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Foreword

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

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

The main tagk of technical committees is to prepare International Standards. Draft International Standards adopted
by the techmical committees are circulated to the member bodies for voting. Publication as an Infernational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is qrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights| ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12710 was prepared by Technical Committee ISO/TC 135, Non<destructive testing, Subcommittee SC 3,
Acoustical methods.
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Introduction

In ultrasonic non-destructive testing, pulse/echo signals are used to detect and evaluate imperfections or flaws
inside a structural material. The pulse/echo ultrasonic signals are generated by various types of electronic
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To measure performance charactefistics of components of ultrasonic test instruments.

hic test instrument that has a display screen. The procedures are used for ultrasonic_tes
n a nominal frequency range from 100 kHz to 25 MHz, although the procedures are-also
ents on instruments utilizing higher-frequency components. The recommended technigues

test instrument that is evaluated should fit the description for the corresponding section.
ation of these practices may require more detailed procedural instruction:-"Competence in t
instrumentation specified is a prerequisite for effective use of theseiprocedures. Careful se|
easurements to be made is recommended. If the related parameter is not relevant to
, its measurement may be unnecessary; e.g., vertical linearity-may be irrelevant for an app
vel flaw alarm, while horizontal linearity might be required)only for accurate flaw-depth
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e values of each part of the system. It is assumed that the precision of measuring the
values from the screen of the ultrasonic test instrument is + 1 mm.
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NOTE

These prnr‘pdurpc are not intended to pmr\ludp the use ar :nlnplih:afinn aof ultrasonic test pquipmnnt far

which some or

all of the measurement techniques of this document are not applicable. Additionally, it is not intended, nor is it applicable, as a
specification defining the performance of ultrasonic test systems. If such performance criteria are required, they must be agreed
upon by the using parties.
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electronic characteristics of ultrasonic test instruments
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International Standard establishes the procedures for measuring performance) chargacteristics of
ts of pulse-echo ultrasonic non-destructive testing instruments including both ,analog and digital type
s with screen displays. The aim is to establish uniformity of evaluation technigues, to for
ation and for interpretation of results obtained from different laboratories and’ at different ti

htional Standard establishes no acceptance criteria; such criteria should be\specified by usef parties.
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European Norme (European Standard)
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radio frequency
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5 Summary of procedure

5.1 Performance measurements

The electronic performance of each section is measured by identifying that portion of the electrical circuit of the
instrument which comprises the section, applying the recommended stimulus or load or both, and performing the
required measurements using commercially available electronic test equipment. These data are then summarized
in tabular or graphical form as performance-related values which can be compared with corresponding values of
other ultrasonic test instruments or of values for the same instrument obtained earlier (see clause 12 for a

suggested

reporting format).

5.2 UItllasonic test Instruments and Interactions

5.2.1 Power supply section
The powe[ supply section is that portion of the total instrument circuitry which supplies-the regulated|DC voltages
required tg power all other sections of the ultrasonic test instrument, including the high'voltage (i.e pulger) circuitry.

5.2.2 Pullser section

The pulse
the search
damping @

section is that portion of the total instrument circuitry that generates the electrical pulse use
unit. The pulser section may also include the pulse-shape-mgadification controls such as
r tuning controls.

5.2.3 Refceiver section

d to energize
pulse length,

The receiyer section is that portion of the total instrument circuitry that amplifies, or modifies or bqth, the radio
frequency|(RF) pulses received from the search unit. This includes the RF amplifiers, detectors, vidgo amplifiers,
suppression and filtering circuits, and the cathode ray tube vertical deflection circuits. Some instrumgnts may not
contain all|of these circuits.

NOTE For EDAC operation, reject or threshold; although part of the receiver section, should be turned off while making
measuremeénts unless otherwise specified by the user.

5.2.4 Time base section

The time lase section provides_the linear horizontal sweep or baseline. It includes the horizontal def

and the cl

bck and delay circuits-which control PRF and positioning of signals on the baseline.

5.2.5 Gdte/alarm section

This sect
indications
section fo

on monitors the signals in the receiver section to detect the presence or absence

the purposes of this International Standard. The alarm signal may be audible, or a mark

ection circuit

Df significant

. The\gate may include attenuator or gain controls. This section is considered separate fronp the receiver

bn voltage or

current se

s o . ) [T | L 14 e [t
I_IUVE PaptTl Ul SUTTIC CUTTTOITIatuIT U tiest. TU dISU TTIdy VT a VUILAyT propuriuriar tu uic arrip

6 Apparatus

6.1

itude.

Ultrasonic test Instrument, being any electronic instrument comprised of a power supply, pulser, clock,

receiver and a sweep display section to generate, receive and display electrical signals related to ultrasonic waves
for examination purposes.

NOTE

Some ultrasonic test instruments do not include a screen display. Some sections of this International

Standard may

not apply to these instruments, or may be applicable only with modifications. Such modifications should be made only by
personnel competent in electronics.
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6.2 Voltmeter, being any instrument capable of measuring the AC line voltage and DC battery voltage required
as described in 7.1 or 7.2.

6.3 Variable transformer, such as an autotransformer or other device capable of supplying variable AC power
to the ultrasonic test instrument over the full range specified by the manufacturer.

6.4 Pulser load, consisting of a 50 ohm non-inductive resistor, preferably mounted in a shielded coaxial
assembly, unless otherwise requested by the using parties. The resistor shall be able to withstand the maximum
peak pulser voltage. It is recommended that the complex impedance of the resistor be checked at frequencies from
100 kHz to 25 MHz in order to ensure that the magnitude is 50 ohms + 2 ohms, and that the phase angle is less
than + 5°.

NOTE Other impedances may be used if specified.

b electrical
in 8.3. A

6.5 Spectfum analyser, of any type (with probe assembly if required) that is capable of analysing th
pulse from the pulser module and displaying the frequency components of the pulse as\described
recording of the display (photograph or chart recorder) shall be included in the report.

6.6 Oscillpscope probe, being a 100 x or 50 x wide band high input impedance (£ 10 kQ) attenuatin
reduce the pulse amplitude, as delivered to the oscilloscope and the spectrum analyser, to a level tha
harm the equipment and ii) will allow for frequency and time analysis without sighificantly altering the pu

g probe to
i) will not
se shape.

The probe o
high, a term
frequency b3
withstand thg

tput impedance shall match the input impedance of the measurement instrument. (If the im
nating resistance may be required at the input to match the output impedance of the p
ndwidth shall be at least as wide as that of the instruments te’bé measured. The probe shall
pulser output voltage.

bedance is
obe.) The
be able to

NOTE More than one probe may be needed to match the various testinstruments used.
6.7 Funct
cycles of a

ultrasonic tes
waves in sin
derived from

10 us is requ

hve or five
ies of the
bctangular
m a signal
of at least

on generator, capable of producing an internally-or externally triggered single-cycle sine w
5ine wave, the frequency of which is variable” over the range of the frequency capabili
t instrument to be measured. The frequency read-out shall be accurate to 1 %. Square or r
hle or burst mode shall be provided. The generator shall be capable of being triggered fro
the instrument clock to provide wave'irains coherent with the display. An adjustable delay
ired.

NOTE A free running (i.e. non-triggered)-single-cycle sine wave may not be used for receiver evaluation.
6.8 Electr
pulser sectio
location of th

nstrument
esents the

bnic gate, with a variable“delay and width and triggerable from either the ultrasonic test
n output pulse or thecloeck section logic signal. The gate step output (i.e. the output that repr
e gate) shall be syfficient to trigger the function generator.

NOTE
be needed.

Some function generators incorporate the gate delay and width functions, in which case an electronic gate will not

time base
amplitude

6.9 Calibrpted ‘oscilloscope, capable of displaying all portions of the pulser output with sufficient
expansion, tfiggering capability and frequency response to enable measurement of the pulse rise time,
and length, illi i

6.10 Calibrated attenuator, capable of providing a measuring range of 60 dB in 1 dB steps with an accuracy of
+ 0,5 dB and having a frequency bandwidth at least as great as the highest frequency of interest. Most attenuators
have a nominal input and output impedance of 50 ohms, but other impedances may be specified. Proper
termination rules shall be observed. An impedance matching probe shall be used to protect the attenuator if it is to
be used to reduce pulse output.

6.11 Terminators, used to match the impedances of instruments and cables used (see 6.4); they shall be of a
non-inductive, feed-through style.

6.12 Cables, coaxial, with maximum length of 2 m and a 50 ohm characteristic impedance. Other lengths and

impedances may be used if authorized, but lengths shall be kept as short as possible in order to minimize the
effects of cable capacitance on measurements.

© 1SO 2002 — All rights reserved
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6.13 Search unit, of the desired type, size and frequency required for the procedures selected for 6.15, 7.1.1,
7.2.1,7.2.1.2,10.2 or 10.3.

6.14 Immersion tank, (optional) consisting of an ultrasonic immersion system that will enable continuous
variations of the distance between the search unit and a reflector over a water path range that will provide a time
range comparable to the end use of the ultrasonic test instrument. A distance (position) scale of precision needed
for the procedure described in 10.2 shall be incorporated.

6.15 Reference block, of any suitable material, containing certain features, such as flat-bottom holes, side-drilled
holes, wedges, flat steps of different thickness or hemi-steps, which can be used to provide ultrasonic echo signals.

6.16 Camers

characteri

5tics, and useful in making other measurements.

suring pulse

7 Powpr-supply section measurements

7.1 AC-{powered instrument line regulation

711 Connect the variable transformer (6.3), the voltmeter (6.2) and a search unit (6.13) that |matches the
nominal frequency of the instrument, to the ultrasonic test instrument (6.1) as{shown in Figure 1. Althqugh Figure 1
shows an mmersion set-up, the evaluation may be performed by either thé contact or the immersion|method. The
primary rgquirement is that the signal from the reference reflector<does not vary due to coupling or position
variations [during the evaluation. Contact tests may require clamping, of the search unit to the refergnce block. A
block with|permanently bonded search unit(s) is quite helpful.

7.1.2 Adjust the variable transformer for 100 % nominal linewoltage and obtain a 50 % full-scale indication from

the referefce block (6.15). Decrease the variable transformier output voltage until the reference refleg

changes it
NOTE
713 TH

714 In
limit will us

7.2 Bat

7.21

7211

obtain a 5
either the
does not v

5 amplitude, width or horizontal position by 10:%’
Damage may result from going, in either direction, beyond the manufacturer's line voltage specificatio
e ultrasonic test instrument display may turn off before any significant signal change is note

crease the variable transformerioutput voltage(s) at which the 10 % change or turn-off occu
ually be the manufacturer's.specification. These are the input voltage limits.

fery-powered instruments

Discharge time

With tHe)battery in the fully-charged condition, connect a search unit (6.13) to the ing

contact or the immersion method. The primary requirement is that the signal from the refere

ary due to coupling or position changes during the battery discharge time period.

tor indication

.
.

s. The upper

trument and

0 % full=scale indication from a suitable reference block (6.15). This evaluation may be performed by

nce reflector

7.21.2
practical p

7.21.3

amount or

7.21.4

Instrument controls that affect power drain, such as PRF, display brightness, sweep range, etc., shall
be set to the maximum levels corresponding to good examination practices in order to provide the maximum

ower supply loading condition.

At time intervals < 15 min, record the amplitude of the signal from the reference block and plot these
values versus time as shown in Figure 2 until the signal amplitude, horizontal sweep length or position changes
10 % or until the instrument display turns off. The discharge time is the time required for a change of the stated

until the display turns off, whichever occurs first. Record this value.

The data recording may be minimized by making an initial reading and then beginning

measurements at a later time near the anticipated discharge time.
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1
2
3
L
e
e
6
_____ //
-/
Key
1 Line voltage
2 Variable tfansformer
3 Voltmeter
4 Ultrasonid test instrument
5 Search unit
6 Referencq block
Figure 1 — Set-up for voltage regulation measurements
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500

P
P
)
d

40 3

7.21.5
instrumen

7.2.2 Charge time

7.2.21
the OFF o

7.2.2.2

terminals
Figure 3 ig
condition

7.2.2.3
measurenm
the shape

Discharge time

Figure 2 — Typical battery discharge characteristics

With the battery discharged in accordance with 7.2.1.3, disconnect the battery from the u
(6.1) and connect to a DC voltmeter (6.2)(Measure and record the remaining voltage of the

With the instrument battery discharged in accordance with 7.2.1, turn the instrument po
r CHARGE position, connect'the battery charger to the battery and begin charging the batter

At time intervals <{5ymin, disconnect the charger, connect the DC voltmeter (6.2) g
and record the battery voltage versus time as shown in Figure 3. The battery charge cu
typical for Ni-Cd-and sealed lead batteries used in most ultrasonic test instruments. The

min

Itrasonic test
battery.

ver switch to
V.

the battery
ve shown in
fully-charged

orresponds to.the maximum voltage value shown in Figure 3. Record these values in minutgs.

The datayrecording may be minimized by making an initial reading and then beginning
ents atta“later time near the anticipated charge time. Enough data should be acquired to rel
of the'curve (see Figure 3) in the region of full charge.

the periodic
ably indicate
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Battery voltage

0 50 100 Time, min

| Charge input, % normal capacity

Fully charged

Figure 3 — Typical Ni-Cd and lead acid battery charge characteristics

8 Pulser|section measurements

8.1 General

Broadband pulsers “generally produce negative spikes, such as is shown in Figure 4 a). If highly-damped (pulse
length mininrsum), the exponential tail will be quite short. Another type of broadband pulse useq in some

instruments is @rectangular pulse (sometimes square), shown in Figure 4 b).
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https://standardsiso.com/api/?name=550f2e32ebfff9c7480868b8b4a3f6a0

ISO 12710:2002(E)

=2 Tr

- 90
- 100

a) Spike (broad band)

'n

X
S TR

_ 90
- 100 /

b) Square (broad band)

Figure 4 — Pulse shapes (slopes exaggerated)

8.2 Methad

With the instrument turned on and no load connected to the pulser section output, connect the oscilloscope (6.9) to
the pulser section using a 100 x or 50 x probe if needed. Adjust the oscilloscope gain and triggering controls to
obtain a display of a pulser-module output pulse. Figure 5 shows the set-up. The Early Sync Trigger should be
used, but if it is not available, an oscilloscope with built-in vertical signal delay will be needed to observe the
leading edge of the pulse.

NOTE 1 Pulses involve very high frequency components. It is important to keep earth connections of probes short and close
to the point of contact.

NOTE 2 In some commercial instruments, the PRF is under microprocessor control and not accessible to the operator. In
such instruments the PRF does not necessarily follow the clock schedule and the oscilloscope display may appear unstable.

© 1SO 2002 — Al rights reserved 9
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1
3 2
L
5
6
Key
1 Pulser segtion
2 Wide bangl oscilloscope
3 High impgdance probe (50 ohm output)
4 50 ohm aftenuator (optional)
5 Non-indugtive 50 ohm load (omitted in some tests)
6 Spectrum|analyser

a  Early Syn

T

NOTE 1 Sipgnal leads should be kept as short as possible.

NOTE 2 Probe needs an output of 50 ohm in ordér to match input attenuator or spectrum analyser or both.

Figure 5= Instrumentation for pulse measurements

8.3 Pulsejrise time, length and amplitude

8.3.1 Set-up

Start with the set-up of Figure 5 with the 50 ohm load connected. Obtain a display on the oscilloscope dcreen that
clearly shows the leading edge of the pulse.

8.3.2 Pulse rise time

8.3.2.1 The rise time of the broadband pulse is the time interval T, (in nanoseconds), between the 10 % and
90 % points (relative to peak amplitude) on the leading edge of the pulse (see Figure 4), whether the deflection is
positive or negative.

NOTE The measured rise time includes the inherent rise times of the oscilloscope and probe if used. The actual rise time
of the instrumentation is given by:

r2-1.2_T,>

10 © 1SO 2002 — All rights reserved
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where

T,, isthe measured rise time in nanoseconds;

T, s the oscilloscope rise time in nanoseconds.
If only the bandwidth of the oscilloscope and probe are known, a close approximation to 7 can be calculated from:
Ts =350/BW

where BW is the bandwidth in MHz.

8.3.2.2 Measure and record the pulse rise time minimum at minimum pulse length and pulse rise time
maximum @Etmaximam puioc :uuuth.

8.3.2.3 Remove the 50 ohm load and repeat 8.3.2.2.

8.3.3 Pulse length

8.3.31 The pulse length of a tuned pulse is measured from 10 % of the peak:amplitude of the first peak
amplitude [of the first large half cycle to the end of the last cycle that exceeds the(10 % level. This if illustrated in
Figure 4 a).

8.3.3.2 The pulse length of the untuned pulse is the time between 10 % of peak on the leading edge and 10 %
of peak or the trailing edges illustrated in Figures 4 a) and 4 b).

8.3.3.3 With the 50 ohm load in place for either pulse, measure and record pulse length minimym and pulse
length maximum.

8.3.34 Remove the 50 ohm load and repeat 8.3.3.3.

8.3.4 Pullse amplitude

8.3.41 The pulse amplitude of a broad band.pulse is the peak amplitude as shown in Figures 4 a] and 4 b).

8.3.4.2 With the 50 ohm load connected (see Figure 5), measure and record the pulse amplitude|minimum for
minimum pulse length and pulse amplitude ' maximum for maximum pulse length.

8.3.43 Remove the 50 ohm load.and repeat 8.3.4.2.

8.4 Pulse frequency spectrum

8.4.1 Use the set-up _of Figure 5. Start with sufficient attenuation to assure that the spectrum apalyser input
circuits will not be damaged or overloaded. The same frequency characteristics are measured at maximum and
minimum pulse length XOther conditions may be prescribed.

8.4.2 Adgjustthe'spectrum analyzer to obtain a linear display of amplitude versus frequency. Measufements shall
be made with.and without the 50 ohm load.

8.4.3 Record the peak frequency with and without the 50 ohm load. On the spectrum analyser display, this is the
frequency corresponding to the highest amplitude.

8.4.4 Measure the pulse upper frequency limits, F;uax and Fyyn, with pulse length controls at maximum and
minimum respectively. The pulse upper frequency limit is the highest frequency that corresponds to 70,8 % of the
amplitude at peak frequency.

8.4.5 Measure pulse lower frequency limits F|yax and Fpyn With pulse length controls at maximum and
minimum respectively. The pulse lower frequency limit is the lowest frequency that corresponds to 70,8 % of the
amplitude at peak frequency.

NOTE In some instruments, the setting of the single search unit (pulse-echo)/double search unit (through transmission)
switch may affect the results. If so, tests should be made with each setting.

© 1SO 2002 — Al rights reserved 11
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9 Receiver section measurements

9.1 Vertical linearity

9.1.1 The receiver section vertical linearity shall be evaluated first because some other characteristics require
vertical linearity for their measurement.

9.1.2 Connect the ultrasonic test instrument (6.1), electronic gate (6.8), function generator (6.7), oscilloscope
(6.9), attenuator (6.10) and terminator (6.11) as shown in Figure 6.

9.1.3 The ultrasonic test instrument shall be in the double search unit mode to avoid possible damage to the
function gen y ion of the
receiver is Iqcated before the double search unit input terminal, means shall be provided to protect the function
generator frgm the pulser output. Consult the manufacturer's data. Also, unless otherwise specified, Reject and
EDAC should be disabled.

9.1.4 If the receiver provides variable video filtering, the filtering control shall be set for;minimum filtgring. Also,
unless otherwise specified, set the receiver Reject controls to off or minimum and disable the EDAC. Set the
receiver frequency to the frequency range of interest and adjust the function generator to provide a sine yave burst
of at least fiye cycles of rectangular envelope, the frequency of which corresponds to the instrument|frequency
setting.

Key

Ultrasonid test equipment
Pulser se¢tion

Receiver $ection

Wide band escilloscope
Function gererator
Attenuator

oo ON =

@ Early Sync (if Early Pulse Sync is not available, use pulse output with suitable voltage reduction in order to prevent damage
to successive instruments).

b Attenuator termination (in some modern instruments, the receiver section input impedance may be low enough to require
consideration in arranging the attenuator termination).

€ All signal leads after the function generator should be kept as short as possible.

Figure 6 — Instrumentation for receiver section bandwidth, sensitivity, noise, vertical linearity and
time-base section linearity
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9.1.5 If the receiver section gain control is comprised of a coarse and fine control, set the coarse control to its
lowest setting and the fine control to its middle setting. If the receiver gain control is comprised of a single control,
set it for approximately 25 % of its range. The input signal amplitude shall not exceed the manufacturer's
recommendation.

9.1.6 Vary the function generator output or the attenuator to provide a deflection on the instrument display
screen from 5 % to 100 % of full scale in increments of 5 % of full scale. Other increments may be used as
convenient. Record and plot the amplitude indicated on the instrument display screen versus the input amplitude as
shown in Figure 7. (It is recommended that multiple readings be taken and averaged at each input amplitude level

to reduce operator-reading errors.)
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tely 75 % of maximum gain.
e difficult because of noise interference.
will be noted that there are no tolerance limits shown on Figure 7. This/curve is a

ational Standard to set tolerance limits. This is the responsibility of the-User in accordan
5 as apply.

eiver section frequency characteristics
as shown in Figure 6. The oscilloscope is used to monitor the function generator output,

ed input signal to the instrument receiver section. The-instrument display is used to monito
re should be taken to properly match the impedances of each portion of this system.

function gg¢nerator by the pulser output.

9.23 If
filtering. S
of interest
to the ultr
delay to
irrelevant
output, ad
preliminar
response

the receiver provides variable video\signal filtering, the filtering control shall be set for min
bt the receiver reject control to minimum or off. Set the receiver frequency control to the freg
and adjust the function generator to provide a five cycle sine wave burst whose frequency

rovide a signal located (midway across the instrument display screen (the instrument s
to these measurements.) By means of the receiver section gain controls and the functi
just the signal amplityde to 80 % full scale or 80 % of the upper linearity limit, whichev

scan of the fréquency range may be desirable in order to determine the frequency
s at a maximurn.

and one at

Very low gain may lead to serious nonlinearity due to over-driving the input circuits, and measuremenft at maximum

performance

5tic of the vertical amplifier and the display. While it may show linearity or/ack of it, it is not the function of

ce with such

bnnect the ultrasonic test instrument, delayed trigger, function generator, oscilloscope, attenuator and

which is the
the receiver

e ultrasonic test instrument should be in theldouble search unit mode to avoid possible damage to the

mum or zero
uency range
corresponds

Asonic instrument frequency-sétting. Set the calibrated attenuator to 20 dB attenuation amd adjust the

weep rate is
bn generator
er is less. A
at which the

9.2.4 Vary the function generator frequency in 0,5 MHz increments above and below the recgiver module

frequency
the functig

settinguntil the signal indication decreases to 10 % of its maximum value. At each frequen
n generator output shall be adjusted, if necessary, to ensure a constant amplitude input to

cy increment
the receiver.

At each frefquency record the signal amplitude and frequency and plot the results as in Figure 8.

9.2.5

shall be repeated at the required filter settings.

9.3 Receiver frequency results

9.3.1

Peak frequency

If the ultrasonic test instrument is to be operated with video filtering, the measurements described above

The peak frequency is the frequency at which the instrument display indication is at a maximum. The peak
frequency shall be determined to within £ 0,1 MHz by decreasing the frequency increments in the range near the
peak frequency. The peak frequency shall be determined for each setting of the receiver frequency control.
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NOTE 1

NOTE 2

14
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Input, V

Offset is due to detector threshold and other biasing components.

Data points were taken.using an actual instrument.

Figure 7 — Receiver section vertical linearity
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Figure 8 — Receiver sectionfrequency characterisics

9.3.2 Bandwidth

The bandyidth is the response range between the frequencies at which the signal amplitude is 3 dB (29 %) below
the amplitide at peak frequency. Record.these frequencies as upper and lower frequency limits for each setting of
the receiver frequency control.

9.4 Noise and sensitivity index

9.4.1 Sef-up

Connect the ultrasgnic' test instrument and measuring equipment as shown in Figure 6. Set the receiyer frequency
control to the range*of interest and set the function generator to the same frequency. Adjust the function generator
to provide [REAursts of five or more cycles, but not more than ten.

9.4.2 Noise

9.4.21 Method A

Set the instrument gain at mid-range. Adjust the function generator output to give 20 % indication amplitude on the
instrument display screen. Adjust the flaw alarm level until it is just triggered. Disconnect the function generator,
leaving the 50 ohm terminator in place. Increase the instrument gain to maximum. If the noise is greater than 20 %
reduce the gain until the alarm is no longer triggered. Reconnect the function generator and adjust the output to
give a deflection of 80 %. Record the peak-to-peak output voltage. This voltage represents a 4:1 S/N (signal to
noise ratio). If the voltage is too low to read accurately, remove sufficient attenuation to obtain a readable value and
correct for the change in attenuation.
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9.4.2.2 Method B

If the ultrasonic test instrument does not have a gate/alarm, the following method may be used. Increase the
instrument gain to maximum. Connect the function generator and adjust the output to make the signal just blend
with the noise on the instrument display screen. Record the function generator peak-to-peak output. This is the
instrument noise referred to the input.

9.4.3 Sensitivity index

The input voltage measured in 9.4.2.1 can be taken as a sensitivity index defined as the input signal necessary to
give a signal to noise ratio of 4:1. To apply this definition to 9.4.2.2, multiply the measured input by four. The
resulting indifes will not necessarily be equal.

9.5 dB cgntrols (gain controls)

9.5.1  Connect the ultrasonic test instrument and measuring equipment as shown in Figuré 6: Adjust the receiver

to mid rangs
receiver dB

provide a sig
attenuator ar
starting amp
output to res

9.5.2 Mak
the dB contrg

10 Time b

10.1 Horizg

Connect the
instrument in
frequency cg
frequency, a
minimum rar
instrument 3
midway acro

Vary the trigg

delay (as me
display screq

10.2 Horizg

. Set the external attenuator to a value at least as great as the amount 'of,attenuation
controls. Set the function generator for a single cycle sine or square wave and adjust the
nal at mid-screen, of amplitude approximately 50 % full screen. Note the starting value of t
d increase the dB controls by 6 dB and reduce the external attenuatiofnto bring the signal
itude. Proceed in this manner through the full range of the dB controls, using the function
bt the signal to 50 % full scale after each step if necessary.

b a table or plot a graph of receiver dB controls settings against the external attenuator settin
Is calibration table or curve.

ase section measurements

bntal linearity (Method A)

ultrasonic test instrument and measuring equipment as shown in Figure 6 with the ultrg
rresponds to the instrument fréquency setting. (Since this evaluation is independent of the
ge position and the fine(range control approximately to its middle position. Adjust the ultr
nd the calibrated attenuator to obtain an indication with at least 50 % full-scale amplitu
5s the instrument display screen.

er delay in inerements that move the indication in increments < 5 % of the test range and rg

asured on the'oscilloscope) and the corresponding location of the leading edge of the indica
n. Plot the location versus delay as shown in Figure 9.

pntal linearity (Method B):

ny instrument frequency setting may be chosen.) Adjust the display section coarse test rI

left in the
output to
e external
back to its
generator

gs. This is

sonic test

the double search unit mode. Set-the function generator to produce a single-cycle sine wave whose

nstrument
nge to its
sonic test
e located

cord each
lion on the

10.2.1 Connect an immersion search unit, mounted in a conventional immersion scanning system, to the
ultrasonic test instrument. Orient the search unit over any reflector. Adjust the instrument sweep controls to settings
corresponding to the end use of this system and adjust the receiver gain and the water path between the reflector
and the search unit to provide a 50 % full scale indication midway across the instrument display screen.

10.2.2 Vary the water path to move the indication in increments of approximately 5 % of full scale of the time base
and record each water path distance and the corresponding location of the leading edge of the indication as a
percentage of full scale of time base. Plot the signal position versus water path distance as shown in Figure 9 and
as described in 10.1.
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NOTE Data points were taken by Method A (see 9:4.2.1) using an actual instrument.

Figure 9 — Horizontal linearity

10.3 Horizontal linearity (Method C)

Connect the ultrasonic test.instrument and a search unit for conventional contact or immersed loperation as
desired. Jrient the search unit over a flat plate of suitable thickness in order to provide at least ten bagk reflections
on the screen. Adjust controls to place the second reflection on the 10 % horizontal graticule line, and the tenth on
the 90 % line. Plot the(graticule positions of all the back reflections versus reflection number on a grgph similar to
Figure 9.

10.4 Horizontal linearity results

As stated in 9.1.8, this International Standard does not define tolerance limits. The graph of Figure 9 is simply a
calibration curve of the horizontal base line.

10.5 Pulse repetition frequency (PRF)

Connect the oscilloscope to the ultrasonic test instrument pulse section output using a 100 x or 50 x probe. Adjust
the oscilloscope to display at least two pulses. The repetition frequency is the reciprocal of the time between
pulses. Because of possible interaction between the PRF and the test range control, verify that the PRF is not
limited by the test range. If other functions, such as a DAC curve, gate strobe, etc., are displayed simultaneously
with the ultrasonic signals on the instrument screen, the PRF as measured this way may be a sub-multiple of the
time base repetition rate. To be sure of measuring the true PRF, these functions shall be disabled.
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Measure and record the instrument repetition frequency, PRF-max. and PRF-min. (in pulses per second) for the

maximum an

d minimum positions of the pulse PRF control.

If the ultrasonic test instrument has switch-selectable rates, record each switch value versus the measured PRF.

If the ultrasonic test instrument has both switch-selectable PRF and a variable control, record the maximum and

minimum PR
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11.3 Alar

fevet

11.3.1 Set-up

Set up the ultrasonic test instrument and obtain an indication from a suitable target or from a signal from the
function generator. Position the gate to include the indication. Reduce the signal level to zero. Reduce the alarm
level to minimum. Increase the indication height until the alarm is activated. Record the amplitude of the indication
relative to the gate step, if present, as a percentage of full scale. This is the minimum alarm level. Readjust the
alarm level control to maximum. Increase the indication amplitude until the alarm is again activated. This is the
maximum alarm level. Repeat these measurements for negative alarm (negative alarm indicates absence of signal
in the gate). All measurements shall be repeated several times in order to obtain an average.

NOTE For negative alarm, levels are determined by reducing the indication until the alarm is activated.
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