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This standard is issued under the fixed designation E 1496; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1' Scope Normalized
1.1 This test method provides a technique for extractingracee rim /.
quantitative dimensional information on an object from its”™"™"

neutron radiograph. The technique is based on the identifica-
tion of changes in film density caused by material changes e W ko
where a corresponding discontinuity in film density exists. ThiSosjec {
test method is designed to be used with neutron radiographs veccec)
made with a well-collimated beam. The film densities in theksaion { tt11 Py P
vicinity of the edge must be in the linear portion of the densityﬂm (2) (b) c)
versus exposure curve. The accuracy of this test method mayG. 1 Typical Microdensitometer Film Density Traces Associated
be affected adversely in installations with high-angular- with Three Rectangular Material Discontinuities: (a) Edge of
divergence neutron beams or with large object-to-film dis- Object, (b) Thickness Variation, and (c) Dissimilar Material
tances. Boundary

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is th ;
respglnsibility of the usgr of this standard to establish appro%' Terminology

priate safety and health practices and determine the applica- 3_.1 Definitions—Definitions of the many terms relativg to
bility of regulatory limitations prior to use. radiography (for example, X, gamma, and neutron radiogra-
phy) can be found in Terminology E 1316.

2. Referenced Documents 3.2 Definitions of Terms Specific to This Standard:

2.1 ASTM Standards: 3.2.1 extremum-the point on the linear response portion of

E 94 Guide for Radiographic Testifig the curve of smoothed density versus location at which the

E 748 Practices for Thermal Neutron Radiography of Ma-Slope is a maximum.
terial€ 3.2.2 extremum slope criterierthe criterion that specifies

E 803 Method for Determining the L/D Ratio of Neutron the edge of a defect or an object, located at the spatial position
Radiography Beanis corresponding to the extremum as determined from examina-

E 1316 Terminology for Nondestructive Examination tion of a radiograph. _ _

2.2 Other Documents: 3.2.3 linear response-a radiographic response where the

SNT-TC-1A Recommended Practice for Nondestructivefilm density across an edge within an object is contained in the
Testing Personnel Qualification and Certificafion linear part of the density versus exposure curve.

ANSI/ASNT CP-189 ASNT Standard for Qualification and ~ 3-2.4 traveling-stage microdensitometeia densitometer
Certification of Nondestructive Testing Persorinel with a small aperture (typically between 10 to 25 um by 200 to

MIL-STD-410 Nondestructive Testing Personnel Qualifica-300 pm) that has the capability of scanning a radiograph in a
tion and Certificatiof continuous or stepped manner and generating either a digital or

an analog mapping of the film density of the radiograph as a
function of position.

1 This test method is under the jurisdiction of ASTM Committee E-7 on 4. Summary of Test Method
gog_d?stru(zﬂlve tTest)in'a e;ﬂddis the direct responsibility of Subcommittee E07.050n 4 1 All radiation used in radiography is attenuated in its
adiology (Neutron) Method. . - - .

Current edition approved May 10, 1997. Published February 1998. OriginallyP2SSa9€ through an QbJECt aCCQrdlng to Ij[S thICkneS.S and
published as E 1496 — 92. Last previous edition E 1496 — 92. magnitude of the material attenuation properties appropriate to
zAnnual Book of ASTM Standadgol 03.03. the type and energy of radiation. Additionally, significant
Available from American Society for Nondestructive Testing, 1711 Arlingate 1 i ; :
Plaza, PO Box 28518, Columbus, Ohio 43228-0518. Spatlal Spre.admg .O(.JCUFS due to the .SyStem |mpe(fect|0ns,
4 Available from Standardization Documents Order Desk, Building 4 Section p,honsymmetric radiation transport, and image formation pro-

700 Robbins Avenue, Philadelphia, PA 19111-5904, Attn: NPODS. cess. Significant variations in the recorded radiation near edges
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extremum slope criterion. These have been confirmed by
careful experimentatiofi-3).

5. Significance and Use

5.1 Many requirements exist for accurate dimensional in-
formation in industrial quality control. Frequently, this infor-
mation cannot be measured directly, may be very uncertain, or
is expensive to obtain. If a radiograph of the object in question
displays a sufficient film density variation near the edge of

iy

ot X ot interest, however, dimensional radiography methods may be
applied. This test method provides a technique for extracting
quantitative dimensional information from the neutron radio-
(a) (b) graph of an object. Guide E 94 and Practices E 748 are helpful
FIG. 2 Typical Microdensitometer Traces of Film Density for (a) for understanding the principles involved in obtaining a high-
Rectangular Objects and (b) Cylindrical Objects; Note quality neutron radiograph.

PI ts of Ed , and x_ on the Traces . . . .
acements of =dges x . and x 5.2 Dimensional radiography appears to be particularly

relevant in determination of the following1) diameters of
and material discontinuities therefore occur and manifesspent radioactive fuel2f gap sizes in contact-circuit mecha-
themselves by film density variations in the radiograph, asisms of shielded components, ang) rescribed spacings
illustrated in Fig. 1. between distinct materials.

4.2 A graph of detector response (film density) versus 5.3 While this test method addresses dimensional measure-
location across an interface is similar in form for many ments using neutron radiography, the methods and techniques
different types of interface, provided that the detector respondsf dimensional radiography are also equally applicable to
linearly to increased exposure over the entire region of interestarious types of radiography, such as x-rayay, and neutron.
Typical radiographic responses are shown in Fig. 2 (a) and (b). 5.4 Afundamental assumption of this test method is that the

4.3 Both theoretical and experimental studies in neutroruser will have access to a system that permits the attainment of
radiography have established that under commonly encoumtata describing the density response of the radiograph. Al-
tered high-quality linear-response radiographic conditions, théhough a system may include any digitization equipment
edge of an object corresponds to that point on the smoothechpable of providing the spatial resolutions recommended in
experimentally obtained microdensitometer trace at which thé.1.1, a typical system will include a high-resolution traveling-
slope is a maximum, as illustrated in Fig. 3. This point is calledstage microdensitometer and a neutron radiograph of the
the extremum, and the relationship between the spatial positioobject.
of the extremum and location of the edge is called the 5.5 An object with accurately known dimensions must be
available to calibrate the equipment used to measure the
radiographic response, that is, the traveling-stage microdensi-
tometer (or other digitization system capable of spatial resolu-
tion comparable to that of the detector).

Extremum Slope 6. Basis of Application

6.1 Personnel Qualificatior-If specified in the contractual
agreement, NDT personnel shall be qualified in accordance
with a nationally recognized NDT personnel qualification
practice or standard such as ANSI/ASNT CP-189, SNT-TC-
1A, MIL STD-410, or a similar document. The practice or
standard used and its applicable revision shall be specified in
the contractual agreement between the using parties.

6.2 Qualification of Nondestructive Agencie$f specified
in the contractual agreement, NDT agencies shall be qualified
and evaluated as described in Practice E 543. The applicable
| edition of Practice E 543 shall be specified in the contractual
| Edge Coordinate agreement.

1/ 6.3 Procedures and Techniquesihe procedures and tech-
' niques to be utilized shall be as described in this test method

\ "Smoothed”
Fiim Density

f
J
!
!
!
!
|

X4 x-axis
FIG. 3 Depiction of Various Slopes on a Smoothed

Microdensitometer Trace; The Object Edge Coordinate, x - 5 The boldface numbers in parentheses refer to the list of references at the end of
Corresponds to the Extremum Slope Point on the Trace this test method.
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unless otherwise specified. Specific techniques may be speci-9.2.2 Obtain a high-quality continuous or digital microden-

fied in the contractual agreement. sitometer trace along the traverse, ensuring that the traveling
stage is set for a speed or pixel dimension that scales the film
7. Apparatus density variation in the vicinity of the edge adequately (refer to

7.1 In addition to the instruments and facilities normally 7.1.1).
used in radiography (refer to Guide E 94 and Practices E 748), 9.2.3 Determine the point on the smoothed microdensitom-
dimensional radiography relies critically on the use of aeter trace at which the slope is maximum by either visual or
high-resolution traveling-stage (continuous or stepping) micomputer-based means, and obtain the corresponding edge
crodensitometer or digitization system. The purpose of theoordinate x from this, as shown in Fig. 3.
microdensitometer is to obtain a quantitative trace or digital 9.2.3.1 Note that if visual methods do not permit a decisive
sequence of the film density along a specified traverse of théetermination of the extremum, algebraic-fitting and subse-
radiograph. Two features are of particular importance: quent analytic techniques must be used. Studies of knife-edges
7.1.1 The aperture for light passing through the film must behave shown that edge location is insensitive to the functional
narrow enough to respond accurately to the macroscopiform used in the smoothing techniq(& 7).
properties of the film density, but not so narrow as to introduce 9.2.3.2 ltis critical to ensure that the film densities obtained
excessive microscopic film noise. An aperture width betweerexperimentally in the vicinity of the edge are in the linear
10 and 20 pm along the direction of the traverse, and betweeportion of the density versus exposure curve (see 4.2). This is
200 and 300 pm in the perpendicular direction, is recomyparticularly important for curved edges where, as suggested in
mended for typical application@}). Fig. 2 (b), the extremum slope coordinate corresponds to film
7.1.2 Itis required that the response of the microdensitomeensity close to the maximum density on the radiograph. (The
eter be linear or that data exist to correct its nonlinearity. Suclheason for this care is the potential interference with the
data can be obtained by scanning either a neutron radiograph efige-scattering distortion proce&.)
an object with a known and uniform composition or calibrated 9.2.4 Repeat the steps given in 9.2.1-9.2.3 for the compan-
film step wedges (see Section 8). ion edge of interest to identify the edge coordinate x.

8. Calibration of Microdensitometer 10. Calculation

8.1 No specific calibration procedures are provided because 10.1 The difference (x— x_) corresponds to the separation
the calibration of each traveling-stage microdensitometer desf edges on the microdensitometer trace, referred to as the trace
pends on its type and model. However, several general procépacing.
dural steps are common to the calibration of all of the 10.2 Use the calibration curve, table, or equation developed
microdensitometers used in this test method. in Section 8 to convert the trace spacing to the separation

8.2 A calibration procedure must exist that transforms thedimension of the edges.
dimension scale on thg strip-_chart recc_)rd of the micrO(_je_l"n_sit(c)jil_ Precision and Bia<
meter trace, or pixel dimensions and intervals for a digitize o o .
data set, to the true physical dimension of a test object. The 11.1 Precision—The precision of this test method has been
procedure should permit periodic checking. determined at several laboratories.

8.3 ltis required that the density response of the microden- 11.1.1 Test results obtained in the same laboratory (repeat-
sitometer be linear or that data exist to correct its nonlinearity@bility conditions) yielded errors averaging under 25 pm.

8.3.1 Obtain a density trace from a neutron radiograph of an 11.1.2 Test results obtained in different laboratories (repro-
object that covers the range from O to 4.0 density unitsducibility conditions) yielded errors that were always below
Calibrated film step wedges are commercially available and00 um and averaged 25 pm. o .
can be used for this purpose. 11.2 Bias—Systematic errors might arise if adequate care is

8.3.2 Check the microdensitometer data for a linear renot exercised in obtaining the extremum slope (see 9.2.3).
sponse between the object density and reported density values11.3 General ConsideratiorsThe above assumes a well-

8.3.3 If the density response is nonlinear, develop a CorrecJc;olhmalted neutron beam with an L/D ratio greater than 100, as
tion curve, table, or equation based on the object and respon&étermined using Method E 803, and divergence half-angle

data. less than two degrees.
11.3.1 For installations in which the beam is highly diver-
9. Procedure gent, or the object-film distance is sufficiently large to create a
9.1 Obtain a neutron radiograph of the object under examiPenumbra shadowing affect, further complications appear that
nation. can affect the precision, or bias, or both.

9.2 The dimensions of interest are deduced from the coor- 11.3.2 Effects of the extended dimensions of the object and
dinates of either individual edges of the object or edges ofieutron radiographic facility can be taken into account if some
material discontinuities within the object. Hence, it is necesdetails of the edge of the object are known. However, these
sary to describe only the methodology of determining thecorrections are not straightforward unless the geometry of the
maximum film density slope on a radiograph for an edge oPbject is simple.
interest, that is, the extremum.

. 9.21 Iderytify.the region fO!‘ the traverse of interest from a ® Supporting data have been filed at ASTM headquarters and may be obtained by
visual examination of the radiograph. requesting RR:E07-1001.
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11.3.3 The precision and bias of any particular object shouldhose depending on the object, detector, facility, and density-
be determined by multiple test measurements of an object thaésponse measurement.
are similar to the actual object in both geometry and compo-
sition. It should be anticipated that variations in both precisiont2. Keywords
and bias will be greater than those stated in 11.1 since the 12.1 dimensional measurement; neutron radiography; quan-
measurement is sensitive to a number of parameters, includirtdgative radiography

REFERENCES

(1) Osuwa, J. C., and Harms, A. A., “The Extremum Slope Criterion for ~ Slope Dimensioning Method Proceedings of the 3rd World Confer-
Precise Dimensional Measurements in Neutron Radiografg* ence on Neutron Radiograph¥luwer Academic Publishers, Dor-
ceedings of the 1st World Conference on Neutron Radiography drecht, The Netherlands, 1989, p. 951.

Reidel Publishing Co., Dordrecht, The Netherlands, 1983, p. 859.  (g) wrobel, M., and Greim, L., “Resolution Functions and Unsharpness in
(2) Harms, A. A., and Wyman, D. RMathematics and Physics of Neutron Neutron Radiography,” Report No. GKSS 88/E/12, GKSS-
Radiography D. Reidel Publishing Co., Dordrecht, The Netherlands, Forschungszentrum Geesthacht GMBH, February 1988
1986. _ . . L . '
(3 Richards, W. J., and Larson, H. A., “Radiography Experiments at(7) Hosticka, B., and Brenizer, J. S., Evaluyanon_of Knife-Edge Geometry
Argonne National Laboratory,Nuclear TechnologyVol 76, 1987, p. on the Lambda Sharpness Parametergceedings of the 1st Interna-
408. tional Topical Meeting on Neutron Radiography System Design and

(4) Harms, A. A., and Blake, T. G., “Densitometer-Beam Effects in High ~ Characterization Pembroke, Ontario, Canada, August 1990.
Resolution Neutron Radiography,Transaction of the American (8) Wyman, D. R., and Harms, A. A., “The Radiographic Edge Scattering
Nuclear SocietyVol 15, 1972, p. 710. Distortion,” Journal of Nondestructive Testingol 4, No. 2, 1984, p.

(5) Lokos, S. C., Harms, A. A., and Butler, M. P., “Test of the Extremum  75.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



