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This publicaﬁon is not to be regarded as a British Standard.

It is being issued in the Draft for Development series of
publications as it is of a provisional nature pending the
wider use of the technique in industry. It should be applied
on this provisional basis so that information and experience
- of its practical application may be obtained.
A review of this Draft for Development will be carried out
not later than two years after its publication. Notification
of the start of the review period, with a request for the
submission of comments from the users of this Draft for
Development, will be made in an announcement in the
appropriate issue of BS/ News. i
According to the replies received, the responsible BSI
committee will judge whether the Draft for Development
can be converted into a British Standard or what other
. , action shouid be taken.
- Observations which it is believed should receive attention

before the official call for comments [JiiE WdnP@datS
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Foreword

This Draft for Development has been prepared under the
direction of the General Mechanical Engineering Standards
Committee, with the intention of its becoming, in due
course, a British Standard for the application of the
ultrasonic time of flight diffraction (TOFD) technique both
to locate and size flaws in materials. It is envisaged that it
will be expanded, or companion Drafts for Development
prepared, to cover other important applications of TOFD.
The TOFD technique was developed at the National
Nondestructive Testing Centre at Harwell, and the primary
objective of this Draft for Development is to facilitate the
transfer of this new non-destructive testing (NDT)
technology into industry.

The use of TOFD should be considered in any inspection
task requiring reliable defect detection coupled with an
accurate assessment of defect size, It can be adapted to .
many test geometries with little difficuity, but special
instructions and equipment will be needed for the
inspection of complex items such as parts of nodes or
‘nozzles.

It is recognized that equipment suitable for carrying out
the TOFD technique is not yet widely available and this
Draft for Development, which is written in sufficiently
general terms to be applicable to the types of equipment
currently known to be employed for TOFD, describes the
nature of the equipment required and aiso its calibration.

It is assumed in the preparation of this Draft for
Development that the execution of its provisions is
entrusted to appropriately qualified and experienced NDT
personnei.
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Guide

1 Scope

This Draft for Development provides guidance for the
calibration and setting up of equipment for the use of the
two transducer version of TOFD, both to locate and size
flaws as a result of linear scanning. This may be applied to
a wide range of test geometries as indicated in figure 1.
This type of scan will cover many test piece geometries of
importance including butt welds in tubes, vessels and plates.
ft is assumed that only a simple linear scan is to be earried
out, for example following the line of a weld. The data
required to recognize and size potential defects is thus
obtained as a result of this single scan.

This means that the potential accuracy of the technique
will not be fully met and, for critical flaws, it may be
advisable to utilize TOFD in its most accurate sizing mode
as a secondary technique. Consideration is being given to
the preparation of a separate Draft for Development to
describe this secondary technique.

The manner in which the nature of the echoes observed
may be used to provide a preliminary and conservative
classification of defects is described in appendix A.

Brief descriptions of special techniques based on TOFD
which may be of use in particular inspections are given in
appendix B.

NOTE. The titles of the publications referred to in this standard
are listed on the inside back cover.

2 Definitions

For the purposes of this Draft for Development the
definitions given in BS 3683 : Part 4 apply, together with
the following, which are specific to the TOED technique.

2.1 scanned surface. The surface on which the transducers
are placed or, in immersion testing, the surface through
which the ultrasonic-energy enters the specimen.

2.2 rear surface. The opposite surface to the scanned
surface,

2.3 flaw depth. The distance of the upper extremity of
the flaw below the scanned surface.

2.4 flaw height. The distance between the upper and lower
extremities of a flaw projected on to a through thickness
plane.

2.5 upper extremity; upper crack tip. The extremity or tip
nearest to the scanned surface.

NOTE. It will appear uppermost on the scan.

2.6 lower extremity; lower crack tip. The extremlty or tip
farthest from the scanned surface.

NOTE, It will appear lowermost on the scan.
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2.7 lateral Wave. The wave which runs directly between
two TOFD transducers on a flat or convex surface.

2.8 creeping wave. The wave which runs between two

- TOFD transducers on a flat or concave surface.

NOTE. The flat surface is an intermediate case and either ‘lateral
wave’ or ‘creeping wave’ may be used.

2.9 polyvinylidene fluoride (PVdF), A polymeric
piezoelectric material entering service in ultrasonic
transducers.

2.10 hard copy. A representation of a TOFD B-scan or
D-scan-on a permanent medium such as paper rather than
on a computer or TV screen.

NOTE. The scan records produced as a result of the use of TOED
in the manner described in this document would be classed as
D-scans in accordance with BS 3683 : Part 4. Data produced as a
result of lateral scan would be B-scans, This nomenclature has been
used in this document but it should be noted that in the literature
to date this distinction has not been made in reporting TOFD data.

3 Principles of the technique

3.1 When an ultrasonic wave interacts with a crack-like
flaw it results in the production of diffracted waves from
the crack tips in addition to the normal reflected wave.
This diffracted energy is emitted over a wide angular range
and originates at the extremities of the flaw.

3.2 In flaw sizing, a positive role can be expected for this
diffracted energy since the spatial {or time) separation of
the diffracted waves is directly related to the size of the
flaw. Normally, compression waves are used as these will
arrive first.

3.3 The concept of a time of flight approach to the sizing
of flaws can thus be developed. Omitting mode conversion
effects {for the sake of clarity} and introducing ray paths
marking the limiting routes for the ultrasonic energy, the
kind of experimental set-up to be used is indicated in
figure 1(a). Other equivalent test geometries are shown in
figures 1(b) and 1{(c).

3.4 Energy from the lower crack tip will arrive at the
receiver later than that from the upper tip and this extra
time delay is thus a measure of the flaw height. Moreover,
the pulses of interest will normally be preceded by a pulse
due to the energy which runs along the specimen surface
and followed by a reflection from the back wall of the
specimen (see figure 2).

3.5 In this way it is usually possible to obtain unambiguous
extra information on the location of the flaw within the
thickness of the specimen. The echo pattern depicted in
figure 2 is simplified if the flaw breaks the upper surface,
blocking the lateral wave.
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{a} Flat specimen

Transmitter Receiver

Lateral wave

Diffracted energy

Back-wall echo
Convex surface 1 — — — — —

NOTE. Apparent depth D is less than the wall thickness.

Transmifter Receiver

Creeping wave

Diffracted energy

Back-wall echo

Concave surface L ______
NOTE. Apparent depth D is greater than the wall thickness.
{b) Curved specimens

Figure 1. Diffraction from a crack-like defect
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{c) Complex geometries, e.g. T-joint

Figure 1. (concluded)
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Figure 2. Typical pattern of pulses from an internal defect
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