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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 work. ISO collaborates closely with the International
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INTERNATIONAL STANDARD

ISO 13588:2012(E)

Non-destructive testing of welds — Ultrasonic testing — Use
of automated phased array technology

1 Scope

This International Standard specrﬂes the appl|cat|on of the phased array technology for the semi- or fully

to ful
pare

Whe
steel
trans

This

techn]
Phas|
testin

This
deteq

This
ampl

This
This

penetrat|on welded Jomts of S|mple geometry in plates p|pes and vessels where both
t material are low-alloyed carbon steel.

e material-dependent ultrasonic parameters are specified in this International Stapdard, they
5 having an ultrasonic sound velocity of (5 920 + 50) m/s for longitudinal waves,and (3 255
verse waves. It is necessary to take this fact into account when examining materials with a diffe

International Standard provides guidance on the specific capabilitieszand limitations of {
ology for the detection, location, sizing and characterization of discontinuities in fusion-y
ed array technology can be used as a stand-alone technology or in combination with other no
g (NDT) methods or techniques, for manufacturing inspection,-pre-service and for in-servic

International Standard specifies four testing levels, each corresponding to a different
tion of imperfections.

International Standard permits assessment of indications for acceptance purposes bas
tude (equivalent reflector size) and length or height and length.

nternational Standard does not include acceptance levels for discontinuities.
nternational Standard is not applicable:
or coarse-grained metals and austenitic welds;

or automated testing of welds*during the production of steel products covered by ISQ
SO 10893-11,14 and 1SO 3183.[1

The
refer
(incl

ISO
ISO

ormative references

ollowing refetenced documents are indispensable for the application of this documen
nces, only the edition cited applies. For undated references, the latest edition of the referenc
ding any.amendments) applies.

712, Non-destructive testing — Qualification and certification of NDT personnel

nm. It applies

he weld and

are based on
+ 30) m/s for
erent velocity.

hased array
elded joints.
h-destructive
e inspection.

brobability of

ed on either

10893-8,[3]

t. For dated
ed document

technique ( TOFD)

ISO 17635, Non-destructive testing of welds — General rules for metallic materials

ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, and assessment

EN 473, Non-destructive testing — Qualification and certification of NDT personnel — General principles

EN 1330-4, Non-destructive testing — Terminology — Part 4: Terms used in ultrasonic testing

EN 16392-1, Non-destructive testing — Characterization and verification of ultrasonic phased array systems —

Part
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EN 16392-2, Non-destructive testing — Characterization and verification of ultrasonic phased array systems —
Part 2: Probes

EN 16392-3, Non-destructive testing — Characterization and verification of ultrasonic phased array systems —
Part 3: Complete systems

EN 16018, Non-destructive testing — Terminology — Terms used in ultrasonic testing with phased arrays

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 1330-4 and EN 16018 and the
following apply.

341
phased array set-up
probe arrangement defined by probe characteristics (e.g. frequency, probe element size, beam angle, wave
mode), probe position, and the number of probes

3.2
phased array image
one- or two-dlimensional display, constructed from the collected information of phased array operation

3.3
probe positjon
PP
distance betyeen the front of the wedge and the weld centreline

34
phased array indication
pattern or digturbance in the phased array image which may need further evaluation

3.5
skewed scap
scan performed with a skewed angle

NOTE ThHe skewed angle can be achieved:electronically or by means of probe orientation

3.6
scan increment
distance between successive data-Collection points in the direction of scanning (mechanically or electronically)

4 Testing levels

Quality requirements.for welded joints are mainly associated with the material, welding process and sgrvice
conditions. Tp accommodate all of these requirements, this International Standard specifies four testing levels
(A, B, C, and D).

From testing level A to testing level C, an increasing probability of detection is achieved by an increasing testing
coverage, e.g. number of incidences, combining techniques.

Testing level D may be agreed for special application using a written procedure which shall take into account the
general requirements of this International Standard. This includes tests of metals other than ferritic steel, tests
on partial penetration welds, tests with automated equipment, tests at object temperatures outside the range.

In general, the testing levels are related to quality levels (e.g. ISO 5817(2]). The appropriate testing level can
be specified by standards for testing of welds (e.g. ISO 17635), product standards or other documents. When
ISO 17635 is specified, the recommended testing levels are as given in Table 1.

2 © 1S0 2012 — All rights reserved
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Table 1 — Recommended testing levels

Testing level Quality level in 1ISO 581712
A C,D
B B
C by agreement
D special application

ISO 13588:2012(E)

Table 2 shows the minimum requirements and in all cases as described in 7.2 the set-up shall be verified with

£ Lol 1 1 1o H 4 £ L 1 (H TOERloalf PR SN | B e
a refgrencedDroCK T cases wiere SLdAlmimiTy 1o MUTTTUTTS TaLT (TAUIUUITTY TUT ), TiAll atlu TUill oSNy

and gtored; if scanning is performed from both faces, half skip is sufficient.

If thel evaluation of the indications is based on amplitude only, the deviation from the normal to t

not ekceed 6°.

Table 2 — Description of testing levels

hall be used

he weld shall

Testing levels
A B | c
Mode Example of gsketches
Reference block (see Annex A)
Block A | Block B | <Biéck C
Test set-up
Fixeql angles at fixed Not suitable as sinale ~N—
probg position to weld Two sides : g Two sides
. technique
(line|scans)?@ P
Fixed angleg with One side Oné side One side
rastgr scanning?
-
E-scan at fixed probe . Two sides with . —
posifion One side Two sides
) two angles ©
(linefscan)@
S-scan at fixed probe . Two sides
- . Two sides or two probe
posifion to weld Oneside o or two probe
. positions L
(line|scan)?@ positions \_/
B e
S-scfan raster Not recommended One side W/i P
F‘
TOFP geherated with Not recommended, TOFD testing in One set-u
phaded-array?@ accordance with ISO 10863 P
Skewed scanP If required by specification \

TOFD.

¢ Atleast 10° difference.

a8  For testing level C, at least two different test set-ups from this table shall be combined; at least one of them shall be S-scan or

b |f detection of transverse discontinuities is required by specification, a suitable additional test set-up shall be applied. Skewed
probe or electronically skewed beam can be used.

© 1SO 2012 — All rights reserved



https://standardsiso.com/api/?name=0f236fbea71a37c9fb43bea2a2651a21

ISO 13588:2012(E)

5 Information required prior to testing

5.1 Items

to be defined prior to procedure development

Information on the following items is required:

a) purpose

and extent of testing;

b) testing levels;

c) acceptance criteria;

d) specific*tion of reference blocks;

e) manufadg

turing or operation stage at which the testing is to be carried out;

f) weld derlails and information on the size of the heat-affected zone;

g) require
h) personn

i) reportin

5.2 Speci

Before any tg

ents for access and surface conditions and temperature;
el qualifications;

) requirements.

fic information required by the operator before testing

sting of a welded joint can begin, the operator shall have'access to all the information as spe

in 5.1 together with the following additional information:

a) writtent
b) type(s) g
c) jointpre
d) welding
e) timeofi

f)  result of

bst procedure;

f parent material and product form (i.e. cast, forged, rolled);
baration and dimensions;

nstruction or relevant information on the welding process;
nspection relative to any postsweld heat treatment;

any parent metal testing, carried out prior to and/or after welding.

5.3 Writt

For all testin

n test procedure

levels a written test procedure is required.

A procedure [shall be;written and shall include the following information as a minimum:

a) the pur

Se,and extent of testing;

cified

b) testing techniques;

c) testing levels;

d) personnel qualification/training requirements;

e) equipment requirements (including but not limited to frequency, sampling rate, pitch between elements,

element

f)  referenc

size);

e and/or test blocks;

g) the setting of equipment;

h) available access and surface conditions;

© 1SO 2012 — All rights reserved
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he testing of parent material;

he evaluation of indications;

acceptance levels and/or recording levels;
reporting requirements;

environmental and safety issues.

The procedure shall include a documented testing strategy or scan plan showing probe placement, movement,
and component coverage that provides a standardized and repeatable methodology for weld testing. The scan

plan
volun

6 H

6.1

Pers
level

In ad
pract
perfo
is no
procq
refled

6.2

6.2.1
usefl

6.2.2
in ac

The ¢

Itis r¢

6.2.3

Adap

StTatt-atso mciude uttrasomic beanTangtes used; beanT directions with tespect to thewetd T3
ne examined for each weld.

Requirements for personnel and equipment

Personnel qualifications

bnnel performing testing in accordance with this International Standard-shall be qualified to a
in accordance with EN 473, ISO 9712 or equivalent in the relevant industrial sector.

dition to a general knowledge of ultrasonic weld inspection, tHe operators shall be familiar v
cal experience in the use of phased arrays. Specific training and examination of personn
rmed on representative pieces. These training and examination results should be docum
[ the case, specific training and examination should be" performed with the finalized ultra
dures and selected ultrasonic testing equipment onfepresentative samples containing natur
tors similar to those expected. These training and\examination results should be documents

Equipment

General. In selecting the system-components (hardware and software) CEN/TR 13
| information.

Ultrasonic equipment.and display. Ultrasonic equipment used for the phased array test
cordance with the requirements of EN 16392-1, EN 16392-2, and EN 16392-3 when applical

quipment shall be able to select an appropriate portion of the time base within which A-scans

Ultrasonic probes. Both longitudinal and shear wave modes may be used.

tation ‘of probes to curved scanning surfaces shall comply with ISO 17640. When adapte

used

ntreline, and

N appropriate

ith and have
el should be
ented. If this
sonic testing
al or artificial
pd.

134161 gives

ng should be
le.

are digitized.

bcommended/that a sampling rate of the A-scan be used of at least six times the nominal prolpe frequency.

H probes are

the influence on the sound beam shall be taken into account.

6.2.4 Scanning mechanisms. To achieve consistency of the images (collected data), guiding mechanisms
and scan encoder(s) shall be used.

7 Preparation for testing

71

Volume to be inspected

The purpose of the testing shall be defined by specification. Based on this, the volume to be inspected shall
be determined.

© 18O
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For tests at the manufacturing stage, the testing volume shall include the weld and parent material for at least
10 mm on each side of the weld (5 mm for laser welds and for electron beam welds), or the width of the heat-
affected zone (based on the manufacturer’s information), whichever is greater.

A scan plan should be provided. The scan plan should show the beam coverage, the weld thickness and the

weld geomet

Ensure that t

ry.

he sound beam(s) cover(s) the volume to be tested.

7.2 \Verification of test set-up

TN

The capabilif

7.3 Scan

The scaninc
up to 10 mm
the scan incr

The scan ind
coverage of

When TOFD

£ Ll 4 £ 4 L £foa b +lo £ £ Ll 1
y UTUiC 1ol OoULTUY ol'lidilh VG VTTITTTCU IJy aIiC UoT UT TUITCTTUTIUT VIUUNO.

ncrement setting

the scan increment shall be no more than 1 mm. For thicknesses between 10.mm and 150
ement shall be no more than 2 mm. Above 150 mm, a scan increment of 3 mm is recomme

he examination volume.

is used, the scan increment shall be in accordance with ISO 10863.

7.4 Geometry considerations

Care should
thickness, m
in-depth kno

For level D
mandatory (S

NOTE In

be taken when examining welds of complex geometry, e.g. weld joining materials of un
hterials that are joined at an angle or nozzles. These tests should be planned carefully and rg
vledge of sound propagation and shall always be carried out under testing level D.

tests scan plan(s), representative reference block(s), and a performance demonstratio
ee Annex A).

some cases, the number of reference\blocks can be reduced by use of simulation programs.

7.5 Preparation of scanning surfaces

Scanning su

Scanning su
loose scale,
probe and th
surface, if ng

Scanning su
for machineg

rfaces shall be even“and free from foreign matter likely to interfere with probe coupling (e.g
weld spatter, notches, grooves). Waviness of the test surface shall not result in a gap betwsg
b test surface greater than 0,5 mm. These requirements shall be ensured by dressing the sca
cessary,

facesymay be assumed to be satisfactory if the surface roughness, Ra, is not greater than 6
suifaces, or not greater than 12,5 ym for shot-blasted surfaces.

faces shall be clean in an area wide enough to permit the testing volume to be fully covereq.

ement setting along the weld is dependent upon the wall thickness to be examined-For thickngsses

mm,
hded.

rement setting perpendicular to the weld when applicable shall be chosen in order to ensure the

pqual
quire

n are

rust,
ben a
hning

3 um

When coating, paint, cladding etc. is present and is not to be removed, testing level D is applicable.

7.6 Temperature

When not using special high temperature phased array probes and couplants, the surface temperature of the

object under

testing shall be in the range 0 °C to 50 °C.

For temperatures outside this range, the suitability of the equipment shall be verified.

7.7 Coupl

ant

In order to generate proper images, a couplant shall be used which provides a constant transmission of
ultrasound between the probes and the material.

6

© 1SO 2012 — All rights reserved
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The couplant used for calibration shall be the same as that used in subsequent testing and post-calibrations.
8 Testing of base material
When the test is performed according to this International Standard, a lamination test shall be performed. This

may be carried out as part of or independent of the test.

9 Range and sensitivity settings

9.1 Settings

9.1.1| General

Setting of range and sensitivity shall be carried out prior to each test in accordapce)with this|International
Standlard. Any change of the phased array set-up, e.g. probe position (PP) and stéering paramefers, requires
a neW setting.

SignII-to-noise ratio should be optimized with a minimum of 12 dB for the’reference signals| when using
A-scans, or with a minimum of 6 dB when using images.

9.1.2| Pulse echo time window

If applicable, the time window used for pulse echo signals shallinclude the volume of interest and pe described
in theg written test procedure.

Ensure that the combination of beams covers the arealof interest.
9.1.3| Pulse echo sensitivity settings

9.1.311 General
After|selection of the mode (fixed angle, E-scan, S-scan) the following shall be carried out:
a) sensitivity shall be set for each beam generated (beam angle, focal point etc.) by the phased array probe;

b) When a probe with wedge is used the sensitivity shall be set with the wedge in place.

9.1.3|2 Focusing
Different modes-offocusing can be applied with phased array probes, e.g. static and dynamic depth fo¢using (DDF).

When focusihg is used, the sensitivity shall be set for each focused beam.

9.1.3[3—=Gain-corrections

The use of angle-corrected gain (ACG) and time-corrected gain (TCG) enables the display of signals for all
beam angles and all distances with the same amplitude.

9.1.3.4 Sensitivity settings for different modes of phased array testing

For weld testing, different modes can be applied, e.g. fixed angles, E-scans, S-scans. After the previous steps,
the reference sensitivity for each beam generated shall be set according to ISO 17640, including transfer
correction if applicable.

9.1.4 TOFD settings

If TOFD testing is performed, all settings shall comply with the requirements specified in ISO 10863.

© 1S0O 2012 — All rights reserved 7
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9.2 Checking of the settings

Check the settings at least every 4 h and after completion of the testing. If the single test takes more than 4 h,
the settings shall be checked after completion of the test.

If a reference block was used for initial setting, the same reference block shall be used for checking. Alternatively,
a smaller block with known transfer properties may be used.

If deviations from the initial settings, in accordance with 9.1, are found during these checks the corrections

given in Table 3 shall be carried out.

Tabl

3 Sensitivitv-and .

Sensitivity

Deviations <4 dB

No action required; data may be corrected by software

Deviations >4dB

The complete chain of measurement shall he*checked. If no

defective components are identified, settings-shall be corn
and all tests carried out since the last valid check shall be

ected

repeated
NOTE 1 The required signal-to-noise ratio has to be | NOTE 2 The deviation 4 dB applies for pulse echo testing. For
achieved. TOFD testing 6 dB deviation is allowed.
Range
Deviations <(,5 mm or 2 % of depth-range, whichever | No action required
is greater
Deviations >0,5 mm or 2 % of depth-range, whichever | Settings shall be corfected and all tests carried out since the
is greater last valid check.shall be repeated

9.3 Reference blocks

9.3.1 Geng|

Depending o
coverage, S€

9.3.2 Mate

The referenc
structure, an

ral

rial

e block shall be niagle of similar material to the test object (e.g. with regard to sound velocity,
H surface condition).

9.3.3 Dimensions and shape

The thicknes

object with a

5 ofthé reference blocks is recommended to be between 0,8 and 1,5 times the thickness of th
maximum difference in thickness of 20 mm compared to the test object. The length and wi

n the testing level, reference blocks shall be used to determine the adequacy of the testing
nsitivity setting). Recommendations for reference blocks are shown in Annex A.

(e.g.

grain

e test
ith of

the reference block should be chosen such that all the artificial defects can be properly scanned. For test

ng of

longitudinal welds in cylindrical test objects, curved reference blocks shall be used having diameters from 0,9 to
1,5 times the test object diameter. For test objects having a diameter >300 mm a flat reference block may be used.

9.3.4 Reference reflectors

For a thickness between 6 mm and 25 mm, at least three reflectors are required; for a thickness 7> 25 mm at least
five reflectors are required. Typical reference reflectors are side-drilled holes, notches and flat-bottomed holes.

Details of the reference block according to the testing levels are given in Table 4 and Annex A.

© 1SO 2012 — All rights reserved
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Table 4 — Testing levels and reference blocks

Testing level Reference block
A see Figure A1
B see Figure A.2
C see Figure A.3
D as specified

10 Equipmentchecks

Chedk to verify that all relevant channels, probes, and cables of the ultrasonic phased array system are
functfonal. This check shall be performed daily before and after testing. If any item of the system fals, corrective
actiop shall be taken and the system shall be retested.

11 Procedure qualification

Procg¢dure qualification is required for testing levels B, C, and D. The test procedure shall have been gemonstrated
to pefform acceptably on reference block(s). Examples of reference blocks are described in Anngx A.

A safsfactory procedure qualification shall take place prior to thefirst inspection.
A sajsfactory procedure qualification includes:

a) detection of all required reflectors;

b) sizing capability as required by specification;

c) proof of coverage in depth and width.

12 Weld testing

Befofe initial testing, the coverage\shall be verified with the scan plan and demonstrated gn a suitable
refergénce block.

Acceptable deviations of prabe position relative to the weld centreline shall be documented in the tept procedure,
and ghall be covered in.the’scan plan and shown on reference block.

Som¢ indications detected during the initial scanning may require additional evaluation, offset-gcans, scans
perpéndicular tothe discontinuity, complementary phased array-set-ups, etc.

Scanhing speed shall be chosen such that satisfactory images are generated (see 14.1). The scqnning speed
shall pe selected dependent on factors such as number of delay laws, scan resolution, signal averaging, pulse-
repefjtion frequency, data acquisition frequency, and volume to be inspected. Missing scan lines|indicate that
too high a scanning speed has been used. A maximum of 5 % of the total number of lines collected in one
single scan may be missed but no adjacent lines shall be missed.

If the length of a weld is scanned in more than one section, an overlap of at least 20 mm between the adjacent
scans is required. When scanning circumferential welds, the same overlap is required for the end of the last
scan with the start of the first scan.

If applicable, a control function for the coupling efficiency is recommended.

© 1S0O 2012 — All rights reserved 9
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13 Data storage

The ultrasonic testing shall be performed using a device employing computer-based data acquisition. All
A-scan data covering the examination area shall be stored and all data sets with set-up parameters shall be
included in the data record.

All data shall

be stored for a period as specified.

14 Interpretation and analysis of phased array data

14.1 Genel

Interpretatior

at

and analysis of phased array data are typically performed as follows:

a) assess the quality of the phased array data;

b) identify
c) classify
d) determin

e) evaluatg

elevant indications;
Felevant indications as specified;
e location and size as specified;

against acceptance criteria.

14.2 Assejsing the quality of the phased array data

A phased arffay test has to be carried out such that satisfactoryithages are generated which can be eval
with confiderjce. Satisfactory images are defined by appropriate:

a) coupling;

b) time-bage setting;

c) sensitivify setting;

d) signal-td-noise ratio;

e) saturatign indicator;

f) data acquisition.

Assessing th

has to decide whether nonzsatisfactory images require new data acquisition (rescan).

14.3 Ildenti

fication of relevant indications

The phased

brray technique images both discontinuities in the weld and geometric features of the test o

ated

e quality of phased array images requires skilled and experienced operators (see 6.1). The opgrator

pject.

In order to identify indications of geometric features, detailed knowledge of the test object is necessary.

To decide whether an indication is relevant (caused by a discontinuity), patterns or disturbances have to be

evaluated co

nsidering shape and signal amplitude relative to general noise level.

14.4 Classification of relevant indications

Amplitude, location and pattern of relevant indications may contain information on the type of discontinuity.

Relevant indi

10

cations shall be classified as specified.
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14.5 Determination of location and length of an indication

14.5.1 Location

The location of an indication parallel to the weld axis, perpendicular to the weld axis and in the through-wall
direction shall be determined from the collected data.

14.5.2 Length

The length of an indication is defined as the dimension along the weld. The method of determining length shall
be in accordance with the acceptance level applied.

14.6| Indication assessment

14.6. General

This pssessment can be based on amplitude, equivalent reflector size or on height and length|according to
specffication.

14.6.2 Based on amplitude

The maximum amplitude of each indication shall be evaluated accerding to the specified acceptarice level. The
amplltude drop can be used to determine the length of an indication.

14.6.3 Based on height

The height of an indication is the extent in the throughizwall direction. For indications displaying varying height
along their length, the height shall be determined at.the scan position of maximum extent.

If a more accurate height determination is requited, reconstruction algorithms, e.g. synthetic aperfure focusing
techrlique (SAFT), may be used.

14.7| Evaluation against acceptance criteria

After|classification of all relevant-indications, determination of their location and length, and asspssment, the
indications shall be evaluated against specified acceptance criteria.

The ihdications can then\be categorized as “acceptable” or “not acceptable”.

15 Test report

The Ist report shall include at least the following information:

a) feference to this International Standard (ISO 13588:2012);

b) information relating to the object under test:
1) identification of the object under test,
2) dimensions including wall thickness,
3) material type and product form,
4) geometrical configuration,
5) location of welded joint(s) examined,
6) reference to welding process and heat treatment,

7) surface condition and temperature,
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8)

stage of manufacture;

information relating to equipment:

1

2)

3)
4)

manufacturer and type of phased array instrument including scanning mechanisms with identification
numbers if required,

manufacturer, type, frequency of phased array probes including number and size of elements, material

and

angle(s) of wedges with identification numbers if required,

details of reference block(s) with identification numbers if required,

typé

of couptant used;

Information relating to test technology:

test
pury
dets
met
detd
sca

acc

ng level and reference to a written test procedure,
pose and extent of test,

ils of datum and coordinate systems,

hod and values used for range and sensitivity settings,
ils of signal processing and scan increment setting,

N plan,

bss limitations and deviations from this International Standard, if any;

Information relating to phased array setting:

1)
2)
3)
4)
5)
6)
7)

incr|
elen
foct
virty
elen
doc

doc

ement (E-scans) or angular increment (S-scans),

hent pitch and gap dimensions,

s (calibration should be the same'as scanning),

al aperture size, i.e. numberafielements and element width,

hent numbers used for foeal laws,

LUmentation on permitted wedge angular range from manufacturer,

Lumented calibration, TCG and angle gain compensation;

Information relatingyto test results:

1)
2)

refe

renge\to the phased array raw data file(s),

phal

hard copy, all images or data available in soft format,

acceptance criteria applied,

¢d on

tabulated data recording the classification, location and size of relevant indications and results of evaluation,

refe

rence points and details of the coordinate system,

date of test,

names, signatures and certification of personnel.
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Annex A
(informative)

Typical reference blocks and reference reflectors

A.1 Reference reflectors

For a|thickness between 6 mm and 25 mm, at least three reference reflectors are recommended. ]
may be machined in one or more blocks.

For & thickness >25 mm, at least five reference reflectors are recommended. The reflectors may
in ong or more blocks.

The fplerances for all the dimensions of the reference reflectors are as follows:
— diameter: +0,2 mm

— length: +2 mm

— angle: +2°

— Tables A1, A.2, and A.3 describe the reference reflectofs-for different wall thicknesses. If T
then refer to ISO 10863 for details of reference notches!

Table A.1 — Length and depthlyof notches in the reference block

Dimensions in millimetres

Thickness Length Height Width
t / h b
6<r<40 t 1+0,2 0,2+0,05
40 < <60 40+ 2 2+0,2 0,2+0,05
60 <1100 50+2 2+0,2 0,2+0,05
5> 100 60 +2 3+0,2 0,2+0,05

Table A.2 — Diameter Dy of side-drilled holes

Dimensions in millimetres

'he reflectors

be machined

DFD is used,

Thickness Diameter
t Dy
07X 29 29 T 0,2
25<1<50 3,0+£0,2
50 <1<100 45+0,2
t>100 6,0+0,2
NOTE If near-side surface holes are required they shall have a diameter of 2 mm; see Figure A.2.
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