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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
h 1SO,_also take part in the work 1SO collaborates closely with the International Flectrotechnical
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Non-destructive testing — Thermal neutron radiographic testing —
Determination of beam L/D ratio

1 Scoq

This Interpational Standard defines an empirical technique for the measurement of the effective col
ve L/D of thermal neutron radiography beams for values between 20 and 1 000,-The techn
ysis of a neutron radiographic image and is independent of measurements_ahd-calculatio

and effect
upon anal
physical d
developed

2 Tern
For the pu
2.1

effective
one meas

Fposes of this International Standard, the following terms anddefinitions apply.

/D ratio

e

imensions of the collimator system. The device described in this International Standa
and tested using Gd foil converters with a single emulsion, high resolution-film in vacuum c4

s and definitions

ure of the resolution capability of a neutron radiographic system; the ratio of the effec

imation ratio
que is based
ns based on
rd has been
Issettes.

tive distance

between the entrance aperture and the image plane (L).to;the effective diameter of the entrance apertiire (D)

NOTE

2.2
umbra

the portiom of the shadow image whereynthe total primary beam has been intercepted by the objeg

eclipse)
See Figure
2.3
penumbra]
the portior]
the unsha

See Figure

The value measured may differ from the ratio.abtained using physical dimensions.

p 1.

of the shadowimage where only a part of the primary beam has been intercepted by the o
pness ofth& shadow)

p 1.

t (as in total

bject (defines

2.4

primary beam
the beam of neutrons originating at the source and remaining essentially unscattered until it interacts with the
object/detection system

3 Principle

Determination of neutron beam effective L/D ratio using the zero umbra technique is accomplished by
radiographing the zero umbra device with the neutron beam to be measured and subsequently analysing the
radiograph by one of three methods. Each of the three methods is based upon the determination of that point at

which the

umbra shadow width reaches zero.
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Figure 1 — Diagram of zero umbrageonfiguration

ance and use

f a neutron radiographic image is gependent upon many factors. The L/D ratio is one of tho
L/D ratio required for specific, neutron radiographic test is dependent upon the thickn
d the physical characteristics\of the particular element of interest. Use of this method

and the user to determine and periodically check the effective collimation ratio.

tus

Zero Wimbra devicen,\(see Figures 2 and 3) employing neutron absorbing rods positioned
M the image;plane.

is device consists of cadmium rods located in V-grooves accurately machined in the sun

annelisection set at an angle of 45° + 0,25° to the side support plate. Near the image pl

se factors.
pss of the
allows the

At various

face of an
e end the

a
V-grooves a%e typically machined on 2,8 mm centres. After 21 V-grooves (counting one on the end), tITe grooves

are machined on 7,1 mm centres to the source end. The rods of diameter d, typically 0,64 mm diameter cadmium
rods, are laid in the V-grooves and secured with neutron transparent adhesive tape. The aluminium channel is
supported by side plates to maintain the 45° + 0,25° angle relative to the image plane. For determination of L/D
ratios greater than 150, additional offsets may be used to extend the scale as shown in Figure 4 (B unit).

If rods of diameter 0,64 mm are not available, rods of a similar but carefully measured diameter may be used,
provided appropriate adjustments are made for the 0,64 mm factor in the formulae of clause 7. The "as-built"
dimensions should be used in all calculations.
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Dimensions in millimetres
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1 Rod
2 6061 T 6aluminium
3 Nylon IOIS
4 Cadmium rods
5 Base ling
NOTE 1 |[Rods at "A" positions are 10 mm each side of centreline (22 ea.).
NOTE 2 |Rods at "B" positions @re-20 mm each side of centreline (9 ea.).
NOTE 3 [Rods at "C" positions are 25 mm each side of centreline (1 ea.).
NOTE 4 |All dimensiens are taken from the base line in order to reduce accumulative errors.
NOTE 5 |The,rod-arrangement shown is for a single system device. For an add-on device, to form a double gystem, extend
the 11 spades-for. 77,8 mm to 19 spaces for 134,3 mm and eliminate the close spacing (20 spaces for 56,5 mm).
NOTE 6  Rods are held tightly in position with one layer of transparent tape.

2 milled across entire face.

b 11 equal
€ 20 equal

spaces (see NOTES 4 and 5).
spaces (see NOTES 4 and 5).

Figure 2 — Support channel subassembly with rod spacing
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(one side plate removed)

D) Double system image device

Figure 3 — Zero umbra device pictorials (schematic)
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1 A unit — single system for L/D less than 150

2 B unit — double system for L/D 150 to 300

Figure 4 — L/D apparatus assembly
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6 Procedure
6.1 Place the zero umbra device against the cassette with the finely spaced rods nearest the cassette.
6.2  Align the plane of the cassette perpendicular to the axis of the neutron beam.

6.3 Expose the single-emulsion film and zero umbra device for a time span that will produce a nominal
background film density of 2,5 + 0,4.

6.4 Process the exposed film in accordance with the manufacturer's recommendations.

6.5 Andlyse the resultant image in accordance with one or more of the three methods described in_dause 7.

7 Datal Analysis

7.1 Visyal analysis

A visual @etermination of the effective L/D ratio shall be made directly from”~the neutron radiograph. When
observing| the individual rod images, the umbral line can be recognized as the "white" line along the|centre of the
rod image| This umbral line will decrease in width as the rods are located farther and farther from the film. At some
point the ymbral lines will disappear. Beyond this point a less intense line  will appear and increase |in width with
increasing| rod distance. Use of a 5 x to 10 x magnifier will aid in determining the point at which the umbral line
disappears and then increases in width with decreased intensity. Based on this visual observation, th¢ distance, b,
between the first rod with no umbral shadow and the cassette shallbe determined. The L/D ratio is as follows:

L/D¥(b/d) @

where b (Rigure 5) and the rod diameter d are in the samée units. This analysis method is valid up to an L/D ratio of
100. Abovg this value a microdensitometric analysis method shall be used.

1 Uy
N Ui
' -
X U,
Q
/ 3
2 A
Key
1 Film plane
2 Zero umbra
3 Rod 1
4 Rod 2

Figure 5 — Diagrammatic maths model

© I1SO 2000 — All rights reserved 5


https://standardsiso.com/api/?name=373d1e24d6efd95da267a482f4f9e900

ISO 12721:2000(E)

7.2 Microdensitometric analysis

The second data analysis method is based on a microdensitometric scan across the cadmium rod images
beginning with the "0" position rod nearest the film. A typical scan is shown in Figure 6. A densitometer aperture of
20 pm x 300 um and no horizontal expansion is suggested for this method. The value of b is obtained from the
intersection of a straight line originating from the tip (low film density) of the scan of the "0" rod and curved line
through the tips of the remaining wave forms as shown in Figure 6. This method gives the best results for L/D
ratios up to a value of 300. Higher L/D ratios cannot be determined by this method due to the inability to obtain a

stable wave from for large values of b.
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1 Straight line

2 Curved line

3 Background film density

Figure 6 — Microdensitometer scan 1:1

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=373d1e24d6efd95da267a482f4f9e900

ISO 12721:2000(E)

7.3 Alternative microdensitometric analysis

7.3.1 General

This method also uses scanning microdensitometric traces for L/D ratio determinations and is applicable for both
high and low L/D ratios. For this method the recommended microdensitometer settings are: 20 um x 300 um
aperture and 50 x (or more) chart recording expansion. These settings will produce individual wave forms as shown
in Figure 7. At least two wave forms shall be scanned, one near the film plane and one other near the point where
the umbra disappears. Care shall be taken not to go beyond the point where the umbral image disappears.
Microdensitometer settings shall remain the same for all scans. For L/D ratios above 100, the "0" centimetre rod
image should not be used because the unsharpness due to the film/conversion screen combination overrides the
unsharpngSs due 1o the L/D rafio. For the Tower L/D ratios (under ~ 100), the simplified equation using X, and U,
for the "0"|rod image may be used with good results.

7.3.2 Calculating b

To deternfine the value of b it is necessary to measure the umbral image width for, the 'two rods sglected. This
dimensionfis measured along a horizontal line (parallel to background) through the average of the lowidensity scan
of the indiyidual wave form. The desired dimension is the distance between the intersections of this Horizontal line
with lines|drawn through the two sides of the wave form. The measurement’need not be conyerted to the
unmagnified value.

Using this|dimension, determine the value of b as follows (see Figure 5);
b= (URXI(Uy - Uy) + X, @

where:

C
=

i3 the umbral width of a rod near the image plahe;

X, ig the distance between the two rods chosen for analysis;

C
N

i$ the umbral image width of a rod riear the distance where the umbra disappears;
Xo ig the distance from the film tolthe rod chosen for U,.

Since
L/D =[b/d ®3)

it is possiljle to determineL/D directly as follows:

L/Do| X, Xo |1 0,64 (4)
Ur<-U;

if cadmium rod diameters are 0,64 mm.

For low L/D ratios < 100 the following equation may be used:

UoXo

L/D:{ +XOJ/O,64 (5)
2

Ug —
where
Uy is the umbral image of a rod adjacent to the cassette window;

X, s the distance from cassette to rod U,.
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Since Uy ~ cadmium rod diameter = 0,64 mm

X2

L/ID=—"2
0,64-U,

(6)

7.3.3 Accuracy

The highest degree of accuracy can be obtained by measuring the umbral width of several rods. These
measurements and their respective distances from the image plane are analysed by a linear regression technique
(or alternatively by best-fit curve of the plotted data) to determine the x-axis intercept that is the value of b. The
effective L/Dtatio is Qimply b/d (rnri diampfnr)’ eg.- 064 mm This fpr‘hl"\iﬂllln is recommended for L/D ratios above

200.

Dimensions il millimetres

30,9 24,7 6.8 1,6

& Decreasing (density

Figure 7 — Film{density scans of individual cadmium rods 50:1
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