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JAPANESE INDUSTRIAL STANDARD JIS Z 3060 : 2002

Method for ultrasonic examination
for welds of ferritic steel

1 Scope This Japanese Industrial Standard specifies the method for detecting a
discontinuity and for measuring its location and dimensions on full penetration welds
of ferrite series steel with thickness of 6 mm or more, in the case of manual ultra-
gonic examination (hereafter referred to as “examination™ using pulse echo technique
by ultrasonic test instrument (hereafter referred to as “test instrument”) with a scope
display. However, this Standard is not applied to the examination of joint welds of
steel pipes under production process.

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) shall be applied.

JIS Z 2300 Glossary of terms used in nondestructive testing
JIS Z 2345 Standard test blocks for ultrasonic testing

JIS Z 2350 Method for measurement of performance characteristics of ultrasonic
probes

JIS Z 2352 Method for assessing the overall performance characteristics of ultra-
sonic pulse echo testing instrument

3 Definitions For the purposes of this Standard, the definitions given in JIS Z
2300 and the following definitions shall apply.

a} paste A pastelike couplant.

b) glycerol paste The glycercl paste is a kind of couplant, which is made by adding
a small amount of surfactant and thickener to glycerol,

¢) probe-discontinuity distance The distance for path length from probe in-
dex where the maximum echo height is obtained by using an angle probe 0 a
discontinuity to be projected on the test surface.

d) L direction L direction is the principal rolling direction of rolled steel materi-
als.

e} C direction C direction is the direction perpendicular to the principal rolling
direction.

) @ direction @ direction is the direction at an angle of 45° from the principal
rolling direction.

g) STB wave velocity ratio A ratio (V/Vsrs) of transverse wave velocities (V)
measured so that the vibrating direction of transverse wave agrees with the scan-
ning direction of test object to transverse wave velocities (Vorp) measured by
using model Al STB or one out of model A3 series STB.

h) STB difference of refraction angle by scanning direction The difference
between the refraction angle by test object and the STB refraction angle (8ss)
measured by using model A1 STB or one out of model A3 series STB.
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i) maximum transmission pulse The transmission pulse of which amplitude
is maximized when scanning a test object by the V path method.

j)  ultrasonic discontinuity length An apparent discontinuity length estimated
by transference distance of the probe.

4 Examination pexrsonnel The personnel engaged in the examination of welds
should possess not only the general knowledge of principle of ultrasonic examina-
tion and welds of ferritic steel, but also sufficient knowledge and experience of the
examination of the specified test object.

5 Calibration blocks and reference blocks

5.1 Calibration blocks The calibration blocks (STB) to be used in this Standard
shall be model Al calibration blocks, model A2 and A3 series calibration blocks which
are specified in JIS Z 2345,

5.2 Reference blocks The reference blocks (RB) shall be used for sensitivity ad-
justment,

a) RB-41

1) RB-41 shall be used for the examination of joint welds of flat plate and
joint welds with the radius of curvature of 250 mm or over, and its form
shall be as given in Fig. 1 and its size as given in Table 1.

2} RB-41 shall meet one of the following requirements.

2.1) Reference blocks with the test surface finished by using homogeneous low
damping materials and without radius of curvature.

2.2) Reference blocks of the same grade of steel as that of the test object used,
which meet the following condition with respect to the state of test sur-
face, and are without radius of curvature.

Condition : Thickness shall be within +10 % of the test object and wave
velocity difference between the test object and reference block
shall be within %2 %.

b) RB-42 RB-42 shall have the curvature with the direction perpendicularly in-
tersecting the scanning direction, and shall be used for the examination of cir-
cumferential joint welds with the radius of curvature of 50 mm or over, and its
form shall be as given in Annex 3 Fig. 2 and its size as given in Table 1.

¢) RB-43 RB-43 shall have the curvature with the direction parallel to the scan-
ning direction, and shall be used for the examination of longitudinal jeint welds
with the radius of curvature of 50 mm or over, and its form shall be as given in
Annex 4 Fig. 3 and it dimension as given in Table 1.

d) Other reference blocks RB-A6 shall have the curvature with the direction
perpendicularly intersecting the scanning direction, and shall be used for the
examination of circumferential joint welds with the radius of curvature of 50 mm
or over when the maximum path length to be used is 160 mm or under, and its
form shall be as given in Annex 3 Fig. 8.
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Table 1 Dimensions of RB-41, RB-42, RB-43

Unit: mm
Block number Thickness of test object | Thickness of reference | Diameter of standard hole
t T d
No. 1 20 or under 189(Mor (M 3.0
No. 2 QOver 20 up to and incl. 40 38(M or #(H) 3.0
No.8 Over 40 up te and incl. 80 75(3 or £{1) 8.0
No. 4 Over 80 up to and inel. 140 125(Y or #(Y 6.0
No. § Over 140 up to and incl. 200 175(% or ¢(%) B.0
No. 6 Over 200 up to and incl. 260 225(%) ar ¢(%) 6.0
No. 7 Over 250 H o 8.0

Note (1) Blocks in 2) 2.1) of 5.2 a) and blocks in 2) 2.2) of 5.2 a)

6 Couplant Glycerol paste, glycerol water sclution of 75 % or more, water, oil, or
liquid of which acoustic impedance is known shall be used as a couplant. When the
kind of couplant and delay materials of normal probe or wedge materials of angle
probe are used in the following combination, it is not necessary to make corrections
for the transfer loss in the case where the maximum surface roughness (Ry) of test
surface is less than 100 pm,

a) Kind of couplant Glycerol paste or glycerol water solution of 75 % or more

b} Delay materials and wedge materials Polystyrene
7 Preparation of examination

7.1 Selection of examination method Unless specially specified, the examina-
tion of weld shall be performed by using single probe angle beam technique with
ultrasonic beam perpendicular to the direction of the weld line, and by ¢ontact method.,
The method of parallel scanning by a slanted probe, the method of longitudinal scanning
of weld surface, the method of straddle scanning or normal beam technique shall be
applied to the place specially specified.

Tandem probe technique shall be applied to the place specially specified to de-
tect the full penetration weld with groove face or root surface perpendicular to the
test surface, and plate thickness of not less than 20 mm.

7.2 Selection of reference blocks or calibration blocks

7.2.1 Selection of blocks for angle beam technique For adjusting working sen-
gitivity, any of RB-41, RB-42, RB-43, RB-A§ given in Annex 3 Fig. 3 or one out of
model A2 series calibration blocks shall be previously designated. However, any of
RB-41, RB-42, RB-43 shall be desipnated in the case where plate thickness of the
test object of the part to which the probe is contacted is 75 mm or more, or in the
case where refraction angle is selected in accordance with refraction angle by test
object given in Table 4 from the measurement result of STB wave velocity ratio. Fur-
thermore, in the case where the maximum path length to be used is not more than
150 mm, one out of model A2 series calibration blocks may be designated.
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7.2.2 Selection of blocks for normal beam technique For adjusting working
sensitivity, RB-41 shall be used. According to the maximum path length to be used,
the location of standard hole from the test surface shall be designated.

NO.1 Thickness of 20 mm Unit: mm L: Length of reference
or under g block The length of
o n reference block shall
mT = Ll he according to the
L . path length to be
used.
It shall be the
NO.2 Thickness of over 20 mm up to and length where V path
incl, 40 mm methad of sensitivity
» correction is per-
formed or not less
lnL--f than twice that
[} L length.
: Thickness of refer-
ence block.
. d: Digmeter of standard
NO.3 Thickness of over 40 mm up to and incl. 80 mm hole
o W Width of block
5 W>2. 1+ 8D
‘+“_'__T § 1 Maxioum path
- L«—-&- = length to be used
3 L f D Width of trans-
duacer
NO.4 to NO.7 Thickness of over 80 mm
Q
t
_+_
+
_+_
& —
I +-
=) L

Fig. 1 RB-41

7.3 BSelection of frequency The nominal frequency to be used shall be not less
than 2 MHz but not more than 5 MHz. The frequency to be used as a standard shall
be in accordance with Table 2 in the case of angle beam technique, and shall be in
accordance with Table 3 in the case of normal beam technique.

In addition, the frequency lower than the value specified in Table 2 and Table 3
may be used for the examination of the test object with remarkable ultraseonic at-
tenuation.

The test frequency shall be in the range of 20 % to 110 % of nominal frequency.
For the probe with the wide-band frequency characteristics, the test frequency shall
be measured in accordance with 5 of JIS Z 2850, and the number of peak shall he
measured in accordance with 8 of JIS Z 23850.
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Table 2 Nominal frequency used for angle beam technique

Max. path length to be used mm Nominal frequency MHz

100 or under B
Over 100 up to and incl, 150 Zorb
Over 150 2

Table 3 Nominal frequency used for normal beam technique

Max. path length to be used mm Nominal frequency MHz

40 or under B

Over 40 2

7.4 Selection of disregard level According to purpose of the examination, the
disregard level shall be either M disregard level for the object which exceeds M line
created according to 8.1.4 or L disregard level for the object which exceeds L line.

7.5 Stage of examination The stage of the examination is the time when the
final heat treatment is completed, in the case where heat treatment or the like after
completion of weld is specified in the document.

7.6 Finishing of test surface When spatter and floating scales exist in the test
surface, they shall be removed. When the transfer loss exceeds 12 dB due to the
effects of roughness, rust and painting film of the test surface, it shall be finished in
the range not exceeding 12 dB.

%.% Examination of parent materials The parent materials of the part through
which ultrasonic waves pass when angle beam examination is performed, are previ-
ously examined by normal beam technique as required. The probe nominal frequency
and diameter to be used shall be 5§ MHz and 420 mm respectively in the case of plate
thickness of 60 mm or under, and 2 MHz and ¢30 mm respectively in the case of
plate thickness of over 60 mm. The working sensitivity shall be adjusted to obtain
80 % {5 height of the first back wall echo of the ultrasonically sound area. The range
of a discontinuity shall exceed 20 % fs in echo height. When a discontinuity is de-
tected, it shall be recorded. In the case where the range of a discontinuity is 100 mm?
or over, it may obstruct the examination.

When a discontinuity which obstructs the examination was detected, in the case
where it becomes a problem when the examination is performed, as required, the
examination shall be performed either by changing the test surface or the refraction
angle so that beam central axis passes through the whole of welds, or by changing
to normal beam technique or other examination methods.

7.8 Measurement of wave velocity ratio to STH

PROTECTED BY COPYRIGHT

6
Z 3060 : 2002

7.8.1 Measuring conditions of STB wave velocity ratic Measuring conditions
of STB wave velocity ratio shall be as follows:

a) The site of measuring objects shall be the location of examination.

b) The measurement shall be performed after welding, and under the same degree
of state as that at the temperature when examining.

¢} Number of locations of examination shall be one, but it may be more according
to the state of test object.

7.8.2 Measuring apparatus of wave velocity ratio to STB Measuring appa-
ratus of wave velocity ratio to STB shall be as follows:

a) For the measurement of STB wave velocity ratio (V/Vsms), the ultrasonic wave
apparatus (the ultrasonic thickness meter or test instrument capable of using a
transverse wave normal probe) which is capable of measuring thickness or path
length with an accuracy which obtains to three significant digits or over and
the transverse wave normal probe capable of propagating transverse wave ver-
tically through the test object shall be used.

b) For the measurement of thickness, the ultrasonic thickness meter or dimension
measuring instrument which uses a longitudinal wave probe {a longitudinal wave
normal probe or a double transducer longitudinal wave normal probe) capable
of meaguring with an accuracy which obtains to three significant digits or over
shall be used.

¢} For the transverse wave normal probe, the vibrating direction shall be presented.

d) For the measurement by transverse wave normal probe, the couplant for trans-
verse wave shall be used.

7.8.8 Blocks or test objects to be used For the measurement of STB wave velocity
ratio, the following shall be used,

a) Any of model Al calibration blocks, model! A2 or A3 series calibration blocks
shall be used.

b) The test object shall be of the part te which the probe is contacted.

7.8.4 Confirmation of scanning direction of test object Before the measure-
ment of STB wave velocity ratio, the relation between the scanning direction and L,
C and Q direction shall be confirmed by the combination of the transverse wave normal
probe and the ultrasonic thickness meter or test instrument. When the scanning
direction is L or C direction, or when the difference between transverse wave veloci-
ties does not exist due to direction, it shall be confirmed in accordance with meth-
ods in 7.8.5, 7.9 and 7.10.1, but when the scanning direction is @ direction, in accordance
with methods in 7.10.2,

7.8.,6 Measuring methed of STB wave velocity ratio The measuring method
of STB wave velocity ratio shall be performed by either of the following.
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a) Case by an ultrasonic thickness meter The plate thickness of test object
and STB measured by the ultrasonic thickness meter or dimension measuring
instrument which uses the longitudinal wave probe shall be £ (mm) and sy (mm),
respectively. Furthermore, the plate thickness obtained so that the vibrating
direction of transverse wave normal probe which is used for the ultrasonic thickness
meter agrees with the scanning direction of the test object and the plate thick-
ness obtained from STB shall be ¢3 (mm) and ¢grs (mm), respectively.

These ratios shall be caleulated down to the third decimal place according to
the following formula, and it shall be taken as STE wave velocity ratio.

ViVers = (tm » tsra)/(tsm + ts)

b) Case by test instrument The plate thickness of test object and STB mea-
sured by the ultrasonic thickness meter or dimension measuring instrument which
uses the longitudinal wave probe shall be ¢ty (mm) and ¢sm (mm), respectively.
Furthermore, the path length of first back wall echo obtained so that the vi-
brating direction of transverse wave normal probe which is used for the test
instrument agrees with the scanning direction of the test object and the path
length of first back wall echo obtained from STB shall be Ws (mm) and Wsrs (mm),
respectively.

These ratios shall be calculated down to the third decimal place according to
the following formula, and it shall be taken as STB wave velocity ratio.

ViVsre = (¢m « Warn)/(tam » Wa)

7.9 Selection of refraction angle according to wave velocity ratio The re-
fraction angle to be used for examination from the results of measurements of wave
velocity ratio to STB shall be selected according to Table 4. However, in the case of
examining using a probe of 45° in nominal refraction angle, it shall be STB refrac-
tion angle of 43° or over up to and including 47° regardless of STB wave velocity
ratio.

In addition, when the refraction angle of probe to be used for examination be-
comes STB refraction angle from the wave velocity ratio to STB, it may be replaced
by the refraction angle by test object. Furthermore, when the plate thickness of
test object exceeds 75 mm, in the case of 0,995 = ViV = 1,006, STB refraction angle
of 69° to 71° may be used.
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Table 4 Selection of refraction angle according to
wave velocity ratio to STB

Plate thickness | Wave velocily ratio to STB | Refraclion angle to be used for examination
of test object
mm
6xt=25 0.990 < ViV < 1.020 STB refraction angle of 63° or pver up to and
inel. 72°
0.990> ViVgre Refraction angle by test object of 63° or over
up to and incl. 72°
ViVems > 1.020 Refraction angle by test object of 63° or over
up to and inel. 72°
26<t=TH 0.996 < ViVern < 1.015 STE refraction angle of 58° or over up to and
incl, 72°
1.015 < ViVern = 1.025 STB refraction angle of 58° or over up to and
inel, 87°
0.995 > ViVgrs Refraction angle by test object of 58° or over
up to and incl, 72°
ViVers > 1.025 Refraction angle by test object of 58° or over
up to and incl, ¥2°
T5<¢ 0.995 < ViVgre = 1.025 STB refraction angle of 568° or over up to and
incl. 67°
0.996 > VVgre Refraction angle by test object of 58° or over
up to and incl. 67¢
ViVea > 1025 Refraction angle by test object of 58° or over
up to and incl. 67¢

7.10 Calculation method of refraction angle by test object The calculation
of refraction angle by test object shall be performed by either of the following.

7.10.1 Calculation by STB wave velocity ratio The refraction angle by test
object, 8, shall be calculated from the STB refraction angle of a probe to be used and
STB wave velocity ratio of V/Vers by the following formula and shall be rounded to
the necessary fineness of a 0.5° unit or under.

. V
= -1
G =sin (V

sinﬂm]

8TB

7.10.2 Calculation by V path method The location of probe shall be adjusted
30 that the maximum transmission pulse intensity is obtained on the test surface of
test object in accordance with the arrangement of V path method given in Fig. 2 using
the probe of the same type as that of angle probe to be used for examination. The
refraction angle by test object, 8, shall be calculated from the distance between probe
indices (¥) and the actually measured plate thickness (¢} according to the following
formula, and shall be rounded to the necessary fineness of a 0.56° unit or under.
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6= tan-1(Y/2¢)

Probe for Y Probe for
‘transmission Ny /" reception

‘\/' -

Fig. 2 Arrangement of V path method

8 Adjustment and check of ultrasonic test equipment

8.1 Angle beam examination

8.1.1 Measurement of probe index The probe index shall be measured by us-
ing model Al calibration block or one out of model A3 series calibration blocks. The
probe index shall be measured in units of 1 mm.

8.1.2 Adjustment of time base range The adjustment of time base range shall
be performed by using model Al calibration block or one out of model A3 series cali-
bration blocks,

8.1.3 Measurement of STB refraction angle and refraction angle by test object

a}

b)

Measurement of STB refraction angle The measurement of STB refraction
angle shall be performed by using model Al calibration block or one out of model
A3 series calibration blocks. The STB refraction angle shall be measured at
the téemperature of environment of examination work and read out to the nec-
esgary fineness of a 0.5° unit or under.

The STB refraction angle shall be used in the range of =+ 2° of nominal re-
fraction angle.

Measurement of refraction angle by test objeet The measurement of re-
fraction angle by test object shall be performed in accordance with the calcula-
tion methed of refraction angle by test object in 7.10 by measuring STB wave
velocity ratio and STB refraction angle. However, if the correction of refraction
angle by test object is specified in Annex, the measurement shall be performed
according to it.

8.1.4 Making curves for dividing echo height

a)

The curves for dividing echo height shall be made by using the test instrument
and probe to be used.

In addition, if the difference between the echo height of plotted point in the
range of path length to be used and curves dividing echo height made previ-
ously is within +2 dB, this may be used.

The curves for dividing echo height made shall be plotied on the scale plate
or marked on the indicator.

PROTECTED BY COPYRIGHT

10
Z 3060 : 2002

b}

c)

d)

e)

When making curves for dividing echo height using RB-41, the standard hole of
RB-41 shall be used. When making curves for dividing echo height using one
out of model A2 series calibration blocks, the standard hole of ¢4 mm X 4 mm
shall be used.

When making curves for dividing echo height, the probes shall be scanned at
the location as shown in Fig. 3 and Fig. 4, and the each maximum echo height
shall be plotted in the scale plate. Each of these points shall be connected by
straight lines, and it shall be taken as the curve for dividing echo height.

The curves for dividing echo height shall be made so as to include the range of
10 % to 100 % of the scale plate.

The range up to the plotted point which has the shortest path length shall be
the horizontal_ line.

The number of curves for dividing echo heights shall be plural or cne, and in
the case of the plural:curves, not less than three curves for dividing echo heights
different each to each by 6 dB in height from this curve shall be drawn.

In the case of one curve for dividing pulse amplitude, it shall be drawn in
the range of 20 % to 100 % of the scale plate. The example for drawing one
curve shall be as shown in ¢) of Fig. 3.

(®] [@ (8] (®]

@/ \@]

a) Location of scanning of probe When using RB-4} which is the same as the test
object, for examination by single traverse technique, O to ® shall be used, and for
examination by double traverse technique, O te @ shall be used.

Fig. 3 Making curves for dividing echo height by RB-41 No. 3
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¢) 2C14 x 14A65, time base range 200 mm,
STB-A2

Fig. 4 Making curves for dividing echo height by STB-A2
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8.1.5 Determination of region for dividing echo height

a) Determination of H line, M line and L line Among the curves for dividing
echo heights made in 8,1.4, a curve being at least the third or higher position
from lowest curve shall be selected to be taken as H line. And it shall be taken
as the reference line for adjusting working sensitivity.

The curve for dividing echo height lower than H line by 6 dB shall be taken
as M line and the curve lower than H line by 12 dB shall be taken as L line.

The L line shall be taken as the line of which height becomes over 10 % in the
range of path length to be used for evaluating the discontinuity echo (see Fig. 5).

When the number of curve for dividing echo height is one, H line, M line and
L line one after ancther shall be changed to read by raising or lowering gain by
the step of 6 dB.

b) The regions divided by H line, M line and L line for regional division of echo
height shall be designated as given in Table 5.

(0 10 =20 30 40 5O ) (0 10 20 30 40 50 )
100 z 100 5
% | H \ i % N H ]
N M N N
] AN
AN AN LI
50 M Il N\ 50 L 1
N
TS NN
— < <. < ~.
[l | ""-.___* | f] M~
% 125 kc ]25r.nnj
o mm ]

a) In the range of 0 mm to 100 mm, L line is
over 10 %,
Probe to be used: 5Z10 % 10A70
When the time base range is 125 mm, and
the first dividing line from the lowest is
taken as L line, the range of path length of
0 mm to 100 mm may be used.

b) In the range of 0 mm to 125 mom, L line is
over 10 %.
Probe to be used: 5210 x 10AT0
When the range of path length ¢f 0 mm
to 125 mm is used in a), the second divid-
ing line from the lowest shall be taken as
L line by raising gain by 6 dB.

Fig. 5 Examples of selection of H line and regional division

Table 5 Designation of regional division of echo heights

Range of echo height

Region of echo height

L line or under

I

Over L line up to and incl. M line

I

Cwer M line up to and incl. H line

m

Over H lino

v
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8.1.6 Adjustment of working sensitivity The working sensitivity shall be ad-
justed either by using RB-41 or by using model A2 series calibration blocks.

a)

b)

c)

Case of using RB-41 The gain of the instrument shall be adjusted so that
the echo height of the standard hole agrees with H line. The guantity of sen-
sitivity correction shall be added to it as required. The final adjustment condi-
tion shall be taken as working sensitivity.

The method for obtaining the quantity of sensitivity correction shall be in
accordance with Annexes 2 to 6. When the sum of quantity of semnsitivity cor-
rection is 2 dB or under, the sensitivity correction may not be performed.

Case of using model A2 series calibration blocks In the case of using
nominal refraction angle of 70°, the gain of the instrument shall be adjusted so
that the echo height of the standard hole of ¢4 X 4 mm agrees with H line. The
quantity of sensitivity correction shall be added to it as required. The final
adjustment condition shall be taken as working sensitivity,

In the case of using nominal refraction angle of 65°, the gain of the instru-
ment shall be adjusted so that the echo height of the standard hole of ¢4 X 4 mm
agrees with M line. The quantity of sensitivity correction shall be added to it
as required. The final adjustment condition shall be taken as working sensitiv-
ity.

In the case of using nominal refraction angle of 45°, after the gain of the
instrument is adjusted so that the echo height of the standard hole of ¢4 X 4 mm
agrees with H line, the gain shall be raised by 6 dB. The quantity of sensitiv-
ity correction shall be added to it as required. The final adjustment condition
shall be taken as working sensitivity.

The method for obtaining the quantity of sensitivity correction shall be in
accordance with Annexes 2 to 6.

The working sensitivity of each method of parallel scanning of a probe slanted,
longitudinal scanning of weld surface or straddle scanning shall be determined
by the agreement between the manufacturer and the purchaser.

8.1.7 Period of measurement, adjustment and check of test equipment At
the time for beginning the examination work, probe index, STB refraction angle, the
time base range and working sensitivity shall be measured and adjusted. Further-
more, these items shall be checked at intervals not exceeding 4 h during working
period to confirm that the conditions at that time are maintained. When the condi-
tions are not maintained, measures in Table 6 and Table 7 shall be taken.
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Table 6 Measures to be taken in the case where
the sensitivity is not maintained

Range of change Content of measures

+ 4 dB or under Readjust, and continue to carry oul works.

Decrease of over 4 dB | Readjust, and repeat the test which was performed after
the previous adjustmant or check,

Incrense of over 4 dB | Readjust, and re-test the indicated part of a discontinuity
which was observed by the test performed after the
previcus adjustment or check.

Table 7 Measures to be taken in the case where
the time base range is not maintained

Range of change Content of measures

+2 % or under Readjust, and continue to carry out works,

Over 2 % Readjust, and repeat the test which was performed after

the previous adjustment or check.

8.2 Normal beam examination

8.2.1 Adjustment of time base range The adjustment of time base range shall
be performed by using model Al calibration block, ete.

8.2.2 Making curves for dividing echo heights

a)

b}

The curves for dividing echo heights shall be made by the test instrument and
the probe to be used.

In addition, if the difference between the echo height of plotted points in the
range of path length to be used and the curve for dividing echo heights previ-
ously made is within +£2 dB, this may be used.

The curves for dividing echo height made shall be plotted on the scale plate
or marked on the indicator.

In the case of making the curves for dividing echo heights, the probe shall be
placed at the lecations of O, @, @, @ as shown in Fig. 6, and each position of
peak of the maximum echo height shall be plotted on the scale plate.

@] B
L
1
o]

Fig. 6 Probe positions for drawing curves for dividing echo height

6]
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¢} Four points plotted on the scale plate with the respective fixed working sensi-
tivities shall be connected with straight lines as shown in Figs. 7 a) and b), which
shall be taken as a curve for dividing echo height.

d) The number of curves for dividing echo heights shall be plural or one, and in
the case of the plural curves, not less than three curves for dividing echo heights
different each to each by 6 dB in height from this curve shall be drawn.

0 10 20 30 40 50 ) 0 10 20 30 40 50 |
100 100
% AY %
M,
N
Y \\
50 SN I 50
< <]
\\ [ \\ .
\--.__ I P .
cl 111t llléliélll 6 1111 II!!-I-I-:éI'I "éolol cl RSN SNENENTIN] !If6’ll JJ@I!I LLLL ‘llélilolol
mm _/ \_ mm )

b} Case of time base range of 100 mm Probe
to be used: 5C10N

a) Case of time base range of 200 mm Probe
to be used: 2C20N

Fig. 7 Examples of drawing curves for dividing echo heights

8.2.3 Determination of regional division of echo height The regional divi-
sion of echo height shall be determined in accordance with 8.1.5 as shown in Fig. 8.

) ™
,1000 10 20 30 40 50 | {1000 10 20 30 40 50
% A : % AN
\\ v N
N - \\
I, A M
% AN 9, * AN -
I \\\ B N I S S~
\-- (¥ L———
~_] Sl 'I‘.'.I . N
ey
0 O O O O O b o A
o mm_/ . mm )

a) An example in the case where main exami- b} An example in the case where the main ex-
nation range is near the path length of amination range is near the path length of
76 mm 150 mm

Fig. 8 Examples of regional division of echo heights
8.2.4 Adjustment of working sensitivity The gain of the instrument shall be
adjusted so that the echo height of the standard hole of RB-41 agrees with H line,

The quantity of sensitivity correction shall be added to it as required. The final
adjustment condition shall be taken as working sensitivity.
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8.2.5 Period of adjustment and check of test equipment At the time for be-
ginning the examination work, the time base range and working sensitivity shall be
adjusted. Furthermore, these items shall be checked at intervals not exceeding 4 h
during working period to confirm that the conditions at that time are maintained. When
the conditions are not maintained, measures in Table 6 and Table 7 shall be taken.

8.3 Tandem examination

8.3.1 Adjustment of time base range Using model Al calibration blocks or model
A3 series calibration blocks, the time base range shall be adjusted so as to agree
with the path length equal to approximately 1 skip distance of the test object, by
the single probe technique, and the angle probes shall be sequentially scanned on
the test object by V path method to obtain the maximum transmission pulse. The
path length where the maximum transmission pulse is obtained shall be marked on
the scale plate by a marker and the like.

8.3.2 Nominal refraction angle and STB refraction angle The nominal re-
fraction angle shall be 70° in the case of plate thickness of over 20 mm to and ex-
cluding 40 mm, and 45° in the case of plate thickness of 40 mm or over, and the
difference between each STB refraction angle of the probe for transmission and re-
ception shall be 2° or under.

8.3.3 Making lines for dividing echo heights The lines for dividing echo heights
as shown in Fig. 9 shall be drawn on the scale plate of the instrument in advance.
The line of 40 % of the scale plate shall be taken as M line. The line lower than M
line by 6 dB shall be taken as L line and the line higher than M line by & dB shall
be taken as H line.

8.3.4 Determination of regional division of echo height The regional divi-
sions shall be determined in accordance with 8.1.5 as shown in Fig. 9.

- _
Jol_ 18 20 30 40 50}
%
v H
{40%+6d8) |
il
50
I
L
L (40%— &)
L [ 12 ITAV1 PPTI PRIV PYTTL TV N PO ||||||1n|nw pods
055 15

Fig. 8 An example of curves for dividing echo heights
and regional division

8.8.5 Adjustment of working sensitivity For the adjustment of working sensi-

tivity, the probe shall be scanned on the acoustical sound part of the test object by
V path method, and after adjusting the gain of instrument so that the maximum
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transmission pulse agrees with M line, the value of gain given in Table 8 shall be
added according to plate thickness, The final adjustment condition shall be taken
as the working sensitivity.

Table 8 Values of gain to be added

Flate thickness Range of examination Values of gain
. to be added
20 mm or gver to and excl. 40 mm | Whole range of plate thickness 16 dB
40 mm or over to and excl, 756 mm | Whole range of plate thickness 10 dB
| 76 mm or over From front face to £/4 10dB
Over #/4 to ¢/2 incl, 1248
Over #/2 to reverse face 14 dB

8.3.6 Period of measurement, adjustment and check of fest equipment At

the time for beginning the examination work, probe index, STB refraction angle, the

time base range and working sensitivity shall be measured and adjusted. Further-
more, these items shall be checked at intervals not exceeding 4 h during working
period to confirm that the conditions at that time are maintained. When the condi-
tions are not maintained, measures in Table 8 and Table 7 shall be taken.

9 Examination

9.1 Angle beam examinafion

a) Method for scanning The method for scanning by probe shall be such that a
discontinuity is not overlooked. Furthermore, among the following methods of
scanning, for detecting a discontinuity such as a transverse crack which is apt
to be overlooked by the methed of zig-zag scanning which is usually used, the
method of straddle scanning, longitudinal scanning of weld surface, ete. shall
be used in accordance with the agreement between the manufacturer and the
purchaser.

1) Swivel scanning A method for scanning performed by rotating a probe
centred on the probe index of probe in order to change the direction of ul-
trasonic wave beam to the weld line when performing the angle beam ex-
amination (see Fig, 10).

2) Orbital scanning A method for scanning performed by moving a probe
to be toward the central point along the circumference centred on a discon-
tinuity in order to change the direction of ultrasonic wave beam to a dis-
continuity when performing the angle beam examination (see Fig. 10),
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LY

Swivel scanning Orbital scanning :

7} Tﬂf&\}

Fig. 10 Swivel scanning, orbital scanning

—

Zig-zag scanning A method for scanning performed by moving a probe
in parallel to the weld line scanning back and forth mixing with a-swivel
scanning when performing the angle beam examination (see Fig. 11),

15

18 18

Maks it
shorter
than the
width of
probe.

L

LW L

TT iy

b

4)

5)

o (1 (1]
( s B e —
058

e
—
\_ Swivel 1

(approx. +10° to 157 )

Fig. 11 Zig-zag scanning

Lateral square scanming A method for scanning performed by moving
a probe in parallel to the weld line at regular intervals when performing
the angle beam examination {see Fig, 12). In the case of tandem examina-
tion, it refers to lateral square tandem scanning.

Square scanning A method for scanning performed by moving a probe
perpendicular to weld line at regular intervals when performing the angle
beam examination (see Fig. 12). In the case of tandem examination, it refers
to square tandem scanning.

PROTECTED BY COPYRIGHT



19
Z 3060 : 2002
Seanning
interval
1 T N Scanning
interval

L

Fig. 12 Lateral square scanning, square scanning

6) Parallel scanning of a probe slanted A method for scanning performed
by moving a probe, which i placed at an angle to the weld line by using
only one probe as a simple method of straddle scanning, in parallel to the
weld line when performing the angle beam examination (see Fig. 13).

Value of @: within 10°

o

1) \‘l\hﬁ\

i

Fig, 13 Parallel écanning of a probe slanted

7y Longitudinal scan of weld surface (parallel scanning) A method for
scanning performed by moving a probe, which is placed on the weld and
heat-affected zone where weld reinforcement is deleted with the ultrasonic
wave beam turned to the direction of weld line in order to detect a discon-
tinuity such as a transverse crack, to the direction of weld line when per-
forming the angle beam examination (see Fig. 14).

Swivel

=[] ,£10w15

=[O \
T =01
Deletion of weld

reinforcement

Fig. 14 Longitudinal scan of weld surface
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b)

c)

d)

8) Straddle scanning A method for scanning performed by moving two probes
at the same time, which are placed one by one on the both sides of weld
line in order to detect a discontinuity such as a transverse crack in the
direction perpendicular to the weld line, when performing the angle beam
examination (a type of double probe technique) (see Fig. 15).

- Example of 8
Y Nominal Angle of B
8 refraction angle
45° 110° to 130°
e0° 110° {0 130°
70° 80° to 120°
-
—

D |

Fig. 15 Straddle scanning

Discontinuity regarded as object of evaluation The discontinuity where
the maximum echo exceeds M disregard level shall be regarded as the object of
evaluation in the case of using M disregard level and the discontinuity where
the maximum echo exceeds L disregard level shall be regarded as the object of
evaluation in the case of using L disregard level, in the condition where the
working sensitivity is adjusted to that specified in each Annex.

‘When the number of curve for dividing echo height is one, the gain of instru-
ment shall be adjusted so that the curve for dividing echo height in the range
of path length to be used becomes the disregard level.

Region of echo height The probe is placed at the location where the maxi-
mum echo is indicated, and the region of echo height in which the peak of the
maximum echo exists shall be taken.

In the case of detecting one discontinuity at the different refraction angle or
on the different test surface, the region of echo height shall be taken as the
highest region.

Ultrasonic discontinuity length In the probe to weld distance indicating
the maximum echo, the transference distance of the probe in the range where
the echo height exceeds L line measured by lateral scanning method shall be
taken as the ultrasonic discontinuity length (). The measurement shall be
performed in units of 1 mm. In this case, depth scanning methed is used, but
swivel scanning is not used. However, in the case of using the probe of nomi-
nal frequency of 2 MHz, the transference distance of the probe in the range where
the echo height exceeds one half (-6 dB) of the height of the maximum echo
shall be taken as the ultrasonic discontinuity length,
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In the case of detecting one discontinuity at the different refraction angle or
on the different test surface, each of the start and the end shall be cbtained,
and the largest length of their intervals shall be taken as the ultrasonic discon-
tinuity length. ]

When the number of curve for dividing echo height is one, the gain of instru-
ment shall be adjusted so that the curve for dividing echo height in the range
of path length to be used bhecomes L line.

Presentation of location of discontinuity As shown in Fig. 16, the loca-
tion of a discontinuity in the transverse section shall be presented by depth {d)
of a discontinuity obtained at the probe location (Xp) indicating the maximum
echo and location (k) in the direction perpendicular to the weld line, and the
location in the direction in parallel to the weld line shall be presented by the
probe location (X%) indicating the maximum echo, and the start (Xs) and the
end (Xg) of ultrasonic discontinuity length (1),

Ultrasonic discontinuity height The measurement of ultrasonic disconti-
nuity height, if specially required, shall be performed in accordance with An-’
nex 8.

Xe
Xp d
Xe !
=2 \“_
—
X
h_ Discan- .
tuity |
Probe

i 1
I [ 1 : -
i
. ) [ R

Fig, 16 Presentation of location of discontinuity
for angle beam examination

9,2 Normal beam examination

a)

b)

Method for scanming The method for scanning by probe shall be performed
s0 that a discontinuity is not overlooked.

Discontinuity regarded as object of evaluation The discontinuity where
the maximum echo exceeds M disregard level shall be regarded as the sbject of
evaluation in the case of using M disregard level and the discontinuity where
the maximum echo exceeds L disregard level shall be regarded as the object of
evaluation in the case of using L disregard level, in the condition where the
working sensitivity is adjusted to that specified in 8.2.4,

PROTECTED BY COPYRIGHT

22

Z 3060 : 2002

c}

)

e)

Region of echo height The probe shall be placed at the location where the
maximum echo is indicated, and the region of echo height in which the peak of
the maximum echo exists shall be taken.

Ultrasonic discontinuity length The position indicating the maximum echo
shall be taken as centre of scanning, and the transference distance of the probe
(long diameter) in the range where the echo height exceeds L line measured by
scanning its circumference shall be taken as the ultrasonic discontinuity length.
However, in the case where the plate thickness of the part where the probe is
contacted is not less than 75 mm, and the probe of nominal frequency of 2 MHz
is used, the transference distance of the probe in the range where the echo height
exceeds one half (-6 dB) of the height of the maximum echo shall be taken as
the ultrasonie discontinuity length. The measurement shall be performed in
units ¢f 1 mm,

Presentation of location of discontinuity As shown in Fig. 17, the loca-
tion of a discontinuity in the transverse section shall be presented by depth (d)
of a discontinuity obtained at the probe location {(X»} indicating the maximum
echo, and the location in direction in parallel to the weld line shall be presented
by the probe location (Xp) indicating the maximum echo and the start (Xs) and
the end (Xg) of ultrasonic discontinuity length ().

! d |
Prohe Probe 1
P *  ——
\7’:—' i \
M\_ Discon-
tinuity
Xg
p.
Xe

Fig. 17 Presentation of location of discontinuity
for normal beam examination

9.3 Tandem examination

a)

Examination method

1) Marking-off of tandem base line On the weld line to be examined by
tandem probe technique, the base line shall be marked at the definite dis-
tance (L) from the groove face prior to the welding,

2) Determination of tandem reference line The distance from the test
cross-section to tandem reference line (Luss) shall be obtained from the plate
thickness (£) at the side which is used as the test surface of the test object
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and STB refraction angles {&r and &) of probes for transmission and re-
ception according to the following formulae. The tandem reference line shall
be determined at the }ocation of the distance (L) away from the base line
as shown in Fig. 18,

Loss =t X tanf

_ B+
=3

L=L"—-Lyss

Tandem reference line \ Base line

i
4

I
4
i
i

I
!
!
4
/’/
Loss L

Test
surface

Conver-
gence
point

Test crosg-section
Fig. 18 Determination of tandem reference line

3) Arrangement of probe The probe index of probes for transmission and
reception shall be arranged at the distance equal to the tandem reference
line. '

4) Yace and side to be examined The face and side of the test object to
be examined by tandem probe technique shall be single face and both sides
of welds in the case of butt welds and shall be single face and single side
of welds in the case of T shape and corner joints welds.

5) Method for scanning The method for seanning of probe shall be per-
formed in accordance with the lateral square tandem scanning or square
tandem scanning given in Fig. 12,

Diseontinuity regarded as object of evaluation The discontinuity where
the maximum echo exceeds M disregard level shall be regarded as the object of
evaluation in the case of using M disregard level and the discontinuity where
the maximum echo exceeds L disregard level shall be regarded as the object of
evaluation in the case of using L disregard level, in the condition where the
working sensitivity is adjusted to that specified in 8.3.5.

Region of echo height The probe shall be placed at the location where the
maximum echo is indicated, and the region of echo height in which the peak of
the maximum echo exists shall be taken.

PROTECTED BY COPYRIGHT

24
Z 3060 : 2002
d} Ulirasonic discontinuity length The lateral scanning with depth scanning

e)

ag the scanning centre indicating the maximum echo shall be used for this mea-
suremenft. The transference distance of the probe in the range where the echo
height exceeds M line shall be taken as the ultrasonic discontinuity lenpgth in
the case of using M disregard level. And the transference distance of the probe
in the range where the echo height exceeds L line shall be taken as the ultra-
gonic discontinvity length in the case of using L disregard level. The measure-
ment shall be performed in units of 1 mm.

Presentation of location of discontinuity As shown in Fig. 19, the loca-
tion of a discontinuity in the transverse section shall be presented by depth (d)
of & discontinuity obtained at the probe location (Xp) indicating the maximum
echo and Iocation (%) in the direction perpendicular to the weld line, and the
location in the direction in paralle] to the weld line shall be presented by the
probe location (Xp) indicating the maximum echo and the start (Xs) and the end
(Xg) of ultrasonic discontinuity length (7).

Xe
Xe
X !

Discontinuity
Probe

[ L

Fig. 19 Presentation of location of discontinuity
for tandem examination

oF

" 10 Record Necessary information shall be recorded from the following items af-

ter the examination:

a)
b)
c}
d)
e)
3]
g)

Date of the examination

Name of tile constructor or manufacturer of the test object

Name of work or products

Numbers or symbols of the examinations

Signature and qualifieation of the personnel engaged in the examination
Material and dimensions

Method of welding and form of groove

PROTECTED BY COPYRIGHT



h}

1]
h)j
k)

1)
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T)
8}
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x)
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Model of the test instrument used, its performance characteristics and date of
check

Model of the probe used, its performance characteristics and date of check
Reference or calibration blocks used

Thickness of reference block, curvature, condition of test surface and STB wave
velocity ratio .

Condition of test surface of test cbject and method of finishing
Range of the examination

Kind of couplant

Nominal frequency and test frequency

Nominal refraction angle and STB refraction angle

STB wave velocity ratio and its measurement method
Refraction angle by test object and its method of calculation
Time base range

Curves for dividing echo height

Working sensitivity

Quantity of sensitivity correction

Disregard level

Location of probe measured along the direction of weld line indicating the maxi-
mum echo, probe to weld distance, path length, height of the maximum echo
(region), ultrasonic discontinuity length, depth of discontinuity, location of di-
rection perpendicular to weld line and the start and the end of ultrasonic dis-
continuity length

Acceptance or rejection and criteria thereon
The following items shall be recorded when DAC circuit is used.

1) Model of the test instrument and performance characteristics in the case
of using DAC

2) Manufacturing number of the probe and performance characteristics in the
case of using DAC

3) Adjusted distance of DAC start point
4} DAQC inclination value
5) Curves for dividing echo heights when using DAC

The following items shall be recorded in the case where tandem examination is
applied.
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1) Shadow zone
2) Specification of the jig for tandem examination
3) Pogition of tandem reference line

4) Location of discontinuity in the direction of plate thickness (depth)

ab) Other items (designated items, subject of discussion, witnessing, sampling method,

ete.)

Related standards;

JIS B 0601 Geometrical Product Specification (GPS)—Surface texture : Profile
method—Terms, definitions and surface texture paramelers

JIS Z 2344  General rule of uliresonic testing of metals by pulse echo technique

JIS Z 2351 Method for assessing the electrical characteristics of ultrasonic test-
ing instrument using pulse echo technique

PROTECTED BY COPYRIGHT



27
Z 3060 : 2002

Annex 1 (normative)

Function and performance of ultrasonic test equipment

1 Scope This Annex specifies the function and performance of ultrasonic test equip-
ment to be used in this Standard.

2 Test instrument

2.1 Function required for test instrument The function required for the test
instrument shall be as follows:

a) The test instrument shall be able to be used for either single probe technique
or double probe technique.

b) For the gain adjuster, the sum of adjusting quantity shall be not less than 70 dB
with not more than 1 dB per step.

¢) For the auxiliary scale plate, curves for dividing echo height, ete. shall be able
to be written, the attachment and detachment shall be easy to be carried out,
and the measurement error by parallax shall be small.

d) Among the continuously adjusting knobs, those which are related to time axis
and have a possibility of working in use shall have a lock mechanism to be attached,

e) The test instrument nsed in combination with the heavy damped short pulse
probe shall be capable of displaying or outputting RF wave shape.

2.2 Performance required for test insirument The perfermance reguired for
test instrument shall be as follows:

a) The amplification linearity shall be measured in accordance with 4.1 of JIS Z
2352 and shall be within +3 %.

b) The time axis linearity shall be measured in accordance with 4.2 of JIS Z 2352
and ghall be within +1 %.

¢) The margin of sensitivity shall be measured in accordance with 4.8 of JIS Z
2352 and shall be not less than 40 dB.

d) Por the stability of power supply variation, the sensitivity variation in the range
of rated voltage shall be within +1 dB, and the amount of transference of ver-
tical axis, time axis, and starting point of DAC shall be within =2 % fs.

2.3 DAC function The test instrument to which DAC circuit is added may be
used.

2.4 Inspection of performance of test instrument The test instroment shall
be inspected at the time of purchase of instrument and at intervals not exceeding 12
months, and it shall be confirmed that the required performance is maintained with
respect to a) to ¢) of 2.2 in accordance with § of JIS Z 2352,
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8 Probe

8.1 PFunction required for probe The function required for probe shall be as
follows:

a)} The probe shall be compatible with the test instrument to be used.

b) In order to make the measurement of probe index easy, both sides of the angle
probe shall be marked with a guide scale of the intervals of 1 mm.

¢) 'The nominal size of transducer of angle probe shall be 5 mm X 5 mm or over up
to and including 20 mm X 20 mm. The nominal size to be used as a standard
ghall be in accordance with Annex 1 Table 1. However, the nominal size of trans-
ducer of probe to be used for tandem examination is not specially specified.

d)} The shape of transducer of normal probe shall be circular, and its nominal size
shall be 10 mm or over up to and including 30 mm. The nominal diameter to
be used as a standard shall be in accordance with Annex 1 Table 2.

Annex 1 Table 1 Nominal frequency of angle probe and nominal
size of transducer to be used as a standard

Nominal frequency | Nominal size of transducer
MH=z mm
2 14 % 14, 20x 20
[ 5%5, 10x10

Annex 1 Table 2 Nominal frequency of normal probe and nominal
diameter of transducer to be used as a standard

Nominal frequency Nominal diameter of transducer
MHz mm
2 20, 28
B 10

3.2 Performance required for angle probe The performance required for angle
probe shall be as follows:

a) The distance between probe index and front end of probe housing shall be within
the values given in Annex 1 Table 3. However, the minimum distance between
probe indices of probe to be used for tandem examination shall be 20 mm or
under in the case of probe of § MHz in nominal frequency and 45° in nominal
refraction angle, 27 mm or under in the case of probe of 70°, and 26 mm or under
in the case of probe of 2 MHz, 45°.
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Annex 1 Table 3 Distance between probe index
and front end of probe housing

Nominal dinmeter Distance between probe index
of transducer and front end of probe bousing
mm mrn
20% 20 25
14 % 14 20
10%10 15
5% 5 7

The nominzl refraction angle shall be 40°, 45°, 60°, 65° or 70°.

SN ratio shall be not less than 22 dB in the range of path length to be used,
measuring the noise level to H line in combination with the test instrument to
be used.

The far surface resolution shall be measured in accordance with 4.8 of JIS Z
2352 in combination with the test instrument to be used, and shall be within
the values given in Annex 1 Table 4. However, it shall be 8 mm or under in the
case of nominal frequency of other than 2 MHz and 5 MHz.

Annex 1 Table 4 Far surface resolution of angle probe

Nominal frequency Regolution
MHz mm

2 . 9 or under

B b or ander

The dead zone shall be measured in accordance with 13.4 of JES Z 2350 when
in combination with the test instrument to be used, and shall be within the
values given in Annex 1 Table 5. However, it shall not be specified in the case
of nominal frequency of other than 2 MHz and 5 MHz.

In the case of nominal dimension of transducer of 5§ mm X 5 mm, it shall be
measured with working sensitivity to be used.

The dead zone of probe to be used for tandem examination shall not be speci-
fied.

Annex 1 Table 5 Dead zone of angle probe

Nominal frequeney | Nominal size of transducer Dead zone
MHz mm mm
2 14 %14 25
20%20 15
6 5% B 8
10X 10 <18
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f) The deviation of the beam central axis shall be measured in accordance with

the measuring method in 13.1 of JIS Z 2350 and this angle shall not exceed 2°,

3.3 Performance required for normal probe The performance required for
normal probe shall be as follows:

a)

b)

c)

The echo height such as noise, in combination with the test instrument to be used,
shall be 10 % or under of indicator scale in working sensitivity to be used.

The far surface resolution shall be measured in accordance with 4.4 of JIS Z
28562 when in combination with the test instrument to be used, and shall be
within the values given in Annex 1 Table 6. However, it shall be 8 mm or un-
der in the case of nominal frequency of other than 2 MHz and 5 MHz,

Annex 1 Table 6§ Far surface resolution of normal probe

Nominal frequency Resolution
MHz mm

2 9 or under

B 6 or under

The dead zone shall be the length up to the point where the edge height be-
comes 20 % fs in the end from the rising point of transmitted pulse or surface
echo with working sensitivity to be used, and shall be taken in distance in steel.
The valuve of dead zone shall be 8 mm or under in the case of nominal frequency
of 5 MHz, and 15 mm or under in the case of 2 MHz,

3.4 Inspection of performance of angle probe The angle probe shall be in-
spected with respect to items given in 3.2 at the period specified in Annex 1 Table 7,
and it shall be confirmed that the required performance is maintained.

Annex 1 Table 7 Inspeetion period of performance of angle probe

Inspection items Inspection period

At the time of purchase
and just after repairing

Deviation of beam central axis
SN ratio

Diatance between probe index and
front end of probe housing

Far surface resolution

Dead zone

At the time of purchase

Test frequency

8.5 Imspection of performance of normal probe The normal probe shall be
inspected with respect to items given in 3.3 at the time of purchase and at least
once every month, and it shall be confirmed that the required performance is main-
tained.
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4 Jig for tandem examination The jigs for tandem examination shall be capable
of arranging two probes for transmission and reception, and performing lateral square
tandem scanning or square tandem scanning,
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Annex 2 (normative)

Examination method for joint welds of flat plate

1 Scope This Annex specifies the ultrasonic examination method for butt joint
weld of flat plate, T form joint weld, corner joint weld, circumferential joint weld
with not less than 1 000 mm in curvature radius of a test surface and longitudinal
joint weld with not less than 1 500 mm in curvature radius of a test surface.

2 Reference and calibration blocks to be used The reference and calibration
blocks to be used shall be RB-41 or STB described in 5 of the body. However, RB-
41 shall be used for adjustment of working sensitivity in the case where the test
object having the transverse wave velocity different from STB wave velocity (the test .
object in the range of STB wave velocity ratio which uses an angle of refraction by
test object in Table 4 of the body) is examined.

3 Probe to be used The probe to be used is selected in accordance with Table 4
of the body and 8 of Annex 1,

In addition, when the plate thickness of test object exceeds 75 mm, the nominal
refraction angle of 45° in addition to the angle of refraction selected in Table 4 of
the body shall be used.

4 Adjustment of test equipment

4.1 Adjustment of time base range The time base range shall be adjusted in
aceordance with 8.1.2, 8.2.1 or 8.3.1 of the body.

4.2 Measurement of probe index, STB refraction angle and refraction angle
by test object The probe index shall be measured in accordance with 8.1.1 of the
body. STB refraction angle and the refraction angle by the test object shall be measured
in accordance with 8.1.3 of the body.

4.3 Making curves for dividing echo height The curves for dividing echo height
shall be made in accordance with 8.1.4, 8,2,2 or 8.3.3 of the body.

4.4 Method for obtaining gquantity of sensitivity correction The quantity of
sensitivity correction in the angle examination shall be cbtained by the following
methods.

a) After adjusted to the time base range to be used, the probe to be used for ex-
amination and the probe of the same model as that shall be used by double probe
technique.

b} The probes are arranged at the positions on the practical test object as shown
in Annex 2 Fig. 1 a), the distance between both probes shall be adjusted so that
the maximum transmission pulse is obtained. The height of maximum trans-
mission pulse shall be adjusted to 50 % fs and the indication of gain controls is
read out and the value shall be taken as V (dB).
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¢) The probes are arranged at the positions on reference block or one out of model
A2 geries calibration blocks as shown in Annex 2 Fig. 1 b), and by the same pro-
cedure as b) above, the height of maximum transmission pulse shall be adjusted
to 50 % fs, and the indication of gain controls is read out and the values shall
he taken as V) (dB) and V3 (dB).

d) In the case where the path lengths of both cases are not correspondent, as shown
in ¢) of Annex 2 Fig. 1, the value of V* on two path lengths which are longer
and shorter than the path length in the test object shall be read out.

e) |V’ — V| shall be taken as the quantity of sensitivity correction.

4.5 Adjustment of working sensitivity The working sensitivity shall be adjusted
in accordance with 8.1.6, 8.2.4 or 8.3.5 of the body.

5 Examination method

6.1 Test surface The test surface shall be in accordance with Annex 2 Table 1.
In the case of T form joint and corner joint, the test surface when applying single
probe angle beam examination technigue shall be the face on the side where groove
is taken. The faces and sides shall be as shown in Annex 2 Fig, 2,

5.2 Scanning direction The scanning direction shall be the direction with not
less than two directions of ultrasonic beams in order to prevent overlooking a dis-
continuity due to its inclination as shown in Annex 2 Figs. 3 to 5.

5.3 Scanning method The scanning method of probe shall be performed so that
a discontinuity is not overlooked by using zig-zag secanning in 3) among other scan-
ning methods in 9.1 a) of the body.

6 Estimation method of discontinuity location In the case where a disconti-
nuity is detected, its location shall be estimated from the probe-to-welds distance,
path length, and refraction angle selected according to the wave velocity ratio to
STB in 7.9 of the body.
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Annex 2 Table 1 Test surface

Specification | Maximum path length Frequency Test surface Examination method
of joint to be used
mm
Butt joint 150 mm or under 2 MHz or 5 MHz | Single face/ | Single and double traverse
both sides
Over 150 mm up to 2 MHz Single face/ | Single and double traverse
and incl, 250 mm both sides
Over 260 mm 2 MHz Both faces/ | Single traverse
both sides
T form joint 150 min or under 2 MHz or 5 MHz | Single face/ | Single and double traverse
single side
Over 150 mm up to 2 MHz Single face/ |- Single and double traverse
and inel. 250 mm single side
Over 250 mm 2 MHz Both faces/ | Single traverse
eingle side
Corner jeint 150 mm or under 2 MHz or 5 MHz | Single face/ | Single and double traverse
(case of closed single side
section)
Over 150 mm up to 2 MHz Single face/ | Single and double traverse
and incl, 250 mm single side
Over 250 mm 2 MHz Single face/ | Single and double traverse
aingle side
Probe
R Probe
| ] T R, { R
w
w, W,
a) Test object h) STBor RB
° STB or RB
4 W
&
g _ v
o STB or RB
&
42 ¥
ey
83 v
=1 I Test object
Wi W W,

¢} Quantity of sensitivity correction (V' - V)

Path length (mm}

Annex 2 Fig. 1 Method for obtaining quaniity
of sensitivity correction
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Side
Face
/| /
\ Weld Parent
\ / materials
Face
Annex 2 Fig. 2 Faces and sides of weld
Probe
. - M
™~
e
) LJ
a) Case of maximum path length to be used of b} Case of maximum path length to be used of
250 mm or under over 250 mm

Annex 2 Fig. 3 Examination method for butt joint weld

\!—(W [
AN

29

<

el
7

Fa
—
a) Case of maximum path length to be used of b) Case of maximum path length to be used of
260 mm or under over 250 mm

Annex 2 Fig. 4 Examination method for T form joint weld
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Probe
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—

Annex 2 Fig. 5 Examination method for corner joint weld
of closed section
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Annex 3 (normative)
Method for the examination of circumferential joint welds

1 Scope This Annex specifies the method for the ultrasonic examination of cir-
cumferential joint welds with which the curvature radius of test surface is 50 mm or
more to and excluding 1 000 mm.

2 Reference and calibration blocks to be used

2.1 Scope of reference and calibration blocks The reference block and cali-
bration block shall be used in accordance with Annex 3 Fig. 1 in consideration of the
adjustment items of the instrument and curvature radius of the test object.

In addition, RB-A8 may be used in place of RB-41 of Table 1 of the body and Fig. 1
of the body.

Curvature radius 50 mm 250 min 1 000 mm
Measurement of probe index EJ :
Adjustment of time base range i STB-Al or model A3 series calibration hlock
Adjustment of refraction angle
Dividing echo height :

o Ll

. % F i
Making curves { RB420rRB-A6 | RB-dl
Adjustment of working sensitivity é ::

Annex 3 Fig. 1 Scope of reference and calibration blocks

2.2 Reference block of RB-42 The form and dimensions of reference block of
RB-42 shall be as shown in Annex 3 Fig. 2.

In addition, RB-42 shall be any of the following:

a) Having the curvature to the direction perpendicular to the scanning direction
with the test surface finished with homogeneous low damping materials.

b) Having the curvature meeting the following conditions in the state of the same
grade of steel, test surface as those of the test object.

Conditions : The thickness and curvature shall be within + 10 % of those of test
object, and the wave velocity difference between RB-42 and test
object shall be within 12 %.
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I L: Length of reference block The

2 L length of reference black shall

be determined according to
path length to be used.

It shall ba the length in
which V path method of sensi-
tivity correction is performed
or not less than twice the
length.
| Ly: Length of 5/4 skip or more,

&3 L 40 mm or more
T': Thickness of reference blacle
W: Width of block
W>2<4-8/i0
8§ Maximum path length to
be used
D: Width of transducer

Annex 3 Fig. 2 Example of RB-42

W

2.3 Reference block RB-A6 The {orm and dimensions of reference block RB-AB
shall be as shown in Annex 3 Fig. 3. The perpendicularity of hole of RB-A8 shall be
0.5° or less, top angle of hole shall be 118°, and the corner of hole shall not be cham-
fered. Furthermore, the thickness and curvature of RB-A6 shall be within £10 % of
those of test object, and the wave velocity difference between RB-A6 and test object
shall be within %2 %.

L : Length of reference
L block The length of
reference block shall
be determined ac-
cording to path
length to be used.
It shall be the length
in which V path
method of sensitivity
correction is per-
formed or not less
L than twice the
length.
L,: Length of 1.5 skip or
more
T': Thickness of refer-
ence block

W: Width of block,
60 mm or more

Annex 3 Fig. 3 RB-A6
3 Probe to be used

3.1 Contact face of probe The process for making the contact face of probe curved
surface shall not be carried out. In the case of curvature radius of 250 mm or less,

jigs for stabilizing contact of probe may be used.
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3.2 Nominal refraction angle of probe The nominal refraction angle of probe
to be used shall be as shown in Table 4 of the body.

In addition, when the thickness of test object is over 76 mm, the nominal refrac-
tion angle of 45° in addition to the angle of refraction selected in Table 4 of the body
shall be used.

4 Adjustment of test equipment

4.1 Adjustment of time base range The adjustment of time base range shall
be performed in accordance with 8.1,2 of the body by using model Al calibration
blocks or model A3 series calibration blocks.

4.2 Measurement of probe index and refraction angle by test object The
probe index and refraction angle by test object shall be measured in accordance with
8.1.1 of the body and 8.1.3 of the body.

4.8 Making curves for dividing echo height

4.3.1 Case of using RB-41, RB-42 The curves for dividing echo height in the case
of using RB-41, RB-42 shall be made in accordance with 8.1.4 of the body.

4.3.2 Case of using RB-A6 The curves for dividing echo height shall be made
according to the following procedure in accordance with 8.1.4 of the body by using
the probe to be used. However, the curves for dividing echo height in the case of
examining the test object having the transverse wave velocity different from STB
wave velocity shall be made by using RB-41,

a} The positions of peaks of the maximum echoes at 0.5 skip and 1.0 skip, or 1.0
skip and 1.5 skip shall be plotted on the scale plate, and these two points shall
be connected with straight line,

b) The horizontal line shall be drawn in the range of left side from 0.5 skip.
4.4 Method for obtaining quantity of sensitivity correction

4.4.1 Case of using RB-42 and RB-A6 The sensitivity shall not be corrected in
the case of using RB-42 and RB-AS6.

4.4.2 Case of using RB-41

a) Case of examining test object from cuter side In the case where the cur-
vature radius of the test object is 250 mm or more and the examination is per-
formed from the outside of the test object, the quantity of the sensitivity correction
shall be obtained from Annex 3 Fig. 4 and Annex 3 Fig. 5 by the nominal fre-
quency, nominal transducer size of the probe to be used and couplant, in units
of 1dB.
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b}

Couplant: glycercl water solution of 75 % or mora

5
fd
j§ 4 ;rylezoxzomm
E@ //2!14Hzl4x1-imm EMHz10X 10 mm
“6 ~
(=]
S~

0 [
250 500 750 1000 1250 1500
Curvature radius of lest object (mm)

Annex 8 Fig. 4 Quantity of sensitivity correction due
to curvature of circumferential joint

Couplant: oil
6 ZII\AH220><20 mm
|
£ - /ZMHZMXMmm. EMHz 10x10mm;
p=}
£
i3 /Y
is >
"HE .
gg 2 \\\
~
|

1]
250 500 750 1000 1250 1500
Curvature radivs of test object (mm)

Annex 3 Fig. 5 Quantity of sensitivity correction due
to curvature of circumferential joint

Case of examining test object from inner surface (concave surface)

1

2)

Both the angle probe to be nsed and the angle probes having the same model
shall be opposite to each other as shown in Annex 3 Fig. 6 b) and the dis-
tance between the probes shall be adjusted to obtain the maximum trans-
mission pulse with V path method (arrangement of T-R,) and V path method
of triple bounce (arrangement of T-R:). Two peaks of the transmission pulses
obtained shall be plotted and connected by a straight line [see Annex 3
Fig. 6 ¢)l.

At the same sensitivity as 1), both angle probes are opposite to each scan-
ning direction as shown in Annex 3 Fig, 6 a) and the distance between the
probes shall be adjusted to obtain the maximum transmission pulse with
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V path method. The difference in height of the transmission puises in that
path length shall be read out in units of 1 dB (round off), and it shall be
taken as the quantity of sensitivity correction.

4.6 Adjustment of working sensitivity

4.5.1 Case of using RB-A6 Gain of the insfrument shall be adjusted so that the
echo height of calibration hole of RB-A6 agrees with H line. The condition shall be
taken as the working senzitivity. However, the adjustment of sensitivity in the case
of examining the test object having the transverse wave velocity different from STB
wave velocity shall be performed by RB-41, RB-42,

4,6.2 Case of using RB-41, RB-42 Adjustment of the working sensitivity in the
case of using RB-41, RB-42 shall be performed in accordance with 8.2.4 of the body.

b Examination method
5.1 Test surface The test surface shall be in accordance with Annex 3 Table 1,

5.2 Scanning direction The scanning direction shall be the direction with not
less than two directions of ultrasonic beams in order to prevent overleoking a dis-
continuity due to its inclination.

5.8 Scanning method The scanning method of probe using zig-zag scanning in
8) ameng other scanning methods in 9.1 a) of the body shall be performed so that a
discontinuity is not overiooked.

6 Estimation method of discontinuity location In the case where a disconti-
nuity is detected, its location shell be estimated from the probe to welds distance,
path length, and refraction angle selected by the wave velocity ratio to 8TB in 7.9 of
the body.
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Annex 3 Table 1 Test surface

Examination Maximum path Frequency Test surface Examination
from inner and | length to be used method
outer sides mm
Case where 150 mm cor under 2 MHz or | Outer face (convex surface) Single and double
examination 5 MHz both sides traverse techniques
from only
outer side is Over 150 mm up fo | 2 MHz Outer face (convex surface) Single and double
possible and incl. 260 mm - | both sides traverse techniques
Over 250 mm 2 MHz Quier face (convex surface) Single and double
both sides traverse techniques
Case where 160 mm or under 2 MHz or | Outer face {convex surface} Single and double
examination & MHz both sides traverse techniques
from both
inner and Over 150 mm up to | 2 MHz Outer face (convex surface) Single and double
outer sides are | and incl. 2560 mm both sides traverse techniques
ibl
possible Over 250 mm 2 MHz Inner and outer faces Single traverse
(concave and convex surface) | technique
both sides
/\
1 |
\?.I\— I_RI
Probe Probe
a) Test object T R, Probe R
STB or BB b) S$TBor RB
a4 V]
E
E_V STB or RB
£83 v
g8 5V
E %ﬁ \— Test chject

Wi A
Path length (mm)

¢) Quantity of sensitivity correction (V' = V)

Annex 3 Fig. 6 Quantity of sengitivity correction for examination
from inner surface (concave surface)
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Annex 4 (normative)

Examination method for longitudinal joint welds

1 Scope This Annex specifies the ultrasonic examination method for longitudinal
joint welds having a test surface whose curvature radius is 50 mm or more to and
excluding 1 500 mm and having a wall thickness to outer diameter ratic of not more
than 16 %.

2 Definitions For the purposes of this Annex, the definitions given in the body
and JIS Z 2300, and the following definitions shall apply.

a)

b)

3

wall thickness centre-path lengith In the angle beam examination of the
test object having curvature, the wall thickness centre-path length shall be the
distance between the probe index of probe, O and the centre of wall thickness,
P (Wg in Annex 4 Fig. 1). This path length in the angle beam examination of
longitudinal joint welds shall not be half of 0.6 skip path length (Wy in Annex 4
Fig. 1} te wall thickness.

wall thickness centre-probe distance In the angle beam examination of the
test object having curvature, the wall thickness centre-probe distance shall be
the distance for wall thickness centre-path length We to be projected on the outer
surface of test object (Yo in Annex 4 Fig. 1). This distance in the angle beam
examination of longitudinal joint welds shall not be half of 0.5 skip probe dis-
tance (Y1 in Annex 4 Fig. 1) to wall thickness.

% The ratio of wall thickness (¢} to outer diameter (D).

Annex 4 Fig. 1 Symbols in angle beam examination
of test cbject with curvature

Calibration and reference blocks to be used

3.1 Scope of blocks The calibration and reference blocks to be used shall be speci-
fied in Annex 4 Fig. 2 according to curvature radius of the test object.

In the case where curvature radius of the test object is under 250 mm, the refer-

ence block of RB-43 shall be unsed.

In the case where curvature radius of the test object is 250 mm or more, the ref-

erence block of RB-41 of 5.2 of the hody shall be used.
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Curvature radius 50 mm 250 mm 1000 nun
Measurement of probe index e .
Adjustment of time base range STB-Al or model A3 series calibration bleck §
Adjustment of refraction angle : :

€ i€ :
RB-43 STB-A1 or model A3 series i

calibration block, or test ohject

Making curves for dividing echo height
Adjuatment of working senaitivity RB-43 i RB-41 :

-
-

Y.

Annex 4 Fig. 2 Scope of blocks

3.2 Reference block RB-43 The reference block RB-43 shall be as follows:

a)

b)

c)

The form and dimensions of RB-43 shall be given in Annex 4 Fig. 3 and it shall
be made from a part of the test object or steel materials having the ultrasonic
characteristics equal to that of the test object.

In the case of examining the test object having the transverse wave velocity
different from STB wave velocity, the reference block shall be made from the
steel of the same materials as the test object.

The condition of the test surface of RB-43 shall be equal to that of the test sur-
face of the test object.

ﬁ‘g" where,
i . L length of reference block
L1 : length of 2 skip or more
Lz: length of 1 akip or more

t: thickness of reference bloek

W: width of reference block, 80 mm
or more

Annex 4 Fig. 3 Example of reference block RB-43

4 Probe to be used

4.1 Contact face of probe The process for making the contaet face of probe curved
surface shall not be carried out. In the case of the curvature radius of 250 mm or
under, jigs for stabilizing contact of probe shall be used.
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4.2 Nominal refraction angle of probe The refraction angle of the probe to be
used shall be selected according to Annex 4 Table 1. In the case of selecting the
nominal refraction angle of 40° or 45°, 65° or 70° ghall ke used together.

Annex 4 Table 1 Nominal refraction angle of probe usable
for examining longitudinal joint welds

é— {%) Usable nominal refraction angle (degree)

2.3 or under 70, 66, 80, 45, 40

Over 2.3 up to and incl. 5.8 60, 46, 40

Over 5.8 up to and incl. 11.1 | 46, 40

Ower 11.1 up to and incl. 16.0 | 40

5 Adjustment of test equipment

5.1 Adjustment of time base range The adjustment of time base range shall
be performed in accordance with 8.1.2 of the body.

5.2 Measurement of refraction angle by test object

5.2.1 Case of using RB-43

a) The path length of 0.5 skip Wy shall be calculated according to the following
formula by using Wp and Wq in Annex 4 Fig. 4.

WiL=Wq—Wp-
Next, %,. shall be caleulated.

Annex 4 Fig. 4 Explanatory drawing of W.

b} The refraction angle by the test object shall be obtained from the intersection
point of the value -%r:- taken on vertical axis and the value -é— on horizontal
axis of Annex 4 Fig. 5.
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Annex 4 Fig. 5 Calculation chart of refraction angle by test object

5.2.2 Refraction angle by test object having the transverse wave velocity
different from STB wave velocity

a) The refraction angle by test object in the case of examining the test object hav-
ing the transverse wave velocity different from STB wave velocity shall be ob-
tained by using the value ¥7, of 0.5 skip calculated by the following formula from
Yr and Yq obtained from Annex 4 Fig. 4.

Y.=Yo~Ye
Next, YL,, shall be ecalculated.

b) 'The refraction angle by the test object shall be obtained from the intersection

point of the value of -i,‘:- taken on vertical axis and the value of % on horizon-

tal axis of Annex 4 Fig- 6.
5.2.3 Case of using RB-41 In accordance with 8.1.3 of the body.
5.3 Indication of specific point on f{ime base axis The positions on the time

base axis corresponding to the positions of outer and inner surfaces and centre of
wall thickness shall be indicated as follows:

PROTECTED BY COPYRIGHT



47
Z 3060 ; 2002

a) Indieation of positions of inner and outer surfaces The path lengths cor-
responding to the positions of outer and inner surfaces shall be indicated on
the scale plate from Wp and Wq measured in 5.2.1 a).

Inner surface W.=Wq- W
Quter surface Wy=W, X2

b) Position on time axis corresponding to centre of wall thickness = As shown
in Annex 4 Fig. 7, the calibration hole of RB-43 shall be aimed from the posi-
tions of R and S, sequentially, and each rising position of echo where the maxi-
mum echo is obtained shall be indicated on the scale plate. Those present path
lengths (We') and (Wy') by single and double traverse technigues, respectively
(see Annex 4 Fig. 8).

5.4 Making curves for dividing echo height The curves for dividing echo height
shall be made in accordance with 8.1.4 of the body.

5.5 Method for obtaining quantity of sensitivity correction by eurvature The
sensitivity correction by curvature in the case of nsing RB-41 shall be performed as
follows:

14 =]
e i
—
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\
10 [ o _
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= ~]
08 =] e T e o o N 357
t/YL = e \"‘ k.
o - e .
NSNS NN
08B = = e e ST 40
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Annex 4 Fig. 6 Calculation chart of refraction angle by
test object in the case of examining the
test object having the transverse wave
velocity different from STB wave velocity
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- ™
1000 10 20 30 40 50
%
B0 — ¥
|
L Wy W Wi Wy )
Annex 4 Fig. 7 Path of probe Annex 4 Fig. 8 An example of
location and path length of indicating specific points
upper end and lower end of on time base axis

a)

b)

standard hole and end face

Case of examining test object from outer surface In the case where the
curvature radius is 250 mm or more and the test object is examined from the
outer surface, the quantity of sensitivity correction shall be obtained from An-
nex 4 Figs. 9 and 10 in units of 1 dB (round off) according to nominal frequency
of the angle probe to be used, nominal size of transducer and couplant.

Case of examining test object from inner surface (concave surface)

1) Both the angle probes to be used and the angle probe having the same model
shail be opposite to each other as shown in Annex 4 Fig. 11 b) and the dis-
tance between the probes shall be adjusted to obtain the maximum trans-
mission pulse with V path method (arrangement of T-R;) and V path method
of triple bounce (arrangement of T-Rz). Two peaks of the transmission pulses
obtained shall be plotted and connected by a straight line [see Annex 4
Fig. 11 ).

2) At the same sensitivity as 1), both angle probes are opposite to each scan-
ning direction as shown in Annex 4 Fig. 11 a) and the distance between the
probes shall be adjusted to obtain the maximum transmission pulse with
V path method. The difference in height of the transmission pulses from
STE, RB-41 or RB-43 in that path length shall be read out in units of 1 dB
(round off), and it shall be taken as the quantity of sensitivity correction.
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Couplant: glycerol water solution of 76 % or maore

8 [
2MiHz 20x 20mm
?g 4 . ZPIJIHzMmem. 5MHz 102710 mm
i L4/
25 T
%*é 2 S
&4 \Q::

0
250 500 750 1000 1250 1500
Curvature radius of test object (mm}

Annex 4 Fig. 9 Quantity of sensitivity correction
due to curvature of longitudinal joint

Couplant: oil
10
N 2MHz 20X 20 mm
B ™ 4 {
\/2MHz14x1 4mm, 5MHz10%10mm

AN
NAAN

< <

Quantity of sensitivity

correction (dB)
5
/

. AN

Q
250 500 750 1000 12580 1500
Curvature radius of test object (mm)

Annex 4 Fig. 10 Quantity of sensitivity correction
due to curvature of longitudinal joint
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a) Teat object T R Probe R
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.E oV STB or RB
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= v
E :§ \—-— Test object
W W W,
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e) Quantity of sensitivity correction (V' - 1)

Annex 4 Fig. 11 Quantity of sensitivity cerrection for examination
from inner surface (concave surface)

6.6 . Adjustment of working sensitivity The adjustment of working sensitivity
shall be performed in accordance with 8.1.6 of the body.

6 Examination method

6.1 Test surface The test surface shall be in accordance with Annex 4 Table 2.
6.2 Scanning direction The scanning direction shall be the direction with not
less than two directions of ultrasonic beams in order to prevent overlooking a dis-
continuity due to its inclination.

6.3 Scanning method The scanning method of probe using zig-zag scanning in

8) among other scanning methods in 9.1 a) of the body shall be performed so that a
discontinuity is not overlooked.
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Annex 4 Table 2 Test surface
Examination Maximum path Frequency Test surface Examination
from inner and | length to be used method
outer sides mm
Case where 160 mm or under 2 MIHz or | Outer face (convex surface) Single and double
examination 5 MHz both sides traverse
from only "
outer side is Over 150 mmup te | 2 MHz Outer face (convex surface} Single and double
possible and incl. 250 mm both sides traverse
Over 250 mm 2 MHz Quter face (convex surface) Single and double
both sides traverse
Case whers 150 mm or under 2 MHz or | Outer face {convex surface) Single and double
examination 5 MHz both sides traverse
from both
inner and Over 150 mm up to | 2 MHz Outer face {convex surface) Single and double
outer sideg are | ond inel. 250 mm both siden traverse
possible Over 250 mm 2 MHz Inner and outer faces Single traverse
{concave and convex surfaces)
both sides

7 Estimation of location of discontinuity After path length and probe distance
have been corrected by 7.1 and 7.2, the position of a discontinuity in the transverse
cross-gection of longitudinal joint shall be estimated by 7.3 (see Annex 4 Fig. 12 and
Annex 4 Fig. 1). However, in the case of examining the test object having the trans-
verse wave velocity different from STB wave velocity the refraction angle by the test
object obtained from the direction in which a discontinuity has been detected shall
be used.

7.1 Method for correction of path length

a) Path length corresponding to positions of outer and inner surfaces The
correction factor {(a) of the path length shall be read out from the scale of the
vertical axis corresponding to the intersection point of the refraction angle by
the test object of the probe to be used, # and scale of the horizontal axis of -1%—- of
the test object in Annex 4 Fig. 13,

The path length Wy, and Wy corresponding to the positions of outer and inner
surfaces shall be calculated by the following formulae, respectively.

t
W= X
v cosf e
Wy=W,x2

b) Wall thickness centre-path length The correction factor {(gx) of the path
length shall be taken by the same procedure as a), taking half of Tt)- of the test
object on the horizontal axis in Annex 4 Fig. 13. The wall thickness centre-path
length by single traverse technique Wg and wall thickness centre-path length
by double traverse technique Wy shall be calculated according to the following
formulae, respectively.
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t
2cosd

Path length by double traverse technique Wy= Wy~ We

Path length by single traverse technique Wg= Xag

Annex 4 Fig. 12 Transverse cross-section of position
of discontinuity

7.2 Method for correction of probe distance

a) Prabe distances of positions of inner and outer surfaces The correction
factor of the probe distance shall be taken from the scale of the vertical axis
corresponding to the intersection point of the refraction angle by the test object
of the probe to be used (8) and scale of the horizontal axis of % of the test object
in Annex 4 Fig. 14. It shall be taken as b.

The probe distances ¥y and Yy of inner and outer surfaces shall be caleu-
lated by the following formulae, respectively.
Yi={{+tand) x b
Yuy=¥Lx2
b) Wall thickness centre-probe distance The correction factor (by) of the probe
distance shall be taken by the same procedure as a), taking half of % of the
test object on the horizontal axis in Annex 4 Fig. 14. The wall thickness cen-
tre-probe distance by single traverse technique ¥ and wall thickness centre-

probe distance by double traverse technique ¥y shall be calculated aceording to
the following formulae, respectively.

Wall thickness centre-probe distance ¥g= (ixtane)xba
by single traverse technique 2

Wall thickness centre-probe distance Yy=Yy-Yq
by double traverse technique

PROTECTED BY COPYRIGHT



Z 3060 : 2002

20
70 00 60 | .
M -
iINEN . |
IFAARARN ] gLy (48
IR Py
Iy gy Iy
o I
T VALY T
TV A LT ATV A
I VTR AL AL ALY Y
W IV IR AL A ALY AL 40
TN A A A A A A
LT YRR PR Lot " P
W7 2 e
= e e e
l'Otil 5 l \|0 | 1B
t/D (56)
Annex 4 Fig. 13 Correction factor of probe distance according
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Annex 4 Fig. 14 Correction factor of probe distance
according to % b)

7.3 Maethod for estimation of location of discontinuity

7.3.1 Case of examining from outer surface The probe distance Y and the depth
of a discontinuity d shall be calculated by the proportional distribution from the path
length W and wall thickness centre-probe distance W or Wu which have been taken.

a) Case where path length W is W or less

w
J’—},DX—‘/'V:

1 W
=W

b) Case where path length W is over W to Wy, or less

W-—-Wa
W, - W

1 W-Ws
=2[1
¢ 2( +m-%)

y=Y+{¥-Yo)x
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¢) Case where path length W is over WL to Wy or less

W_WL
= _ il L
y=N+% YL)XWH_ 3

gl A W-W
d"‘{l 2[%—%]}

d} Case where path length W is over Wy to Wy or less

W-Wa
=+t ~-Ydx——mm—
y=Yu+ ¥y ~Yu)x Wo—Wa
1 W-W
= | ] ——
¢ 2[ Wu—%)

7.3.2 Case of examining from inner surface The probe distance ¥ and the depth
of a discontinuity d in the case of examining from inner surface shall be calculated
as follows by using Wy and Wy (see Annex 4 Fig. 15).

Wu=W.— Wg Wn=Wu— Wi
YM=YL_YG YN=YU_YM

When taking ¢= 1—-% as the correction factor of the length of circular arc of the

outer gurface and the inner surface, d and y shall be given by the following formu-
lae in each case.

a) Case where the path length W is Wi or less

y=c[YM x%)

1w
e
b) Case where the path length W is over Wi to Wy or less
wW-W
=o| Vi + Vu X et
Y "[“* T, J
A W-Wy
d‘z{“ Wo ]

¢) Case where the path length W is over Wy to Wy or less

W-W
=¥y -¥
¥ C{ L+ -1 x WN—YL}
i1 W-W
d—t(l 2X%-Wz.)
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d) Case where the path length W is over Wy to Wy or less

y:c(R+YMxWﬁ_r?J
A W -W
d‘z[“ Vi J

Annex 4 Fig. 15 Symbols in examination from inner side
of test object with curvature
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Annex b (normative)
Examination method for steel pipe branch joint weld

1 Scope This Annex specifies the method for ultrasonic examination of the steel
pipe branch joint welds of which the curvature radius of test surface is 150 mm or
more to and excluding 1 500 mm and ratio of wall thickness to outer diameter is
16 % or less.

2 Definitions TFor the purposes of this Annex, the following definitions shall ap-
ply (see Annex 5 Fig. 1).

a) T joint The steel branch joint of which a main pipe and a branch pipe join at
90° to each other,

b) Y joint The steel branch joint of which a main pipe and a branch pipe join at
an angle other than 90°.

¢) Kjoint The steel branch joint of which a main pipe and two branch pipes join
at an angle other than 90°,

d) crossing angle 8x Angle at which a main pipe joins with a branch pipe.

e} mutual penetration angle s Angle in the circumferential direction of the
branch pipe from the intersecting line of a surface which has been made by the
axis of main pipe and the axis of branch pipe, and the surface of that branch pipe.

f) deflection angle &1, 8z Angle included by the axial directions of main pipe
and branch pipe, and the normal line of the groove line of the main pipe or
branch pipe on the surface of the main pipe or branch pipe,

]

Main Branch pipe
pipe AT

a) Tjeint b) Y joint ¢} Kjoint
Annex 5 Fig. 1 T, Y and K joint weld
8 Calibration block and reference block to be used The calibration block and

the reference block to be used shall be model Al calibration block or A3 series cali-
bration block and RB-41 specified in 5 of the bedy.
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4 Probe to be used
4.1 Contact surface of probe The contact surface of the probe shall be flat.

4.2 Nominal refraction angle of probe The nominal refraction angle of the probe
shall be selected from 45°, 60° and 70°, by drawing the stereoscopic figure (including
also the form of groove) of each examining location, and by taking into consideration
—% of branch pipe, ratio of outer diameter of the branch pipe to that of the main pipe,
crossing angle and mutual penetration angle so that the main beam of ultrasonic wave
can be incident to the groove face at a suitable angle. However, the nominal refrac-
tion angle of the probe shall be selected from 45°, 60° and 65° in the case of the test
object having the transverse wave velocity different from STB wave velocity.

4.3 Measurement of refraction angle by test object in case of test object
having the transverse wave velocity different from STB wave velocity

4.3.1 Case of examining from branch pipe of T joint After an angle 7 be-
tween the direction of pipe axis and rolling direction (L direction) is obtained, the
refraction angle by the test object in L direction, Q direction, or C direction shall be
measured by the method specified in 8.1.8 of the body, in accordance with the value
of ér.

a) In the case where 8¢ is under 22,5° the refraction angle by the test object of Lt
direction is measured.

b) In the case where B is 22.5° or more to and excluding 67.5°, the refraction angle
by the test object of Q direction is measured.

¢} In the case where Or is 67.5° or over up to and including 90°, the refraction
angle by the test object of C direction is measured.

4.3.2 Case of examining from branch pipes of Y and K joints The deflection
angle 8g shall be obtained by the actual measurement or according to the following
formula based on the values of ratio of outer diameter of the main pipe to that of
the branch pipe, crossing angle 8k, mutual penetration angle 6s at the location of
examination, An example of calculation shall be as shown in Annex § Fig, 2,

By = |tan™ {Siﬂes(coteg'l' . dcosls ]}

8infcyD* — d?sin’d,

On the other hand, the angle 8r between the direction of pipe axis and rolling
direction shall be obtained. The refraction angle by the test object in L direction, Q
direction, or C direction shall be measured aceording to the value of |8z — 0¢| in ae-
cordance with 8.1.3 of the body.

a) In the case where |0 — 8¢/ is 0° or over to and excluding 22.5°, the refraction
angle by the test object of L direction shall be measured.

b) In the case where |65 — 01| is 22.5° or over to and excluding 67.5°, the refrac-
tion angle by the test object of Q direction shall be measured.
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¢} In the case where |8z — @] is 67.5° or over up te and including 90°, the refrac-
tion angle by the test object of C direction shall be measured.

Diamater of branch pipe/diameter of main pipe = 1/2

%0 Cxl'ossi'ug
angle 10"
80 - I8 \\
70 =] =
E 0 / /| /,/ 33: \\\ AN
g / 45 =R NEN
%« 50 //// - \\ \\
g,;o///////’e];\ S \\ \\
M7/ N
20 / V/A///;/ 89;-. \\\‘\\\\ \\\\
0 Y \>(~§T‘“\\\-r\\
A\ 2NN
. (DS

0 20 40 60 8 100 120 140 180 180
Mutual penetration angle 8a (degree)

Annex 5 Fig. 2 An example of chart for obtaining s from
crossing angle of mutual penetration angle

4.8.3 Case of examining from main pipe The deflection angle 6, shall be oh-
tained by the actual measurement or according to the following formula based on
the values of ratio of outer diameter of the main pipe to that of the branch pipe,
crossing angle fg, mutual penetration angle 6s at the examination location. An example
of calculation shall be as shown in Annex & Fig. 3.

ta.n‘l[ dcotfyg X sinfy + cosecdy X sinds./D? — d?sin?6; ]

2D Deosfs

91,=

On the other hand, the angle 8r between the direction of pipe axis and rolling
direction shall be obtained. The refraction angle by the test object in L direction, Q
direction, or C direction shall be measured according to the value of |8, — 64 in ac-
cordance with 8.1.3 of the body.

2) In the case where |8L— @] is 0° or over to and excluding 22.5°, the refraction
angle by the test object of L direction shall be measured.

b) In the case where | 6. — 8¢| is 22.5° or over to and excluding 67.5°, the refrac-
tion angle by the test object of @ direction shall be measured.
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¢) In the case where |8 — 8r] is 67.5° or over up to and including 90°, the refrac-
tion angle by the test object of C direction shall be measured.

Diameter of branch pipe/diameter of main pipe = 1/2

* (lih'r.islsiugl L
80 ‘mgh/ D2t ’// \\\?\ N
| T A S
20y Y N
LA INLN
- / )
E LU AR \
. N0
2 50 A //"/ \'\\ —
st \
g 40 / ivd)/ A
5 Rl ™
5 / / // hy \
- ,/ //1/ 1.\ Y
I N
20 '!//7%/ '\\\\
i \
10
0

0 20 40 60 B3 100 120 140 180 180
Mutual penetration angle 8p {degree)

Annex 5 Fig. 3 An example of chart for obtaining 6. from
crossing angle of mutual penetration angle

§ Adjustment of test equipment

6.1 Adjustment of time base range The time base range shall be adjusted in
accordance with 8.1.2 of the body.

5.2 Making curves for dividing echo height The curves for dividing echo heights
by EB-41 shall be made in accordance with 8.1.4 of the body.

5.3 Method for obtaining quantity of sensitivity correction

5.3.1 Case of examining from outer surface (convex surface) The quantity
of sensitivity correction shall be obtained in accordance with nominal frequency and
transducer size of the angle probe to be used, couplant and cuter diameter from Annex 5
Fig. 4 or Annex 5 Fig. 5 in units of 1 dB (round off) in the case of examining from
the branch pipe of T joint; and from Annex 5 Fig. 6 or Annex 5 Fig. 7 in units of
1 dB (round off) in other cases.
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5.3.2 Case of examining from inner surface (concave surface) The sensitiv- Couplant: glycersl water solution of 76 % or more
ity shall be corrected in accordance with 4.4.2 b) of Annex 3. 8

2MH2z 20%20mm
2MHz14.%14.mm, EMHz10%10mm

5.4 Adjustment of working sensitivity The w.ork.ing sensitivity shall be adjusted
in accordance with 8.1.6 of the body.

g
£ 4
Couplant: glycerol water solution of 75 % or more | E g \\/ /
[ =]
gg 2 LN
st \
£ 2MHz 20X 20 mm ¢ N
g 4 — : —
g /ZMHZMKMrnm. 5MHz10X10mm 0
'; % / 150250 500 750 1000 1250 1500
%g . \Q Curvature radius of test ohject (mm)
T
& k______\.____ Annex 5 Fig. 6 Quantity of sensitivity correction due to
= curvature of longitudinal joint
4]
150280 500 750 1900 12650 1500 Couplant: oil
Curvature radius of test object {mm)
Annex 5 Fig. 4 Quantity of sensitivity correction due to 10
curvature of circumferential joint
N 2MHz 20%20mm
Couplant: oil 8 M /I I
z \/gMHzMmem, 5MHz 1010 mm
6 2 I\AHz 20x2|0 mm §
&g 6
£ - /2MHz14x14mm. BMHz10%10 mm 28 ‘\< \
LY °8
B,
B 4 ] g ~ N
4 / \\ 5L 4 SN
5.5 o, <] \ \
54 \ \ ™.
: E e Y\
o \\\ 2 P
T
4]
250 500 750 1000 1250 1500

0
Curvature radius of test object (mm) 250 500 750 1000 1250 1500

Annex b Fig. 5 Quantity of sensitivity correction due to Curvature radius of test object (mm)

curvature of circomferential joint Annex 5 Fig. 7 Quantity of sensitivity correction due to
curvature of longitudinal joint
6 Examination method

6.1 Preparation of examination
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6.1.1 Wall thickness measurement The thicknesses of four points of main pipe
and branch pipe shall be measured by the ultrasonic thickness meter and the points
measured shall be marked on the member and it shall be collated with the value
given in the drawings, at the same time,

6.1.2 Method for obtaining probe to weld distance and path length

a) Case of examining from branch pipes of K and Y joints The deflection
angle &g between the direction of pipe axis and scanning direction shall be ob-
tained by actual measurement or by Annex 5 Fig. 2 from ratio of outer diam-
eters of main pipe to that of the branch pipe, crossing angle and mutual penetration
angle, and the value of apparent TDt-" shall be obtained by using Annex 5 Fig, 8

from the value of % obtained from the nominal values or actual values,

b} Case of examining from main pipe The deflection angle s between the di-
rection of pipe axis and scanning direction shall be obtained by actual measurement
or by Annex § Fig, 2 from ratio of outer diameters of main pipe to that of the
branch pipe, crossing angle and mutual penetration angle, and the value of
apparent % shall be obtained by using Annex 5 Fig. 8§ from the value of %
obtained from the nominal values or actual values.

1: . é/D=1:696/
14 5]
13 /5
2 Y =

» P
o /A
t/D 9 / |~ “}/
® g N A

; NP

. s A ]
3 4//// ,// e

2 A,/// 2%

1 = ﬁ/:-——[—m

. o M

Deflection angle 8p or 81, (degree)

Annex 5 Fig. 8 Chart for obtaining -1—;;- from deflection angle
fs or 6. and %
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a) DProbe to weld distance and path length The value of % obtained by the
procedures of a) end b) shall be taken as -;; in Annex 4 Fig, 12 and Annex 4
Fig. 13, the correction factors ¢ and & shall be obtained, and the path length
and probe weld distance at the points of 0.5 skip and 1.0 skip shall be caleu-
lated from the following formulae.

Wos = £ xa Wio=2% Wos
cos@
Yos=tXtanfx b Yio=2%Yps

However, the value of @ is taken as the refraction angle by the test object in
the case of the test object having the wave velocity different from STE wave
. velocity.

6.1.3 Marking-off of base line The base line shall be marked at the definite dis-
tance from groove face prior to the welding.

6.2 Test surface The test surface shall be selected as required so that the main
beam of ultrasonic wave can be incident to the groove face at a suitable angle.

6.3 Scanning direction The scanning direction shall be perpendicular to the weld
line, and whenever possible, the direction with not less than two directions of ultra-
sonic beams in order to prevent overlooking a discontinuity due to its inclination.

6.4 Scanning method The scanning method of probe using zig-zag scanning in
3) among other scanning methods in 9.1 a) of the body shall be performed so that a
discontinuity is not overlooked.

7 Method for estimating location of Adiscontinuity

a} The probe to weld distance and path length in which the maximum echo is ob-
tained shall be recorded.

b) The form of the weld section in the direction of ultrasonic beam shall be made
up by the shaping gauge or clay and shall be made into drawings.

e) The location of a discontinuity shall be estimated from the drawings in which
probe to weld distance, path length and STB refraction angle are written in the
drawings of weld section in the direction of ultrasonic beam or shall be esti-
mated by the caleulation with the same procedure as 7 of Annex 4. However,
the refraction angle by the test object obtained in the direction in which a dis-
continuity has been detected shall be used for this estimation in the case of the
test object having the wave velocity different from STB wave velocity.
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Annex 6 (normative)

Examination method for nozzle joint weld

1 Secope This Annex specifies the method for ultrasonic examination of the nozzle
joint welds of which the curvature radius of test surface is 250 mm or more to and
excluding 1 500 mm and ratic of wall thickness to outer diameter is not more than
16 %.

 np— |
a) Set through b) Setin
|j 1 —
=N
L—:E,——\,{
¢} Seton d) Set through (with reinforcement member)

Annex 6 Fig. 1 Examples of nozzle joint weld

2 Calibration block and reference block to be used The calibration block and
the reference block to be used shall be model Al calibration block or model AS series
calibration block specified in 5.1 of the body and RB-41 specified in 5.2 of the body.

3 Probe to be used

2.1 Contact surface of probe The contact surface of the probe to be used shall
be flat,

3.2 Nominal refraction angle of probe The nominal refraction angle of the probe
shall be selected so that the main beam of ultrasonic wave can be incident to the
groove face at a suitable angle by drawing the stereoscopic figure (including also
the form of groove) of each examining location. However, the nominal refraction
angle of not more than 65° shall be selected in the case of the test object having the
wave velocity different from STB wave velocity.
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4 Adjustment of test equipment

4.1 Adjustment of time base range The time base range shall be adjusted in
accordance with 8.1.2 of the body.

4.2 Measurement of probe index, STB refraction angle and refraction angle
by test object The probe index and STB refraction angle shall be measured in
accordance with 8.1.1 and 8.1.3 of the body.

The refraction angle by the test object shall be measured by using RB-41 or the
test object in each direction in the case of the test object having the wave velocity
different from STB wave velocity.

4.8 Making curves for dividing echo height The curves for dividing echo heights
shall be made in accordance with 8.1.4 of the body.

4.4 Method for obtaining quantity of sensitivity correction

4.4.1 Case of nozzle joint weld attached to eylindrical body

a) Case of examining from outer surface (convex surface) The quantity of
sensitivity correction shall be obtained from Annex 4 Fig. 9 or Annex 4 Fig. 10
in accordance with the nominal frequency, transducer size of the probe to he
used, couplant and outer diameter of the cylindrical body in units of 1 dB (round
off).

b) Case of examining froem inner suxface (concave surface) The guantity of
sensitivity correction shall be obtained in accordance with 4.4.2 b) of Annex 3.

4.4.2 Case of nozzle joint weld attached to end plate

a) Case of examining from outer surface (convex surface) The case of ex-
smining from outer surface (convex surface) shall be as follows:

1) The angle probe to be used and an angle probe which has the same form as
that of the probe to be used shall be arranged so that they face each other
like T-R: and T-R: as shown in Annex 6 Fig. 2 b), the distances between
two different probes shall be adjusted so that the maximum transmission
pulses are obtained in each case and these two peaks of the maximum ech-
oes are plotted and connected with a straight line [see Annex 6 Fig. 2 ¢)].

2} In the same sensitivity as 1), the distance between two probes shall be
adjusted by V path method in the same direction as the scanning direction
go that the maximum transmission pulse is obtained. Next, the difference
between the heights of these transmission pulses in the path lengths and
the heights of the transmission pulses in the same path length on the straight
line as the mentioned above shall be taken in units of 1 dB (round off) and
it shall be taken as the quantity of sensitivity correction.
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NNEAN
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F v
g . STB or RB
8w 4
g B \—— Tost ohject
=
W, W W
Path length (mm)

¢) Quantity of sensitivity correction (V" - V)

Annex 6. Fig. 2 Method of sensitivity correction for
examination from outer surface

b) Case of examining from inner surface (concave surface) The sensitivity
correction shall be performed in accordance with of 4.4.2 b) of Annex 3.

4.4.3 Case of examining from outer surface of nozzle The quantity of sensi-
tivity correction shall be obtained from Annex 3 Fig. 6 or Annex 3 Fig. 7 in accor-
dance with nominal frequency and transducer size of the angle prebe to be used,
couplant and outer diameter of the nozzle in units of 1 dB (round off),

4.6 Adjustment of working sensitivity The working sensitivity shall be adjusted
in accordance with 8.1.6 of the body.

5 Methed for examination

5.1 Confirmation of probe to weld distance and path length

5.1.1 Case of nozzle joint weld attached to cylindrical body The axial di-
rection of the cylindrical body shall be taken as 0° as shown in Annex 6 Fig. 8, and
the probe to weld distance of 0.5 skip and 1.0 skip in each deflection angle of 0°,

30°, 45°, 60° and 90°, and their path lengths shall be obtained by either of the fol-
lowing two items.
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a) The stereoscopic figure (including form of groove) of each examining location
shall be made up by the shaping gauge as shown in Annex 6 Fig. 4 and the probe
to weld distance and path length shall be cbtained from the stereoscopic figure.
The mark lines shall be drawn at the positions of the probe to weld distances
YL and ¥y, on the test surface.

b} The value of -i,- shall be obtained by using Annex 6 Fig. 5 from the value of -
of the nominaf‘value or of the actual value and the deflection angle 6c between
the probe direction and the axial direction of cylindrical body.

Furthermore, the value of —t,- shall be taken as ~ in Annex 4 Fig. 12 and
Annex 4 Fig. 18, the correction factors ¢ and b shall be obtained, and the probe
to weld distance and path length shall be calculated from the following formu-
lae.

Yi={(t-tan®) x b, Yy=2xYy
Wi =(t/cos0) Xa, Wy=2xX W
The mark lines shall be drawn at the positions of the probe to weld distances
" Y. and Yy on the test surface.

The same form as the
outline of test object

\\\ (ARMMEAANANY

RELTELTLIALSY

Annex 6 Fig. 4 An example
of use of shaping gauge .

Annex 6 Fig, 3 Relationship
among deflection angle 6,
direction of probe and axial
direction of cylindrieal body
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Annex 6 Fig. 5 Chart for obtaining %- from deflection angle
fc and %

5.1.2 Case of nozzle joint weld attached to end plate

. a)

b)

In the case where the nozzle joint weld is attached fto the ceniral por-
tion of the whole hemispherical and dish form end plate (see Annex 6
Fig. 6) The probe to weld distance and path length shall be obtained in accor-
dance with 7.1 and 7.2 of Annex 4. The mark lines shall be drawn at the posi-
tions of ¥y, and Yy in the obtained probe to weld distances on the test surface.

For ellipsoidal end plates, the probe to weld distance and path length shall
be cbtained in accordance with 5.1.1, and the mark lines shall be drawn at the
positions of Y1 and Yy in the obtained probe to weld distances on the test sur-
face.

In the case where the nozzle joint weld is attached to portions ether
than the central portion of the end plate (see Annex 6 Fig. 6) The stereo-
scopic figure (including also the form of groove) of each examining location in
accordance with the method described in 5.1.1 a), and the probe to weld dis-
tance and path length shall be obtained. The mark lines shall be drawn at the
positions of Y1 and ¥y in that probe to weld distances on the test surface,
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Annex 6 Fig. 6 Attaching portiens of nozzles

5.2 Combined use of types of examination In order to help the detection of a
discontinuity in the angle beam examination, the normal examination shall be used
whenever possible,

5.3 Test surface The test surface shall be selected as required so that the main
beam of ultrasonic wave can be incident to the groove face at a suitable angle as
foliows,

a) The angle beam examination shall be performed from cylindrical body, end plate
or either outer face (convex face) of the nozzle or inner face {(concave face) of
the nozzle or both faces.

The normal examination shall be performed from inner face (concave face) of
the nozzle or inner face (concave face) of the body, as far as possible.

'b) Inthe case of the nozzle joint weld of set on type as shown in Annex 6 Fig. 1 ¢),

the angle beam examination shall be performed from outer face of nozzle neck
and the normal examination shall be performed from inner face of the body or
the end plate, as far as possible.

¢) In the case of examining the nozzle joint weld having reinforecement member,
the examination shall be performed from inner face of reinforcement member
and cylindrical body or end plate.

5.4 Secanning direction The secanning direction shall be perpendicular to the weld
line, and whenever possible, the direction with not less than two directions of ultra-
sonic beams in order to prevent overlooking a discontinuity due to its inclination.

5.5 Scanning method The scanning method of angle probe using zig-zag scan-
ning in 3) among other scanning methods in 9.1 a) of the body shall be performed so
that a discontinuity is not overlooked.

6 Method for estimating location of discontinuity The location of a disconti-
nuity shall be estimated by the method shown in 7.3 of Annex 4 or the drawing method
in accordance with 6.1. However, the refraction angle by the test object obtained in
the direction in which the discontinuity is detected shall be used in the case of the
test object having the wave velocity different from STB wave velocity.
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Annex 7 (normative)

Meihod for classifying examination results

1 Scope This Annex applies to the case where the classification of the results of
the angle beam examination and normal examination is performed.

2 Classification of examination results The examination results shall be clas-
gified in sccordance with Annex 7 Table 1 corresponding to the region of echo height
and ultrasonic discontinuity length.

Annex 7 Table 1 Classification of discontinuity in accordance with
region of echo heights and ultrasonic discontinuity

length
Unit: mm
Region | Case using M-disregard level: ITT v
Case using L-disregard level: II and I11
Plate thickness | 18 orless | Over 18 upto | Over 60 | 18orless | Over 18upto | Over 60
mm and incl, 60 and incl. 60

Grade
Grade 1 6 max, % max, 20 max. 4 max. % max. 15 max.
Grade 2 9 max, % max. 30 max, 6 max, -;- max. 20 max.
Grade 3 18 max, ¢ max. 60 max. 9 max. % max, 30 max,
Grade 4 Discontinuity exceeding Grade 3

Remarks: The symbol £ is platebthick.ness (mm) of the parent materials of the groove
side. However, in the case of butt joint weld with different plate thick-
ness of the parent materials, the thinner plate thickness is adopted.

In applying Annex 7 Table 1, in the case where the distance between discontinuities
is smaller or equal to the length of the discontinuity with longer ultrasonic discon-
tinuity length at the depth considered to be the same and at the location of the di-
rection perpendicular to the weld line, these discontinuities shall be regarded as the
same discontinuity group and treated as a continuous discontinuity including such
distance.

In the case where the distance between discontinuities is longer than the larger
one of the two ultrasonic discontinuity lengths, these discontinuities shall be regarded
as independent from each other.

In addition, the examination results of straddle scanning, parallel scanning by
slanted probe and longitudinal scanning on the weld line shall be classified in ac-
cordance with the agreement between the parties concerned.
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Annex 8 (informative)

Method for measurement of ultrasonic discontinuity height

1 Scope This Annex specifies the method for measurement of ultrasonic disconti-
nuity height with respect to & plane discontinuity (hereafter referred to as “discon-
tinuity”) in the direction of thickness of joint welds of flat plate by using the single
probe angle beam end echo technique of ulirasonic examination.

In addition, when other methods are judged to be suitable from the standpoints
such as form and dimension of the test object and test surface, and location, dimen-
sion, shape, inclination of a discontinuity, other confirmed methods are applicable.

2 Definitions For the purposes of this Annex, the definitions given in the body
and JIS Z 2300 and the following definitions shall apply.

a) ultrasonic discontinuity height An apparent height of a discontinuity mea-
sured in accordance with this Annex,

b) single probe angle beam end echo technique A method to obtain ultrasonic
discontinuity height geometrically from the path length of end echo obtained from
the upper end of a discontinuity and the lower end of a discontinuity, STB refrac-
tion angle of single transducer angle probe and refraction angle hy test ohject of
single transducer focused angle probe and double transducer angle probe.

8 Symbols The symbols used in this Annex shall be in accordance with the body
and the following, and shall be as shown in Annex 8§ Fig, 1.

a) Fuy The upper end of a discontinuity or echo of the upper end of a discontinuity.
b) Fo The lower end of a discontinuity or echo of the lower end of a discontinuity,
e) P;(mm} Probe index.

d)  Oae{degree) Refraction angle by test object.

e) Bsrs (degree) STB refraction angle.

f) Xpy(mm) The distance on test surface between X = 0 of test reference line and
the centre in width direction of angle probe at the location of probe in X direc-
tion when detecting the maximum echo of the upper end of a discontinuity.

g) Xp (mm) The distance on test surface between X =0 of test reference line and
the centre in width direction of angle probe at the location of probe in X direc-
tion when detecting the maximum echo of the lower end of a discontinuity.

h) Ypy(mm) The distance on test surface between ¥ =0 of test reference line and
the probe index of angle probe P; at the location of probe in Y direction when
detecting the maximum echo of the upper end of a discontinuity,

i} Yp. (mm) The distance on test surface between ¥ =0 of test reference line and
the probe index of angle probe P; at the location of probe in ¥ direction when
detecting the maximum echo of the lower end of a discontinuity.
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Wru (mm) Path length of the upper end of a discontinuity,
Wer (mm)} Path length of the lower end of a discontinuity.

Yru(mm) The distance on test surface between ¥ =0 of test reference line and
the upper end of a discontinuity at the location of probe in X direction when
detecting the maximum echo of the upper end of a discontinuity.

Y (mm) The distanee on test surface between ¥ = 0 of test reference line and
the lower end of a discontinuity at the location of probe in X direction when
detecting the maximum echo of the lower end of a discontinuity,

Ypy—Yyu (mm) The distance on test surface between the probe index of probe
P, and the upper end of a discontinuity at the location of probe in ¥ direction
when detecting the maximum echo of the upper end of a discontinuity
(= Wry X sin&gg).

Yp—¥Yr, (mm) The distance on test surface between the probe index of probe
P, and the lower end of a discontinuity at the location of probe in ¥ direction
when detecting the maximum echo of the lower end of a discontinuity
(= WyL X sinégs).

dyy (mm) The distance in thickness direction between the test surface and the
upper end of a discontinuity (= Wry X cos6ks).

drr (mm)} The distance in thickness direction between the test surface and the
lower end of a discontinuity (= WL X cos6ge).

Yru—Yr (mm) The deviance of Iocation on test surface in Y direction of the
upper end of a discontinuity and the lower end of a discontinuity.

Ip (mam) Ulirasonic discontinuity length
tnr (mm) Ultrasonic discontinuity height

¢r (degree) Ultrasonic discontinuity inclination
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Annex 8 Fig. 1 Symbols
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4 QCalibration block and reference block

4.1 Calibration block The calibration block used in this Annex shall be model
Al ealibration block or model A3 series calibration block specified in & of the body.

4.2 Reference block The reference block used in this Annex shall be RB-41 specified
in 5 of the body and horizontal hole reference block RB-SDH specified in 3 of Annex
of JIS Z 2850 (reference block for measuring the performance of single transducer
focused normal probe, single transducer focused angle probe and double transducer
angle probe). )

6 Probe The probe shall be any of single transducer angle probe, single trans-
ducer focused angle probe and double transducer angle probe.

6 Preparation of measurement

6.1 Selection of frequency The selection of frequency shall be in accordance with
7.3 of the body.

6.2 Nominal dimension of transducer of probe For the nominal dimension of
transducer of probe, the dimension confirmed to be valid in addition to those speci-
fied in Annex 1 Table 1 may be used.

6.3 Selection of refraction angle The refraction angle shall use STB refrac-
tion angle of 45°:+ 2° as a standard. As required, the refraction angle by test object
of 58° to 72° may be used.

6.4 Selection of disregard level of echo of upper end of a discontinuity Fu
and echo of lower end of a discontinuity F. The disregard level of echo of upper
end of a discontinuity Fu and echo of lower end of a discontinuity Fr. shall be the
level which makes echo of upper end of a discontinuity Fy distinguishable from echo
of lower end of a discontinuity F. when inecreasing the sensitivity of test instrument
until the noise echo height becomes 20 % fs on the indicator.

7 Adjustment of test equipment
7.1 Adjustment of test equipment when using single transducer angle probe

7.1.1 Measurement of probe index The measurement of probe index shall be
performed in accordance with 8.1.1 of the body.

7.1.2 Adjustment of time base range The adjustment of time base range shall
be performed in agcordance with 8,1.2 of the body.

7.1.3 Measurement of STB refraction angle and refraction angle by test object

The measurement of STB refraction angle and refraction angle by test object shall
be performed in accordance with 8.1.3 of the hody.
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7.1.4 Adjustment of working sensitivity For the adjustment of working sensi-
tivity, gain of the instrument shall be increased until the noise echo becomes 20 %
fs on the indicator with respect to the test object, and this condition shall be taken
as working sensitivity.

7.2 Single transducer focused angle probe and double transducer angle probe

7.2.1 Measurement of probe index, measurement of refraction angle by test
object, and selection and adjusiment of time base range The measurement
of probe index P;, measurement of refraction angle by test object ss, and selection
and adjustment of time base range shall be performed by making use of two hori-
zontal holes of ¢3 mm including the location of upper end of a discontinuity Fy and
lower end of a discontinuity Fi of the object using horizontal hole reference block
RB-SDH.

a) Preparatory adjustment of time axis For the time base range, firstly, the
preparatory adjustment of time axis shall be performed so that the time axis
becomes that of traverse wave of 25 mm or integral multiple of 256 mm by using
45.5 mm of height of calibration block STB-A3 and single transducer normal
probe, and next, the probe shall be replaced with single transducer focused angle
probe or double transducer angle probe to be used.

b) Measurement of probe index P; and measurement of refraction angle
by test object Gpp

1) Measurement of location of probe, ¥, and ¥; The location of probe,
Y, and Yz, shall be measured in units of 0.1 mm by examining two horizon-
tal holes, 01 and 02 of ¢3 mm as shown in Annex 8 Fig. 2 and by fixing the
probe when echo of horizontal holes of ¢3 mm becomes maximized. ¥; and
Y, are the dimension of one end side (¥ =0) of horizontal hole reference
block RB-SDH to the tip of probe.

2) Measurement of probe index P; The measurement of probe index P,
shall be performed according to formula (1) by using the locations of cen-
tre of respective two horizontal holes of ¢3 mm, do: and dyz, and the loca-
tions of probes A and B as shown in Annex 8 Fig. 2, The probe index, P,,
shall be calculated in units of 0.1 mm.

Py = [dax(Yz — ¥oz) — doz(¥1 — Yo )l o2 — dor) (m) """" (1)

3} Measurement of refraction angle by test object s For the measure-
ment of refraction angle by test object Ors, the refraction angles, 6 and
85z, at the locations of probes A and B given in Annex 8 Fig. 2, respectively,
shall be obtained according to formula (2) and formula (3), and the mean
of these values shall be obtained according to formula (4), and this shall
be taken as the refraction angle by test object fap. The refraction angles
by test object, 6n, 6oz and 6as shall be calculated in units of 0.1°.

61 = tan-1[(¥; + P} — Yul/dn (deg—ree) .......................... (2)
Bz = tan-1[(¥; + ) — Yol /doz (degree) o oveveremrecninaneans (3)
6}13 = (901 + 602)/2 (deg-ree) ................... brssesarasraninrererersens (4)
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c) Calculation of path lengths, Wy and We: The path lengths, Wy, and Wy, of
the probe index P; to the horizontal hole 01 of ¢3 mm and the horizontal hole
02 of ¢3 mm, respectively, shall be abtained according to formula (5) and for-
mula (6) by using the refraction angle by test object fgp obtained in formula (4).
The path lengths, Wo, and Wy, shall be caleculated in units of 0.1 mm,

Wo1~= (dm/cosema) -1.5 (mm)
Woe = (dopfcosBrg) — 1.5 (mm)

d) Adjustment of time base range The adjustment of time base range shail be
performed as follows:

1) When the echo height from the horizontal hole 01 of ¢3 mm with the probe
placed at the location A in Annex 8 Fig. 2 becomes maximized, the probe
shall be fixed, and the zero-point adjustment shall be performed so that
the rising location of the echo agrees with the path length W caleulated
from formula (5).

2) Next, the measured value of path length Wee at the location B of the probe
shall be taken as Wy, and the difference AWy between Weozy and Wys ob-
tained from formula (6) shall be obtained according to formula (7), and if
the value is within 0.5 mm, it shall be taken that the time base range is
adjusted correctly, and if it is over 0.5 mm, the adjustment of equipment
shall be performed again.

AWz = Wozy — Woz (M) sereirermininimnmimmn, ()]
=0 Y A
Y A
;robe Probe
Front
dg=0 ‘Test surface | face
t?] B 0%
s oy
o s
3 mm
Horizontal o) > <
hale 01 ~ L8
$3 mm
Horizontal hole 02 RE-SDH
Reverse
R Yo ‘ face
Yﬂz |

Annex 8 Fig. 2 Measurement of probe index P, measurement
of refraction angle by test object s, and
-adjustment of time base range

7.2.2 Adjustment of working sensitivity The adjustment of working sensitiv-
ity shall be performed in accordance with 7.1.4.
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8 Measurement

8.1 Incident direction of test surface and ultrasonic wave For the incident
direction of test surface and ultrasonic wave, the measurement shall be performed
by making the ultrasonic wave incident from two or more incidence directions or
from the test surfaces (single face both sides, both faces single side, both faces hoth
sides) whenever possible.

8.2 Scanning direction of probe For the scanning of probe when measuring,
the depth scanning shall be performed in the direction perpendicular to the long
direction of a plane discontinuity. When performing the depth scanning, some swivel
scanning may be performed so that the echo of upper end of a discontinuity Fy and
echo of lower end of a discontinuity Fy, can be detected obviously.

8.3 Method for detecting echo of upper end of a discontinuity Fy and echo
of lower end of a discontinuity F,

8.8.1 Case of surface opening discontinuity on test surface The peak echo
of echo of lower end of a discontinuity ¥}, shall be detected by performing the depth
scanning of probe as shown in a) of Annex 8 Fig. 3.

8.8.2 Case of internal discontinuity The peak echoes of echo of upper end of a
discontinuity Fy and eche of lower end of a discontinuity Fy shall be detected by
performing the depth scanning of probe as shown in b) of Annex 8 Fig. 8.

8.8.3 Case of surface opening discontinunity on bottom face The peak echo

of echo of upper end of a discontinuity Fy shall be detected by performing the depth
scanning of probe as shown in ¢) of Annex 8 Fig. 3.
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c) Surface opening discontinuity on bottom face

Annex 8 Fig. 3 An example of method for detecting echo of
upper end of a discontinuity Fy and echo of
lower end of a discontinuity F
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8.4 Readout of path lengths Wry and Wr of echo of upper end of a discon-
tinuity Fy and echo of lower end of a discontinuity ¥. The readout of path
lengths Wry and Wy of echo of upper end of a discontinuity Fy and echo of lower
end of a discontinuity Fy shall be performed by reading the rising location of echo
when making the echo heights Ary and Ar, of upper end of a discontinuity Fe and
lower end of & discontinuity Fv be in agreement with H line. The readout at this
time shall be performed in units of 0.1 mm or in units of 1/10 scale.

8.6 Measurement of ultrasonic discontinuity height

8.5.1 Case of a surface opening discontinuity on test surface The ultrasonic
discontinuity height ¢yr shall be calculated according to formula (8).

tny = WFL X cosBgp (mm) ................................................ (8

8.5.2 Case of an internal discontinuity The ultrasonic discontinuity height tyr
shall be calculated according to formula (9).

tr = (Wi — Wep) COSBRp (INI0) ~revrevremiinrimrsimanissisionisiionss (@

8.5.3 Case of a surface opening discontinuity on bottom face The ultrasonic
discontinuity height ¢y shall be caleulated according to formula (10) or formula (11).

tr = (WFL - WFU) COSGKB (mm) ....................................... (10)
tur = ¢ — (Wry X c0s8zp) (mm) ........................................ (11)
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