[‘IM) Designation: E 446 — 98 (Reapproved 2004) <*

—~yl’
INTERNATIONAL
Standard Reference Radiographs for
. - . . 1
Steel Castings Up to 2 in. [51 mm] in Thickness
This standard is issued under the fixed designation E 446; 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.
This standard has been approved for use by agencies of the Department of Defense.
€' Note—Editorial changes were made throughout the standard in January 2004.
1. Scope 1.2.7 Category G—Mottling; 1 illustration.

1.1 These refe_rence. ra_d_iOQVaﬁhﬂL{Stra_te various t_ypes Note 2—The illustrations consist of the following:
and degrees of discontinuities occurring in steel castings that Volume I: Medium VoltaggNominal 250 kVp X-Ray Reference

have section thicknesses up to 2 in. [51 mm] (Note 1). Radiographs—Set of 34 illustrations (5 by 7 in.) in a 15 by 17-in. ring
binder.
Note 1—Reference radiographs previously used for this thickness \plume II: 1-MV X Rays and Iridium-192 Reference RadiograpBet
range carried the designation E 71, but included a now rarely used gamms 34 jllustrations (5 by 7 in.) in a 15 by 17-in. ring binder.
source, that is, radium. The current document is also updated by inclusion  vglume 1Il: 2MV to 4MV X Rays and Cobalt-60 Reference

of several recognizeshrinkageor C categories and by elimination of the  Radiographs-Set of 34 illustrations (5 by 7 in.) in a 15 by 17-in. ring
crack and hot tear categories except for one example of each of theggnder.

discon_tinuity types. Reference radiographs for thicker sections may be Nore 3—Although Category G—Mottling is listed for all three volumes,

found in E 186 and E 280. the appearance of mottling is dependent on the level of radiation energy.
1.2 These reference illustrations consist of three separaféottiing appears reasonably prominent in Volume I; however, because of

sets (Note 2) as follows:1f medium voltage (nominal 250- the higher radiation energy levels mottling may not be apparent in Volume

kVp) X rays. ) 1-MV X rays and Iridium-192 radiation, and Il nor Volume .

(3) 2-MV to 4-MV X rays and cobalt-60 radiation. Each setis 1.3 The values stated in inch-pound units are to be regarded

for comparison only with radiographs produced with equiva-as the standard.

lent radiation. It should be recognized that each energy level is 1.4 This standard does not purport to address all of the

not applicable to the entire thickness range covered by thisafety concerns, if any, associated with its use. It is the

document. Each set consists of 6 categories of graded discofgsponsibility of the user of this standard to establish appro-

tinuities in increasing severity level and 4 categories ofpriate safety and health practices and determine the applica-

ungraded discontinuities furnished as examples only, as fobility of regulatory limitations prior to use.

lows:

1.2.1 Category A—Gas porosity; severity levels 1 through 2. Referenced Documents

5. 2.1 ASTM Standards?
1.2.2 Category B—Sand and slag inclusions; severity levels E 94 Guide for Radiographic Examination

1 through 5. E 186 Reference Radiographs for Heavy-Walled (2%e 4
1.2.3 Category G—Shrinkage; 4 types: in. [51 to 114-mm]) Steel Castings
1.2.3.1 CA—Severity levels 1 through 5. E 242 Reference Radiographs for Appearances of Radio-
1.2.3.2 CB—Severity levels 1 through 5. graphic Images as Certain Parameters Are Changed
1.2.3.3 CC—Severity levels 1 through 5. E 280 Reference Radiographs for Heavy-Walled2(4o
1.2.3.4 CD—Severity levels 1 through 5. 12-in. [114 to 305-mm]) Steel Castings
1.2.4 Category D—Crack; 1 illustration. E 1316 Terminology for Nondestructive Examinations
1.2.5 Category E—Hot tear; 1 illustration. 2.2 ASTM Adjuncts: _ _
1.2.6 Category F—Insert; 1 illustration. Reference Radiographs for Steel Castings Up to 2 in. [51

mm] in Thickness:

1 These reference radiographs are under the jurisdiction of ASTM Committee
EO7 on Nondestructive Testing and are the direct responsibility of Subcommitee——————————

E07.02 on Reference Radiographs. 3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
Current edition approved January 1, 2004. Published February 2004. Originallgontact ASTM Customer Service at service@astm.org.Afoual Book of ASTM
approved in 1972. Last previous edition approved in 1998 as E 446 — 98. Standardssolume information, refer to the standard’s Document Summary page on

2 For ASME Boiler and Pressure Vessel Code applications see related Referentiee ASTM website.
Radiographs SE-446 in Section V of that Code. 4 Available from ASTM Headquarters.
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Volume I, Medium Voltage (Nominal 250 kVp) X Rays to individual castings or specific areas of castings. The deter-

Volume I, 1-MV X Rays and Iridium-192 mination of the applicable radiographic classification shall be
Volume Ill, 2-MV to 4-MV X Rays and Cobalt-60 based on an evaluation of the casting applications, design, and
] service requirements. In these evaluations, consideration shall
3. Terminology be given to such factors as pressure, temperature, section
3.1 Definitions—for definitions of terms used in this docu- thickness, applicable design safety factor (preferably based on
ment, see Terminology E 1316, section D. stress analysis), vibration, shock, resistance to corrosion,

involvement of penetrating radiations or radiation products,

4. Significance and Use and involvement of dangerous gases or liquids.

4.1 These reference radiographs are intended to provide a6.2 For each portion of casting radiographed, the severity
guide enabling recognition of discontinuities and their differ-level for each class of discontinuity category should be clearly
entiation both as to type and severity level, where applicablespecified. Thus, Severity Level 2 might be specified for

4.2 They also provide example radiographic illustrations ofshrinkage, Category CA, and Severity Level 3 for Gas Poros-
discontinuities, that are ungraded, for reference in acceptandty, Category A, since the latter are generally much less
standards, specifications and drawings. deleterious to tensile properties.

4.3 Sets of reference radiographs from which purchasers
and suppliers may, by mutual agreement, select particulaf. Classification Specifications

illustrations to serve as standards representing minimum ac- 7.1 The applicable radiographic severity classification
ceptability are provided. At the same time, the standards sghould be designated by the contracting agency in formal
established may be unambiguously identified by alphabetigpecifications or on drawings and in specific contracts or
defect category (or type) designation and severity level.  orders. The specifications, drawings, contracts, or order should
4.4 The use of this document is not intended to be reSt”Cteaiso designate the Sampiing pian for the Castings to be
to the Specific energy level or to the absolute thickness I|m|t$adiographed and the extent of radiographic coverage, radio-
that are contained in the document title. The title is intended t%raphic practice to be followed (Gu|de E 94)7 image quaiity

be descriptive and not restrictive. The document may be usedesired (Note 4) as well as the severity of the acceptable
where there is no other applicable document, for other energyiscontinuity for the graded categories.

levels or thicknesses or both, for which it is found to be o o _ _
applicable and for which agreement has been reached betweeﬁ:j'oFTeE f4_':°r lesg.”pt'onhof Iszegjg""ty or quality levels, see Guide E 94
purchaser and manufacturer. and eference Radiographs '

8. Procedure for Evaluation

5. Method of Preparation
- ; 8.1 Compare the production radiographs of the casting
5.1 The original radiographs used to prepare these three SEtsbmitted for evaluation with the reference radiographs of

of reference illustrations were made from selected sections oi- iar thick that d at valent
actual production castings by the respective use of 250-kVp ximiar thickness that were exposed at an equivalent energy

rays, iridium-192 radiation, and cobalt-60 radiation on Class fange. . . S
and Il film with a sensitivity as determined by standard 2-2T . 8.2 V‘_’he” the severity level of Q|scont|nU|t|es in the produc-
penetrameters (Guide E 94). The illustrations have been pr«-I"—On radiograph being evaluated is equal to or better than the

pared to an optical density of 2.00 to 2.25 and have been ma verity _Ievel in the specified reference _radiograph, that part of
to retain the contrast of the original radiographs. the casting represented by the production radiograph shall be

5.2 Film Deterioration—Radiographic films are subject to acceptable. If thg production radiograph shows discontinuities
wear and tear from handling and use. The extent to which th f greater severity than the reference radiograph, that part of

image deteriorates over time is a function of storage condit %%asAtmg Sha”f?ﬁ rej_ected.h ¢ di h shall b
tions, care in handling and amount of use. Reference radig- 5-3 An area ot like size to the reference radiograph shall be

graph films are no exception and may exhibit a loss in imagéhe unit area by which the production radiograph is evaluated,

quality over time. The radiographs should therefore be perif"nd any such area or any area that shares a discontinuity with

odically examined for signs of wear and tear, includingan adjacent film area shall meet the requirements as defined for

scratches, abrasions, stains, and so forth. Any reference radigcCcePtability. When the are of interest of a production radio-

graphs which show signs of excessive wear and tear Whicgraph is less than the unit area, such area of interest shall be

could influence the interpretation and use of the radiographgroratGd to the reference radiographic area.

should be replaced. 8.4 When two or more categories of discontinuity are
present in the same production radiograph, the predominating
6. Determination of Radiographic Classification discontinuities, if unacceptable, shall govern without regard to

6.1 For purposes of evaluation of castings, a determinatioi'he.Othe.r categ_ories of.discontinuities, and the casting rejected
' LH1II| satisfactorily repaired.

must be made of the radiographic classification to be assigne . . N
grap 9 8.5 When two or more categories of discontinuity are

present to an extent equal to the maximum permissible level as
5 Order RRE044601 shown in the pertinent standards for each category, then that
6 Order RREO44602. part of the_ casting shall be judged unacceptable until satisfac-
7 Order RRE044603. torily repaired.
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8.6 Reference radiographs are provided showing a varietyadiation. Therefore, for a given specimen, any change in this
of forms of shrinkage cavities. Production radiographs showerientation will affect the diffraction pattern dramatically. This
ing shrinkage shall be judged by the most representativean be accomplished by a slight, 1 to 5° tilt of the part, with
reference radiograph. respect to the radiation beam or simply by shifting the center

8.7 Production radiographs showing porosity, gas, or inclufine of the radiation beam to a slightly different location from
sions shall be evaluated by the overall condition with regard tdhe first exposure. Indications from any porosity, shrinkage, or
size, number, and distribution. The aggregate size of discontdther discontinuity will move only slightly, while any mottling
nuities shall not exceed the total accumulation in area of th@atterns present will change dramatically. If it is necessary or
discontinuities of the reference radiograph. It is not the intentlesirable to eliminate the mottling, the kV may be raised to
that the maximum size of the illustrated discontinuity shall bereduce the amount of diffraction radiation. However, caution
the limiting size for a single production radiographic discon-should be used so that the kV is not raised to the point that
tinuity, or that the number of discontinuities shown on thesensitivity is reduced excessively. If diffraction mottling is
reference radiograph shall be the limiting number for producdemonstrated to be present on a radiograph, this condition shall
tion radiographs. Also, caution should be exercised in judgingnot be considered as prejudicial in evaluating the radiograph.
? large dlscontlr.'uny ag.amSt a callection of small dlscontlngl- Note 5—Mottling is often associated with thin sections of austenitic
ties on the ba_S'S_Of ,S'Ze alone. EaCh,Of the_faCtorS of S'Zesteels, and copper base alloys such as copper nickel, tin bronzes, and
number, and distribution must be considered in balance. nickel copper.

8.8 Reference radiographs in this standard do not illustrate . ) .
elongated or “worm hole” type of gas discontinuities. When 8-10 Hot tears and cracks exhibited on production radio-
this condition occurs in a production radiograph, it shall bedr@Phs may at times resemble linear type shrinkage. When

evaluated by comparison with the most representative refefoubt exists whether such indications are cracks or tears, or are
ence radiograph. linear shrinkage, aII. surfaces in t.he_area of interest shall be
8.8.1 When the source has been placed perpendicular to t§0Und and magnetic particle or liquid penetrant inspected as
length of the gas hole, evaluate the production radiograph witRPPlicable. The extent and depth of grinding may require
a shrinkage reference radiograph. engineering judgment. If the indication does not appear on the

8.8.2 When the source has been placed diametricallyurface, it shall be considered to be shrinkage. .
orinto” the diameter of the gas hole, evaluate the production 8-11 The radiographic density of discontinuities in compari-
radiograph with a gas reference radiograph. son with background density is a variable dependent on

8.9 Adiffraction mottling pattern can occur on films of parts technical factors. It shall not be used as a criterion for
and sections where the grain size is large enough to be fCeptance or rejection in comparison with reference radio-
appreciable fraction of the material thickness (Note 5). 1f9raphs.
diffraction mottling is suspected, there are a number of ways to
demonstrate its presence. The diffraction mottling patterr?- Keywords
shown in these cases is dependent principally upon the crystal 9.1 castings; discontinuities; gamma ray; reference radio-
geometry and the orientation of the crystals to the incidengraphs; steel; x-ray

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.
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