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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark 1SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting:Publication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

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

ISO 10830 was prepared by Technical Committee ISO/TC 20, Aircraft_and space vehicles, Subcomnittee
SC 14, Spacg systems and operations.

iv © 1SO 2011 — All rights reserved
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Introduction

In February 2000, the Institute of Space and Astronautical Science (now Japan Aerospace Exploration
Agency) launched an M-V-4 rocket that experienced an unexpected failure. An intensive post-flight study was
carried out. It was finally concluded that the failure originated from the fracture of a nozzle throat insert made
of graphitel'l. Then, a study of non-destructive inspection was initiated, and the ultrasonic inspection method

spec
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inspegction of sintered materials in general, including ceramics;xand not only for graphite used i
motofs.
The method was first published as JIS Z 2356[3] in 2006*by the Japanese Industrial Standards Co
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ified in this International Standard was developed for use on the throat inserts of solid rocket

motors.

hite materials have been utilized without quantitative non-destructive inspection in many
bt for one example of the core structure of the High Temperature Engineering Test Reactor (
n Atomic Energy Research Institutel2l. There, planar flaws perpendicular to tHe)top, bg
ces in a cylindrical ingot were targeted. However, for aerospace applications(it-is necess
al planar flaws oriented in various directions.

nethod is based on a single-probe, pulse-echo and immersion techniqué-utilizing normal ang
iques to detect internal planar flaws oriented in various directions. The'wave velocity and th
cient in the test object are measured before inspection to determine the differences
rties from ingot to ingot. Incident-angle scanning is adopted¥in addition to the commg
ning to detect flaws that can be oriented in various directions) This inspection technique is

applications,
HTTR) of the
ttom or side
ary to detect

angle-beam
e attenuation
in acoustic
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ecessary for
solid rocket
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INTERNATIONAL STANDARD ISO 10830:2011(E)

Space systems — Non-destructive testing — Automatic
ultrasonic inspection method of graphite ingot for solid rocket
motors

1 $cope
This nternational Standard is applicable to the inspection of isotropic graphite ingofs-for use in solid rocket

motofs, in order to detect planar flaws oriented in various directions, using immersion testing by means of a
singl¢-probe, pulse-echo ultrasonic method.

2 Normative references
The following referenced documents are indispensable for the)application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of th¢ referenced
document (including any amendments) applies.

ISO %577, Non-destructive testing — Ultrasonic inspection.— Vocabulary

ISO 9712, Non-destructive testing — Qualification anid certification of NDT personnel — General principles

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 5577 and the following apply.

31
beam-index scanning
common scanning method-in“which a probe (beam index) traverses the test surface of the test blgck

NOTH Either R-X‘scanning or R-Z scanning is conducted, depending on the test surface.

3.2
R-X §canning
beam-index’scanning method that is executed on the top or bottom surface of the test block

NOTE It concicte of tha travarca tranclatinn Af tha nrahg in tha diamatriaal dirastion of tha tact hincld and the axial
Tt HSTSS— Ot e S8t RSa OB HEe—probe—H—tHe—Grarethear—air OO —tHEe eSO 6t

rotation of the test block (see Figure 1).

33
R-Z scanning
beam-index scanning method that is executed on the side surface of the test block

NOTE It consists of the traverse translation of the probe in the longitudinal direction of the test block and the axial
rotation of the test block (see Figure 2).

© 1SO 2011 — All rights reserved 1
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test blocK
probe
water
incident gngle

iy swivel

[ water path
R rotation

X  transverse

Figure 1 — Schematic diagramof R-X scanning

test block
probe

water

incident angle

[ water path

oy Offset
R rotation
Z  transverse

Figure 2 — Schematic diagram of R-Z scanning
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ent-angle scanning

scanning method in which the two independent incident angles of a probe are changed sequentially

NOTE

Either i4-i, scanning or iy-og scanning is conducted following either an orthogonal scanning

scanning method.

3.5

iq=i; scanning
incident-angle scanning method that is executed on the top or bottom surface of the test block

or staggered

NOT
Figurg

3.6

i1 'Off
incid
NOTH
the hq

3.7
orthd
scan
squa

3.8

staggered scanning
ning method used in incident-angle scanninggin' which setting angles (data collection pgints) form a

scan
hexa

NOTH

3.9

primary inspection

first (
corre

NOTH

3.10

secondary inspection

seco
inspe
bean
prima

b

tt—consists—of thangmg—the—angte—of ncidence inctimimg—angte)+;—andchangmg - theswivet
b 1). R-X scanning is conducted at each setting angle (data collection point).

canning
t-angle scanning method that is executed on the side surface of the test block

It consists of changing the longitudinal incident angle i, and changing the ‘offset distance o (co

rizontal incident angle, see Figure 2). R-Z scanning is conducted at each setting.angle (data collection

pgonal scanning
ning method used in incident-angle scanning in which setting angles (data collection p
e lattice

jonal lattice such that the number of scanning\points is less than in the case of orthogonal s

Here, the scanning points are placed\in-a zigzag position with respect to one another (see Figurg

f two inspection stages inswhich scanning is conducted using a relatively large scanning
sponds to relatively large@pparent widths of beam spread, and at a relatively high level of s¢g

This stage identifies suspicious spots to be inspected in the secondary inspection.

nd of twoeinspection stages in which scanning is carried out on the spots identified in
ction using a relatively small scanning pitch, which corresponds to relatively small appar
spread, but at a relatively low level of sensitivity (lower by the beam-edge compensation th
ry;inspection), in order to qualify the tested block

angle i, (see

rresponding to

point).

ints) form a

tanning

 3).

pitch, which
nsitivity

the primary
ent widths of
an that of the

3.11

two-axis swivel scanning
swivel scanning in two incident-angle axes to obtain the maximum echo height, compensating for the wave-
front fluctuation induced by the uneven ultrasonic propagation characteristics of graphite

NOTE

sensitivity.

3.12

planar width of beam spread
transversal range of a beam in which the echo of a flat-bottomed hole equivalent to the flaw to be detected
appears at a height above the specified echo level in beam-index scanning

© IS0
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Key
1 ultrasoni¢ beam
2 angle of efraction corresponding to i,
3 angle of efraction corresponding to i, or og
4  beam index
5 effective peam area of an incidence point
Higure 3 — Schematic diagram of staggered'scanning in incident-angle scanning
3.13

angular width of beam spread
angular range of a beam in which the echo 0fa flat-bottomed hole equivalent to the flaw to be detected
appears at alheight above the specified echo level in incident-angle scanning

3.14
apparent attenuation-compensation rate
compensatioh for residual difference-in echo height between the reference block and the test block

NOTE THe apparent attentation-compensation rate is applied after compensation of wave-front fluctuation by two-
axis swivel scanning in the calibration of detection sensitivity. The difference is understood as the difference in progerties
between graphite ingot lots!

4 Gener1a|

4.1 Requirements

Test blocks are cylindrical in form with a diameter/height ratio of approximately one and a diameter and a
height no greater than 225 mm. Prior to inspection, the size, position and direction of the permissible flaw shall
be evaluated in the design procedure. The minimum equivalent flaw diameter to be detected shall be greater
than 3 mm.

NOTE 1 Isotropic graphite to be inspected by this method is produced by isostatic pressing.

NOTE 2 A larger test block might be inspected in accordance with this International Standard; however, the procedure
has not been validated at diameters and heights greater than 225 mm.

4 © 1S0O 2011 — All rights reserved
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4.2 Test conductor

Persons who conduct this ultrasonic inspection of a graphite ingot for solid rocket motors shall be qualified to
ultrasonic testing (UT) Level 2 in accordance with ISO 9712, or its equivalent, they shall have sufficient
knowledge of graphite material and inspection methods, and they shall be trained in the operation of ultrasonic
inspection equipment.

5 Composition of ultrasonic test equipment

5.1 _Basic compasition of equipment

Equipment adopted for this method comprises an ultrasonic test instrument, a probe and its associated
scanhing equipment, and displaying and recording equipment. Figure 4 shows the'c¢ompogition of the
equigment.

8
5 i l
7 16
4
N
3\\0 /U
21 |
1——
]
Key
1 test block 5 scanner
2 probe 6  controller
3  water 7  ultrasonic pulser/receiver
4  water tank 8 sixaxes (X, 7Y, Z iy, iy R)

Figure 4 — Composition of automatic ultrasonic test equipment

5.2 | Ultrasonic test instrument

In addition\to-its basic function as an ultrasonic pulser/receiver that transmits spike pulses, the yltrasonic test
instryment has an echo-recording gate, a distance-amplitude correction function (DAC circuit) and a data

outpL tllmnmnry ﬁlnr\hnn, as cpnr\lﬁnd in 9) to r\) belows

a) Echo-recording gate: At least one recording gate is provided.

b) Distance-amplitude compensation (DAC): A DAC curve is drawn by plotting echo heights at six or more
points in the beam path. The DAC circuit has a compensation capability of at least 30 dB.

c) Data output/memory function: The ultrasonic test instrument displays the echo with the maximum echo

height of the recorded echoes, together with its beam path, held in the echo recording gate. The
corresponding A-scope is stored to memory simultaneously.

© 1SO 2011 — All rights reserved 5
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5.3 Probe

A normal-incidence immersion probe is used. A non-focusing probe with a nominal frequency range of 1 MHz
to 2 MHz and with a nominal diameter of approximately 25 mm is recommended in order to obtain good
signal-to-noise ratios of flaws with an equivalent diameter of 3 mm versus the background noise of the
graphite matrix, even for a long beam path.

5.4 Scanning equipment

5.41

To detect fl4
rotation, and
shall be insts
pool shall be

5.4.2 Required functionality for the scanning equipment

The scannin
manually:

a) X-axis: 1
b) Y-axis: n
C) Z-axis: n
d) probein
e) probe sy
f)  test-blog

5.4.3 Required capabilities of the scanning equipment

The scanning equipment shall have-the-following capabilities and accuracy at each data measurement pd

a)
b)
c)

d)

General

X-, Y- an
probe in
probe sy

test blog

ws in all directions, the scanning equipment shall allow X-, Y- and Z-axis traverses, test-
probe inclinations in two axes, in order to perform normal-beam and angled-beam teghniqu
lled in an adequate water pool, which shall be kept clean and free from algae. The water
left for a day before inspection.

j equipment shall have functions for performing the following scanning; either automaticg

hanual traverse and automatic scanning with variable pitch and speed;
hanual traverse and automatic scanning with variable pitchand speed;
nanual traverse and automatic scanning with variable-pitch and speed;

cident angle i4: manual change;
vivel angle i,: manual change;

k rotation R: manual and automaticrotation with variable pitch and speed.

d Z-axis scanning:resolution and minimum pitch are 0,5 mm or finer;
Cident-angle_sc¢anning: scanning range of —90° to +90° and a resolution of 0,1° or finer;
vivel-angle“scanning: scanning range of 0° to 360° and a resolution of 0,1° or finer;

kotation: scanning range of 0° to 360° and a resolution and minimum pitch of 0,2° or finer.

block
es. It
n the

lly or

int:

5.5 Display and recording equipment

5.5.1

General

The display instrument shall be capable of showing a C-scope of the top/bottom- and side-surface scanning of
a cylindrical test block. The recording instrument shall be capable of recording the echo height of the highest
echo in the echo recording gate and the scanning data for each scanning position.

© 1S0O 2011 — All rights reserved
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5.5.2 Required functionality for the display/recording equipment

The display/recording equipment shall have the following functions:

a)
b)
c)

d)

e)

C-scope display of top/bottom-surface incidence on the test block;
C-scope display of side-surface incidence on the test block;

recording of the echo height and beam path of the highest echo in the gate range;

recording of position (X, Y, Z), angle (i4, i5) of incidence and test-block rotation (R) of the highest echo in

the gate range,

fransfer of the recorded data to storage media.

5.5.3| Required capabilities of the display and recording equipment

The display and recording equipment shall have the following capabilities:

a)

b)

before or after testing;

the C-scope display is capable of locating and presenting indications in 3 mm resolution or
g¢oordinate axes;

or tone level.

Preparation of automatic ultrasonic inspection

Reference blocks

6.1.1| Surface treatment of the reference blocks

The feference blocks shall be ‘machined to a surface roughness (average roughness along the g
Ra 3)2 or finer and shall-be dried sufficiently. Then the surface of the blocks shall be thinly @
low-permeability epoxy.resin for waterproofing.

6.1.2[ Calibration/of the test instrument

Calibfation efthe test instrument for this method shall be carried out using the reference blocks.

6.1.3| CReference blocks

the lower display limit of the echo height or tone level can be adjusteéd to an arbitrary hgight or level

finer in three

all indications are presented in plural tones or colours_that are clearly distinguishable for each echo height

entre-line) of
oated with a

Reference blocks shall be provided to make the adjustments specified in a) to d) below. Dimensions and
shape of the reference blocks and the method of calibration shall be in accordance with Annex A. Attenuation
compensation shall be carried out on the test block itself and not on the reference blocks, in accordance with
6.9 c) and B.3.

a)
b)
c)

d)

Distance-amplitude correction shall be carried out in accordance with 6.5 and A.2.2.
Determination of apparent beam-width shall be carried out in accordance with 6.6, A.2.3 and
Adjustment of the specified sensitivity shall be carried out in accordance with 8.1 a).

Calibration of detection sensitivity shall be carried out in accordance with 6.9.

© 1SO 2011 — All rights reserved
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6.2 Water path

The water path between the test block and the probe shall be adjusted so that surface echo S, travels outside
the bottom echo B; beam path in the A-scope, under conditions that avoid turbulence in the
distance-amplitude curve in the test region of the test block.

6.3 Setting for angle-beam incidence

6.3.1 Beam index

Beam index js_the paint of intersection of the extended geometric centre axis of the probe and the test blgck.

6.3.2 Geometric angle of refraction

The geometiic angle of refraction, 4,, in graphite (the angle between the normal line of the“ineidence plane

and the diregtion of the refracted beam in graphite) at the top or bottom surface of the test\block, is obtained
using the follpwing equation:

. Vg .
sinfy =— sing,

Yw
where

vy Is the wave velocity in water;

g Is the average wave velocity in graphite, in accordance with B.2.4 (here, a rough figure of two
sigrfificant digits is used);

6 is the angle of incidence (formed by the normal line of incidence and the direction of the incigence
beam).

The horizontpl incident angle for the side-sufface incidence of the test block is obtained using the follpwing
equation:

5im9i

D
OﬁZE

where

of s thle offset distance;

D s the test<block diameter.

6.4 Scanning zone and gate range

6.4.1 General

Scanning shall be carried out on the top/bottom and side surfaces of the test block to detect flaws tilted up to
about 70° from the test surface. Although, basically, the flaws tilted below 45° of each test surface shall be
detected, detection of flaws tilted up to approximately 70° is necessary to eliminate undetected flaws located
along the diagonals of the test block. The necessary scanning zone and corresponding gate range for this
purpose are specified in 6.4.2 to 6.4.4.

8 © 1SO 2011 — All rights reserved
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Scan
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Scanning zones for top/bottom-surface incidence

ning zones for top/bottom-surface incidence shall be as follows:

a) R-axis scanning zone: 0° to 360°;

b) X-axis scanning zone: from the centre to the side surface of the test block (the beam traverse distance is
equal to the radius of the test block);

c) i

4-axis scanning zone: 0° to 70° in the geometric angle of refraction;

d)

6.4.3
Scan

a) |

d) ¢

6.4.4

p-aXIS scanning zone: 0™ 1o o60°".

Scanning zones for side-surface incidence
hing zones for side-surface incidence shall be as follows:

R-axis scanning zone: 0° to 360°;

Z-axis scanning zone: from the top surface to the bottom surface 6f the test block (the bg

istance is equal to the height of the test block);

L-axis scanning zone: 0° to 70° in the geometric angle of refraction;

saxis scanning zone: 0° to 70° in the geometric angle of-refraction.

Gate range

resp
00

unde
corne
side-

6.5
The

lengt
com

6.6

In bg

ctive beam-passing volumes in the test block for ultrasonic beams with geometrical refract
0°, 20°, 30° and 45° respectively. (Gonfirm via the diagrams that, under all scannin
ected regions remain only in a 5 mm zone next to the outer edge or in an area 12 mm by
rs, as specified in 7.1.1. Finally, ‘confirm the detection of reflectors on the border of the dea
surface incidence on RB-H reference blocks (see A.1.3), as specified in A.5.

A gq\e range under each scanning condition~shall be decided on the basis of a diagram
1

Distance-amplitude.correction

Jistance-amplitude-correction is performed electronically by the DAC circuit, up to the re
n of the test<bldéck for normal and angle incidence, in accordance with A.2.2. TH
ensation valteshall be 30 dB.

Deterfmination of apparent widths of beam spread

bam traverse

showing the
on angles of
j conditions,
12 mm in the
d zone in the

quired beam
e maximum

th-beam-index-traverse and incident-angle-incline directions, apparent beam profiles are measured for

both

op/bottom- and side-surface incidence in accordance with A.2.3 and A.3.2. Then, the planar and angular

widths of beam spread are determined on the basis of the respective intensity drops at the beam edge for
primary and secondary inspection, as indicated in Table 1. They are determined on the basis of the minimum
equivalent flaw diameter to be detected. This measurement shall be carried out on all reference blocks below
the necessary beam path for the required test block. The minimum value obtained for width from among the
different beam paths shall be set as the apparent width for each condition (planar or angular, test surface and
inspection stage).

© IS0
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Table 1 — Intensity drop at the beam edge for primary and secondary inspection

Minimum equivalent flaw diameter Intensity drop at the beam edge
to be detected Primary inspection Secondary inspection
>3 mm but <5 mm in diameter -3dB -1dB
>5 mm in diameter -6 dB -3dB

6.7 Selection of scanning pitch in beam-index scanning

In beam-indsg
pitch (data c
in 6.6 in ords
that the distd
Z-axis scann
and 2 show s

6.8 Selec

In incident-amgle scanning, i.e. i4-i, scanning and i4-og scanning, scanning shall be performed with a sca

pitch (data ¢
defined in 6
scanning (Fi
refraction an
that, if iy is n
lattice (ortho
detection pitd
it to an integ
beam-edge i
the angular

staggered sd

6.9 Required compensation of detection sensitivity

Detection se
a level wher
80 % on the

Incident;
incidenc]
A4.1.

a)

Incident;

X scanning, i.e. R-X scanning and R-Z scanning, the scanning shall be performed with a;sca
bllection interval) determined on the basis of the apparent planar width of beam spread.as dg
r to eliminate any undetected region. In R-scanning, the angular pitch of rotation is-adjusted
nce between incidence points is less than one-fifth of the planar width of beam spread. In X
ng, the scanning pitch is the same as or smaller than the planar width of beam spread. Figu
chematic diagrams of R-X scanning and R-Z scanning respectively.

lion of data collection interval in incident-angle scanning

6 in order to eliminate any undetected region, using either orthogonal scanning or stag
pure 3). In i4 scanning, the angular detection pitch is adjusted so that the pitch of the geon
ble is within the angular width of beam spread. In i, and o5 scanning, the detection pitch is g
ear 90°, the data collection points expressed in the.geometric angle of refraction form a s
gonal scanning) or a hexagonal lattice (staggered scanning). When i, becomes smalle
h of i, and o4 may be increased; however, to;simplify the scanning condition, it is desirable
ral multiple only when the pitch may be largérithan that integral multiple. To correct decreag
ntensity and thereby eliminate undetected\regions, a larger angular width, of 2 N2 (=1,42)
vidth of beam spread defined in 6.6-for orthogonal scanning, or 2 /\/?SL (=1,15) times th
anning, is necessary, along with ajarger beam-edge compensation in accordance with 6.9 d

nsitivity, G (dB), as defined in 8.2, is based on the specified sensitivity, G, which is adjust
bby the echo height-of.a flat-bottomed hole (equivalent to the flaw to be detected) is shoy
nstrument display- In-addition, G is adjusted by the following types of compensation:

plane compensation, AGp: Compensation AGp for side-surface incidence (curved-su
) against-tep/bottom-surface incidence (flat-surface incidence), determined in accordancg

angle compensation, AG ,: Compensation AG , for angle incidence against normal incid

determin

hning
fined
such
- and
res 1

nning

ollection interval) determined on the basis of the apparentyangular width of beam spread as

jered
netric
et so
uare
, the
o set
es in
fimes
at for

).

ed to
n as

rface
with

Eence,

ed”in accordance with A4 2 A single compensation value is used for each angle through all

10

necessary beam paths. However, if the compensation value is large due to a large angle of incidence, the
beam path may be divided into sections and different compensation values allocated to each.

Attenuation compensation, 2a ... Maximum attenuation in test block 2aW,,, is calculated using the
apparent attenuation-compensation rate, «, and the maximum beam path, W in accordance with B.3.
It is applied uniformly to all scanning surfaces to compensate for attenuation.

max

Beam-edge compensation, AGg: The sum of beam-edge corrections for planar and angular widths of
beam spread specified in 6.7 and 6.8 respectively.

Corner-incidence compensation, AG: Compensation AG for corner incidence against the regular plane-
surface incidence, in accordance with A.4.3.
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7 Procedure for automatic ultrasonic inspection
7.1 Test blocks

7.1.1 Detection region

The detection region shall be the entire volume of a cylindrical test block for which the diameter/height ratio is
approximately one, excluding a 5 mm outer zone of each test surface and an area 12 mm by 12 mm in the
corners of the top and bottom edges, as shown in Figure 5.

Dimensions in millimetres

Key

1 gide surface

2  Bhottom surface
3  tpp surface

4  detected'zone

Figure 5 — Test region in the test block

7.1.2 Surface treatment
The test block surface shall be machined to a roughness (average roughness along the centre-line) of Ra 3,2

or finer and shall be dried sufficiently. The entire surface shall then be thinly coated with a low-permeability
epoxy resin for water proofing.

© 1S0O 2011 — All rights reserved 11


https://standardsiso.com/api/?name=275308beb3ca18a8b426e96e2cec80a8

ISO 10830:2011(E)

7.2 Test sequence

7.21 General

Inspection is divided into two processes: a propagation-characteristic test and automatic ultrasonic inspection.
The propagation-characteristic test is further subdivided into a bottom-echo monitoring test and an
attenuation-compensation test. The sequence of the three tests on a test block is as specified in 7.2.2 to 7.2.4.
See also Figure 6.

Propagation-
characteristic (  Start )
test
Bottom-echo monitoring test
Drilling of flat-bottomed holes
\ 4
Attenuation-compensation test
Removal of flat-bottomed hales
Automatic :
\ 4 \ 4
Lltrasonic P rlmart)_/ -
nspection inspection Top/bottom- Side-surface

surface scanning scanning

Relevant echo Relevant echo
Yes Yes
Y
lNo lNo

Secondary = -
inspection Suspicious region J
y
Yes y
Relevant echg > Acceptance>
No

A\ 4

< Rejection )

Figure 6 — Test sequence for inspection

7.2.2 Bottam=echo monitoring test

This is the first test to examine ultrasonic wave propagation characteristics in order to determine the locations
in which to drill flat-bottomed reference reflectors, in the lowest attenuation region and the highest attenuation
region, as described in detail in B.2. In addition, the average velocity in the test block is determined from the
bottom-echo travelling time for 36 test points.

7.2.3 Attenuation-compensation test

This propagation-characteristic test is performed after drilling flat-bottomed holes after the bottom-echo
monitoring test, in order to calibrate the specified sensitivity, as described in detail in B.3. Echo heights of flat-
bottomed holes located in multiple positions are determined by two-axis swivel scanning. The coefficient of
attenuation compensation, «, is obtained from the minimum value of maximum echo height and the path of
the associated beam.
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7.2.4 Automatic ultrasonic inspection

This is the flaw-detection test conducted after removal by milling of the flat-bottomed holes used in the
attenuation-compensation test. It comprises two stages: primary inspection and secondary inspection. First-
stage scanning is conducted using a relatively large scanning pitch, which corresponds to relatively large
apparent widths of beam spread, and at a relatively high level of sensitivity, in order to identify spots to be
inspected in the secondary stage. Second-stage scanning is conducted on those spots identified in the
primary inspection, using a relatively small scanning pitch, which corresponds to relatively small apparent
widths of beam spread, and at a lower level of sensitivity (lower by the beam-edge compensation than that of
the first stage), in order to qualify the tested block.

8

8.1

The fpllowing adjustments shall be made on each day of testing:

a)

b)

c)

d)

8.2

Primary inspection scanning(shall be conducted on the basis of the apparent width of 4
determined as specified in 6:6..The detection sensitivity, Gg, shall be determined using the follow

Automatic ultrasonic inspection

Preparation for testing

$pecified sensitivity calibration: Using the flat-bottomed hole of the maximum path equivale
to be detected in the RB-F reference block (see A.1.1), specified sensitivity, G, is adjust
such that echo height in the two-axis swivel scanning is shown as 80 % on the instrument d
point, the testing equipment is ready to conduct surface scanfing, during which the ac
displays and C-scope displays shall be recorded.

Axis alignment of the test block: The test-block rotation axis'is adjusted using the surface ech
Ilock side surface.

eam-axis alignment: Alignment of the beam axisito the probe index is carried out using the
of each scanning surface of the test block.

the test block.

Primary inspection

GR = GT +AGP +AG9 +20{Wmax + AGS +AGC

ht to the flaw
ed to a level
splay. At this
tual A-scope

o of the test-

surface echo

Vater-path adjustment: The water path is~adjusted using the surface echo of each scannifg surface of

eam spread
ng equation:

ottomed hole
8.1 a);

wherg

1 is the specified sensitivity adjusted to a level such that the echo height of the flat-bj
equivalent to the flaw to be detected is 80 % on the instrument display, as specified i

AGp is the incident-plane compensation estimated in accordance with 6.9 a);

AGy is the incident-angle compensation estimated in accordance with 6.9 b);

2aW ax s the attenuation compensation estimated in accordance with 6.9 c);

AGg is the beam-edge compensation estimated in accordance with 6.9 d);

AGc is the corner-incidence compensation estimated in accordance with 6.9 e).

©1S0O 2011 - All rights reserved
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Usually, detecting sensitivity is determined for each incidence prior to testing. However, a maximum value of
detecting sensitivity may be applied to any arbitrary detection to simplify the testing. Areas for which echo
heights are found to be 80 % or more on the instrument display, which is equivalent to a flat-bottomed hole

echo, shall be subject to secondary inspection as specified in 8.3.

8.3 Secondary inspection

Secondary inspection shall be carried out on the areas identified in the primary inspection. Secondary
inspection scanning shall be conducted on the basis of the apparent width of beam spread determined as
specified in 6.6. Detection sensitivity, Gg, shall be determined in accordance with 8.2. Compensation for
detection sensitivity may be made by subtracting the corresponding value from the echo height equivalent to

the acceptan

9 Accep

If any area is
to the accept

10

10.1 Genel

Report

Ce criteria as specified in Clause 9.

fance criteria

ing and recording

al

Report the items listed in 10.2 to 10.5.

10.2 Repol
Report the fg
a) date of
b) name of]
c) identifics
d) material
e) modeln
f)  model n
g) qualifica

't of test result

llowing data:

esting;

the person who carried out the. tésting;

tion number of the test block;

and dimensions of thetest block;

Umber of the auformatic ultrasonic test instrument;
imber of the{probe;

fionresult of the test block.

found on the test block that shows 80 % echo height or more of a flat-bottomed hole equi
ance criteria, that tested block shall be neither accepted nor qualified.

10.3 Scanning details and corresponding gate range

Record the following data for each incidence condition:

a)
b)
c)

d)

14

test surface;

incident

swivel angle, i, (for top/bottom-surface incidence), or offset, o (for side-surface incidence);

gate ran

angle, iy;

ge.

alent
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10.4 Inspection condition data

Report the following data:

a) identification number or shape of the reference blocks;
b) A-scope and C-scope displays of the reference blocks;
c) average velocity of the test block;

d) distance-amplitude compensation data;

e) gensitivity compensation values.

10.5| Secondary inspection details

Record the following data for each area on which secondary inspection was executed:

a) ftestsurface;

b) ipcident angle, iy;

c) swivel angle, i, (for top/bottom-surface incidence), or offset, é¢ (for side-surface incidence);

d) position of beam index;
e) beam path;

f)  echo height.
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https://standardsiso.com/api/?name=275308beb3ca18a8b426e96e2cec80a8

ISO 10830:

2011(E)

Annex A
(normative)

Reference blocks and test method for ultrasonic characteristic

A.1 Refer

A.1.1 RB-H

RB-F blocks

and apparen
shall be cul

reflectors an
provided for

shall be the 1

determination of graphite ingot

eTTce biocks

blocks

] beam paths as specified in Table A.1. A block of sufficient beam path-and shorter ones sh
he test. There shall be two or more reflectors in each block; the one, that gives the weakest
eference reflector.

ad

ad

Figure A.1= Shape and dimensions of RB-F reference block

Table A1~ Dimensions, reflectors and beam paths of RB-F blocks

are the reference blocks used to determine distance-amplitude correction, specified sens
t width of beam spread in normal incidence on top/bottom surfaces (flat surfaces). The b
oidal and made of isotropic graphite, as shown in Figure A.1. They ,shall have dimens

itivity
locks
ions,
all be
echo

Di . Reflector: flat-bottomed hole of the flaw
Imensions diameter to be detected
Reference Beam path
blockK I Iy I3 od L Number mm
A of-heles
LILLLILILI LILLLILILI LILLLLL

RB-F1 >100 >100 >20 Flaw diameter >10 >2 10+5
RB-F2 >100 >100 >40 Flaw diameter >10 >2 30+£5
RB-F3 >100 >100 >70 Flaw diameter >10 >2 60+5
RB-F4 >100 >100 >110 Flaw diameter >10 >2 100+ 10
RB-F5 >100 >100 >160 Flaw diameter >10 >2 150 £ 10
RB-F6 >100 >100 >230 Flaw diameter >10 >2 220+ 10

16
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An RB-G block is the reference block used to compensate detection sensitivity for different surfaces and to
determine the apparent width of beam spread in normal incidence on side surfaces (curved surfaces). The
block shall be cylindrical and made of isotropic graphite, as shown in Figure A.2, and have, in principle, the
same diameter as the test block. The block shall have dimensions, reflectors and beam path as specified in
Table A.2. There shall be two or more reflectors in the block; the one that gives the weakest echo shall be the
reference reflector.

@D

ad

Figure A.2 — Shape and dimensions of RB-G reference block

Table A.2 — Dimensions, reflectors and beam paths of RB-G block

Reflector: reference flat-bottomed hole

Reference Dimegg{ons of the flaw diameter to be detected Beam path
block @D, h L Number of mm
add
mm mm mm holes
Same diameter as test Flaw
RB-G block, in principle 240 diameter 10 =2 @p-10

©1S0O 2011 - All rights reserved
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A.1.3 RB-H blocks

RB-H blocks are the reference blocks used to determine incident-angle compensation in side-surface (curved-
surface) incidence and to confirm full detection of tilted flaws in all directions. The block shall be cylindrical
and made of isotropic graphite, as shown in Figure A.3, and have, in principle, the same diameter as the test
block. The block shall have dimensions, reflectors and distances from the side surface as specified in
Table A.3.

4 —— -1
-
Fozza
)
.

ad

@D

A
/

Key
1to 4 holes as specified in Table A.3

Figure A.3—Shape and dimensions of RB-H reference block

Tdble A.3 — Dimensions, reflectors and distance from side surface of RB-H blocks

Dimensions Reflector: side-drilled hole
Reference Distance from the
bloc @D h Hole No. ad L Number side surface, ¢
mm mm n mm mm of holes - n
1 2 40 1 2,5
Same
diameter as 2 2 40 ! 7.5
RB-H1 block >50
.test. ock, 3 2 40 1 72,5+ 10
in principle
4 2 40 1 @DI2
1 2 40 1 12,5
Same
diameter as 2 2 40 ! 22545
RB-H2 block >50
.test. ock, 3 2 40 1 375+5
in principle
4 2 40 1 @DI2
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A.1.4 RB-L block

An RB-L block is the reference block used to compensate corner effects in normal and angle incidence on
corners (corner-edge region). The blocks shall be cuboidal and made of isotropic graphite, as shown in
Figure A.4. They shall have dimensions, reflectors and beam paths as specified in Table A.4. There shall be
two or more reflectors in each block; the one that gives the weakest echo shall be the reference reflector.

OO0
O
A . B [ .
‘lT
“ N ///
AN . ,/,/
N %,
\\ /'
N, v
\1’
-~ A
s N
ST N
1 8 . \
F_;,) F#) e ﬁ-\ ’é) SN
. ,)\‘\\‘\ />/\/ ° N
-1 Y o
7
\Y
ecy
Figure)A.4 — Shape and dimensions of RB-L reference block
Table A.4 — Dimensions, reflectors and beam paths of RB-L block
Reflector: 45° tilted flat-bottomed hole .
Dimensions . Distance Beam
Reférence of the flaw diameter to be detected to corner path
block ]1 /‘ ]o i L Number of r
mm mm mm @ mm holes mm mm
Flaw 14 >2 0 93
diameter
RB-L 100 90 >50
Flaw 14 52 20 107
diameter
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