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JAPANESE INDUSTRIAL STANDARD JIS Z 2350 : 2002 

Method for measurement of performance 
characteristics of ultrasonic probes 

Introduction This Japanese Industrial Standard has been prepared based on the 
first edition of IS0 10375 Non-destructive testing-Ultrasonic inspection-Charac- 
terization of search unit  and sound field published in 1997 and the first edition of 
IS0 12715 Ultrasonic non-destructive testing-Reference blocks and test procedures 
for the characterization of contact search unit beam profiles published in 1999 with 
modifying some technical contents. 

In addition, the portions with sidelines or dotted underlines in this Standard are 
the matters which are specified by altering the original 1nternation.al Standards. A 
list of modification with its explanation is shown in Annex 2. 

1 Scope This Standard specifies the method for measurement of performance char- 
acteristics of ultrasonic probes with a nominal frequency 0.5 MHz or over t o  and 
including 15 MHz (hereafter referred to  as 

Remarks : The International Standards corresponding to this Standard are as 
follows 1 

In addition, symbols which denote the degree of correspondence in 
the contents between the relevant International Standards and JIS 
are IDT (identical), MOD (modified), and NEQ (not equivalent) ac- 
cording to  ISOPIEC Guide 21. 
IS0  10375 : 1997 Non-destructive testing-Ultrasonic inspection- 

Characterization o f  search uni t  and sound field 
(MOD) 

IS0 12715 : 1999 Ultrasonic non-destructive testing-Reference blocks 
and test procedures for the characterization of con- 
tact search unit beam profiles (MOD) 

2 Normative references The following standards contain provisions which, through 
reference in this Standard, constitute provisions of this Standard. The most recent 
editions of the standards (including amendments) indicated below shall be applied. 

Geometrical Product Specification ( G P S b S u r f a c e  texture : Profile 
method-Terms, definitions and surface texture parameters 

JIS G O801 Ultrasonic examination of steel plates for pressure vessels 

JIS G O901 Classification of structural rolled steel plate and wide flat for build- 
ing by ultrasonic test 

JIS G 4103 Nickel chromium molybdenum steels 

JIS Z 2300 Glossary of terms used in nondestructive testing 

JIS Z 2345 Standard test blocks for ultrasonic testing 

JIS B 0601 

3 Definitions 
cordance with JIS Z 2300, and the following definitions shall apply. 

For the purposes of this Standard, the definitions shall be in ac- 
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a) sine burst wave A wave obtained by taking out the certain fixed cycle from 
continuous sine wave signals. 

squint angle of beam center axis The angle of squint between actual value 
and design value for the center axis of ultrasonic beam. 

beam characteristics The value showing beam profiles, such as focal length, 
depth of field and beam diameter. 

non-focused probes Probes other than focused probes and double transducer 
probes. 

focal depth The depth of focal length from a test surface. 

convergence depth The depth of convergence length from a test surface. 

b) 

c) 

d) 

e) 

f) 

4 Symbols The symbols shall be as follows: 

h Echo height 

B Bandwidth (MHz) 

Bw Fractional bandwidth (%I 
CN Number of cycles 

 FA .................... Beam diameter a t  the start point of depth of field 

d F B  

~ F L  

FD 
FL 
f Frequency 

f~ 

f u  

f c  

f~ 
PN Number of peaks 

S, Relative sensitivity 

T K  
TPD Pulse duration time 
Vi, Excitation voltage signal amplitude 

Vout Output voltage signal amplitude 
XO Near field length 

X 

................................... 

..................................................... 

Beam diameter a t  the end point of depth of field 

Beam diameter a t  focal length or  convergence length 

Depth of field or  convergence range 

Focal length or convergence length 

.............................................................................................................. 

Lower frequency at the 6 dB drop amplitude from the maximum ampli- 
tude of frequency spectrum of a probe 

Upper frequency at  the 6 dB drop amplitude from the maximum ampli- 
tude of frequency spectrum of a probe 

Center frequency of a probe 

Peak frequency of a probe 

Thickness of ultrasonic propagation medium 

............................................. 

Lateral direction of a probe (a direction perpendicular to an ultrasonic beam 
on a test surface, and in the case of normal probe, it is specified separately.) 
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5 

Y Longitudinal direction of a probe (an ultrasonic beam direction on a test 
surface, and in the case of normal probe, it is specified separately.) 

Yc, Y I ,  Y2 Distance on the test surface from the probe to  the side-drilled hole, 
which indicates the probe location (Yc) of the maximum echo height, 
two 6 dB drop probe locations (YI,  Yz) from the maximum echo height. 

Distance from the test surface to  the side-drilled hole center axis, and in 
the case of the immersion technique, water distance. 

Longitudinal beam axis or path length of an angle probe 

Z 

Zp 
ZE Electrical impedance 

13 Refraction angle 
..................................................... 

............................................ 

8 Squint angle of beam axis, and in the case of an angle probe, it indicates 
squint angle of beam axis projected on the test surface. 

.......................................................................................................................................................... 

................................................................................................................. 

!$ Angle between X axis and beam axis projected on the test surface in the 
case of the normal beam technique 

............................................................................................................................................................. 

....................................................................... 

Marking of probe The marking symbol of probe shall be as shown in Table 1. 

Table 1 Marking symbol of probe 

Order of marking Content 

Frequency 
bandwidth I Frequency 

3 Materials of 
transducer 

Dimensions 
of transducer 

Mode of wave 4----+7 
7 Refraction 

angle 

Focal depth or 
convergence 
depth 

Class and symbol 

Wide band: B, Narrow band: N P )  

Nominal frequency expressed in MHz 

Quartz: Q, Zircon lead titanate ceramics: 2, 
Piezoelectric-ceramics other than 2 C, Polymer system: P, 
Composite: K, Others: E ,  Materials not specified: M 

Circular: diameter (unit: mm) 
For double transducer type, specify the dimensions of each 
transducer (2).  

Square: height x width (unit: mm) (3) 

Longitudinal wave: L (4), Shear wave : S(5), SH wave: H ,  
Surface wave: R 

Normal beam: N ,  Angle beam: A, Variable angle: V, 
Immersion: I ,  Wheel: W, For double transducer type: add D 

To be expressed by nominal refraction angle into low-carbon 
steel. Unit: degrees. 
For other materials, add symbol, etc. indicating them. 

For point focused type, add PF. For line focused type, add LF 
For those having intersection point such as double transducer 
type, add F.  Express the depth in mm. 

Notes (1) It may be omitted. 

( 2 )  Dimensions of transducer of double transducer probe. 
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Normal probe Angle probe 

(3) Dimensions of transducer of single transducer probe. 

(4) In the case of normal probe, it may be omitted. 

( 5 )  In the case of SV wave angle probe, it may be omitted. 

Example 1 2220N: 2 MHz normal probe provided with zircon lead titanate ce- 
ramics transducer of $20 mm. 

Example 2 5Z10/2NDF10: 5 MHz double transducer normal probe of 10 mm in 
convergence depth provided with zircon lead titanate ceramics trans- 
ducer divided into two semicircles of d10 mm. 

.................................................................................................................................................................. 

............................................................ 

.................................................................................................................................................................. 

......................................................................................................................................... 

............................................................................................ 

Example 3 2C20 x 14845: 2 MHz angle probe of refraction angle of 45 degrees 
Drovided with Diezoelectric-ceramics transducer other than zircon lead 

.................................................................................................................................................................. 

1 ........................................................................................................................................ 
titanate ceramics system of 20 mm in height and 14 mm in width. 

Example 4 2210 x 10HA45: 2 MHz SH wave angle probe of refraction angle of 
45 degrees provided with zircon lead titanate ceramics transducer of 
10 mm in height and 10 mm i 

Example 5 BlOK2OI: 10 MHz wide band immersion probe provided with com- 
posite transducer of 4620 mm. 

Example 6 3Z15IPF10: 3 MHz point focusing immersion probe of 10 mm in focal 
length provided with zircon lead titanate ceramics transducer of 

....................................................................................................................................... 

.................................................................................................................................................................. 

............................................................ ..................................................................... 

............................................................................. 

.................................................................................................................................................................. 

......................................................... 

.................................................................................................................................................................. 

......................................................................................................................................... 
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Example 7 5220 x 10AD45F30: 5 MHz double transducer angle probe of refrac- 
tion angle of 45 degrees and 30 mm in convergence depth provided 
with ........................................... zircon lead titanate ceramics transducer of 20 mm in height and 
10 mm in width. 

Example 8 10C5 x 5R: 10 MHz surface wave probe provided with piezoelectric- 
ceramics transducer other than zircon lead titanate ceramics system 
of 5 mm in height and 5 mm in width. 

.................................................................................................................................................................. 

........................................................................................................................................ 

................................................. ......................................... 

................................. 

.................................................................................................................................................................. 

......................................................................................................................................... 

............................................................................ 

6 Items for measurement 

6.1 Common items for measurement The common items for measurement shall 
be the items for measurement applied in common with all probes, and shall be as 
follows : 

a) Frequency response 

b) Time domain response 

c) Relative sensitivity 

d) Electrical impedance 

6.2 Specific items for measurement The specific items for measurement shall 
be the items for performance measurement relevant to  the ultrasonic beam profile 
of probe, and shall be classified into the following items from the difference in the 
shape of probe, and the measuring method shall be specified. a) to  d) include items 
for measurement of contact probe, and e) includes those for measurement of immer- 
sion probe. 

In addition, the shear wave normal probe and SH wave angle probe shall not 
apply * 

a) Single transducer normal probe 
be as follows: 

1) 

2) 

3) 

Double transducer normal probe The double transducer normal probe shall 
be as follows: 

1) 

2) Beam characteristics 

The single transducer normal probe shall 

Beam profile and distance amplitude characteristics 

Squint angle of beam center axis of non-focused probe 

Beam characteristics of focused probe 

b) 

Beam profile and distance amplitude characteristics 

c) Single transducer angle probe The single transducer angle probe shall be 
as follows: 

i) Longitudinal amplitude beam profile and distance amplitude characteris- 
tics 

Lateral amplitude beam profile and distance amplitude characteristics 2) 

PROTECTED BY COPYRIGHT 

Full document details: JIS Z 2350-2002

http://www.avadocuments.com/doc/jis-z-2350-2002
http://www.avadocuments.com/doc/jis-z-2350-2002


6 
Z 2350 : 2002 

3) 

4) 

5) 

6) 

7) Dead zone 

Probe index and refraction angle of non-focused probe 

Squint angle of beam center axis of non-focused probe 

Longitudinal amplitude beam characteristics of focused probe 

Lateral amplitude beam characteristics of focused probe 

d) Double transducer angle probe 
be as follows: 

1) 

The double transducer angle probe shall 

Longitudinal amplitude beam profile and distance amplitude characteris- 
tics 

Lateral amplitude beam profile and distance amplitude characteristics 2) 

3) Longitudinal amplitude beam characteristics 

4) Lateral amplitude beam characteristics 

........................................................................................................... ............................................ 

......................................................................................... 

e) Single transducer immersion normal probe The single transducer immersion 
normal probe shall be as follows: 

1) 

2) 

Beam profile and distance amplitude characteristics 

Beam characteristics of focused probe 

7 Measuring method of common items for measurement 

7.1 Frequency response 

7.1.1 Apparatus to be used and connection method The apparatus to be used 
for measurement of frequency response shall be the apparatus with the following 
specifications, and the connection method shall be as shown in Fig. 1. 

a) Pulser and receiver(6) The pulser and receiver shall be the apparatus with 
spike pulse system which is capable of exciting the object probe in the appro- 
priate frequency range. 

Gate circuit(7) The gate circuit shall take only the target RF signal out, and 
the frequency band shall be 50 MHz or more. 

Oscilloscope(8) 

Frequency analyzer(9) 

b) 

c) 

d) 

e) Coaxial cable 50 Cl coaxial cable. 

The frequency band shall be 50 MHz or more. 

The frequency band shall be 50 MHz or  more. 

Notes (6>, ( 7 3 ,  (S), (9) The built-in function of ultrasonic test instrument may be 
used. 

(71, (8>, (9) Fast Fourier transform (FFT) may be used with the AD con- 
vertor and personal computer. 
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r- 

Pulser and receiver 
or ultrasonic test 
instrument - Oscilloscone Gate circuit 

- - r u n u  n I 
U 

Echo signal First echo 

rc" , - ;y signal 
n 

Ultrasonic 
probe 

- 
I 

Frequency analyzer 

Fig. 1 Connection method for measurement of frequency response 

7.1.2 Blocks The following blocks shall be properly used according t o  the kind of 
probe. 

a) In the case of normal probe Plate reference block with the thickness needed 
for a test(10) (11). Or reference block RB-E (see Annex 1 of JIS G O801 or An- 
nex 1 of JIS G 0901). 

In the case of angle probe STB-A1 calibration block specified in Attached 
Fig. 3 of JIS Z 2345. 

In the case of immersion probe Steel .......... or glass plate blocks(l2). 

Notes (10) The material shall be the ultrasonic characteristic material which 
is equivalent to  STB-A1 or  the test object material. 

b) 

c) 

(Il), (12) The processing accuracy shall be i r O . 1  mm ......................................... and the roughness 
of test surface and reflection surface shall be better than 25 pmR 7. 
(see JIS B 0601). 

.................................................................................... ? 

............................................................................................................................. 

................................... 

7.1.3 Detection method of echo signal (see Fig. 2 and Fig. 3) 
method of echo signal shall be as follows: 

a) In the case of normal probe 
- Detect the bottom echo signal of a part having thickness of 0.75 times to 1.5 

times the near field length Xo or a part having thickness near focal length 
FL using mineral oil or glycerin as the couplant(l3). 

- Then, add a moderate load and contact blocks with the probe uniformly. 

- For the transmission technique, detect the transmission pulse through the 
thickness of not less than the near field length XO. 

The detection 

b) In the case of angle probe 
- Detect the echo signal from the R100 surface of calibration block STB-A1 

using mineral oil or glycerin as the couplant (14). 

- Then, add a moderate load and make the probe contact blocks uniformly. 
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- For the transmission technique, detect the V transmission pulse using the 
flat side of calibration block STB-Al. 

c) In the case of immersion probe 

- Detect the surface echo signal of plate block which is located so that the 
water distance becomes the near field length Xo or the focal length FL. 

- Then, adjust the direction of probe, and detect the echo signal when the am- 
plitude is maximized. 

Notes (131, (14) Use the couplant for shear wave in the case of shear wave nor- 
mal probe or SH wave probe. 

T Steel reference Plate block 

E E E E 2  
a) Normal probe b) Angle probe c )  Immersion probe 

Fig. 2 Detection method of echo signal (single probe technique) 

P 

Steel reference 
block . .  . .  

a) Normal probe b) Angle probe 

Fig. 3 Detection method of echo signal (transmission technique) 

7.1.4 Measurement (see Fig. 4) The whole first echo waveform shall be taken out 
by the gate circuit, input into the frequency analyzer, and frequency spectrum shall 
be obtained. The peak frequency, lower frequency, upper frequency, center frequency, 
bandwidth and fractional bandwidth shall be determined from the frequency spec- 
trum according to  the following. 

(MHz) f ~ :  a frequency at the maximum amplitude point of 
frequency spectrum 

(MHz) f ~ :  a lower frequency at  the 6 dB drop amplitude 
points from the maximum amplitude 

(MHz) fu :  a upper frequency at the 6 dB drop amplitude 
points from the maximum amplitude point 

Peak frequency 

Lower frequency 

Upper frequency 

Center frequency (MHz) fc:  f c  = ( f ~  + f ~ ) / 2  

Bandwidth (MHz) B :  B = f u - f ~  

Fractional bandwidth (%) Bw: Bw = [(fu - f ~ ) / f c I  x 100 
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t l O O %  
A 

Frequency spectrum 

W 
71 
1 
3 .3 50% 

-4 
P 

f L  r P  r c  f u  Frequency (MHz) 

Fig. 4 Example of frequency spectrum 

7.2 Time domain response 

7.2.1 Apparatus to be used and connection method For the measurement of 
time domain response, the apparatus connected as shown in Fig. 5 shall be used. 
The performance of apparatus shall be the same as that in the case (7.1.1) of mea- 
surement of frequency response. 

7.2.2 Blocks The same blocks (7.1.2) as those for measurement of frequency re- 
sponse shall be used. 

7.2.3 Detection method of echo signal Detect the first echo signal by the same 
method (7.1.3) as that for measurement of frequency response. 

7.2.4 Measurement The magnitude of the peak which is the maximum in abso- 
lute value in the observed echo wave form shall be hux ,  and the number of peaks 
PN, number of cycles C N ,  pulse duration time T ~ D  shown below shall be determined 
(see Fig. 6). 

Number of peaks PN: 
Number of cycles CN: 
Pulse duration time TPD: 

Number of peaks exceeding ?E 20 % of h- 
Half of number of peaks ( = P N / ~ )  
Time from the leading edge zero cross point of the first 
peak exceeding I 2 0  % of h w  t o  the trailing edge zero 
cross point of the last peak exceeding f 20 % of h M A x  

íysec). 

Pulser and receiver 
or ultrasonic test 
instrument 

n 
I D 

Echo simal 

Oscilloscope 

O 
I F, I First signal echo 

r--.  Observe first echo signal 
Calibration block 
or reference block 

probe 

Fig. 5 Connection method for measurement of time domain response 

PROTECTED BY COPYRIGHT 

Full document details: JIS Z 2350-2002

http://www.avadocuments.com/doc/jis-z-2350-2002
http://www.avadocuments.com/doc/jis-z-2350-2002

