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BS 7009 : 1988

Foreword

This guide has been prepared under the direction of the
Welding Standards Committee.

The development of computer digital image processing
applied to X-ray fluoroscopic images has resulted in a large
improvement in image quality, compared with older
conventional image intensifier systems. Some of these
newer techniques are already being applied to weld
inspection.

This guide gives an outline of the range of equipment and
systems involved, together with some recommendations
on aspects of performance and procedures where some
standardization seems appropriate and possible.

It has been assumed in the drafting of this guide that the
execution of its provisions is entrusted to appropriately
qualified and experienced people.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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BS 7009 : 1988

Guide

1 Scope

This standard gives guidance only on the use of equipment
for real-time radiography applied to weld inspection in
which the image is finally presented on a television monitor
screen and in which some image enhancement is applied.
It is not concerned with straight fluoroscopic or X-ray
image intensifier systems.

The radiation sources used may be X-rays or gamma-rays
and the methods are widely known as ‘X-ray Real-time
Imaging (XRTI)’ or ‘Real-time Radiography (RTR)’,
although in practice there may be a short delay of a few
seconds between the application of the radiation and the
production of the image, due to computer-processing
delay-times.

The television image is frequently recorded, on disc, tape
or film and some guidance is included on appropriate
recording techniques and their standardization.

The basic purpose of XRTI equipment is to provide
immediate information on the nature, size and location
of weld imperfections, without the use of film, and with
a flaw sensitivity acceptable to the requirements of

BS 2600 and BS 2910.

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 British Standard, the definitions
given in BS 3683 : Part 3 apply together with the following.

2.1 Cobb-type test chart. An optical test chart consisting
of two black and one white bar, all of equal width, each bar
having a length of at least eight times its width.

NOTE. The chart usually consists of a series of such sets of three
bars, each set of different widths. Resolution is usually expressed

in line-pairs per millimetre (lp/mm) where the unit is the width

of one black and one white line. The criterion is the ability to see
the separate bars on an image.

2.2 flying spot system. Equipment in which a very small
spot of X-rays is made to scan over the face of the
specimen, by a combination of fixed slit, moving slit,
and specimen traverse.

NOTE. A radiation detector of extended length, such as a strip
of scintillator material, is required.

2.3 image isocon. A form of television camera having a
very high sensitivity and low background noise level.

2.4 Leeds test objects. A series of test objects comprising
metal shapes of varying size, thickness and shape, mounted
on a perspex disc.

NOTE. These have been developed at Leeds University for the
assessment of medical real-time radiography equipment. See Brit.
J. Radiol., 58, (688) 335-344, 1985 for details.

2.5 linear array. A row of small X-ray sensitive detectors,
typically 1000 detectors on a length of 260 mm where
each detector produces a separate output.
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2.6 microchannel plate. A two-dimensional mosaic of very
small tubes of semiconducting material.

NOTE. By applying a high voltage across the ends of the tubes,

an electron avalanche is produced in each tube. If suitable phosphor
layers are applied on each face of the microchannel plate,

an intensifying action is produced.

2.7 modulation transfer function (MTF). A method of
expressing the contrast obtained through any imaging
system or component of a system, with Cobb-type test
objects of different frequencies.

NOTE. The usual method is to plot contrast of image against
spatial frequency in Ip/mm.

2.8 mosaic screen. An X-rays-to-light, or X-rays-to-electrons
conversion screen, built up of a large number of discrete
elements.

NOTE. A typical example is a mosaic of 1 mm X 1 mm scintillator
glass rods, with the long axis of the rods parallel to the direction
of the X-ray beam. The purpose of a mosaic screen is to increase
the X-rays-to-light conversion efficiency particularly with high
energy X-rays.

2.9 sitcon. A form of television camera that incorporates
an additional intensification stage (or stages), so increasing
its sensitivity.

NOTE. Also called ‘intensified vidicon’.

2.10 solid-state camera. A form of television camera
comprising a lens and a two-dimensional light-sensitive
array, with no scanning electron beam.

3 Equipment

3.1 Systems

3.1.1 General. The equipment used for XRTI can be
broadly divided into four groups namely:

(a) group 1: open screen system;

(b) group 2: X-ray image intensifier;

(c) group 3: scanning linear array;

(d) group 4: X-ray flying spot.
There are a number of proposals for other systems, such as
the use of light-amplifiers, electroluminescent screens,
X-ray sensitive vidicons, but the four groups ((a) to (d))
appear to cover all the present-day applications to weld
inspection.

3.1.2 Group 1: open screen system. A conversion screen
is placed behind the weld to convert the X-ray image
(i.e. the X-rays transmitted through the weld) to light.
The screen is ‘open’, i.e. not in a vacuum tube.

The light image on this conversion screen is picked up by

a closed-circuit television (CCTV) camera of suitable
sensitivity, amplified, converted to digital data (pixels),

and held in a framestore, from where it can be extracted
for image processing and display on a television monitor.
The optical system used on the television camera needs

to have a performance carefully matched to that of the
camera and may require a very large effective aperture when
the output from the conversion screen is low. The optical

system needs to be corrected for the flatness of [ @EiMents
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