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PENETRATING RADIATION INSPECTION

PURPOSE :

The purp
radiatio
the user
penetrat
Detailed

GENERAL :

Penetrat
modern i
neutrons
inspecte
determin
conditio
is proje
observed

recorded
variety

inspecte
componen
weldment

available

pse of this report is to provide basic information,on pene
n, as applied in the field of nondestructive testing, and
with sufficient information so that he may decide whether
ng radiation methods apply to his particular.Pnspection n
information references are listed in the Bibliography.

ng radiation is a versatile nondestructive test method us
ndustry. The use of penetrating x-rays, gamma rays, therm
| and other forms of radiation which do not affect the mat
}, provide the basic information by which soundness can be
bd. Radiography provides a permanent record on film of in
ns. Fluoroscopy differs from radiography in that the radi
rted on a fluorescent screen or other readout monitor and
visually in real time-rather than recorded on a film. Sy

that produce digitally reconstructed, photographic or ma
displays. Penetrating radiation enables industry to moni
bf products forsainumber of types of imperfections. Objec
1 range in size from microminiature electronic parts to ve
ts in a wide ‘range of manufactured forms (for example; cas
5, assemblies).
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PRINCIPLES:

X-rays, gamma rays, and neutrons possess the capability of penetrat
materials, even those that are opaque to light. 1In passing through
some of these rays are absorbed or scattered. Materials absorb x-r
gamma rays in proportion to their mass. Neutron absorption, on the
hand, is not related proportionally to atomic number or mass; neigh
elements can differ in neutron absorption by factors of 100 or more.

ing
matter,
ays and
other
boring

Differential absorption of the radiant energy passing through the object due

to the presence of voids, discontinuities,
inhomogeneity or interns on ion i

observed |directly by fluoroscopic methods. With acceptable condit
technology and equipment, it is generally agreed that discontinuit
detected [which present to the axis of radiation a minimum dimension
of the thickness of the object undergoing radiographic examination
for fluorjoscopic examination. Two-dimensional imperfections, such
and cold [shuts, are not detectable unless they present ah'effective
difference of the above magnitude, or greater, and are'in appropria
alignment] with the beam of radiation.

or density variations ca

RADIOGRAPHIC FILM TECHNIQUE:

A radiographic film is a photographic record-produced by the passag
X-rays, gamma rays, or neutrons through angobject onto a film. Khe
exposed tp a radiation source or light, '@ invisible change is proc
the film emulsion. The areas so exposed become dark when the film
immersed [in a developing solution; the amount of darkening depends
degree of| exposure. Image formation is usually enhanced through us
metal screens in intimate contact with the film. Lead screens are
X-ray exppsures made with energy above 100 kV and in gamma ray expd
Screens are necessary for fidm 'detection of thermal neutrons. Gadg
metal scrpens are normally used for direct-exposure techniques and
metal scrpens are normalily‘used for indirect-exposure techniques.

developing, fixing, and.washing of exposed film may be done either
or in an putomatic film processor. The exposed, processed, and dri
radiographic film_is‘examined under transmitted 1ight. Interpretat
image is performed.in accordance with established codes, specificat
acceptancp criteria.

The finished rad1ograph should be v1ewed under cond1t1ons wh1ch prc
the best \Wsus xtien—o O
fatigue for the observer. A h1gh 1ntens1ty 111um1nator w1th adJust
intensity is almost a necessity for optimum radiographic observatio
interpretation. Penetrameters are used to indicate the image quali
exists in a radiograph. The type generally used in the United Stat
small rectangular plate of the same material as the object being x-
is uniform in thickness (usually 2% of the object thickness) and ha
drilied through it. ASTM specifies hole diameters 1, 2, and 4 time
thickness of the penetrameter. Step, wire, and bead penetrameters

used. (See ASTM E 94, Recommended Practice for Radiographic Testin
ASTM E 142, Controlling Quality of Radiographic Testing.) For neut
radiography, image quality indicators provide a measure of the rela
exposure due to gamma rays, higher energy neutrons, and scattered n
Additional image quality indicators are suggested to provide measur
contrast and resolution capability. (See ASTM E 545.)
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4.1.1 Advantages: Film radiography provides a permanent, visible record of the
internal condition of the subject. Preservation of films is a common
practice in industry. .

4.1.2 Disadvantages: High cost is the chief objection to film radiography.

One-half of the average inspection cost may be the radiographic film

cost.
perfo

X-ray paper products reduce this disadvantage when maxim
rmance capability is not required.

um

Inspection results are not available until radiographic film has been

expos

ed, processed, and interpreted.

4.2 Fluoros

copic Inspection Technique: Fluoroscopy is the processnof]
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5. APPLICAT
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througho,
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tages:

ct by direct or indirect observation of the fluorescence o
by radiation transmitted through an object. The artangeme
ource, object, and imaging plane is identical to, that used
aphy. The fluorescent screen, image intensifier \tube, tel
and similar electronic imaging devices convert'“x-rays to
or further signal processing, operator interpretation, and

Production line inspection systéms are available.
t in low cost per part inspected and cCan meet the inspecti
rements of high-volume production. , Real-time image enhanc

vantages: The sensitivity of the fluoroscopic process is
eat as that of radiography,.2-6% being routine. The addit
oducing a permanent record-of the examination may be a dis
ystems employing televisioh imaging, however, magnetic rec
ed, photographs may be“taken of the television image, or d
ssing can be used foriimaging and interpretation.

ION:

ity of high energy radiation to penetrate all engineering
differential - rates of absorption for different materials a
ble for the extensive use of this nondestructive inspectio
ut industry. Accordingly, penetrating radiation inspectio
nsively used for flaw detection in the following areas:

pretation are available in systems using television imaging.
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5.1 Casting

s’ The widespread use of penetrating radiation methods fo

the

inspection of castings results from the fact that most of the flaws and
discontinuities inherent in ferrous and nonferrous castings can be readily

detecte

d by this inspection medium. Shrinkage, gas porosity, inc

lusions,

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 1ight metal

(alumin

um and magnesium) castings are detectable: gas holes, dro

SS

inclusions, segregation, microshrinkage, hydrogen porosity, micro-porosity,
shrinkage, sponge, cold shuts, and other discontinuities common to light

metal c

astings.
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5.2 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. The
following imperfections or discontinuities are detectable by radiography:
porosity, cracks, 1ncomplete penetration and fusion, inclusions, and other
discontinuities common in welded joints.

5.3 Finished Assemblies: Penetrating radiation techniques are applicable to the
inspection of fabricated assemblies relative to placement of internal
components, such as electronic devices, mufflers, fuel tanks, bonded
honeycomlp, and Tires. ETectrical connections as well as the positfion of
bolts and nuts in finished enclosures are frequently checked by
radiography. Neutron radiography of assemblies provides a capabiljty to
verify pyoper placement of hydrogen-containing materials in‘metal
assembligs. By this method rubber O-Rings, plastic parts, propellants,
fluid leyels, and similar materials can be visualized even ‘when these
objects are inside metallic containers.

5.4 Miscellaneous Applications: Occasional use is made of radiographif
techniquds in the inspection of forgings, powder metal parts, and of
nonmetallic materials such as plastic, rubber, ‘Ceramic, and solid
propellant. The limited use of this inspection medium for forgingf is
explaineqd by the fact that forging defects.are smaller in size and
unsuitably oriented for good detection.

6. EQUIPMENT

There are|a number of factors which“affect the use of penetrating radiation
to varying extents. These factors can be grouped into three genera
categoriegy: source of radiation, object or material to be examined| and
detecting |or recording medium:

Sources fqr neutron radiography include nuclear reactors, accelerators, and
radioactiye isotopes, “These sources can be moved (in a truck, for example)
but most neutron radiographic inspection is done by bringing the ingpection
object to([the sourge. Radiation sources for other types of radiography
involve ejther X<ray generators or one of several radio isotopes. -rays are
produced when<high-velocity electrons impinge upon target atoms. T e energy
of the x- rad1at1on produced 1s a funct1on of the ve]oc1ty of the impi
electrons, 3NOC age (kV or
MeV) . The practlcal thickness range of stee] whlch can be lnspected by x-ray
units is proportional to their radiation energy, as shown in Fig. 1. The
usefulness of Fig. 1 can be extended to other materials by referring to Table
1, which gives equivalence factors for various other materials as compared to
steel.

Radiographic isotopes emit radiation at discrete energy levels. The
approximate practical thickness range of the most commonly used radioisotopes
for steel is included in Fig. 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 Fig. 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 Tevel column in the table.
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6. EQUIPMENT: (Continued)

Other factors such as economics, flexibility, sensitivity, maintenance costs,
and portability must of necessity be considered when deciding the type of

unit to

Generall

Factors

be used.

y, 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.

such as sensitivity required and exposure time are also

considerftions. Industrial x-ray paper may be Used as a detecting] medium.

Paper su

Considerption should be given to this process if maximum sensitivi

periods
are avai

Fluorosc
inspecti

bf radiograpic print storage are not required. Other dete
lable, such as instant process film and xerographic” proces

opic systems are available for instantaneousiradiographic
bons. The sensitivity of this type of inspecting medium is

less thap the photograhic method.

140 kv
220 kv
250 kv
400 kv
| MeV

2 MeV

10 TO 31 Mev

inches 2 4 6 @ 0 12 14 20 2
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STEEL THICKNESS

THE SHADED PORTIONS OF THE BAR REPRESENT THICKNESSES WHERE 1% SENSI-
;lE\u;IYH\;?YYOBTMNED. THE UNSHADED PORTION AT BAR ENDS REPRESENT 2%,

FIGURE 1 - Approximate Practical Thickness Ranges of Steel for Various

Kilovoltages

pported emulsions offer several advantages: lower materiafl cost,
increasef processing speed, darkroom simplicity, and space savings|

ty and long
cting media
5es .

somewhat

X-Ray

IRIDIUM — 192 (0.137-0.651) *

COBALT—60(1.17 & 1.33) %

¥ ENERGY MeV 0 2 4 6 8 10
(510 (102) (I152) (203)(254)
IN OF STEEL

NOTE: DIMENSIONS ARE iN (mm)

FIGURE 2 - Approximate Practical Thickness of Steel for Various Radioactive
Isotope Sources
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TABLE 1 - Approximate Radiographic Equivalence Factors for
Several Metals in Relation to Steeld (Adapted from ASTM E 94)

Radiographic Equivalence Factor
140 220 250 400 1 2
~ Metal Density kv kv kv KV MeV MeV
Aluminum 2.7 0.083 0.24 0.24 - - -
Magnesium 1.7 0.05 0.08 0.08 - - -
Steel : 7.8 1.0 1.0 1.0 1.0 1.0 1.0
Stainless[CT8.8) 7.9 T.0 1.0 1.0 1.0 T ( 1.0
Copper 8.9 1.8 1.4 1.4 1.4 < -
Zinc 7.1 - 1.3 1.3 1.3 - -
Brass 8.4 - 1.3 1.3 1.3 1.7 -
Lead 11.3 - 11.0 - - 5.4 2.5

ANOTE: To determine upper practical Timit for materials listed other than
steel, divide| the vaiue 'given for steel by the proper equivalence factgr. Table
1 may be extepded to apply to radioisotopes by taking<the average of the energy
values given fin Fig. 2, and using the nearest size x<pay unit in the table.

7. PROTECTION:

Personnel| protection from all forms of .radiation is an essential rdquirement
in the usp of penetrating radiation.- CIt is a fact that scattered ds well as
direct rays have a biological and physical effect on all lTiving matjter. 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 alllowed by
the Nuclepr Regulatory Commission, or licensing state.
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RATIONALE:

Not applicable.
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Not applicable.
REFERENCE SECTION:

AMS 2635 C "Radiographic Inspection."” July 15, 1981.
"Radiography {mModerm Imdustry—*—Eastmanm Kodak—€oRochesters—N—19369.
John R. Bradf¢rd, ed., "Radioisotopes in Industry." 1953.

R. C. McMaster, ed., Nondestructive Testing Handbook, Vol. I, Sections [3-27,
1959. American Society for Nondestructive Testing, Columbus, \OH" 43321}

H. Berger, Nelitron Radiography. New York: American Elsevier Publishing Co.,
1965.

W. J. McGonnagle, Nondestructive Testing. New York< McGraw-Hil1l Book [o., 1961.

R. Halmshaw, ed., Industrial Radiology Techniques: New York: American|Elsevier
Publishing Cof, 1971.

E. T. Clarke,|"Gamma Radiography of LightMetals." Nondestructive Testfing, Vol.
16, May-June [958, p. 265.

"Qualificatioh and Certification of>Personnel." Recommended Practice Np.
SNT-TC-1A, Supplement A (Radiography), American Society for Nondestructfive
Testing, Columbus, OH 43328.

"ASME Boiler hnd Pressure Vessel Code." American Society of Mechanical
Engineers, Nep York.

Justin G. Schheeman, Industrial X-Ray Interpretation. Evanston, IL: Intex
Publishing Col., 1968.

"Radiographic| Testing." Programmed Instruction Handbook PI-4-6, Convaifr Div.,
General Dynamics Corp., 1967.

"Military Standard Inspection--Radiographic." MIL-STD-453, U.S. Department of
Defense.

Metals Handbook, Vol. 11, 1976, pp. 105-161. American Society for Metals, Metals
Park, OH 44073.



https://saenorm.com/api/?name=f8f0a96156facc0415a96ae53ea03ec3

