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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

nonfgovernmentat, In_liaison with 15O, also take part In the work. SO collaborates close
Intefnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

y with the

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

The

adopted by the technical committees are circulated to the member bodies for, voting. Public
Intefnational Standard requires approval by at least 75 % of the member bodies'¢asting a vote.

Atte
righ

ISO
CEN
des
tech

I1ISO
edd|

main task of technical committees is to prepare International Standards. DraftxInternationa

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

15548-1 was prepared by the European Committee for Standardization (CEN) Technical
N/TC 138, Non-destructive Testing, in collaboration with<ISO Technical Committee TG
fructive Testing, Subcommittee SC 4, Eddy current methods, in accordance with the Ag
nical cooperation between ISO and CEN (Vienna Agreement).

15548 consists of the following parts, under the general title Non-destructive testing — Eq
y current examination:

Part 1: Instrument characteristics and verification
Part 2: Probe characteristics and yerification

Part 3: System characteristies’and verification

Standards

ation as an

ct of patent

Committee
135, Non-
eement on

uipment for
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Non-destructive testing — Equipment for eddy current
examination —

Pa

rt1:

Instrument characteristics and verification

1

Thig
and

The)
equ

Scope

part of ISO 15548 identifies the functional characteristics of a general-purpese eddy curren
provides methods for their measurement and verification.

evaluation of these characteristics permits a well-defined description_and comparability of &
pment.

instrument

ddy current

By ¢areful choice of the characteristics, a consistent and effective jeddy current examination system can be

des|gned for a specific application.

Where accessories are used, these are characterised using the principles of this part of ISO 15548.

Thig

Thely are given in the application documents.

2

The)

references, only the edition cited\*applies. For undated references, the latest edition of the
docpment (including any amendments) applies.

ISO

ISO

For

part of ISO 15548 gives neither the extent of verification nor acceptance criteria for the chg

Normative references

following referenced documents are indispensable for the application of this document

12718, Non-destructive/testing — Eddy current testing — Terminology

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

Terms:and definitions

racteristics.

For dated
referenced

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

4

41

Eddy current instrument characteristics

General characteristics

4.1.1 Type of instrument

a)

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

red 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 chara
order that the user can design the examination system. The examination system shall be in

© 1SO 2008 — All rights reserved
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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.

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 nomlnal values of voltage,

frequency

41.3 Safe

The instrum
surface tem

41.4 Tec
The instrun
The excitati
The instrun
The instrun

The instrum

ent and its accessories shall meet the applicable safety regulations, for example, electrical haz
perature, explosion, etc.

hnology

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

pn can be single frequency, multifrequency, swept frequency or pulsed.
ent can be single or multichannel.

ent settings can be manual, remote controlled, storedor preset.

ent shall have component outputs and can be with, or without a self-contained display.

4.1.5 Physical presentation

The instruni
The weight
The plugs g

The instrun
accessible

ent can be portable, cased or rack mgunted, with the component parts integrated or modular.
and size shall be specified for thé instrument and its accessories.

nd sockets shall be specified/regarding type and pin interconnections.

ard,

nent model number~and the serial number shall be clearly readable and located in a readily

blace.

4.1.6 Environmental.effects

The warm-
shall be sta

Ip time-necessary for the instrument to reach stable operating conditions within specified li
ed,

mits

The tempe

. - N c . , , .
ature; fommidityand-vibratiormr ranges for mormmatuse;storage—and-transportshattbe—specifie

the instrument and its accessories.

The instrument shall conform to relevant electromagnetic compatibility (EMC) regulations.

4.2 Electrical characteristics

4.21

General

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

The electrical characteristics are only valid for the stated operating conditions.

for

© 1SO 2008 — All rights reserved
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When relevant, the stability of the specified values with time, for specified environmental conditions, shall be
stated.

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
+ T T T N
| | | !
) ' | | !
| |
| ! 'y q ' X
HF signal LF- ! =
Generator —# Probe Input and signal : >
demodulator 9 | g
: : : . Y
| [ ! :
| | |
| | 4 ! I
| 1 1 ! I
| [ 1 ! I
| | ) ! !
| ! | | V
| | | !
: : : : : Display _ | Agecessories
I I I
I | : ! 4 4
| | | |
| 1 1 !
| | | |

Digitisation

Figure 1 — Functional block diagram of an eddy current instrument

4.2.3 Generator unit
The| source of excitation is the generator unit.

In the case of alternating excitation (sinusoidal, triangular, rectangular, etc.), the characteristics tq be defined
are ps 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 output voltage or current;
— source impedance with frequency dependence.

In the 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.

© 1SO 2008 — Al rights reserved 3
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424

Input stage characteristics

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

required.

The characteristics to be defined are as follows:

input impedance with frequency dependence;

gain setting range, step size, deviation from nominal value;

The
gnal

— maximym input voltage;

— commagn-mode operating parameters, when relevant.

4.2.5 Balance

Balance is|the compensation of the signal to achieve a predetermined operating "péint, e.g. zero.
compensation may be performed manually or automatically, at the input stage) or during HF si
processing,| or during demodulated signal processing, or on the display.

The characieristics to be defined are as follows:

— maximpm input range, which can be compensated,;

— residudl value at balance (expressed as a percentage of a specified range, e.g. full-scale output).
4.2.6 High-frequency signal processing

4.2.6.1 HF filtering

Filters reduge the signal frequency content which.'can have an undesirable effect on the test result.

The filters ysed before demodulation are referred to as carrier frequency filters (HF filters). These are usuially

band-pass filters which suppress any signal frequencies which do not correspond to the excitation frequen

The charac

gain;

bandw

rate of

transie

eristics to be defined are as follows:

dth at 3 dB attenuation;
attenuation;

ntresponse.

Cy.

4.2.6.2

HF amplification

The characteristics to be defined are as follows:

output

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

bandwidth;

saturation level.

© 1SO 2008 — All rights reserved
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4.2.6.3 Demodulation

Syn

chronous demodulation extracts the vector components from the HF signal.

-1:2008(E)

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.

The

characteristics to be defined are as follows:

wave shape of the reference signal, e.g. sine, square, pulse;

Am

4.2,

4.2,
Ved
amy
con

The

4.2,

The)
filte

The

bandwidth for each wave shape of the reference signal;

phase-dependent amplitude deviations;

phase-dependent phase deviations.

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

7 Demodulated signal processing

7.1  Vector amplification

tor amplification generally consists of two transmission..channels of identical design. Theg
lify the vector components produced by synchronous® demodulation. In some instrum
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 band
is chosen to'suit the application, e.g. wobble, surface speed, etc.

charaeteristics to be defined are as follows:

dain;

e channels
ents, these

width of the

bandwidth at 3 dB attenuation;
rate of attenuation;

transient response.

© 1SO 2008 — All rights reserved
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4.2.7.3 Phase setting

Phase setting permits rotation of the demodulated signal vector on the complex plane display.

The characteristics to be defined are as follows:

— range;

— step size;

— amplitude variation of the signal vector with phase setting;

— deviati

4.2.8 Out
The type of

The type of
imaging.

The related
— size;

— graticu
— full-sc3
— ftransfe
— linearit
— bandw
The output
The charac
— voltagsg
— output
— linearit

—  bandwi

bn of indicated phase rotation from actual phase rotation.

put and signal display
display can be an indicator display, or a hard-copy display, or a screen displayz

presentation can be, for example, complex plane, ellipse, time-synchroneus, frequency spect

characteristics to be defined include:

e divisions, major and minor;

le-display voltage range or time range;

I factor e.g. volts/division;

dth.

can be analogue, digitised orJogical.

eristics of analogue outputs to be defined are as follows:
or current range;

mpedance;

dth:

The charac

— data pr

erISlCS Of digitised outputs 10 be defined are as Tollows:

otocol;

— serial or parallel;

— voltage and current levels;

— speed and format;

— sampling rate;

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

© 1SO 2008 — All rights reserved
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The characteristics of logical outputs to be defined are as follows:

4.2,

voltage and current levels;
settling delay;
hysteresis;

actively high or low.

4.2,

W

>0

The)
4.2.

4.2.
Digi
4.2.
Digi
4.2.

Res

The)
the

4.2,

Digitization
D.1  General
bnever digitization is performed, the following characteristics shall be defined:
stage of digitization in the signal processing;
digitization technique;
A/D resolution;
sampling rate.

information supplied by the manufacturer shall therefore include data on the parameters i
D.5.

D.2  Stage of digitization

tization may be performed either before or@fter signal demodulation.

D.3 Digitization technique

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

D.4  A/D Resolution
olution is the nominal-value of the converter input voltage corresponding to one digitization bit.

number of digitization bits is equally useful information, even though it can be directly acces
maximum.input voltage and the resolution.

D.5 , USampling rate

Th

camnlinarataic tha frocuianey in hart=z At wwhich tha AN ~canvarcion ic mada
ST H P gTeteTothe—Teq Gy eSSt Wt e v oSO eSO ST

n 4.2.9.2 to

5ed through

5

5.1

™ rororeT

Verification

General

For a consistent and effective eddy current examination, it is necessary to verify that the performance of the
component parts of the eddy current test system is maintained within acceptable limits.

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

© 1SO 2008 — All rights reserved
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The measuring equipment used for verification shall be in a known state of calibration.

For a better understanding, the verification procedure is described identically in all three parts of ISO 15548.

5.2 Levels of verification

There are three levels of verification. Each level defines the time intervals between verification and the
complexity of the verification.

It is understood that initial type testing has already been carried out by the manufacturer or under his control.

a) Level 1: Global functional check

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

The verificgtion is usually performed at the examination location.

The time inferval and the reference pieces are defined in the verification procedure.

b) Level 3: Detailed functional check and calibration

A verificatign on an extended time scale is performed to ensure the stability*of selected characteristics of the

eddy currerjt instrument, probe, accessories and reference blocks.

c) Level 3: Characterisation

A verificatign is performed on the eddy current instrument, probe accessories and reference blocks to engure

conformity

vith the characteristics supplied by the manufacturer.

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

The main fgatures of verification are shown in Table 1.

Table 1 — Verification levels

LeVel

Object

Typical time period

Instruments

Responsible ent|ty

1

Stability of system

Frequently,

check and calibration

instrument, probes
and accessories

after repair

blocks

Global functional . Reference blocks User
performance e.g. hourly, daily
check
Stability of selected \ . P P SR T :
4 . . LT OO IIUqUUIIlIy vutlt atl wdiivraltocu IIIUGOUIIIIH
Detailed functional characteristics of the least annually and instruments, reference User

3
Characterisation

All characteristics of
the instrument, probes
and accessories

Once
(on release)
and when required

Calibrated laboratory
measuring instruments
and reference blocks

Manufacturer, user

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=44fbea94e96048f5e94b09227d82fbb0

5.3

ISO 15548-

Verification procedure

1:2008(E)

The characteristics to be verified are dependant on the application. The essential characteristics and the level
of verification shall be specified in a verification procedure.

The examination procedure for the application shall refer to the verification procedure. This can restrict the
number of characteristics to be verified for a defined application.

Sufficient data on the characteristics featured in an instrument, probe and reference piece shall be provided,
in order that verification can be performed within the scope of this part of ISO 15548.

5.4| Corrective actions

Level 1: When the performance is not within the specified limits, a decision shall be made con
prodluct examined since the previous successful verification. Corrective actions shall be made

pe

Level 2: When the deviation of the characteristic is greater than the acceptable limits spec
manufacturer or in the application document, a decision shall be made conc¢erning the instrumen

ort

Lev

app
veri

6

6.1

All 1
The)

Kee
be U

Shi
me
cha
the

The)
for
use

Isurements may besmade with other values of the resistor. However, it needs to be stresd

rmance within the acceptable limits.

e accessory being verified.
bl 3: When the characteristic is out of the acceptable range specified by the manufacture

ication document, a decision shall be made concerning the inStrument, the probe or the acce
ied.

Measurement of the electrical characteristics of the instrument

Measuring requirements

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

ping the black-box concept, any alternative method, the equivalence of which shall be demons
sed.

Ided, non-inductive resistors shall be used as loads. The resistors shall have a value of 50 ¢l

Facteristics of an instrdment can be significantly altered if a different load is necessary for the ir
bpplication. In sieh’a case, the load used shall be noted in the test report.

measurements described hereafter shall be made at three values in each decade of the frequ
bxampleyusing multiplication factors 1, 2 and 5. For example, in the decade between 10 a
10, 20>and 50 kHz.

cerning the
o bring the

fied by the
t, the probe

r or by the
ssory being

instrument.

trated, may

. Additional
ed that the
strument or

ency range,
nd 100 kHz

It s

howld _he naoted that the filter anﬁngc used for a anpr‘ifir‘ nlnlnlirnfinn will mndify the charac

eristics, 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.

Generator unit
1 Excitation frequency

1.1 Definition and measurement conditions

The frequency shall be measured at the generator output of the instrument loaded in accordance with 6.1.

© 1SO 2008 — All rights reserved
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The percentage deviation from the displayed value is:

Ya=Vm 100

Vg
where

V4 s the displayed value;,

Vi is the measured value.

The maximpm modulus of deviation in the total range of frequencies measured shall be reported.

6.2.1.2 Measurement method

The frequepcy may be measured using the beat frequency method, a frequency meter  or a specirum

analyser.

In the casg of multifrequency, multiplexed instruments then appropriate instrumentation shall be used,

spectrum apalyser.
6.2.2 Harmonic distortion

6.2.2.1 Definition and measurement conditions

For a genefjator producing a sinusoidal waveform, the harmonig(content is used as a measure of the devia

from a pure] sinusoid.

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

k is the ratig of the RMS value of harmonics and the:RMS value of alternating quantity:

k=Y vzl
An approximate value is given by:

k:\ﬁ,z_wz

U

U is the RMS value of the alternating quantity;

U, is theRMS value of the firstharmonic-(fundamental):
1 \ 77

U, is the RMS value of the nth harmonic.

n

e.g.

tion

The distortion factor shall be measured at the generator output of the instrument loaded in accordance

with 6.1.

In the case of multifrequency instruments, sufficient instrumentation shall be used, e.g. spectrum analyser.

The value to be stated is the maximum distortion factor for each frequency.

10
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6.2.2.2 Measurement method

The distortion factor may be measured using a distortion-factor bridge, a spectrum analyser or a high-pass
filter.

6.2.3 Source impedance

6.2.3.1 Definition and measurement conditions

The source impedance Zg is the internal impedance of the generator unit, see Figures 2a) and 2 b),

<l 4 lo—iiaal <l 4 4 4
megsturetatreacnmaepententotpat:

Source Z

a) Voltage-driven generator

e Source Z e
Source.Z Pt V==2s-1
@ @
Current-driven generator Equivalent voltage-driven generator

Key|
I pource impe&dence Zg

b) Current-driven generator

Figure 2 — Internal impedance of the generator unit

6.2.3.2 Measurement method

The method proposed is based on the assumption that the complex source impedance Zg can be considered
as resistive.

The generator output is loaded with a resistor Ry (normally 50 Q). The voltage 7y is measured with an

appropriate voltmeter. It is important to verify that the measured value is less than the maximum output
voltage.

© 1SO 2008 — Al rights reserved 11
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Repeat the

The source

measurement with a resistor R, (normally R, = 0,5 R4) and measure V5.

impedance Zg, expressed in ohms, is:

Vi—Vs

7. =
* (Va/Ry)-(V1/Ry)

NOTE 1

voltage and current.

NOTE 2

The choice of R4 and R, determines the precision of the measured value of Zg.

Verify that the values of V4 and 7, and the intensities V4/R4y and V,/R, are less than the maximum output

6.2.4 Max

6.241 L

The maxim
the generat|

6.2.4.2
The maxim
instrument

of the eddy
at least twig

The measu
6.2.5 Max

6.2.5.1 [

The maxim

terminated
give its may

6.2.5.2
The maxim
ammeter. T
resistive log

The measu

Measurement method

Measurement method

imum output voltage, V5.,

Definition and measurement conditions

Um output voltage is the peak-to-peak voltage at the generator terminals with, no‘load applied
Dr set to give its maximum output.

um output voltage is measured using an oscilloscope or an adequate voltmeter. The measy
shall have a high input impedance (> 1 MQ) and a bandwidth €ompatible with the frequency rg
current instrument. Typically, the maximum usable frequency,of the measuring instrument sha
e the maximum frequency of the eddy current instrument.

red values can be presented in graphical format.
imum output current, /5.

Definition and measurement conditions

um output current is the peak value of the current measured at the generator terminals w
with the lowest permissible resistive load, as defined by the manufacturer. The generator is s¢
imum output.

um output current-is° measured with a current probe connected to an oscilloscope or with
he measuring dnstrument shall have a low impedance (typically less than 10 % of the sma
d), and a bandwidth compatible with the frequency range of the eddy current instrument.

f'ed values'Can be presented in graphical format.

and

ring
nge
| be

hen

bt to

an
llest

12
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Input stage characteristics

6.3.1 Maximum allowable input voltage

6.3.1.1 Definition and measurement conditions

The

Itis

maximum allowable input voltage is related to safety, saturation and non-linearity.

respectively the peak input voltage at minimum gain, corresponding to the following:

a)

b)

c)

Ina

6.3.1.2 Measurement method

6.3.1.2.1 Related to saturation

The)
waw
the

The
eac

Ens

The)
volt

The)
and
valy
whd
ther

The
as |

mne maximuin vatue dgiven Dy the Mmanutactiarer, this Is e sale Input voltage sUcHh that tne |
not damaged; it includes common-mode operating limits when relevant;

90 % of the output at saturation;

the non-linearity exceeding a given value. The maximum allowable deviation<from linear|
defined in the application document.

| cases, the input voltage applied shall not exceed that given in a).

frequency beat method is used (see principle in Annex:A). The input voltage is to be provide
e generator. The difference between the frequency of’the signal generator and the selected f
nstrument shall not be greater than 10 % of the stated bandwidth of the instrument.

gain of the instrument is set to minimum and-the filters are set to have a minimum effect. Th
h output is loaded with a pure resistor.

ure that the instrument is balanced. Jhe'input signal is measured using a high-impedance voltn

output signal is displayed on.an.oscilloscope and its X and Y components are measured u
meter.

input voltage is increased-from zero to the safe input voltage given by the manufacturer, and
negative peak values-of each component of the output voltage are plotted (V,,, V., V., ¥,
e of the four variables’(i.e. that corresponding to the smallest value of the input), which ceases|
n reaching a steady value 7, provides the saturation output level V. The input value V4 thus

decreased until'the component being monitored reaches an output value of 90 % 7.

input voltage obtained corresponds to the maximum allowable input voltage, related to saturat
inlFigure 3.

V" .
ilim

strument is

ty shall be

d by a sine-
requency of

e input and

heter.

5ing a peak
the positive
| ). The first

to increase
obtained is

jon, defined

6.3.

22— Retatedtonon=tinearity

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 non-linearity is less than that given in the relevant

app

For

1

I

min

lication document.
this specific case, substitute in Annex B the following:
= input voltage O =output voltage

= zero Ihax = input voltage related to saturation (see 6.3.1.2.1)
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13


https://standardsiso.com/api/?name=44fbea94e96048f5e94b09227d82fbb0

ISO 15548-1:2008(E)

Y A
Vx+
%4
y.
V. b——m——— — f—— 4

90 %

Key
X Input vol
Y Output v

NOTE 1

Fig

6.3.2 Inpuyt impedance

6.3.21 [

The input i

combination of a resistor and a eapdcitor.

6.3.2.2 Measurement method

A network &

The alternativeamethod described in Annex C can be used. The use of any other alternative method sha

reported.

y+

Xy

fage (Vs saturation output level)
pltage

[he relative amplitudes of each output are for example only-

ure 3 — Measurement of the maximum allowable input voltage related to saturation

Definition and measurementiconditions

mpedance is the apparent impedance of the input stage. The equivalent circuit is the pan

nalyser of-ah impedance meter can be used.

allel

| be

No voltage greater than the maximum input voltage shall be applied.

6.4 Sign

al processing

6.4.1 General

The signal processing stage comprises high-frequency and low-frequency signal processing, as specified on
the block diagram in Figure 1.

14
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6.4.2 Measurement conditions
These measurement conditions apply for 6.4.3 to 6.4.13, unless indicated otherwise.

The resistor terminating the input (see 6.1) shall be shielded. The gain of the instrument shall be set to its
minimum value. The instrument shall be balanced with zero input voltage. All filters shall be set to have a
minimum effect.

It should be noted that the filter settings used for a specific application will modify 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.

Sin¢e the measured value is the output value, no distinction can be made between the filtering effe;‘\ct of the HF
filtef and the demodulator. If the HF filter is adjustable, it should be set to the value recommended by the
manufacturer for the selected test frequency.

Using the frequency beat method (see Annex A), adjust the output voltage of an.external signal generator,
conhected to the input, to half of the maximum allowable input voltage of the instrument related to linearity.

The] difference fy between the frequency of the signal generator and the sglected frequency of thg instrument
shall not be greater than 10 % of the bandwidth of the instrument, as specified by the manufacturer.

6.4.3 Balance
6.4.3.1 Residual output value at balance

6.4.3.1.1 Measured quantity and measurement conditions

Thel value of the output modulus that is obtainéd following the balancing operation. The value shall be
desgribed as a percentage of a specified range, e'g. full-scale output.

6.43.1.2 Measurement method
Follpwing the balancing operation, measure the output value of each component.

Thel maximum value of several‘balancing operations (a minimum of five) shall be taken.
6.4..2 Maximum compensatable input voltage

6.4.3.21 Measured quantity and measurement conditions

Thetmaximum Value of the input voltage that may be nulled electrically.

6.4.3.2.2 ' Measurement method

A voltage derived from the instrument generator is applied to the input.

It is progressively increased and nulled until the residual value obtained equals twice the residual value at the
balance, as obtained in 6.4.3.1.2.

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 non-linearity.
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6.4.4 Harmonic attenuation

6.4.4.1

Measured quantity and measurement conditions

The voltage ratio of the nth harmonic response ;, to the fundamental response 7 is:

. . Vﬁz
Attenuation (in dB) = 20log——

6.44.2 |\

Using the |
frequency f]

Reset the §
with the fun

Repeat for

6.4.5 Frequency response of the signal processing stage

6.4.5.1

Measured quantity and measurement conditions

Vi1

Aleasurement-method

eat frequency method, adjust the frequency of an external signal generator to the fundamsg
, noting the difference frequency /4. Measure the value Vy at one of the component outputs.

ignal generator frequency to the frequency 2f; + fy, that is the same difference in Trequency U
damental. Measure the value Vio-

bach harmonic up to the fifth, and then, if necessary, until attenuation excéeds 60 dB.

The freque

with an attenhuation less than »n dB.

The values| of m and » shall be specified in the application document. Since the frequency respons|

generally s

6.4.5.2

Measurement method

cy range in which the demodulated signal is obtained with-an amplification smaller than m dB

ted at + 3 dB, these values are used in this part’of ISO 15548.

ntal

sed

and

e is

The differepce fy between the signal generator frequency and that of the instrument takes 10 values eqyally

spaced on
the highes
manufactur,

It is importa
The peak-t
frequency

amplitude fi

The voltagg

b logarithmic scale. The lowest value depends on the operating frequency of the instrument,
value is twice the upper-Jdimit of the output bandwidth of the instrument specified by

br

nt to ensure that fy remains constant during the measurement of each value.

p-peak amplitudeyof the component outputs and the frequency fy are measured with a very-
oltmeter and\a-frequency meter. Results may be stated in the form of a table of frequency

br each component of the output signal.

reference value for each component is obtained in the following way. Starting from the maxin

amplitude,

the maximum-and-the-maximum

he median value is calculated from the measured values which fall in the range between 10 §

and
the

ow-

and

num
o of

The points, the amplitude of which are + 3 dB of the median value, are the extremes of the frequency

response.

Figures 4a),

It can be se

16

4b) and 4c) show different examples of frequency response.

en that, in some cases, the frequency range can include several sections.
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+3 dB

0,8

0,6

0,4

0.2

-3dB

10 %

2 log 4

YA

1,6 -

Y

a) Example 1

0.8 -

+3 dB

0.64

04

02

-3dB

10 %

™~

2 log fy
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b) Example 2

Figure 4 (continued)
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YA

16

14 | /™

1.2

0,8

06 L -3dB

04
02 - 10 %

. .

2 log 4

A
 J
A
A

c) Example 3

Key
Y output (drbitrary unit)
1 median yalue

2 + 3 dB lgvel response

Figure 4 — Examples of frequency response

6.4.6 Bandwidth

6.4.6.1 Measured quantity and-measurement conditions

Bandwidth |s obtained by taking the values from 6.4.4 and applying only the attenuation of » dB. Genera
will be equgl to 3.

yn

6.4.6.2 easurement method

Use the mefhod.described in 6.4.4.2.

6.4.7 Phase linearity

6.4.7.1 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.
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6.4.7.2 Measurement method
The frequency beat method requires a dynamic measurement described as an example hereafter.

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 is stated in Table 2:

Table 2 — Example of table for statement of data set

A table of recentred values is obtained by subtraction of the continuous component from the X and Y
components. The continuous component is X,, or Y,, the average of\all the samples, |and where
Xire =X1 _Xav and Yirec = Y1 - Yav-

Thel phase angle of the i th sample is:

d)ml = arCtan(Yz’rec/Xirec) if Xirec > 0
&= arctan(Y; oo/ X;rec) + 180° if X0 <0

Thig value is to be compared to the theoretical value forthe ith sample: @y, = i( f4fs) x 360 + @

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

i 1 2 n
Xrec

YI'EC

m

Dy

Thetmaximum deviation from linearity in degrees is given by A@,, = max(Dy,; — D)

max

6.4.8 Orthogonality of components

6.4.8.1 Definition and measurement conditions

—

Orthogonatity of —components 15 the capabitity _of the Instrument 1o output quadrature-demodulated
components.

It is characterised by the deviation from orthogonality, or the deviation between 90° and the actual phase shift
between 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
360f4 (i.e. a resolution of at least 1°).
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6.4.9 Gain-setting accuracy

6.4.9.1

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

Ul

If the signa
signal gene

With the ini
the refereng

The gainra

The gain of
interval. Th

The deviati

The maxim

6.4.10 Phase-setting accuracy

6.4.10.1 L

Phase-setti

phase of th
to the phas

6.4.10.2
The instrum
With no inp

Adjust the i

Measurement method

4 ol P [ | 4 4 o Lilo ool ey + o, bb ool lo ok
yTlicTalul UUTS TIUL TTIUTUUT aiT atlcTiualur uiTciT a LAaliuTaltCu allTitudatul olia HCU UTIWTTI

rator and the instrument.

LLIL A~ L]

lial condition of minimum gain, the output values of each component are measured, and-take
s, X and Y.

the instrument is increased by this interval and the output of the generator reduced by the s
b two components of the output are measured for each interval.

bn in gain at each interval value, in decibels, is given by:
IOQ(VX/eref)

log( Vy/ Vyref)

im deviation is the largest value of the deviation in gain.

Definition and measuring conditions
hg accuracy is the difference bétween the expected and the actual change in the value off

b output vector when a phasé:shift is made using the phase control. The amplitude deviation
b setting shall be reported-

ent generator output is connected through an attenuator to the input.
it voltage; balance the instrument and measure each component of the output, X, and Y.

nput veltage to half the maximum input voltage related to non-linearity.

nge of the instrument shall be divided into at least five equi-spaced intervals, €.g.)6 dB or 10 dB.

the

n as

pme

the
due

With the pt

PR — A0l 5\ 1 4 ‘ £ 1 — 3 o bk
1dS5€ CUNUOIN Sct U U \WO), medsurc i.IIU Output Or ©d4dull COINMPUrIcerIt, AO dliid lo. wdiCuialc

amplitude and the phase angle of the output vector.

Vo= \/(Xo—Xref)er(Yo—Yref)2

@O:a

@O:a

rctanM if Xo—-Xe=0
XO_Xref)
(YO_Yref) ;

rctan ——~ + 180° if Xo—-Xs<0
O ™ “ref ref
(X0 = Xref) ©

the

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

20
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The phase deviation, in degrees, is:
Dy = D, — (i)

The amplitude deviation, in percentage, is:
va=[(V:i-70)/Vo |x100

The maximum values of @4 and V4 shall be reported.

6.4.11 Cross-talk

6.4.11.1 Definition and measuring conditions

Crops-talk characterises the mutual interference between channels of a multichannel instrument|or between
absplute and differential channels.

6.4.11.2 Measurement method
6.4.11.2.1 Multichannel instrument

All ghannels are set to the same frequency.

The input of each channel in turn is connected to an external signal, generator. The generator output shall be
the maximum input voltage related to linearity.

With the gain of the other channels set to maximum, the value of the component outputs of each [of the other
chapnels is measured.

For|z channels where j = 1, n, the output of the jth channel is:

‘st" =y SRy

When feeding the ith channel, the cross-talk-factor, ¢,, for the channel is:
Va.
t; = 20log maxM
J#i |VSi|

The cross-talk factor for the'instrument is defined as ¢ = max(t,)
6.4.11.2.2 Absolutesand differential channels

6.4.11.2.2.1 Cross-talk between absolute output and differential output.

Thig measurement is a particular case of the measurement in 6.4.10.2 with only two channels. The absolute
chahnel\(replace index 1 by index A) and the differential channel (replace index 2 by index D).

In the measurement described in 6.4.70.2, 7 and ; take the values of A'and D.

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 output is displayed on an oscilloscope and its X and Y components are measured
using a peak voltmeter (Vya and Vyp).

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

Vya and Vyp become Vyaq and Fypq.
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The switch is then placed on position 2.

Vxa @and Vyp become Vyas and Vypo.

[12 2 -
|VSAi| = VXAi +VYAi i=1or2

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

t, =20log ||I;zij||

@

XA
o :

R YA
f xS
S &

i [\j ® 2 D
R ®

®

® 3 YD

®

Key

1 input1

2 common
3 input2

jo)

Switch ppsition 1.
Switch ppsition 2.

o

Figure $ — Arrangementfor measurement of cross-talk between absolute and differential inputg

6.4.12 Common-made 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 generator is connected to the input.

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

Vy and Iy, become Vy4 and Vy4.

22
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