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Foreword

This translation has been made based on the original Japanese Indus-
trial Standard revised by the Minister of Economy, Trade and Industry,
through deliberations at the Japanese Industrial Standards Committee
as the result of proposal of revision of Japanese Industrial Standard
submitted by The Japanese Society for Non-destructive Inspection
(JSNDI)/Japanese Standards Association (JSA) with the draft being at-
tached, based on the provision of Article 12 Clause 1 of the Industrial
Standardization Law applicable to the case of revision by the provision
of Article 14.

Consequently JIS Z 2351:1992 is replaced with this Standard.
This JIS document is protected by the Copyright Law.

Attention is drawn to the possibility that some parts of this Standard
may conflict with patent rights, applications for a patent after opening
to the public or utility model rights. The relevant Minister and the Jap-
anese Industrial Standards Committee are not responsible for identify-
ing any of such patent rights, applications for a patent after opening to
the public or utility model rights.
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JAPANESE INDUSTRIAL STANDARD JIS Z 2351 : 2011

Method for evaluating electronic characteristics of
ultrasonic test instruments

Introduction

This Japanese Industrial Standard has been prepared based on the first edition of
ISO 12710 published in 2002, with some modifications of the technical contents to en-
able smooth management of this Standard based on the status of implementation of
JIS Z 2351 : 1992 in Japan.

The portions with dotted underlines and Annex JA are the matters not contained in
the corresponding International Standard. A list of modifications with the explanations
is given in Annex JA.

1 Scope

This Standard establishes the procedures for measuring, by means of electronic
measuring instruments, the electrical characteristics of ultrasonic test instruments
that are equipped with a manually operated display unit using the pulse-echo tech-
nique.

NOTE : The International Standard corresponding to this Standard and the
symbol of degree of correspondence are as follows.

ISO 12710 : 2002 Non-destructive testing — Ultrasonic inspection —
Evaluating electronic characteristics of ultrasonic test instruments
(MOD)

The symbols which denote the degree of correspondence in the contents
in the corresponding International Standard and JIS are IDT (identical),
MOD (modified) and NEQ (not equivalent) according to ISO/IEC Guide
21-1.
2 Normative references

The following standards contain provisions which, through reference in this text,
constitute provisions of this Standard. The most recent editions of the standards (in-
cluding amendments) indicated below shall be applied.
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3.2 time resolution

d) The item for time resolution is specified in 5.3.2.

5 Methods of performance assessment

5.1 Performance of transmitter part

2) .. Terminating resistor The resistor shall be 50 Q of non-inductive.
3)._._High voltage probe An oscilloscope for observation of high voltage signals.
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Transmitter
part output
terminal

Vi ;l:li Oscilloscope

High voltage
probe

Ultrasonic test
instrument

Transmitter
part output
Ter ml terminal
Vo Sizit)li'gRl(;e Oscilloscope
High voltage
probe

Ultrasonic test
instrument

7 —Rx(-73)
0
VZ
where,.  Ro: terminating resistor value (Q)

5.1.2 Repetition frequency of transmitted pulse

The measurement of repetition frequency of transmitted pulse shall be as follows.
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a) Apparatus The apparatus specified in 5.1.1 a) shall be used.

b) Measurement method The measurement method shall be as follows.

1) The setup of the ultrasonic test instrument and the apparatus shall be as shown

in figure 2.

2) Display two or more transmitted pulses on the screen of the oscilloscope, and
measure the time interval T'between two adjacent pulses.

3) For the ultrasonic test instrument provided with a setting function of the trans-
mitted pulse repetition frequency, measure the repetition frequency at the control
position at the lowest and highest frequencies.

4) Observe the change in the amplitude of transmitted pulse when the pulse repeti-
tion frequency is changed and record it.

5) Obtain the pulse repetition frequency according to the following formula :

5.1.3 Rise time of transmitted pulse

PRF=1T

where, PRF: pulse repetition frequency (Hz)

T:

time interval of transmitted pulses (s)

The measurement of rise time of transmitted pulse shall be as follows.

a) Apparatus The apparatus used shall be in accordance with 5.1.1 a).

b) Measurement method The measurement method shall be as follows.

1) The setup of the ultrasonic test instrument and the apparatus shall be as shown

in figure 2.

2) Display transmitted pulse on the screen of the oscilloscope.

3) Measure the time interval 7T, between 10 % and 90 % of peak of the transmitted
pulse on the leading edge of the transmitted pulse as shown in figure 3.

4) If this time is influenced by the adjustment of pulse energy, measure this time
under pulse energy controls set at the maximum and minimum.

5) Correction of the measured values Correct the measured values according to the
following formula :

Full document details: JIS Z 2351-2011

where, Tr - rise time of corrected transmitted pulse (ns)
Tn: rise time of measured transmitted pulse (ns)
Ts: corrected time determined by the frequency band-
width B,, of oscilloscope, obtained by the following
formula (ns) :
Ts =350/By
where, By ¢ frequency bandwidth of the oscilloscope used for
measurement (MHz)
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0%

0%
T
a) For positive pulse b) For negative pulse

Figure 3 Measurement of rise time of transmitted pulse

5.1.4 Transmitted pulse width
The measurement of transmitted pulse width shall be as follows.
a) Apparatus The apparatus used shall be as specified in 5.1.1 a).
b) Measurement method The measurement method shall be as follows.

1) The setup of the ultrasonic test instrument and the apparatus shall be as shown
in figure 2.

2) Display only one transmitted pulse on the screen of the oscilloscope.

3) Measure the time Ty between 10 % of the peak of the transmitted pulse on the
leading edge and 10 % of the peak on the trailing edges as shown in figure 4.

4) Remove the terminating resistance and repeat the measurement above.

5) If the ultrasonic test instrument is provided with a pulse energy adjustor, the
measurement shall be performed with the pulse energy adjusted at its maximum
and minimum.

100 %

Figure 4 Measurement of transmitted pulse width
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5.1.6

Twzo
0%
20 %
80 %
100 %
Tweo

Amplitude of transmitted pulse

The measurement of amplitude of transmitted pulse shall be as follows.

a) Apparatus The apparatus used shall be as specified in 5.1.1 a).

b) Measurement method The measurement method shall be as follows.

1)

2)
3)
4)

5)

5.1.7

The setup of the ultrasonic test instrument and the apparatus shall be as shown
in figure 2.

Display the transmitted pulse on the screen of the oscilloscope.
Measure the voltage of the peak value of the transmitted pulse.

If the amplitude is changed by the pulse energy adjustor, measure the amplitude
under pulse energy controls set at the maximum and minimum.

Remove the terminating resistance and repeat the measurement in 3) and 4)
above.

Frequency spectrum of transmitted pulse
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The measurement of frequency spectrum of transmitted pulse shall be as follows.
a) Apparatus

1) Frequency analyzer A spectrum analyzer or FFT analyzer (a FFT analyzer re-
fers to a device that analyzes the frequency component of a signal using a com-
puter.)

2) Attenuator The attenuator used shall fulfill the following conditions.
2.1) Operating frequency range DC to 100 MHz or over
2.2) Attenuation range O to 80 dB or over, variable in steps of 0.2 dB or under
2.3) Impedance 50 Q
2.4) Accuracy Within £ 0.3 dB per 20 dB
3) Terminating resistor 50 Q non-inductive resistance
b) Measurement method

1) The setup of the ultrasonic test instrument and the apparatus shall be as shown
in figure 6.

2) Set the attenuation at 40 dB or over. When the frequency analyzer has limitations
of input voltage, perform setting of the attenuator within the limitations.

3) In the case of an analyzer in which the transmitted pulse width of the ultrasonic
test instrument can be changed, perform the measurement with the pulse width
set at its maximum and at its minimum.

U}trasomc test Terml'natlng Attonuator Frequency
instrument resistor _ analyzer

Figure 6 Setup of ultrasonic test instrument and apparatuses for
frequency spectrum measurement

4) Peak frequency Measure the frequency Frp at the maximum amplitude.

5) Upper limit frequency Measure the frequency Fry in the high frequency side
that shows 70.8 % (- 3 dB) of the maximum amplitude.

6) Lower limit frequency Measure the frequency Fr in the low frequency side that
shows 70.8 % (- 3 dB) of the maximum amplitude.

7) Centre frequency Obtain the centre frequency Frc_according to the following

E _(Fy+Fy)

TC — 2
where, Fic: centre frequency (MHz)
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Fryg® upper limit frequency (MHz)
Fr,: lower limit frequency (MHz)

5.2 Performance of receiver part
5.2.1 Frequency characteristics

The measurement of frequency characteristics shall be as follows.
a) Apparatus

1) Pulse generator The pulse generator used shall be provided with the function of
setting back the output pulse freely by 3 us or more immediately after the trailing
edge of the transmitted pulse.

2) Burst wave signal generator The burst wave signal generator used shall be pro-
vided with the function of generating optional frequency and optional number of
waves by receiving trigger signals from the pulse generator.

3) Oscilloscope The oscilloscope used shall be 100 MHz or over in frequency band-
width, and shall have been calibrated before use.

4) Attenuator The attenuator used shall be as specified in 5.1.7 a) 2).

5) Terminating resistor The terminating resistor used shall be of 50 Q non-induc-
tive resistance.

6) Protection circuit The protection circuit shall be a circuit for preventing the in-
put of the pulse generator from being damaged due to the transmitted signal of an
ultrasonic test instrument.

b) Measurement method

1) The setup of the ultrasonic test instrument and the apparatuses shall be as
shown in figure 7.

2) Perform the measurement according to the following procedure.
2.1) Set the selector of the ultrasonic test instrument to “double probe technique”.

2.2) The input signal to the ultrasonic test instrument shall be at the level obtained
when, after making adjustment to provide a 5 cycle sine wave burst and setting
the output at the peak voltage (p-p) = 1 V, the attenuator is set to 20 dB at-
tenuation.

2.3) Set the receiver reject control to “0” or “OFF”.
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Ultrasnic test | Trasmitted output
instrument terminal Protection
> cireuit > Pulse generator
Display
Synchronus
y signal
Received input terminal
\ 4
Terminat- | roa——— Burst wave signal
ing resistor[® lAttenuator [ generator

Oscilloscope

Figure 7 Setup of apparatuses for performance measurement
using burst wave signal

2.4) Adjust the gain of the ultrasonic test instrument so that the signal height of
the burst wave signal generator reaches 80 % on the display scale of the in-
strument.

2.5) Record the frequency Fgp as the peak frequency when the signal height is at
the maximum.

2.6) Vary the frequency of the burst wave signal toward both the upper and lower
sides, and record it when it has fallen 3 dB below the maximum signal height.
The frequency at the upper side is taken as Fry, and that at the lower side, as
FrL.

AFRr = Fru— Fro

where, AFR : bandwidth (MHz)

Fry @ frequency in the high frequency side at the height
that has fallen 3 dB below the maximum signal
height (MHz)

Fr. @ frequency in the low frequency side at the height
that has fallen 3 dB below the maximum signal
height (MHz)

e

5) In the ultrasonic test instrument that can select received frequency, measure the
peak frequency, centre frequency and bandwidth in each selected state by the
same method, and record the results.

5.2.2 Sensitivity
5.2.2.1 General

The measurement of sensitivity shall be performed by one of the following methods.
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Vpp=1V

a) Output of burst wave
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5.2.2.3 Method using gate/alarm function

The measurement of sensitivity using the gate/alarm function shall be as follows.
a) Apparatus The apparatus used shall be as specified in 5.2.1 a).
b) Measurement method The measurement method shall be as follows.

1) The setup of the ultrasonic test instrument and the apparatuses shall be as
shown in figure 7.

2) Set the frequency of the burst wave to the same frequency as the test frequency of
the ultrasonic test instrument, and provide burst waves of the number of waves of
5 to 10.

3) Set the instrument gain at mid-range.

4) Adjust the burst wave signal generator and the attenuator to give 20 % burst
wave height on the display of the ultrasonic test instrument.

5) Trigger the gate/alarm function of the instrument, and set the alarm level at
20 %.

6) Disconnect the burst wave signal generator, and adjust the instrument gain to the
maximum where alarm is no longer triggered by noise.

7) Reconnect the burst wave signal generator, adjust the burst wave signal genera-
tor and the attenuator such that the signal height on the display of the ultrasonic
test instrument reaches 80 %.

8) Measure the input signal level of the instrument at this time with the oscilloscope,
and record the reading obtained as the sensitivity.

9) If the input signal level is too low to read accurately, measure the output signal
level of the burst wave signal generator and correct the reading with attenuation
by the attenuator to obtain the input signal level of the ultrasonic test instrument,
and record the result as the sensitivity.
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5.2.3 Gain controls

The measurement of performance of gain controls shall be in accordance with the
method in 5.2.3.1 when the gain control consists of two or more controls with different
control steps, and in accordance with the method in 5.2.3.2 when the gain control con-
sists of a single control.

1) The setup of the ultrasonic test instrument and the apparatuses shall be as
shown in figure 7. The selector of the instrument shall be set to “double probe
technique”.

2) Set the frequency of the burst wave signal with received centre frequency (or test
frequency), and with the number of waves of 5 to 10.

3) Perform the measurement on each gain control according to the following proce-
dure.

the attenuator and the output of the burst wave signal generator so that the
signal height on the display of the instrument reaches 50 %. Read the values of
the gain of the instrument and the attenuator to take them as the initial values.

3.4) Adjust the attenuator until the signal height on the display of the ultrasonic test
instrument reaches 50 % and record the values of the gain controls and of the
attenuator at this time.

3.5) Repeat the procedures in 3.3) and 3.4), and perform the measurement through
the full range of the gain controls.

3.6) Make a table of gain controls settings and the attenuator settings.

3.7) Read the difference between the adjusted value (change from the initial value) of
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