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FOREWORD
This research project was conducted under the direction
of North Texas State University in cooperation with the
Division of Occupational Research and Dzvelopment, Texas
Education Agency.
The study 1s composed of two parts:
A Study of Nondestructive Testing and Inspection
Processes Used in Industry with Implications for Program
Pianning in the Junior Colleges of Texas
An Instr: Gcional Program for Training Nondestructive

Testing and Inspection Technicians
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CHAPTER I
INTRODUCTION

The purpose of this instructional program is to provide
a guide for the formal training of nondestructive testing
and inspection technicians. Information contained in this
guide is basecd on results of an industrial survey which is

described in Part I of this study.

An Introduction to Nendestructive Testing

Because nondestructive testing involves the use of many
forms of energy and reaches into most types of industrial
Ooccupations, the testing procedures shown in this training
guide have been divided, due to this enormity, into five main
methods of testing. Proficiency in the application of these”
five testing .lethods will enable the technicisn to test and
inspect all kinds and shapes of manufactured parts and assem-
blies thch are produced from the numerous manufacturing
processes. However, these main methods of testing do not give
a complete inspection coverage of the industrial field. There -
fore, several independent or supplementary type tests are
described in Chapter VIII.

The five main methods of nondestructive testing include
liquid penetrant, magnetic particle, eddy current, ultra-

sonic, and radiographic processes. The descriptions of these
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testing processes are arranged in this guide so that each
Process 1is introduced and reviewed separately. The intro-
duction to the process is aimed primarily at acquainting

those concerned personnel with the general purposes, tech-
niques, 'and results of the testing method. The Objectives of
each test are then outlined in specific terms so that a high
level of technician proficiency will be expected. The outline
of the proposed program which follows the objectives provides
a guide for estabiishing key subject areas to be considerad bwv
instructional personnel in formulation of each course syllabus.
This outline is not arranged in a teaching sequence, but
merely reflects the general scope of needed subject matter to

be covered.

Conside~ations for Instruction

The general subject matter outline of this proposed
program is intended to be flexibls and comprehensive. It
includes many of the key areas involved in the several test-~
ing, inspection, and evaluation techniques. Each of these
testing and inspection sub ject areas should therefore be in-
cluded in appropriate course syllabii and should be supported
with a degree of emphasis that will enable the trainee to
understand and be gble to apply the basic Principles of the
specific test. Obviously, several hours of concentrated
instruction will be required in each of the outlined items of
subject matter in order to accomplish the objectives of the

instructional program. Further preparation for each specific
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course should include teaching plans stemming from the course
syllabus. This type of plan is specific and relates to a
specific unit of learning. This is the step in the learning
Process that seeks meaning in action.

Instructional methods must include a combination of
techniques that will enable the trainee, over an extendecd
period of time, to attain those behavioral Oobjectives which
are listed in subsequent chapters. The time required to sttain
these objectives fhrough training is equated in semester credit
hours and in turn into clock hours. For academic credit pur-~
pPoses, three semester hours of college credit will then re-
quire two clock hours of lecture and three clock nour:y of
laboratory work for each three hour sub ject when the subject
is laboratory oriented. The lecture and laboratory efforts
of instruction will then aim at Preparing the trainee to be
able to test, inspect, and evaluate the quality and degree of
reliability of typically manufactured parts and assemblies.
Examples of these typical parts and assemblies are listed in
Appendix A.

The goal of instruction is then to provide tecanical
capability in the trainee and process him inwo a reliable
technician. Therefore, principies and other elements of
theory must be translated into elements of action. The
trainee must be provided with the instructional environ-
ment that will allow him to "do" and be able to think about

What and why he is "doing" it. Capability and dependability
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constitute the foundation for technical proficliency. In
nondestructive testing, there is no room for guess and
possible error.

Because there is no one best method of instructicn,
supervisors and instructors should direct their philosophies
toward quality in the end product. This quality factor
reflects from the industrial goal of near perfection in manu-
facture. A reliability factor of 100 per cent is justifiiable
and stands as thé nltimate factor whien the safety of people
is concerned. As an example, in aircraft transportation, if
one flight becomes a disaster out of 100 flights, a dangerous
situation exists. In fact, the situation shows that personnel
responsible for the flight are lacking in some requirement.

An analysis of this situation could show inaccurate nondes-
tructive testing and evaluation techniques performed on the
aircraft. This analysis could be further focused on a critical
part that was evaluated as acceptable, but in reality, the part
was unacceptable. Just how this situation could have developed
depends cn the total efficiency of the inspection team, rest-
ing heavily on the operator or technician. When human life

and high cost in money are concerned, a 100 per cent relia-
Eility factor must be expected. Therefore, instructional

goals must be focused on attainment of a high level of pro-
ficiency in each technician. It is then estimated that at
least two academic sohool years will be required to éffectively

complete the requirements of this program.

o
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Significance of the Manufacturing Process

Prior to summarizing the main testing methods indicated
in this guide, a review of several manufacturing processes
will be accomplished. The pPurpose ot this review is to por-
tray some of the processes used in manufacturing the part.

The manufacturing process tells the life history of the part
and is consequently considered vital in final evaluation.

To know the history of the part is to be avle to accept or
reject the part at the end of the manufacturing process.
Acceptance or re jection rests heavily on inspection indica-
tions, part history, pro jected use of the part, and its future
environment. How the part was made helps to understand inspec-
tion results and in turn, provides a means for a more valid
evaluation.

There is a direct relationship between manufacturing E
process and resultant flaws in the part. Flaws are unwanted
and often become dangerous sreas in the Part. The flaw is é
created during manufacture and often remains in the material
for the 1life of the material. Flaws are accidental or in-
cidental additions to homogeneous meterials. The most
dangerous flaw is the discontinuity or material separation.
This discontinuity frequently manifests itself in the shape
of a crack. The crack may Or may not be open to the part's
surface and its existence may Justify scrapping the part.
The flaw may be large, whereby the human eye can see it and

on the other hand, it may be microscopic in size. Either

i0
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tyve is material separation and consequently, justifies
inspection and evaluation. If the cracked part is to be
highly stressed, the chances are high that re jection is

expected.

Responsibility of the Marufacturer and Service Company

Two areas of industry are concerned with nondestructive
testing, the manufacturer and the service company. From the
manufacturer's point of view, the part reflects his efficiency;
therefore, he wants to be assured that his parts are made from
sound material, being free from cracks and other undesirable
flaws._ From the point of view of the service company, the
finished part, which has been in use, must be reevaluated to
ascertain.its continued service. Therefore, the part must be
removed from its agssembly and subjected to a complete inspec-
tion to verify the continued soundness of the material. This
inspection is necessary because after several months of use,
the part may have developed cracks ~nd become unsound and
unacceptable.

Fatigue, a time-load-usge factor, frequently induces a
tiny crack in a part. Then, over a period of time while
under heavy loads, the smal1 materlal separation becomes
enlarged. If the small crack, due to service use, is not
recognized during the nondestructive test and is allowed to
remain in use, sudden failure rests ahead. Consequently, the
service company, an airline for example, periodically performs

the nondestructive test on its airplanes. Keep in mind that
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the original manufacturer had produced sound parts for the
airplane, but in use, unsoundness may have developed. The
nondestructive test igs therefore vital to both the service
company and the manufacturer in order to provide a high level
of quality control in the part.

An example of maximum effort in the use of nondestructive
testing is displayed on the cover of this guide. The F~111
is a fine example of quality control at work. All methods
and techniques of'nondestructive testing are applied in the

manufacture and service of this airplane.

Educational Objectives

The objectives of this nondestructive testing and
inspesction training program are to provide skilled technicians
who will be able to help assure a high degree of quality con-
trol and part reliability in the manufacturing processes.
Part reliability through quality control depends on the tech-
nician's attainment of specific objectives which are outlined
in subsequent chapters for each of the ma jor testing and
inspection methods.

The specific behavioral objective must include Provision
for comprehension as well as for capability. Attainment of
educational objectives will be considered accomplished when
the trainee can effectively perform the several techniques
and tasks included in each of the ma jor inspection processcs.

The trainee must be able to routinely and effectively

test for discontinuities, inspect the indications, and evaluate
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the findings. Evaluation, the end product of testing, must
then be followed by sound logic in deciding either acceptance
¢t rejection of the part.

Another goal of this Froposed program is attainment of
a high level of proficiency in the technician so that indus-
trial qualification and certification can be effected,
Educational aims and related criteris outlined by the American

Society for Nondestructive Testing (Recommended Practice No.

SNT-TC-1A), should be reviewed prior to establishment of g

Program. In this respect, another fine source of educational

literature is the Materials Evaluation magazine, published by

the American Society for Nondestructive Testing.
In addition to the objectives listed in this guide,

reference should be made to Part Thirty-one, Annual Boolk of

ASTM Standards. The American Society for Testing and Materials
Provides detailed information in regard to nondestructive tests.
Another source of helpful information can be formulated from

the Metals Handbook, published by the American Society for

Metals.

One precaution concerning evaluation is stated and must
be realized by the inspection team. During the inspection
and evaluation of a part, some border line decisions in
evaluation occur. It musf not be considered inéfficiency to
consult higher authority prior to final acceptance of a part

when circumstances are not clearly defined.
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CHAPTER II
THE ORIGIN AND SIGNIFICANCE OF DISCO. [iNUITIES

A discontinuity is a break op separation in a material.
The separation is either an inherent flaw or some kind of
crack. When the base material, metal for example, of a part
is separated by nonmetallic particles (inclusions) or voids,
a discontinuity in the base metal exists. Becsuse discontin-
uities are material separations, the load carrying ability of
the material is reduced. When this reduction in stress re-
action within the maferial is lowered to a critical point,
fallure occurs. If the Part is critical with respect to
total design, tragedy may result. Therefore, the manufac-
turer and service company have established special procedures
to find discontinuities in order to prevent these material
failures.

Because the designer is constantly trying to use more of
a material'’s strength, the need to assure material capability
has increased in great proportions during the past decade.
Man has increasingly insisted that sound materials be pro-
vided for his vehicles, his structures, and his tools.
However, this insistence has not always provided flawless
materials. Due to the fact that unsound materials are being
produced, the manufacturer has been alerted and has taken

action to find these unwanted flaws. The search has been
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nondestructive; consequently, the nondestructive test was
originated. The test indicates that discontinuities are
detected in such a manner that the material's physical,
chemical, and mechanical properties are not altered. Be-
cause metals occupy a major portion of parts produced by
American industry and because most of the nondestructive tests
are more relevant to metals than nonmetals, this guide is
primarily concerned with the inspectioﬁ of metals. However,

several of the tests are equally applicable to the nonmetals.

Metal Production

During metal production and refinement, many flaws are
sometimes created within the new metal. Because these flaws
are often developed during and soon after the molten metal is
poured, they are inherent and ofpen remain with the associated
areas of metal to its end of existence. These flaws, includ-
ing the discqntinuity, take many shapes and forms. Foreign
materials,_fér example, similar to slags, are sometimes cap-
tured in the molten metal as it solidifies and befors they
have an opportunity to float to the surface. These captured
inclusions will remain as many sided particles in the casting,
but will elongate into stringers when the casting (ingot) is
subsequently reheated and roclled into bars or other shapes.
Cracks and holes which formed during the solidification stage
also remain as metal separations even during subsequent shap-
ing operations. The separation does not always weld itself

while in the presence of high temperature and pressure during
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the forming operation because an oxide coating rest: Hetween
the two surfaces of metal.

Metals are produced in either the ~ast shap- or .n some
other shape produced from the casting. The cast.ng, jeing
produced first, is the result of liquid metal cocling within
a mold. As the liquid metal solidifies (especiaily in intri-
cate castings), some metallic droplets may solid.fy ahead of
the stream of molten metal, possibly by splashing, and become
quickly covered with the input of the moving stream. Because
of this temperature differential, the outside surfaccs of these
partially solid droplets become cold shuts, and at the same
time, become discontinuities. In other words, two massesg of
metal are held tightly together, but are not fused together.
The cold shut sometimes occurs in the area of thick and thin
sections of metal. The shape of these discontinuities is
more rounded than elongated and their dimensional changes are
smooth. Parts containing these discontinuities will not
transmit stress across the metallic separation and are there-
fore not used for high strength fittings. Sever,ral types of

discontinuities are illustrated in Appendix B.

The Discontinuity in the Ingot
Because an ingot‘(a casting) cools in an uneven way and
because of the high temperature involved, its very coarse
grain structure provides no directional properties. Due to
uneven cooling, inclusions and cold shuts scmetimes become

enclosed within the solid metal and remain in their pgeometrical
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positions unless forced into different shapes by subsequent
forming operations. As solidification proceeds, should hot
gas at the mold's walls force itself into the mushy metal
prior to solidification, blow holes or cavities will result
in the metal, being open to the surface. Should entrapped
gas leak towards the metal's surface prior to solidification,
tiny pin holes or rounded porosity holes will form. Some-
times, one area of metal may cool faster than another, causing
a stress concentrétion. Should this stress concentratlon
overcome the metal's strength at the moment of solidification,
tearing of the metal results. This tear is jagged in shape

as opposed to rounded edges of holes and cold shuts. Refer-
ence should again be made to Appendix B.

The tear, inclusion, or cold shut may be internal or
either flaw may be exposed to the surface. Because these
flaws are born as metal solidification occurs, they are then
part of the metal and are not fit for carrying heavy or
alternating loads. In nonstressed areas under static loads,
however, the flaw may sometimes be considered as not critical.
As stress lines, because of loads, contact the flaw, they
make a curved path around the flaw. This concentration of
curved stress movements around the flaw creates stress
raisers and concentration points for internal overload and
subsequent potential failure. Also, in the presence of alter~
nating loads, the discontinuity will increase in size, thereby

decreasing the cross sectional area of metal. Obviously,
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when this asrea reduction occurs, failure can be expected
without further warning. These types of discontinuities

are usually highly significant. The stress pattern is illus-
trated in Appendix C.

Cast parts take their shape from the frozen liquid, an
ingot being a typical example. When liguid metal is poured
into the ingot mold, solidification first begins at the
bottom and sides of the mold due to the coo;ing effects of
‘the mold's walls. Solidification proceeds outwards from
these solid nuclei to the mold's center until all metal has
been transformed from liquid to solid. When the mold becomes
full, pouring ceases. Because hot metal requires more volume
of space than cooler metal, shrinkage occurs along with cool-
ing, primerily at the top of the mold. As the last amount of
molten metal begins to solidify, the top center portion (last
to contain liquid) may sometimes sink. In some types of
molds, this depresséd area contains a connecting void deeper
into the center‘region of the metal. The total depressed
area including the wvoid is known as "pipe." Because of this
pipe and in order to avoid the possibility of including more
discontinuities in future products stemming from the pipe,
the top section of the mold is cropped away. Hopefully, the
cropped off area contained all of the unwanted pipe, porosity,
and other undesirable discontinuities. The removal of ingot
tops precedes the rolling operation. Appendix D illustrates

the discontinuity in the ingot. At this point, it must be
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pointed out that gll ingots do not contain the top depres-
sion and are therefore not cropped. Frequently, the design
of the mold helprs allow for desired solidification in the

top portion of the mold.

Shapes of Discontinuities

After cooling, the ingot is reheated and then processed
into different shapes by one of the wrought processes. These
processes include rolling, pressing, forging, and extrusion.
If any discontinuities remain in the ingot, they are then
carried within the finished wrought shape because they are
part of the shape. Fowever, the initial shape of the discon-
tinuity as it existed in the ingot is changed to conform with
the mechanical pressures during surface operations. As an
example, the cold shut, the inclusion, the hole, and the
crack are elongated or flattened by forces of the forging
hammer or the rolls of the mill, and are always present but
existing in their new shapes. The new shape is often thin
and flat or long and thin. Regardless of the shape, the
discontinuity is a metal separation. Therefore, caution must
be exercised in judging the potential of these flaws. Refer
to Appendix E for illustrations of these types of discontin-
uities.

Depending on the type of wrought operation performed,
discontinuities therefore take different shapes. As an
example, if the ingot is rolled into Plate and sheet stock,

the inclusion snd other discontinuities are often flattened
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into pancake shapes and act as laminations between sound
areas of metal. Parts subsequently manufactured which con-
tain these laminations are subject to failure if severely
stressed. When welded pipe, for example, is machine folded
into the rounded shape from sheét stock containing this lami-
nation, the pipe will also contaln this discontinuity. Also,
pipe edges that are not properly fused dvring welding will
produce seams. The seam is a longitudinally sheped discontin-
uity open to the surface in which a layef of oxide prevents
the parent metal from fusing. Appendix F illustrates these
types of discontinulties. Again, stressed parts must not be
manufactured from metals containing discontinuities. 1In this
respect, it is not always possible to produce a metal that is
100 per cent sound. In order to determine the acceptable
limit of discontinuities, reference must be made to governing
specifications and standards pertaining to the particular
test. Should a flawless mefal be required, however, it is
then of ten advantageous to inspect the large mass of metal
prior to forming and machining operations. The presence of
the discontinuity is then evaluated.

Other forming operations which produce bars frém the ingot
have different effects on discontinuities. Because the bar is
more confined on all sides as it moves longitudinally through
the rolls, the discontinuity becomes elongated as a strirger
in the direction of rolling. Should a seamless tube or other
extrusion be produced from this bar, the inherent stringer

o would then become a digcontinuity in the tube, either running;
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parallel to the direction of extrusion or rolling and exist-
ing along the axis of the tube or following the surface

contour in the form of a helix due to roll effects. The dis-
continuity which is open to the surface as a result of the
extrusion process takes the shape of a seam and must not be
used to carry loads. Stress will not cross the metal's separa-~
tion at the seam; therefore, a satisfactory stress reaction to
an applied load will not accur. Consequently, the load, having
an inadequate reaction from the metal at a critical point
produces quick failure. If the ruptured part is arranged in
some type of "domino" design in the assembly, chain reaction
wili often follow until complete failure of the assembly
results.

During the process of forming smaller shapes from the
ingot, other tyres of cracks often occur. Some cracks become
open to the surface and then remain as seams during continued
rolling or other wrought type of operations. Cracks are also
formed from sound metal during heat treatment. This type of
crack may run in any direction and may move across the grain
(intragranular) or along the grain boundaries (intergranular).
Also, this type of crack will remain as an internal discontin-
uity and may relieve the surrounding areas of stress by moving
to the surface. When metal is hardened by heating and quench-
ing, this type of heat treating crack will sometimes occur.
The crack may be deep within the metal or it may be open to

the surface. The crack results due to the inability of the
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hardenscd metal to flow with the pressure of the internal
stress. In other words, hardened metal is stiff metal and
will not bend or flow an appreciable amount. 'The ductility
factor is low while the hardness factor is high. Due to a
sudden concentration of gtress at a point of high resist-~
ance, metal separation will occur as a crack when the stress
is greater than the metal's strength. Appendix F also
illustrates these cracks.

Metals that ére sub ject to changing loads may also
initiate very small separations in the metal, often along
the edges. Continued stress variation, especially from tension
to compression in cyclic patterns, elongates the initially small
separation into a dangerous fatigue crack. As the crack reduces
the effective cross sectional area of the part, failure ap-
proaches, and at the critical moment, when no safety factor
remains, failure;occurs without warning. Cracks beginning
at the surfaces of materials often lead to fatigue failure.
Use of the part must then be known in order to understand the
strength pattern. Parts manufactured from materials that
subsequently rfunction in cyclic Loading patterns must be
sound throughout the cross section. The surface crack 3s
especially dangerous when the part is used in alternating
loading cycles. The nondestructive test must be especially
aimed at this type of discontinuity. Appendix G illustrates
this discontinuity.

Machining operations often leave indented areas and

- on the surface of the part. In effect, these are not

22
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discontinuities, but are sometimes points where stress may
concentrate. The machine mark must therefore be evaluated

in terms of its significance to the stress pattern. Also,
when the part's design calls for abrupt change in direction
or dimension, conditions prevail for potential stress conceén-
tration and possible failﬁres either through heat treating
cracks or stress overload. The designer must therefore
consider this stress ccndition during the design process.

Another sourée of cracks results from improper grinding
techniques during finishing operations. When too much pres-
sure is placed on the grinding wheel, the metal's surface will
overheat and often check into numerous tiny cracks. These
small cracks develop in a pattern which is across the direc-
tion of grinding wheel rotation. Depending on the use of the
part, checks may or may not be harmful. ﬁighly stressed
parts however, must not include any types of cracks or other
discontinuities. Checked areas in a ground part are illus-
trated in Appendix H.

Sections of metal which are exposel to forging operations
may often contain discont .nuities. The lap is a typical exam-
Ple. The lap is a thin area of metal which has been lapped
over the metal's surface and then folded back onto the surface
by means of the forging hammer. The folded metal is subsequent -
1y hammered into the surface. The lap is a discontinuity
because oxide coatings along the edges of the lap rreven:c fusion

of the metal while hot. Also during forging, metal may burst
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internally and form cracks and voids as the result of excessive
pressure while the metal is underheated, being much too cold.
These cracks become discontinuities. The burst may also ex-
tend to the surface. This type of crack is consequently the
beginning of further cracking; therefore, predetermined plans
for the part will dictate acceptance or rejection. GCracks

are normally unacceptable unless their location resis within
nonstressed areas of the part. Forging laps and cracks are

illustrated in Appendix I.

Discontinuity in the Weld

Another form of discontinuity results from any and all
of the several welding operations. Because welding causes
sections of metal to fuse togather through melting actions,
chance provides a means for inclusions to become entrapped
in the molten pool. The inclusion is a discontinuity and is
sometimes found in the fusion zone. Usually, these small
particles of nommetal float to the surface prior to solid-
ification, but too often, some become entrapped within the
solid metal.

Because welding involves the heating and cooiing of a
metal, a temperature differential always exists along the
path of fusion. Because this temperature difference exists,
uneven stresses prevail which tend to warp and tear the metal.
Sometimes, a starlike crack will appear in the weld as the
result of over stress. When the metal is restrained to pre-

vent warping, transverse cracks may occur in the weld. The

24
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transverse crack occurs across the weld while the longitudinal
crack occurs parsllel to the weld.

Another unwanted discontinuity resulting from welding
is the pin hole. This small separation in the metal results
from porosity or rising zas bubbles. Good welding techniques
and proper welding temperatures help eliminate the presence
of the pin hole and the inclusion.

Finally, faulty welding techniques often result in
ijmproperly shaped beads. When stress follows the surface
contour of a part, an undercut in the welded metal provides
a stress raiser and a potential trouble spot. Also, lack of
fusion and poor penetration of the weld act as s3tress concen-
tration points when the part is loaded. Therefore, inspection
must be carefully aimed at bead shape and dimensions and these
relationships with the parent metal.

Because the welded zone of metal is cast and frequently
joins wrought metal, strength variations in the metal exist
across the welded zone. The shape of the bead across the
welded zone provides the shape cof the stress prath across the
zone. Undercut, poor fusion, inadequate penetration, inclu-
sions, porosity, cracks, and craters provide stress detours
and subsequent points of stress concentration.

A welded Jjoint that is highly stressed must transmit the
stress pattern effeciively. The presence of discontinuities
in the fusion zone acts as possitle points for failure. The
nondestructive test must therefore search for these flaws and

lfind them. Welding flaws are illustrated in Appendix J.
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Discontinuities are found in other types of manufactured
products, but the principles of their creation have been
noted in this summary. It can be safely stated that the
search for these unwanted flaws must continue with aggressive
efforts. The nondestructive test therefore, seeks out these

undesirables and arranges for their Judgement.
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Ob jectives

The understanding of the origin and significance of
discontinuities is vital in the evaliation of parts which
have been previously tested and inspected by the nondestruc-
tive testing process. Objectives to be obtained in this
phase of instruction are listed below.

1. The trainee should :

A. Be familiar with the main prccesses used in the
manufacture of parts.

B. Be especially aware of the actions occurring
inside the metal during the pouring, solidification, and
forming sequences.

C. Be familiar with the types, shapes, sizes, and
locations of typical discontinuities.

D. Be cngnizant of stress relations to load and the
resultant stress patterns.

I1. The trainee will be able to:

A. Differentiate among the several discontinuities.

B. Relate the posgible cause of the discontinuity.

C. Understand the significance orf the particular
discontinuity.

D. Recapltulate the possible history of the part
and then relate this history to'the discontinuity.

E. Determine the degree of severity of the discon-
tinuity.

. :r7 22



F. Correlate the discontinuity with a view of

acceptance or re jection of the part.
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Outline of Key Points

1. Metal refinement and production
A. -Ores
l. Ferrous and nonferrous
2. Mining ore
3. Mechanical separation and refinement
li. Furnace refinement processes
B. T1Ingot production

l. Reheating for further refinement
2. Types. shapes, and sizes

C. Casting production
l. Types, shapes, and sizes
D. Wrought shapes
l. Principles of wrought processes
2. Types of processes
3. Kinds of parts
I1. The Casting

A. Kinds of metals used in casting

l. Ferrous group
2. Nonferrous group

B. Molds

l. Types, shapes, and sizes
2. Mold materials

C. Pure metals and alloys

. Typical elements and alloys
Chemistry of metals

Physical constants of metals
Mechanical properties

Grain structure and pattern
Allotropic changes

ocviFwhihe
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Pouring processes

LiQuid action as temperature drops
Formation of so0lid nuclei

Slags and flotation

Gases, internal and external
Iiclusions; specific g:ravity, and time
Coefficients of expansions

Nuclei growth patterns

Gates, sprues and risers

Egcape holes for gas

Thick and thin section factors

Top portions of solidified metal

The finished casting

Birth of discontinuities upon solidirication
The cold shut

The inclusion

The pin hole and porosity
The blow hole

The tear or crack

The void

Sub~-surface defects
Surface defects

=

O = O\ W N

Heat treating processes

1l. Ferrous procedures
2. Nonferrous procedures

Appearance of new discontinuities

l. Cracks
2. Causes

Surface irregularities

1l. Mold marks
2. Machine marks

II. The ingot

A.

Ferrous and nonferrous

1. Chemistry of metal
2. Physics of metal

Molds
l. Mold materials

2. Sizes, shapes; and types
3. Principle of mold cooling

30
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Wrought
A.

Pouring processes
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Liguidus to solidus curves

Slags and flotation

Gases, internal and external

Inclusion characteristics

From liquid to solid

Actions along bottom and sides of mold
Actions at top of mold

Pipe and porosity

cold ingot

Grain structure

Structural patterns
Surface conditions

Top section irregularities
Birth of discontinuity

sections and parts

Slabs and billets

1.
2.

The

1.
2.
li.
<.

Reduction in size of ingot
Shapes of smaller sizes

Plate and sheet

Geometry changes to plate and sheet

The rolling process

Discontinuity dimensional changes

Flat and pancake types of discontinuities
Rounded voids to elongated laminations

bar and rod

Geometrical shape changes

Discontinuity elongation to stringers

The surface seam and the internal stringer
Curved fliaws to elongated

pipe

Curved sheet to welded pPipe
The lamination and the stringer
Uside action and the seam

tube and other extrusions
Piercing processes and extrusions

Mandrel movement
Surface paraliel seams
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.V.

VI.

L. The helical seam
5. 1Inside and outside flaws
6. Discontinuity patterns

The wire

l. Geometry of bar and rod to wiwve
2. Discontinuity transfer to wire

The forging

The lap

The discontinuity
The internal burst
The surface burst
The crack

nFwmhe

The welded part

A.

The fusion zone

Metallurgy of the weld

Cast metal joined to wrought or cast
Bead shape and dimensions

Heat and cooling effects

Expansion and contraction factors
Discontinuity birth on cooling

onFwn e

Geometry factors

1. The bead shape

2. Penetration

3. Undercut

. Inadequate fusion

Discontinuity types

o)

« Inclusions

2. Cracks; heat treating, tears, and fatigue
. Voids; porosity

. Irregularities

Fw

Design factors

A.

Mechanical properties
l. Loads and reactiouns

2. Stress patterns
3. Material factors
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C.

Part's use

l. Operating conditions
2. Safety factors in stress

Discontinuity data

ViI. Discontinuities

A,

Birth and evaluation

l. Environmental factors

2. Geometry conditions

3. Chemistry and Physics factors

4. Final shape, size, and location
Relationship toc load carrying ability

l. Stress pattern and discontinuity
2. Elastic nature of stress

33
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CHAPTER III
LIQUID PENETRANT METHOD

The l1liquid penetrant method of nondestructive testing
is based upon the entry of a Penetrating liquid into a dis-
contirnuity. Because the speclal penetrant must be able to
enter the discontinuity, only surface types of flaws and
irregularities can be evaluated by this method. The pene-
trant is usually an oil in which either a colored dye is added
or a fluorescent powder is suspended.

If a penetrant is allowed to soak at the surface of a
solid material, some of the penetrany will enter a crack or
Pin hole if these discontinuities are open to the surface.
When the part's surface is then washed so that all penetrant
is removed, a small amount of Penetrant will later appear at
the surface, if any had entered a discontinuity. If this late
appearing penetrant contains a colored dye, visual observation
and inspection will indicate its origin. If che penetrant is
fluorescent, inspection will also indica*e its origin in the
bPresence of black light. Black light is in the ultraviolet
spectrum of light rays und exists in the vicinity of 3600
angstrom units. The penetrant method is used on all solid

materials, except those of a porous nature. These so0lid mater~

ials include the metals, plastics, and ceramics.

Q
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Testing and Inspection Techniques

Penetrants are manufactured according to different
.Specifications; therefore, the operator should review the
instructions for use as indicated by the manufacturer.

Because surface discontinuities exist in many types, the
penetrant must be capable of entering any type of surface
irregularity. Capillary action occurs during the process of
penetrant entry. Much of this action is associated with
adhesion and coheéion forces. Also, the penetrant's viscosity,
along with pulling forces, cause the liquid to move into sur-
face breaks and proceed fo the boittom of the openings.
Scmetimes, air is entrapped ahead of +tlhLe penetrant causing

a slowing down of penetration. In these respects, thin cracks
often allow penetrant enctry easier access than do largzer po-
rosity holes because of the possibility of entrapped air in
the hole.

Penetrants may be placed on the surface of parts by
spraying, dipping, or swabbing. Room tempersture is often
acceptable ror conducting this process. Often, the porta-
ble type of arrangement allows spraying from pressurized cans.
On the other hand, heavy parts are easily processed by im-
mersion technicques. Because excess ren:trant must be removed,
washing is accomplished by any feasible means. Spray washing
is acceptable when pressures do not exceed 4O psi. and the
spray angle does not exceed 4O degrees. Immersion washing is

a common process because of its speed in renetrant removal.
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In order that surface inspection be effectively eval-
uwatcd, the discontinuity must be outlined so that the
opuraetor can see it. After removal of excess penetrant, the
prart is dAried at temparatures below 212 degrees . and allowed
to sat for a short period of time. This dwelling period
allows bleeding of any penetrant from a discontinuity. Bleed-
ing is expedited with the use of a developer (powder). Tae
developer accelerates the emerging of the retained penetrant
and helps to spreéd it at the discontinuity. When dyes or
fluorescent particles are added to the very thia liquid pene-
trant, visusl observation is facilitated. Colored dyes mark
their presence at all surface countour breaks-and are visible
in :lie piresence of white light. Orten, a more effective
inspection is accomplished when fliuorescent particles are
Placed in the penetrant. When bleeding occurs during the
dévelopina Process, a black light causes the emerged liquid

to fluoresce. The discontinuity is clearly outlined.

Cleaning of Part
When a part is to be tested and inspected oy the liquiid
P< netrant method, thorough cleaning of the part is requireid.
There are several processes available for cleaning such as
detersgents, steam, vapors, and solvents. Because a jart is
often contaminated with various types of unwanted materials,
consideration must be given to the process that removes the

unwvanted grease, dirt, paint, and scale without doin:g injury
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to the moaterial. As an exampls, wire brushing or blasting
a aurface (especially soft mnterials) is not desirablse because

the mechanical action may carge the metal at a discontinuity

to folid over and hiide the break. Plated materisls require

plating removal. Parts that have bheen machined just prior

to inspection may require burr removal with acld or alxalilne
etelr. Neutralization of the material's surface is then re-
quired immediately following the etchinpg process. In other

words, the parent material must be available to the penetrant

in order that all surface irresularities will be exposed.

Equipm=snt

The liquid penetrant method of nondes! :ctive testing
lends itself favorably to local fabrication of test benches
and inspection booths. However, manufaccurers have provided
various types of equipment for completing the inspection
process. Basically, a means must bLe available for noldingy and
processing the parts to he btested. A table top or bench
arrangement usually suffices. Appendix K shows a simplifie
process arraniement of locally manufactured equipment used in
conjunction with manufacturers' eguipment. Station A 1s merely
a restin; place to assemble the parts to be tested, only after
they have been thoroupghly cleaned. Station i3 serves as a
platform for arranging the parts in soms sort of tesiting se-
quence. Station C is the soaking tank. Parts ars soakea in
the liquii penetrant for a given period of time in accordance

with the manufacturer's instructions. After the soak, paris

RIC 37
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are allowed to drain at Station D. Should thnere have been
any discontinuities st the surface of the part, the pene-
trant would have entered and would have been retained for

a snort pariod of time. Station D allows excess penetrant

to drain from the surface. In a short while, tho part is
then wasl..1 free of the penetrant at Station E. Washing may
include detergent, steam, vapor, solvent, or other processes,
depending on the type of penetrant. Station F provides an
examination statién to assure tnat all penetrant has been
removed from the surface. A black light is often wused at
this station to ascertain a clean surface. Station G pro-
vides for drying of the part. After a shor: Period in tne
dryer (or at room temperature), a wet or dry developer is
applied to the part at Station H for the purpose of drawing
out any penetrant that may have entered a discontinuity. 1If
tihe wet method is used, drying will again be required. If
needed, visual inspection of the part 1s available at Station I.
Final inspection is then completed at Station J. Here, white
light for colored dye is used or a black light is used for
energizing the fluorescent particles. Either way, the surrace
irregularities are revealed in sharp contrast to the surface.
Prior to release of the inspected parts, they are then thor-
oughly washed to remove all traces of the inspection medium.
Appendix K also indicates a discontinuity discovered by this

process.
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Evaluation

Following the testing and inspection processes, evalua-
tion is accomplished. In effect, evaluation is the end process
of testing. The ability of the operator to adegquately test
and inspect parts is focused on his ability to evaluate what
he sees. Evaluation is critical. Wrong judgement in evalua-
tion could allow subsequent part failure and possible disaster
to persciumel. Therefore, operators must be well informed as

to the meaning of‘the inspection.

Safety Precautions

A few safety precautions are necessary when handling
penetrants. Fumes from the several liquids can be injuri-
ous; therefore, adequate ventilation is required during the
testing process. Also, the flash point of the penetrant may
be similar to that of kerosene. Low flash point oils may
cateh fire; consequently, fire precautions are necessary. Do
not use oils with flash points near room temperature and do
not allow penetrants to become overheated.

Because the light beam emerging from the purple glass
filter of the inspection lamp is black light, it is not
within the injurious spectrum of ultraviolet. Avoid, how-

ever, a dirsct view into the light.
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Objectives
Objectives of the liquid penetrant method of nondestruc -
tive testing are stated below.

I. The trainee should:

A. Understand the principles governing the liquid
Penetrent testing and inspection proces:.

B. Be familiar with the various typres of parts
which are commonly tested with the ald of penetrating liquid.

C. Be cognizant of the routine procedures involved
in eccomplishing the test.

D. Understand the requirements for a specific
testing technique and be able to select the Proper technique.

E. ©Understand the advantages and Qisadvantages of
the test.

F. Comprehsnd the reasons for visual indications
on the material's sgurface.

G. Realize the need for increased objectivity in
standards.

II. The trainee will be able to:

A. Use typical penetrant units cf equipment.
‘ B. Decide on necessary inspection items needed
in completing the inspection.
C. Follow an authorized testing procedure.
D. Differentiate among the several surface irreg-

ularities.

10



E. TUse white and black light efficiently in the
inspection process.

F. Use tne dye process effectively.

G. Identify surface discontinuities and other
surface type flaws.

H. Analyze the total inspection results.

I. Evaluate the total sfﬁﬁation.

J. Accept or reject each indication.

31
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Outline of Key Points

Equipment

A.

.Operator's ability to use

Basic principles of the test
Purposes of the test

Functions of equipment

Basic understanding of' operation
Exercises in use of equipment

(VB WOV

Spot check type

l. Local needs

2. Group of canned testing materials
3. Sequence of use

4. Understanding of principles

Dye facilities

1. Types of dyes
2. Purposes arnd principles of application
3. White light

Fluorescent capability

l. Principles of penetrant application
2. Reaction of penetrant in black light
3. Need for black light processes

Wet and dry methods

Types of penetrants

Emulsifiers

Washing control

Developing procedures

Types of developers

Setting and drying principles
Testing and inspection processes
White and black lighting

oo~ OWIF W N

Portable type

Need for mobility
Emergency inspections
Effectiveness of procedures
Units of complete set

FwnH
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Stationary type

1. Sequential functions

2. Size and shape to suilt needs

3. Penetrant application and draining stations
t« Ovens and resting stations

5. Black light booth

6. Automated

Surface preparation

A. Degreasing processes
1. Requirements for clean surfaces
2. Detergents, solvents, and vapors
3. Care of original surface during cleaning
Lh. Cleaning vs. the kind of material
B. Scale removal
l. Mechanical and hand removal
2. Care of original surfaces; danger to surface
3. Nature of scale aiid related coatings
C. Paint and plating removal
l. Need for removal
2. Paint removsrs and procedures
3. Plating resmoval procedures
Penetrarts
A. Purpose of penetrants
1. Mobility and penetration capability
2. Vehicle for inspection particles
3. Principles of mobility and penetration
B. Preparation of penetrants
l. Need for particular type
2. Kinds and percentages of mixtures
3. Need for several types
C. Water washable fluorescent

l. Penetrant application
2. Setting time
3. Need for controlled washing
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D. Post-emulsification fluorescent
1. Purpose of emulsifiers
2. Care in procedural applications
3. Requirements
E. Water emulsification visible dye
‘l. Requirements for dye procescses
2. Water emulsification processes
3. Reaction of visible dyes
L. Special uses on certain metals
F. Application to surfaces
1. Spray processes
2. Dipping and soaking processes
3. Portable and stationary applications
L. Proper observance during application
- Need for complete coverage
G. Area temperature
l. Need for proper application temperatures
2. Temperatures of renetrant, parts, and atmosphere
H. Emulsifiers
l. PFlow or dipping processes required
2. Precautions against pPenetrant removal
I. Safety precautions
l. Pire hazards
2. Flash and fire points of renetrants
3. PFumes
. EBEye and skin protection
Washing
A. Coarse spray
1. Bombardment effects on surface
2. Need for controlled Pressures
3. Volume control
. Temprerature control
B. BSo0lid stream or dip

l. Less impact on surfaces
2. Greater coverage vs. time
3. Opportunity for soak
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Liquid temperature

l. Variations in room temperature
2. Advantage of warm iliquid

D. Black light check
l. Need to have clean surfaces
‘2. FPFast inspection of surfaces
3. Things to look for
Developer
A. Purpose of developers
1. Applicatioh procedures
2. Types of developers
3. Actions of developers
B. Wet procedure

1. Need for wet processes
2. Similarity tc penetrant processes

C. Drying time

1. Draining time

2. Drying temperature and time

3. Air circulation at approximately 212 degrees F.
L. Need for drying time control

5. Actions of penetrant during drying

D. Dry procedure
l. Need for drying after washing
2. Application of dry powder
5. Surface coverage requirements

E. Persistence characteristics

1. Holding power of penetrant to discontinuity
2. Capsbilities of developers

Inspection with black light

A. Procedures
l. Need for sequential processes
2 Prior need for white light

oo
3. Reflection angles of black light
4. Need for movement of black light
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B. Illumination levels

1. Proper types of equipment
2. Manufacturer's recommendatiou.
3. Specification requirements

C. Black light filters

‘1l. Need for proper filter
2. The angstrom unit and wavelength
3. Care of the filter

D. Black light intensities

l. The ultraviolet spectrum
2. Need for prior use of white light
3. The purple filter

Control blocks

l. Need for standards and references

2. Control blocks of different materials
3. Specification requirements

L. Shapes, sizes, and uses

F. Surface crack recognition

l. Surface inspection capabllity only

2. Crack characteristics

3. Types and shapes of cracks

L. Grain structure relationship to crack

5. Crack development

6. Crack crientation to stress patterns

7. The jagged edges (possible need for magnification)

G. Porosity at surfaces

1. Causes of porosity at surface

2. Recognition of the rounde’ edge depression
3. Quantity in given areas of surface

4. Re.ationship to stress patterns

H. Shut and seam recognition

1. The smooth and rounded edge type
2. The straigbt line seam

3. The nonfused areas of metal

4. Recognition characteristics
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VII.

he

I. Machine marks

1.
2.
3.
L.
5.

Recognition of Lte straight line
Depth factors

Edge cnaracteristics

Pointed and dull marks

Similerities to other discontinuities

J. Post cleaning processes

ll
2.

3.

Need for testing materials removal
Processes used in cleaning
The proper drying procedures

Fvaluation techniques

A. Need for standards

O o~ oW v v

Comparison needs in accuracy

Known defects vs. the unknown
Specification requirements

Understanding of basic metallurgy
Understanding of nonmetal manui'acture
Understanding of basic metals manufacture
Cognizance of discontinuity development
Realization of stress flow vs. load
Critical factors in surface stress

B. Appraisal of object inspected

1.
2.
3.
!J-.
5.

Individual ability to appraise

Application of rules for acceptance
Causes for rejection

Tae point between acceptance and rejection
a>ceptance of resporsibility
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CHAPTER 1V
MAGNETIC PARTICLE TESTING

Magnetic particle testing is baged on the principle of

magnets and magnetization of ferromagnetic materials. When
a ferromagnetic part has its molecules aligned in a single
direction by magnetization, one end of the metal becomes a
north pole while the other end become3 a south pole. Mag-
netic lines of force then flow from pole to pole by leaving
one pole and completing the circuit through the surrounding
air to the opposite pole. A flux pattern o group of magnetic
lines of fc.<e then surrounds the magnet. It is on the basis
relating to various aspects of the bar and circular shaped mag-
nets that this method of nondestructive testing is conducted.

All metals cannot be magnetized; therefore, the magnetic
pa?ticle test is reserved for those that are ferromagnetic.
Most of the cast irons and steels however, which are used in
manufacturing processes are subject to becoming magnetized
.then brought within the influence of magnetic flux fields.
These metals have a high permeability factor. 1In this respect,
the flux field develops a pattern about the magnet whereby
surface and nesr surface tests can be made to etermine the
mechanical soundnees of the surfecs metal. The technician
then is concerned apout the continuity of the metal; that is,

'KTCm indication if solid metal exists which contains no flaws.

A ruiToxt provided by ER
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Principles of Testing

When a current flows through a conductor, magnetic lines
of force are established at right angles to the current flow.
According to the right hand rule in electricity, when a cur-
rent carrying conductor is held in the right hand, the fingers
point in the direction of flux flow when the thumb points in
the direction of curreni flow. This rule gov+ the patterns
of flux fields (concentrated magnetic lines of rorce) with
respect to the gebmetrical shape of the conductor, whether
the current flows through the part in a streight line or around
it by means of a coil. Flux flew in the wire of a coil is
90 degrees to the flow of current and this results in a group-
ing of flux lines flowing longitudinally through the coil.

When a bar magnet is broken, several magnets are formed,
each having a north and sﬁuth pole. On the other hand, if =
ba* magnet is slightly cut at right angles to its axis, a
north and south pole will be established. a

}
tion to the existing poles at sach end. In other words, the

t the cut in addi-

break .n the surface contour caus2d a flux fleld distortion
around the bottom and sides of the break so that a flux leak
existed. This leak produced the north-south pole arrangement
because the flux field cut the break at 90 degrees. A longi-
tudinal rlux field was established when the flux fliowed
longitudirally through the part.

When & bar magnet is cut along its =x’-, £lux field

flows parallel to the cut and has little opportunity in

Q _ 4\29




45

establishing a strong north-south pole relationship due to
flux lines contacting the ends of the cut inatead of the
sides. Should the flux field be changed by 90 degrees, a
strong north-south pole situation would then exist at the

break.

Circular Field
Magnets are produced by surges of electrical current
being either passed through the permeable metal or being

passed around the metal. When the current flows through the

part from end to end, a flux field is established at 90 degrees

to the flow of current. The flux field is circular gnd cir-
culutes within and beyond the surface of the magnetized part.
This circular tecinique is used in many ways in the search
for discontinuities and other flaws within the metal. Thne
¢ircular flux field utilizes the head shot process. As long
as the current flows, the flux field exists, but when the
current ceases to flow, the flux field collapses so that most
of the magnetic lin-~y of force disappear and no rnagnetism
remeina. Appendix L illustrates gome of these testing prin-
ciples.

When two prods are used to allow current to flow through
designated regions of g part, the fiux field is established
around each prod's contact point and within the metal. This
circular flux pattern extends to the limits of energy which

is governed by the amount of current flow.
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Another circular flux field is established when a
straight conductor carries a current'within, but not in con-
tact with, a hollow part. Current flow through the conductor
causes flux lines to be established at 90 degrees to the cur-
rent flow. Because the hollow part, a pipe or tube for example,
exists within the flux pattern, a circular flux field is es-

tablished within and also surrounding the part.

Longitudinal Field

Another technique is to allow the current to flow through
a coil. Because the wire of the coil is no longer straight,
but shaped into a helix, the flux field circulates from end
to end so that the central portion of ‘he coil is energized
with magnetic lines of force. Wwhen a ferromagnetic part is
inserted within the coil, a longitudinal flux field is es~
tablilished along the axis of the part. Again, the flux field
is 90 degrees to the directional flow of current. A modified
technique can be used by fabricating a "U" shaped magnet.
When the part is placed between the poles, longitudinal flux
lines also move along the axis of th: part. Appendix L

illustratess some of these principles.

Polar Environments
The magnetic particle testing process then utilizes
circular and iongitudinal techniques to czause changes in
direction of flux flow on or nea.. the surface of a metal.

nenever a discontinuity ~f metal (crack or inclusion) exists

Q 51
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in the presence of a flux field, flux leakage will occur and
a polar environment will be established. Showuld the discon-
tinuity exist at approximately 45 degrees from the flux
pattern, a weaker indication will be seen. Sometimes, a
swinging magnetic field can be utilized to dé¢ ¢:t discontin-
uities which res» near the border line zones of circular and
longitudinal testing capabilities.

Hard steels will retain magnetism while soft steels will
lose it when the current ceases. Because permanent magnets
are usually made from hardcned steel, a continuous flux pattern
surrounds the magnet. When magnetism is esteblished in sof*
steels, the ma.netism disappears when the flux field ceases.
On the other hand, some metals have the residual ability to
hold a molecular alignment while . thers have little retention
‘capability. Because of this difference in some metals to re-
tain magnetism, the magnetization proceus sometimes requires
+ continuous flow of current to retain the flux field. This
continuous process applies particularly to soft metal. When
harder metals are magnetized, a momentary surge of current
often leaves a residual flux field. The use of hard metals

eliminates the need for a continuous flow of carrent.

Current Use
Magnetization of metals is accomplished by hnth direct
and alternating current. When direc. current or pulsating

direct current is used, a molecular alignment in the part to

P
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be tested quickly establishes a north-south pole arrangement.
Any discontinuities on or near the surface of the part will
immediately provide north and south poles because of the
detouring and leaking flux field. When alternating current

is uaed, the break in part contour at the surfacs will immedi-
ately establish alternating north and south poles at the break.
The polar change will be synchroni: with the frequency of

the curr:nt. Geometry of the part, its condition, and location
of flaws determine the type of current to use. Alternating
curren: flows closer to the surface whereas direct current
flows Aeeper. Neither current will suffice for testing deep
regions within a metal. Defects on or near the part's surface

however can be detected by the magnetic particle method.

Inspect’on Techniques

Even though north and south poles are established on a
metal's surface because of discontinuities or surface irreg-
ularities, they cannot be detected without the assistance of
a ferromagnetic powder. Because a magnet attracts an iron
containing powder, a svecially prepared iron powder is then
spread across the entire surface of the part being tested,
while the part is undsr the influence c¢i a flux field. When
the n~: .n-south porle situation occurs, the powder arranges
jtself at the flux ieakage and tends to outline the shape of
the flaw. The powder may be applied onto the part either dry

or wet. The wet methcd uses a thin o0il =imilar to kerosene as

3
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the vehicle for carrying the powder in suspension to the area

of flux leakage. Obviously, operators must be positive thav

the testing medium covers the part in all areas and that both
the circular and 1d>ngitudinal techniques are used to assure
the dete:tion of unsatisfactory s 'tuations in any position
within the metal.

Application of the testing medium to the surface of the
magnetized part allows an experienced operator to inspect all
surface areas for clues and indications of unsound metal.
Magnetization by direct current will prcvide a pattern of
closely held powder particles at the flux leakage or along
the detouring flux path. Altesnating current causes the par-
ticles to vibrate at the flaw due to the constant polar
change. Shonld a fluorescent material be added to t' 2 test~
ing powder, an increase in inspection capability is often
produced when a black light is focused on the part's svrface.
The black light provides a greater color contre because of
fluorescence while the flux leakage holds the powderyzmaterial

in an outliane form.

Equipment
Equipment for coniucting the megnetic particle testing
process is produced by several manufacturers. Some equipment
is portable in order that flield tests can be made, a welded
pipeline for example. Other equipmeant is stationary aud

fairly fixed because of its bulk and weight. Also, this
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fixed process lends itself to automation and rapid production
of inspected parts. Basically, a bench type arrangement is
needed for holding the parta, for manipulation of the elec-
tricai contact mechanisms, and for holding the tanks containing
the inspection liguid. This type of sasrrangement allows for
ease of inspection. While the part is held between the elec-
trical contact jaws of the maschine and while the flux field
exists, the inspection liquid is pumped onto the surfaces of
the part. Any diécontinuities at or near right angles to the
flux ficld will be outlined by the magnetic powder within the
liquid. Following this circular testing technique, the part
is then placed within the flux field of the coil and subjected
to lougitudinal inspection. Appendix L represents a fixed
testing and inspection installation:and provides an illustra-
tion of the testing technigue. According to this arrangement,
both circular and longitudinal techﬂiques can then be accom-
plished. 1In order that numerous other testing techniques

can be performed, attachments and accessories are necessary.

Evaluation
Again, evaluation of the sight picture is necessary in
order to determine serviceability of the part. A familiar
knowledge of metallurgy is esse.tial in order to fcrm a
decision. Should wrong judgement be made, serious conse-
quences may result. As an example, if a small fatigue crack

is evaluated as a tool mark, part failure and disaster will
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ﬁltimately follow. Should humen life be dependent on proper
stress reaction in a metal, the metal must favorably react
to the load when called upon or lirfe may be endangered.
Unsatisfactory discontinuities and irregularities found in

the metal are cause for rejection.

Demagnetization
Following the inspection process, all parts are demag-
n*vized by subjecting them to the vibrating and weakening
flux fields of alternating current. Following demagretiza-

tion, parts are cleaned.

Saf+ey Precautions
The main safety precauv ions related to this testing
process are associated with the fundamentals of electricity.
Care must he exercised to prevent s.ectrical shock and burn.
In some instances, fumes from the inspection liquid are un-

healthy. In addition, the liquid can often be & fire hazard. i
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Ob jectives

Objectives of the magnetic particle method of nondes-
tructive testing are stated below.

I. The trainee should:

A. Understand the principles governing the magnetic
particle testing and inspection process.

B. Be familiar with the various types of parts
which are commonly tested by use of magnetic lines of force.

‘C. Be cognizsut of the routine procedures involved
in accomplishing the t»=:t.

D. Understand *he requirements for a specific
technique and be able to select the proper technique.

E. Understand the advantages and disadvantages of

a specific test.

F. Comprehend the reason for surface and sub=-surface

indications.

II. The trainee will be able to:

A. Use typical equipment pertinent to magnetic
particle testing.

BE. Use the needed equipment attachments and
accessories related to specific techniques.

C. Follow an authorized testing procedure.

D. Use circular gnd longitudinal techniques in

searching for discontinuities.
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E. Differentiate among the several discontinuity
patterns at the surface.

F. Evaluate a sub-surface indication.

G. Analyze specific and total inspection results.

H. Evaluate the total inspection situation.

I. Accept or reject the individual indications.




Outline of Key Points

I. Equipment
A. Operator's ability to use

Understanding of test principles
Knowledge of test purposes

Types of equipment and functions
Attachments and accessories
Exercises in use of equipment

ViFwin e

B. Portable type

1. Reason for portable equipment

2. Capabilities of portable types

3. Similarity to stationary equipment
. Need for increased capabilities

C. Stationary type

1. Capability to handle large and heavy parts
2. PFlexibility in use

3. Need for stationary types

4. Automation needs

5. Use of accessories and attachments

D. Aautomatic type

Requirements for automation
The flow process

Sequential operations

Setting of tolerances

Control and op~ration factors
Alarm and rej:ction mechanisms

oViFw -

E. Liquids and powders

Liquid requirements as a vehicle
Viscosity and flash points
Safety precautions

Temperature needs

Flow mechanisms

Powder and paste contents
Mixing procedures

Need for accurate propcrtions
Actions of the powders and dyes

5P
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II.

Black light type

l. Black light and fluorescence
Fluorescent material in the liguid
Visible and black light comparisons
Requirements in the testing cycle
Techniques in use

nEwn

"Light sensitive instruments

l. Need for instrumentation
2. Ulight characteristics

Principles and purposes

A.

B.

Theory of magnetism

l., Ferromagnetic materials

2. Crystalline nature of metals

3. Permeability factors in metel

L. Alpha and gamma iron

5. Molecular alignments

6. North-south polar effects

7. Flux patterns

8. Induced electricity

9. Alternating and direct currents
10. PFrequency and voltage factors
1l. Current calculations and needs
Purpose of magnetic fields

l. The magnetic line of force

2. Bending of force fields

3. Direction of travel of the field

4. Flux line concentrations

5. Polar requirements

6. Surface flux strength

7. Sub-surface effects

Ferromagnetic materials

l. The permeability factor and influence
2. Body-centered cubic iron

3. Wrought irons

4. Steels - magnetic vs. the nonmagnetic
S. Cast irons

6. Temparature of rart limits for testing
Magnets and magnetism

1. The basis for magnetism
2. North and south pPoles
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Current flow and flux fields

Distance factors vs. strength of flux
Attraction properties of opposite poles
Internal and external flux ypatterns
Phenomenon acticn at the discontinuity
Permanent and temporary magnets

Heat effects on magnetism

Material hardness vs. magnetic retention

OO O\ o\NFw

N

E. Dry method

~ l. Need for dry method processes
2. Procedurec
3. Types of dry powders
4. Surface irregularities, flux, and powder

F. Wet method

l. Need for wet procedures in testing

2. Procedurses

3. Liquid vehicle and the paste or powder
L. Application processes

5. Liquid flow with the powder

6. Liguid contact in presence of flux

G. Filtered particle

l. Relaticnship to conventional tests
2. Need for test

III. FPFlux fields
A. Rules of field

l. Right hand rule

2. Current flow and flow )attern
3. Density of field

L. Distance factors

B. Direct carrent

The steady flux field
Dirsctional patterns

Depth or penetration factors
Polar effects

Source of current

i v =

C. Direct pulsating current

l. Similarity to direct
2. Source of current production
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3. The pulsating factor
L. Advantages

5. Typical fields
Alternating current

l. Polar effects

2. Cyclic effects

‘3. Surface strength characteristics
L. Safety precautions

5. Voltage and current factors

6. Source of current

Bar magnet principles

Induced flux patterns
Internal current flow

External current flow

Straight and curved magnets
Flux strength

D.C. - A.C. influences on poles
Distance and strength factors
Residual magnetism
Discontinuity effects

O O~ W v =

Ring magnet principles

l. The internal flux pattern

2. Surface discontinuity effects
3. Field strengths

L. The induced field

Continuous field

l. Life of continuous field
2. Source of field

3. Need for continuous field
L. Characteristics of field
5. Strength patterns

Residual field

l. Retention characteristics

2. Retention problems

3. Disadvantages and advantages
L. Need for residual field

5. Strength of field

6. Procedures involved with field

Swinging field

l. The changing flux pattern
2. Need for swinging field
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3.

Polar effects
Comparison with stationary field

Length-diameter ratios

1.
2.

.3.

Dimensional understanding
Current characteristics
Efficiency

Meters and strength of field

1.
2.
3.
.

Flux measurements
Current and voltage factors
Frequency effects

Need for instruments

IV. Surface discontinuities

A.

Cleaning processes

1.

onFwin

Need for surface cleaning
Types of cleaners
Cleaning procedures
Safety precautions

Fire hazards

Fumes

North-south pole factors

1.
2.
3.
I.

Need for opposite poles
Characteristics of pole flux
Flux patterns and strengths
Directional factors

Surface and sub-surface factors

Crack types

OV oOVEwW N

Metallurgical basis

Casting effects

Heat treating effects
Fabrication process effects
Grinding and welding effects
Fatigue effects

The Jjagged pattern

Relationship of part history to crack

Laps, seams, and pits

The surface characteristics
Straight line factors of the seam
Forging and rolling irregularities
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The casting or welding irregularities
Discontinuity patterns

Machine marks

1.
2.
3,

.L'-.

Contrast to the discontinuity

Depth vs. discontinuity similarity

Types of marks - from sliding and whirling tools
Recognition factors

Geometric effects

NeXe ol FORV Eay VORIV

Geometry of the part

Mass of material under flux influence
Depth characteristics of flux
Depth of discontinuity recognition
Solid and hollow objects

Square and cubical shapes

Rounded and rectangular shapes

Wire

Nonsymmetrical shapes

Surface defects

A.

Surface indications

~NonEw

Particle concentrations

Patterns of particle concentration
Directional properties of indications
Strong va. weak patterns

Part's geometry effects

Discontinuity orientation to flux fiela
Sub-surface indications

Holes and porosity

-
<+ e

2.

Round ended indications
Circular patterns with strong centers

Metallic discontinuities

l‘
2‘
3-‘
c.

Metallic separations
Voids - holes and cracks
Inclusions - chemistry
Orientation to flux field
Shape =f discontinuity

Depth from surface relationships

1l.
2.
3.
L.

Field strength decrease in depth
Pattern strengths at surface
Indications not open to surface
Strength and distance relationshir

64
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Circular techniqgues

A.

[OINEE =g W)

> * » L )

Procedures

l. Principles of flux fliow

2. Current calcnulations

Depth factor considerations
Proper contact

Precautions - safety
Precautions - overheating

Right hand rule and flaws

1. Current flow gxnd flux pattern

2. Application of powder or liquid
Intensity of flux patterns

Direct and indirect current indications
Continuous flux

Residual flux

Part orientation vs. flux patterns
Discontinuity indications

Flaw identification

O O~ VEW

Eund-to-~end current conduction

. Part geometry considerations
Suitability of contact points

Types of discontinuities detected
Significance of weak indications
Current factors

Need for accessories and attachments

ovViF W+

contact plates

l. Contact surfaces required
2. Adequacy ol current conduction
3. Special shapes and needs

Contact prods and yokes

1. Requirements for prods and yokes
2. Current carrying capabilities

3. Cables and attachments

L. Shapes and sizes

Current calculations

l. Formulas

2. Current needs
3. Types of current needed

65
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VII.
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Overheating precautions

l. Char-.cteristics of different currents
2. Size of part vs. current need

3. Current saturation

L. Consequences of metal heating

Types of irregularities

1. The internal discontinuity

2. The surface discontinuity

3. Theory of discontinuity development
L. Rounded or jagged shaped

5. Long and continuous types

Longitudinal technique

A.

Procedures

1. Patterns of flux flelds

2. Strength of fields

3. Induced fields

Types of discontinuities detected

Extsrnal current flow

Shapes and sizes of coils

Application of liguid or powder in influence
of flux field

~N onFE

External flow of current

1. Principles of induced flux fields

2. Geometry of part to be inspected

3. Theory of discontinuity interception
Use of ¢olls and cables

l. Current directional flow vs. flux field
2. Strength of field

3. Ampere turns of cable

4. Shapes, sizes, and current capacities
Current calculstions

l. Formulas

2. Types of current required

3. Current demand

Types of irregularities

1. Discontinuities across the axis
2. Voids and inclusions

1338
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Shapes, patterns, and orientation
Plux flow and bending

Demagnetization procedures

Need for demagnetization of parts
Current frequency attack on molecular
orientation

Heet factors and precautions

Need for collapsing flux fields
Cleaning of parts

Bvaluation techniques

Use of standards

1.

mEwh

Need for standards and references
Measurement of known with unknown
Specifications and certifications
Employment of locally made standards
Comparison techniques

Defect appraisal

1.

~onFEwin

History of part

Manufacturing process

Possible causes for defect

Use of part

Stress reaction capabilities
Acceptance and rejection criteria
Use of tolerances
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mmemmnf luence the outcome of the test, special consideration must

CHAPTER V
EDDY CURRENT TESTING

Eddy current testing is a recent type of nondestructive
test in which an alternating electric current is used to in-~
duce a secondary current into a conductor. This induced
current is provided by a coil of wire. Because the alter-
nating cuarrent reverses its directional flow in the coil
with the frequency, the electromagnetic flux patterns and
induced currents in the conductor also reverse. In effect,

a moving path of induced slectrical currents exists within
the conductor as long as the jinfluence of the primary'effects
of the xist. When the conductor becomes the part
to be tu.o a4 testing situation is cstablished. Eddy cur-~
rent density is proportional to the coil's magnetic field.

As in other nondestructive testing processes, the test
seeks the presence of some type of discontinuity ia a mater-
ial. Although eddy current may be used to determine material
thickness and to find some mechanical properties, the primary
purpose of its use for material soundness is the detection of
discontinuities. Eddy current testing equipment, more than
any other type of nondestructive testing equipment, must be
especlally fabricated to suit the particular test situation.

“ecause many variables exist in eddy current testing which

st e e
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be given to the control and op isolation of these varisbles.
Therefore, the test is reserved for a more restricted type

of investigation.

Principles of the Test

Wheﬁ a test coil is energized with an alternating current,
flux patterns form about the coil. If the coil is moved in
close proximity to a material which provides a flow of elec~
tricity, a movement of free electrons in the material will
immediately establish a circulating type of organized path.
The direction of this path of oscillating electrons is deter~
mined by the shape and type of test coil; however, the current
flow is parallel to the surface. When the atomic lattice of
the material being tested is orderly, no scattering of elec-
trons occurs from the influence of eddy current, but when an
unorganized lattice exists (a discontinuity), scattering of
certain electrons occurs. In turn, this Scattering or op -
sitiog,from the test part to the test coil's magnetic field
occurs and is detectable with proper instrumentation.

The depth of Penetration of eddy current flow is governed
by the conductivity of the material being tested and the
frequency..of the test coil. The depth of penetration or dis-
tribution of eddy current flow increases as frequency is
lowered, within limits, and decreases as frequency is increased.
This is a general rule because other factors help to influence

the net result of distribution such as the closeness of coil
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to the part (coupling) and magnetic (permeability) properties
of the material. Magnetic materials cause a decrease in pen-
etration.

The heart of the eddy current test system 1s the test
coil. The wire in the coil has a resistance to a flow of
electric current and when the wire 1is formed into a coil, an
additional factor is introduced within and around the coil.
This total electromagnetic factor or impedance provides the
baslis for a common testing technique.

From the coil, induction of eddy current in the part
results. Because the part to be tested may exist in any
shape, conditlon, and size, test colils also require fabrica-
tion in a shape and size commensurate with the part'!s geom-
etry. Basically, the tesat coil is an extension of the
electronic system for purposes of investigating specific vol-
umes of material. Because eddy currents in the part being
tested cause flux lines which oppose the cc*’ '~ ~ . lines,

an effective electromagnetic value results in the test coil.

Testing Techniques
For discontinuity detection when using eddy currents,
the searching coil must be closely associated with the part
to be tested; that is, the test coil is either inside the
part, around the part, or on the part's surface. Appendix M
jllustrates some of these principles. As coupling of the
part to the coil increases, strength of eddy current increases;

therefore, coils are manufactured to sult the specific
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geometry of the part. Eddy currents flow in the direction of
the coil's windings. If the coil is placed in a hole or a
cylinder, eddy currents circulate arocund the inside surface
of the part. If the coil surrounds the part, eddy currents
flow around the perimeter of the bPart. If the coil is placed
against the part, eddy currents flow at and near the surface
under the constant influence of the coil. Another vechnique
is accomplished with the use of a gap probe coil. In this
procedure, a north-south pole relationskip exists on the face
of the coll. Eddy currents are then induced when the part is

Placed within the flux field of' the coil.

Types of Te sts

The common types of eddy current tests are impedance,
modulation, and phase analysis, [mpedance testing uses a
static situation for the test while the other types of test-
ing become involved with complexities, such as moving parts
or interpretation of phase changes as dis~"ayed on the os-
cilloscope. In the impedance test, voltage, amperage, and
impedance provide the basic situatior wituin the coil for
the test when the coil's frequency induces eddy currents in
the material. Impedance testing is based on total change
occurring in the impedance of a tast coil. Appendix M shows
8 schematic arrangement of an impedance coil and its relation-
ship to the voltage and current factors.

Specific procedures for conducting an eddy current test
depend on the technique to be used and & means for controlling
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variables. As an example, magnetic material requires satura-
tion with direct current tn prevent flux change, as a result
of the direct current, in the part while testing is being
conducted. In this situation, the impedance coil is fre-
quently placed between direct current coils. Another factor
to be considered 1is the shallow depth of eddy current pene-
tration. Penetrations 1in excess of three-eights inch are not
common; consequently,'thick materials are reserved for other
types of testing.‘ Also, because eddy currents flow at or near
the surface, center portions of a part are not influenced dur-
ing the test. As depth of penetration increases, eddy currents
become weaker and are less effective in carrying out their
function. Further, density of eddy current increases as coup-
ling distance is decreased. Eddy current test equipment is

shown in Appendix N.

Need for References

In order to perform an eddy current test, some means
should be available for establishing a standard or reference.
Reference blocks wiih known defects can be used. If the eddy
current equipment 1s ad justed to the reaction of a defective
specimen, the test coil will then have a reference for com-
parison. Or, if the tesat coil 1s ad justed to a homogeneous
material, the test coil will also have thiz sound material as
a reference when a discontinuity is detected. The reference

may be part of the material being tested or it may be separate.
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Reference blocks asgsist in locating flaws, irregularities,

and discontinuities.

Eddy Current Characteristics

Eddy currents have properties of a compressible fluid
in that they bend and compress about a discontinuity. When a
discontinuity disturbs the path of a circulating eddy current,
the path .iill divide, detour around the flaw, and then Jjoin
together again in a pattern. The discontinuity therefore
impedes the eddy current flow. Density of current fluxuations
are then detected and relayed to an indicator. Much of the
impedance testing equipment includes meters and scales for
flaw indication. Howeve the oscilloscope is used frequent-
ly in other testing techniques such as in phase analysis.
The part to be teated has an influence on phase changes as
well as on impedance in the test coil as shown by the differ-
ence in current and voltage factors. Phase differences are
displayed on the oscilloscope's screen. Basically, thr —on-
ductivity variable is separated from the aimensional and
permeability variables when using this technique. Three com-
mon techniques in this area include linear time-base, ellipse,
and vector point.

In modulation analysis testing, more variables can be
separated than by impedance and phase analysis techniques.
The presence of a diszontinuity in the test coil's field

modulates the field. Because the test part is moving through
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+he field, static testing is not performed. The discontin-
uity's frequency of modulation depends on transit time through
the magnetic field of the coil. 1Indication of changes ave

then relayed to some type of indicating or marking device.

Eddy Current in Automation
Eddy current testing techniques support automation in
many excellent ways. Fast moving steel sheets, for example,
can be constantly monitored for th ckness. Deviations in
tolerances immediately provide marked areas on the metal
sheet where measurement deviation occurred. Also, automatic
alarms are sounded when unsatisfactory situations occur with-

in the material being tested and inspected.

Safety Precautions
Because eddy current testing involves the use of elec~
tricity, safety precautions to = ever a b v are

recommerded.
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Objectives

Objectives of the eddy current method of nondestructive
testing are stated below.

I. The trainee should:

A. Understand the principles governing the eddy
current testing and inspection process.
" B. Be familiar with the various types of parts
which are commonly tested with eddy current.

C. Be aware of the routine procedures involved in
accomplishing the test.

D. TUnderstand the requirements for a specifir
nique and be able to select the proper technigue.

E. Understand the advantages, limitations, and
disadvantages of the test.

F. Understand the forces causing meter indications.

I1. The trainee will be able to:

A. Use typical equipment pertinent to eddy current
procedures.

B. Use needed attachments and accessories perculiar
to a specific technique.

C. Follow an authorized testing procedure.

D. Use the several types of eddy current testing
techniques in accordance with the situation.

E. Differentiate among the several discontinuity
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patterns, realizing the limited depth characteristics of
the test.

F. Analyze the total inspection situation.

G. Evaluate the total inspection situation.

H. Accept or reject the individual indications.
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Outline of Key Points

Equipment

A.

‘Operator's ability to use

Understanding of test principles
Knowledge of material to be tested
Familiarization with types of equipment
Functions of equipment

Experience in use of equipment

Safety precautions

Understanding of basic electronics

~o\nF W

Purpose of various types

l. Types of eddy current tests

2. Principles of tests

3. Equipment to match the test

4. Permeability and non-permeability factors

Automatic equipment

1. Purpose of automation

2. Speed of tests

3. Alarms and rejertion mechanisms

li. Simplicity and sophistication of automation
5. Raplid production possibilities

sign characteristics
l. Ease of design to fit need
2. PFlexibility of ceil adaptation
3. Testing capsbilities and potentials
Indicators and meters
Direct and indirect indications of discontinuities

1.
2. Oscilloscope and CRT
3. Scales and direct resding instruments

Test coll arrangements

A.

Feed through

l. Geometry of pert vs. geometry of cecil
2. Shapes and sizes of coills

5%
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3. Purpose of feeding through
L. Speed capabilities for testing

B. 1Inside test

1. Geometry of part vs. geometry of coil
2. Design of coils

3. Purpose of inside test

. Principles of inside test

S. Comparison with feed through

C. Probe

1. Need fcr probes
2. Length~diameter part factors
3. Probe. capabilities

D. Forked

1l. Need for forks
2. Part geometry

E. Other shapes and‘sizes

1. Need for increased capabilities
2. Deslign potentials
3. Increased automation potentials

Impedance Plane Rasponse
A, TFeed back

. Inductance and resictance ratios
. Self-excited circuits

. Energy iosses

. Oscillator circuit and voltage

. Energy loss effects

B. Reactance

l. Permeability variations

2. Frequency ratios

3. Specimen diameter variations
L. Frequency reaponse limitations
S. Oppositions to current flow

6. Reactive components

C. Magnitude

l. Test and limit fregquencies
2. Discontinuity varigtions

— 78
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3. Surface cracks effects
L. Oscillation frequency influences

D. Vector analyses

Voltage variations due to specimen in coil
Horizontal and vertical deflection voltages
Thase angle

Characteristics of resultant pattern
Specimen discontinuity influences

Amplitude and phase values

oW IV

E. Effects suppression

l. Influence of diameter variations

2. Optimum frequencies

3. Differences in ferrous and nonferrous materials
. Effective permeability

F. Cathode ray

l. Vertical and horizontal factors
2. Specimen waveform

3. Slit vealues

L. Straight line and ripple effects
5. Screen displays

G. Linear time base

1. Fundamental frequencies

2. Mixed frequency effects

Amplitude

Phase shifts

Absolute values and the test coil
Wave signals

Liinear sweep

Dimensional variations

=3 oc\nF e

IV. Eddy current principles
A. Principles of eddy current

l. Induced circulating electrical current
2. Surface parallel travel

3. Density decreases in penetration

L. Variables problems

5. Coil relationships

6. Frequency effects

e 79




B. Alternating current fileld

l. Build up and collapse of flux flelds
2. Frequency spread

3. Coll shape effects

L. Frequency and depth density factors
5. Coil reactions

C. Empty coil voltage

l. Magnetic lines of force

2. Flux density

3. Current magnitude

L. Basic voltage

5. Insertion effects on voltage

D. Object influence in coil

l. Coils magnetizing force

2. Magnetic and nommagnetic materials
3. Part's electrical conductivity

4. Primary-secondary coil relationships

E. Primary coil characteristics

l. Basis for flux field

2. Coil shape, slize, and current flow
3. Coil purpose

. Eddy current flow

5. Permeability factoxs

F. Secondary coil characteristics

l. Relationship to primary coil

2. The induced flux pattern

3. Residual effects in ferrous and nonferrous
metals

lt. Rules of current and flux flow

S. The coupling factor and its importance

6. The outside and inside coil relationships

7. Relationships to reference and standards

8. Variable effects

9. Meter readings

G. Coupling factors

l. Purpose of the couple
2. Distance and strength factors
a. Geometry of part and coil

« Flux direction
5. Relationship to type of coil
6. Permeabiiity factor
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Signal-noise ratio

l. Impedance and voltage plane
2. Control of voltages
3. Signal direction
L. Conductivity and discontinuity effects
Choice of coll
l. Part geometry
2. Coupling distances
3. Use of coil
k. Frequency and inspection speed
5. Design criteria
Circular direction characteristics
l. Inside and outside coil purposes
2. Probes and forks
3. Part geometry and frequency penetration
4. Eddy current density
5. Diameter of flux and current patterns
6. Strength needs
7. Materials conductivity
8. Discontinuity effects
9. Variable control
Surface to center factors
l. Characteristics of alternating current
2. Frequency effects in depth
3. Surface maximums to center minimums
b. Orientation of discontinuity relationships
5. Standards and calibration
6. References
Constants
l. Analysis of variables
2. Artificial and natural factors
3. Known factors as basis
. Comparison techniques
5. The complete coil environment
Amplitude and phase angle
l. Waveform and adjustment
2. Vectors
3. Hysteresis
L. Phase changes
« CRT screen displays
6. Voltage factors
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N. Depth penetration
l. Material resistance to eddy current
2. Conductivity constants
3. Geometry and the flux pattern
L. Need to know depth of penetration
5. Sub-surface effects are weak
6. High frequencies and shallow penetration
‘7. Shallow penetration
8. Technique partially controlled by depth factor
0. Temperature compensation
l. Frequency requirements and ratios
2. Temperature coefficients of expansion
3. Variations in part diameter
4. Heating effects and inductance
Impedance ‘
A. Impedance changes =
l. Chemistry of part and impedance effects
2. Coil oppositions to current flow
3. Straight wire and coiled wire compariasons
4. Current flow
. Voltage, current, and impedance relationships
6. Part's constants influence coil impedance
B. Circuit arrangements
l. Comparison techniques
2. Standard and reference areas
3. Coupling relationships
4. Magnetic fields of the coils
5. Frequency vs. impedance
6. Lift off and fill effects
C. Variation of object arrangement
l. Field relationship to part
2. Impedance effects
3. Secondary coil arrangements
4. Coil output and part variables
D. Properties of test object

l. Reference and part compared

2. Primary-secondary coil arrangement
3. Field intensities

. Coupling significance

« Discontinuity detection techniques
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VI.

VII.

E. Coil - object characteristics

l. Voltage influence from reference

2. Voltage influence from part

3. Equal reference and part properties produce

no voltage

L. Discontinuity in part changes voltage

5. Impedance changes
Permeability
A. Fundamentals

l. Magnetic lines of force

2. The flux field

3. Ratio of coil force to part flux density

4. Flux strength variable effects

5. Molecular relationship to domain

6. Ferrous (magnetic) and nonmagnetic metals

7. Alignment factors in magnetic domain

8. Saturation magnetic points by direct current

9. Residval magnetism

10. Coercive forces in opposite directions of field

1ll. Hysteresis

l2. Ferromagnetic metals and permeability
B. Ferromagnetic objects

l. The alpha molecular arrangement

2. Molecular magnetic alignment

3. Iron base and ease of magnetism

4. Irons, steels, and cast irons

5. Hardness of part factors

6. Residual magnetism
C. Nonferromagnetic objects

l. Relative differences with ferromagnetic

2. Hysteresis facts in nonmagnetic materials

3. Lack of quantity of residual magnetism

- Mechanical properties influence permeability

D. Selection of frequency

1.

2.
3.

Relationship to velocity, permeability, and
conductivity

Electromagnetic waves

Wave speeds and discontinuity data

Field strength

A.

Strength factors
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l. Coupling distance

2. Frequency and depth effects

3. Coil types, shapes, and current flow
. Part composition and conductivit—

Distribution and penetration

1. Internal and external coils
Primary and secondary coils

Eddy current and inductance
Permeability

Frequency and conductivity
Discontinuity orientation

Skin effect of alternating current

Internal and external colls

1. Part's geometry

2. Encircling coils; part inside

3. Inside coill; part outside

. Probes for holes, pipe, and tube
5. Relationship with references

Test indications

A.

Conductivity

1. Material's molecular condition

2. Electron flow capability

3. The International Annealed Copper Standards
4. IACS standards and comparison techniques

5. Constants vs. chemistry

6. Calibration factors

Comparator

l. Relationships of part to standard
2. Chemical and mechanical properties
3. Calibration requirements

L. Specifications

Hysteresis

l. The hysteresis loop

2. The horizontal and vertical axes
3. Reversing magnetic fields

« Residual magnetiam and saturation
Material magnetic characteristics
Loop shapes and sizes

Sight pictures on the CRT

3 o
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IX. Test objezt and clircuitry

A.

Geometry of shape

1.
2.

Cast parts and chemistry

Wrought parts; chemistry and mechanical
properties

Hollow and solid parts

Symnhetrical and nonsymmetrical parts
Ferrous and nonferrous parts
Dimensional ratios

Cylinder test

OV oONoOVIFwN
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-

Part's shape, material, and dimensions
Test frequencies required
Permeability factors

Fill factors and the coil

Conductivity

Field strengths and distribution

Coil requirements

Testing techniques

Discontinuity detection
Instrumentation

Tube tests

1.
2.

~N o\ w

Dimensions and compositions

Wall thickness and length

Conductivity and permeability

Solid and hollow parts relationships
Voltage factors

Frequency scales

Discontinuity locations; inside and outside

Sphere test

1. Part geometry and end effects

2. Conductivity and permeability effects
3. Symmetrical factors of geometry

L. Limit frequencies

5. Voltages

6. Secondary coil reactions

7. Discontinuity detection

Sheet test

l, Primary and seconddary coil arrangements
2. Arrangements for fast production

3. Forked coils ‘

li. Basic constants and variables
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X.

XI.

5.
6.

Sheet insertion into coil effects
Discontinuity detection

Irregularity reCOgnition

A. Flaw detection and identification

1.
"2
30

N U

Application of principles of the test
Coil relationship to part

Flaw orientation in part

Part geometry and dimensions
Compression and bending gbilities ol
eddy currents

Coil reactions

Instrumentation

B. Mechanical properties of obJect

1.
2.
3.
LL.

Eddy current capabilities

Types of mechanical properties
Calibration and standards

Principles of constants and variables
Identification techniques

Evaluation techniques

A. TUse of standards

1l.
2.
3.

<N oN\nE

Requirements for reference and standards
Specifications

National standards and local standards
Types, shapes, and sizes

Comparison techniques

Acceptable and unacceptable parts
Acceptance and rejection criteria

B. Appraisal of object

1.

~ornfFEwin

History of object

Use of object or part

Loading factors

Stress reaction capabilities

Safety factors in design

Type of discontinuity and size or shape
Acceptance or rejection
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CHAPTER VI
ULTRASONIC TESTING

One of the most sophisticated methods used in nondestruc-
tive testing is the ultrasonic test. Because sound waves of
exceptionally high frequenciles are beamed into materials of
different densities and elasticities and of different shapes,
complicated equipment is often required to perform the test.
Many techniques are used in the search processes because of
the numeréus variables encountered. The ultrasonic beam is
commonly pulsed into the test specimen at frequencies in ex-
cess of 18,000 cycles per second. Cycles below this frequency
may be detected by the human ear; consequently, those higher
than 18,000 are called ultrasonic. The usual testing scale
runs from 20,000 to 25,000,000 cycles per second.

The ultrasonic test is becoming more useful because
discontinuities existing at the surface of the test specimen
or those resting deep within the specimen can be identified
through the numerous combinations of inspection techniques.
Because the flaw may be oriented in any directior relative
to the path of the penetrating sound beam, certain principles
must be understood pPrior to the search. The principle of the
pulse-echo system, for example, is based on reflected sound
from pulsating energy.
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Principles of the Test

An examination of these principles can be performed with
illustrations involved in the use of the pulse~-echo type unit.
Although each manufacturer designs equipment to his particular
specifications, similar circuitry exists in many models,
Basically, there is a power supply with controls, a trans~
ducer, a couplant, an electrical pulser generator and receiver,
and a display for visual image including some type of timer for
the pulser. A tybical ultrasonic testing unit is shown in
Appendix O.

In order for the ultrasonic wave to penetrate a material,
there must be a means for converting high frequency electrical
impulses into mechanical vibrations. This conversion is ac-~-
complished by means of a transducer. One of the most common
types of traisducer materials used in obtaining this energy
conversion 1ls the quartz crystal, usually cut on the X axis.
This crystal has plezoelectrical properties; that is, the
ability to transform electrical impulses into mechanical
vibrations and in turn, the ability to receive these vibra-
tions as a signal and change them back into electrical energye.
Appendix P illustrates how the transducer is placed against
the test specimen in preparation for an ultrasonic test.
Energy is also converted by other transducer materials. These
materials include ceramics and lithium sulfate. The ceramic
transducer, lead zirconate titanate for example, is an excel-
lent transmitter of sound enérgy while lithium sulfate is an

excellent receiver.
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Testing Techniques

Contact between the transducer and the test material is
essential in order that signals will be transmitted. Good
contact materials include grease, o0il, and water. The use of
one of these materials acts as a couplant or connector between
the transducer and the test material and assures proper func-
tioning of the transducer. The transducer is used in both
contact testing and immersion testing.

The generatidn of high energy bursts of electrical energy
come from a thyratron tube which is governed by a timer for
timing the pulses. Because materials vary in density and in
elastic properties, the wave's gpeed or velocity of travel
through the material is predetermined. Volume or intensity
of the wave determines the maximum distance of vibrations.

As the amplitude changes, the vibrations in the material
become more pronounced because amplitude is the highest point
of the wave and relates to strength of the impulse.

Ultrasonic waves pulse through materials at different
frequencies. When greater depth of penetratic.. within the
material 1s required, the lower frequencies are used. How-
ever, low frequencies do not always detect the discontinuity.
When small discontinuities exist within the cest specimen,
higher frequencies are needed to identify them, but penetra-
tion is shallow. The wave frequency acts as & ripple moving
into the material. The =sound wave compresses matter ahead of

i1ts movement and leaves a less dense aree behind it. This

89




85

ripple or succession of molecular movements occurs as a
stretch away from the energy pulse and then as a gquick re-
turn. The lattice network of the material acts as a barrier
to energy penetration. When struck by a burst of energy,
the line of atoms moves beckwards from a fixed position and
releases the impact to the next line and so on in ripple
form. The elastic nature of the material's molecules then
establishes this tolerance of the shifting action.

When ultrasohic waves are beamed into a homogeneous
material, they move in the direction of the beam's path until
a material differential is contacted or until attenuation
occurs. Collision with the opposite side of the homogeneous
material (material differential) causes the wave to bounce
or reflect back to the transducer. (Collisien with a discon-
tinuity causes part or all of the wave to reflect back into
the transducer. When a receiver transducer is used in addi-
tion to a transmitting transducer (through transmission), a
loss of energy is indicated when a discontinuity is contacted.
Energy pulses are then relesyed to the display unit once they

enter a material.

Signal Characteristics
One of the most universal devices used in the display of
pulsating energy is the oscilloscope. Because the oscillos-
cope is part of the electronic circuitry, a quick and accurate

visual presentation of the wave's actions is shown.
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Appendix Q illustrates the presence of a discontinuity in the
test specimen. The three pips shown on the screen of the
oscilloscope indicate the initial pulse, the discontinuity,
and the material's back side reflection. When time becomes

a measured distance along the base line of the viewing screen,
location of discontinuities is established.

The presence of discontinuities in a material is unknown
until a test is made. Becauge discontinuities may rest at
any angle relativé to the ultrasonic beam's rath, several
searching processes are usually used. When the beam is
directed into the material at 90 degrees from the material's
surface, a longitudinal beam searches the mass of material.

A discontinuity 8Xisting within the beam's path acts as a
barrier to further Penetration and beam energy is reflected
back to the transducer when the pulse-echo Process is used.
When the discontinuity rests in a plane parallel to the beam's
path, little indication of a discontinuity is reflected; there-~
fore, a different process should be used to better identify

the flaw. If the transducer is oriented at an angle other

than 90 degrees from the material's surface, a transverse op
shear wave will be beamed into the material at an angle from
the longitudinal path. Sheanr waves move slower through mater-
ial than longitudinal waves, but are very effective in locating
discontinuities beyond the capability of the longitudinal
search. Should the discontinuity be close to the material's

surface or be open to the surface, a surface wave can be made
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to ripple across the material by adjusting the transducer to

a stesper angle. The wave may be a lamb or Rayleigh.

The Search Process

An'organized coverage of the material's surface is neces-
sary to assure accuracy of the search. Several scanning
Processes are used such as the A, B, and C scans. An impor-
tant factor however, associated with the scan is that all
areas of the material be searched. A succession of straight
line passes at intervals across the material provides uniform
scanning and may be accomplished manually by the contact pro-
cess or with automation in which immersion techniques are used.

By varying the searching techniques, the ultrasonic test-
ing and inspection process may be used to locate discontinuities
in any area of the material. The geometry of the material's
shape, the manufacturing process, the chemical analysis of
the material, and other factors such as stress, necessitate
a proper plan of search to assure a valid evaluation of the
condition of the material.

Testing equipment is available for many different test-
ing technigues. Due to the high cost of some models of
ultrasonic equipment, consideration should be given to Lhe
types of inspection processes needed. In order that this

_Ri luipment be calibrated for proper testing techniques,

A ruiToxt provided by ER

special standards or reference blocks are used. These refer-
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being available from the American Society for Testing and
Materials.

Safety Precautions
Because electricity is the initlal source of energy used
in ultrasonic testing, safety precautions pertinent to elec-

trical apparatus must be observed.
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Ob jectives

ObJectives of the ultrasonic method of nondestructive
testing are stated below.

I. The trainee should:

A. Understand the principles governing the ultra-
sonic testing and inspection process. '

B. Be familiar with the various types of parts which
are commonly tested with ultrasonics.

C. Be aware of the routine procedures involved in
completing the test.

D. Understand the requirements for a specific test
and be able to select the proper test.

E. Understand the advaﬁtages and disadvantages of
the test.

F. Understand the forces causing meter indications.

II. The trainee will be able to:

A. Use typical equipment pertinent to ultrasonic

testing.
B. Use the several scan systems.
C. Follow authorized testing procedures.
D. Use the longitudinal, shear, lamb, and Rayleigh
wave techniques.

E. Use the contact and immersion techniques.
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r.
indications.
G.
H.
I.

90
Differentlate among the several discontinuity
Analyze the specific and total situation.

BEvaluate the total situation.

Azcept or reject the specific indications.
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Outline of Key Points

I. Equipment categories
A. 'Operator's ability to use

l. Purposes and principles of equipment types
2. PFunctions of equipment

3. Variations to suit needs

. Safety precautions

5. Experience in using equipment

B. Purposes of different equipment

l. Particular needs for inspection
2. Types and shapes of parts

C. Amplitude and through energy transmission types

1. Discontinuity and beam interception
2. Continuous

3. Pulsed

4. Modulated

S. PFrequency

L. Amplitude and transit time type

1. BSignal amplitude

2. Discontinuity location and distance
3. Elapsed time

4. Frequency, phasing, and palsing

E. Transducer loading factors

1

2

Specimen thickness and resonance
Resonance and impedance

F. Design requirements
l. Inspection needs
2. Size, shape, and symmetry of part
3. Speed of test requirements
II. Egquipment functions
A. Frequency modulation

1. Limitations in testing techniques
2. Special applications

21986
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Continuous oscillator

1. Need for this function
2. Comparison to other types

Time pulsed

1. Source of electrical energy

2. Pulsating mechanism

3. Echo and elapsed time factors
L. Signal (discontinuity) receipt
S. CRT display

Modulated oscillator

1. Comparison with other units
2. Need for this system

Resonance

1. Frequency modulations
2. Material thickness measurements

A-scan system

Cathode ray tube display
Time~-distance-linear factor
Discontinuity indicatlon

Back side reflection

Signel amplitude

Veleccity factors

Reflected intensity and discontinuity
Location and size of discontinuity

o LNV E g VAR \VE o
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B~scan system

1. Modified A-scan search
2. Interception factors and screen display
3. Longer viewing time to study discontinuity

C~scan system

1. Visual and written presentations

2. Depth problem

3. Two dimensional display of discontinuity
li. Inclwdes features of the A-scan

Bridges

1. Manipulation devices
2. Circuit patterns
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III.

93

3. Balancing media
4. Signal and adjustment capabilities

Test systems

A.

\mPuan

Through transmission

- Amplitude relation to discontinuity
. Beam intensities

. Beam transmission through part

. Limited in use

- Energy loss at discontinuity

Reflected transmission

Pulse-echo principles

Discontinuity orientation to beam

Most common technique in testing

Initial pulse, discontinuity, back reflection
Elapsed time

nFwh =

va—

Single search

l. Reflection testing

2. Material coverage from side to side
3. Beam interception with discontinuity
. Initial and back side ‘ndications

5. CRT presentation

Double search

l. Two transducer technique
2. Common techniques used in Europe

Straight beam

1. Transducer face on part

Flat surfaced parts

Traditional uses

Wear plates

Beam directed straight from part's surface
Longitudinal wave

onFEwnN

Angle beam

l. Beam aimed away from normal angle

2. Wedge effects in obtaining angle of beam
3. Production of shear and surface waves

4. Curved contacts for cylinders
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Generatora

l. Variable frequency oscillator

2. Very high frequencies

3. Continuous inpvt of energy

L. Resonance or energy surges

5. Battery or conventional line voltage

6. Tube generation and pulser

Transducers

l. Piezoelectric factors
2. Electrical-mechanical and mechanical-electrical

3. Mechanical pulsed vibrations into part
L. Straight and angle beam types

5. Construction materials and shapes

6. Uses; through and reflected energy

7. Safety precautions

Couplants

l. Purpose and principles

2. Materials; oils, water, grease
3. Uses and efficiency factors

k. Types of techniques

Indicators and meters

l. Cathode ray tube (CRT)

2. Oscilloscope and controls
3. Screen displays

4. Meters

S. Recorders

6. Alarms

7.

Automatlic testing systems

IV. Wave propagation

A.

Cheracteristics and principles
l. Mechanical vibrations
2. Ultra high frequenciles
3. Directional travel at velocity
. Time, distance, and attenuation
5. Reflection and penetration capabilities

Frequencies and ranges

1. TUsually from 200,000 to 25,000,000 cycles
per second

2. Geometry and shape of part

3. Material of part - elastic nature
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Stress ranges

l. High energy levels vs. low stress ranges
2. No mechanical damage to parts

3. Frequency and magnitude

L. Low amplitude vibrations

Wavelengths

1. Elastic modulus factors

2. Waves as fronts in movement

3. Velocity and oscillations

L. Variables and constants

5. Reference tables of wavelengths

Vibrations
1. Mechanical from electrical Pulses

2. Low in amplitude
3. Non-damaging to part

Velocity

l. Measured in centimeters per second multiplied
by a constant

2. As material varies, velocity varies

3. Velocity a function mainly of elastic modulus
or density

L. Attenuation factors in gas, liquid, and solidg

5. Motion is longitudinal, compound, or transverse

Impedance

l. Acoustic impedance factors
2. Density times wavz3length
3. Impedance in various materials

Attenuation

l. Energy loss in a material

2. Constants

3. Difficulty to isolate, yet Present
4. Penetration capabilities in materials
5. Echo time factors

6. ©Noise generation factors
Reflection

l. Incidence angles

2. Impedance factors

3. Time~-distance relationships
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4. Discontinuity reflection time
5. Reflection coefficients
6. Transmission coefficients

Refraction

1. Incidence of non-normal beam between two
different materials

2. Differences in material's sound velocities

3. New angles generated - refracted
L. Generation of secondary beams
5. Refracted beam intensity

Diffraction

l. Diverging effects of beams

2. Wave fronts

3. Wave interferences

4L.. Beam spreading characteristics

5. Need for accuracy in flaw detection
6. Discontinuity evaluation factors

Dispersion

l. Characteristics
2. Energy spread

Mode conversion

Materials and velocities

Energy disperslion and propagation

Surface, shear, and longitudinal waves
Interception of beam with a different materisl
Conversion of one type of wave to another
Beam spreads

Conversion factors and effects

I OUIFE L N

Special effects

l. Beam spread effects
2. Added indications

Undesirables

l. PFalse indications
2. Variables
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V.

VI.

VII.

97

Testing techniques

A. Contact
1. Straight beam longitudinal wave
2. Angle beam shear wave
3. Surface wave
L. Transducer contact with part or wedge use
5. Couplants needed
6. Pulse-echo transmission
7. Through transmission
8. Oscilloscope indications
B. Immersion
l. Transducer submerged in water
2. Water column or tank
3. Submerged test part
L. Sound beam path - water to part
5. Oscilloscope indications
6. Comparisons with contact techniques
Calibration
A. Need for calibration
l. Variable effects
2. Traensmission accuracy
3. Calibration requirements
L. Reference blocks
B. Standards
l. Comparisons with standard reference blocks
2. Pulse-echo variables :
3. Types, shapes, and sizes
k. Refi.rences for plannsd tests
C. Major parameters

l. Transmission factors

Transducers

Couplants

Materials

Recelving factors

Circuitry components and relationships

(VI EEg WV

Defect detection

A.

Sensitiveness to reflections
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Size, type, and location of defect
Techniques used in detection

Wave characteristics

Material and velocity

Defect orientation to sound beam

Resolution processes

'lo

2.

Standard reference ccmparisons
History of part

Probability orf type of defect
Degrees of operator discrimination
Band width factors

Frequency effects

Energy-noise discrimination

1.
2.
3.

Le
=

De
6.
7o

Widening characteristics of CRT base line
Malfunctioning of circuitry

Irregular patterns and non-cyclic effects
Attenuation factors vs. materials

Probe and coupling factors

Surface conditions of part

Refraction factors and effects

Part geometry and reflections

Size of defect determination

‘1.

2.
3.
L.

CRT display and meter indications
Transducer movement vs. display
Two-dimensional testing techniques
Signal patterns

Locatlon of defect factors

1.
2.
3.
L.

CRT display and meter indications
Amplitude and linear time

Search techniques

Wave forms and scanning areas

Kind of defect determination

1.
2.
3.
L.
5.

Manufacturing processes relationship
Heat treating effects

Chemistry of pert

CRT display

Scanning teckniques
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VIII.

Evaluation

A.

j
: 5:

Defect comparison pProcedures

1.
2.

Standards and references
Calibration techniques
Comparison techniques
Inspection of transducers

Inspection of amplitude, area, and distance

relationships

Object appraisal

l.
2.
3.
h.

6.
7.

Part's history in manufsacture

Use of pari

Environment of part in use

Loading vs. stressing factors

The stress pattern =n reaction

Type of flaw and location

Criteria for acceptance or rejection
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CHAPTER VII
RADIOGRAPHIC TESTING

Thé radiographic process is the oldest method used in
nondestructive testing. Techniques used in this method are
based on powerful rays of energy penetrating a mass of solid
material and then recording their results on a special type
of film. A homogeneous material to be tested provides for a
uniform penetration of energy, whereas a material containing
discontinuities provides an uneven distribution. When the
rays completely penetrate a material and make contact with a
specially prepared film, a shadow picture of the material's
inside results. This shadow picture is similar to "seeing
through the material." Uneveness of ray distribution results
in light and dark areas on the developed film. Basically,
the criteria fér radlographic testing includes a source of
penetrating rays of energy, a part to be inspected, and the
film. The part is placed between the source of energy and

the film.

Cheracteristics of Radiation
Radiant energy used in radiographic testing includes
the X-ray and gamma ray. Both rays have similar physical
characteristica and they obey the laws of light with regard
to thelr straight-line paths. These high energy waves are
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electromagnetic, have no weight, mass, or electrical charge,
travel at the apeed of light, ionize matter, and expose film.
Their energy is indirectly proportioned to their wavelength
while their penetration power depends on their intensity.
Because matter absorbs these rays, their depth of penetra-
tion is greatly governed by the density and thickness of the
material to be inspected. When thickness of material varies,
results are recorded on the film. Likewise, when density cf
material varies (discontinuity), results are recorded on the
film.

Because sgilver bromide is coated on the thin sheet of
plastic film, exvcrsure to radiation causes black silver to
appear 1in such proportions (radiation intensity differentials)
that the image is outlined with its interior density differ-
ences projected onto the film. In order that the image will
be clear and adequate, a test piece is frequently placed on
the source side of the part to be radiographed. This test
piece, s penetrameter, is usually made of the ssme material
as the specimen to be tested and its geome“rical proportions
are related to the specimen. A satisfactory image of the
penetremeter is evidence of an acceptable technique.

An unusual aspect of radiation is that man's senses csnnot
detect it. Man can see ordinary light and follow the tra jec -
tory of its expanding beam, but man has no means of "seeing"
the X and gamma rays. However, the ray's sffects on man can

be disastrous and deadly when exposure has lasted over s
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period of time. Consequently, the process of radiography
includes hazards to health. Personnel who are engaged in
radiographic processes must be cognizant of radiation capa-~-
bility and act according to gafety practices recommended by

the Atomic Energy Commission.

Techniques in Radiography

Often, a discontinuity may be suspected decp within a
thick slab of steel. Radiant energy is frequently called
upon to locate this type of flaw. In this respect, two or
more radiographs from different positions Will usually show
the location of the flaw when proper techniques are used.

As the ray penetrates the thickness of'tk metal, ray ab-
sorption occurs which results in a loss of rsay intensity.

If intensity is great enough, however, Penetration occurs.
Should the flaw intercept the radiant beam, a density differ-
ential will be reflected on the film. The developed film
Wwill then indicate light and dark areas which portray the
imgge of the flaw.

Different techniques are necessary for proper production
of radiographs. As the geometry of the part varies, varia-
tions in the shadow picture also vary. As an example, when
the plane of the part and the plane of the film are not par-
allel, distortion of the shadow picture will occur and the
true shape of the part will be 1lost. Sharpness of the part's
image depends on the distance between the part and the film

and between the part and the source of energy. Also, smallerp
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encrgy sources give sharper images by decreasing the size of
the penumbra. Appendix R illustrates some of these techniques.
Because X and gamma rays diverge as distance from source
increases, greater areas are covered by the rays, but with a
loss of intensity. Consequently, the Inverse Squuare Law is
used in caiculating safety practices and exposure factors.
This means that the beam's intensity varies inversely with
the square of the distance from the energy source and a spread-
ing of the beam cccurs much like 3 beam of visible light.
When an increase in intensity is required, the source's voltage
factor is increased so as to produce rays having shorter wave~
lengths for greater penetration capabilities. However, a
straight~line beam will scatter as it collides with atoms along
the path. Scattering results because of directional changes
from the straight-line path when the collision occurred.
Scattering of beams alsoresults from a part's uneven geometry
and from objects in close proximity to the part being radio-

graphed. Beam scattering causes images to be blurred.

Precautions in Radiography
The radiographic method of nondestructive testing
requires special housing for equipment such as a lead 1lined
room, in order thst most of the radiation will be contained
within the room. Room walls may be lead lined or they may
be produced from very thick walls of poured concrete. RBecause

shielding is often difficult in some instances, soft lead
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sheets are usually used to absorb most of the radiation in
the area of the source. The density of the lead serves as
a barrier to penetrating radiation. Lead is also very mallea~
ble and can be easily folded into any shape to contain the
radiation if the sheet is thick enough. In these respects,
some radiographic equipment is built within a large lead
lined box in order to remove the major shielding complexities.
These box-like radiographic units can be safely used in a
typically construéted building when their energy outputs re-
main below a specified level. However, radiological checks
from time to time with counters gre necessary to assure a
safety zone around the radiation source.

Large parrts, on the other hand, require intricate porta-
ble and fixed equipment which demand either a special type
of shielded room capable of containing and absorbing the
radiation or an open area where distance acts as the final
barrier. Because radiography includes the radiation hazard,
all personnel working in a specified radius of the source
must conform to the rules for handling radiocactive sources

which are issued by the local, state, and federal governments.

Emission of Penetrating Rays of Energy
The radiographer will be confronted with the need for
X and gamma radiation. facilities. In these respects, alpha
and beta particles are relatively insignificant, but X and

gamma rays are powerful and penctrating rays. The X-ray is
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generated within a special electronic tube. A high voltage
input to the cathode provides an abundance of electrons and

as electrons increase in numbers, intensity of the rays
increases. When a high voltage 1is applied to the tungsten
anode, the negative particles are quickly draw.. to the anode.
Because tihe collisions occur at an angle, much like a billiard
ball's bouncing actions, the particles of energy shoot into
straight-line paths in all directions. The X-ray tube's
shielding prevents radiation from being beamed in unwanted
directions, however, a window in the tube acts as a means

for focusing the sourcs of energy at the target (matsrial to
be inspected). The X-ray can be turned on and off by the radio-
grapher by flipping a switch. The X-ray source is rated in
milliamperes and is directly related to the quantity of free
electrons emitted at the cathode's filament.

The other type of penetrating ray is the gamma ray which
is energy moving away from a decayihg radioactive material.
The nuclei of the radiant material constantly disintegrate
and the rate of disintegration is measured in half-life
quantities which is an activity measure. Common isotopes
used in this technique of nondestructive testing are Iridium
192, Thulium 170, and Cobalt 60. Thesge isotopes result from
nuclear bombardment while Cesium 137 is produced by nuclear
fission. Thulium 170 and Iridium 192 are commonly used in
radiography because of their lower energy radiation and their

requirements for less shielding. Cobalt 60, on the other hand,
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has the equivalent c¢nergy emisasion of an extremely powerful
X-ray machine (mev) whereby thick plates of steel can be
radiographed.

Ray Msasurements

Wavelengths of radioactive materials are determined by
the specific material. Intensity of the gamma ray is measured
in roentgens which means the radiation emitted at a set dis-
tance during a given period of time. 1In other woids, the
intensity of energy is measured in rcentgens per hour at a set
distance while the measure of energy activity or amount of
scurce energy is measured in curies. Radioactive materials
are contained in lead jugs or pigs. The thick walls of the
lead container absorb and contain nearly all of the radiating
energy. Therefore, these containers often become very heavy.
The gamma ray canndt be turned off however, only the contain-
er's window can be adjusted for escape of the rays when
focused on the target.

Because man cannot detect radietion with his senses,
special detection jquipment is required wherever radiation
brocesses are conducted. An example of detecticn equipment
includes the bac - which is worn by all personnel engaged in
radlographic processes. The badge is measured periodically
to determine exposure of the wearer. A dosimeter is also
carried by the person who works in the radiography area.

This instrument, pencil shaped, indicates the accumulation

of radiation. Another important instrument is the Geiger

i11
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counter. This counter acts as an alarm in the presence of
radiation and can be used in detecting gross radiant contam-
ination. However, other safety devices must be used when
high radiation intensity is present because of the possible
inaccuracy of the counter at ssturation levels of radiation.
Because radiation cannot always be completely confined, the
radiographer (or other personnel) may be exposed to small
quantities. Therefore, all personnel are subject to a per-
missable dose of fadiation. This means that the dose of
radiation received shcould not be harmful during the person's
lifetime. Doses beyond the acceptable amount require sever-

ance from further exposure.

Determine the Source Need

Prior to requisiticui of radiograrhic and radiological
equipment, the radiographer should decide or the type of
needed source material. The box type of X~ray apparatus
‘provides good radiographs within certain limits without the
requirement for a large additional shielding arruangement.
However, this type of installation is severely limited in
energy output and is unsuitable for inspection or large parts.
when increased levels of radiant energ are produced, shield-
ing becomes a necessity. If the gamma ray is needed for
intricate inspections or for deep penetration, the isotope
is used. Either radiographic process requires strict compli-
ance with established codes, rules, and regulations. Appendix

R illustrates a typical box unit for limited radiographic in-
spections. il2




Objectives

ObJjectives of the radiographic method of nondestructive
testing are stated below.

I. The trainee should:

A. TUnderstard the principleés governing the radio-
graphic testing process.

B. Be fémiliar with the various types of parts
which are commonly inspected with radiation.

C. Be cognizant of the routine procedures involved
in accomplishing the test.

D. TUnderstand the requirements for a specific tech~
nique and be able to select the technique.

E. TUnderstand the advantages and dissivantages of
the test.

F. Understand and be familiar with the safety pre-
cautions pertinent to radiation hazards.

ITI. The trainee will be able to:

A. TUse typical equipment peculiar to radiographic
processes. Use should be confined to the softer ray tests
unless special requirements fdictate otherwise.

B. Comply with local, state, and federal radiation
safety codes.

C. Use the attachments and accessories pertinent

to routine testing.
113
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D. Use the X-ray technique in locating discontin-
uities.

E. Use the gamma ray technique when this technique
is required.

Note: The trainee should be familiarized with “he
gamma ray test and should be given the opportunity to perform
some of thess tests.

F. Differentiate among the several patterns of
discontinuities.

- G. Analyze the specific and total situation.

H. Evaluate the total inspection situation.

I. Accept or reject the specific indications.
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Outline of XKsy Points

I. Equipment
A. Operator's ability to use

The X and gamma ray principles
Purpose and ot jectives of tests
Safety precautions

Safety code compliances
Operaticnal techniques
Experience in equipment use

oM\NF W

B. Purpose of types

1. Purpose of test
2. Objectives to be obtained
3. Fixed and mobile types

C. Fixed installatioas

l. Self shielded

2. Semi-mobile

3. Higher energy systems
li. Special designs

5. Large and heavy parts

D. Mobile types

l. Mobility needs
2. Shielding factors
3. B8pecial designs

E. X-ray type

Low energy machine

150 KV machines (possible limit of low energy)
High and very high voltage machines

Shielding factors and codes

Safety precautions

Radiatilon detection devices

Inspection needs

~No\nFEw e

F. Gamma ray typre

1. Common isotopes
2. Curie factors and source shape

110
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II.

~N oV W

Shielding neeus and problems
Safety precautions and codes
Radiation detection devices
Inspection needs

Decay factors and cost

G. Design requirements

l.
2.

3.

Inspection needs
Part geometry
Shielding requirements

H. Safety precautions and practices

l. Local, state, and federal codes

2. Manufacturers'codes and specifications

3. Atomic Energy Commission codes

b. American Society for Testing and Materiuals codes
American Society for Nondestructive Testing codes
Interstate Commerce Commission codes

7. Shielding and radiation detection factors

8. Exposure values

9. Radiological equipment

Radiation

A. Principles

1.
2.
3.
Y.
5.

X-ray sources

Gamma ray sources

Intensity and strength factors
Materials impervious to radiation
Existence factors

B. Types of rays

1.
2.
3.

X-rays
Alpha and beta rays
Gamma rays

C. Electreni: sources

1.
2.

3.

O P~ onFE

The X-ray tube

Cathode-annde arrangements
Electron flow and quantity
Anode potential

Deflection pattern

Window and shadow picture
Shielding

On and off existence of source
Penetration capebilities
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Isotopic aources

l. Radioactive materials

2. Half life values of isotopes

3. Decay phenomena

L. Alpha, beta, and zamma ray emissions
5. Curie factors and effects

6. Roentgen factors and effects

7. Shielding needs

8. Intensity focus control

9. Penetration capabilities

0. Cannot turn rays off

Sensitivity

l. 1Insensity factors and energy levels
2. Velocity

3. Source to film distance

4. Part to film distance

Intensity distribution

l. Quantity of electrons

2. Voltage variables

3. Electron accels»ation

L. Current and filament temperature
5. Anode voltage

6. Intensity in milliamperes

Detection devices

1.
2.
3.
L.

Badges for wear
Dosimeters

Geiger counters

Radiological safety sctandards

Handling proceaurr ;

1.
2.
3.
4.
S.

Known energy levels

Shielding uses and requirements

Curie and rcantgen factors

Ray focus, beam spread, and scattering
Distance factors vs. energy levels

Primary effects

1.
2.

VFw

Penetration and ionization L. l'ects
Spread and scatter variables
Absorption characteristics

Film exposure effects

Human exposure and dose levels
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Secondary effects

l. Exposure factors
2. Molecular change potentials

Shielding procedures

l. X-ray and gamma ray requirements

‘2. Machine source existence of ray

3. Area shielding needs and specifications
L. Container thickness and access window
5. Window control of different rays

6. Code requirements

Absorption characteristics

Molecular erystalline structure
Density fac.ors .

Thickness of shielding values
Shielding materials

Molecular collision patterns
Radiation effects on materials

O P

Scater effects

l. Zcvernal nature of ray path and divergence
2. rurt geometry and side effects
3. Near-by object influences

Pair production

- Limited to extremely high energy levels
Electromagnetic radiation collisions with atom
Radiant energy conversion

Positron and electron pair

Collision path and convergence

Additional effects of pair uniting

oON\VIFE W N
e ¢ o o o

Protection and safety codes

l. Radiological monitoring criteria and standards

2. Area detection and alarm devices

3. Local, state, and federal codes

4. Professional organization codes and specifications

Radiatior dose control

l. Radiation measurement
2. Human dos: accumulation
3

L

« Maxinum permissable dose
- Atomic Energy Commission Guides

i18
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5. Time and distance factors

6. Exposure factors

7. Construction techniques for protection
8. Permissible levels of radiation

9. The radiation survey team

10. Radiological testing and monitoring
1l. Instrument andg device protection

III. Procedures
A. Shadow picture and geometry

. Radiation source

- Size of source and shape (gamma ®

+ Focal spot and distance

. Part geometry

+ The image-source triangle

Image sharpness

Penumbra

Distortion effects and characteristics

O~ OVNFw N -

B. Focal spot and window

l. Geometry of ray travels

2. Intensity and projection characteristics

3. Source size and shape (gamma)

Rectangular opening of X-ray window

Angle of electron.collision at anode

Actual aud effective focal spots

Temperature factor, anode materisl and focus

~ oownf£&

C. Electromagnetic waves

- Gamma ray and X-ray characteristics
Applications of the laws of white light
Absence of mays and electrical charge
Wavelengtn vs. energy

Human senses cannot detect

Ionization of matter capability

Film exposure capability

. Matter penetration capability

9. Discontinuity in material detection

? [ 4 [ ] e o L}
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D. Techniques

l. Conventional radiographic procedures
Z. Stereoradiography

>.  ieroradiography

L. Fluoroscopy

o :11&9




E.

Voltage and amperage factors

1. Line voltage and input to X-ray machine
2. Transformer action

3. Circuitry

L. X-ray tube and shielding

5. Current and voltage input

£. Cathode current

7. Anode voltage .

8. Milliampere ratings

Exposure factors and contrast

1. Time of exposure and radiation intensity
2. Radjiation intensity differences in a material
3. Homogeneous materials' affects

Screens and filters

l. Material types for screens

2. Purpose and principles of screens

3. Lead alloys and fluorescent materials
L. Fllter materials

5. Prirciples of filtering

6. Absurbing characteristics

Film characteristics and types

l. Pilm structure and chemical content
2. Purpose of silver bromide

3. Radlation and film exposure

L. Use of penetrameters

5. Contrast effects and functions

6. Types

7. Techniques in radiography

8. Film holders

9. Dark room rocedures and processing
O. Dark room equipment

Laws and rules

l. Physics of X and gamma rays

2. Penetration capabilities in solid materials
. Matter response tv radiation

. Safety observance and precautions

. Shielding vs. exposure

. Life and health hazsrds

. Governing codes

-3 O\

120



J. Object material and density

1. DPhysical constants of elements
2. Velocity vs. density

3. Penetration vs. density

4. Thickaess and penetration

K. Image quality factors

l. Sharpness of part image

2. Source-part-film distance relationships
3. Geometry of planes during exposure

L. Distortion factors

5. Contrast effects

L. Penetrameters

l. Image clarity testing

2. Purpose of Penetrameters
3. Geometry of penetrameters
L. Materials

M. PFilm processing

Potential image after esposue to radiation
Sequential procedures

Equipment in the dark room

Developing

Neutralizing of developer

Excess silver bromide removal

Water washing and drying

~N O\NFE W N

IV. Evaluation techniques
A. Criteria for evaluation

l. Objectives of tests

2. Standards and references
3. Penetrameters

. Comparisons

B. Defect identification

Standards for comparison

Image clurity and shadow picture
Contrast and completeness

Types of discontiruities

Shapes and sizes of discontinuities
Location of discontinuities

cnNFEFwon e
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C. Appraisal of objJect

1

Vi w o

History of part

Loading factors and stress

Use of part

Location of diacontinuity
Acceptance and rejection criteria



CHAPTER VIII
OTHER NONDESTRUCTIVE TESTING METHODS

The five main methods of nondestructive testing provide
the me jority of tests needed in quality control of man.ufac-~
tured parts. However, there are sev-~al additional tests
which provide a greater coverage for _: total manufacturing

Process. These additional methods are summarized below.

Magnetic Rubber Test

A prepared mixture of ferrous powder and liquid rubber
can be used to supplement the magnetic particle test. When
the liquid mixture 1s placed and held in contact with a ferrous
area, that appears receptive for discontinuities, in the pres-
ence of a magnetizing current (prods), the ferrous rowder and
syrup are attracted into the discontinuity. The principle is
very'similur to the north-south pole relationship of magnetic
inspection. Because the syrup enclosss the area to be inspect-
ed, any discontinuities will immediately absorb the syrup due to
the polar condition. This polar environment then attracts the
syrup deeply into any discontinuity or irregularity which is
in proximit— of the syrup.

The electrical pruus are placed on each side of the
suspected area and the ar a between tho prods ther: becomes

the inspection zone. The current is allowed to {flow until e
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good flux is established. In turn, the syrup enters all
discontinuitcies, remaining in the discontinuity until solid-
ification of the syrup occurs. When solid rubber forms, it
is then removed and examined under a microscope (low magr- -
f.cation) for uneven areas and other clues whicl: may be
indicative of discontinuities.

The magnetic rubber test 1s 1deal as a supplement to
eddy current testing technlques, but may often be used as
“he primary test.‘ Holes and corners of ferrous parti are

ideal areas for inspection by this test.

Infrared Test

This nondestructive testing .::tnod provides inspection
of materials by use of the infrared heat principle. When the
gource of energy is focused across the part to be inspec od,
a pattern of heat absorption occurs in the material. Homo~-
geneous material will provide a vniform indication of heat
absorption. This indication, through electronic ci 1itry,
is relayed to a meter or an oscilloscope. As long as sound
material is contacted, a uniform signal will be established.
However, when a discontinuity is contacted, a temperature
differential exists at the discontinuity and this differen-
tial is then displayed at the meter or oscilloscope. The
oscilloscope's base line, in this case, on the screen can
be arranged to present the discontinuity in two-dimensional

shape.
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The two basic infrareq testing systemsg include the
pointing radiometer, for line scanning, and the raster scan-
ning type. The heat generated requires control; therefore,
air is normally used to cool the Pointing radiometerp while
liquiq Nitrogen is used in the raster type. Because thegse
types of inspection devices are often used for inspecting
rarts where different materials make up the assembly, the
aircraft industry fings them advantageous. Assemblie~ guch

a8 bonded iaminationg are inspected by thig bProcess.

Acoustic Emiasion Test
Wwhen parts are highly stressed ang discontinuities begin

to form, g reflection of the metal'sg Séparation sound pattern

the Separating metal ig indicative of 4 stress factor. ag
Stress increases and decreases, noise changes ity Pitech and
because of its containment, reflects itself repetitiously

witBin the material.

by the transducer. Because ofr conitainment in the material,
& varying pitch results. The frequency variation apparently
is loudest from the crack and veakest from very gmall irreg-~
ularities. ag a mrnterial ig stressed and the discontinuity

expands, emission algo increages. As a crack, for example,
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begins to increass, emission increases an appreciable amount
to the failing point.

The acoustic emission process of nondestructive testing
is in the stage of further development. Tests have shown
that gralin pattern and otrer microstructural factors influ-
snce the emissions. From an operational point of view, this
process has tremendous potentials in that emissions are

warnings.

Other Technigues Used in Nondestructive Testing
Electrical systems variations
Electromagnetic ray vari.tions
Frequency variations
Heat variations
Holographic
Laser
Light variations
Optics and visual examinations
Photoelastic stress cycling
Sonic
Strain systems

Vibrational

e
o
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CHAPTER IX
CURRICULUM

This proposed curriculuﬁ for training nondestructive
testing and inspection technicians is the rerult of an
intensive search feor information. Contents of this curricu-
lum have been extracted from data obtained in a statewide
industrial survey.

The key points in each of the fiv- main methods of
nondestructive testing and inspection have been outlined in
previcus chapters. Educ: . ‘nnal objectives have also been
stated for each of the five methods. The five main methods
of testing comprise the core of the curriculum, but this core
must be supported with foundation skills and knowledge .
Together, the foundation and the core skills are needed to
build the complete currlculum.

Foundation xnowiedge and skill provide for understanding
the principles of the core skills. A listing of this founda-
tion subject matter, general education, is shown in Appendix S.
These eighteen subjects, when integrated into the total program,
should help provide a high level of proficiency in the graduate.

An examination of the core skills shows that electricity,
metallurgy, and mathematics comprise the bulk of the knowledge

needed in conducting the main methods of testing. Therefore,
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these subjects should be weighed heavily in the overall train-
ing program.

An examination of the subject matter shown in each of
the five main outlines of key points, together with the sub-
ject matter listed in Appendix S, indicates that most of these
subjects can be integrated into less than a dozen specific
subjects. Specifically, a training program comprising a dozen
technical subjects, supported with a few general educational
sub jects, will pfovide the backbone of the curriculum.

After reviewing all data obtained from Part 1 of this
study, it is recommended that a minimum of four semesters be
establisihhed as the general time requirement for the proposed
program. In order to allow for a minimum of general education,
the proposed program should consist of gseventy-four semester
hours of specified subject matter. Because some subjects re-
quire prerequisites, a basic and an advanced course will be
needed in some areas. Each of the twenty-five subjects shown
in the curriculum below must then be patterned to include the
knowledge, principles, procedures, and related information
necessary to guide the trainee to graduation as a nondestruc-
tive testing and inspection technician.

In order to allow for theory and application of theory,
technical subjects will be divided into lecture and labora-
tory periods. Experience has shown, in technical subject
areas, that approximately three clock hours of laboratory

experience will allow the trainee enough time to apply the

O
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principles he learned in the *wo clock hours of discussion.
Also, the five clock hours, extended over a semester, will
provide a comprehensive coverage of the area to be covered.

Because a hierarchy of subjects must be provided, from
beginning to graduation, a sequence is therefore established.
The recommended curriculum in support of this program is
shown below. However, flexibility must exist within the two-
year period; therefore, subjects may be taken at a time best
suited for the tréinee, provided he has the prerequisites. A
description of each course shown in the curriculum is also
provided below.

Even though course descriptions are very general in
coveragé, the description does include the scope of instruc-
tion. 1In order to ascertain the detailed coverage of each
course, the syllabus must be reviewed. 1In this respect,
course planners must give due consideration to proper course
coverage by verification that all needed sub ject items tor
the course are shown in the syllabus. 1In effect, reference
should be made to previous chapters of this study to assure all
needed items are included in the syllabus. 1t is not intended,
however, that previously outlined key points of instruction be
all inclusive. The instructor should use his best Judgement
in organizing his program.

Due to flexibility in industrial needs, some kinds of
industry may require the technician to be cognizant of tech-

nical information that is not shown in the proposed training

i23
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outlines. Research has shown that additional knowledge may
be required for some technicians, depending on che manufac-
turer's needs. Thnese additional possible needs are shown
in Aprpendix T. These subjects may be added to proposed
programs wherever reguired.

Curriculum planners must also be aware of the tremendous
spread of American manufacturing capability. 4 training pro-~
gram for an aircraft plant will be different from that needed
in a shipbuildinglyard. Even though basic principles and
procedures apply to programs, specific needs may necessitate
curriculum changes. For planning purposes, some of the
"ranches of industry using nondestrictive testing processes
are shown in Appendix U.

Also, it is interesting to realize the high percentage
of manufacturers who recommended nondestructive testing for
inclusion ir. other technology training programs. Appendix V
lists seventeen technologies that were recommended to include
some form of nondestructive testing processes. This study
has shown (Part I) that 70 per cent of respondents queried,
indicated that seventeen separate technologies should be
supported with some form of instruction in nondestructive
testing. The listing indicates results obtained from the
industrial survey. Metallurgical technology was checked by
85.8 per cent of the respondents as needing this instruction
the most, while Electronics technology was checked by 69.5

rer cent as needing this instruc:ion the least. Frcm these
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statistics, it 1s evident that a large percentage of the
metal manufacturing industries (other than low stresscd
parts) have some form of nondestructive testing in their
production lines.

Another consideration during thes curriculum planning
Phase must include a sharp and continuous look at the total
program. Such things as field trips and factory familiariza-
tion visits should be included in programs whenever feasible.
As an example, many training programs will probably not in-~
clude garmma radiation testing facilities. 1In this respect,

a visit to a radiation laboratory will make a fine substi-
tute. A short factory indoctrination visit may also provide
insight into a specific area of learning.

Reference should be made to the equipment listing in
this guide, Appendix W, as an e ditional source of learning
aids. Many manufacturers prod: and provide numerous bro-
chures pertaining to specific .ms of testing equipment. A
supply of these brochures can nd vitulity and realicy to s
program. In this respect, exp.rience is a wonderful teacher;
therefore, equibPment should be us®d as much as possible in
order to learn the testing process.

Appendix W provides a listing of equipment that has been
recommended by Several manufacturers for use in training non-
destructive testing and inspection technicians. This listing
provides several choices in the same types of equipment and

includes units for use in all areas of nondestructive testing.
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Obviously, there are many types of equipment not listed due
to the impracticability of publishing a large volume of items.
It is recommended that course planners contact the manufacturer
and obtain brochures pPertinent to specific types of equipment
prior to requisitioning.

Due to the high cost of equipment, it is recommended
thaet the laboratcory group of trainees be divided into sections
and then rotated through each method of testing. Once the
basic principles of the scveral tests are lcarned, rotation
can be azcomplished in an effective manner. Appendix X

suggests a typical laboratory arrangement.
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Nondestructive Testing Technelogy
Curriculum

First Year

First Semester Credit Lecture Lab
Applied Communications I 3 3 0
Applied Physics and Mathematics I L 3 3
Basic Principles of Nondestructive Testing 3. 2 3
Manufscturing Materials and Processes I 3 2 3
Metrology 3 2 3
Physical Educaticon 1 1 2

17 13 1l

Second Semester
Ltpplied Communications Il 3 3 0
Applied Physics and Mathematics II L 3 3
Manufacturing Materials 2nd Processes II 3 2 3
Basic Electronlcs 3 2 3
Applied Penetrant and Magnetic Particle Testing 3 2 3
Physical Education 1 1 2

17 13 114

Summer

United States Government
Texas State and Local Government

o»{uu
18) (VAR VY
o]0 O

Second Year

Firat Semester

Applied Physics and Mathematics III Ly 3 3
Basic Radiograrhy in Nondestructive Testing 3 3 0
Basic Ultrasonic Nondestructive Testing 3 2 3
Introduction to Quality Coatrol 3 2 3
Strength of Materials g 2 3

1 12 12

Second Semester

Industrial Psychology 3 3 0
Advanced kadiography in Nondestructive Testing 3 2 3
Advanced Ultrasonic Nondestructive Testing 3 2 3
Inspection Standards 3 2 3
Practical Problems in Nondestructive Testing 3 2 3
Eddy Current Testing 3 2 %

18 13 £

El{fcal Semester Hours: 7L i34

IToxt Provided by ERI
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Applied Communications I. (3-3-0). Language study

involving grammar, punctuation, and spelling skills
with fredﬁent exercises in the developmsnt of

accurate and precise sentences and paragraphs.
Emhhasis on composition is given in the area of
practical application.

Prerequisite: A grade of C or better in Developmental
English or equivalent, or satisfactory score on
pPlacement test.

Applied Physics and Mathematics I. (4-3-3). A basic

course focr occupationsl programs including whole numbers,
fractions, decimals, units, exponents, operational
algebra, stated problems and geometry. Applications

are made utilizing the slide rule and calculator.
Labvoratory fee charged.

Basic Principles of Nondestructive Testing. (3-2-3).

This is a basic course which investigates the purposes,
principles, and main methods of nondestructive testing.
Also studied will be the origin and significance of
discontinuities in menufactured parts.

Manufacturing Materials and Progcesses I. (3-2~3). This
is a study of the varlous materials used in the metals
and plastics industries. The course is designed to
familiarize the student with the several materials used
in manufacturing and to acquaint him with the chemical,

physical, and mechanical properties of these materials.
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A study of the various types of manufactured parts wiil
be acc~mplished. Laboratory fee chargad.

Metrology. (3-2-3). This course is decigned to provide

proficiency in the use of standard measuring tools,
fixtures, and instruments in support of inspection
activities during manufacturing processes. Techniques
for achieving accurate measurements will be investigated
to include the use of standards and references.

Health Concepts of Physical Activity. (1~1-2).

A general course in college physical education designed

to teach the biophysical values of muscular activity
through lecture and laboratory periods. In the laboratory
periods, a swimming proficiency test and a physical
fitness test are given to determine the student's future
physical education program. Required for full time,

first semester freshman. Laboratory fee charged.

Applied Communications II1. (3-3-0). Composition slanted

toward writing technlcal reports, brochures, promotional
materials, surveys, and similar projects. Attention will
be given to the preparation and delivery of speeches
pertaining to technical or businesc interest.
Prerequisite: Applied Communications I.

Applicd Physics and Mathematics II. (4-3-3).

Topics covered are review of operatiosnal algebra, coor-
dinate geometry, vectors, trigonometry, statiecs, forces,

guadratic equations, heat and properties of matter.
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Applications are made in demonstrations and laboratory.
Laboratory fee charged.

Prerequisite: Physics and Mathemetics I cr equivalent.

Manufacturing Materials and Processes I1. (3-2-3).
Fundamental and advanced manufacturing processes will
be discussed including the processing of materials
through the various stages of production. Testing,
inspsction, and quality control procedures will be’
accomplished; Laboratory fee charged.

Prerequisite: Manufacturing Materials and Processes 1.

Applied Penetrant and Magnetic Particle Testing. (3-2-3).

Included in this course is practice in penetrant and
magnetic particle testing principles, procedures,
applications, and capabilities. Students will be
familarized with the use of equipment and accessories
relative to these testing methods.

Pirrerequisite: Basic Principles of Nondestructive Testing.

Physical Education. (l1l-1~2) A Continuation of Physical

Education I.

Basic FElectronics. (3-2-3). This is a beginning course

inn elecironics and includes the fundamental principles
of direct and alternating currents used in typical
electronic circuitry. Special emphasis will be given
to circuitry principles involved in the use of nondes-
tructive testing equipment such as magnetizing currents,

eddy currents, transducers, and X~ray circuits.
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United States Governmment. (3-3-0). United States

constitutional and governmental systems are studied
for the purpose of understanding good citizen attributes.

Texas State and Local Government. (3-3-0). Texas

state, county, and municipal governments are investi-
gated ancd contrasted with other states in the union.

Applied Physics and Mathematics III. (4-3-3).

Continuation of Physical Science II with emphasis on

trigonometry, solutions to equations, complex numbers,

radicals, logarithms, energy and motion, electricity

and circuits. Applications are made in demonstration

and latoratory. Laboratory fee charged.

Prerequisite: Physics and Mathematics II or equivalent.
Radiography in Nondestructive Testing. (3-3-0).

luction to Radiogr-phy theory is studied, including
discussions and demonstrations. Field trips to
industrial X-ray and gamma ray laboratories will be
accomplished. Course covers fundamentals of radiation
safety and prote~tion; radiation measurement doses,
exposure factors and biological effects; instrumentation
and basic equlipment used in X-ray and Isotope Raediography;
requirements of state and federal regulations; and basic
radiographic and radiological techniques.
Prerequisite: Basic Principles of Nondestructive Testing,
Manufacturing Materials and Processes II, and Basic

Electronics.

A bcaiduatsnni <o e



134

Bagic Ultrasonic Nondestructive Testing. (3-2-3).

This is a laboratory course which includes basic
vltrasonic testing prirciples, procedures, applications,
and search capabilities. Equipment will be used to
explore the several testing techniques. Calibration of
test units will be included.

Prerequisite: Basic Principles of Nondestructive
Testing, Manufacturing Materials and Processes II,

and Basic Electronics.

Introduction to Quality Control. (3-2-3). This study

provides an investigation into manufacturing processes
with a view toward quality assurance and reliability
through management, nondestructive and destructive
testing techniques, and statistical control procedures.
Prerequisite: Basic Principles of Nondestructive
Testing and Manufacturing Materials and Processes II.

Strength of Materlials. (3-2~-3). This is a study of

the several mechanical properties of materials. The
course is intended to provide technical and design
students with a basic unde: standing of strength of
materials as related to parts designed. Included in
this study will be relationsnips among materials,
loads, and stresses pertaining to parts manufactured by
means of casting, forming, welding, and machining

processes. Laboratory work includes material inspection

and the use of testing equipment. Laboratory fee churged.

"Prereyuisite: Manufacturing Materials and Processes 11
and Applied Physics and Mathematics II.
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Industrial Psychology. (3-3-0). This is a study of

industrial organization and management, l!ine and
staff functions, employee-employer relations, control
techniques, labor-management policy and procedure,
effective supervision, and industrial planning. This
course is also designed to assist the student to make
the ad justment from college to employment.

Advanced Radiography in Nondestructive Testing. (3-2-4).

This course is designed as a continuation of basic
radiography and includes theory of radiographic image
formation, exposure calculution, radiographic techniques,
derkroom procedures, and film reading. Procedures are
accomplisned in advanced radlography including the use

of X-rays and isotopes applicable to various materials

and situations.

Prerequisite: Basic Radiography in Norndestructive Testing.

Advanced Ultrasonic Nondestructiw~ T ng. (3-2-3).

Advanced ultrasonic theory ana itesting techniques will
be investiguted for the purpose of illustrating the use
of equipment in flaw deteztion processes. Both contact
and immersion testing systems will be studied to include
the use of the several wave searching techniques.
Prerequisite: Basic Ultrasonic Nondestructive Testing.

Inspection Standards. (3~2~-3). Included in this course

will be a review of inspection standards related to

manufacturing processes and quality assurance, including

140
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a survey of pertinent specifications. Inspection tools,
gages, instruments, and mechanisms will be used in
illustrating the need for raintaining quality control

in industry.

Practical Problems in Nondestructive Testing. (3-2-3).

This is a laboratory problems course involving the use

of the main methods of nondestructive testing in the
search for discontinuities. FProblems are related to
typical manufacturing processes.

Prerequisite: Course or experience in Penetrant,
Magnetic Particle, Edér Current, Ultrasonic, and
Radiographic testing methods or permission of instructor.

Eddy Current Testing. (3-2-3). This is a study of eddy

current principles an electrical concepts related to
nondestructive testir Included in this study will be
eddy cuarrent testing techniques to include conductivity
measurements and discontiiulity and thickness testlng.
Also, phase and modulation ar .ysis will be investigated
along with special applications.

Prerequisite: Introduction to Basic Principles of
Nondestructive Testing, Manufacturing and Materials

Processes 1II, and Basic Electronics.
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APPENDIX A

TYPICAL PARTS THAT ARE TESTED BY NDT PROCESSES#

Agricultural Tools
Aircraft Parts

Arbors

Armor Plate

Arms

Assemblies and Sub-~Assemblies
Automotive Stressed Part:
Axles

Bars

Beams
Bearings
Beds
Billets
Blades
Blooms
Boiler Parts
Bolts

Boxes
Brackets
Brazed Fittings
Bulkheads
Busses -~ Stressed Part:
Cams= .
wvRInon t

Castings -~ All Types
Ceramics - Powder Metallurgy
Chain

Clamp

Columns

Compressor Parts
Conduits

Connectors

Containers

Controls

Couplings

Crankshafts

Cutters

Cylinders

Dies

Discs

Drives

%44

Ducts

Electrical Fittings
Electronic Fittings
Engine Blocks
Extensions
Extrusions

Flanges

Foils

Forgings

Forks

Formed Parts
Flywheels

Gesars

Guides

Guns

Handles

Hinges

Holes -~ Surfaces
Honeycomb

Housings

Hydraulic Fittings
Im ~t T~-rts
Ingous

Instrument Parts
Joirts - All Types
Ke¥x=

Kerwagys

Knusx " es

Lirxaze

Lengerons
Machiery - All Types
Mechanisms - All Types
Microstructures
Missiles

Moarrts

Mun3t ions

Nut=z

Oriztces

Pinos

Pip=

Pistol Parts
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APPENDIX A --Continued

Pistons

Plasties - All Types
Plate

Pressure Containers
Pro Jectiles
Propellers

Pulleys

Pump

Punches

Raceways

Racks

Railroad Locomotive Parts

and Cars
Ralls
Rams
Retainers
Rifle Parts
Rings
Rivets
Rockers
Reds
Rollers
Rotors
Saws
Screws
Seats
Shafting
Sheet
Ship Parts
Shoes - Machinery
Slides
Soldered Fittings
Solid Materials
Space Hardware
Space Vehicles
Spacers
Spars
Splines
Spokes
Spindles
Springs
Sprocketa
Steering Parts

Stressed Fittings - All

Stringers
Supports

#Inspections depend on

and cost.
NDT processes.

i45

Tools
Trunnions
Tubing
Turbines
Valves
Washers
Ways
Welds
Wheels
Wire
Wrenches

degree of use, stress, safety,
Highly stressed parts are inspected by
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APPENDIX P ~-Continued

Oscilloscope picture and pips
Initial impulse
Discontinuity

Back side reflection
Transducer (ultrasonic)
Wedge

Longitudinal wave

Shear wave

Surface wave
Discontinuity

Part to be insnected
Couplaht

Cable from unit to transducer

163



16l

4
—
) pegosdsut eq 01 338 J
_ £9urquoostq F
179¥2 9ABM WEBSQ TBUTPN}I3UOT (
hu““v\\\\ . 2 querdnoy 9
. Joonpsusal ¢

UOT109TJOI YOB( €V

. £9auT3u098Yd 2V
asTndwy OTUOSBIJTN TBTITUI TV
sdid edoosol1Ios) V¥

AIIONTINOOSIO 40 FHUALOId FJODSOTIIOSO

d XIaNEddY emww




£BaJB J94Y3TT §8 W[TJ U0
MOUS TTIM 348d JO sBaJI®
I91[30 fATUO TBTIUSISIJIP
S§68W 9F0T0oUS SOUTIT AsY
90UBYSIP 904NOS PUB 3dBJ
90UBYSIP WIIJ DPUB Ja8BJ
WITJ UO §BaIB I8

LARY |

£1nutquoosiq

jded

UOTI3BIPBL JO 904nN0S

< M © A B g O @

' N
‘ u& - . .\\ N
N S i S
\ e
w/ ' \‘x.m U
A M ép.
[ \ *
f
g / , T /
J
NP
\ ) — * ]
L
N “ Y
v /
\ __ \.\
vy A
/ ’ _ “
|
,,{%
1% 1)
vV

psnuTjuoo--y4 YIANHAJIJVY

178




APPENDIX S
GENERAL EDUCATION SUBJECT MATTER

Oral communication
Technical writing
Fundamentals of physics
Industrial chemistry
Fundamentals of electronics
Applied electronics

Applied algebra

Applied geometry

Applied trigonometry
Quality control

Metrology

Basic statistics
Manufacturing processes
Basic metallurgy

Heat treatment of metals
Specifications and standards
Operator equipment maintenance

Safety precautions
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APPENDIX T

ADDITIONAL SUBJECT MATTER RECOMMENDED
IN THE TRAINING OF NDT
TECHNICIANS

Acoustic Emission

Automation Possibilities

Blueprint Reading.

Jodes and Specifications

Combined Systems

Computer Support

Equipment Maintenance and Familiarization
Factory Training

Fleld Trips

Hardness Testing

Holographic ‘

Legislative Laws and Proposals
Magnetic Rubber

Microstructure Correlations
Responsibility in Detection

Safety Factors and Practices
Sensitive Detection Methods
Sensitive Instrumentation

Set-up Procedures

Signal Synthesis

Present Shortage of NDT Technicians
Stendards and Specifications
Support from Professional Organizations
Swinging Field

Updating Equipment

Vibration Analysis
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APPENDIX U

BRANCHES OF INDUSTRY THAT ARL SUPPORTED WITH
NONDESTRUCTIVE TESTING PROCESSES

Aerospace Activities

Air Conditioning Equipment
Aircraft Manufacturers (complete)
Alrcraft Manufacturers (parts and sub-assemblies)
Alrcraft Pilot Training

Air Force Bases

Airlines (freight)

Airlines (passenger)

Appliance Inspections
Architecturel

Army

Arsenals

Automotive Farts

Aviation Agencles

Sonasd Surfaces

BDridiges

Cesting

Chemical Producers

Civil iEngineering

Compressors

Communications

Corrosion Control

Drilling Companies

Electric Companies
Electro-mechanical

Elaectronics

Engine Manufacturers

Engineering Testing Laboratories
Farm Equipment

Forging and Rolling Mills
Gasoline and 0il Refiners

Gas Transmission Companies
General Engineering

General Manufacture

Ground Support Equipment (aircraft)
Heat Treating Plants

Heavy Manufacturing

Helicopter Maintenance
Helicopter Manufacturers

Iron and Steel Producers (mills)
Leasing Companies

176 18
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APPENDIX U ~--~-Continued

Machinery Producers
Machine Shops

Manufacturers (general)

Marine Products

Mechanical Fabricators

Medical -

Metal Containers

Metal Foundriex

Metallurgical Companies

Metal Parts Manufacturers

Metal Shapes Fabricators

Mining Equipment Manufacturers
Missiles Manufacturers

Munitions Manufacturers

National Aeronautics and Space Administration
Naval Air Stations

Nondestructive Testing Equipment Manufacturers
Nonferrous Metal Producers
Nuclear Plants Parts

0il and Gas Industries

Ordnance Plants

Pipeline Installations

Plastic Manufacturers

Plating Plants

Power Trensmission-

Pressure Vessels

Rallroads

Rallroad Parts Manufacturers
Refrigeration

Research Centers

Road Machinery Manufacturers
Scientific Equipment Manufacturers
Sheet Metal and Fittinga
Shipbuilders ard Shipyards

Space Hardware

Steel Production

Tank Manufacturers

Tool Manufacturers

Turbine Manufacturers

Valves and Related Parts

Vehicle Manufacturers (passenger)
Vehicle Msaufacturers (private)
Weapons

Welding Fabricators, Brazed, and Soldered Parts

177




APPENDIX V

TECHNOLOGIES RECOMMENDED FOR INSTRUCTION
IN NONDESTRUCTIVE TESTING+

W——M—_
Response
Technology
‘ No. %
Metallurgy 170 85.8
Automotive 163 82.3
Welding 163 82.3
Aerospeac: 160 80.8
Bonding 160 80.8
Mechanical 158 79.7
Machine Shop 152 76.7
Refrigeration 152 76.7
Electrical 151 76.2
Plastics 151 T76.2
Civil 150 75.7
Power Transmission 149 75.2
Production 149 75.2
Electro-mechanical 148 .7
Sheet Metal 147 4.2
Plating 15 73.2
Electronic 138 69.6

#198 respondents
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APPENDIX W

NONDESTRUCTIVE TESTING EQUIPMENT

Se#eral items of teating equipment have been selected
for each of the main areas of nondestructive testing. These
items have been recommended by industry and are available
from the indicated manufacturers. Because of the details
invclved in describing ihe ma jor items of equipment, no
specifications are ligted. It is recommended that the manu-
facturer be contacted so that brochures can be obtained which
completely describe the equipment.

All of the following equipment is not required; however,
instructors should choose from those items listed which will
Serve their training objectives. Also, a great quantity or
equipment is available; therefore, educational Personnel
should seek literature from manufacturers prior to requisi-

tioning.
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APPENDIX W-1

NDT EQUIPMENT MANUFACTURERS

Automation Industries, Inc.
10210 Monroe Drive
Dallas, Texas 75229

Branson
Progress Drive
Stamford, Conn. 06904

Cenco X-ra
40l W. 26th Street
Chicago, Ill. 60623

Custom Machine, Inc.
9200 George Ave.
Cleveland, Ohio 4l105

Dayton X-ray Company
1150 W. 2nd Street
Dayton, Ohio 45407

DuPont Company

Room 7353 :
Wilmingt,n, Deiraware 19898

Eldorado Manufacturing Co.
1935 Briarwood
Irving, Texas

GAF Corporation
14,0 W. 51st Street
New York, N. Y. 10020

Gilbert X-ray Co.
624 Hall St.
Dallas, Texas 75226

Industrial Radiographic
Supply Unlimited

P. 0. Box 746

Kenner, La. 70062

Jolern Engineering Associst
145 interprise Drive
Ann arbor, Michigan ;8103

A()d&k CO -
Rochester, N. Y.

i83e:1

Krautkramer Ultrasonics, Inc.
One Research Drive
Stratford, Conn. 06497

Magnaflux Corporation
61is5 Denton Drive
Dallas, Texas 75235

Nat. ' .1 3tatham, Inc.
92-91 Corona Ave.
Elmhurst, N. Y. 11373

Nortec
3C01l George Washington Way
Richland, Washington 99352

Pene trameters
20903 So. New Hampshire Ave.
Torrance, Calif. 90502

Philips Electronic¢ Instruments
750 So Fuiton Ave.
Mt. Vernon, N. Y. 10550

Picker Industrial
1514 Mayfield Ave.
Garland, Texas 75040

Radiation Equipment Co.
1495 01d Deorfield R4.
Highland Park, Ill. 60035

Seifert X~-ray Corporation
P. 0. Box 124
King of Prussia, Pa. 19,06

Sewmour's Photo
610l Camp Bowie
Fort Worth, Texas 76116

Tac Te¢r'.1iical Instrument
Gt~ wgtion
Secben ad

Zi.ntos, N. J. 08628



APPENDIX W-1 ~-Continued

Varian
611 Hansen Way
Palo Alto, Calif. 94303

Victoreen Instrument Division
iv .1l Woodland Ave.
Cleveland, Onio Ll 104

W. H. Henken Industries

L15 Lillard Lane
Arlington, Texas

i380
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