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Computed Tomographic (CT) Examination of Castings
This standard is issued under the fixed designation E 1814; 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 E 1695 Test Method for Measurement of Computed Tomog-

1.1 This practice covers a uniform procedure for the exami- _aphy (CT) System Performarice
nation of castings by the computed tomography (CT) tech- 22 ASNT Documem‘.é: -
nique. The requirements expressed in this practice are intendedR€commended Practice SNT-TC-1A Personnel Qualifica-
to control the quality of the nondestructive examination by CT ~ tion and Certification in Nondestructive Testing
and are not intended for controlling the acceptability or quality ANSIASNT CP-189 Standard for Personnel Qualification
of the castings. This practice implicitly suggests the use of and _(?ertlflcauon of Nondestructive Testing Personnel
penetrating radiation, specifically X rays and gamma rays. 2.3 Military Standards® _ B

1.2 This practice provides a uniform procedure for a CT MIL-STD-410 Nondestructive Testing Personnel Qualifica-

examination of castings for one or more of the following  tion and Certification

purposes: NAS-410 Certification and Qualification of Nondestructive
1.2.1 Examining for discontinuities, such as porosity, inclu- _ 1est Personnel _
sions, cracks, and shrink: 2.4 Code of Federal Regulatiorss:
1.2.2 Performing metrological measurements and determin- 21 CFR 1020.40 Safety Requirements of Cabinet X Ray
ing dimensional conformance; and Systems

1.2.3 Determining reverse engineering data, that is, creating 29 CFR 1910.96 lonizing Radiation
computer-aided design (CAD) data files. Terminol
1.3 This standard does not purport to address all of the3' ermln.ololgy o ) ]
safety concerns, if any, associated with its use. It is the 3.1 Definitions—Definitions of terms applicable to this

responsibility of the user of this standard to establish approPractice may be found in Terminology E 1316 and Guide

priate safety and health practices and determine the applica—E 1441. o » )
3.2 Definitions of Terms Specific to This Standard:

bility of regulatory limitations prior to usef-or specific safety S !
statements, see Section NBS Handbook 11Zand 21 CFR 3.2.1 fixturing—the mounting hardware used to place the

1020.40 and 29 CFR 1910.96. objectin the CT system.
3.2.2 representative quality indicator (RGQHa real part, or
2. Referenced Documents a fabrication of similar geometry in radiologically similar
2.1 ASTM Standards: material to a real part, that has features of known characteris-
E 543 Practice for Agencies Performing Nondestructivelics that represent all of the features for which the parts are
Testing being examined.
E 1316 Terminology for Nondestructive Examinatidns 3.2.3 scan plan—scan locations and the system configura-

E 1441 Guide for Computed Tomography (CT) Imading tion param_eters for a specific p_art examination._

E 1570 Practice for Computed Tomographic (CT) Exami- 3-2-4 object—a part or specimen being subjected to CT
natior? examination.

E 1672 Guide to Computed Tomography (CT) System Se

lectior? 4. Significance and Use

4.1 CT may be performed on an object when it is in the
as-cast, intermediate, or final machined condition. A CT
This practice is under the jurisdiction of ASTM Committee EO7 on Nonde- €xamination can be used as a design tool to improve wax forms
structive Testing and is the direct responsibility of Subcommittee E07.01 on

Radiology (X and Gamma) Method.
Current edition approved May 10, 1996. Published July 1996.
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and moldings, establish process parameters, randomly check5.1.7 Records—Records requirements shall be specified in
process control, perform final quality control (QC) examina-accordance with Section 10.
tion for the acceptance or rejection of parts, and analyze
failures and extend component lifetimes. 6. Apparatus

4.2 The most common applications of CT for castings are 6.1 The success of the CT application depends on the
for the following: locating and characterizing discontinuities, overall system configuration and the selection of appropriate
such as porosity, inclusions, cracks, and shrink; measuringubsystem components. Guidance on the selection of sub-
as-cast part dimensions for comparison with design dimensystem components and the overall system configuration is
sions; and extracting dimensional measurements for reverggovided in Guide E 1672. Guidance on the initial qualification
engineering. and periodic requalification of the CT system is provided in

4.3 The extent to which a CT image reproduces an object ofest Method E 1695. The suitability of the CT system shall be
a feature within an object is dictated largely by the competingdemonstrated by attainment of the required image quality and
influences of spatial resolution, contrast discrimination, andcompliance with all other requirements stipulated herein.
artifacts of the imaging system. Operating parameters strike an 6.2 Computer/Image Processing Systeimage processing
overall balance between image quality, examination time, andystems may be used for image enhancement operations that
cost. will facilitate dimensional measurements and discontinuity

4.4 Artifacts are often the limiting factor in CT image detection or characterization.
quality. (See Practice E 1570 for an in-depth discussion of 6.2.1 Dimensional measurements, with tolerance, can be
artifacts.) Artifacts are reproducible features in an image thaobtained from the CT image. There is a degree of blurring in
are not related to actual features in the object. Artifacts can bthe CT image that makes sharp boundaries indistinct. A
considered correlated noise because they form repeatable fixedmmon approach for on-screen dimensional measurements is
patterns under given conditions yet carry no object informato generate a density profile along a straight line between the
tion. For castings, it is imperative to recognize what is and igoints in the image representing the distance to be measured.
not an artifact since an artifact can obscure or masquerade asfae end points of the measurement are generally taken to be
discontinuity. Artifacts are most prevalent in castings with longthe density profile values located at the half maximum value

straight edges or complex geometries, or both. point on each slope. This is called the full-width-at-half-
. — maximum (FWHM) method. This method or various other
5. Basis of Application techniques, that is, the area under the curve or determining

5.1 The following items shall be agreed upon between theontours for CAD output, can be generalized for wall thick-
purchaser and the supplier and specified in the contract or jobess, hole diameter, and crack width measurements.
order: 6.2.2 Each dimensional measurement technique has its own

5.1.1 Nondestructive Testing Agency Evaluatiefihe use precision, and for its determination, the creation of the CT
of a nondestructive testing (NDT) agency, as defined inmage must be understood thoroughly. Due to the finite spot
Practice E 543. If a systematic assessment of the capability &fize of the source, and the finite aperture size of the detector, a
the agency is specified, a documented procedure, such as thiint-like object will not appear in an image as a sharp point.
described in Practice E 543, should be used as the basis fiistead, the “true” image will be convolved with a Gaussian
evaluation. distribution-like function called the point spread function

5.1.2 Personnel Qualifications-All CT examination per- (PSF). Therefore, when looking at a density profile along a line
sonnel shall be qualified and certified in accordance with @n a CT image, an abrupt density change (that is, from material
written procedure conforming to ANSI/ASNT CP-189, SNT- to air) will not appear as a step but as a curve. See Guide
TC-1A, MIL-STD-410, NAS-410, or a similar document. The E 1441 and Sections 5, 8, and 9 for further discussion.
written procedure shall include training that addresses CT 6.2.3 Some tools require the availability of an object that
issues specifically. can be scanned and then dissected (destructive evaluation) for

5.1.3 General RequirementsGeneral requirements shall comparison with actual dimensional measurements. The CT
be specified in accordance with Section 8y \ritten proce-  system can be “standardized” for a specific object from this
dure, 8.1; anddq) CT system validation measurements, 8.3. comparison data.

5.1.3.1 Specific requirements regarding preparation and ap- 6.2.4 Various types of density analysis tools may be needed
proval of the written procedures should be agreed upon iffior discontinuity characterization, such as tools for measuring
advance by the purchaser and the supplier. low-density indications, missing mass, area, and shape.

5.1.4 Fixturing—The object fixturing shall be determined 6.3 Purchasers are cautioned to test thoroughly, or have
by agreement between the purchaser and the supplier irior experience with, the proposed image processing param-
accordance with 9.2. eters before authorizing routine use. For example, some spatial

5.1.5 Image Processing-Image processing routines used in filter functions produce directional results and may suppress
analysis of the CT data shall be specified in accordance withesired image information. Other spatial filters can introduce
6.2: (1) dimensional measurements, 6.2.1; a?)di{scontinuity  artifacts into the image.
characterization, 6.2.2.

5.1.6 Discontinuity Types-A listing of the expected kinds 7- Safety
of discontinuities shall be provided or referenced, and the 7.1 The CT procedures shall comply with applicable local,
acceptance and rejection criteria shall be stipulated. state, and federal safety regulations.
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8. Requirements surface preparation is required for CT, the removal of surface
8.1 Written Procedure—The CT examination should be blemishes and debris that could confuse the image is recom-

performed in accordance with a written procedure. The procemendedt')_ N o icallv incid |

dure should address all applicable portions of this practice antg]g'2 O ject F|xtL:r|ng—_F|xtur|ng IS typ.'lf‘?‘ y Inct ent':a dto
should be available for review during interpretation of the!'® €xamination of castings since CT will image any hardware
images. for fixturing along with the object. However, precision fixtur-

. . . : ._[ng must be used when orientation or repeatability, or both, are
of?ﬁlélvaljifgltgsetﬁatl i;g gﬁﬁ?eii?rﬁiﬂﬁfr? )()Stectgrljwsea;glrsk)f high importance. The fixtures usually vary from part to part
. . And examination to examination. If possible, the fixtures should
selected system configuration. The values used for the

¢ :
: . : ot be in the scan plane.
variables should be documented in the written procedure. 9.2 1 Precision FiF;turing—Precision fixturing will be nec-

8.1.2 The written procedure or scan plan should also includgSsary if any of the following requirements pertain:

the following: _ o _ 9.2.1.1 Dimensional measurements in a precise location or
8.1.2.1 DeSCI’Iptlon of the Ob]ect and engineering draW|ngSFe|ative to a precise p|ane, or both, are Speciﬁed'

8.1.2.2 Fixturing requirements and instructions. 9.2.1.2 Dimensional measurements are to be registered with

8.1.2.3 Handling requirements and instructions. other types of measurements, such as, ultrasonic.

8.1.2.4 RQI to be used. 9.2.1.3 Part to part comparisons are to be made.

8.1.2.5 Algorithms or methods to be used for measuring 9-2.2 Precision Fixturing Procedure-The fixturing proce-
dimensions and discontinuities. dure will include the type and amounts of hardware, the

locations of the hardware relative to the object and the CT

specified by sketch, photograph, or drawing or determined b ystem, and how to mount and dismount the object. The

a digital radiograph of the object from the same CT scanner. recision fixturing should belj specific to the casting to be
8.2 CT Svst validationThe CT ; ‘ examined; 2) out of the scan plane, whenever possible; &)d (

: ystem validatior-ine & | System Pertormance ., 4e of material less dense than the casting, to reduce or avoid
parameters must be determined initially and monitored regu- tifacts. if in th |
larly to ensure consistent results. The CT performance Ievearr facts, 11in the scan plane. .
mav be specified in terms of one 'or both of the following: 9.3 Data Collectior—Data shall be collected in accordance

y P i, ; 9 with the written procedure or scan plan. A quick, qualitative

(1) Detectability of Features in an RQIThe use of an jnage check, to verify proper operation of the equipment,

actual or simulated object has two benefits. First, CT scangnqiq pe performed before the casting is removed from the CT
through a dimensionally known object can help to standard|zgystem_

the CT system when taking dimensional measurements. Sec g 4 Image Analysis-Image analysis will verify the image
ond, an RQI demonstrates that the required system perfog,qjity levels, process, and analyze the image as stipulated in
mance can be achieved, in both the CT examination and the contract or job order. The validity of the image analysis will
interpretation and analysis. be attested as stipulated in the contract or job order.

(2) Performance Measurements, Using a Disk Phantom, as 9.4.1 image Artifacts—Image artifacts can mask or be
Outlined in Test Method E 1695The performance measure- confused with a discontinuity. Regions of the CT image in
ments determined using the disk phantom are the CT syste@hich measurements are to be made should be free of artifacts.
spatial resolution and contrast sensitivity at specified scaff any doubt exists concerning the true nature of a discontinuity
parameters. These performance measurements are requiredelghibited in the image, the image shall be rejected and a new
monitor the overall system performance and check for varia'rmage of the area made. It may be possible to prevent certain
tions over time, as well as to determine the performance of th@ystem deficiency artifacts by re-fixturing the object being
equipment prior to CT examination of the objects. examined relative to the direction of motion of the CT system

8.3 Validation Measurement IntervalsSystem stability or the location of external supports, or both, or re-standardizing
over time must be demonstrated to the purchaser. There are twioe CT scanner.
approaches, as follows: 9.5 Documentatior-Documenting and archiving of the CT

8.3.1 System performance measurements, using the diskamination data must be performed in accordance with
phantom, can be taken periodically to check the ratio of signabection 10.
to noise levels at disk center, spatial resolution, and contrast
resolution. These data will be made available to the purchasdi0. Records

for review, upon request. 10.1 Records shall be retained as stipulated in the contract
8.3.2 A disk phantom or RQI, or both, can be scannedbr job order. As a minimum, the following records are sufficient

before and after CT examination of the casting(s). If a variatiorin detail to allow the CT examination to be repeated:

exists, explanations and corrections will need to be made and 10.1.1 Written procedure, and

8.1.2.6 Scan Locations-For example, scan locations can be

validated. 10.1.2 CT examination data.
9. Procedure 11. Keywords
9.1 Handling and Preparation-Follow the handling in- 11.1 castings; computed tomography; CT, examination;

structions as documented in the written procedure. While n&NDE; nondestructive evaluation; nondestructive examination
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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).



