonic impulses shall be at least just as short. For this,
the ultrasonic frequencies shall be respectively high (at least the reciprocal of half of the time of flight)
or the A-scan shall be generated from lower frequencies by means of digital signal processing. For an
example of an A-scan, see Figure 2.

When layers are too thin, the echoes of the individual layers merge into each other. In this case, an optic

control of

the evaluation in the A-scan presentation is no longer possible.
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In cases where the A-scan presentation shows positive and negative half-waves, it shall be taken into
account that for a negative reflection factor (Z; < Z1) the phase of the ultrasonic impulse changes by
180°. If this is ignored, a relative time delay of a half wavelength can occur.

The precondition for ultrasonic impulses with signal amplitudes sufficiently high for evaluation forming
at the interface of two layers is

— asufficiently high reflection coefficient or respectively different acoustic impedances Z, and

— aclearly defined intersection between the materials.

Otherwise, the reflections can become too Jow for detection. This can also occur with cufved work
piqgces where, due to geometry, not all sound fractions simultaneously re-impinge from*thg interface
on|the sensor.

N V*( N
T, T, T3
' E1 E2 E3

Key
sound path travel times for layers 1, 2, 3
E | echoforlayers1,2,3

Figure 2:=<Example of an A-scan presentation

6 | Apparatus and materials

6.1 Ultrasonic filarthickness measuring device

A device with anjultrasonic sensor for sending and receiving ultrasonic impulses and an evalyation unit
for] determining‘the film thickness over the time of flight (see Figure 1).

NO[TE The ultrasonic sensors used for measuring the film thickness generate ultrasonic signals (l¢ngitudinal
wales)s which spread perpendicularly to the surface of the work piece and the coating. In the schematic|diagram in
Figure.T; a slant representation of the sound propagation was selected only for illustrating the sound generation.

6.2 Couplant

An acoustic contact between probe and test specimen with sufficient coupling shall be enabled.
Commonly, a liquid (e.g. water or oil) or a gel couplant is applied.

6.3 Calibration standards
For checking the function of a measuring device, a working standard shall be used.

For checking the measuring method and for adjusting the device prior to use, a working measurement
standard shall be used; one which largely corresponds to the respective test object to be measured
with regard to film thickness, coating system, substrate and thicknesses of the layers.

© IS0 2015 - All rights reserved 5
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7 Calibration, adjustment and checking of the measuring device

7.1 Calibration
Calibrate the device in accordance with the manufacturer’s information.

NOTE Primarily, the time of flight of a signal is measured with the measuring devices. This time of flight can
be checked, if necessary, with a calibration standard with defined thickness and known sound velocity.

7.2 Adjustment

Adjust thg device in accordance with the manufacturer’s information.

When adjpsting the entering of sound velocities, it is recommended to use test specimens'that are
based on the minimum and maximum film thicknesses that would be expected for the-déterminatfon
of these spund velocities. Using the ultrasonic film thickness measuring device, the®ime of flight of
the ultraspnic impulse and the sound velocities, in accordance with Formula (1), are determined in the
same mealsuring area in which the film thickness was or will be determined with an-alternative methpd.

The determination of the time of flight is carried out repeatedly on each testspecimen and the mean is
taken for each test specimen.

When selecting the test specimens to use for the determination of‘the sound velocity, it should|be
consideref that the thinner the test specimens and the lower theysound path travel times, the m¢re
imprecise|the determination of the sound velocity from time of flight and thickness.

When calgulating, it shall be observed that the data are entered in the units used by the manufactufer
of the devjce and, after a calculation in SI units, that thesehave been converted.

7.3 Chgcking the adjustment

Prior to recording the measurements, after turning the device on, and for alterations of the coatjng
system o1 substrate of the test object, the:ddjustment of the measuring device shall be checked|by
means of &4 working standard.

All the deyice settings should always®e'done in accordance with the manufacturer’s information.

After the pdjustment, device settings that influence the ultrasonic signals shall not be changed. When
exchanging the probe or changing the device settings another adjustment shall be carried out.

8 Procdedure of measurement

Operate the devicgin'accordance with the manufacturer’s information.

Apply sonje cauplant to the coating and measure its film thickness. Lay the sensor perpendicularly onto
the coatingand press so that the film of couplant becomes as thin as possible. Keep the probe calmly in
the measuring position until a stable measuring vaiue {5 dispiayed.

9 Temperature influence during the measurement

Most of the probes are intended to be used between -20 °C and +60 °C. However, it is recommended
to carry out ultrasonic film thickness measurements, preferably in the range of common ambient
temperatures, in order to keep the test object, couplant and probe at an equilibrium temperature
during measuring. Temperature gradients in the delay path of the probe or in the test object influence
the measuring results due to uncontrollable changes and fluctuations of the sound velocity.

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=3df8ff581ea5b1abe71faf909e942afd

ISO/TS 19397:2015(E)

In all materials the sound velocity depends more or less on the temperature.

NO

TE For polymers, the changes are typically in the range of 0,1 % to 0,3 % per °C for a negative

temperature coefficient.

In

order to minimize errors due to temperature changes, constant temperature conditions should be

observed. Adjusting and subsequent measuring shall be carried out at the same temperature. In cases
where there are prolonged breaks between the measurements and changes of the ambient temperature
the adjustment shall be checked.

1

10
Fo

10

Th
(e3

Precision

.1 General

" further information on the determination of precision see Annex B.

.2 Repeatability limit

e repeatability limit r is the value below which the absolute difference between two tgst results
ch the mean of three valid determinations) can be expected to lie-when this method is used under

repeatability conditions. In this case, the test results are obtained®n identical material by on¢ operator

in
ling
va

one laboratory within a short interval of time using the described test method. The repeatability
it r in accordance with this specification, calculated with ‘a/probability of 95 %, correspopnds to the
ues given in Tables 1 and 2.

Table 1 — Repeatability limit (r)for individual test specimens

Test specimen Film thickness Repeatability limit

um )

pum
Spruce veneered 100 4
Spruce sanded 100 6
Beech veneered 100 6
Beech sanded 100 6
Aluminium 22 3
Aluminium 44 4
Carbon-fibre composite 22 3
Carbon-fibre composite 44 3
PP (polypropylene) 22 4
PP (polypropylene) 44 4
SMC (sheet moulding compound) 22 5
SMC (sheet moulding compound) 44 9
Steel 22 3
Steel 44 4

© IS0 2015 - All rights reserved 7
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Table 2 — Repeatability limit (r) for product groups

Test specimen Film thickness Repeatability limit
™)
pm
pum
Wood test specimens 100 5
Metal (aluminium and steel) 22
Metal (aluminium and steel) 44 4

10.3 Rey

The reprg
results (e
under ref
by operaf

corresporj

roducibility limit

ducibility limit R is the value below which the absolute difference between twao $ingle t
ich the mean of two valid determinations) can be expected to lie when this method is us
roducibility conditions. In this case, the test results are obtained on identical matet
ors on succeeding days during shift operation using the described test method. T
reproducipility limit R in accordance with this specification, calculated with a, probability of 95
ds to the values given in Tables 3 and 4.

Table 3 — Reproducibility limit (R) for individual test specimens

est
ed
ial
he
%,

Test specimen Film thickness Reproducibility
limit (R)
pum

pum

Spruce veneered 100 13
Spruce sanded 100 20
Beech veneered 100 13
Beech sanded 100 11
Aluminium 22 5
Aluminium 44 7
Carbon-fibre composite 22 4
Carbon-fibre composite 44 8
PP (polypropylene) 22 5
PP (polypropylene) 44 12
SMC (sheet moulding compound) 22 10
SMC (sheétmoulding compound) 44 14
Steel 22 6
Steel 44 13
Tahla 4 Ranroducibilitv Limit (P for nroduct acrouns

T e R EP T ORI y T o proaucts ToupYy

Test specimen Film thickness Reproducibility
limit (R)
um

pum

Wood test specimens 100 17
Metal (aluminium and steel) 22 6
Metal (aluminium and steel) 44 11

© ISO 2015 - All rights reserved
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11 Test report

The test report shall include at least the following information:
a) all details necessary to identify the tested product;

b) areference to this Technical Specification, i.e. ISO/TS 19397,
c) theresult of the measurement;

d) any deviation from the specified test method;

e) [ any unusual observation (deviation) during testing;

f) | the date of the test.

© IS0 2015 - All rights reserved 9
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Annex A
(informative)

Qualification of the personnel

An operator carrying out ultrasonic thickness measurements in accordance with this Technical

Specificat
method b
guided by

For coatiry
to be test
the physi
required.
thickness

on should be mtroduced to the physical principles and the metrological processes o} this
y highly qualified personnel and, prior to testing, should have had metrological experience
that personnel.

g systems that are metrologically untested, information on the product and the materials
ed shall be available for the operator. For the reliable setting of the devices,-knowledgg of
al principles of ultrasound and a detailed understanding of the metrological processes are
Due to metrological similarity, knowledge of the most commonly used¢cmeéthod of ultrasopic
measurement is helpful (see the Bibliography).

10
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A 1
ult

—_—

B.

Fo
Tal

filin thicknesses.

Fiy

The film thickness of the wood test specimens was 100 ums

Fo

ISO/TS 19397:2015(E)

Annex B
(informative)

Determination of precision

ound robin test was carried out to determine the precision of film thickness measuem
rasonic film thickness measuring devices. Five companies participated in the round robin

2 Test specimens
" the round robin test, an aqueous standard dispersion was applied to ten different subst

ble B.1). The dispersion was applied repeatedly to some of the substrates in order to achig

e test specimens of each type of substrate were prepared for each value of film thickness.

- the other types of substrate, test specimens with filmthicknesses of 22 pym and 44 pm were

bnts using
test.

rates (see
bve higher

prepared.

ctions for

mparison

esses

For the basic calibration, separate calibration panels with identical parameters and cross s¢
split-beam microscopy were prepared.
Fufther cross-sectional samples for the split-beam microscopy were prepared for the direct cg
of the film thickness measurement microseopy/ultrasound.
Table B.1 — Substrates used'in the round robin test with the respective film thickn
Substrate Nominal film thickness
pum
Spruce veneered 100
Sprucé€sanded 100
Beech’'veneered 100
Beech sanded 100
Aluminium 22
Aluminium 44
Rootwood A4
Carbon-fibre composite 22
Carbon-fibre composite 44
PP (polypropylene) 22
PP (polypropylene) 44
SMC (sheet moulding compound) 22
SMC (sheet moulding compound) 44
Steel 22
Steel 44

©lI

SO 2015 - All rights reserved
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B.3 Ultrasonic film thickness measuring devices

The round robin test was carried out using five different ultrasonic film thickness measuring devices
operating in the frequency range > 200 MHz. Devices with frequencies below 200 MHz are not suitable
for all substrates.

Prior to measuring, all of the devices were calibrated in accordance with the manufacturers’ information.

B.4 Repeat determination

On each tg

The three

B.5 Evg

B.5.1 Gq

st specimen the determination was carried out in triplicate.

measuring points were marked on each test specimen.

luation

bneral

The evalgiation of the measuring results was carried out in accordamce~with ISO 5725-2 4

ISO/TR 2]

The test s
calculatio

The repe
substrate

Since the
aluminiun
repeatabi

B.5.2 Rq

Figures B

— wood

971.

pecimen root wood was determined as an outlier and therefére was ignored in the precis
h for ultrasound.

hitability limit and the reproducibility limit were¢calculated separately for each type
and for each film thickness (see Table 1 and Table 3).

repeatability limits and reproducibility limits, are similar for the wood types and also
h and steel, groups of test specimens weré& formed for simplification and their respect
ity limits and reproducibility limits were calculated.

ppeatability limit
1, B.2 and B.3 show the diagrams™of the respective groups of test specimens:

test specimens with a film thickness of 100 um (Figure B.1);

— aluminium, carbon-fibre composite, PP, SMC and steel test specimens with a film thickness of 22

(Figu

re B.2) and 44 pum.(Figure B.3).

nd

on

of

for
ive
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120 [@] (o]

ad (=] =3

110~ 1

105 |-

100

95 | .

film thickness, in micrometres
substrate

spruce, veneered

spruce, sanded

beech veneered

beech, sanded

mean value

:] mean value + 0,95 confidence interval

|_||_|D~PQJNH><»-<5

min.-max

Figure B.1 —Diagram of the repeatability limit of the wood test specimens with a
thickness of 100 pm
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