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related propaortionally to atomic number or mass; neighboring elements can differ in neutr
factors of 100 or more. Differential absorption of the radiant energy passing through the object due to the
presence of voids, discontinuities, or density variations caused by inhomogeneity or internal construction is
recorded on radiographic film or observed directly by fluoroscopic methods. With acceptable conditions of
technology and equipment, it is generally agreed that discontinuities can be detected which present to the axis
of radiation a minimum dimension of 1 to 2% of the thickness of the object undergoing radiographic
examination, or 2 to 6% for fluoroscopic examination. Two-dimensional imperfections, such as cracks and cold
shuts, are not detectable unless they present an effective thickness difference of the above magnitude, or
greater, and are in appropriate alignment with the beam of radiation.
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Procedure

Radiographic Film Technique—A radiographic film is a photographic record produced by the passage of x-
rays, gamma rays, or neutrons through an object onto a film. When film is exposed to a radiation source or
light, an invisible change is produced in the film emulsion. The areas so exposed become dark when the film is
immersed in a developing solution; the amount of darkening depends upon the degree of exposure. Image
formation is usually enhanced through use of thin metal screens in intimate contact with the film. Lead screens
are used in x-ray exposures made with energy above 100 kV and in gamma ray exposures. Screens are
necessary for film detection of thermal neutrons. Gadolinium metal screens are normally used for direct-
exposure techniques and indium metal screens are normally used for indirect-exposure techniques. The
developing, fixing, and washing of exposed film may be done either manually or in an automatic film processor.
The exposed, processed, and dried radiographic film is examined under transmitted light. Interpretation of the
image is perfprmed in accordance with established codes, specifications, or acceptance critefia.

The finished [radiograph should be viewed under conditions which provide for the hest visuplization of detall
combined with maximum comfort and minimum fatigue for the observer. A high-intensity illuminator with
adjustable intensity is almost a necessity for optimum radiographic observation and interpretation.
Penetrametels are used to indicate the image quality which exists in a radiograph. The type [generally used in
the United States is a small rectangular plate of the same material as the©bject being x-rayef. It is uniform in
thickness (u%ally 2% of the object thickness) and has holes drilled through it. ASTM specifig¢s hole diameters
1, 2, and 4 ties the thickness of the penetrameter. Step, wire, and-béad penetrameters ard also used. (See
ASTM E 94.)| For neutron radiography, image quality indicators proyide a measure of the relafive exposure due
to gamma rgys, higher energy neutrons, and scattered neuttens. Additional image qualjty indicators are
suggested to[provide measures of contrast and resolution capability. (See ASTM E 545.)

ADVANTAGH
Preservatiqg

s—Film radiography provides a permanent;.visible record of the internal conditipn of the subject.
n of films is a common practice in industry.

DiSADVANTAGES—High cost is the chief objection to film radiography. One-half of the averag
may be tHe radiographic film cost. X-ray” paper products reduce this disadvantage
performange capability is not required.
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ray to visible [light ferftrther signal processing, operator interpretation, and recording.
ADVANTAGHS==Production line inspection systems are available. These can result in |
inspected and can meet the inspection requirements of high-volume production.
enhancement and interpretation are available in systems using television imaging.

bw cost per part
Real-time image

DISADVANTAGES—The sensitivity of the fluoroscopic process is not usually as great as that of radiography, 2
to 6% being routine. The additional cost of producing a permanent record of the examination may be a
disadvantage. For systems employing television imaging, however, magnetic recording can be used,
photographs may be taken of the television image, or digital processing can be used for imaging and
interpretation.

Application—The ability of high energy radiation to penetrate all engineering materials and the differential
rates of absorption for different materials are responsible for the extensive use of this nondestructive inspection
technique throughout industry. Accordingly, penetrating radiation inspection methods are extensively used for
flaw detection in the following areas:
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6.1

6.2

6.3

6.4

Castings—The widespread use of penetrating radiation methods for the inspection of castings results from the
fact that most of the flaws and discontinuities inherent in ferrous and nonferrous castings can be readily
detected by this inspection medium. Shrinkage, gas porosity, inclusions, hot tears, cracks, cold shuts, core
shifts, and major surface irregularities may be detectable by radiographic or fluoroscopic inspection techniques.
In addition, the following discontinuities which are peculiar to light metal (aluminum and magnesium) castings
are detectable: gas holes, dross inclusions, segregation, microshrinkage, hydrogen porosity, microporosity,
shrinkage, sponge, cold shuts, and other discontinuities common to light metal castings.

Weldments—Penetrating radiation inspection of weldments is a widely accepted procedure for the detection of
internal discontinuities. It is used in the establishment of welding procedures to qualify welders and especially

to control quality of welded joints in finished products.
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-There are a number of factors whichaffect the use of penetrating radiation td
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Radiographic isotopes emit radiation at discrete energy levels. The approximate practical thickness range of
the most commonly used radioisotopes for steel is included in Figure 2. The energy level of the gamma
radiation for the two most commonly used isotopes determines the equivalence factor for materials other than
steel (included in Figure 2). Table 1 can be utilized to approximate these equivalence factors by averaging the
energy values for a given source and using the closest energy level column in the table.

Other factors such as economics, flexibility, sensitivity, maintenance costs, and portability must of necessity be
considered when deciding the type of unit to be used.
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Generally, x-ray film is used as the detecting medium. Various types of film are commercially available. These
differ in speed, grain, and contrast. The selection of a film is interrelated with the type and energy of the
radiation, and the material and thickness of the object to be inspected. Factors such as sensitivity required and
exposure time are also considerations. Industrial x-ray paper may be used as a detecting medium. Paper
supported emulsions offer several advantages: lower material cost, increased processing speed, darkroom
simplicity, and space savings. Consideration should be given to this process if maximum sensitivity and long
periods of radiographic print storage are not required. Other detecting media are available, such as instant
process film and xerographic processes.

140 kv
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250 kv
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10 to 32 meV

—

51 102 152 203()254 305 386
(0 (2) (4 (6) (8) ~(10) (12) (14)
IN OF\STEEL

The shaded portions of the bar represent thickness where 1% sensitivity is obtained.
The unshaded portion at Bar ends represent 2% sensitivity.
Note— Dimensionsiare mm (inch)

FIGURE 1—APPROXIMATE PRACTICAL THICKNESS RANGES OF STEEL
FOR VARIQUS X-RAY KILOVOLTAGES

[RIDIUM* - 0.137-0.651 (192)*

COBALT - 1.17 & 1.33 (60)*

*ENERGY MeV 51 102 152 203 254
(0) (2) (4) (6) (8) (10)
IN OF STEEL

The shaded portions of the bar represent thickness where 1% sensitivity is obtained.
The unshaded portion at Bar ends represent 2% sensitivity.
NoTte— Dimensions are mm (inch)

FIGURE 2—APPROXIMATE PRACTICAL THICKNESS OF STEEL FOR
VARIOUS RADIOACTIVE ISOTOPE SOURCES

Fluoroscopic systems are available for instantaneous radiographic inspections. The sensitivity of this type of
inspecting medium is somewhat less than the photographic method.
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Protection—Personnel protection from all forms of radiation is an essential requirement in the use of
penetrating radiation. It is a fact that scattered as well as direct rays have a biological and physical effect on all
living matter. It is recommended (and is generally a legal requirement) that all persons operating or working
near any source of radiation keep a record of the radiation dosage received weekly and at no time exceed the
limits allowed by the Nuclear Regulatory Commission, or licensing state.

Notes
Marginal Indicia—The change bar (l) located in the left margin is for the convenience of the user in locating

areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left
of the document title indicates a complete revision of the report.

TABLE 1+-APPROXIMATE RADIOGRAPHIC EQUIVALENCE FACTORS FOR SEVERAIL METALS
IN RELATION TO STEEL () (ADAPTED FROM ASTM E 94)

Metal @ 140 220 250 400 1 2
kv kv kv kv MeV Mev

Aluinum (2.7) 0.083 0.24 0.24
Magnesium (1.7) 0.05 0.08 0.08 -- -- --
Stepl (7.8) 1.0 1.0 1.0 1.0 1.0 1.0
Stajnless (7.9) 1.0 1.0 1.0 1.0 1.0 1.0
Copper (8.9) 1.8 14 1.4 14
Zing (7.1) - 1.3 1.3 1.3 -
Braks (8.4) - 1.3 1.3 1.3 1.2 -
Legd (11.3) - 11.0 - - 5.0 2.5

1. To determine upper practical limit for materials listechother than steel, divide the value given for steel by the
propef equivalence factor. Table 1 may be extendedto apply to radioisotopes by taking the average of thqg
energl values given in Figure 2, and using the rieafest size x-ray unit in the table.

2. Denpity is given in parentheses.

PREPAREDBY THE SAE IRON AND STEEL TECHNICAL COMMITTEE—DIVISION 25—
NONDESTRUCTIVE TEST METHODS
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