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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 wark 1SQO collaborates clo

ly with the

Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

Intern

The
adop

main task of technical committees is to prepare International Standards. Draftinternation
ed by the technical committees are circulated to the member bodies fer{voting. Publi

Interpational Standard requires approval by at least 75 % of the member bodies-casting a vote.

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

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, FPart 2.

al Standards
cation as an

ect of patent

ISO 16831 was prepared by Technical Committee ISO/TC 135, Non<destructive testing, Subcommittee SC 3,

Ultra

© IS0

bonic testing.
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Introduction

This International Standard is based on EN 15317:2007, Non-destructive testing — Ultrasonic testing —
Characterization and verification of ultrasonic thickness measuring equipment.

The following International Standards are linked.

ISO 16810, Non-destructive testing — Ultrasonic testing — General principles
ISO 16811, Non-destructive testing — Ultrasonic testing — Sensitivity and range setting
ISO 16823, Non-destructive testing — Ultrasonic testing — Transmission technique

ISO 16826, Non-destructive testing — Ultrasonic testing — Examination for discontinuities perpendicujar to
the surface

ISO 16827, Non-destructive testing — Ultrasonic testing — Characterization and-sizing of discontinuities

ISO 16828, Non-destructive testing — Ultrasonic testing — Time-of-fligh€diffraction technique as a method for
detection and sizing of discontinuities

viii © ISO 2012 — Al rights reserved
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INTERNATIONAL STANDARD ISO 16831:2012(E)

Non-destructive testing — Ultrasonic testing —
Characterization and verification of ultrasonic thickness
measuring equipment

1 ‘f!ﬁ“ﬁ
pCOpPT

This [nternational Standard specifies methods and acceptance criteria for assessing the_performance of
instrdments for measuring thickness using pulse-echo ultrasound.

This |nternational Standard covers both direct (digital) reading and waveform display types usirlg single or
dual glement probes.

This International Standard can be used for verifying equipment covered by’EN 12668 when usgd for
thickpess measurement.

2 ormative references
The following referenced documents are indispensable for the application of this document. For dated

refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
docupent (including any amendments) applies.

ISO 8577, Non-destructive testing — Ultrasonic inspéction — Vocabulary
EN 1B30-4, Non destructive testing — Terminology — Part 4 : Terms used in ultrasonic testing

EN 1D025-2, Hot rolled products of structural steels — Part 2 : Technical delivery conditions [for non-alloy
strucfural steels

EN 1p668-2, Non-destructive (testing — Characterization and verification of ultrasonic | examination
equigment — Part 2: Probes

3 Terms and definitions

For the purposes 6f'this document, the terms and definitions given in ISO 5577 and EN 1330-4 apply.

4 eneralrequirements for compliance

Ultraganic thickness measuring equipment complies with this standard if it satisfies all the following conditions:

a) ultrasonic instrument and probe comply with the technical requirements of this standard;

b) either a declaration of conformity, issued by an organization certified in accordance with ISO 9001; or
a certificate issued by an organization accredited according to ISO/IEC 17050-1 and ISO/IEC 17050-2, or
a test report issued by an organization performing in-house calibration;

c) ultrasonic instrument and probe are clearly marked to identify the manufacturer, type and series, and
carry a unique serial number;

d) user instruction manual for the particular type and series of the ultrasonic equipment is available;

© 1SO 2012 — All rights reserved 1
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e) manufacturer's technical specification for the appropriate type and series of ultrasonic equipment which
defines the performance criteria in accordance with this standard is available.

NOTE

required in b).

5 Manufacturer's technical specification for ultrasonic thickness measuring

The manufacturer's technical specification does not in itself constitute the certificate of measured values

equipment

5.1 General

The manufagturer's technical specification for a particular model of ultrasonic thickness measuring equipment

shall contain] as a minimum, the information listed in 5.2 to 5.5. Values obtained from the tests described|in

Clause 7 shdll be quoted as nominal values with tolerances given as indicated.

5.2 General attributes

The following shall be detailed:

a) size;

b) mass (af an operational stage);

c) type(s) qf power supply;

d) type(s) gqf probe sockets;

e) battery gperational time (as new, at maximum power consumption with a specified duty cycle);

f) temperafure and voltage (mains and/or battery) ranges, in which operation complies with the teclnical
specificgtion — if a warm-up period is necessary, the duration of this shall be stated;

g) form of indication given when a low battery voltage takes the ultrasonic instrument performance outs|de of
specificgtion;

h) pulse repetition frequencies (PRFs)\(switched positions and/or variable ranges);

i) if available, monitor outputs {e'indicate when the measurement values fall outside a set tolerance;

j)  if equipment can measure through coatings;

k) minimum measurableand maximum measurable thicknesses on a defined material;

NOTE A minimum*measurable thickness of zero cannot be verified and therefore not specified.

I) accuracy and resolution shall be stated in mm for steel (longitudinal waves).

5.3 Display

The following shall be detailed:

a)

type of display (alphanumeric or graphical and also whether LED, LCD or CRT);

b) dimension of alphanumeric display;

c)

dimension of graphical display.

© 1SO 2012 — All rights reserved
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5.4 Transmitter
The following shall be detailed:
a) shape of transmitter pulse;

b) at each pulse energy setting with the output connected to a suitable specified probe or a defined artificial
load:

1) transmitter pulse voltage (peak-to-peak);

2y pulseTise time;

3) pulse duration (for square wave, the range over which the pulse duration can be sét).
5.5 | Receiver

The following shall be detailed:

a) ¢haracteristics of gain control if user selected;

b) frequency range of operation.

5.6 | Other information

In adflition to the information given in 5.2 to 5.5, details should'be supplied on the principles of:
a) data output and storage facilities (memory capacityy);

b) g¢alibration setting storage;

c) ¢alibration mechanisms;

d) display and recall facilities;

e) display response time;

f)  mumber of pixels to display the waveform;

g) printer output.

Whefe applicable;these details should also include sampling rates used, effect of pulse repetitipn frequency
or digplay range,on the sampling rate and response time.

In adflition, the principles of any algorithm used to process data for display should be described.

6 Calibration blocks
6.1 General

In order to verify the ultrasonic thickness measuring equipment, it is necessary to take measurements on
defined calibration blocks. These blocks are specified in 6.2 and 6.3.

6.2 Material
Blocks shall be manufactured from steel grade S355J0 specified in EN 10025-2.

Blocks shall be rough-machined before heat treatment which shall consist of:

© 1SO 2012 — All rights reserved 3
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— austenitizing at 920 °C for 30 min;

— rapid cooling (quenching) in water;

— tempering by heating to 650 °C for 3 h; and then

— cooling i

The velocity for longitudinal waves in the calibration block material shall be (5 920 + 30) ms™

The surfaces used for measurement shall be machined to an Ra value not greater than 0,8 um.

n air.

Prior to final

It is permissi
of the block

NOTE If

hickness.

6.3 Shape¢ and size

6.3.1 Accuracy blocks

These calibration blocks shall be cylinders with diameter, D, and length;Zvand as shown in Table 1.

where
Ly is the
Lgis the

NOTE If ]

machining, the block shall be proved free from internal discontinuities.

ble to chromium plate or electroless nickel plate the surfaces of the block to a maximum of

chromium plating is used, care should be taken to use a thickness of plating that will avoid separation.

Table 1 — Size of calibration blocks

Block Diameter Length
D L
A 20,51 Minimum specified thickness
B 20,5 La+ 0,25 (Lg—La)
C >0,5L La+0,50 (Lg — La)
D 20,5L La+0,75 (Lg — Lp)
E =0,5L Maximum specified thickness

height of block A; and

height'ef'block E.

[ A<)0,1 Le the subtraction of La may be omitted.

D,5 %

D shall not be <3 times the probe face diagonal dimension.

The values 0,25, 0,5 and 0,75 may be varied by up to 10 % of the value in question.

The overall height of the block shall be <3 (10 '4L) across the measurement faces.

The fixed dimension for L shall be measured at the centre of the block to an accuracy of 10 L.

The blocks shall be permanently, circumferentially marked with the actual length L, e.g. L = 50,333 mm, and a
unique identity (serial number).

© 1SO 2012 — All rights reserved
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6.3.2 Resolution block (see Figure 1)

Key
step width
r  step height
L length of block C (see Table 1)

Figure 1 <Resolution block

Whefe w shall be 23 times the diagonal dimehsion of the probe face and r shall be less than or edqual to the
specified resolution.

The Block shall provide a minimum of five steps.

7 Performance requirements for ultrasonic thickness measuring equipment

To cpmply with this{ standard, ultrasonic thickness measuring equipment shall be verified us|ng the tests
described below and-shown in Table 2.

Group 1: Tests to be performed by the manufacturer (or the manufacturer’s agent) on a rg¢presentative
sample of the ultrasonic thickness measuring equipment produced. These tedts allow the
manufacturer to verify and support the technical specification for the equipment.

Group 2: Tests to be performed on all ultrasonic thickness measuring equipment:

1) by the manufacturer, or the manufacturer's agent prior to the supply of the equipment (pre-
commissioning test);

2) by the manufacturer, the owner, or a laboratory at annual intervals to verify the performance of the
equipment during its lifetime;

3) following any equipment repairs.

Group 3: Tests to be completed by the operator on site prior to and at the completion of any series of
measurements.

© 1SO 2012 — All rights reserved 5
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Table 2 — List of tests for ultrasonic thickness measuring equipment

Title of test Group 1 Group 2 Group 3
Physical

General mechanical state

General characteristics

Stability against See 9.3

temperature

Low battery yvarning See 9.4 See 9.4

Battery operational time See 9.5

Operational yoltage range See 9.6 See 9.6

Operational ¢urrent range See 9.7 See 9.7

Operational temperature See 9.8

range

Transmitter

For each pulse width and

energy setting...

PRF See 9.9 See 9.9

Transmitter pulse shape,

rise-time and peak See 9.10 See9.10

voltage

Receiver

Frequgncy rgnge of See 9.11

operation

Performance

Minimum and maximum See 912 See 9.12

measurable thicknesses

Accuracy and resolution See 9.13 See 9.13

Range of velpcity setting See 9.14

Calibration mechanisms See 9.15 See 11.3
Calibration setting storage See 9.16 See 9.16 See 11.4
Display/Data

Data storage See 9.17 See 11.5
Printing See 9.18

Display and fecall See 9.19 See 9.19

Display responsetime See9:26

8 Probes

Use EN 12668-2 to verify that the centre frequency of all probes specified by the manufacturer for use with the
measuring equipment is in agreement with the indicated frequency.

6 © 1SO 2012 — All rights reserved
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9 Group 1 tests
9.1 General

These tests shall be performed by the manufacturer (or manufacturer’'s agent) on a representative sample of
the ultrasonic thickness measuring equipment produced.

9.2 Equipment required for Group 1 tests

Items essential to perform Group 1 tests on ultrasonic thickness measuring equipment are as follows:

a) iigital or analogue oscilloscope with a minimum bandwidth of 100 MHz with attenuating or|high voltage
robes;

b) 1x500hm+1% or1x750hm+1 % non-reactive resistor depending on the oscilloscope pised;
c) Variable d.c. power supply;

d) digital or analogue voltmeter;

e) digital or analogue ammeter;

f) ¢lapsed time recorder or stop clock;
g) ¢nvironmental test chamber.

All the equipment used to measure or generate test*signals shall be suitably calibrated angl capable of
meaguring with accuracy.

9.3 | Stability against temperature
9.3.1| Procedure

The measuring equipment (instrument and probe) shall be calibrated on a specified test blpck which is
apprgximately half the specified range at 20 °C and then in an environmental test chamber, tHe equipment
and the test block shall be exposed to the minimum specified temperature, mid range of the spgcified range
and the maximum specified temperature.

At th¢ specified temperatures thickness readings have to be taken and recorded.

This ftest shall be<repeated for each probe type and at each operational range at which the equipment will
typically operate,

9.3.2| Acceptance criterion

The
accuracy.

er's specified

9.4 Low battery warning
9.4.1 Procedure

Remove the equipment batteries. Set equipment into a measuring condition powered from the d.c. power
supply with the output voltage set to mid-range of that which is specified.

Observe the readings while adjusting the power supply output down to the minimum power supply output
specified for the low battery warning voltage.

© 1SO 2012 — All rights reserved 7
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9.4.2 Acceptance criterion

The indicated reading shall remain within the specified accuracy and resolution at that range and the low

battery warni

ng shall be displayed within +5 % of the specified voltage.

If the equipment is designed to power-down or sound an alarm at this point, then the function shall happen

subtly yet no

ticeably.

9.5 Battery operational time

9.51

Switch the e

block. Time t

This test shal

Proce

dure

uipment on, set into a normal measuring condition continually measuring on a given calib
he elapsed measuring period until “Low Battery Warning” is achieved.

| be repeated for all the recommended battery types.

9.5.2 Acceptance criterion

Measured pe
If the specifig

9.6 Operg

9.6.1

Connect the
and probe) s

set to be mid

Observe the
specified to t

This test shal

riod of time shall be within +5 % of the time specified.
d time is related to a duty cycle, the measured time shall be modified to reflect that.

tional voltage range

Procedure

voltmeter to measure the output from the d.c. power supply. The measuring equipment (inst
hall measure on a specified test block poweredfrom the d.c. power supply with the output
-range of that which is specified.

he maximum power supply output specified voltage.

| be repeated with all the typieally recommended probe types.

9.6.2 Acceptance criterion

The indicated reading shall remain-within the specified accuracy and resolution at that range.

9.7 Operg

9.71

Connect the

supply. Whilg 0 0 0
operational voltage and maximum operational voltage.

This test sha

9.7.2 Acce

tional currentrange

Procedure

equipment as described in 9.5.1. Set the ammeter to measure the current from the d.c.
. . in g ;

Il be repeated with all the recommended probe types.

ptance criterion

readings while adjusting the power supply output between the minimum power supply @

ation

ument
oltage

utput

power
mum

The indicated current shall be within £10 % of that specified at the minimum and maximum specified voltage.

© 1SO 2012 — All rights reserved
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9.8 Operational temperature range
9.8.1 General

This test is required for equipment and couplant, which is specified to measure at temperatures above and
below those specified in 5.2 f).

9.8.2 Procedure

The test block shall be brought to the specified temperature. The measuring equipment shall be prepared to
work with the specified probe and the recommended couplant. Measurements shall be taken at regular
intervats—asspetified by theTmarnufacturer, over a period of timetonsidered tobe operatiomatty practical.

The readings obtained shall be recorded.

9.8.3| Acceptance criterion

To cgmply with this standard, the readings shall satisfy the manufacturer's specified accuracy.
At th¢ conclusion of the test period the specified probe shall be free from any.damage.

9.9 | Pulse repetition frequency, PRF

9.9.1] Procedure

If applicable, switch the ultrasonic instrument to double probe ‘working (separate transmitter and feceiver) and
conngct an oscilloscope to the transmitter terminal.

Chedk that the oscilloscope input cannot be damaged by the high transmitter voltage.

Connect the non-reactive resistor [see 9.2. b)]“aeross the transmitter output socket. Measure the [pulse

repetltion frequency, using the oscilloscope; at each setting which gives a different pulse repetitign frequency.
Whefe more than one combination of centrols result in the same pulse repetition frequency (usuglly the range
and pulse repetition frequency), then the-pulse repetition frequency only needs to be measured wjth one of the
combyinations. For ultrasonic instruments with a continuously adjustable pulse repetition frequerjcy control, a
setting shall be chosen as given(injthe manufacturer's technical specification.

9.9.2| Acceptance criterion

At each setting the measSured value of the pulse repetition frequency shall be within 20 % of thaf given in the
manufacturer’s technical specification.

9.10( Transmitter pulse shape, rise-time and peak voltage

9.10.|1 Procedure

If applicable, switch the ultrasonic instrument to double probe working (separate transmitter and receiver) and
connect an oscilloscope to the transmitter terminal.

Connect the non-reactive resistor [see 9.2 b)] across the transmitter output socket (as specified by the
manufacturer).

Set the pulse repetition frequency to maximum. Using the oscilloscope, measure the transmitter pulse voltage,
Vso- Measure the pulse rise time, duration and amplitude of any reverberation as shown in Figure 2.

Repeat the measurements at each pulse energy setting and/or transmitter pulse frequency setting and with
maximum and minimum damping.

© 1SO 2012 — All rights reserved 9
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Repeat the tests with the minimum pulse repetition frequency that gives a clearly defined trace on the
oscilloscope screen.

Key

ty pulse dyration

t,  pulse rige time

V. pulse reyerberation

Veq transmitter pulse voltage, loaded

Figure'2-< Transmitter pulse parameters to be measured

9.10.2 Acceptance criterion

At maximum and miQimum pulse repetition frequency and on each pulse energy and/or transmitter pulse
frequency bgnd:

a) transmitjer-pulse voltage (loaded, i.e. Vg4) shall be within £10 % of the manufacturer's specification;

b) pulse rise time t;, shall be less than the maximum value quoted in the manufacturer's technical
specification;

c) pulse duration ty, shall be within +10 % of the value quoted in the manufacturer's technical specification;

d) any pulse reverberation 7, shall be less than 4 % of the peak to peak transmitter pulse voltage.

10 © 1SO 2012 — Al rights reserved
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9.11 Receiver frequency range of operation
9.11.1 Procedure

Calibrate the instrument with all the recommended probes on a calibration block approximately mid-range of
the manufacturer's recommended range for the probe selected.

9.11.2 Acceptance criterion

The readings obtained shall meet the manufacturer's specified accuracy and resolution.

9.12 viimimum and maximum measurable thicknesses
9.12.1 Procedure

The g¢quipment shall be tested with all the specified probes on the range of calibration‘blocks in qliestion.
9.12.2 Acceptance criterion

The readings obtained shall be within the manufacturer's specified accuracy.and resolution.
9.13| Accuracy and resolution

9.13.1 Procedure

The ¢quipment shall be tested with all the specified probescon'the calibration blocks A to E of Talple 1 to verify
accufacy.

The ¢quipment shall be tested with all the specified{probes on the resolution test block shown in Figure 1 to
verify resolution.

9.13.2 Acceptance criterion

The readings obtained shall be within the’'manufacturer's stated accuracy and resolution.
9.14| Range of velocity setting (calibration)

The procedures for determining the minimum and maximum measurable thicknesses with gccuracy and
:rszspoe: JatlitzT; as specified\are only for steel (5 920 ms_1). Performance on other materials shall be verified

9.15| Calibration-mechanisms

9.15. General

Stepl of 915 2 need nnly he carried out when the instrument is used in a mode ather than maode 3 of

ISO 16809 (multiple echo).

The procedures in this clause shall be carried out using all the recommended probes for the system.
9.15.2 Procedure
Step 1: Complete the probe zeroing operation according to manufacturer's instructions.

Step 2: Adjust the system's velocity using calibration block C. Take measurements on the other calibration
blocks.

© 1SO 2012 — Al rights reserved 11
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9.15.3 Acceptance criterion

The readings obtained shall be within the manufacturer's stated accuracy.

9.16 Calibration setting storage

9.16.1 Procedure

Calibrate the instrument with the recommended probe on calibration block C. Take a set of readings on

calibration bl
— shut-do
allow th

T

disconnéct the battery (if applicable).

ocks A to E. Repeat this for the following 3 tests:

n the Instrument aeliberately;

equipment to turn off automatically (if applicable);

Leave the equipment off for at least 3 min. Turn on the equipment, repeat the measurements on calib

blocks A to H.

9.16.2 Acce

The readingg

9.17 Data ¢

ptance criterion
obtained shall be within the manufacturer's stated accuracy,and resolution.

storage

9.17.1 Procedure

With the eq
product's sp

techniques. T

The extra red

9.17.2 Acce

The system,
such that the

lipment in a typical operational mode, readings shall be taken and stored according t
ecification. The readings taken shall be-stored by the system and separately using
[he total number of readings taken shall be'the maximum number that can be stored plus 1.
ding is to verify the system behaviour'when the maximum storage is exceeded.

ptance criterion

when attempting to take\the extra one reading shall act in a controlled and predictable fa
operator is warned,when maximum storage is reached and so that pre-stored data shall n

adversely affected.

After 72 h th
whichever m

If zero errors|

9.18 Printi

e readings stored by the system shall be verified against those that were stored separately
ethod the manufacturer specifies. Errors shall be flagged and investigated.

are found the test is successful.

ation

b the
other

shion
ot be

using

Ng

9.18.1 Procedure

A representative amount of stored data shall be printed in the specified fashion on all the printers specified by
the manufacturer.

9.18.2 Acce

Printed data

12

ptance criterion

shall conform to the manufacturer's specifications.
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9.19

9.19.

ISO 16831:2012(E)

Display and recall

1 Procedure

A representative amount of stored data shall be viewed on the equipment display.

9.19.
Data
9.20

9.20.

2 Acceptance criterion
shall conform to the manufacturer's specifications.

Display response time

|1 Procedure

Using the resolution test block the equipment shall be used to measure across twg steps b

movi

ng the probe across any two steps. The probe shall be moved increasingly faster until the eg

to digplay the step change. The time between measurements shall be recorded.

The refresh time is determined as being half the recorded time.

The test shall be completed for each probe and range of operation specified.

9.20.

The
accu

R Acceptance criterion

readings obtained at the specified refresh/response dime shall be within the manufact
acy and resolution.

10 Group 2 tests

10.1

Thes

General

b tests shall be performed on all ultrasonic thickness measuring equipment:

a) ly the manufacturer, or the manufactuer’'s agent, prior to supply of the equipment (pre-cq

sts);

b) iy the manufacturer, theowner, or a laboratory at annual intervals to verify the perforn

quipment during its lifetime;

c) fpllowing any equipment repairs.

10.2

y repeatedly
uipment fails

urer's stated

mmissioning

hance of the

WS:

Equipment required for Group 2 tests

Itemg essential to perform Group 2 tests on ultrasonic thickness measuring equipment are as follg
\ dicital raonalact aeanilac B wath o et i s o A g Al £ 100 ML= ot ottanm i otin
} ulyllal T GIIGIUHUU UOUIIIUOUU}JU VILTT A T nmmmulTT VAarmuvviul T U TUU IvVIT T4 VWILnt GLLUIIUCII.III}_.’

b)

voltage probes;

used;

c) variable d.c. power supply;

d) digital or analogue voltmeter;

e) analogue ammeter.

©ISO

2012 — All rights reserved

high

1x500hm+1% or 1x75 Ohm £ 1 % non-reactive resistor depending on the oscilloscope to be
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