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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ruyles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Non-destructive testing — Equipment for eddy current
examination —

Part 1:
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Scope

rument and provides methods for their measurement and verification.

rent equipment.

areful choice of the characteristics, a consistent and effective eddy*current examination
lesigned for a specific application.

acteristics. They are given in the application documents.

Normative references

12718, Non-destructive testing. — Eddy current testing — Vocabulary

15549, Non-destructive(testing — Eddy current testing — General principles

Terms and definitions

the purposes/of this document, the terms and definitions given in ISO 12718 apply.

Eddy-eurrent instrument characteristics

5 part of ISO 15548 identifies the functional characteristics of a general-purpose eddy current

evaluation of these characteristics permits a well-defined descriptioh.and comparabiliity of eddy

Eystem can

bre accessories are used, these are characterised using the ‘principles of this part of ISO §5548.

5 part of ISO 15548 gives neither the extent ofiwerification nor acceptance criteyia for the

following documents, in whole or in*part, are normatively referenced in this documgnt and are
spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

4.1

4.1.

Generat chraracteristics

1 Type of instrument

a) An instrument has a general-purpose application when the relationship between the measured

quantity and the display or output is established by the user. A range of probes can be

connected

to the instrument. The instrument manufacturer shall provide details of the internal electrical
characteristics, in order that the user can design the examination system. The examination system
shall be in accordance with ISO 15549. The user shall be able to vary the value of frequency, gain,
balance (unless an automatic balance is used), phase, filters and gain and zero of the display.

© IS0 2013 - All rights reserved
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b) An instrument is of specific application when the relationship between the measured quantity and
the display or output is explicitly defined in the range of application. The probe is specific to the
instrument. For this type of instrument, this part of ISO 15548 may be partially applied.

4.1.2 Power supply

The instrument can be powered by batteries or by the local AC power supply. The nominal values of voltage,
frequency and power consumption shall be stated, together with the tolerance for correct operation.

4.1.3 Safety

The instru
hazard, sul

4.1.4 Teq
The instru
The excitat
The instru
The instru

The instru

4.1.5 Ph
Theinstru
The weight
The plugs :

The instru
accessible

4.1.6 En

The warm
limits shal

The tempe
for the inst

The instru

nent and its accessories shall meet the applicable safety regulations, for example, electy
'face temperature, explosion, etc.

chnology

ment can be wholly analogue or partly analogue and partly digital.

ion can be single frequency, multifrequency, swept frequency or pulsed.
ment can be single or multichannel.

ment settings can be manual, remote controlled, stored orpreset.

ment shall have component outputs and can be with orwithout a self-contained display.

ysical presentation

and size shall be specified for the instrument and its accessories.
nd sockets shall be specified regarding type and pin interconnections.

ment model number and the serial number shall be clearly readable and located in a rea
blace.

yironmental effects

up time necessary.for the instrument to reach stable operating conditions within speci
be stated.

Fature, humidity and vibration ranges for normal use, storage and transport shall be speci
rumentand its accessories.

ment shall conform to relevant electromagnetic compatibility (EMC) regulations.

ical

ment can be portable, cased or rack mounted, with the component parts integrated or modular.

dily

fied

fied

4.2 Electrical characteristics

4.2.1 General

The electrical characteristics of an instrument shall be evaluated after the warm-up time has elapsed.

The electri

cal characteristics are only valid for the stated operating conditions.

When relevant, the stability of the specified values with time, for specified environmental conditions,
shall be stated.
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The electrical characteristics apply to various items of the functional block diagram of the instrument.
Where applicable, they are provided by the manufacturer. Some of these characteristics can be verified
according to the methodology described in Clause 6.

4.2.2 Functional block diagram

The functional block diagram of a typical general-purpose eddy current instrument is shown in Figure 1.

Balance
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|
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|
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i

Digitisation

Figure 1 — Functional block diagram of eddy current instrument

4.213 Generator unit
The source of excitation is the generator unit.

In the case of alternating eXcitation (sinusoidal, triangular, rectangular, etc.), the characterfstics to be
defined are as follows:

— |type of generator: current or voltage;
— |type of excitation: single or multifrequency;
— |frequency setting: range, step size, deviation from nominal value;

— |harmonic distortion;

— amplitude setting: range, step size, deviation from nominal value, maximum outputvoltage or current;
— source impedance with frequency dependence.

Inthe case of multifrequency excitation, it shall be stated whether frequencies are injected simultaneously
or multiplexed, independent or related, and the multiplexing sequence shall be specified, when relevant.

4.2.4 Input stage characteristics

The input stage interfaces the probe to the instrument. It provides impedance matching and
amplification, as required.

© IS0 2013 - All rights reserved 3


https://standardsiso.com/api/?name=9f97f1e2dfe13a052a795da274684d85

ISO 15548-1:2013(E)

The characteristics to be defined are as follows:

input impedance with frequency dependence;
gain setting range, step size, deviation from nominal value;
maximum input voltage;

common-mode operating parameters, when relevant.

4.2.5 Balance

Balance is
compensat
processing
The charad
maxin

residu

4.2.6 Hi

4.2.6.1 H
Filters red

The filters
are usually
excitation

The charac
gain;

bandw
rate of

transig

4.2.6.2 H
The charad

gain s¢

the compensation of the signal to achieve a predetermined operating point, e.g. zero.
ion may be performed manually or automatically, at the input stage, or during-HF sig
or during demodulated signal processing, or on the display.

teristics to be defined are as follows:
um input range, which can be compensated;

h| value at balance (expressed as a percentage of a specified rangee.g-full-scale output).
th-frequency signal processing

F filtering
ice the signal frequency content which can have an;uhdesirable effect on the test result.

used before demodulation are referred to as, carrier frequency filters (HF filters). TH
r band-pass filters which suppress any signal frequencies which do not correspond to
[requency.

teristics to be defined are as follows:

idth at 3 dB attenuation;
attenuation;

nt response.
F amplification

teristics:to be defined are as follows:

tting range, step size, deviation from nominal value;

The
fnal

ese
the

input signal range,
bandwidth;

output saturation level.

4.2.6.3 Demodulation

Synchronous demodulation extracts the vector components from the HF signal.

For positive polarity of demodulation, a delay in the signal will cause the signal vector to rotate clockwise.
The polarity of demodulation shall be positive and shall be confirmed.

© ISO 2013 - All rights reserved
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characteristics to be defined are as follows:

wave shape of the reference signal, e.g. sine, square, pulse;
bandwidth for each wave shape of the reference signal;
phase-dependent amplitude deviations;

phase-dependent phase deviations.

Amplitude demodulation extracts the low-frequency amplitude variations from the HF signal.

4.2

4.2

Vec

amplify the vector components produced by synchronous demodulation. Ifrsome instrum

conj

The

4.2

Thd
oft

Thd

4.2
Pha

7 Demodulated signal processing

7.1 Vector amplification

for amplification generally consists of two transmission channels of identical’design. Thes

ponents can be amplified with different gains.
characteristics to be defined are as follows:

gain setting range, step size, deviation from nominal value;
input signal ranges;

bandwidth;

output saturation level.

7.2 LF filtering

filters used after demodulation are.referred to as low-frequency filters (LF filters). The
he filter is chosen to suit the application, e.g. wobble, surface speed, etc.

characteristics to be defined are as follows:
gain;

bandwidth at 3 dB aftenuation;

rate of attenuation;

transient response.

7.3 Phase setting

sé-setting permits rotation of the demodulated signal vector on the complex plane displa

e channels
ents, these

bandwidth

The characteristics to be defined are as follows:

range;
step size;
amplitude variation of the signal vector with phase setting;

deviation of indicated phase rotation from actual phase rotation.

4.2.8 Output and signal display

The type of display can be an indicator display, or a hard-copy display, or a screen display.
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The type of presentation can be, for example, complex plane, ellipse, time-synchronous, frequency
spectrum, imaging.

The related characteristics to be defined include:
— size;
— graticule divisions, major and minor;

— full-scale-display voltage range or time range;

— transferfactar e g_volts/division;
— linearity;

— bandwidth.

The outpuf can be analogue, digitised or logical.

The charadteristics of analogue outputs to be defined are as follows:
— voltage or current range;

— outputlimpedance;

— linearity;

— bandwjidth.

The charadteristics of digitised outputs to be defined are asfollows:
— data protocol;

— serial ¢r parallel;

— voltage¢ and current levels;

— speed pnd format;

— sampling rate;

— analogue/digital A/D resoldtion, range and linearity.

The charadteristics of logicaloutputs to be defined are as follows:
— voltag¢ and currentdevels;

— settling delay;

— hystergsis;

— actively high or low.
4.2.9 Digitisation

4.2.9.1 General

Whenever digitisation is performed, the following characteristics shall be defined:
— stage of digitisation in the signal processing;

— digitisation technique;

— A/D resolution;

6 © IS0 2013 - All rights reserved
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— sampling rate.

The information supplied by the manufacturer shall therefore include data on the parameters in 4.2.9.2
to 4.2.9.5.

4.2.9.2 Stage of digitisation

Digitisation may be performed either before or after signal demodulation.

4.2.9.3 Digitisation technique

Digjtisation can be performed using an internal clock or an external encoder.

4.2/9.4 A/Dresolution
Resplution is the nominal value of the converter input voltage corresponding tolone digitisation bit.

Thg number of digitisation bits is equally useful information, even though.it’can be directly accessed
thrpugh the maximum input voltage and the resolution.

4.2/9.5 Sampling rate

The sampling rate is the frequency, in hertz, at which the A/D<onversion is made.

5 [|Verification

5.1 General

Forfa consistent and effective eddy current examination, it is necessary to verify that the perfprmance of
the|component parts of the eddy current tést system is maintained within acceptable limits.

The physical condition of the reference blocks shall be verified to be within acceptable litnits before
being used to verify the system or.probes.

Theg measuring equipment used for verification shall be in a known state of calibration.

Forpbetter understanding;the verification procedure is described identically in all three parts of ISO 15548.

5.2| Levels of verification

Thdre are threelevels of verification. Each level defines the time intervals between verificatjon and the
conpplexity.of the verification.

It igunderstood that initial type testing has already been carried out by the manufacturer of under his
confrel

a) Level 1: Global functional check

A verification is performed at regular intervals of time on the eddy current test system, using
reference blocks to verify that the performance is within specified limits.

The verification is usually performed at the examination location.
The time interval and the reference pieces are defined in the verification procedure.
b) Level 2: Detailed functional check and calibration

Averificationonanextended timescaleis performedto ensure the stability of selected characteristics
of the eddy current instrument, probe, accessories and reference blocks.

© IS0 2013 - All rights reserved 7
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c) Level 3: Characterisation

A verification is performed on the eddy current instrument, probe accessories and reference blocks
to ensure conformity with the characteristics supplied by the manufacturer.

The organization requiring the verification shall specify the characteristics to be verified.

The main features of verification are shown in Table 1.

Table 1 — Verification levels

instrument, probes

Level OUbject Typical time period Tnstruments Responsible entity
1 -
Global fupctional Stability of system Frequently’. Reference blocks User
chekk performance e.g. hourly, daily
2 cit:glltté?sft?ie;ft Sﬁe Less frequently but | Calibrated measur-
Detailed fynctional atleastannuallyand | inginstruments, User

check and dalibration : after repair reference blocks
and accessories
All characteristics Calibrated labora-
. Once :
3 of the instrument, tory measuring
- (on release) . Manufacturer, uger
Charactefrisation probes and acces- . instrumients and
. and when required
sories referénce blocks
5.3 Verification procedure

The charadg
level of ver

The exami}
the numbe

Sufficient
provided, i

5.4 Corpgective actions

Level 1: W
the produc
bring the p

Level 2: W]

manufactulrer or in.the application document, a decision shall be made concerning the instrument,

probe or th

teristics to be verified are dependant on the application. The essential characteristics and
ification shall be specified in a verification proeedure.

hation procedure for the application shallrefer to the verification procedure. This can rest
I of characteristics to be verified for a defined application.

lata on the characteristics featured in an instrument, probe and reference piece shal
h order that verification can be performed within the scope of this part of [SO 15548.

t examined since the previous successful verification. Corrective actions shall be mad
erformance within the acceptable limits.

hen the deviation of the characteristic is greater than the acceptable limits specified by

e accessory being verified.

Level 3: Wlhen the characteristic is out of the acceptable range specified by the manufacturer or by

the

rict

be

hen the performanee.is not within the specified limits, a decision shall be made concerning

P to

the
the

the

application document, a decision shall be made concerning the instrument, the probe or the accessory

being verif

ied.

6 Measurement of electrical characteristics of instrument

6.1 Mea

suring requirements

All measurements described in the following subclauses are made at the inputs and outputs of the
instrument. These measurements do not require opening the instrument (black-box concept).

Keeping the black-box concept, any alternative method, the equivalence of which shall be
demonstrated, may be used.

8
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Shielded, non-inductive resistors shall be used asloads. The resistors shall have a value of 50 Q). Additional
measurements may be made with other values of the resistor. However, it needs to be stressed that
the characteristics of an instrument can be significantly altered if a different load is necessary for the

inst

rument or the application. In such a case, the load used shall be noted in the test report.

The measurements described hereafter shall be made at three values in each decade of the frequency
range, for example, using multiplication factors 1, 2 and 5. For example, in the decade between 10 and

100

kHz use 10, 20 and 50 kHz.

It should be noted that the filter settings used for a specific application will modify the characteristics,
for example, bandwidth, gain setting accuracy and phase-setting accuracy. In this case, the measurement

conditions for verification shall be specified in the application document.

6.2

6.2

6.2
Thd
The

whg

The

6.2
The

Int
e.g.

6.2

6.2

Generator unit
1 Excitation frequency

1.1 Definition and measurement conditions
frequency shall be measured at the generator output of the instrument loaded in accordan
percentage deviation from the displayed value is:

MXIOO

Va

bre

Vg isthe displayed value;
Vm is the measured value.
maximum modulus of deviationin the total range of frequencies measured shall be repq
1.2 Measurement method

he case of multiffequency, multiplexed instruments then appropriate instrumentation sh
spectrum analyser.

2 Harmonic distortion

21 Definition and measurement conditions

ce with 6.1.

ey

rted.

frequency may be measured using the beat frequency method, a frequency meter or a spectrum analyser.

hll be used,

For a generator producing a sinusoidal waveform, the harmonic content is used as a measure of the

dev

iation from a pure sinusoid.

The harmonic distortion is described by the distortion factor, k.

©IS
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k is the ratio of the RMS value of harmonics and the RMS value of alternating quantity:

k=Y UZ/U

An approximate value is given by:

o NUZ-UT

U

(2)

(3)

where
U is
Up is

U, is

The distol
accordanc
Inthe case

The value

6.2.2.2 Measurement method

The diston
high-pass

6.2.3 Sowrce impedance

6.2.3.1 D

The sourcq
each indep

the RMS value of the alternating quantity;

the RMS value of the first harmonic (fundamental);
the RMS value of the nth harmonic.

tion factor shall be measured at the generator output of tlie;instrument loadec
e with 6.1.
bf multifrequency instruments, sufficientinstrumentation shallbe used, e.g. spectrum analy

o be stated is the maximum distortion factor for each freguency.

tion factor may be measured using a distortion-factor bridge, a spectrum analyser
ilter.

efinition and measurement conditions

impedance, Zs, is the intérnal impedance of the generator unit (see Figure 2), measure
endent output.

| in

Ser.

DI" a

d at

10

a) Voltage-driven generator
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® z, @
A = V=Zsx]
S @
Current-driven generator Equivalent voltage-driven geherdtor

b) Current-driven generator

Key
I |source impedance Zg

Figure 2 — Internal impedance of generator unit

6.2{3.2 Measurement method

Theg method proposed is based on the assumption that the complex source impedance| Zs can be
confidered as resistive.

The generator output is loaded with a resistor-Ry (normally 50 (). The voltage V; is meapured with
an gppropriate voltmeter. It is important to verify that the measured value is less than thg maximum
output voltage.

Repeat the measurement with a resistorR; (normally Rz = 0,5 R1) and measure V5.
Zs, éxpressed in ohms, is:
; Vi-V,
S
(V2/Ry)~(V1 /R

NOTE1  Verify thatthe“values of V1 and V7 and the intensities V1/R1 and V,/R; are less than the maximum
output voltage and eurrent.

(4)

NOTE 2  The theice of Ry and Ry determines the precision of the measured value of Z.

6.214 _Maximum output voltage, Vomax

6.2.41T Definition and measurement conditions

The maximum output voltage is the peak-to-peak voltage at the generator terminals with no load applied
and the generator set to give its maximum output.

6.2.4.2 Measurement method

The maximum output voltage is measured using an oscilloscope or an adequate voltmeter. The
measuring instrument shall have a high input impedance (>1 M) and a bandwidth compatible with
the frequency range of the eddy current instrument. Typically, the maximum usable frequency of the
measuring instrument shall be at least twice the maximum frequency of the eddy current instrument.

The measured values can be presented in graphical format.

© IS0 2013 - All rights reserved 11
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6.2.5 Maximum output current, Iomax

6.2.5.1 Definition and measurement conditions

The maximum output current is the peak value of the current measured at the generator terminals when
terminated with the lowest permissible resistive load, as defined by the manufacturer. The generator is
set to give its maximum output.

6.2.5.2 Measurement method

The maxinmmmﬁmhmmmw an
ammeter. The measuring instrument shall have a low impedance (typically less than 10 % of the smallest

resistive ldad), and a bandwidth compatible with the frequency range of the eddy current instrumepnt.

The measufred values can be presented in graphical format.
6.3 Inpuyt stage characteristics
6.3.1 Maximum allowable input voltage

6.3.1.1 Definition and measurement conditions
The maxinjum allowable input voltage is related to safety, saturation and nonlinearity.
It is respedtively the peak input voltage at minimum gain, corresponding to the following:

a) the maximum value given by the manufacturer; thisis the safe input voltage such that the instrunjent
is not lamaged; it includes common-mode operatinglimits when relevant;

b) 90 % df the output at saturation;

c) thenonlinearity exceeding a given value. Thé maximum allowable deviation from linearity shall be
definefl in the application document.

In all caseg, the input voltage applied shall not exceed that given in a).
6.3.1.2 Measurement method

6.3.1.2.1 [Related to saturation

The frequdncy beat méthod is used (see principle in Annex A). The input voltage is to be provided by
a sine-wavg generator{ The difference between the frequency of the signal generator and the sele¢ted
frequency pf the instfument shall not be greater than 10 % of the stated bandwidth of the instrument.

The gain of the instrument is set to minimum and the filters are set to have a minimum effect. The ifjput
and each obButis loadaed with o nura racictar

ctpTt oot Oy e o puT o T COTotOTT

Ensure that the instrument is balanced. The input signal is measured using a high-impedance voltmeter.

The output signal is displayed on an oscilloscope and its X and Y components are measured using a
peak voltmeter.

The input voltage is increased from zero to the safe input voltage given by the manufacturer, and the
positive and negative peak values of each component of the output voltage are plotted (Vy+, Vx-, Vy+, Vy-).
The first value of the four variables (i.e. that corresponding to the smallest value of the input), which ceases
to increase when reaching a steady value I, provides the saturation output level Vs. The input value Vjs
thus obtained is then decreased until the component being monitored reaches an output value of 90 % Vs.

12 © IS0 2013 - All rights reserved
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The input voltage obtained corresponds to the maximum allowable input voltage, related to saturation,
defined as Vjjj in Figure 3.

6.3.1.2.2 Related to nonlinearity

Using the measurement method of 6.3.1.2.1, and the method for determining linearity given in Annex B,
determine the maximum input voltage such that the nonlinearity is less than that given in the relevant
application document.

For this specific case, substitute in Annex B the following:

I = input voltage 0 = output voltage
Imin  =zero Imax = input voltage related to saturation (see’6.3]1.2.1)
Y A [/ x+
Vy-
l/x-
[V y+
>
X

X |input voltage (¥ saturation output level)
Y |output voltage
NOTE Thewelative amplitudes of each output are for example only.

Figure 3 — Measurement of maximum allowable input voltage related to saturation

6.3.2 Inputimpedance

6.3.2.1 Definition and measurement conditions

The input impedance is the apparent impedance of the input stage. The equivalent circuit is the parallel
combination of a resistor and a capacitor.

6.3.2.2 Measurement method

A network analyser or an impedance meter can be used.

© IS0 2013 - All rights reserved 13
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The alternative method described in Annex C can be used. The use of any other alternative method
shall be reported.

No voltage

greater than the maximum input voltage shall be applied.

6.4 Signal processing

6.4.1 General

The signal processing stage comprises high-frequency and low-frequency signal processing, as specified

on the blogkdfagranrim Figure -

6.4.2 Mg
These mea

The resistq
its minim

m
have a mizlimum effect.

It should b
example, b|
conditions

Since the nmpeasured value is the output value, no distinction can be'made between the filtering effe

the HF filte
by the man

Using the f
connected

The differg
instrumen

manufactufrer.

6.4.3 Bal

6.4.3.1 Residual output value at balance

6.4.3.1.1

The value
described

6.4.3.1.2

asurement conditions
surement conditions apply for 6.4.3 to 6.4.13, unless indicated otherwise.

r terminating the input (see 6.1) shall be shielded. The gain of the instrunient shall be sg
value. The instrument shall be balanced with zero input voltage. All filters shall be sg

b noted that the filter settings used for a specific application will modify characteristics

for verification shall be specified in the application docunient.

r and the demodulator. If the HF filter is adjustable, it should be set to the value recommen
ufacturer for the selected test frequency.

fequency beat method (see Annex A), adjust the output voltage of an external signal generd
o the input, to half of the maximum allowable input voltage of the instrument related to linea

ence fq between the frequency of the signal generator and the selected frequency of
f shall not be greater than 10 %.of)the bandwidth of the instrument, as specified by

lance

Measured quantity and measurement conditions

\s a perceritage of a specified range, e.g. full-scale output.

Measurement method

tto
tto

for

andwidth, gain setting accuracy and phase-setting accuracy. I this case, the measurenjent

t of
ded

jtor,
Fity.

the
the

bf the outpit modulus that is obtained following the balancing operation. The value shall be

Following the balancing operation, measure the output value of each component.

The maximum value of several balancing operations (a minimum of five) shall be taken.

6.4.3.2 Maximum compensatable input voltage

6.4.3.2.1

Measured quantity and measurement conditions

The maximum value of the input voltage that may be nulled electrically.

14
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6.4.3.2.2 Measurement method
A voltage derived from the instrument generator is applied to the input.

Itis progressively increased and nulled until the residual value obtained equals twice the residual value
at the balance, as obtained in 6.4.3.2.1.

The value of the input signal is measured with a high-impedance voltmeter with an adequate bandwidth.

The measured value shall be stated as a percentage of the maximum input voltage related to nonlinearity:.

6.4[4  Harmonic attenuation

6.4/4.1 Measured quantity and measurement conditions

The voltage ratio of the nth harmonic response Vf, to the fundamental response % is:

. . an
Attenuation (in dB) = 20log (5
Vit

6.4/4.2 Measurement method

Usipg the beat frequency method, adjust the frequency of an extepnal signal generator to the fundamental
frequency f1, noting the difference frequency fq. Measure thevalue V; at one of the compongnt outputs.

Reset the signal generator frequency to the frequency 2fq '+ fg, that is the same difference ir] frequency
usefl with the fundamental. Measure the value Vf,.

Repeat for each harmonic up to the fifth, and then;if necessary, until attenuation exceeds 60[dB.
6.4)5 Frequency response of the signal processing stage

6.4)5.1 Measured quantity and measurement conditions

The frequency range in which the\demodulated signal is obtained with an amplification smajller than m
dB and with an attenuation léss than n dB.

The values of m and n shall be specified in the application document. Since the frequency fesponse is
genprally stated at + 3.dB, these values are used in this part of [SO 15548.

6.4/5.2 Measurement method

The difference f3 between the signal generator frequency and that of the instrument take$ 10 values
equially, spaced on a logarithmic scale. The lowest value depends on the operating frequé¢ncy of the

insfrument, and the highest value is twice the upper limit of the output bandwidth of the Instrument
spe cified hy the manufacturer

[t is important to ensure that fq remains constant during the measurement of each value.

The peak-to-peak amplitude of the component outputs and the frequency fq are measured with a very-
low-frequency voltmeter and a frequency meter. Results may be stated in the form of a table of frequency
and amplitude for each component of the output signal.

The voltage reference value for each component is obtained in the following way. Starting from the
maximum amplitude, the median value is calculated from the measured values which fall in the range
between 10 % of the maximum and the maximum.

The points, the amplitude of which are + 3 dB of the median value, are the extremes of the frequency response.
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Figure 4 shows three different examples of frequency response. It can be seen that, in some cases, the

frequency range can include several sections.

16
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Key

6.4

6.4

Ban
Gen

6.4
Use

-3dB

02 10 %

2 ) log]:d

Example 3

output (arbitrary unit)
median value
+3 dB level response

Figure 4 — Examples of frequency response

6 Bandwidth

6.1 Measured quantity and measurement conditions

dwidth is obtainef-by taking the values from 6.4.5.2 and applying only the attenuati
erally n will be équal to 3.

6.2 Measurement method

the method described in 6.4.5.2.

6.4

bn of n dB.

6.4.

7 ~<Phase linparify

7.1 Measured quantity and measurement conditions

Phase linearity of the instrument is the constancy of the difference between the phase angle of the
output components and the phase angle of the input signal.

It is characterised by the maximum deviation from linearity obtained on the output, over 0° to 360°
change in the value of the input phase angle.

6.4.

7.2 Measurement method

The frequency beat method requires a dynamic measurement described as an example hereafter.

© IS0 2013 - All rights reserved
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The two components of the output are synchronously acquired with a data acquisition system having a

sampling frequency f; greater than 36/ (i.e. a maximum of 10° per sample).

For one period of the output signal, the set of data are stated in Table 2:

Table 2 — Example of table for statement of data set

i 1 2

X

Y

A table of fecentred values is obtained by subtraction of the continuous component from the.X and
Y compongnts. The continuous component is X,y or Yay, the average of all the samples, and where

Xirec = X1 —|Xav and Yjrec = Y1 - Yav.

The phase pngle of the ith sample is:

@ =qretan (Yieee / Xiree ) if Xjree 20

@ =qrctan (Yipee / Xjrec ) +180°if X 0

irec <

This value i to be compared to the theoretical value for the ith sample: @i = i(fq/fe) x 360 + @ . See Tabll

Table 3 — Example for comparison table of phase angle value with theoretical value

(6)

(7)

0

i | 2

®th

The maxinjum deviation from linearity-in degrees is given by A®y, max = max(®@m; — Pthi)
6.4.8 Orthogonality of compenents

6.4.8.1 Definition and measurement conditions

Orthogonality of components is the capability of the instrument to output quadrature-demodulgted

components.

It is charag¢terised by the deviation from orthogonality, or the deviation between 90° and the acfual

phase shifff letween channel X and channel Y.

6.4.8.2 Measurement method

The phase angle between the X and Y outputs is measured with a phase meter or lock-in amplifier.

Alternatively, it may be taken from the data collected in 6.4.6, but with the sampling frequency f. greater

than 360 fq (i.e. a resolution of at least 1°).

18 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=9f97f1e2dfe13a052a795da274684d85

6.4.

6.4.

ISO 15548-1:2013(E)

9 Gain-setting accuracy

9.1 Definition and measurement conditions

Gain-setting accuracy is the capability of the instrument to amplify a signal in a linear way. It is
characterised by the maximum deviation from linearity in decibels (dB) between a set value and the
measured value. It shall be measured for each component.

6.4.

9.2 Measurement method

If tk
the

Wit
tak

Thd

The
san

Thd

The
6.4

6.4

Pha
pha
due

6.4
Thd
Wit
Adj

eSignatgemeratordoes ot inctude amattenmuator themracatibratedattenmuatorstrattbefitty
signal generator and the instrument.

h the initial condition of minimum gain, the output values of each component are meg
bn as the references, Xrer and Yref.

gain range of the instrument shall be divided into at least five equispaced intervals, e.g. 6

e interval. The two components of the output are measured for eachinterval.

deviation in gain at each interval value, in decibels, is given byt

Ex :ZOIOg(Vx/eref)

E, =20log(Vy /Vyref )
maximum deviation is the largest value of the'deviation in gain.
10 Phase-setting accuracy

10.1 Definition and measuring conditions

se-setting accuracy is the difference between the expected and the actual change in the ¥
se of the output vector when a phase shift is made using the phase control. The amplitud
to the phase setting shall'be reported.

10.2 Measurement method
instrument‘generator output is connected through an attenuator to the input.
h no inputvoltage, balance the instrument and measure each component of the output, X|

1st’the input voltage to half the maximum input voltage related to nonlinearity.

d between

isured and

Bor 10 dB.

gain of the instrument is increased by this interval and the output ef\the generator redyiced by the

(8)

9

ralue of the
b deviation

fef and Yref.

With the phase control set to 0°(®¢), measure the output of each component, Xy, Xo and Yy. Calculate the
amplitude and the phase angle of the output vector.

©IS

Vo :\/<XO_Xref)2+(YO _Yref)z

(YO B ref)

@ =arctan ifXo—X e 20
(X0 = Xref) *

02013 - All rights reserved
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_ (YO _Yref) ° .
@ =arctan ——+180 if Xg—X, e <0 (12)
(XO _Xref)

Change the phase control in i steps not exceeding 10° (i®,) and repeat the measurement and calculation,
for a total of 360°.

The phase deviation, in degrees, is:

Q4=0;—(id,) (13)

The amplitjude deviation, in percentage, is:

Va=[ (Vi Vo)/Vo |x100 (14)
The maxinjum values of @4 and Vg shall be reported.
6.4.11 Cro¢ss-talk

6.4.11.1 Definition and measuring conditions

Cross-talk [characterises the mutual interference between channels-efia multichannel instrument or
between alpsolute and differential channels.

6.4.11.2 Measurement method

6.4.11.2.1|Multichannel instrument
All channels are set to the same frequency.

The input pf each channel in turn is connected!to an external signal generator. The generator oufput
shall be th¢ maximum input voltage related-te:linearity:.

With the ghin of the other channels set t0 maximum, the value of the component outputs of each of|the
other chanpels is measured.

For n channels where j = 1, n, the-utput of the jth channel is:
Vs =yl +V2y; 15)

When feedjng the ith.chiannel, the cross-talk factor, t;, for the channel is:

_ ‘Vsﬂ
t; —2010g[r1;31;(!VQi!J 16)

The cross-talk factor for the instrument is defined as ¢t = max(t;)

6.4.11.2.2 Absolute and differential channels

6.4.11.2.2.1 Cross-talk between absolute output and differential output

This measurement is a particular case of the measurement in 6.4.11.2.1 with only two channels. The
absolute channel (replace index 1 by index A) and the differential channel (replace index 2 by index D).

In the measurement described in 6.4.11.2.1, i and j take the values of A and D.
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6.4.11.2.2.2 Cross-talk between absolute and differential inputs

Replace the probe by two matched resistors (see Figure 5). Using the frequency beat method, an external
sine-wave generator is connected to the input.

The signal of the absolute outputis displayed on an oscilloscope and its Xand Y components are measured
using a peak voltmeter (Vxa and Vya).

Apply the maximum input voltage related to linearity and place the switch in position 1.

Vxa and Vya become Vxa1 and Vyai.

The switch is then placed on position 2.

Vxaland Vya become Vxa2 and Vyaoz.

Vsai| =\ Vit +Vii i=lor2 (17)

The cross-talk factor t, expressed in decibels, is:

t; :ZOIOg% (18)

®1

89 9@

o
®
>

o

® -8 -

® 3

Key]

1 [inputd

2 |cetmmon

3 input?2

a  Switch position 1.
b

Switch position 2.

Figure 5 — Arrangement for measurement of cross-talk between absolute and differential inputs
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6.4.12 Common-mode rejection

6.4.12.1 Definition and measuring conditions

This measurement characterises the ability of the instrument to suppress the common-mode signal.
This verification procedure only applies to instruments used for differential measurement.

6.4.12.2 Measurement method

Replace the probe by two matched resistors (see Figure 6). Using the frequency beat method, an external
sine-wave gemerator s tonmectedtothe mput:

Apply the thaximum input voltage related to linearity and place the switch in position 1.
Vx and Vy hecome Vx1 and Vy1.
The switcl is then placed on position 2 and the input voltage is divided by 2.

Vx and Vy hecome Vx2 and Vy».
_[y2 2 . i
Vsi|= Vi + Vi i=lor2 19)

The rejectipn quality factor g is:

qr =Vs{/Vs2 20)

R X
‘_
"\g I @2
._
R Y

e e | o3 @

b

Key

1 inputl

2 common

3  input?2

a  Switch position 1.
b

Switch position 2.

Figure 6 — Arrangement for measurement of common-mode rejection
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13 Maximum instrument noise

13.1 Definition and measuring conditions

The maximum instrument noise corresponds to the input voltage equivalent to the maximum residual
output signal when no input signal is applied with the instrument set at maximum bandwidth.

The instrument noise may be measured under other operating conditions specified in the application
document.

Ina

11 cases, the bandwidth shall be reported.

6.4
Apy
Med
Inc1

Wit
a ba

—_

Ca

6.5
Ful

satyiration or to linearity, as measured in 6:3.1.

6.6

Wit
cha

13.2 Measurement method

ly to the input the maximum allowed voltage Vinax in (gain = Gmin)-
sure the resulting output Viax out-

ease the gain (if possible to maximum gain) Gy ax.

h zero input, measure the output due to instrument noise Vygise out, 4sing a true RMS volt
ndwidth greater than or equal to the bandwidth of the instrument.

ulate the equivalent noise at the input.

V. =V . Vmax in_ o Gmin
eq — ¥ noiseout v G
max out max
Output

-scale output is the output value corresponding to the maximum allowable input voltagg

Digitisation

Facterising digitisation,(defined in 4.2.9, to be measured.

meter with

(21)

 related to

h the instrument being considered as a black box, there is no general method allowing the parameters

©IS
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