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reword

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

ISO 22232-1:2020(E)

Non-destructive testing — Characterization and
verification of ultrasonic test equipment —

Part 1:
Instruments

D,5 MHz to
e operation
transducer
h partly be
to ensure

f a phased
bcument is

appllicable for these channels.

2 |Normative references

The following documents are referred to_in the text in such a way that some or all of thpir content
conptitutes requirements of this document. For dated references, only the edition cited dpplies. For
undated references, the latest editionefthe referenced document (including any amendmengs) applies.
[SO|5577, Non-destructive testing —, Ultrasonic testing — Vocabulary

ISOfIEC 17050-1, Conformity._assessment — Supplier's declaration of conformity — Part|1: General
reqliirements

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in ISO 5577 and the folloywing apply.
[SO|and [E€-maintain terminological databases for use in standardization at the following addresses:
— |18Q Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1

analogue output

output from the ultrasonic instrument which gives a d.c. voltage nominally proportional to the

amplitude of the largest received signal within a monitor gate

3.2
cross talk during transmission

amount of signal transfer from the transmitter output to the receiver input during the transmission pulse,

with the ultrasonic instrument set for separate transmitter-receiver operation (dual-transduc

© IS0 2020 - All rights reserved
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3.3
dead time

after transmitter pulse

time interval following the start of the transmitter pulse during which the amplifier is unable to respond
to incoming signals, when using the pulse-echo technique, because of saturation by the transmitter pulse

3.4

digital output
output from the ultrasonic instrument which gives a low or high value depending if a signal is below or
above a monitor gate threshold

3.5
digitisati

error introduced into the displayed amplitude of an input signal by the periodic nature of measureg

taken by a

3.6

equivalen
measure o
the input s
screen if th

3.7
external
standard a

3.8
fall time
<analogue

39

LF sampling error

analogue-to-digital converter

L input noise

f the electronic noise level observed on the ultrasonic instrument screen, and defined
ignal level, measured at the receiver input terminals, that would giye the same level on
e amplifier itself were noiseless

tenuator
tenuator calibrated to a traceable source used to test theyultrasonic instrument

output> time it takes the proportional gate output'to fall from 90 % to 10 % of its peak v

switched monitor gate signal hold time

time for w
following 3

3.10

hold time
<analogue
following 3

3.11

linearity ¢
measure o
the input s

3.12

hich the switched output from a monitor gate remains above 50 % of its maximum out
signal in the monitor gate which is above the threshold

output> time for which the¢ analogue output (3.1) is above 50 % of its maximum ouf
signal in the monitor gate

f analogue output
how close the\wyoltage output from the proportional gate is to being directly proportionz:
gnal amplitiude

mid-gain position

ultrasonic

EXAMPLE

ents

the

hlue

put

put

Ito

rnstrument gain setting which is half way between the maximum and minimum gains

For an ultrasonic instrument with a maximum gain of 100 dB and a minimum gain of 0 dB,

mid-gain position would be 50 dB.

Note 1 to entry: Mid-gain position is measured in decibels.

3.13

receiver input impedance
characterisation of the internal impedance of the receiver as a parallel resistance and capacitance

3.14

response time
time over which a signal has to be detected by an ultrasonic instrument before it is displayed at 90 % of
its peak amplitude

the

© IS0 2020 - All rights reserved
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3.15
temporal resolution
minimum time interval over which two pulses are resolved by a drop in amplitude of 6 dB

3.16
switching hysteresis
difference in amplitude between the signal which turns on and the signal which turns off a monitor gate

4 Symbols
Symbol Unit Meaning

A, B, dB Attenuator settings used during tests

Crndx pF Parallel capacity of receiver at the maximum gain

Chnih pF Parallel capacity of receiver at the minimum gain

Dq dB Cross talk during transmission

Af, Hz Frequency bandwidth measured at the proportional gate output

feo Hz Centre frequency measured at the proportional gate output

fou Hz Upper frequency limit at -3 dB, measured at the proportional gate output

fal Hz Lower frequency limit at -3 dB, measured attheproportional gate output

£ Hz Frequenpy with the maximum amplitudein/the frequency spectrum measjured at the
gmax proportional gate output

fo Hz Centre frequency

fu Hz Upper frequency limit at -3 dB

f Hz Lower frequency limit at -3 dB

frnak Hz Frequency with the maxitm@m amplitude in the frequency spectrum

Af Hz Frequency bandwidth

Gp dB Dynamic range

Lnak A Amplitude of thesmaximum current that can be driven by the proportional gate output

N — Number of measurements taken

Neiy nV/\/E Equivalent input noise

R, Q Termination resistor

Rl Q Input resistance of receiver at the maximum gain

Rk Q Input resistance of receiver at the minimum gain

S dB Attenuator setting

AT S Time increment

ta s Temporal resolution

tq s Pulse duration

Tfi - S Time-totheendofadistance c\mp“fnr]n curve

T, S Time to the start of a distance-amplitude curve

tm s Measured rise time

t, S Transmitter pulse rise time from an amplitude of 10 % to 90 % of the peak amplitude

t, s Oscilloscope rise time

Vg \Y% Input voltage at the receiver

Vein \% Equivalent input noise voltage

Vin \Y% Input voltage

4 \ Proportional gate output voltage with load resistor

Vinax \Y% Maximum input voltage of the receiver

Viin \Y% Minimum input voltage of the receiver

© IS0 2020 - All rights reserved 3
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Symbol Unit Meaning
/A \ Proportional gate output voltage with no load resistor
Vso \Y Voltage amplitude of the transmitter pulse with a 50 ) loading of the transmitter
Vs Q Voltage amplitude of the transmitter pulse with a 75 Q loading of the transmitter
Z, Q Output impedance of transmitter
Zy Q Output impedance of analogue output

5 General requirements of conformity

An ultraso
a) the ult
15 MH
b) a decl
the m
ISO 9

ISO/IEC 17025);

d) a ma

availa

6 Manu

The manuf
the inform
be the resy

Where apj
frequency
algorithm
shall be qu|

Table 1

hic instrument complies with this document if it fulfils all of the following requirements!

)

hration of conformity according to ISO/IEC 17050-1 shall be available |issued by eit
hnufacturer operating a certified quality management system (e.g{ v’ accordance Vv

rasonic instrument shall comply with Clause 7 within the frequency range of 0,5 MHf.

01) or by an organization operating an accredited test laboratory (€)g. in accordance V

t

facturer's technical specification corresponding *te’ the ultrasonic instrument shal
le, which defines the performance criteria in accofdance with Clause 6.

facturer’s technical specification fo¥ ultrasonic instruments

acturer’s technical specification for anultrasonic instrument shall contain, as a minimju
htion listed in Table 1. The actual values quoted for the parameters listed in this clause sh
Its obtained from the tests descfibed in Clause 7, with tolerances given as indicated.

licable, these details shouldhalso include sampling rates used, effect of pulse repetifi
or display range on the sampling rate and response time. In addition, the principles ofja
1sed to process data fordisplay shall be described and the version of any software install
pted.

=]

— Technical ¢characteristics to be shown in the instrument’s technical specificatio

to

her
vith
vith

the ultirasonic instrument shall be clearly marked to identify the manufacturer, and carry a unique
serial pumber or show a permanent reference number from whichrinformation can be traced to
data sheet;

he

be

m,

all

on

ny
ed

Type of

. . Remarks
information

Infermation

General fe

htures

Size

Ol

Width (mm) x height (mm) x depth (mm)

Weight

Ol
ies

At an operational stage including all batter-

Type(s) of power supply

Ol

Type(s) of instrument sockets

Ol

Battery operational time

M At fully charged new batteries

Number an

Ol

d type of batteries

Stability ag

M

ainst temperature

Key

M measurement

Ol other information
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Table 1 (continued)
Information . Type o_f Remarks
information

Stability after warm-up time M —

Stability against voltage variations M —

Temperature and voltage (mains and/or Ol When a warm-up time is necessary, its du-

batteries) ranges in which the instrument ration shall be stated

operates in accordance with the technical

specification (operation and storage)

Forjm of indication given when a [ow OI —

batfery voltage takes the ultrasonic

insfrument performance

outkide of the specification

Pulse repetition frequencies (PRFs) M Minimum and maximum values

Makimum power consumption 0] W

Prdtection grade Ol —

Enyironment 0l For exampleJrestriction of hazardous
substarices (RoHS), explosive atmosphere
(ATEX); vibration, humidity

Multi-channel configuration 0l Nuvnber of channels controlled simultane-
ously (parallel operation) and number of
available channels (multiplexed qperation)

Extlension of the number of channels by Ol —

int¢rconnection of instruments

Avdilable measurement units o1 For example: mm, inches, %, dB, ¥

Digplay

Screen size and resolution 0l —

Range of sound velocities Ol —

Tinje base delay range Ol —

List of available views 0l —

Screen refresh rate for A-scan présentations 0l —

Makimum digitization frequengy without 0l —

processing

Diglitization frequency«with processing 0l For example: interpolation

Diglitizer vertical reselition 0l In bits

Highest digitized{requency Ol —

Tinje base déviation M —

Regponse-time M —

Inguts/outputs

Sighal unrectiiied output (1.e. radio O1 —

frequency, RF) and/or rectified available

on the output socket

Number and characteristics of logic and 0l Including the wiring diagram

analogue control outputs

Number and characteristics of encoder 0l Including the wiring diagram

inputs

Power input 0l AC, DC, voltage range, power (W)

Key
M measurement

Ol other information
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Table 1 (continued)

Information . Type O.f Remarks
information
Available power supply for external devices oIl Voltage, power
Synchronization input/output Ol —
Transmitter
Shape of transmitter pulse and, where 0l i.e. rectangular, unipolar, bipolar, arbi-
applicable, polarity trary pulse
Transmitter voltage, pulse rise time, fall time M —
and duratiqn Q
Output impgedance M — ,\Q‘l/
Possibility [to apply different voltages on 0l — ,\“,l/
each chanrjel a’
Maximum power available per transmitter (0] — Aq(:bv
Receiver q('V'
Characterigtics of the gain control, i.e. range Ol — O i
in decibels|value of increments i %
Characterigtics of the logarithmic amplifier Ol — ) 6\
Input voltage at full screen height (FSH) 0l — (-«
Maximum input voltage M Vinax @Xured in8.9.4.1
Linearity of vertical display M —QQ\,\
Frequency fesponse M u\qb—\
Dead time gfter transmitter pulse M ‘\\} —
Equivalentfinput noise M‘\Q)*‘ nVv
A \/_
e Hz
Dynamic rgnge f\j?\ M —
Input impeflance &+ N M —
Time-corrgcted gain (TCG) L .‘ M —
Possibility fo apply different gain Valueéﬁ\ 0l
each channjel C)
Cross talk hetween transmitter aqd)r?e'éeiver M —
Gain linearfty ﬁ\(O M —
Data acquisition ‘do
Transfer rate between %&(Tﬁ'struments and Ol Including type of interface
the externgl storage
Maximum fumb A-scans stored per Ol A-scan characteristics shall be stated
second A
Maximum mu‘@oer of C-scans stored per 0] C-scan characteristics shall be stated
second
Maximum number of samples per A-scan 0l —
Gates
Number of gates (0] —
Threshold operation oIl For example: coincidence or anti-coincidence
Measurement mode (0] For example: threshold, max amplitude,

Zero crossing

Key

M measurement

Ol other information
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Table 1 (continued)
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Information inf':)‘sll' Ir)rfa(:ifon Remarks
Synchronisation of gates Ol For example: transmission pulse, first echo
Characteristics of gates (o)1 Threshold, position, duration
Resolution of measurements 0l —

Trigger of alarms 0l For example: number of sequences before
an alarm is triggered

Linearity of the amplitude in the gate M —

Linparity of the time of flight in the gate M —

Impedance of analogue output M —

Linparity of analogue output M —

Influence of the measurement signal position M —

in the gate of the analogue output

Risk, fall and hold time of the analogue gate M —

output

Thieshold of the alarm gate output M —

Switching hysteresis of the alarm gate output M —

Hold time of the alarm gate output M =

Sighal processing

Prdcessing features 0] For example: averaging, Fast Foufier

Transform (FFT), rectification, ehvelope,
compression, dimensional measyrements

Key
M
0I

measurement

other information

Thd
inst
ore

b)

ultrasonic instpuments produced.

measurements);

Performance requirements for ultrasonic instruments

Group Ztests: to be performed on every ultrasonic instrument:

ultrasonic instrument shall be subjected to all the tests described below. For mullti-channel
ruments, parallel or multiplexed, each channel to be used shall be tested. The test resulty shall meet
xceed the stated requinement in every case. The results shall be recorded and stored for virification.

Group 1 tests: toybe performed at manufacture on a representative sample of the same type of

1) . by-the manufacturer or an agent, prior to the supply of the ultrasonic instrumenjt (baseline

2) by the manufacturer, the owner or a laboratory, at twelve months intervals to verify the
performance of the ultrasonic instrument during its lifetime;

3) following the repair of the ultrasonic instrument.

By agreement between the parties involved, these group 2 tests may be supplemented with additional
tests from group 1.

For ultrasonic instruments marketed before the introduction of this document continuing
compliance with this document shall be demonstrated by performing the group 2 (periodic) tests
every twelve months.

Following repair, all parameters which may have been influenced by the repair shall be checked using

the

©IS

appropriate group 1 or group 2 tests.
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Table 2 summarises the tests to be performed on ultrasonic instruments. For ultrasonic instruments
with a logarithmic amplifier, Annex A shall be taken into account.

Table 2 — List of tests for ultrasonic instruments

Group 1

Manufacturer’s tests

Group 2

Baseline, periodic and
repair tests

Subclause Subclause

Physical state and external aspects 92 92
A

Battery op¢rational time 8.2 | QQV
Stability N
Stability affer warm-up time 8.3 A()‘\l;
Stability against temperature 8.4 X ‘,l/v
Stability against voltage variation 8.5 (-\‘ v
Time base {leviation 8.6 \%V
Transmitter pulse (S\\ N
Pulse repetition frequency 7.2 A<( -
Effective ofitput impedance 8.7.3 QV
Transmittelr voltage, pulse rise time and duration -9cv3\\.\ i 9.3
Receiver (7,\V
Crosstalk frpm transmitter to receiver during transmission . ‘{S\m
Dead time gfter transmitter pulse . 0,® 8.8.3
Dynamic rgnge _\A\ 8.84
Receiver input impedance \L\ 8.8.5
Time-corrgcted gain (TCG) = ’\C)\ 8.8.6
Frequency fesponse . i 9.4.2 9.4.2
Noise QO 9.4.3 9.4,
Gain linearjty C) i 9.4.4 9.4.4
Vertical linparity OV 9.4.5 9.4.5
Gates ﬁ\(O
Gates with value output 0\0
Linearity of amplitude {.xgﬁ‘e'gate 9.2.1
Linearity of time of.@ﬁt in the gate 89.2.2
Gates with anglg&(‘a output
Impedance od;}é‘analogue output 89.3.1
Linearity of the analogue output 8.9.3.2
Influence of signal position within gate 8.9.3.3
Rise time, fall time, and hold time of the analogue output 89.3.4
Gates with alarm output
Response threshold and switching hysteresis 8.9.4.2
Hold time of the gate alarm 8.9.4.3
Digital processing
Highest digitized frequency 8.10.1
Response time of digital ultrasonic instruments 8.11

© IS0 2020 - All rights reserved
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Group 1 tests

Equipment required for group 1 tests

The items of equipment essential to perform group 1 tests on ultrasonic instruments are as follows:

a)

either:

1) anoscilloscope with a minimum bandwidth of 100 MHz and a spectrum analyser wit
bandwidth at least; or

ha40 MHz

b)

d)

f)

g)
h)
i)
j)
All
the

Thd
doc

2) a digital oscilloscope with a minimum bandwidth of 100 MHz and the capability-t
Fast Fourier Transforms;

50 Q and 75 Q resistors, with a tolerance of +1 %;

a standard 50 () attenuator with 1 dB steps and a total range of 100 dB. The’attenuator s
cumulative error of less than 0,3 dB in any 10 dB span for signals with afrequency up to

either:
1) anarbitrary waveform generator; or

2) two signal generators, with external triggers or gates;\capable of producing two g:
of sinusoidal radio frequency signals. The amplitudés of the two signals shall be ind
variable by up to 20 dB;

o calculate

hall have a
15 MHz;

ited bursts
bpendently

If two signal generators are used, suitable matchifig circuits shall be used to combine the output of

the two generators into one test signal;
a protection circuit; an example is shown in‘Figure 2;

a counter timer capable of generating‘an overflow pulse after 1 000 trigger pulses and
the interval between two pulses with'an accuracy of 0,01 %j;

an impedance analyser;

environmental test chamber;
a variable power supplysuitable to replace any battery used in the ultrasonic instrumer
a variable transformer to control mains voltage.

The tests in grolp 1 use electronic means for generating the required signals. The charag
equipment\émployed and its stability shall be adequate for the purpose of the tests.

testeonditions and the equipment used for the evaluation of the instrument paramete
unifented.

measuring

o

teristics of

rs shall be

Before connecting the oscilloscope and/or spectrum analyser to the transmitter of the ultrasonic
instrument, as required for some of the tests in this document, it shall be checked that the measuring
instruments will not be damaged by the high transmitter voltage.

8.2

8.2.

Battery operational time

1 Procedure

The operational time of the unloaded (without any probe connected) ultrasonic instrument using
batteries only (i.e. the instrument should be disconnected from the main power supply) shall be
measured with the following conditions:

fully charged new battery(ies);

© IS0 2020 - All rights reserved
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— ambient temperature between 20 °C and 30 °C;

— gain set to mid-gain position.

If the instrument features a screen:

display A-scan presentation;

— brightness set at mid-range.

When made possible by the characteristics of the instrument:

pulse 1
pulse ¥
pulse (

time b

In all othe
modified s

8.2.2 Ac

The durati
8.3 Stab

8.3.1 Pr

Set the ins
Ensure th
specificati

In mid-fre
wave. Add
the signal

epetition frequency set at least 1 kHz;
roltage at least 50 V;
luration at least 100 ns, if applicable;

hse set to 50 ps.

' cases, those parameters shall be set to their typical values. Parameters that have b
hall be specified by the manufacturer.

ceptance criterion

bn measured shall be higher than or equal to the durationspecified by the manufacturer
ility after warm-up time

pcedure

trument range to 50 mm with a sound-yelocity of 5 920 m/s and set to full rectificat

the mains or battery voltage is within'the ranges required by the manufacturer’s techn
n.

quency range of the instrument adjust the signal generator to produce a single cycle

een

ion.
ical

bine

b time delay equivalent to.dpproximately 50 % of the sound path range. Set the amplitude of

o be 80 % of the FSH.

Observe the amplitude and the position of the signal on the time base at 10 min intervals over a pe

of 30 min.

8.3.2 Ac

During a

Ceptance critéria

B0 min>period after warm-up time, in accordance with the manufacturer’s techn

specificat

f

-iod

ical

a)

the sig al nmp]ihldp shall not vary hy morethan +2 % of the FSH:

b) the maximum acceptable shift along the time base shall be less than #1 % of the full screen

width

(FSW).

8.4 Stability against temperature

8.4.1 Procedure

The ultrasonic instrument is placed into a climatic chamber (relative humidity between 40 % and 60 %)
and subjected to varying ambient temperatures. The signal height and position on the instrument
screen shall be read off and recorded at a maximum of 10 °C intervals over the temperature range
specified by the manufacturer.

10
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Switch the instrument to separate transmitter-receiver mode. Connect the transmitter output to the
first channel of a dual-channel oscilloscope and the trigger input of a signal generator (see Figure 1).
Connect the signal generator gated output to the instrument receiver input and also to the second
channel of the oscilloscope.

1
mEE
120 013
2 5
Ok 30 ok () 30
6
LA L| o oo
5] 70 O
01908 O
9

Key

1 [ultrasonic instrument 9  gated RF signal generator

2 |protection circuit (see Figure 2) 10 external trigger input

3 |input 11 RF output

4 |autput 12 transmitter output

5 variable attenuator 13 receiver input

6 100 MHz oscilloscope 14 voltage limited transmitter pulse
7  input channel A 15 testsignal

8 inputchannel B

Figure 1 — Setup for measuring stability against temperature
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R2 R1
1kQ 1kQ
T I e
R3
50 Q /N3 V3
Key
1 from ultrasonic instrument
2 fo signal generator/oscilloscope
3 silicon switching diodes

R1, R2,R3 [esistors
Figure 2 — Circuit to protect the instrument from the transmitter pulse

Set the ingtrument range to 50 mm for a sound velocity of 5.920 m/s, full rectification. Set|the
oscilloscope channel 1 to view the instrument transmitter pulser Set the signal generator to generate
a burst of three cycles at 2 MHz to 6 MHz with a delay of 10 is. Set the burst amplitude to 1 V peak-to-
peak. Adjupt oscilloscope channel 2 to view the burst. Now<adjust the instrument gain control to set{the
viewed sighal to 80 % of the FSH.

8.4.2 Acfeptance criterion

For each 1P °C change in temperature the amplitude of the reference signal shall not change by njore
than £5 % pnd the position shall not change by more than +1 %.

8.5 Stablility against voltage variation

8.5.1 Prpcedure

Instruments which only useline power shall be connected to the variable transformer to control|the
power voltpge. Instruments which use a battery as a primary source of power shall be powered frgm a
regulated power supply-in place of the battery.

Tests of vafiationof the following shall be performed:

a) line pgwer over the manufacturers recommended range; and

b) variation of battery voltage over the range of voltages which the battery will supply during a full
charge and discharge cycle.

In the case of an instrument which can be powered and operated whilst the battery is charging, the test
for variation of line voltage to the charger shall also be performed.

If an automatic cut-off system or warning device is fitted, decrease the mains and/or battery voltage
and note the signal amplitude at which the cut-off system or warning device operates.

Switch the instrument to separate transmitter-receiver mode. Connect the transmitter output to the
first beam of a dual-beam oscilloscope and the trigger input of an RF signal generator (see Figure 1).
Connect the signal generator gated output to the instrument receiver input and also to a second beam
of the oscilloscope.

12 © IS0 2020 - All rights reserved
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Set the instrument range to 50 mm for a sound velocity of 5 920 m/s, full rectification. Set the
oscilloscope beam 1 to view the instrument transmitter pulse. Set the signal generator to generate a
burst of three cycles at 2 MHz to 6 MHz with a delay of 10 ps. Set the burst amplitude to 1 V peak-to-
peak. Adjust the oscilloscope beam 2 to view the burst. Now adjust the instrument gain control to set

the

viewed signal to 80 % of the FSH.

Observe the consistency of amplitude and position on the time base of the reference signal over the
ranges defined in the technical specification.

8.5.

2 Acceptance criterion

The
cha
the
+1 4

8.6

8.6

Thi
cali

Con
wav
to 1

gain of the ultrasonic instrument, and the external«calibrated attenuator to obtain a signal

leas
gen

hge by more than +1 %. Operation of automatic cut-off or warning light (if fitted) shallo
reference signal amplitude varies by more than #2 % of the FSH or the range changes by
o of the FSW from the initial setting.

Time base deviation

1 Procedure

5 test compares the time base linearity of the ultrasonic,instrument with that of g
brated generator.

nect the instrument as shown in Figure 3. Set the pulse generator to produce a single
e, with a frequency at the centre frequency, f, of the 'widest frequency range. Set thg
hinimum, maximum and mid-range position in turn. At each setting, adjust the triggei

t 80 % of the FSH at the centre of the time bdse. This step defines the time references d
erator.

amplitude of the reference signal shall not change by more than *#5 % and the positidn shall not

tcur before
more than

n external

-cycle sine
time base
 delay, the
which is at
f the pulse

©IS

02020 - All rights reserved
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Key
1 ultrasohic instrument 9 pulse generator/counter
2 protectjon circuit (se&Figure 2) 10 100 MHz oscilloscope
3  input 11 input channel A
4  output 12 external trigger input
5 variablg¢ RE attenuator 13 x10 scope probe (100 MHz)
6  termination pad T4 transmitter output
7  gated RF signal generator 15 receiver input
8 RF output
a

attenuator.

b Gated RF signal generator (7) and pulse generator/counter (9) can be replaced by an arbitrary waveform

generator.

Figure 3 — Setup of equipment for multiple tests

14
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Vary the trigger delay of the pulse generator in increments smaller than or equal to 5 % of the
screen width.

Record each delay and measure the instant corresponding to the location of the indication (leading
edge or maximum amplitude) on the ultrasonic instrument.

For each measurement, calculate the difference between the time read on the ultrasonic instrument
and the delay given by the generator.

8.6.2 Acceptance criterion

Thd maximum deviation shall not exceed either +0,5 % of the screen width or the time reselfition of the
insfrument.

8.7| Transmitter pulse parameters

8.7]1 General

Thip sub-clause contains tests for the pulse repetition frequency and-the effective output fmpedance.
Test methods and acceptance criteria for transmitter voltage, rise time-and duration are given in 9.3.

8.7]2 Pulse repetition frequency

8.712.1 Procedure

Swikch the ultrasonic instrument to separate transmittér-receiver mode and connect an oscilloscope to
the transmitter terminal.

Chelck that the oscilloscope input will not be\damaged by the high transmitter voltage. Connect the
oscllloscope to the ultrasonic instrument transmitter terminal using a 100x or 50x probe.

Adjpist the oscilloscope to display at ledast two pulses. The repetition frequency is the reciptocal of the
timp between the pulses. Because of possible interaction between the pulse repetition frequency (PRF)
and the test range control, verify that the PRF is not limited by the test range. To be sure ofmeasuring
the|true PRF, signal processifig: functions, e. g. TCG or distance-amplitude compensatiop, shall be
disgbled.

Megsure the pulse repetition frequency, using the oscilloscope, at minimum, maximum anld a typical
setfling for the pulserepetition frequency.

8.712.2 Acceptance criterion

At ¢ach setting, the measured value of the pulse repetition frequency shall be within +b % of the
seldcted value or of that stated in the technical specification.

8.7.3 Effective output impedance

8.7.3.1 Procedure

Using the methods in 9.3.1, measure the transmitter pulse voltage Vs, with the transmitter terminated
by a 50 Q non-reactive resistor. Replace the 50 () resistor with a 75 () resistor and measure, using the
oscilloscope, the transmitter pulse voltage Vs with the transmitter terminated by a 75 Q resistor. The
measurement shall be made for maximum and typical pulse energy setting and maximum and typical
pulse frequency, at maximum and minimum pulse repetition frequencies, with both maximum and
minimum damping,.

© IS0 2020 - All rights reserved 15
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For each setting calculate the effective output impedance Z, by means of Formula (1):

Z,=50

NOTE
baseline.

(V75 _VSO )

X75
(755 -50V;5)

8.7.3.2 Acceptance criterion

The effecti

and not gre

8.8 Rece

8.8.1 Ge

This sub-c
dead time
correction
equivalent

8.8.2 C(Cr

8.8.2.1 K

Pulser and
receiver m

Measure t
oscilloscop
talk during

D, =20log, ( "

er than 50 Q.

at
iver
neral

ause gives tests to measure the transmitter-receiver cross talk, the/rec€iver sensitivity,
due to transmitter pulse, the dynamic range, the input impedance;the distance-amplit
and the temporal resolution. The methods and acceptance critéria for amplifier bandwi
input noise, accuracy of calibrated attenuator, vertical display linearity are given in 9.4.

pss talk from transmitter to receiver during transmission

rocedure

receiver shall be terminated with 50 () and\the equipment set to separate transmif
bde.

he peak-to-peak voltages at the pulser output V;, and the receiver input Vy with

transmission D, given in decibel$\(dB), see Formula (2).

|

VS 0

E

e as shown in Figure 4. The logarithm of the ratio of both voltages is specified as the cy

M

Voltages Vs, and V;5 are the values of the maximum excursions of the respective pulses from the

eafion

the
ude
th,

ter-

an
0SS

(2)
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Key
1 [ultrasonic instrument 5.~ 100 MHz oscilloscope
2 |transmitter output 6  input channel A
3 |receiver input 7  input channel B
4 |termination pad 8 oscilloscope probes

Figure 4 — Equipment setup used to measure cross talk

To prevent additional cross (talk from the measurement setup perform separate measurgments for

trajsmitter and receiver with the use of only one channel of the oscilloscope.

8.8{2.2 Acceptange criterion

The value of crossralk during transmission (D) shall be higher than 80 dB.

For|multi-chanhel systems the value of cross talk during transmission (D) shall be high¢r than the
valye stated in the manufacturer’s technical specification.

8.813 ~ Dead time after transmitter pnlcp

8.8.3.1 Procedure

Set the ultrasonic instrument screen width from 0 ps to 25 ps at full scale. Then adjust the zero offset so
that the leading edge of the transmitter pulse coincides with the zero screen division.

Use the equipment setup as shown in Figure 5 with the ultrasonic instrument in single-transducer
mode (connected transmitter and receiver).

© IS0 2020 - All rights reserved
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09 o 010
M
Key
1 ultrasohic instrument 8 100 MHz oscilloscope
2 protectjon circuit (see Eigtre 2) 9  input channel A
3 input 10 trigger input
4  output 11 x10 scope probe (100 MHz)
5 fixed attenuatorx. 12 transmitter output
6  pulse generator 13 receiver input
7  RF output

Figure 5 — Equipment setup used to measure dead time after the transmitter pulse

Select each frequency band setting of the ultrasonic instrument in turn and adjust the signal generator
output to be mid-band of the frequency band setting. Using mid-gain setting of the instrument, adjust
the signal generator output level to make the signal 50 % of the FSH at the maximum range of the

screen, as shown in Figure 6.

18
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\
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Key
1 |dead time

X [time

Y |screen height

Higure 6 — Waveform used to measure dead time after the transmitter pulse as seep on the
instrument screen during the test

Set[the transmitter voltage to 50 % of the-maximum value and set the pulse duration corresgponding to
half of the time cycle of the selectedArequency, if applicable.

The dead time after the transmitter pulse t1 is the duration from the leading edge of the fransmitter
pul$e until the amplitude stabilizes between 45 % and 55 % of the FSH. Values for pulse dyration and
pulse voltage used for measurement have to be recorded.

NOTE The protection) Circuit shown in Figure 2 is used to protect the external trigger ipput of the
oscillloscope. The fixed-attenuator is used to protect the signal generator from the transmitter pulse.

8.8{3.2 Acceptance criterion

The instrument dead time after transmitter pulse shall be less than or equal to the value stfated in the
maTufacturer's technical specification.

8.8.4 Dynamicrange and maximum input voltage

8.8.4.1 Procedure
The dynamic range shall be determined using the test equipment in Figure 3 at the centre frequency f,

of each frequency band as measured in 9.4.2. The test signal of ten cycles that shall be generated by this
equipment is shown in Figure 7.
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I
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Figure 7 — Test waveform generated by general purpose equipment setup

Set the ultfasonic instrument attenuator/gain controls (calibrated and uncalibrated) to‘minimum gpin.

Increase the amplitude of the input signal until the signal is displayed at 100 % of the FSH or there if no
discerniblg linear change in signal amplitude for an increase in input signal.

Measure the maximum input voltage amplitude V,,
setting.

ax taking due account of-the standard attenugtor

Set the ultgasonic instrument gain controls (calibrated and uncalibrated) to maximum gain.

If the noisq level at the gain setting is higher than 5 % of the FSH,decrease the gain until the noise lgvel
is 5 % of the FSH.

Adjust the pmplitude of the input signal so that it is displayed at 10 % of the FSH. Measure (taking|due
account of the standard attenuator setting) the input veltage amplitude V,;,.

The usableldynamic range, Gy, is given by Formulaf3):

/4
G =2(log, | -2 (3)
Vmin
except where V, ;, is less than the input'€quivalent noise V,;, then the usable dynamic range is limited to:
Vmax
G, =2(log, (4)
Vein

8.8.4.2 Acceptance Criteria

The follow|ng critéria shall be met:

a) the usable dynamic range G, is dependent of V.. and shall be at least 100 dB—20log, , (ﬂ dB

k Vmax

in at least one specified frequency range; and

b) the minimum input voltage V,;, shall be lower or equal than the value stated in the manufacturer’s
technical specification.

8.8.5 Receiver input impedance

8.8.5.1 Procedure

Real and imaginary parts of the receiver input impedance shall be determined with an impedance
analyser with the ultrasonic instrument set for both separate transmitter-receiver mode (dual-
transducer mode) and combined transmitter-receiver mode (single-transducer mode). The transmitter

20 © IS0 2020 - All rights reserved
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pulse should be disabled while measuring the input impedance in single-transducer mode without
disconnecting the receiver from the transmitter. These measurements are to be carried out at a signal
frequency of 4 MHz, at the minimum (R_;,, C,;,) and maximum (R, ,,, C,,,,J) gain setting. A damping
control, if fitted, should be set to minimum during the test.

In general, the input impedance can be sufficiently established by an input resistance and a parallel
capacitance.

8.8.5.2 Acceptance criterion

At 4_MHz the real part of lmnpd;mrp P at maximum a;nn shall he greater than or eql al to 45 O

and less than or equal to 1 kQ. The parallel capacity Cmax shall be less than or equal to Zoo pF. The

rea] components of the input impedance at maximum gain R ,, and at minimum gain-Ry; |shall meet
Formula (5):

|Rmax —Riin | <01 (5)
Rmax

The capacitive components of the input impedance at minimum gain (_}, and at maximum gain C,,,

sha|l meet Formula (6):

|Cmax _Cmin|go’15 (6)

max

8.8/6 Time-corrected gain (TCG)

8.816.1 Procedure

The performance of the time corrected gain* (TCG) shall be verified by comparing the fheoretical
DA( (distance-amplitude curve) requestéd-by the operator with the actual curve generdted by the
ultrasonic instrument. The theoretical'curve shall be calculated from the information supplied by
the|manufacturer on the operation ofithe TCG controls. This shall be compared with the agtual curve,
which is measured by the change inithe amplitude of a test pulse, at a number of N positions on the
horjzontal time base over whichthe TCG is active. The DAC selected for this test shall dontain the
ste¢pest correction slope possible with the ultrasonic instrument.

With the ultrasonic instrument set for separate transmitter-receiver mode with broadest] frequency
band setting, connectthe test equipment as shown in Figure 3. Adjust the gain of the|ultrasonic
insfrument to maximise the dynamic range of the TCG. Throughout this test, avoid saturatipg the pre-
amplifier precedingthe TCG circuit.

Enable the FCG selected for the test. With the test signal at a position on the horizontal tine base just
before the'start of the TCG range, adjust the external calibrated attenuator so that the ampljtude of the
test signal is 80 % of the FSH. Call the standard attenuator setting 4,,.

Increase the delay of the Test signal to move the test signal along the time base by Al where:

T. . —T
AT — final 0 (7)
N

where

T, is the time to the start of the DAC;
Ttna1  1s the time to the end of the DAC;

N is the number of measurements to be taken; N shall be greater than or equal to eleven.
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Adjust the
setting A,,.
record the

calibrated attenuator to bring the test signal to 80 % of the FSH and record the attenuator
Increase the range of the test signal by increasing the time delay by a further AT and again
attenuator setting to bring the test signal to 80 % of the FSH. Continue increasing the time

delay and adjusting the standard attenuator until N measurements have been made.

Afterthela

st measurement, test the TCG for saturation by increasing the external calibrated attenuation

by 6 dB and ensuring that the signal then is between 38 % and 42 % of the FSH. If the signal is not
within these limits reduce the range by AT and repeat the saturation test. The dynamic range of the
TCG shall be measured at the point where saturation no longer occurs.

Plot out the actual DAC and the theoretical DAC.

Repeat the

8.8.6.2 A

The differq
the actual

8.9 Gate

8.9.1 Ge

For all the
instrumen
signal, as s

measurement for maximum, medium and minimum TCG gain settings.

L.cceptance criterion

nce between the theoretical DAC (distance-amplitude curve) requested by the operator pnd

DAC shall not exceed +1,5 dB.

S

neral

pate tests use the equipment setup shown in Figure 3. For'all measurements set the ultraspnic

[ to separate transmitter-receiver mode. The generatorenables this setup to generate a fest
hown in Figure 8. Position the test signals within the gate.
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Key
1 |screen width 8 proportional gate output
2 |transmitter pulses 9  rise time
3 [test enabling signal 10 hold time
4 |testsignal 11 fall time
5 |monitor gate 12 digital output delay time
6 |switched monitor gate/signal 13 analogue output delay time
7  |switched monitor gate signal hold time
Figure 8 — Timing diagram of signals used to test a monitor gate
8.9/2-0) Gates with value output

8.9.2.1 Linearity of the amplitude in the gate

8.9.2.1.1 Procedure

Using the setup shown in Figure 3, generate a test pulse synchronised to the transmitter pulse. Select
the setting with the gain control at mid-gain and the widest frequency band setting of the ultrasonic
instrument.

Adjust the triggering of the test signal so as to produce a signal for each transmitter pulse.
Adjust the amplitude of the test signal to get an indication at 80 % of the FSH from the gate of the

instrument, calling this the reference amplitude.
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Change the amplitude of the test signal in steps according to the relative attenuation in Table 3.

The measu

rement amplitude value in the gate shall be recorded.

Table 3 — Expected gate amplitude for specified attenuator settings

For equipny
as value, tH

Adjust the
Decrease t

8.9.2.1.2

The measu
instrumen
shall be eq

8.9.2.2 1

8.9.2.2.1

The equip
Selectam
the trigger

Adjust the

Relative attenuation Nominal value
dB % of thg FSH or t.he maximum
possible amplitude value
+1 90
0 80
-2 64
-4 50
-6 40
-8 32
-10 25
-12 20
-14 16
-16 13
-18 10

ent capable of measuring signal amplitudes with a gatexabove 100 % of the FSH, e.g. displ4
e vertical linearity shall be tested up to the maximum possible amplitude value.

gain to set the signal to 80 % of the maximunigate amplitude value as a reference v3
he gain according to Table 3 and record the signal amplitude values.

Acceptance criterion

rement results shall be equal to-the-nominal values in Table 3, within +2 % of the FSH.
s capable of measuring signal amplitudes with a gate above 100 % of the FSH all res
1al to the values in Table 3 within +2 % of the maximum possible amplitude value.

inearity of time of flight'in the gate

Procedure

ent setup_shoewn in Figure 3 is used to generate a test signal for each transmitter py

yed

lue.

For
ults

Ise.

d-gain pesition and the widest frequency band setting of the ultrasonic instrument. Adjust

ing of thetest signal so as to produce a signal for each transmitter pulse.

amplitude of the signal with the centre frequency, f, so as to obtain an indication at 8

D %

of the FSH

the

Ad}'ncf the time base from 0 ps to 40 TES Ad}'ncf the monitor gate from 5 ps to 35 TES and

height at 50 % of the FSH.

Position the test signal in the first fifth of the screen width, read the value of the time of flight (TOF)
from the gate of the instrument and take this as the reference value.

Change the TOF of the test signal is changed in steps according to the delay in Table 4 using the external

generator.

The measured TOF value in the gate shall be recorded.

24
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Table 4 — Expected gate TOF for specified positions in the screen width

Position in the screen width | Nominal time-of-flight value
% us
20 Reference
40 Reference + 8 s
60 Reference + 16 us
80 Reference + 24 us

8.9[2.Z.Z Acceptance criterion

Theg measurement results shall be within #40 ns of the values given in Table 4.
8.9]3 Gates with analogue output
8.913.1 Impedance of analogue output

8.9]3.1.1 Procedure

Selgct the setting with the gain control at mid-gain and thedwidest frequency band setfing of the
ultrfasonic instrument.

Adjlist the trigger of the measurement signal so that a measurement signal with the carrier|frequency,
fo- s measured in 9.4.2, is produced with every transmitter pulse.

Setthe amplitude of the measurement signal to produce an indication at 80 % of the FSH arjd measure
the[output voltage, V,. Terminate the analogue~output with a resistor of value, R}, whi¢h satisfies

Formula (8):

VO
0,75 . < R_1 <0,851 ., (8)
where I .. is the maximum current that can be driven by the analogue output.

Recprd the altered output aoltage, V). The resistive part of the output impedance is calcufated using

Formula (9):

|Z, | Yo 1 Iz 9)
AT AN

"
8.9{3.1.2 Acceptance criterion

Thg measured output impedance shall be within the tolerance stated in the manufacturerfs technical

Spe Cification

CTrrreoreroTs

8.9.3.2 Linearity of analogue output

8.9.3.2.1 Procedure

Select the setting with the gain control at mid-gain and the widest frequency band setting of the
ultrasonic instrument.

Adjust the triggering of the test signal so as to produce a signal for each transmitter pulse.

Adjust the amplitude of the test signal to give an indication at 80 % of the FSH and measure the voltage
at the analogue output, calling this the reference voltage. The output voltage corresponding to an
indication at full screen height is equal to 1,25 times the reference voltage with a tolerance of +2 dB.
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Change the amplitude of the test signal in steps according to Table 5.

The measu

red output voltage value shall be recorded.

Table 5 — Expected output voltage for specified attenuator settings

For equipn
analogue o

Adjust the
output volt

Decrease t

8.9.3.2.2

Relative attenuation Nominal value
dB % of the reference voltage
+1 90

0 80
-2 64
-4 50
-6 40
-8 32
-10 25

-12 20
-14 16
-16 13
-18 10

hent capable of measuring signal amplitudes above 100{% of the FSH, the linearity of
utput shall be checked up to the maximum possible amplitude value.

pain to set the signal to 80 % of the maximum paosSible gate amplitude value of the analg
age as a reference value.

he gain according to Table 5 and record the voltage of the analogue output.

Acceptance criterion

All meas
specificati

8933 1

8.9.3.3.1

Use the eq
a mid-gain
amplitude
Position th
voltages of

Llrement result shall be withinthe tolerance stated in the manufacturer’s techn
ion

hfluence of the signal position within the gate

Procedure

Lipment setdp-shown in Figure 3 to generate a test signal for each transmitter pulse. Se
position-and the widest frequency band setting of the ultrasonic instrument. Adjust

e testsignal in the first fifth, in the centre, then in the last fifth of the gate and measure
the analogue output.

the

gue

ical

lect
the

pf the signal with the centre frequency, f, so as to obtain an indication at 80 % of the FSH.

the

8.9.3.3.2

Acceptance criterion

All measurement results shall be within the tolerance stated in the manufacturer’s technical
specification.

8.9.3.4 Rise time, fall time, delay time and hold time of analogue output

8.9.3.4.1

Procedure

Use the equipment setup shown in Figure 3 to set the triggering of the test signal so as to produce a
signal for each transmitter pulse. Select a mid-gain position and the widest frequency band setting of

the ultraso

26

nic instrument and a test signal with the carrier frequency, f,, measured in 9.4.2.
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Adjust the test signal so as to produce a voltage at the analogue output equal to 80 % of the output
voltage for the FSH. Change the trigger of the test signal so that at the analogue output, the minimum
output voltage can be observed between two consecutive pulses (e.g. a transmitter pulse producing a
test signal is followed by approximately one thousand pulses for which no signal is produced).

The rise time, fall time, delay time and hold time shall be measured as follows and recorded:

a) the rise time is the time interval during which the output voltage increases from 8 % to 72 %
(see Figure 8); these values are equivalent to 10 % and 90 % of the output signal produced by the
test signal;

b) [the falltime 15 the time interval during which the output voltage decreases from 72 % to 8 % (see
Figure 8).

c) |the delay time is the time interval from the peak of the test signal till the output.voltapge is above
72 % (see Figure 8);

d) |the hold time is the time interval during which the output voltage is abovel72 % (see Figure 8).

8.9{3.4.2 Acceptance criterion

All [measurement results shall be within the tolerance statedin the manufacturer’s technical
spefification.

8.914 Gates with alarm output

8.914.1 General

Thip sub-clause describes tests for any monitor-gates with binary switching output, alsq known as
alaim output or go-no go output.

Theg monitor output shall be wired according to the manufacturer’s technical specificafion and a
diagram of this circuit shall be made.

All the monitor gate tests shall use the equipment setup shown in Figure 3. In this setup, the|trigger for
theltest signal is derived from atransmitter pulse using a protection circuit, a counter timer find a pulse
gengerator. As shown in Figure 8 the counter timer enables this setup to generate a test sigal for one
trapsmitter pulse followed by a large number (at least 1 000) of transmitter pulses for which no test
signal is generated.

8.944.2 Responsethreshold and switching hysteresis

8.94.2.1 -Procedure

Adjhistthe sound path range to 100 mm at a sound velocity of 5 920 m/s. For all frequency bands on the
insfruinent adjust the signal generator to produce a single-cycle sine wave at the centre fr¢quency, f.
Add a time delay equivalent to approximately 50 % of the sound path range. Turn on a gate and adjust
its length to be from 40 % to 60 % of the sound path range. Set the gate threshold to be 40 % of the FSH
if the gate threshold is adjustable.

Adjust the amplitude of the test signal until the gate alarm turns on. Note this amplitude, 4; ,,. Adjust
the test signal amplitude until the gate alarm turns off. Note this amplitude, A ¢, too. The difference
in the amplitudes to turn the gate alarm on and off is the switching hysteresis and its mean value is the
gate threshold.

8.9.4.2.2 Acceptance criteria

For gates with thresholds the amplitudes that turn the gate alarm on and off shall be within the
tolerances stated in the manufacturer’s technical specification.

© IS0 2020 - All rights reserved 27


https://standardsiso.com/api/?name=0f16f2c914babee14ddc6bc0ed64c298

IS0 22232-1:2020(E)

8.9.4.3 Delay time and hold time of the gate alarm

8.9.4.3.1

Procedure

Set the amplitude of the trigger signal so that the gate alarm is on. Then change the trigger of the
measurement signal so that a transmission pulse with trigger signal is followed by approximately one
thousand pulses without a trigger signal, as shown in Figure 8.

Measure the time interval between the maximum peak of the test signal and the time the gate alarm
turns on, at its 50 % level. This is the delay time.

Measure th
turns off,
measurem

8.9.4.3.2
The delay

e time interval between the time the gate alarm turns on and the time when the gateal
it its 50 % level. This is the hold time. If outputs are available with different hold|tix
bnts shall be carried out for all outputs.

Acceptance criteria

time and the hold time of the alarm output shall be within the tolenarices stated in

manufactufrer’s technical specification.

8.10 Hig}
8.10.1 Pr

8.10.1.1 (

This test {
bandwidth
its sound p

lest digitized frequency
bcedure

feneral

I m
[es,

the

hall verify that a signal, having the highest frequency within the ultrasonic instrunent

is correctly displayed on the screen, and. particularly that its amplitude is independer
ath range.

The test s

uld be done with the broadest frequency band setting in rectified and RF mode, if availa

and with T|CG disabled. The test should also be'Fepeated with each setting of the sampling frequenc

Carry out

e measurements for digitisation sampling error using one of the following methods give

8.10.1.2 and 8.10.1.3. The used method'shall be reported.

8.10.1.2

Set the ult]
Figure 3, t
Ty, longer 4
9.4.2, using
period sint

ethod A

Fasonic instrument for separate transmitter-receiver mode and, using the setup show
generate a test)pulse synchronised to the transmitter pulse. Set the delay T of the signz
han the reegiver dead time. Set the frequency of the signal generator to f, as determine

soid with an amplitude of 80 % of the FSH.

t of

ble,
.

nin

h in
Ito
d in

the broadest frequency bandwidth setting. Adjust the signal generator to produce a single-

Using the yjafiable time delay, increase T by a small increment according to Formula (10):
T=L (10)
10 £,

At each increment of AT, measure the amplitude of the signal on the screen. Continue increasing the time
delay and measuring the amplitude until 30 measurements have been made (i.e. three wavelengths).

8.10.1.3 Method B

Set the ultrasonic instrument for separate transmitter-receiver mode using the setup shown in Figure 3.
Calibrate the ultrasonic instrument screen width from 0 ps to 25 ps at full scale. Then adjust the zero
offset so that the zero screen division starts well after the dead time as determined in 8.8.3. Set the
frequency of the signal generator to f, as determined in 9.4.2, for the selected filter setting of the
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instrument. Adjust the signal generator to produce a continuous sine wave with an average amplitude
of 80 % of the FSH. Record the minimum and maximum signal amplitudes displayed on the screen of
the instrument as shown in Figure 9.

Y

Key
X |time

screen height

1 |digitisation sampling error

Figure 9 — Waveform used with method B to measure the digitisation sampling error

For|this measurement it is important that the frequency gefiérated by the signal generptor is not
synchronous to the sampling clock of the instrument. This can’/be verified by setting the frequency of
thesignal generator to a frequency of f, - 0,1 MHz. Againiobserve the minimum and maxirpum signal
amir}itudes displayed on the screen of the instrument:The observed values should not ¢hange due

to this small frequency variation. Record the lowest‘minimum amplitude and the largest maximum
amplitude and the signal frequency used.

8.10.2 Acceptance criterion

The signal amplitudes shall stay within75 % and 85 % of the FSH.
8.1/1 Response time of digital ultrasonic instruments

8.11.1 General

The displays have a limited refresh rate, and this may not match the ultrasonic pulse| repetition
frequency. Hence transient echoes which are only detected for a short period of time rhay not be
displayed on the screen at their full amplitude. The purpose of this test is to measure tlhe time for
whilch a transient-echo has to be detected before it is displayed on the screen of the digital ultrasonic

8.11.2 «Procedure

Uselehe : Fstrete—ey Hsetdat-test'pulse with
a frequency at f,, for the filter as measured in 9.4.2. Adjust the ultrasonic instrument gain to the middle
of its dynamic range and the amplitude of the test pulse to 80 % of the FSH. Set the signal generator to
produce a single-shot pulse, after which the signal generator will require rearming before the next pulse
is generated. After arming the test signal, an indication should appear on the ultrasonic instrument

screen at 80 % of the FSH.

If no echo appears or the amplitude is not between 75 % and 85 % of the FSH, set the function generator
to multi-shot mode and increase the number of shots, by increasing the width of the gate used to enable
the signal generator, until the signal is between 75 % and 85 % of the FSH.

Measure the response time of the ultrasonic instrument by measuring the time from the start of the
transmitter pulse triggering the test signal gate to the start of the transmitter pulse following the end
of the test signal gate, as shown in Figure 10.
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Key
screen idth
transmftter pulses
test engbling signals
test sighal

test sighals gate

AN U1 AW N

responge time

Figure 10 — Timing diagram showing how to measure the response time of digital ultrasonic
instruments

Repeat thig test for each setting which influences the response time of the ultrasonic instrument, uch
as range o1f pulse repetition frequency setting.

8.11.3 Acfeptance Criterion

The measulred response time shall be within the tolerance stated in the manufacturer's specificatioln.

9 Group 2 tests

9.1 Equipment required for group 2 tests

The items of equipment essential to assess ultrasonic instruments in accordance with the tests in
group 2 of this document are as follows:

a) an oscilloscope with a minimum bandwidth of 100 MHz;

b) aresistor 50 (), with a tolerance of +1 %;
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a standard 50 () attenuator with 1 dB steps and a total range of 100 dB. The attenuator shall have a

cumulative error of less than 0,3 dB in any 10 dB span for signals with a frequency up to

15 MHz;

two signal generators with an external trigger or gate capable of producing a gated burst of
sinusoidal radio frequency signals of variable amplitude in the range suitable for the equipment

being tested; or an arbitrary waveform generator, capable of producing gated bursts of
signals.

sinusoidal

All the tests in this document, except for those of stability, use electronic means for generating the
required signals. The characteristics of the equipment employed and its stability shall be adequate for

the

urpose of the tests.

Thd

documented.

Befpre connecting the oscilloscope and/or spectrum analyser to the transmijtter of the
insrument, as required for some of the tests in this document, check that the‘measuring i

will

9.2

9.2]1 Procedure

Visyally inspect the outside of the ultrasonic instrument fot/physical damage which may iy
curfent operation or future reliability.

9.2{2 Acceptance criterion

Thd

opefration or future reliability.

9.3

9.3

Stal

sepfprate transmitter-receiver mode. Obtain a display on the oscilloscope screen that clearly

lead

test conditions and the equipment used for the evaluation of the instrument paramete

not be damaged by the high transmitter voltage.

Physical state and external aspects

rs shall be

ultrasonic
struments

fluence its

equipment shall be considered acceptable if io physical damage is noted which may influence the

Transmitter voltage, pulse rise time and duration

1 Procedure

t with the setup of Figure’11 with the 50 Q load connected. Switch the ultrasonic insfrument to

ing edge of the pulSe:-Set the pulse repetition frequency to maximum.
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3

Key
1  ultrasonic instrument or pulser section
2 oscillodcope
3 x10 scdpe probe
4  transm]tter output set to impedance of 50 )
5 input channel A

Using the

duration t4as shown in Figure 12.

32

Figure 11 — Instrumentation for pulse measuremerits

scilloscope, measure the transmitter pulse voltage Vs, the)pulse rise time t. and the pyilse
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