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Standard Guide to

Obtainable ASTM Equivalent Penetrameter Sensitivity for
Radiography of Steel Plates %4 to 2 in. (6 to 51 mm) Thick
with X Rays and 1 to 6 in. (25 to 152 mm) Thick with
Cobalt-60 *

This standard is issued under the fixed designation E 592; 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 ANSI PH2.8 Sensitometry of Industrial X-ray Films for

1.1 This guide to obtainable equivalent penetrameter sensi-  Energies up to 3 Million Electron Volts
tivity covers the minimum penetrameter thicknesses for which 2-3 Military Standard: _ , ,
the image of the Tand I holes is visible for a few practical ~ MIL-STD-271  Nondestructive Testing Requirements for
radiographic conditions. The values represent near optimum Metals' i
sensitivity for flat steel plates. Radiographic conditions that 2-4 ASTM Adjuncts: o
give higher values of scatter buildup from the specimen or Guide for Equivalent Penetrameter Sensitivity Between X
backscattered radiation at the image plane will give poorer ~ Rays and Cobalt-60
sensitivity. ;

1.2 Eight radiographs that illustrate sensitivities obtainable3' Termln_ol.o_gy L ) _
with practical radiographic systems are included as adjuncts to 3-1 Definitions: —For definitions of terms used in this
this guide and may be obtained from ASTM. standard, refer to Terminology E 1316, Section D.

1.3 The values stated in inch-pound units are to be regardegl Significance and Use
as the standard. The values given in parentheses are for , , ) , . .
information only. 4.1 A key c0n3|derat|or_1 with any rad|c_>gr_aph|c system is its

1.4 This standard does not purport to address all of theC@pPability to resolve detail (that is, sensitivity). The degree of
safety concerns, if any, associated with its use. It is th&btainable sensitivity with a given system is dependent upon
responsibility of the user of this standard to establish appro-S€veral radiographic parameters such as source energy level,
priate safety and health practices and determine the applicalll™ tyPe, type and thickness of intensifying screens, exposure

bility of regulatory limitations prior to use. (density), etc. This guide permits the user to estimate the
degree of sensitivity that may be obtained with X rays and

2. Referenced Documents cobalt-60 gamma rays when using a prescribed set of radio-

21 ASTM Standards: graphic parameters. This guide may also be used in conjunc-
E 746 Test Method for Determining Relative Image Quality ion with Test Method E 746 to provide a basis for developing
Response of Industrial Radiographic Fiim data for evaluation of a user’s specific system. This data may

E 999 Guide for Controlling the Quality of Industrial Ra- aSSist a user in determining appropriate parameters for obtain-
diographic Film Processiig ing desired degrees of radiographic system sensitivity. An

E 1025 Practice for Design, Manufacture, and Materigi@/ternate to this approach is the use of those adjunct radio-
Grouping Classification of Hole-Type Image Quality Indi- 9raphic illustrations detailed in Section 6.
cators (IQI) Used for Radiologdy

. . L 5. Procedure
E 1316 Terminology for Nondestructive Examinatiéns u_ - ) . .
22 ANSI Standard: 5.1 Sensitivity fof/a to 2-in. (6 to 51-mm) Thick Steel Using

X Rays

* This guide is under the jurisdiction of ASTM Committee E-7 on Nondestructive
Testing and is the direct responsibility of Subcommittee E7.02 on Reference 2 Available from American National Standards Institute, 11 W. 42nd St., 13th

Radiographs. Floor, New York, NY 10036.
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5.1.1 The values of sensitivity were determined from aPractice E 1025 for which the image of th& Bole will be
statistical study of visibility of images of penetrameter holes.visible. The right ordinate gives the minimum marking in
Near 100 % certainty of seeing the image of a hole on anyccordance with MIL-STD-271 for which the image of the 2
radiograph was taken as the criterion for determining sensitivhole will be visible.
ity. Most radiographs will show slightly better sensitivity than 5.1.6 Fig. 3 gives the ASTM and military markings for
indicated in Figs. 1-3 because of the statistical nature ofvhich the image of theTLhole will be visible.
recording information from a beam of X rays but occasionally, 5.1.7 To take an example, on Fig. 2 the intersection of the
one will not show quite as good sensitivity. curve for 1-in. (25-mm) thick steel and for Film No. 2 shows

5.1.2 Fig. 1 illustrates obtainable equivalent penetrametethat the penetrameter sensitivity is 1.45 %. The minimum
sensitivity (see Appendix X1 of Practice E 1025) for four ASTM penetrameter thickness that will show th& BRole
X-ray films. The films are identified by reciprocal roentgenimage is 15. The corresponding military marking is 0.75 (see
speed when exposed in accordance with ANSI PH2.8 in aashed lines). On Fig. 3 the sensitivity is, of course, 1.45 %.
200-kV range, and processed in accordance with the manufadhe minimum ASTM penetrameter thickness that will show
turer’'s recommendations (see Guide E 999). the IT hole image is 22 and the military specification marking

Film No. Speed is 1.1.
5.1.8 If radiographs are exposed to a density other than 2 by

; 1‘71_0 changing mA-min exposure, but not kilovoltage, the equivalent
3 1.2 penetrameter sensitivity (EPS) that will be obtained in the
4 0.35 density range 1.3 to 4 can be calculated approximately as
5.1.3 The radiographic exposure conditions were: 36-infollows:
(914-mm) focus-film distance, 5-mil (0.13-mm) front and EPS, = EPS, (2ID)*/* @
10-mil (0.25-mm) back lead screens, 20 mA-min exposure, and
kilovoltage adjusted to give a density of near 2.0. where:

density to which the radiograph is exposed,
sensitivity forD = 2.0, and
sensitivity forD.

5.1.4 Most high-quality industrial X-ray films intended for D
direct or lead screen exposure, that are exposed and developgd:’ S
accordingly to give these speed values, will provide similar EPS,
illustrations of sensitivity. Interpolation will give illustrations  Nore 1—A clear definition of equivalent penetrameter sensitivity has
of sensitivity for speeds obtained with other film systems.  not been established for penetrameters less than 10 mils (0.25 mm) thick.

5.1.5 In Fig. 2 the data are presented to show the thinnestbr this work it was calculated as follows:

enetrameter for which the image of thEole will be visible. _ 12
'FI)'he intersection of the line for g particular steel thickness and EPS % = 70.7(dD"/%1 &)
the line for a given film projected onto the abscissa gives thewhere:
best obtainable equivalent penetrameter sensitivity. The interd = diameter of penetrameter hole,
section projected to the left ordinate gives the minimum T = thickness of penetrameter, and
penetrameter marking (thickness in mils) in accordance with' shegimen Wickness,
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Note 1—See 5.1.3 for exposure conditions.
FIG. 1 Obtainable Penetrameter Sensitivity for % to 2-in. (6 to 51-mm) Thick Steel When Radiographing with X Rays.
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Equivalent penetrameter sensitivity

Note 1—See 5.1.3 for exposure conditions.
FIG. 2 Penetrameter Sensitivity and Minimum Penetrameter
Markings for Showing the 2T Hole When Radiographing Ya to
2-in. (6 to 51-mm) Thick Steel with X Rays.
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Equivalent penetrameter sensitivity

Note 1—See 5.1.3 for exposure conditions.
FIG. 3 Penetrameter Sensitivity and Minimum Penetrameter
Markings for Showing the 1T Hole When Radiographing Ya to
2-in. (6 to 51-mm) Thick Steel with X Rays.

5.2 Sensitivity for 1 to 6-in. (25 to 152-mm) Thick Steel
The change in slope of the steel thickness curves on Figs. 2 and 3 is Bsing Cobalt-60
result of the established 10-mil minimum hole diameter.
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