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Chapter 1 Quality Control and NDT

1.1 NDT in Industry

Flaws and cracks can play havoc with the performance of structures, so that the detection of
defects in solids is an essential part of quality control of engineering systems for their safe and suc-
cessful use in practical situations. This is known variously as nondestructive testing (NDT), non-
destructive evaluation ( NDE), nondestructive characterization, or nondestructive inspection.
Quality control, quality technology, and noncontact measurements are related subjects that in-
clude or use NDT techniques. However, applications of NDT go much deeper and are much
broader in scope than the detection of gross defects. They concern all aspects of the characteriza-
tion of solids, their microstructure, texture, morphology, chemical constituents, physical and
chemical properties, as well as their methods of preparation. There is concern for the most minute
detail that may affect the future performance of the object in service, so that all properties need to
be under control and all factors understood that may lead to breakdown. !'! Nor is it appropriate to
rely on general statements because each study and each example needs to be treated individually,
proceeding by the use of all known properties and information about the component. The abbrevi-
ation NDT will be used in this text for “nondestructive testing”.

A description of the early evolution of NDT is given by Mullins and his review still covers
most of the methods presently used. The established test methods include radiography, ultrasonics
inspection, magnetic particle inspection, liquid penetrant inspection, thermography , electrical
and magnetic methods, and visual-optical testing. In the case of radiography, X-ray and <y-ray
are well established, but neutron, proton, and Compton scattering are also used and there have
been recent important advances in tomography. Many of the NDT methods are highly sophisticat-
ed, yet there are many techniques that are relatively simple. One such method is visual examina-
" tion, with a hand lens. The simple methods are stressed because it is important not to overlook
the obvious in examining an engineering component.

Applications of NDT in industry concern metals, nonmetals, very small to very large ob-
jects, and stationary as well as moving components. In medicine, NDT includes mammography,
nuclear magnetic resonance scans, general X-ray, and microangiography. Noncontact measure-
ments using sensors are important in a wide range of subjects from geology, forensic studies, aer-
ial temperatures, and weather surveys, to thickness measurements and art authentication. The ex-
aminations are concerned with detecting cracks, tears, imperfect welds and junctions, inclu-
sions, tomography, and surface contamination effects without altering the piece in any way.

The operator of the tests is another important factor, and operator fatigue, as well as
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training , represents both an essential ingredient and a severe problem affecting all aspects of NDT.
Because NDT is all-encompassing, it is most useful to have a library of as many examples or case
studies as possible, all concerned with practical situations. (2]

A survey has been carried out by the Institute of Metallurgists of the many different NDT
techniques used in engineering industry and found that liquid penetrant and magnetic particle tes-
ting accounts for about one-half of all the NDT testing, ultrasonics and X-ray methods about an-
other third, eddy current testing accounted for about 10% , and all other methods accounted for
only about 2% . It is not necessarily the most sophisticated method that is most suitable.

Table 1-1 is a simplified breakdown of the complexity and relative requirements of the five
most frequently used NDT techniques. Table 1-2 gives a comparison of common nondestructive
evaluation methods as judged by the Office of Nondestructive Evaluation, NIST, USA.

Table 1-1 The relative uses and merits of various NDT methods

Test method
Item
Ultrasonics X-ray Eddy current |Magnetic particle | Liquid penetrant
Capital cost Medium to high High Low to medium Medium Low
Consumable cost | Very low High Low Medium Medium
Time of results Immediate Delayed Immediate Short delay Short delay
Effect of geometry | Important Important Important Not too important|Not too important
Access problem Important Important Important Important Important
Type of defect Internal Most External External Surface breaking
Relative sensitivity | High Medium High Low Low
Formal record Expensive Standard Expensive Unusual Unusual
Operator skill High High Medium Low Low
Operator training | Important Important Important Important —
Training needs High High Medium Low Low
Porta.blhty of High Low High to medium | High to medium High
equipment
D?pendent 01.1. Very Quick Very Magnetic only Little
material composition
Ability to automate | Good Fair Good Fair Fair
i - Thickness
- mckness gaug Thickness .
capabilities ing; some com- ] gauging; Defects only Defects only
. gauging

position testing

grade sorting
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Tablel-2 Comparison of some NDT methods

Method Characteristics detected - Advantages Limitations Example of use
Normally requires cou- .
Changes in acoustic | Can penetrate thick mate- | pling to material either ol lfvc aljo ™
Ultrasonics imped ance caused by | rials; excellent for crack | by contact to surface or | . cs 'or lun.d
cracks, nombonds, in- | detection; can be automa- | immersion in a fluid | oY) AT
clusions, or interfaces ted such as water. Surface ons .hy:::
needs to be smooth. genl king
. Radiati afe uire ipeli
. ) Can be used to inspect au?n safety req. s | Pipeline welds
Changes in density from | . precautions; expensive; | for penetra-
. , i wide range of materials . X .
. voids, inclusions, ma- ] detection of cracks can | tion, inclu-
Radiography . . and thicknesses; versa- ) . )
terial variations; place- | . . be difficult unless per- | sion,  voids;
K tile; film provides re- . .
ment of internal parts . R pendicular to X-ray | internal defects
cord of inspection . .
film. in castings
Surface  characteristics Can be lied onl p
such as finish, scrat- ) an app only to | Paper, wood,
. ) Often convenient; can | surface, through surface | or metal for su-
Visual-optical | ches, cracks, or color; K .
L. be automated openings, or to trans- | rface finish and
strain in transparent ma- . . .
. . parent material uniformity
terials; corrosion
Changes in electrical co- Heat exchan
. o . xchanger
nductivity caused by ma- Limited t lectricall
. tyc. X Y Readily automated; mo- . 0 clee c Y tubes for wall
Eddy current | terial  variations, cra- derate cost conducting  materials ; thinni and
cks, voids, or inclu- limited penetration depth &
. cracks .
sions
Turbine blades
Inexpensive, easy to | Flaw must be open to
S i due t for surf: -
Liquid urface opemx.xgs ue to use, readily portable, | surface. Not useful on or surtace crz.1
cracks, porosity, sea- " . cks or porosi-
penetrant ms. or folds sensitive to small surface | porous  materials or inding cr
> © flaws rough surfaces v 8 €
acks
i Limited to fi i
Leakage magnetic flux Inexpensive or moderate umted o ferromagnetic Railroad
. caused by surface or .. material; surface prepa-
Magnetic cost, sensitive both to . . wheels for cra-
. near-surface cracks, vo- ration and post-inspec-
particles . ] . . | surface and near-surface | . L cks; large ca-
ids, inclusions, materi- flaws tion demagnetization stings
al or geometry changes may be required &

1.2 NDT in Everyday Life

NDT is well-known as a part of industrial procedures, but it is also of importance in exami-
nations of a more general interest in everyday life. Art objects such as paintings, sculptures, fur-
niture, pottery, and ceramics need to be authenticated, and the tests of necessity must not dam-
age or destroy the object. The techniques used include X-ray, neutron activation analysis, and
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thermoluminescence. X-ray laminography has been used to examine the working of clocks and im-
perfections in printed circuit boards. Neutron activation analysis has been used in geological stud-
ies in situ to determine the chemical composition at depths within the earth’s crust by lowering a
radioactive source spectrometer system down a drill hole of diameter only 4in. The internal struc-
ture of the earth is itself analyzed using the effects of seismic waves generated by earthquakes. The
use of polarized light enables examinations of large objects to be carried out avoiding the interfer-
ence of scattered and reflected light as well as for stress analysis. The three-dimensional shape of
large objects can be portrayed using a shadow moire technique.

Ultrasound waves can be used to detect submarines, schools of fish, and as navigational
aids. Baggage control at airports as well as metal detectors utilize eddy current examination. Infra-
red techniques are used in detecting heat losses from buildings, the performance of steam traps,
hot spots in electrical equipment, friction in mechanical systems, defects in metals, stresses in
metals, as well as aerial photography. +y-ray has been used to examine lead-coated coffins from
the seventeenth century. A -y-ray, using Iridium-192, of the Freedom Statue of the U. S. Capitol
Building has revealed the presence and the condition of the iron skeleton of this bronze structure.
Thus, NDT applies in almost all aspects of everyday life.

1.3 History of NDT

The historical development of NDT is outlined for each technique at the beginning of each
chapter. In almost all cases, the bulk of the techniques have been developed in this century with
very little utilization in earlier years. Table 1-3 lists some of the key events in the chronology of NDT.

Table 1-3 Chronology of early key events in NDT

Visual testing becomes the first NDT method when God creates the heavens and earth and “sees”
that it is good

BC(approx. )

1800 First thermography observations by Sir William Herschel

1831 First observation of electromagnetic induction by Michael Faraday

1840 First infrared image produced by Herschel’s son, John
First reference to magnetic particle testing reported by S. H. Saxby. by observing how magnet-

1868 ized gun barrels affect a compass
1879 Early use of eddy currents to detect differences in conductivity, magnetic permeability, and tem-
perature initiated by E.Hughes
1880-1920 “(0il and whiting” technique, forerunner of present-day penetrant test used for railroad axles and
boilerplates
1895 X-rays discovered by Wilhelm Conrad Roentgen

1898 Radium discovered by Marie and Pierre Curie

1922 Industrial Radiography for metals developed by Dr.H.H.Lester

Electric current induction/magnetic field detection system developed by Dr. Elmer Sperry and

1927-1928 H.C. Drake for the inspection of railroad track




