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Foreword

This Part of BS 1723 has been prepared under the direction of the Welding 
Standards Committee. It was originally published as one standard but this 
revision has been divided into four Parts as follows:

— Part 1: Specification for brazing;
— Part 2: Guide to brazing;
— Part 3: Methods for non-destructive and destructive testing;
— Part 4: Method for specifying brazing procedure and operator approval 
testing.

Standards relating to welded constructions in various branches of engineering 
generally include requirements for certain tests to be carried out. This Part of 
BS 1723 will, for the first time, extend the applicability of destructive and 
non-destructive tests to joints produced by the brazing process.
BS 1723-2 categorizes joints in brazed constructions into four types, based upon 
life limiting processes and cost of failure. The application of testing methods for 
these categories and their limitations are tabulated in Appendix A.
Purchasers of examination services in accordance with the methods described in 
this Part of BS 1723 are advised to specify in their purchasing contract that the 
supplier operates a quality system in compliance with BS 5750 to assure 
themselves that examinations claimed to comply with this Part of BS 1723 
consistently achieve the required level of performance.
It has been assumed in the drafting of this British Standard that the execution of 
its provisions is entrusted to appropriately qualified and experienced people.
A British Standard does not purport to include all the necessary provisions of a 
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i to iv, 
pages 1 to 52, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had 
amendments incorporated. This will be indicated in the amendment table on the 
inside front cover.
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Section 1. General

1.1 Scope
This Part of BS 1723 describes both non-destructive 
and destructive methods of testing brazed joints. 
Methods of test for brazing filler metals are also 
given. When appropriate it also specifies the shape 
and dimensions of test pieces for the tests described.
NOTE The titles of the publications referred to in this standard 
are listed on the inside back cover.

1.2 Definitions
1.2.1 General

For the purposes of this Part of BS 1723, the 
definitions given in BS 18, BS 131, BS 240, BS 427, 
BS 499-1, BS 709, BS 891, BS 1610, BS 1639, 
BS 1723-1, BS 2600, BS 2910, BS 3451, BS 3500, 
BS 3636, BS 3683, BS 4331, BS 5466, BS 6072, 
BS 6443 and BSI Handbook 22 apply together with 
the following.

1.2.2 Definitions specific to testing of brazed 
joints

1.2.2.1 
defect

any material or process imperfection. A defect may 
or may not be cause for rejection of a brazed joint
NOTE 1 As well as irregularities in the brazed joint, a defect 
can cover items such as deviations from the intended relative 
positions of the component parts and from the designed shape of 
the brazed construction.
NOTE 2 This term may require a different definition when used 
in connection with product liability.

1.2.2.2 
test

a critical trial (often involving stress) or the 
examination of one or more properties or 
characteristics of a material, product or set of 
observations

1.2.2.3 
test sample

an assembly brazed in accordance with an approved 
brazing procedure. It may be one of the following

a) a brazed construction, either taken from 
production or made specifically for test purposes;
b) a brazed joint detached from a brazed 
construction;
c) a simulation that will adequately replicate the 
brazed joint in the production assembly, e.g. for 
approval testing.

1.2.2.4 
test piece

a portion detached from a test sample and prepared 
for testing
NOTE This term is synonymous with the term “test specimen”.

1.2.2.5 
proof load

a specified load applied to proof test a brazed 
construction
NOTE The loading method and magnitude of the load should be 
defined by a competent person.

1.2.3 Definitions specific to brazing filler 
metals

1.2.3.1 
differential thermal analysis (DTA)

a technique in which the temperature difference 
between a substance and a reference material is 
measured as a function of temperature whilst the 
substance and the reference material are subjected 
to a controlled temperature programme

1.2.3.2 
sample

the actual material being investigated

1.2.3.3 
reference material

a known substance, usually inactive thermally over 
the temperature range of interest

1.2.3.4 
specimens

the sample and the reference material

1.2.3.5 
specimen holder assembly

the complete assembly in which the specimens are 
housed

1.3 General principles
Defects are observed when brazed joints are 
examined non-destructively and in some cases by 
destructive tests. They may reduce the quality and 
performance characteristics of the joint or the 
brazed construction.
This Part of BS 1723 does not give guidance 
regarding the cause of the defect or its effect upon 
the classification of the joint quality (for 
convenience Appendix A reproduces the 
classification given in BS 1723-2), or the effects of 
single or multiple defects upon the performance 
characteristics of the brazed construction. This will 
depend upon the life-limiting processes to which the 
joint is subjected and the life requirements and 
performance agreed for the brazed construction by 
the contracting parties. However, guidance is given 
regarding the types of defect that are observed when 
non-destructive and destructive tests are applied. 
These are defined diagrammatically in Appendix B.
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NOTE The importance of tolerance to typical defects and cause 
for rejection should be agreed between the contracting parties. 
The method of defect interpretation and the method of 
presentation of observations should be agreed at the time of 
placing the contract.

The use of any method should always be considered 
in relation to testing as a whole. The benefits of 
using any particular method can only be obtained by 
consideration of results in conjunction with results 
obtained by using other test methods. The most 
appropriate method or methods of testing should be 
selected.

1.4 Items to be agreed and documented
1.4.1 General

The following items shall be agreed between the 
contracting parties, either at the enquiry stage or at 
the time of placing the contract, and documented as 
necessary for verification purposes:

a) type of test;
b) frequency of testing;
c) acceptance/rejection criteria;
d) methods of communication between the 
contracting parties and the method of 
progressing concessionable items;
e) retest procedures after repair;
f) method of reporting test piece history 
(see Appendix C) and test results 
(see Appendix E);
g) operator and operator qualifications 
(see Appendix D);
h) separation and preparation of the test piece 
(see 1.5);
i) sampling procedures (see 1.6).

1.4.2 Items specific to tests

1.4.2.1 General. The following items listed in 1.4.2.2 
to 1.4.2.17 to be agreed between the contracting 
parties, which are specified in the clauses referred 
to, shall be documented. Both the definitive 
requirements specified in any specific test and the 
following documented items shall be satisfied before 
a claim that the specific test method has been 
carried out in accordance with this Part of BS 1723 
can be made and verified.

1.4.2.2 Visual and aided visual examination 
(clause 2.2)

a) The methods to be used to clean the surface 
(see 2.2.3.2).

1.4.2.3 Proof testing (clause 2.3)

a) Other methods of applying the specified load 
[see 2.3.4.1 f)].
b) The extent of measurements to be made and 
methods to be used (see 2.3.4.3).

1.4.2.4 Pressure and vacuum testing for leaks 
(clause 2.4)

a) The method of preparation of the test piece 
[see 2.4.3 b)].
b) The method of testing the test piece and 
temperature of test (see 2.4.4.2).

1.4.2.5 Penetrant flaw detection (clause 2.5)

a) Examination test procedure if not in 
accordance with BS 6443 [see 2.5.4.1 b)].
b) Frequency of control checks on standard pieces 
(see 2.5.4.2.2).

1.4.2.6 Ultrasonic examination (clause 2.6)

a) Modification of the test piece surface 
(see 2.6.3.2).
b) The frequency of examination of the reference 
standard and the standard defects (see 2.6.4.6.2).

1.4.2.7 Radiographic examination (clause 2.7)

a) Method of identification when permanent 
marking is not possible (see 2.7.4.1).

1.4.2.8 Thermographic testing (clause 2.8)

a) Criteria of acceptance when there is no 
application standard (see 2.8.1).

1.4.2.9 Stress rupture testing (clause 3.4)

a) The configuration of the test piece and its 
method of manufacture (see 3.4.3).
b) The applied load and temperature of testing 
(see 3.4.4).

1.4.2.10 Impact testing (clause 3.5)

a) The design of the test piece [see 3.5.3 c)].
b) The test piece dimensions (see 3.5.3).
c) The method of loading and magnitude of the 
load (see 3.5.4).
d) The temperature of test (see 3.5.4).

1.4.2.11 Bend testing (clause 3.6)

a) The details of the test piece [see 3.6.3 b)].
b) Other test piece or test procedure [see 3.6.4 b)].

1.4.2.12 Hardness testing (clause 3.7)

a) The positions of the section to be tested 
(see 3.7.3).

1.4.2.13 Metallographic examination 
(clause 3.8)

a) The method of processing the data (see 3.8.4).

1.4.2.14 Corrosion testing (clause 3.9)

a) The test piece design (see 3.9.3).
b) The environmental conditions of the test 
(see 3.9.4).
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c) The intervals for taking the test pieces from the 
corrosive environment and the methods of testing 
(see 3.9.4).
d) The total exposure time, temperature of 
testing, corrosive environment, number of 
samples and any other factors (see 3.9.4).

1.4.2.15 Chemical composition (clause 4.3)

a) The method of determination of chemical 
composition [see 4.3.2 c)].

1.4.2.16 Flow characteristics and wettability 
test (clause 6.2)

a) The method of surface preparation and the 
variables to be investigated (see 6.2.3).
b) Appropriate method of heating to brazing 
temperature and methods of destructive and 
non-destructive testing to be applied 
(see 6.2.4.7).

1.4.2.17 The joint filling and metallurgical 
characteristics of high temperature brazing 
filler metals (clause 6.3)

a) The methods of examination of the completed 
test piece (see 6.3.4).

1.5 Separation and preparation of the 
test piece (see 1.4.1)
The test sample from which the test piece is 
prepared shall be manufactured by the brazing 
procedure, approved or not approved 
(see BS 1723-4), or the method of brazing that shall 
be agreed between the contracting parties at the 
time of placing the contract. This shall be by the 
techniques and practice given in BS 1723-1 and 
BS 1723-2. When test procedures are being used to 
investigate brazing variables such as joint 
clearance, parent metal/filler metal reactions, 
surface preparation, brazing cycle, etc., as well as 
the comparative basic mechanical and metallurgical 
properties of the filler metal, the variables not being 
the subject of the test shall be controlled within 
agreed tolerances. The variation in the parameters 
under investigation shall be the subject of 
agreement between the contracting parties at the 
time of placing the contract. After the test sample 
has been manufactured, it shall be prepared for 
destructive or non-destructive testing. The method 
of separation of the test pieces shall be such as to 
cause minimum distortion, damage and heating of 
the brazed joint and parent material, so that the 
properties of the test piece and other test pieces are 
not modified. Some filler metals used in brazing are 
susceptible to cracking when the brazed joint is 
separated by machining or sawing, and the method 
of separation shall be such that the test pieces are 
not affected. Surface modification such as grinding 
is permissible in cases when the surface condition 
interferes with the test procedures or the 
interpretation of non-destructive test results. The 
surface of the brazed joint shall be free from any flux 
residues or any other process debris. The surface 
shall be cleaned by methods agreed by the 
contracting parties, which may include washing 
with hot or cold water or pickling. Debris and 
overspill that may affect the results of the 
non-destructive or destructive examination or test 
shall be removed as necessary by a mechanical 
method (e.g. scratch brushing).
Test pieces shall be marked by a permanent method 
of identification so that their position in relation to 
the test sample is unequivocal and the results can 
be related to the test sample.
A data sheet similar to that in Appendix C shall be 
used to record details of the test piece preparation.
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1.6 Sampling procedures
Sampling procedures used by the supplier shall be 
either:

a) in accordance with the application standard; or
b) subject to agreement between the contracting 
parties (see 1.4.1).

NOTE 1 See BS 5750-2 and BS 2635.
NOTE 2 Suppliers should apply the necessary conditions for 
sampling (accurate recording of data, randomness, formation of 
clear decision rules), as incorrect sampling may indicate a false 
level of product quality.
NOTE 3 The test samples and the conduct of the test should 
generally be economic, both in the cost of preparation and in the 
method of testing. However, when tests are used to determine 
data for properties such as corrosion or stress rupture, the test 
procedures, interpretation and examination of the results will in 
themselves be expensive.
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Section 2. Non-destructive testing of brazed joints

2.1 General
This Section describes non-destructive test 
procedures and test piece types necessary to 
perform the tests on brazed joints.
The non-destructive test methods described are as 
follows:

a) visual and aided visual (see clause 2.2);
b) proof (see clause 2.3);
c) pressure/vacuum (see clause 2.4);
d) penetrant (see clause 2.5);
e) ultrasonics (see clause 2.6);
f) radiographic (see clause 2.7);
g) thermographic (see clause 2.8).

The brazed joints to which these tests are applied 
can either be test samples manufactured to obtain 
brazed joint design data, or manufactured as part of 
the approval testing of a brazing procedure, or parts 
of a brazed construction. The type of test piece 
described for each test can be quoted or incorporated 
in engineering applications standards that deal 
with brazed constructions.
This section does not recommend the number of test 
pieces to be tested or the repeat tests allowed. 
Neither does it specify methods of sampling brazed 
joints except to give guidance regarding the 
precautions necessary, nor does it comment on the 
acceptance criteria applicable to any of the tests. No 
attempt is made to define which test or tests, if any, 
should be applied in any situation. This is a matter 
for agreement between the contracting parties at 
the time of placing the order (see 1.4.1).
The methods of evaluation are not associated with 
any particular type of brazed structure but lay down 
the general principles of the types of testing 
described. It is emphasized that a satisfactory 
examination method can only be developed and used 
after taking into account all the relevant factors 
regarding the equipment to be used and the 
characteristics of the test piece being examined.

2.2 Visual and aided visual 
examination of brazed joints
2.2.1 General

Brazed joints should be visually inspected 
(either 100 % or sample inspected) as this is the 
most elementary method of non-destructive testing. 
The operator should be aware of the types of defects 
that may be expected in the brazed joint, and the 
acceptance/rejection criteria should be agreed 
(see 1.4.1). Visual inspection is frequently followed 
or supplemented by some other method(s) of 
non-destructive testing.

If the opposite ends of the joint from the pre-placed 
filler metal can be examined, a witness gives 
confidence that the filler metal has flowed through 
the capillary joint gap. Visual examination will not 
reveal internal defects, such as trapped flux, 
porosity, lack of fill and internal cracks.

2.2.2 Principle

The principle of visual examination (unaided and 
aided) which is basic to all manufacturing processes, 
is to check the appearance, soundness, contour and 
dimensions of the brazed joint and the adjacent 
parent material.
The test is effective for detecting the presence of 
external voids, surface porosity, surface cracks, 
gross erosion and the general aesthetic appearance 
of the brazed joint region.

2.2.3 Preparation of the test piece

2.2.3.1 The surface of the brazed joint and adjacent 
parent material shall be examined in the brazed 
condition except that the surface shall be clean, 
i.e. free from any flux residues or any other process 
deposit.
2.2.3.2 The methods used to clean the surface shall 
be agreed between the contracting parties 
[see 1.4.2.2 a)].

2.2.4 Procedure

2.2.4.1 Aid to visual inspection. Aids to visual 
inspection shall be used to assess any imperfections 
in the brazed joint. The joint shall be illuminated 
with a suitable light source the light direction of 
which shall be varied. The colour of the light shall be 
such that there is good contrast between any 
imperfections and the background of the brazed 
joint itself and glare and dazzling of the operator 
avoided. After visual examination with the unaided 
eye, the joint shall be examined if required 
(see 1.4.1) at a magnification of up to × 5 using a low 
power magnifier or hand lens. A mirror or some 
similar device shall be used to examine brazed joints 
that are not directly visible.
2.2.4.2 Measurement. When the dimensions of a 
brazed joint or brazed construction are required 
(see 1.4.1), devices such as those listed below shall 
be used:

a) straight edge;
b) rule;
c) protractor;
d) calipers (internal, external, vernier);
e) height or depth gauge;
f) any templates or go/no go gauges designed and 
manufactured for specific applications that will 
reduce the time spent on non-destructive 
examination.
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2.2.5 Test results and information to be 
reported

The appearance of the surface(s) of the brazed 
joint(s) shall be reported.
NOTE 1 To aid classification of any defects, a diagram or 
photograph of types of defects that may occur and are cause for 
rejection or for further investigation should be available to the 
operator.

The visual observations and measurements made 
during the test shall be recorded.
The test results and information to be reported shall 
include the following:

a) reference (e.g. contract number, part number, 
location on brazed structure, as applicable);
b) date of test;
c) method of illumination and magnification;
d) visual defects observed;
e) measurements;
f) results of go/no go examination;
g) name of laboratory and identity of operator.

NOTE 2 Appendix E is a suggested format for reporting test 
details and results.

2.3 Proof testing of brazed joints
2.3.1 General

Proof testing is a method of inspection that subjects 
the brazed construction to loads higher than those 
which the construction will have to support during 
its subsequent life, but which will not cause 
permanent deformation. The magnitude of the loads 
should be specified by a competent person such as a 
design authority. In some cases representative 
samples of a manufacturer’s production may be 
tested by this method, or for critical applications, all 
such brazed constructions may be tested by this 
method. For checking workmanship and for the 
quality control of manufacturing processes, the test 
piece shall generally be the brazed construction.
NOTE 1 The frequency of testing, the test method, and the 
magnitude of the test load should be agreed between the 
contracting parties at the time of placing the contract.
NOTE 2 The applied load can be static or dynamic and the 
temperature of testing can be ambient or other agreed testing 
temperature.
NOTE 3 If the brazed construction withstands the test then the 
test is non-destructive. If the brazed construction fails to 
withstand the test, the test is destructive.

It is normal practice for the test results to be 
evaluated by a competent person who is aware of the 
design requirements and the appropriate codes, if 
applicable. For critical applications an independent 
party should also evaluate the test results and 
confirm the interpretation.
NOTE 4 The independent party could be an inspecting 
authority associated with the insurance aspects of the brazed 
construction.

2.3.2 Principle

The principle of the test is to confirm the design 
calculations, to check the quality of materials used 
to manufacture the brazed construction, and the 
ability of the brazed construction to withstand the 
life-limiting processes to which it will be subjected.
NOTE The proof test should be the last procedure after final 
heat treatment, cleaning and any other finishing process likely to 
influence the result of the test.

2.3.3 Preparation of the test piece

For testing design calculations and performance 
requirements, the test piece shall be the brazed joint 
or a similar configuration to the brazed joint in the 
brazed construction.
It shall, if necessary, be modified so that it can be 
accommodated in the test rig. The modification shall 
in no way influence the result of the test.

2.3.4 Procedure

2.3.4.1 The test shall be conducted by methods most 
suitable for the shape of the test piece. For items 
manufactured to comply with an application 
standard, the requirements of the application 
standard shall be satisfied.
The specified load shall be applied by one of the 
following:

a) tensile or compressive loading;
b) hydrostatic methods;
c) pneumatic testing;
d) spin testing;
e) thermal shock;
f) other methods agreed between the contracting 
parties [see 1.4.2.3 a)].

NOTE For tensile loading, the proof testing load is 
typically 20 % greater than the maximum load applied during 
the service life of the brazed construction.

WARNING. Procedures for conducting pressure 
tests on vessels subjected to internal or external 
pressure are described in BS 5500 and BS 3636 
which specifies methods of calculating test 
pressures and the safety precautions which are 
essential to observe.
2.3.4.2 Measurement of the dimensions and 
changes in dimensions of the test piece shall be 
taken during the conduct of the test. Strain gauges 
shall be mechanical, optical or electronic, and the 
standard of accuracy of these shall be as specified in 
BS 18.
2.3.4.3 The extent of the measurements to be made 
and the methods to be used shall be agreed between 
the contracting parties [see 1.4.2.3 b)].
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2.3.4.4 The test piece shall be visually examined 
during the test and, in the case of hydrostatic 
testing, the operator shall look for leakage at the 
brazed joint and in the construction generally.

2.3.5 Test results and information to be 
reported

The observations made during the test shall be 
recorded.Any unexpected occurrence such as 
leakage shall be made the subject of a special note.
The text results and information to be reported shall 
include the following:

a) reference (e.g. contract number, part number, 
location on brazed structure, as applicable);
b) date of test;
c) method of testing;
d) authority and designation of person witnessing 
the test;
e) designation of competent person specifying test 
conditions;
f) test conditions (temperature, load, etc.);
g) name of laboratory and identity of operator.

NOTE Appendix E is a suggested format for reporting test 
details and results.

2.4 Pressure and vacuum testing for 
leaks in brazed joints
2.4.1 General

When pressure testing, the pressure within the test 
piece is made greater than the external pressure by 
filling with a liquid or a gas. When liquid pressure 
testing, the component is examined for leakage of 
the liquid which may be coloured. When testing 
using a gas a leak is detected by observing bubble 
formation from the component, the joint being 
immersed or a suitable liquid brushed or dabbed on 
to the surface of the joint and the adjacent parent 
material.
Testing for leak tightness using the vacuum method 
is more sensitive than pressure testing. The 
comparative sensitivities of available testing 
methods are given in the table “Comparison of 
proving methods” (pages 16 and 17) and 
Appendix O of BS 3636:1963.

2.4.2 Principle

The principle of pressure and vacuum testing of 
brazed joints is to prove that the requirement of the 
application standard for leak or pressure tightness 
of a brazed joint and its associated construction has 
been achieved. BS 3636 describes the procedures for 
pressure and vacuum leak testing.
NOTE When a brazed joint is being tested by pressure and 
vacuum methods, the leakage rate, rate of pressure change or 
any other criteria should be agreed between the contracting 
parties at the time of placing the contract.

2.4.3 Preparation of the test piece

Before testing the test piece shall be prepared 
either:

a) as required by the application standard; or
b) as agreed between the contracting parties 
[see 1.4.2.4 a)].

In the case of vacuum testing all volatile compounds 
shall be removed before test evacuation. Where 
required by the application standard the test piece 
shall be prepared by baking at an appropriate 
temperature. Care shall be taken to prevent 
moisture contacting the test region as this may 
mask small leaks. The test piece shall have a leak 
tight connection between it and the testing 
equipment. The test equipment shall be designed so 
that it can either evacuate or pressurize the test 
piece.

2.4.4 Procedure

2.4.4.1 The details of the pressure or vacuum test 
procedures shall be as described as in BS 3636.
2.4.4.2 The test piece shall be tested appropriately 
as agreed by the contracting parties. The 
temperature of testing shall be agreed between the 
contracting parties [see 1.4.2.4 b)].
NOTE Tests may be done at stages during manufacture as well 
as at the final acceptance stage.

WARNING. All pneumatic test procedures should 
be supervised by a competent person familiar with 
the methods being used and with any inherent risk. 
It is essential that particular note is taken of the 
safety precautions detailed in Appendix P of 
BS 3636:1963 and BS 5500.

2.4.5 Test results and information to be 
reported

The test results and information to be reported shall 
include the following:

a) type of test, including any modifications to the 
procedures specified in BS 3636;
b) reference (e.g. contract number, part number, 
location on brazed structure, as applicable);
c) test site and date of test;
d) detail specific to the particular test;
e) conditions of test, including site temperature 
and any other interacting factors;
f) operators’ actual recorded observations;
g) detailed calculations;
h) result of test;
i) name of laboratory, identity of operator and 
operator qualifications.

NOTE 1 The test results should be processed and interpreted as 
specified in BS 3636 and BS 5500.
NOTE 2 Appendix E is a suggested format for reporting test 
details and results.
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2.5 Penetrant flaw detection applied to 
brazed joints
2.5.1 General

BS 6443 describes the basic techniques used for the 
application of penetrant flaw detection.
The effectiveness of the penetrant flaw method is 
dependent upon each stage in the procedure being 
carried out correctly by competent persons. Any 
departure from the correct procedure can seriously 
affect the validity of a penetrant test and the 
interpretation of results. It is very important to 
distinguish between relevant indications from flaws 
and spurious indications from other causes.
NOTE 1 The manufacturers of materials for use in penetrant 
flaw detection provide comprehensive technical services, and it is 
recommended that these services are used when selecting a 
process for a particular inspection.

This technique can only detect surface defects and 
so it is often inappropriate for the testing of brazed 
joints. Because small irregularities in the fillet or 
joint surface may give misleading indications, the 
interpretation is sometimes difficult. However, it is 
frequently specified, and incomplete filling can be 
detected by this method.
Very few defects are revealed that cannot be found 
by adequate visual inspection. However, penetrants 
delineate a discontinuity to a much greater extent. 
Thus, the method can be used in production and will 
improve the general reliability.
NOTE 2 Since the penetrant components are difficult or 
impossible to remove completely, particularly from 
interconnected porosity or cracks, this inspection technique 
should only be used if complete removal of penetrant can be 
achieved or re-brazing is not practicable.

In the case of category 1 brazed joints as given in 
BS 1723-2 (see also Appendix A), the penetrant test 
shall be considered in relation to the results 
obtained when more sophisticated methods of 
non-destructive examination are applied.

2.5.2 Principle

The principle of the test is to locate surface 
discontinuities such as laps, folds, porosity and lack 
of wetting that are open to the surface of the brazed 
joint. (Defects in brazed joints are shown 
in Appendix B.)

2.5.3 Preparation of the test piece

The test piece shall be prepared as specified in 1.5.
If mechanical methods are used, care has to be 
taken to ensure that any surface defects in the 
brazed joint region are not modified in such a way 
that they cannot be detected by penetrant flaw 
detection.
NOTE It is of particular importance when conducting this test 
that all flux or any other masking agent is removed from the 
surface of the brazed sample.

2.5.4 Procedure

2.5.4.1 General. The test shall be carried out in 
accordance with either:

a) BS 6443 and 2.5.4.2; or
b) methods agreed between the contracting 
parties [see 1.4.2.5 a)].

2.5.4.2 Items not covered in BS 6443

2.5.4.2.1 As well as the method described in 
BS 6443 the items described in 2.5.4.2.2 
and 2.5.4.2.3 shall be part of the procedure.
2.5.4.2.2 Control checks on standard test pieces, 
preferably representative of the work being 
inspected, shall be carried out at a frequency agreed 
between the contracting parties [see1.4.2.5 b)].
2.5.4.2.3 When ultraviolet examination is used, the 
following items shall be checked as follows.

a) Control checks on degreasing materials and 
plant shall be carried out at intervals specified by 
the manufacturers of the equipment and 
degreasant.
b) The efficiency of the ultraviolet lamps shall be 
checked at suitable intervals using an ultraviolet 
monitor which complies with BS 4489.
c) The ultraviolet lamps shall be installed in a 
situation where the electrical line voltage is 
constant within 10 %.
d) The ultraviolet lamps shall be inspected for 
cracked or broken filters, or any unfiltered light. 
Lamps shall not be used if any cracks are 
detected.
e) The lamps and associated equipment shall be 
maintained in a clean condition.

WARNING. Particular attention should be paid to 
the safety requirements specified in BS 6443.
NOTE For guidance on the safe use of ultraviolet radiation 
see “Protection against ultraviolet radiation at the workplace” 
National Radiological Protection Board1).

1) Available from HMSO, P.O. Box 276, London SW8 5DT.
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Figure 1 — Direct echo technique
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Figure 2 — Indirect echo technique
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2.5.5 Test results and information to be 
reported

The test results and information to be reported shall 
include the following:

a) type of test, including any modifications to the 
procedures specified in BS 6443;
b) reference (e.g. contract number, part number, 
location on brazed structure, as applicable);
c) test site and date of test;
d) detail specific to the particular test;
e) conditions of test, including site temperature 
and any other interacting factors;
f) operators’ actual recorded observations;
g) detailed calculations;
h) result of test;
i) name of laboratory, identity of operator and 
operator qualifications.

NOTE Appendix E is a suggested format for reporting test 
details and results.

2.6 Ultrasonic examination of brazed 
joints
2.6.1 General

The majority of brazed joints are designed with the 
component parts in a lap configuration. The 
distance between the component parts of the joint is 
usually up to 0.3 mm in size. Ultrasonic 
examination is particularly suitable for the 
examination of this type of joint configuration, 
where the sound waves are reflected from surfaces 
and can detect discontinuities. (See Figure 1 
and Figure 2 and Appendix B.)
The great majority of brazed joint designs are of the 
lap type (see BS 1723-2) and so the direct echo 
technique shown in Figure 1 is most frequently 
used. If this is not possible because of the 
configuration of the test piece, more than one angle 
probe is used as an alternative (see Figure 2).
Because of the capillary nature of the brazed joint, 
most observed defects will be contained within the 
joint region. Any other defects are caused by 
stresses, causing failure within the parent 
materials, or were already present before brazing. 
The data obtained by recording methods should be 
presented as part of the report of results, as should 
also the results of the standard sample record. The 
effects of single and multiple defects upon the total 
bond area of the joint, and the effects upon 
properties such as total leak barrier (if this is a 
critical aspect of the specification) are normally 
calculated and recorded. 

2.6.2 Principle

The principle of the test is to pass signals of 
ultrasound through the brazed joint and the 
adjacent component parts of the assembly. The 
signals are produced from a transducer which is 
coupled to one of the surfaces of the test piece and 
reflected pulse signals are received. Defects within 
the brazed joint or parent material will themselves 
give reflections or will reduce the strength of the 
signal from the far surface of the parent material.

2.6.3 Preparation of the test piece

2.6.3.1 The surface condition of the test piece shall 
be such that a satisfactory coupling between the 
probe and the surface can be maintained. The 
surface roughness of all surfaces from which 
scanning is carried out shall not exceed 6.3 4m Ra.
2.6.3.2 By agreement between the contracting 
parties the surface being examined shall be 
modified as necessary by grinding or any other 
agreed method so that there are no confusing 
surface signals [see 1.4.2.6 a)].

2.6.4 Procedure

2.6.4.1 Equipment. The type of equipment used 
shall be that described in BS 4331 and BS 3923-1.
2.6.4.2 Coupling. The coupling between the probe 
and the surface of the test piece shall be maintained 
either by immersing the brazed joint in a liquid or 
by applying a paste or similar medium suitable for 
the purpose. This shall be compatible with the 
material under test, and shall not affect the 
eventual performance of the brazed construction if 
residues are not completely removed at completion 
of the test.
2.6.4.3 Test frequency. The equipment (BS 4331 and 
BS 3923-1) shall be capable of working at a test 
frequency applicable to the test piece being 
evaluated.
NOTE The frequency is normally in the range 1 MHz to 6 MHz.

2.6.4.4 Attenuator and amplifier. The details of 
equipment and procedures shall be as specified in 
BS 4331 and BS 3923-1.
2.6.4.5 Probe. Where necessary the probe shall be 
shaped so that it fits snugly to the contour of the test 
piece being examined. When a probe is used with a 
flaw detector from another manufacturer, the need 
for inductive matching shall be considered. Any 
internal noise from the probe shall not interfere 
with interpretation of results at the working 
sensitivity.
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2.6.4.6 Sensitivity of test

2.6.4.6.1 The equipment shall be set up initially 
using either a test block with 3 mm side drilled 
through hole, or other suitable test block 
(see BS 2704). This shall be done before starting the 
test.
2.6.4.6.2 The equipment shall be used to examine a 
reference sample containing known defects similar 
to the brazed test piece or brazed construction being 
tested, at a frequency to be agreed between the 
contracting parties (see 1.4.1). The sizes and 
position of the standard defects shall be agreed 
between the contracting parties [see 1.4.2.6 b)].
2.6.4.7 Examination of parent material. Whether or 
not the parent materials have been ultrasonically 
tested prior to the brazing operation, examination 
shall be carried out after brazing to establish the 
quality of the parent material and to detect any 
flaws through which the ultrasonic beam might pass 
during the examination of the brazed joint.
2.6.4.8 Information to be supplied to the operator.
The operator shall be supplied with a testing 
procedure that incorporates the following 
information:

a) the reference number of the test piece;
b) if located in a complex structure, the location 
reference of the part to be tested;
c) the joint preparation, including a sketch 
(drawing) of the joint design;
d) guidance on location and type of possible 
defects;
e) retest procedure;
f) the method of reporting results.

2.6.4.9 Examination of the joint. The operator shall 
manipulate the probe so that all regions of the test 
piece are systematically examined, ensuring that 
there is a 20 % overlap between the traverses.
2.6.4.10 Test temperature. If the test is conducted at 
a temperature other than ambient, the test 
calibration shall also be carried out at this 
temperature.

2.6.5 Test results and information to be 
reported

The test results and information to be reported shall 
include the following:

a) date of test;
b) reference (e.g. contract number, part number, 
location on brazed structure, as applicable);
c) surface preparation;
d) name of laboratory, operator identity and 
qualification;
e) instrument and probe detail;

f) scanning method (automatic, manual);
g) sensitivity, standard test sample identity and 
result;
h) any other information that may affect test 
results (couplant temperature, environment, 
etc.);
i) results obtained (defect size, position, type).

NOTE Appendix E is a suggested format for reporting test 
details and results.

2.7 Radiographic examination of 
brazed joints
2.7.1 General

Radiography is a method of non-destructive testing 
which uses penetrating radiation for the detection of 
defects in brazed joints. The intensity of the 
penetration is modified by its passage through the 
material and by defects in the material. In film 
methods the rays will affect a photographic 
emulsion, and the presence of a defect or unbonded 
region will be distinguished on the developed 
photographic film. In the case of the examination of 
brazed joints by this technique, the sensitivity of the 
method is influenced by the composition of the 
brazing filler metal. When nickel based filler metals 
are used to join together stainless steel components, 
the X-ray absorption coefficient of nickel is only 
slightly higher than that of iron and so, for all 
practical purposes, the use of X-ray methods for the 
examination of small capillary joints presents 
considerable difficulty. However, if filler metals 
exhibiting differential absorption from the parent 
material are used, then X-ray techniques are 
feasible for the examination of brazed joints.
Non-film methods of radiography are being rapidly 
developed but should be used with caution as 
adequate and reproducible sensitivity may be 
difficult to achieve.
The configuration of the brazed test piece or brazed 
construction is also an important consideration. 
Expert advice should be sought before the technique 
is specified.
Visual guidance should be provided to the operator 
regarding the typical defects likely to be observed on 
the radiograph. This shall indicate the method of 
assessing defects such as single and multiple 
porosity. The visual guidance shall be in a similar 
form to that presented in Appendix B. If total area 
of porosity is an important consideration, this shall 
be evaluated by the use of a graticule device or some 
automatic method of assessing the area of porosity 
in relation to the total area of the brazed joint.
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