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Foreword

This study guide is imended o aid
individuals preparing to take the Basic
Exanmination as part of the process of becoming
certified as an ASNT NDT Level I in one or
more NDT methods. Tt is equally useful for
persons preparing to take a Basic Level 11
Examination under an employer’s personnel
qualiBcation and certification (PQ&C) program
per SNT-TC-1A.

The matcrial in this study guide addresses
the body of knowledge included in the Basic
Examination administered under the ASNT
NDT Level T certification program. The
ASNT NDT Level T certification program is a
service, offered by the American Society for
Nondestructive Testing, Inc., that gives
mnspection personnel an opportunity to have
their familiarity with the principles and
practices of NDT assessed by an independent
body. The program uses an independent body
1o revicw credentials and uses comprehensive
wrillen examinations to identify those persons
who meet the criteria for becoming an ASNT
NDT Level III for cach NDT method. Method
examinations are offered in:

Acoustic emission testing (AE)
Electromagnetic lesting (ET)
Infrared/Thermal testing (IR)
Leak testing (LT)
Liquid penctrant testing (PT)
Magnceic particle testing (MT)
Neutson radiographic testing {(NR)
8. Radiographic testing (RT)
9. Ultrasonic testing (UT)
10. Vibration analysis testing (YA)
11. Visual and optical testing (VT)

O e e £

The ASNT NDT Level 111 certification
program requires satisfactory completion of a
4-hour Basic Examination, Ten dilferent
methods examinations are givea with durations
of 2-4 hours, depending upon each method’s
complexity. To be eligible to take the ASNT
NDT Level 11l examinations, persons must

qualify by virtue of their documented education
and experience.
‘The Basic Examination covers:

1. the administration of personnel
gquahification and certification
programs (hased on the most recent
issuance of SNT-TC-74 and
ASNT CP-189),
general principles and applications of
cemminon NIYT methods, and
3. basic matenals and technology

Processes,

foe)

Each Method Examination covers:
fundamentals und principles,
techniques and applications, and
procedures interpreiation.

frd Tl —

How to Use the Study Guide

Each section of this study guide begins with
a discussion of the topical matenial, followed
by a list of technicul liierature references and a
set of representative multiple-choice questions
covering both the material in the study guide
and information taken from the cited
references.

The user should read through the text of the
study guide and if the discussion covers
unfamiliar material, the referenced setections
should also be read and studicd. Finully, the
questions at the end of each section should be
answered, Success in answering the guestions
will help the user to determine the need for
more or less concentrated study in particular
detailed arcas. Persons who are [amiliar with
some of the topics may wish to go directly to
the questions. If they can be apswered
confidently and correcily, reading the matertal
may be optional,

This study guide is designed (o assist
individuals in their preparation for the ASNT
NDT Level 111 Basic Examinatien. It is not
intended to be their only source of preparation.
"The study guide provides a general averview of
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subject matter covered by the examination so Level 11, This is in contrast to the person who

that students can identify those areas of the has met the criteria of their employer and who
body of knowledge in which they need further  are identified as the employer’s Level I or
study. just Level IT1.

Note that references to persons who have
met the criteria for the Level HI centifications
issued by ASNT are called ASNT NDT



Section 1
Administration of a Personnel Qualification and

Certification Program
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ASNT CP-189 {1995), ASNT Standurd for Qualification and Certification of Nondestructive
Testing Personnel, 1995 Edition. Columbus, OH: The American Society for Nondestructive
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*This reference is available from ASNT,
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Chapter 1
Administration of a Personnel Qualification and
Certification Program

Quatification and certification of NDT
personnel, based on some standardized
approach that is recognized and agreed to by
buyers and setlers of NDT-related inspections,
is widely practiced throughout indusiry.
Recommended Practice No. SNT-TC-1A,
Personnel Qualification and Certification in
Nendestructive Testing was the first document
widely used for this purpose. Another
document initially issued by ASNT in March
1991 and reissued in December 1995 i
ASNT CP-189, ASNT Standard for
Qualification and Certification of
Nondestructive Testing Personnel. This
document is different from SNT-TC- 1A in that
it is an ANSI Standard and it contains a
minimal set of clearly defined requirements
that must be satisfied in their entirety. The
Basic Examination of the ASNT NDT Level 11T
certification program addresses the most recent
editions of both of these documents.

SNT-TC-1A, 1996 Edition and
ASNT CP-189 (1995), will be analyzed
paragraph-by-paragraph in the following
sections, Selected inquiries and responses taken
from pubhshed interpretations offered by the
SNT-TC- 1A Interpretation Pancl are included to
assist individuals understand some of
SNT-TC-1A’s philosophical intentions. The
responses should be considered as clarifications
of intent of the recommended practice. The
inguiries and responses are verbatim the way
they were written in the year indicated in the
inquiry number. They do not address
subsequent changes made to later editions of
SNT-TC-1A. No such interpretations have been
published for CP-189.

The general structure and sorne of the details
of the ASNT NDT Level 11T certification
program and how it supports the manner in
which SNT-TC-{A and CP-189 are
implemented throughout industry are also
covered in Chapter 3.
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Chapter 2
Recommended Practice No. SNT-TC-1A

History of SNT-TC-1A

The reasons for which SNT-1C-JA was
created and the manner in which it evelved
were described in an article published in
Muterials Evaluation, October 1968, Vol. 26,
No. 10, pages 12A-14A, by Harold Hovland
and Carl B. Shaw, titled, “How to Qualify and
Certify NDT Personnel.” The following
excerpts outling how this important
recommended practice came into existence.

With the increasing complexity and number
of nondestructive test methods in use and with
greater reliance upon nondestructive testing,
industry has nct been able to recruit and train
persanne! in large enough numbess and in a
timely fashion to fill the need. Many customers
found that they were not receiving the
nondestructive test examinations they feit they
had paid to receive.

Large segments of the economy, such as the
Government and prime contractors, found it
expedient to put the responsibility for the
training and qualification and verification of the
gualifications of nondestructive test personne
upon the manufacturer. This resulted in the
generation of a number of documents dealing
with the question of the training, qualification,
and certification of nondestructive test
personiel. Although these documents all pertain
to the same subject and have the same
objective, in their details they were often
conflicting, thereby causing undug cost to
American industry.

Beginning about 1959, a few corporations,
government agencies, and other technical
societies inquired of ASNT as to whether the
training and qualification of nendestructive test
personnel was properly the domain of the
Society.

tn 1961, the Society, through its Technicat
Council, assigned a Task Group 10 study the
feasibility of preparing a document that would
deal with the training requirements and the
documentation thereof far the qualification of

nondestructive test personnel .. the Task Group
endeavored to prepare a recommended practice
which coutd contain the consensus of expert
opinion regarding the training of personnet and
an average of requirements for formal
sducation, time for on-the-job training, and
documentation.

The resulting SNT-TG-14 is a recommended
practice for the qualification and certification of
nondestructive test personnel. It provides a
format which industry can follow in writing an
individualized procedure for the qualification and
certification of personnel which meets the needs
and requiremments unique to each segment of
industry.

Contents and Intended Uses of
SNT-TC-14

The following information has been
excerpted from the same article cited above.
The text of this article has been modified to
include changes made in subsequent editions of
SNT-TC-1A.

It is intended that SNT-TC-1A serve as a
guide for each employer user in preparing their
specific personnel qualification and certification
document {procedure or written practice),

SNT-TC-1A sets forth a scope and definitions,
it lists the test methods, and it explains the
various levets of qualitications. The primary
document also details the manner in which
personnel are examined and certified. The
question arises, ‘how do | document
certification in my particular procedure?’ The
point to remember here is that the procedure as
written by any user of this document must
satisfy the requirements of their company and
must be acceptable to the company’s
customers. Within this context, certification may
take any one of several forms. It may consist
merely of the records of the training programs
and the exarninations and the grades of the
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examinations, |t may require a certificate that
states explicitly that a particular person is
qualified to a given level for a specific method. It
may take the form of a card upon which an
employer certifies the level of training and
qualification of its persennel.

The employer has the same responsibility for
the qualification and certification of its NOT
personnef as it has for the preduct. For
example, even though an employer may
purchase a complete product and sell this
preduct under the company’s own name, the
employer still bears full responsibility to the
customer for the guality of that product and for
the product being what the company purports it
to be. The employer may elect to purchase
components and assemble them and sell the
result as a compiete product; then again, the
employer may manutacture all components of
the product. In any of these cases, the employsr
bears a ceriain responsibility. The employer is
responsible that what is being sold is indeed
whal it is claimed to be, that it will meet certain
requirements of quality, that it will not harm the
vser, and that it will not destroy the user’s
property.

The employer may choose to exercise any of
these preragatives in the training, qualification,
and certification of its personnel. The company
may employ persons previously trained and
certity these people; however, the responsibility
would be the same as if they had been trained
and quafified by the employes. Ideally the
employer will conduct a training program as
recommended in the documents, will examine
these persons, and will certify as to their
qualitication to do the work. The employer will
exercise this responsibility through a person in
the organization who is qualified as a Level Hi,
and who is qualified to train or provide the
training of the personnel under them and to
exercise judgment as to the qualification of
these personnel.

From a factual point of view, very few
employers using nondestructive testing persons
will conform exactly to all the specific
recommendations outlined in the document.
Deviation from the recommendations of
SNT-TC-1A should be documented in the
employer's written practice. A recommendad
outline is provided for training programs in each
of the NDT methods. The employer may elect to
send its employees to a schoof or short course
to receive these. The emptoyer may elect to

write its own training program and conduct it at
its own facilities. Again, as was stated with
regard to certification, the responsibility for the
adequacy of the training course content lies with
the employer.

Representative examination guestions are
available from the Society. Each question cites
the training reference used to identify the
correct answer. 1t is intended that a qualified
Level |1} use selected questions comparable fo
those found on these lists to examine inspection
personnel 1o be sure they understand the
training material. The Level I may decide to
reword the questions or 10 substitute questions.
In addition to the general examination, a specific
written examination is required. It is intended
that the specific examination reflect the
equipment that is used by the employee being
examined, that it refiect the requirements of the
procedures nermally used by the employer, and
that it satisty the specific requirements of any
customer of the employer,

A Practical Examination is also necessary.
The Practical Examination is primarily a
hands-on test and an examination to determine
that the examinee understands and knows how
to use the written procedures and the
equipment. Test objects should be
representative of 1hose that the inspector will
most likely encounter, Critical points of
reference should be predetermined for which
the examinee witl be graded in their Practicai
Examination. This may inciude such things as
close adherence to the procedure, action taken
when the procedure cannot be followed,
handling of the parts being tested, interpretation
of test resulls, disposition and the manner in
which a report is written.

Note the emphasis in the foregoing text on
the intent that SN7-TC- 1A should be used as a
guidcline, not as a fixed requirement, This is
reaffirmed on the front cover of SNT-TC-1A
where the following statement is found:

This document is intended as a guideline
tor employers to estabtish their own
written practice for the qualification and
certification of their NBT Personnel. It is
not intended to be used as a strict
specification,



Overview of SNT-TC-14, 1996
This section provides a paragraph-by-

paragraph overview of SNFTC-14 incfuding
excerpts from the document (in quotations and
a different font), popular inquiries and official
responses provided by the ASNT Interpretation
Panel, general comments by the author, and
review questions. The SNT-TC-1A
Interpretation Panel Chairman is the Chairman
of the Personnel Qualification (PQ) Division
and the Vice-Chairman of the Interpretation
Panel is the Vice-Chairman of the PQ Division.
The membership consists of a representative of
1he Technical Council, a representative of the
Certification Management Board, the E&Q
Council officers, PQ Division Committee
Chairman (if pertaining to the specific method),
a representative of the Standards Development
Commiltee, and the Secretary of the PQ
Division.

Analysis of SNT-TC-14, Foreword

Excerpt from the Fereword

The Foreword of SNT-TC-1A appears on the
first page inside the fron cover and states:

This recommended practice establishes the
general framewark for a qualification and
certification program. In addition, the document
provides recommended educational, gxperience,
and training requirements for the different test
methods. Supplementary documents include
question and answer fists which may be used in
composing examinations for nondestructive
testing personnel.

This recommended practice is not intended to
be used as a strict specification. 1t is
recognized, however, that contracts require
programs which meet the intent of this
docusment. For such contracts, acceptability of
an employer's program must be agreed upon hy
purchaser and supplier.

The verb “should” has been used throughout
this document to ernphasize the
recommendation presented herein. It is the
employer’s responsibility to address specific
needs and to modify these guidefines as
appropriate in a written practice. in the
empioyer's written practice, the verb "shall" is to
be used in place of “should” to emphasize the
employers needs.

Chapter 2, Recommended Practlice o

Analysis of SNT-TC-1A, Sections 1,2,
and 3

Excerpts from Sections 1, 2, and 3

———

12

13

14

SMNT-TC-1A 1%

Scope

It is recognized that the effectiveness of
nondestructive testing (NOT) applications
depends upon the capabilities of the
persons who are responsible for, and
perform, nondestructive testing. This
Recommended Practice has been prepared
to establish guidelines for the gualification
and certification of nondestructive testing
personnel whase specific jobs require
appropriate knowledge of the technical
principies underlying the nondestructive
tests they perform, witness, monitor, or
gvaluate.

This document provides guidelines for the
establishment of a qualification and
certification program.

These guidelines have been developed by
the American Society for Nondestructive
Testing to aid employers in recognizing the
assential factors to be considered in
gualifying employees engaged in any of the
test methods listed in Section 3.

It is recognized that these guidelines may
not be appropriate for certain employers’
circumstances and/or applications. In
developing a written practice as required in
Section 5, the employer should review the
detailed recommendations presented hesein
and modify them, as necessary, to meet
particular negds.

Definitions

Terms included in this document are

defined as follows:

1. Certification: written testimony of
gualification.

2. Certifying Authority: the person or
persons properly designated in the
written practice to sign certifications
on behalf of the employer.

3. Certifying Agency: the employer of the
personnel being certified.

4. (losed-book Examination: an
examination agministered without
access o reference material except for
materials supplied with or in the
examination.
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Comparable: being at an equivalent or
similar level of NOT responsibility and
difficulty as determined by the
employer's Level H!.

Documented: the condition of being in
written form.

Employer: the corporate, private, or
public entity which employs personnel
for wages, salary, fees, or ather
considerations.

Experience: work activities
accomplished in a specific NDT
method under the direction of qualitied
supervision including the performance
of the NDT methad and retated
activities but not including time spent
in organized training programs.
Outside Agency: a company of
individual who provides NDT Level Hi
services and whose qualifications to
pravide these services have been
reviewed by the employer engaging the
company or individual.

Qualification: demonstrated skill,
demonstrated knowledge, documented
training, and documented experignce
required for personnel 1o properly
perform the duties of a specitic job.
Recommended Practice: a set of
guidefines to assist the employer in
developing uniform procedures for the
qualification and certification of NBT
personnel to satisfy the employer's
specific requirements.

Training: the organized program
geveloped to impart the knowledge
and skills necessary for qualification.

3. Nondestructive Test Methods

3.1 Qualification and certification of NDT
personiel in accordance with this
Recommended Practice is applicable o
gach of the following methods:

1.

Acoustic Emission Testing (AE)

2. Electromagnetic Testing {ET)

—_——

S OwWoe =MW W

. Leak Testing (LT}
. Liguid Penetrant Testing (PT)
. Magnetic Particle Testing (MT)

Neutron Radiographic Testing (NR)

. Radiographic Testing (RT)

. Infrared/Thermal Testing (IR)
. Ultrasonic Testing (UT)

. Vibration Analysis Testing (VA
. Visual and Optical Testing (VT

Inquiries for SNT-TC-IA, Section 1

NOTE: The responses of the SNT-TC-1A
Interpretation Panel are subject to the statement
in the Scope of SNT-TC-1A, paragraph 1.4, “Tt
is recognized thai these guidelines may not be
appropriate for certain cmployers’
circumstances and/or applhications. In
developing a written praclice as required in
section 3, the employer should review the
detatled recommendations presented herein and
shall modify them, as necessary, to meet
particular needs.” The inquiries must be stated
in general terms only, because the
Interpretation Panel cannot serve as a referee
between a buyer and seller or otherwise
become involved in any specific case.
Inguinies are numbered to include the year of
the inquiry and always refer to the edition of
SNT-TC-IA in effect in that year, unless
otherwise stated in the question. SNT-TC-1A
was published in these years: 1968, 1975,
1980, 1984, 1988, 1942, 1996, 2001.

1. Inquiry 76-4

In paragraph i.l, note the statement
regarding “personnel whose specific jobs
require appropriate knowledge of ... the
nondestructive tests they perform, witness,
monitor, or cvaluate.” The SNT-TC-1A
Interpretation Panel acted on the following
inquiry about this section.

Inquiry:

Paragraph 1.1 of SNT-TC- /A refers 1o
individuals who “perform, witness, monitor, or
evaluate” nondestructive tests. Is it intended
that individuals whose principal functions are
10 witness, monilor, or evaluate nondestructive
tests be qualified in the same manner as those
whose principal function is to perform
nendestructive tests?

Response:

1t is intended that the employer designate
through the written practice specific jobs that
require knowledge of the technical principles
of nondestructive testing. The employer should
test the statement of paragraph 1.1,
“... personnel whose specific jobs require
appropriate knowledge of the technical
principles underlying the nondestructive tests
they perform, witness, monitor, or evaluate,”
apainst the specific job elements of the
personnel in question in order to establish
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whether or not the specific job requires
knowledge of nondestructive testing.

2. Inquiry 80-8

Paragraph 1.4 very clearly statcs the intent
that the detailed recommendations of
SNT-TC-1A should be reviewed and modified
by the user to satisfy unique reeds. This
allowance was originally incorporated in
recognition of the fact that each manufacturer
or each service organization has a different
clientele. Customer or chientele requirements
ultimately determine what Js acceplable
between buyer and seller, even to the details of
qualifying NDT personnel. An inquiry related
to this is as tollows:

Inguiry;
Is our company’s specific written practice
acceptable?

Response:

It is against ASNT policy to judge the
applicability of company documents, As a
general comment, it is the employer’s
prerogative to establish criteria for certification.
It is then the customer’s prerogative 1o accept
or reject those criteria.

3. Inquiry 78-7

ASNT has received frequent inquirics from a
variety of sources regarding mandatory
impositien of the recommendations of
SNT-TC-1A into firm and inflexible
requircments. By design, this document lists
recommendations which are intended to be
used selectively in support of the individual
needs of cach employer. However, due in part
to such requests for some Lype of mandatory
requirements document, ASNT-CP-189 was
developed as a Standards document that
cstablishes the minimum requirements for the
qualification and certification of NDT
personnel. ASNT always intended that the
recommendations of SNT-TC-JA bec applied
with {lexibility and reason, recognizing that
husiness enterprises often may need to satisfy
differing customer requirements,

Inguiry:

1. Should personnel who operate (ultrasonic)
digital thickness measorement equipment
be qualified and certified?

2, To what Level should such personned be
centitied?

3. Does ASNT anticipate a change in
SNITC- 1A that would provide specific
recommendations for qualifying and
certifying such personnel?

Response:

1. Whether any NDT personnet should be
certified depends solely upon the needs of
the employer and the requirements of the
emplover’s customers or clientele.

2. Likewise, the Level to which personnel
should be cenified depends upon the same
factors as in 1., above. Note that paragraph
4.1 of SNT-TC-1A provides for subdivision
within the Levels as needed.

3. Paragraph 1.4 and paragraph 4.1 of
SNT-TC-1A are intended to provide the
employer with adequate flexibility 1o
accommodale a variely of special needs as
documented in the written practice. While
the Recommended Training Course
Outline of SNT-TC-1A does not
specifically address digital thickness
measurement, the principles of pulse-echo
techriques arc those involved. The
training course vutline does provide for
instraction in the employer’s specific
equipment uses, and, as with the
remainder of SNT-TC-JA, the training
course outline should be modified if
necessary to meet employers’ specific
needs.

4. Inquiries 80-4 and 80-8

Two other inquiries pertaining (o this
concept. Both inquiries have the same
response.

Inguiry (80-4):

NDT examiners in our employ who perform
examinations using liquid penetrant use only
the visible dye, solvent-removable, penctrant
technique, Since our examiners do not have
need to be qualified in the cther liquid
penetrant techniques, 1s it permissible to
modify the number of general and specific
questions as well as the hours of training and
work experience 1o satisly requirements of
SNT-TC-1A for Level T and Level 1T examiners?
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Inquiry (80-8):
May an employer deviate from the
guidelines to meet his specific necds?

Response:

The answer to both of these questions is:
Yes, in accordance with paragraph 1.4 of
SNT-TC-1A. the cmployer should medify the
giidelines to meet Ins needs,

General Comments about SNT-TC-JA,
Sections 2 and 3

In section 2, Definitions, cach of these terms
should be carefully studied. Some do not
clearly vnderstand the difference between
qualification and certification. Considering
each term as representing a process, the process
of qualifying personnel involves assessment of
the adequacy of the skills, training, and
experience of personnel being considered for
certain tasks. The process of qualifying may
require that education and training be imparted
on such personncl. Assessment of gualifications
often requires that the personnel be examined.
Following the process of qualification,
individuals meeting or exceeding the minimum
quatification requirements of the cmployer can
be certificd, That is, the employer provides
evidence that a qualifying process was
followed. Such evidence backs up the
employer's assertion that certain individuais
are qualified to perform certain critical
functions and is the employer’s “certification”
that the evidence of gualification exists.

Fundamental in free enterprise is the tenet
that producers of goods and suppliers of
services are ultimately responsible for the
quality and eftectiveness of such goods and
services as well as bearing responsibility for
shortcomings and failures. Therefore,
regardless of the details of the processes by
which individuals became qualified, the direct
employer of the persunnel being certified must
bear the cnd responsibility for conferring a
certification and, thereby, can be the only
“certifying agency.” Such absolute
responsibility does not preclude the use of
outside services by employers to assist in
imparting and/or assessing qualifications of
individuals being certified. The vse of outside
services does not relieve the employer from
responsibility, nor can the employer abrogate or
delegate this responsibility to an outside
agency.

SNT-TC-IA has been referenced by certain
codes and specifications 1o be used, in effect,
as a model for employers to develop a written
practice concerning some method of NDT not
currently covered in SNT-TC-1A.

Review Questions for SNI-T(-14,
Sections 1, 2, and 3

Based on the foregoing discussion, answer
the following questions relating to SNT-TC-1A
and the administration of a qualificatien and
certiftcation program in NDT.

Q.1-1 Which of the following statements is
true concerning the usage of
SNI-TC-1AT

a. SNT-TC-1A is intended for use by 4
limited set of industrial segments.

b. SNT-TC-1A was generated to satisfy
the specification requirements of
ASME.

c. SNT-TC-1A was last revised in
1988.

d. SNT-TC-1A is not intended to be
used as a strict specification.

Q.1-2 The SNT-TC-14 Interpretation Panel
will respond to inquiries about
SNT-TC-1A. The inquiry must be:

a. written and stated in general terms.

b. written including specific details of
the case, e.g., names, places, dates,
and other pertinent facts,

¢. considered by the ASNT Board of
Directors if it involves decisions
that would place ASNT in a position
between buyer and seiler.

d. ruled upon by the Technical Council
of ASNT before the SNT-TC-JA
Interpretation Panel prepares a
response.
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Q.1-3 Which of the following statements is
true?

a. ASNT has been providing
certification examinations for
Level 111 persennel since the late
1960s.

b, SNTTC-1A was first published in
the late 1960s.

¢. SNT-TC-IA requires that Leve] 111
personnel be qualified and certified
by ASNT.

d. SNTTC-1A wus developed 1o
satisty requirements for NDT
personnel gualification and
certification set forth in pants of the
ASME Boiler und Pressure Vessel
Code.

e. Al of the above are true.

Q.1-4 With regard to the training of NDT
personnel, the employer:

a. must conduct &l of the traiming on
the premises.

h. may engage an outside service who
must conduct the training on the
cmployer’s premises.

¢. sheuld not conduct the training,
heing too close to company's
problems.

d. may engage an outside service but
15 nevertheless responsible for the
certification of the company’s NDT
personnel.

Q.1-5 SNT-TC-14 1s intended as a guideline

for employers:

a. to establish their own written
practice that must be used as a strict
specification.

b. to establish their own written
practice for the qualification and

certification of their NDT personnel.

¢. 1o define training course
requirements for contractors

performing outside training services.

d. who are corporate members of
ASNT.

¢. to impose upen their suppliers as a
mandatory requirement.

Q.1-6 The following is a statement in
SNT-TC-1A, "1 is recognized that these
guidelines may not be appropriate for
certain employers’ circumstances and/or
applications.” What should be done if
the guidelines are net approprate?

Q.1-7

Q.1-8

a.

L&)

The employer must change its
vperations to conform to the
ouidelines.

The employer must seek reliet from
ASNT for inappropriate
applications.

The employer should review the
detailed recommendations and
modily them, as necessary. to meet
its particular needs.

The employer shall submit an
inquiry in writing directed to the
SNT-TC-1A Interpretation Panel.

Which of the following statements is
not true?

Certification is wniten lestimony of
qualification.

Qualification is the skill. training,
and experience required for
personnel to properly perform the
duties of a specific job.

The employer s the corporate or
private entity that employs
personnel [or wages or salary.

A certifying agency is any
organization used by an employer in
training NIDT personnel.

Training is a prograni developed to
impart the knowledge and skills
necessary for qualification.

Who shoutd be responsible to assess
whether or not an individual should be
qualifted and certified who does not
perform NIYT but monitors and
evaluates NDT?

vme o

ASNT.

‘T'he individual's cmployer,

A government regulatory agency.
The customer’s auditor,

None of the above.
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(0.1-9 To which of the following NDT
methods is SNT-TC-1A currently not
apphcable?

c D T

Visual and optical testing.
Infrarcd/Thermal testing.
Acoustic emission lesting.
Electromagnetic testing.
Holographic testing.

Q.1-10 ASNT intended that the
recommendations of SNT-TC-1A be
apphied:

cae

o=

with flexibility and reason,
precisely as writien.

as minimum requirements.

as maximun requirements.

only when work is being done in
accordance with a code or
specification,

Q.1-11 Of the following, which is most
appropriate to determine the needs to
qualify and cenify personnel whose
only NDT function is to operate digital
thickness cquipment?

o e

=N

ASNT.

ASME.

The employer.

The customer.
None of the above,

(2.1-12 Certification 1s:

a.

the skill, raining, and expenicnce
required for personnel to properly

perforin the duties of a specific job.

written testirnony of qualification.
intended 10 be conferred by an
organtzation independent from the
employer.

intended 10 be conferred by an

organization hired by the employer.

intended to be conferred by ASNT
NDT Level 11T personnel only.
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Q.1-13 Use of SNT-TC-1A is mandatory when:

a. the material being tested is for a
UL.8. Air Force contract.

b. the material being tested is for a
.S, Navy contract.

¢. it has been specified by the
custnmer.

d. the material being tested is for a
U.S. Army contract which requires
certification of NDT personnel.

e. any of the above cases occurs.

Analysis of SNT-TC-14, Section 4

Excerpt from Section 4

4
41

42

43

Levels of Qualification

There are three basic levels of gualification.

These levels may be furiher subdivided by

the empioyer for situations where

additional levels are deemed necessary for
specific skills and responsibilities.

While in the process of being initially

trained, qualified, and certified, an

individual should be considered a trainee. A

trainee should work with a certified

individual. A trainee shalt not independently
canduct, interpret, evaluate or report the
results of any NDT.

The three basic levels of qualification are as

follows:

1. NDT Level | — An NDT Leve! |
individual should be qualified to
properiy perform specific calibrations,
specific NOT, and specific evaluations
for acceptance or rejection
determinations according 10 written
instruetions and to record resulls. The
NDT Level § should receive the
necessary instruction or supervision
from a certified NOT Level Il or 1
individual.

2. NDT Level [l — An NDT Level I
individual shouid be gualified to set up
and calibrate equipment and to
interpret and evatuate resufts with
respect to applicable codes, standards,
and specifications, The NODT Level ||
should be thoroughly familiar with the
scope and limitations of the methods
for which gualified and should exercise
assigned responsibility for on-the-job
training and guidance of trainees and
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NDT Level | personnel. The NDT
Level H shouwld be able to organize and
report the results of NDT.

3. NDT Level I — An NDT Level 11
individual shouid be capable of
gstablishing techniques and
procedures; interpreting codes,
standards, specifications, and
procedures; and designating the
particular NDT methods, techniques,
and procedures to be used. The NDT
Level IHl should be responsible for the
NDT operations for which qualified and
assigned and should be capable of
interpreting and evaluating resulis in
terms of existing codes, standards,
and specifications. The NDT Level 1]
should have sufficient practical
background in.applicable materiats,
fabrication, and product technelogy to
estabiish technigues and to assist in
establishing acceplance criteria where
none are otherwise available The NDT
Level HI should have general famitiarity
with other appropriate NDT methods,
as demonstrated by the ASNT NDT
Level HI Basic examination or other
means. The NOT Level Il in the
methods in which certified, should be
capable of training and examining NDT
Level | and Level !l personnel for
certification in those methods.

[nquiries for SNT-TC- 14, Section 4

Several inquirtes have been hardled by the
SNT-TC-1A Interpretation Panel regarding
section 4. NOTE: Inquiries are numbered to
include the year of the inquiry and always refer
to the edition of SNT-TC-14 in effect in that
year, unless otherwise stated in the question.
SNT-TC-1A was published in these years: 1968,
1975, 1980, 1984, 1988, 1992, 1996, 2001.

1. Inquiry 76-3
Inguiry:

Is it the intent of SNT-T(-1A that the Level 1
NDT persons described in paragraph 4.3(a) of
the 1975 Edition of this document be the same
as the Level | individual described in the
SNT-TC-iA (1968 Edition) paragraph 4.1(x)}
with both having the same capabilities?

Response:

Yes. The changes in wording between the
1975 and the 1968 versions of SNT-TC- A,
insofar as the duties and capabilitics of Level I
personnel] are concerned, were intended only to
clurify the intent of the document. None of
these changes in wording were intended as
substantive changes.

Note: As versions of SNT-TC-7A change, the
old is replaced by the newer version with
corrections to be addressed at recertification
time. See Inquiries 78-2, 80-14 and 85-2.

2. Inguiry 76-5
Inguiry:

In accordance with SNT-TC-1A (1975
Edition), may a Level T NDT person who has
been tramed, qualitied, and certified in
accordance with SNT-TC-1A (1975 Edition) be
the sole person 10 perform, evaluate, and sign
for final acceptance of NDT examinations in
accordance with written procedures and
acceptance standards with occasional
surveillance and guidance from a Level 11 or
1

Response:

Yes. The intent in SNT-TC-fA is that the
Level I person may perform the above
functions provided they are in accordance with
written procedures and so documented in the
employer’s written practice.

3. Inquiry 78-9
Inguiry.

Is il intended that personnel currently
certitied as NDT Level III within the guidclines
of SNT-TC-1A who also regularly perform
Level 11 functions be qualified as
recommended in paragraphs 8.2, 8.5.2, 8.6, and
9.77

Response:

[t is the opinion of the Interpretation Panel
that personnel currently certified as Level III
may regularty perform Level 11 functions
without specifically being qualified as Level 11
as recommended 1n paragraph 8.2, 8.5.2, and
8.6 of SNT-TC-1A. However, as recommended
n paragraph 9.7, all levels should be
periodically recentified.
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General Comments about SNT-TC-IA,
Section 4

limplicit in the definitions of Level I,
Level I, and Level 11F as outlined in paragruph
4.3.1,432, and 4,3.3 is the concepl that the
qualifications for Level [1T equal and exceed
those of Level i The employer must be
satisfied with the preficiency of any individual
at any Levet to handle work tasks. SNF-TC-1A
ts not intended for use to determine an
individual’s proficiency. It is intended as a
guidetine to establish qualifications.

Review Questions for SNT-TC-1A, Section 4

(Q.1-14 The basic levels of qualification
recommended by SNT-TC-1A are:

a. Trainee. Level 1, Level 11, Level 111
b. Trainee, Apprentice, Level I,
Level 1], Level 11
c. Level I, Level 11, Level 11
d. none of the above.

(.1-15 Should personnel that operate ultrasonic
digstal thickness measurement
equipment be qualified and ceriified?

a. Yes, because SNT-TC-1A requtres
that all personnel performing NDT
be qualified and certificd.

b. No, because SNI-TC-JA does not
cover that specific operation.

c. Only if required by mdustry codes,
standards, and specifications.

d. Whether any NDT personnel should
be quatified and certificd depends
solely upon the needs of the
employer and the requirements of
the employer’s customers or
clicmele.

Q.1-16 According to the recommendations of
SNT-TC-1A, which of the following s
true concerning a Trainee’s activities?

a. The Traimee may not conduct
nondestructive tests independently,
and may not report test resulis,

b. The Trainee may not conduct
nondestructive tests independently,
but may interpret test results if
acting under writlen instructions,

¢. The Trainee should work along with
a certified individual, and may be
considered a Level |, provided that
the certified individual co-signs any
test reports.

d. The Trainee should work along with
a certified individual and may
perform any activities as directed by
the certified individual.

e. Trainees arc not covered in
SNT-TC-1A.

().1-17 According to SNT-TC- 1A, which of the
following is not true for a Level [H?

a. Shall be capable of assisting in
establishment of acceptance criteria.

b. Must train and ¢xamine the Level 1
and II personnel in his/her
organizalion.

¢. Should be familiar with other
commonly used NDT methods.

d. Shall be capable of establishing
techniques and sclection of test
methods,

(.1-18 According to wrilten instructions, an
NDT Levei I may be qualified to
perform:

specific calibrations.

specific nondestructive tests.
specific evaluations.

all of the above. and write reports of
test results.

e. onlya, b andc.

aenoe



Q.1-19 May a Level I independently perform,

cvaluate, and sign for results of
nondestructive tests with supervision
and guidance from a Level IF or [

a. Yes. the intent in SNI*TC-1A is that
the Level I may perform the above
functions provided that they are in
accordance with writtet instruction
of a Level 111 or designee.

b. No, the Level I may perform the
above [unctions in accordance with
written procedures, but must be
under constant supervision and
guidance of a Level IT or Level I11.

¢. No, the Level I may not sign for test
results.

d. No, the Level 1is not aliowed to
take any independent action.

e Yes, provided that the Level 1
receives detailed verbal instructions
from the Level Il or 111 and
demonstrates his capability 10
follow the mstructions.

Q.1-20 Which of the fellowing statements is

true concerning the definitions of
Level 1, 11, and 11 in SNTF-TC-1A?

a. The gualifications for Level 11
cqual and exceed those of Level 11

b. SNT-TC-1A was intended for use by
employers to determine the
proficiency of individuals w each
Level.

c. Except for a provision for a Traince,
Levels I, IT, and 11 may not be
further subdivided. Level 1TI's may
not perform Level 11 functions
unless they pass Level 1
€Xaminations,

d. Both a and ¢ are true.

(Q.1-21 Which of the following is not within the

scope of activities of a Levet I}
indtvidual, as recommended in
SNT TC-1A?

a. Calibrate equipment.

b. Prepare writtcn instructions.
¢. Estblish techniques.

d. Provide training.
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Q.1-22 As recommended in SNT-TC-14, a

Level 1L

4. may conduct on-the-job training and
guidance of Level 1 personnel, with
the Level I training and guiding
Trainces,

b. is responsible for the training and
examination of Level I personnel
for certification.

<. must be capable of and responsible
for establishing techniques.

d. all of the above are true.

e. none of the above are true,

Q.1-23 According to SNT-TC-1A, which of the

following is true for a Level 1117

2. A Level Il must have successfully
completed at least two years of
science or engineering study at a
college or university.

b. 1t is desirable that a Level Tll be a
registered professional engineer.

¢. The Level I is responsible for
cstablishing all acceptance criteria.

d. The Level 111 shall he capable of
evaluating test resulis in terms of
codes, standards, and specifications.

e, Al of the ahove are trie.

Analysis of SNT-T(C-1A, Section 5

Excerpt from Section 5

5. Written Praclice

2.1

52

5.3

5.4

The employer shall establish a written
practice for the control and administration
of NDT personnel training, examination,
angd certification.

The employer's written practice should
describe the responsibility of each level of
certification for determining the
acceptability of materials or components in
accordance with the applicable codes,
standards, specifications, and procedures.
The employer's written practice shall
describe the training, experience, and
gxamination requirements for each level of
certification.

The employer’s written practice shall be
maintained on file.
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Implicit in the use of SNT-TC-1A is the
requirement tiat the empleyer shall develop a
wrillen practice. SNT-TC-/A provides the
guidelines; the written practice sets forth the
details. When departures from SNI-TC-1A

guidelines are made, the writien practice should

record the departure. It is good practice to

record all departurcs, cven when they represent
situations in excess and/or with greater strength
than the tecommendations of SNT-TC-1A.

Review Questions for SNT-TC-14, Section 5

Q.1-24 In accordance with SNT-TC-14, who is

responsible for establishing a written
practice for the control and
administration of NDT personnet
training, examination, and centification?

The NDT Level 111

‘The employer.

ASNT.

An appropriate regulatory authorty.

o TR

L4

.1-25 The responsibility of cach level of

centification for determining the
acceptability of matertals or
components:

a. need not be described in the
employer’s writlen practice since
those responsibilities are defined
specifically in SNT-TC-{A.

b. should be described in the
cmployer’s wrilten practice only if
they are different from SNT-TC-1A
recommendations.

c. should be described in the
employer's written practice under
all circumstances.

d. should be described in the
employer’s written practice if
dictated by custamer requirements.

Analysis of SNT-TC-1A, Section 6

Excerpt from Section 6

6.
6.1

Education, Training, and Experience
Requirements for Initial Qualification
Candidates for certification in NDT should
have sufficient education, training, and
experience 1o ensure qualification in these
NDT methods in which they are being

6.2

6.3
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considered for certification. Documentation
of prior certification may be used by an
employer as evidence of qualification for
comparabie levels of certification.
Documented training and/or experience
gained in positions and activities
comparable to those of Levels |, |}, and/or
1} prior to establishment of the employer’s
written practice may be considered in
satisfying the criteria of paragraph 6.3.

To be considered for certification, a
candidate should satisfy one of the
following criteria for the applicable NDT
level:

1. NDT Levels | and Il

Table 6.3.1A lists the recommended

training and experience factors to be

considered by the employer in
pstablishing written practices for initial

gualificaticn of Level | and Level Il

individuals.

Table 6.3.1B lists alternate training and

experience factors which may be

considerad by the employer in
establishing written practices for initial

qualification of Level | and Level Il

individuals.

2. NOT Level il

a. Have graduated from a minimum
four-year college or university
curriculum with a degree in
engineering or science, pius one
year's experience in NDT in an
assignment comparable to that of
an NDT Level Il in the applicable
test methed(s), or:

b. Have completed with passing
grades at least two years of
engineering or science study at a
university, college, or technigal
school, plus two years experience
in assignmenis at least comparable
to that of NDT Level Il in the
appiicable test method(s}), or:

¢. Have four years’ experience in NDT
in an assignment at jeast
comparabte to that of an NDT
Level Il in the applicable testing
method(s).

The above Level 1i} requirements may

be partially replaced by experience as a

certified NDT Level 11 or by

assignments at least comparable to



Chapter 2, Recommended Practice No. SNT-TC-1A 25

Table 1, Initial Training and Experience Levels [same as Table 6.3.1A in
Recommended Practice No. SNT-TC-1A (1996)]

Initial Training {Hours)
Completiun With a
Tassing Grade of at
Least 2 Years of
Engineering or Science
High Schoeol Study in a University,
Lixaminatiun Graduate or Coliege or Technical Experience Level**
Method Level Technique Equivalent School (Months)
AE 1 40 32 3
i 40 40
ET 1 40 24 3
1 40 40 9
LT 1 BT 2 2 +
I BT 4 2 0.5
1 PCT 24 t6 1.3
1 PCT 16 12 4
1 HDLT 12 8 1.5
] HDLT 8 6 4
1 MSLT 40 8 4
a MSLT 24 16 6
MT 1 12 5 ]
1] 3 4 3
NRT I 28 20 6
1] 40 40 24
PT | 4 4 1
n 8 4 2
RT 1 39 29 3
il 40 35 9
TIR I 40 36 3
1 40 35 18
ur 1 40 30 3
I 40 40 9
VA 1 24 24 6
1 80 50 24
VT 1 8 4 ]
1 16 8 2
Technigques: BT = Bubble Test
PCT = Pressure Change Test
HDLT = Halogen Diode 1Leak Test
MSLT = Mass Spectromeier Leak Test
* = 2 hours
** = Work Time Expetience Per Level
Nines:
(1) Yor Level 1] certification, the experience shall consist of tire at Level | or equivalent. [f a person is being qualified direcily to Level 31 with
no time at Level [, the required experience shall consist of the sum of the hours required for Level § and Level 1.
(2} Listed training hours may be adjusted as described in the cmployer's written practice depending on the candudate’s acrual education level,

)]

)

¢ g., grammar school, college graduate in engineening, eic.

Initial experience may be gained simullaneously in two of more methods if

{a) the candidate spends a minimum vf 25% or work time on each method for which cernfication is sought, and
) the remainder of the work Bme claimed as experience is spent in NDT-related activities defined in the employer’s written praclice.
Training shall be outlined in the employer’s written practice.
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Table 2, Alternate Initial Training and Experience Levels [same as Table 6.3.1B
in Recommended Practice No. SNT-TC-1A 9 (1996)]

Tnital Training (Hours)
Cumpletion With a
Passing Grade of at
Teast 2 Years of
Engincerning or Science
High School Study in a University,
Examination Graduate ¢r College or Technical Experience Level**

Methexd Level Technigue Equivalent School (Menths/Hours)
AE 1 40 32 210

Il 40 40 97630
LT 1 40 24 ¥z

)l 40 40 9630
LT | ar 2 ? */3

1 BT 4 2 0.5/35

| PCT 24 16 1.5/105

m PCT 16 12 41280

1 HDLT 12 8 L5105

i} HDLT ] 4] 47280

1 M5L] ar 23 4/280

I3 MSLT 24 16 6/420
MT 1 12 8 1170

I 8 3 3210
NRT 1 28 20 6/420

1l 40 40 1680
PT i 4 3 1770

1| 8 4 2140
RT 1 39 29 37210

n 40 35 /630
TIR I 40 36 0

1 40 35 1871260
uT I 40 30 210

)] 40 40 %630
VA 1 21 24 6/420)

I 30 56 24/1680
vT 1 8 4 1/70

1 16 8 2140

Technigues: BT = Bubble Test

* = one (§) day

T = Wark tme expenience pon level shall be required over the tme frame in 142 to 3 wmes the ronths shown and shall incTade a minimwn of the

FCT = Pressure Change Test

HNDLT = Nalogen Diode keak Test
MSLT = Mass Spectromerer Leak Tesr

hours shown in the specific methed for which certification is sought.
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NDT Level | in other methods listed in
Section 3 of this Recommended
Practice as defined in the employer's
written practice.

See Table 1, Recommended Initial Training
and Experience Levels and Table 2, Alternate
Initial Training and Experience Levels.

Inguiries for SNT-TC-14, Section 6

Section 6 has elicited a relatively Jarge
number of inquiries to the SNT-TC-JA
Interpretation Panel. NOTE: Inquiries are
numbered i include the year of the inquiry and
always refer to the editien of SNT-TC-14 in
effect in that year, unless otherwise stated in
the question. SNT-TC-1A was published in
these years: 1968, 1975, 1980, 1984, 1988,
1992, 1996, 2001.

1. lnquiry 77-4
fnguiry:

May the experience requiremenis expressed
as “certificd NDT Level 117 in paragraph
6.3.1(b}, (c), and {d) of the 1975 Edition of
SNT.TC-1A be considered to include
experience gained in “an assignment
comparable 10 that of an NDT Level 1" [as
stated in paragraph 6.3.2(2)] in deternining the
prerequisite requirements of a candidate for
certification as a Level 1117 1f so, may this
acceptance of experience in “an assignment
comparable 1o be extended to include similar
subparagraphs under paragraph 6.2.3 of the
earlier editions of SNT-T(-/A?

Respense:

Paragraph 6.2 of the 1973 Editien of
SNT-TC-1A states, “Documented training
and/or experience gatned in positions and
activities equivalent to those of Level 11, or
Level IT1 prior to establishment of the
employer’s writien practice and a certification
program in accordance with his document shall
be considered as satisfying the criteria of
Paragraph 6.2.1 and 6.3.” If documentation was
net produced during such prior experience, an
affidavit or other suttable testimony regarding
such experience may be evaluated by the
employer to aid in determining equivalence.
This response applies to the 1975 Edition and
all prier editions of SNT-TC-1A.

2. Inquiry 76-1
Inguiry;

Table 6.2.1A contains the statement, “Credit
for experience may be guined simultancously
in two or more disciplines. The candidate must
spend at Jeast 25 percent of his work time on
each discipline for which experience is being
claimed.” Qur question is this: Over what time
period does the term “simultancously” apply”

Response:

The employer’s wrilten practice should
specify the time period over which
simultancous experience shall be credited.

3. Inquiry 78-3
Inguiry:

With reference to the note in Table 6.2.1A.
“Credt for experience muy be gained
stmultaneously in two or more disciplines. The
candidate must spend at Jeast 25 percent of his
work time on each discipline for which
certification is being claimed,” is it intended
that an individual being qualified in only one
methed could obtain the work time experience
in 25 percent of the times tabulated in
Table $.2.1A7

Response:

No, an individual being qualified in enly one
Method should spend at Icast 25 percent of his
work time in that method and should obtain the
total work time experience as recommended in
consccutive months as though the remainder of
his wosk time was spent in qualifying for other
NIYT methods simultaneonsky

4. Inquiry 76-2
Inguiry:

I.  For requalification of Level I and 11 NDT
personnel, does paragraph 0.2.1 imply that
you must keep continuous records by the
hour showing that the individuat has
continuously spent at least 23 percent of
his work time working in each method to
which qualified?

2. Because of the 25 percent used in the note
10 Table 6.2.14, it has been implied that
an individual at maximum could be
qualified in only four methods, and this
would be true only if he could show that
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exactly 23 percent of his work time was
spent in each of four methods. Was this
the intent of SNT-TC-1A?

Response:

1. No. Table 6.2.} A applies only to initia]
experience required for qualification; 11 1s
not applicable to requalification.

2. No. The candidate may be qualified in as
many methods as desired. The 25 percent
work time experience only applies to the
work time experience required for initial
qualification in each level for cach
method. The 25 percent is not applicable
and is not required for the individual to
remain qualified in a particular method at
a specific quatification level.

5. Inguiry 80-3

Inguiry:

A candidate spends 50 percent of his time
performing radiography, 23 percent performing
magnetic particle examinations, and the
remaining 25 percent performing liquid
penetrant examinations. At the end of a one
month period, assuming a 144 hour month, is
Method A or Methed B a correct computation
of working time experience for centification to
a Level | rating?

Method A: The candidate claims work time
experience of 144 hours for cach of the three
methods.

Method B: The candidate claims work time
experience of 72, 36, and 36 hours for
raiography, magnetic particle, and liquid
penetrant, respectively.

Response:

The method described in Method A s that
intended by the SNT-TC-JA. In other words, the
examiner may claim full-time for all the NDT
methods in which he works simultaneously. It
is not intended that he claim time for work
hours spent in work other than nendestructive
testing.

6. Inguiry 80-6
Inquiry:

Table 6.2.1A for SNT-TC-1A provides:
“credit for experience may be gained
simultaneously in two or more disciplines. The
candidate must spend at least 23 percent of his

work time on each discipline for which
experience is being claimed.” Does this
statement mean (as it regards Level I PT) that
if the candidate is already a qualified Level [ or
Level II radiographer, the ene month work
experience can be reduced 1o 44 hours?

Response:

1t is the intent of this statement that a
candidate may take credit for work performed
in two methods simultanecusly because of the
knowledge interchange factor believed to be
present in such activities, Il is not intended that
an examiner certified in one method could at
some time later reduce the requirements for
certification in another method except as
defimed in the employer's written practice.

7. Inquiry 79-1
Inquiry:

In maintaining records, if an individual is
working simultaneously in more than one
method, should the records reflect the total
time spent for each method or should the time
be divided proportionately for each of the
methods? For example, if an individual spent
50 percent of his time on ultrasonic testing and
50 percent of his lime on radiographic testing
for a period of 9 months, would the record
show experience in UT of 4.5 months or
9 months?

Response:

Itis intended that the cmployer's written
practice should include details of maintaining
records, It is intended that records should
reflect the facts of each individual’s work time
with regard to the amount of time spent on
each Methed and the periods of time during
which the work was performed.

8. Inguiries 79-14 and 79-15
Inguiry:

Is it intended per SNT-TC-14 (1975 Edition)
that the time spent in a laboratory exercise
during a long term NDT course be considered
the only qualifying work time experience?

May the faboratory time be given any credit
at all as “work time experience” 1o satisfy the
requirements in Table 6.2.1A?
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Response:

It is not intended that Yaboratory experience
in an educational program be directly applicd
to the work time experience. Laboratory
experience is pot necessarily applicable fo the
employer’s product or to the specific codes,
stundards, or specifications in use. However. In
recognition of the benefits zeeruing from
laboratery experience, the employer may
include such consideration for adjustment to
the work experience in his wrillen practice.
Should the employer decide 1o do so, he should
thoroughly evaluate the carriculum 1o
determine its applicabibiy.

General Comments about SNT-TC-1A,
Section 6

Paragraph 6.3.1, like the rest of SNT-TC-1A,
is only a guide. The employer’s written
practice should detail all such requirements,
which may differ from the recommendations of
paragraph 6.3.1.

Inquiry 1 points to consideration given in
SNT-TC-1A to ke initial establishment of &
forma) qualification and certification program.
Paragraph 6.2 recognizes that prior to
establishing a program and a written practice,
the employer may have provided training as
well as other essentials of quahfying NDT
persenmel without formal procedures. Henee,
documentation of such activities could provide
evidence of the equivalence of prior activities
with those recommended in SNT-TC-1A.
Paragraph 6.3.1.1, 6.3.1.2, and 6.3.1.3 use the
phrase “... in an assignment at least comparable
1o that of an NDT Level 11 ..." Trs other words,
the experience can be “comparable 1o that of an
NDT Level II7 if documentation can be
produced that evidences the comparability.

Inquiries 2 through 8 all question in one way
or another the intent undetfying the note in
Table 6.3.1, “Initial experience may be gained
simultaneously in two or more methods if the
candidate spends a minimum of 25 percent of
his work time on each method for which
certification is sought.”

Where an individual is doing NDT and only
NIDT full-time, the note and the responses to
the inquiries are clear. The rationale behind the
apparent reduction in total hours spent doing
one method of NDT when other NDT is being
done is that « synergistic effect is recognized.
Full-time involvement in several methods of
NDT can produce more effective experience in

cach method by virtue of the interrelationships
among the methods and the effect of full-time
attention to NDT. Consider the case of an
individual who 1s assigned full time to one
methed of NDT. Frequently, what is learned by
experience in the first few days or weeks Is all
that is learned. Further on-going experience
may just be repetition of what was learned
during an initial period. On the other hand, an
individual alternating his/her work experience
between two or Lthree (or more) methods may
ubtain more varicd and more interrelated
expericnce wilh the expericnce in each method
reinforcing the expericnee in the others, This
individual is also receiving more “real hours™
of training. if he/she is preparing 10 quality in
more than one method. Similar synergistic
cffects are possible.

Unfortunately, the situation that is not
precisely covered involves personnel who are
utilized in performing NDT part-time and some
other nonrelated function for the remaining
time. For example, suppose a small
manufaciurer has been manufacturing items
that have not required NDT. Deciding 1o
expand its product line, the manufacturer
makes a product that requires one methed of
NDT and decides to procure the necessary
equipment to perform NDT with existing
inspection personnel. For the sake of
continuing this scenario, suppose that the
manufacturer decides to train and qualify a
dimensional inspecior to do the NDT. Further,
supposc that the ND'T will only occupy 25 to
30 percent of the inspector’s time with the
remainder spent doing dimensional mspection.

It cannot he definitely concluded that the
individual in this example is not benefiting
from this divided experience to the extent of an
individual working full-time in NDT. However,
some feel that there is such a rationale and that
such differences in the content of expericnee
should be considered. If so, the experience time
recommended for such cases should be
extended o approach or equal the total
experience time recommended. If the
recommended experience time for the
particular method of the example is one month,
then the employer’s wrilten practice might
prudently require that, regardless of elapsed
time, the individual would be gualified only
after having spent 173 hours {one work mornth)
in actual performance of NDT.
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For initial qualification in one, Iwo, three, or
even four methods simultancously, amld if the
individual is working full-time in performance
of NDT, the emplayer should state in its
written practice their specific approach to the
consideration of interrelated und simultaneous
experience.

Review Questions for SNT.TC-1A, Section 6

(2.1-26 What factors are to be considered to
ensure that a candidate for certification
in NDT understands the principles and
procedures involved?

a.
b.

C.

Training, experience. and education
Training, experience, and prior
certifications held

Education, experience, and
percentage of time on the job deing
NDT

Traming, experience, and
professional credentials

Training, cxperience, and familiarity
with the employer’s product and
cuslormer requirements

Q.1-27 As recommended in SNT-TC-1A, which

of the following is true?

a.

h.

Overtime cannot be considered in
mecting the minimuam experience.
Overtime can only be considered if
the candidate is being qualified in
more than one method
simultanecusly.

Overtime can be credited based on
totad hours.

SNT-TC-1A does not currently
provide a reccommendation
regarding overtime.

Q.1-28 High school education is recommended
as & minimum reguirement for:

an e

Level 11l only.

Level 1l and Levet ITT only.
none of the levels.

all three tevels.

ASNT Level Hil Study Guide: Basic

Q.1-29 In lcak testing, recommended work
time experience and training:

differs for each of four major
lechnigues.

does rot consider different
technigues.

is listed for Levels If and [l enly.
is significantly greater than for
ultrasonic testing.

Q.1-30 It is recommended that the education
and experience of a Level 11 candidate
mnclude;

a.

<.

graduation from a 4-year university
or college with a degree in
engineering or science college or
university plus I yeurs’ experience
in NDT comparable to that of a
Level L

graduation from a 4-year college or
university with a degree in NDT
plus 3 months’ experience in NDT
comparable 1o that of a Level T

2 years” experience in NDT
comparable to that of a Level [T if a
high school graduaitc.

6 years’ experience in NDT if the
candidate did not graduate from
high school.

both a and b.

Q.1-31 Records substantiating qualification are
recommended 10 be kepl on a;

cCeECoR

daily or weckly basis.
monthly or hourly basis.
fractional yearly basis,
fractional hourly basis.
none of the above.

Q.1-32 For a person being qualified directly to
Level 11 with no time at Level 1, the
recommended cxpenence consists of:

T

o

=

the time recommended for Level 11
the time recommended for Level 111,
the sum of the times recomimended
for Level I and Level I1.

not less than 6 months for any
method.

the sum of the ttmes recommended
for a Trainee and Level 1
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Q.1-33 In some cases, the training times
recommended for Level I are greater
than for Level 1I. Why?

a. In preparing for qualification at
Level I, the candidate should always
receive more training than for
Levet 11, regardless of the NDT
method.

b. Some nombers in the table arc
EITONENLS.

¢. Candidates for Level I generally
have more formal education than
those for Level 1.

d. Some methods require moere jnitial
training at Level I because of
differences in complexity and
manipulative skills.

Q.1-34 The recommended number of training
hours in a particular method are:

a. listed as a function of the
candidate’s education.

b. the same regardless of the
candidate’s education.

¢. Hsted as a function of the
candidate’s experience.

d. reduced if the candidate is being
qualified in more than one method
simultaneouvsly.

e. increased if the candidate is not
working full-time in NDT.

Analysis of SNT-TC- 1A, Section 7

Excerpt from Section 7

7. Training Programs

7.1 Personnel being considered for initial
certification should complete sufficient
crganized training to become thoroughly
tamiliar with the principles and practices of
the specified NDT method related to the
level of certification desired and applicable
to the processes to be used and the
products to be tested.

7.2 The training program shoutd include
sufficient examninations to assure that the
recessary information has been
comprehended.

7.3 Recommended training course outlines for
Levels |, 11, and Il personnel and
recommended references which may be
used as technical source material follow in

the Recomnmended Training Courses
section of this Recommended Practice,

7.4 The employer who purchases outside
training services is responsible for assuring
that such services are in accordance with
the employer’s written practice.

Review Questions for SNT-TC-1A, Section 7

(.1-35 1t is recommended that a training
program for gualification and
certification purposes should include:

a. organized training in the principles
and practices of the method.

b. training applicable (o the practices
1o be used and the products to be
tested.

c. examinalton to verify that the
training matenial has been
comprehended.

d. all of the above.

¢, omy aandc.

Q.1-36 Recommended training course outlines:

4. are included in SNT-TC-JA and
must not be modified.

b. are not included m SNT-TC-IA.

c. arc not available for visual and leak
testing.

d. are included in SNT-TC- 1A for the
methods listed.

Q.1-37 For candidates with different
educational backgrounds, recommended
instruction periods are:

a. the same regardless of educational
background.

b. the same regardless of educational
background, but different for Level
I and Level 11

¢. different based on cducational
background.

d. different hased on educational
background, but the same for
Level I and Level WL
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(Q.1-38 Recommended training reference

matenal:

a. 1s available only through ASNT.

b. is available from a varicty of
SOUTCeSs,

c. can only include those references
listed.

d. must be made available to each
trainee.

e. is completely contained in the
Nondestructive Testing Handbook.

.1-39 The recommended training course

subject outline includes:

a. technical principles of the method.

b. procedures and equipment usage.

. technical principles and
interpretation of indications.

d. technical principles and eguipment
usage.

¢. a combination of all of the above.

Analysis of SNT-T(-1A, Section 8

Excerpt from Section §

8. Examinations
8.1 Administration and Grading

1

An NDT Level HI individual shalt be
responsible for the administration and
grading of examinations specified in
Section 8.3 through 8.8 for NDT

Level I, 14, or other Level IH personnel.
The administration and grading of
examinations may be delegated to a
qualified representative of the NDT
Level HI and so recorded. The actual
administration and grading of Level |1
exarminations specified in 8.8 may be
performed by a gualified representative
of the employer.

For Level | and Il personnel, &
composite grade should be determined
by simple averaging of the results of
tha general, specific, and practical
examinations described below. For
Level [l personnel, the composite
grade should be determined by simple
averaging of the results of the hasic,
method, and specific examinations
described below.

Examinations administered for
qualification should result in a passing

composite grade of at least 80 percent,
with no individual examination having
a passing grade less than 70 percent.
When an examination is administered
and graded for the employer by an
outstde agency and the oulside agency
issues grades of pass or fail only, on a
certified report, then the employer may
accept the pass grade as 80 percent
for that particular examination,

The employer who purchases outside
services is responsible for assuring
that the examination services are in
accordance with the employer's written
practice.

82 Vision Examinations
1,

Near-Vision Acuity. The examination
should assure natural or corrected
neat-distance acuity in at least one eye
such that the appficant is capable of
reating a minimum of Jaeger

Number 2 or equivalent type and size
fefters at a distance of not less than
12 in. {30.5 cm) on a standard Jaeger
test ¢hart. The ability 10 perceive an
Ortho-Rater minimum of 8 or similar
test pattern is also acceptable. This
should be administered annually.
Color Contrast Differentiation. The
examination should demonstrate the
capability of distinguishing and
ditferentiating contrast among colors
or shades of gray used in the method
as determined by the employer. This
shoufd be conducted upon initial
certification and at three-year intervafs
thereatter,

8.3 General (Written — For NDT Levels 1 and 11}

The general examinations should
address the basic principles of the
applicable method.

In preparing the examination, the NOT
Level 1l should select or devise
appropriate questions covering the
applicable methed 1o the degree
reguired by the employer's written
practice.

The minimum number of guestions
which should be given is shown in
Table 3.

8.4 Specific (Written - For NDT Levels | and 1)

The specific examination should
address the equipment, operating
procedures, and NDT technigues that



Table 3, Questions for Level 1l
Method General Examination Specific Examination
Level 1 Level II Tevell Level Ii

Acoustic Emission 40 40 20 20
Electromagnetic Testing 40 40 20 20
Leak Testing 20 20

Bubble 15 15

Pressure Change I3 15

Halogen Diede 15 15

Mass Spectrometer 20 40
Liquid Penetrant 30 30 20 15
Magnetic Particle 30 30 20 15
Neutron Radiographic 4 40 15 15
Rudiographic 40 40 20 20
Inlrared/Thermal 40 40 20 20
Ultrasonic 40 40 20 20
Vibsation and Analysis 40 40 20 60
Visual 30 30 20 20

8.5 Practi
1.

the individual may encounter during
specific assignments to the degree
required by the employer's written
practice.

The specitic examination should also
cover the specifications or codes and
acceplance criteria used in the
employer's NDT procedures.

The minimum number of questions
which should be given is shown in
Table 3.

cal (for NDT Level 1 and [1)

The candidate should demonstrate
familiarity with and the ability to
operate the necessary test equipment,
record, and analyze the resultant
information to the degree required.

At least one selected specimen should
be tested and the results of the NDT
analyzed by the candidate.

The description of the specimen, the
test procedure, including checkpoints,
and the results of the examination
should be documented.

NDT Level | Practical Examination.
Proficiency should be demonstrated in
performing the applicable NOT on one
or more samples approved by the NDT
Level Hi and in evaiuating the results
to the degree of respansibility as

86

described in the employer’s written
practice. At least ten (10) different
checkpeints requiring an
understanding of test variables and the
employer’s procedural requirements
should be ingluded in this practical
examination,

NDT Level H Practical Examination.
Proficiency should be demonstrated in
selecting and performing the
applicable NDT technique within the
method and interpreting and evaluating
the results on one or more samples
approved by the NDT Level HI. At least
ten {10} different checkpoints requiring
an undesstanding of NDT variables and
the employer's procedural
requirements shoutd be included in
this practical examination.

Sample guestions tor general examinations

are presented in separate Supplements to
SNT-TC-1A (Q&A Books) which can be
obtained from ASNT Headquarters. These
questions are intended as examples only
and should not be used verbatim for
gualification examinations.

8.7 All Levei I, 1l, and Il written examinations
should be closed book except that
necessary data, such as graphs, tables,
specifications, procedures, and codes, may
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be provided with or in the examination,
(uestions uvtilizing such reference materials
should require and understanding of the
information rather than merely locating the
appropriate answer. All questions used for
Level 1 and Level tl examinations should be
approved by the responsible Level H1.

88 NDT Level I} Examinations

Basic Examinaticn {required only once

when more than one method of

examination is taken). The minimum
number of questions is as follows:

a. Fifteen (15) questions relating to
understanding the SNT-TC-1A
document,

b. Twenty (20} questions relating to
applicable materials, tabrication,
and product technology.

¢. Twenty {20) questions that are
simifar 1o published Level i
questions for other appropriate
NDT methods.

2. Method Examination (for each
method}.

a. Thirty {30) questions refating to
fundamentats and principfes that
are similar to published ASNT NDT
Level I1l guestions for each
methed, and

b. Fifteen (15) questions relating 1o
application and establishment of
techniques and procedures that are
similar to the published ASNT NDT
Level Il questions for each
meihod, and

c. Twenty (20) guestions relating to
capability for interpreting codes,
standards, and specifications
relating to the method.

3. Specific Examination {for each
method).

a. Twenty (20) questions relating to
specifications, eguipment,
iechniques, and procedures
applicable to the employer’s
product(s) and methods employed,
and to the administration of the
employer’s written practice.

h. The employer may delete the
specific examinaticn if the
candidate has a valid ASNT NDT
Level HI certificate in the method
and if decumented evidence of
gxperience exists, including the
preparation of NDT procedures to
¢odes, standards, or specifications
and the evaluation of test resuits.

4. Avalid endorsement on an ASNT NDT

Level HI certificate fulfilis the

examination criteria described in 8.8.1

and 8.8.2 for each applicable NDT

method.
8.9 Reexamination
Those failing to attain the required grades
must wait at least thirty (30) days or
receive suitabie additional training as
determined by the NOT Levet |1t before
reexamination.

Inquiries for SNT-TC-1A, Section 8

NOTE: Inquiries are numbered (v include
the year of the ingquiry and always refer to the
edition of SNT-TC-IA in effect in that year,
unless otherwise stated in the question. SNT-
TC-1A was published in these yéa;s: 1908,
1975, 1980, 1984, 1988, 1992, 1996, 2(4}1.

1. Inquiry 78-1
Inguiry:

If a Level IT examination is administered to
a Level I individual, is there a need, when that
individual is eligible for Level [I Certification,
to readminister the same Level [T examination
provided that all other criteria, for example,
education, training, and experience, have been
satisfied?

Response:

[t is not intended that the individual should
be reexamined, provided that the original
Level II examination was passed and all
applicable requirements of the employer’s
written practice have been met per
paragraph 8,1 of SNT-TC-JA.

2. Inquiry 79-13
Inquiry:
If an employee performs NDT to multiple

codes, specifications, and acceptance standards,
is it necessary to include questions relating to
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each code, specification, or acceptance
standard in this specific examination?
Paragraph 9.6.1(c) requires records of
educational background to be included in
personned records. Is information supplied by
the employce (Le., such as a résume or
employment application) satisfactory evidence
of educational accomplishinents or is
conclusive evidence (i.e., such as a copy of a
diploma or transeript) required for veritication?

Response:

It is the intent of paragraph 8.2(c2) that the
specific examination cover all cades,
specifications, and acceptance standards
applicable 10 the employee’s activities.

3. Inquiry 79-2

nguiry:

Since NDT Level III general cxamination
questions in some methods are available from
ASNT (Questions and Answers for Qualifying
NDT Level 1T Personncl, October 1977), 1s it
intended that the Level 111 questions referred to
in paragraphs 8.4 and 8.5.3(a) be selected from
those published by ASNT?

Response:

it is intended that the recommended
30 questions devised by the examiner for the
appropriate method [paragraph 8.5.3(a)] be
devised or selected as appropriate to the degree
required by the employer’s writlen practice. As
with all questions and answers provided by
ASNT, those mentioned are suggested as
guidelines and supplied as an aid to employers
in preparing examinations. It is intended that
the provisions of paragraph 8.4 be superseded
when guestions of a character unique to
Level M1 qualifications as delineated in
paragraph 4.3(c) are devised or selected by the
employer for use in the Level I11 General
Examination. The additional 30 questions from
Level II questions for other applicable NDT
methods as recommended in paragraph 8.5.3{a)
are intended to be selected from methods other
than that for which the candidate is being
examined. It is intended that the employer use
such questions to determine that the candidate
has sufficient knowledge of other NDT
methods that might be applicable to the
employer's particular circumstances. For
example, it could be appropriate that a

candidate being examined for Leve] {11
qualification in a particular method be required
to demonstrate basic knowledge in one or more
other methods in order 1o “designate the
particular (est method and technigue to be
used.” See paragraph 4.3(c).

4. Inquiry 86-2
Inguiry:

In reference 10 the practical cxamination,
there are several upproaches that may be taken.
For example, grades on checkpoints could be
given as 1 (correct} or ) (incorrect) or could e
given in a graduated fashion, say from 110 3,
depending on the correctness and efficiency of
the application. Which approach is correct?
Could a yuestionnaire for which writlen
answers woubd be prepared as an alternative
method of grading be used?

Response:

Please refer o paragraphs 8.5.1{c} and
9.6.1¢f). Either of the proposed grading
methods is permissible depending on the needs
ol the employer. Other approaches may also be
1aken. The approach which meets the needs of
the employer should be described in his written
practice and followed for the practical
examination, The last technique proposing a
questionnaire for which wrilten answers would
be prepared would fall more appropriately
under the specific examination category.

Review Questions for SNT-TC-1A, Section §

(2.1-40 In accordance with SNT-TC-1A, the
NDT {.evel Il shall be responsible for:

a. grading individual certification
examinations,

b. training and examination of NDT
Level [ and Level I1 personnel.

c. all uestions to be used on
examinations for Level T and
Level 11

d. all of the above.
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Q.1-41 Which of the following may conduct
and grade examinations for Level T and
f.evel II personnel?

i

C.

d.
c.

An NDT Level 1L

A selected representative of the
NDT Level 11,

ASNT personnel because they offer
cxaminations on a regular basis.
All of the above.

Both a and b.

().1-42 O the following personnel, who can
administer the near-distance, visual
acuity exarmnation using the reading
card with Jaeger letters?

d.

An NDT Level 111

A sclected representative of the
NDT Level 1.

A plant nurse, if so designated by
the NDT Fevel 111

All of the above.

Q.1-43 As recommended in SNT-TC-1A,
physical examination requirernents are
mtended to be:

a.
b.
c.

d.

E.

the same for all methods.

the same for all employers.

related to each employer’s specific
needs.

as specified in applicable sections of

the ASME Boiler and Pressure
Vessel Code.
as stated in all of the above.

Q.1-44 The general examination is intended to
cover:

a.

h.

basic test principles unique to the
empioyer’s needs.

Only the material included in the
training course outlines of
SNT-TC-IA.

the equipment operational
capabilitics of the candidate.

the operating procedures that the
candidate may encounter in his job.
all of the above.

ASNT Level lil Study Guide: Basic

Q.1-45 Questions and answers available from
ASNT are intended for use in
compiling:

a.
b.

c.
d.
<.

the Generad Examination onty.

the Specific, Practical, and General
examinations.

the Basic and Mcthod examinations.
the General znd Basic examinations.
the General, Basic, and Method
examinations.

().1-46 Which of the [ollowing parts of Level I
and Level 11 examinations should be

written?

a. The General and Specific.

b. the General und Practical.

¢. The General, Specific, and Practical.
d. Only the General.

Q.1-47 The practical examination is
recommended to include eperational
familiarity with test equipment and
analysis of test results for:

a.
b.
¢
d.
e.

Levels I, I}, and I

Levels [ and 11.

Levels IT and LLL

Trainees, Level I, and Level 1.
Trainces, Levels 1, 11, and 1.

Q.1-43 Which of the following staterments is
true with regard to the administration of
wrillen examinations?

a.

The examinee should not be
permitted access 10 any reference
material.

Reference dats may be supplied for
the practical examination only.
Level 111 personnel should be
required to memonze everything
except codes, specifications, and
procedures.

Codes, specifications, and
procedures may be provided to
examinees for reference during
examinations provided that they do
not contain dala that can be used to
answer questions in the general
examination.
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Q.1-53 For Level HI Basic Examinations. it is

).1-49 For the written cxaminations, tables,
graphs., and charts:

i
b.
C.

d.
c.

may be nsed during Level 1
examinations.

may be used during Level 11
CXUMINAlions.

may he used during Level TH
examinations,

may be used duzing all of the above.

may not be used.

Q.1-50 For Level T and Level I Practical
Examinations, one or more test
specimens are recommended and the
examinee should perform tests and
evaluations using the appropriate
equipment and test specimens. The
minimum number of different
checkpoints recommended is:

L=

20.
none of the above.

Q.1-51 In certificatien of Level 1 personnel
according to the recommendations of
SNT-TC-1A, the employcr:

a.
b.
c.

d.

must give writlen examinations.
musi give General and Specific
examinations.

may deletc the Specitic
Examination.

can waive writlen examinations if
oral examinations are given in their
place.

Q.1-52 For Level I and II examinations, the
recommended minisnum composilc
score is:

pow

60 percent.
90 percent.
70 percent.
&0 percent.

recommended that Eevel IT questions
also be included. These questions
should be:

a. in addition 10 those for the
particular Method Examination, and
should be based on other applicable
NDT methods.

b. based on Level I tasks for the
particular Method Examination.

c. selected at random from questions
previously used on Level 11
examinations.

d. given only if the candidate is heing
examined in more than one method.

Analysis of SNT-TC-1A, Section 9

Excerpt [rom Section 9

9.
9.1
9.2

9.3

34

Cedification

Certification of all levels of NDT personnel

is the responsibility of the employer.

Certification of NDT personnel shall be

based on demonstration of satisfactory

qualification tn accordance with Sections 8,

7, and 8, as modified by the employer’s

written practice.

At the oplion of the employer, an outside

agency may be engaged to provide NDT

Level 11l services. [n such instances, the

responsibility of certification is retained by

the empoyer.

Personnel certification records shall be

maintained on file by the employer and

should include the fallowing:

1. Name of certified individual.

2. tLevel of cedification and NDT method.

3. Educational background and
experience of cerlified individuals.

4. Statement indicating satisfactory
completion of training in accordance
with the employer's written practice.

5. Resutts of the vision examinations
prescribed in paragraph 8.2 for the
current certification period.

6. Current examination copy(ies) or
gvidence of successful completion of
the examinations.

7. (ther suitable evidence of satisfactory
qualitications when such gualifications
are used in lieu of the specific
examinaticns prescribed in 8.8.3(b} or
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as prescribed in the employer's written

practice.

8. Composite grade(s) or suitable
evidence of grades.

9. Dates of certification and/or
recertification and the dates of
assignment ta NDT.

10. Signature of employers certifying
authority.

9.5 Recertification

1. All levels of NDT personnel should be
recertified periodicaily in accordance
with one of the following criteria;

a. Evidence of continuing satisfactory
performance.

b. Reexamination in those portions of
the examinations in Section §
deemed necessary by the
employer’s NDT Level 111

2. Recommended maximum
recertification intervals are:

a. Leveis|land ll- 3 years

b. Level Il - & years

3. NDT personnel may be reexamined any
time at the discretion of the employer
and have their certifications extended
or revoked.

4. The employer's writien practice should
include rules covering the duration of
inferrupted service that requires
regxamination and recertification.

Inquiries for SNT-TC-1A4, Section 9

NOTE: Inguiries are numbered to include
the year of the inquiry and always refer to the
edition of SNT-TC-1A in effect in that year,
unless otherwise stated in the question,
SNT-TC-1A was published in these years: 1968,
1975, 1980, 1984, 1988, 1892, 1996, 2001

1. Inquiry 77-3

Inquiry:

With respect to paragraphs 9.4 and 9.5 of

SNT-TC-1A,

1. Is it the intent to restrict an employer 1o
engage only Level 111 services from an
outside agency, or may Level I and
Level 1T services also be utilized?

2. Is it intended in paragraph 9.5 that an
employer may subcontract training,
examination, and certification for all
levels, provided the employer’s audit
results are found to be satisfactory?

ASNT Level Hil Study Guide: Basic

3. Paragraph 9.1 states that the certification
of all levels is the responsibility of the
cmployer. Paragraph 9.5 recognizes the
use of outside centification services. May
an employer subcontract nondestructive
testing to an outside organization utilizing
that organization’s certifications for
Level 1, 11, and 11 provided that the results
of the employer’s audit of that
organization are satisfactory? Must the
employer certify NDT personnel, or may
he accept the outside organization's
certifrcation’?

Response:

I, Ttisintended that Level Il services may
be obtaired from an outside agency for the
purpose of traintng and examining NDT
personnel. 1t is beyond the scope of
SNT-TC-14 10 recommend whether or not
outside inspection services should be
obtained. It is definitely not intended that
the employer be restricted from utilizing
any ontside NDT services.

2. The intent of paragraph 9.5 1510
emphasize the responsibility of the
cmployer to assure by audit that any and
all parts of purchased services attendant to
qualification of NDT personne] are within
the same guidelines that the employer
himsclf would ipHow in accordance with
his wrilten practice.

3. The intent underlying paragraph 9.1 is
fundamemal. When outside Level 1]
services are used for the purpose of
qualifying and certifying personnel, it is
intended that the empioyer utitizing such
services he responsible for assuring that
those services arc properly performed and
audited. Whether or not the employer uses
outside Level 11 services for the training
and examining of his NDT personnel, the
total responsibility for certification of all
levels rests with the employer of the
individuals.

SNT-TC-iA only provides guidelines for
qualification and certification of NDT
persuonnel. Outside services referred to in
section 9 are those intended to be wsed by un
employer only for the purposes of training,
examining, or otherwise qualifying individuals
directly employed by the employer.

When the performance of NDT is
subcontracted to an outside organization and
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the outside organization is the direct employer
of the individual performing NIXYT, the outside
organization is the “employer” in terms of
SNT-TC-]A. Whether the outside organization
is properly qualifying and certifying its NDT
personnel can only be determiced by the
purchaser of such outside services. and how
such determination is made is a contractual
matter between the purchaser and Lhe cutside
prganization.

2. Inquiry 77-10
Inguiry:

What is the intent regarding employers’
attenpts to verify an individual’s cxperience
and performance with past employers in order
to maintain the documentation recormmended in
paragraph 9.0.17?

Kesponse:

The specific documentation Lo be fumished
by new employees and past employers and the
means for obiaining documentation is
referenced in paragraphs 9.6 and 10.2 of
SNT-TC-1A. Details should be included in the
empleyer's wrilten practice.

NOTE; As published above and in Materials
Evaluation, October 1977, in response to
Inquiry 77-4, “1f documentation was not
produced during ... prior experience, an
affidavit or other suitable testimeny regarding
such experience may be cvaluuted by the
employer ..." While Inquiry 77-4 was rclated to
a somewhalt different matier, the intent behind
the response applies equally 10 this inquiry
(77103

3. Inquiry 77-12
Inguiry:

1. 1Isit imended that an employer may use
more than one outside agency for
providing Level T services?

2. Is it intended that an employcr may use
Level TIT individuals in its direct
employment and also use an outside
agency for Level HI services?

3. Is it intended that certification
examinalions may be administered without
direct supervision and monitoring?

Response:

1. There is no intent to restrict the number of
outside agencies from which an employer
could use Level 111 services.

2. Yes, both the above and this situation may
be used under circumstances as described
in the crployer’s writien praclice.

3. ltis not imended that unsupervised
examinations be administered.

4. Inquiry 89-4
Inguiry:

In the 1968, 1975, 1980 and 1984 Editions of
SNT-TC-1A, an cmployer may waive
examinations for the Level IIT ind thereby
“certify” the individual by appointment.

There is no such provision in the 1988
Edition. However, it is implied by the statement
in Paragraph 6.3.2: “When the individual
(Level T1I) is gualified by examination ..."

May the employer waive examination for the

Level HI and be in compliance with the intent of

SNT-TC-1A (1988 Edition)?

Response:

It is intended by the 1988 Editien of
SNT-TC-JA (hat alt Level HIs initially certified
after issuance of the 1988 Edition of SNT-TC-14
be qualified by examination.

Also sce Inguiry 90-2 and Inquiry 92-2.

5. Inquiry 90-2
Inguiry:

. Is it the intent of ASNT that all Level 111
personne! certified to the 1988 Edition be
examined?

2. Inaccordance with SNF-TC-14
(1988 Edition), an employer certifies his
corporate Level Il by examination through
an outside service. However, the owtside
service’s Level TH was certified by
appointment to SNT-TC-14 (1984 Edition).
Is the employer’s Level 1T certification
valid to the 1988 SNT-TC-1A?

Response:

1. Yes. As stated in the response to Inquiry
%9-4, ... Tt is intended by the 1988 Edition
of SNT-TC-1A that all Level Ils initially
certified after jssuance of the 1988 Edition
of SNT-TC-1A be qualificd by
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examination.” See Inquiry 89-4 and
Inquiry 92-2.

2. Yes, provided the employer has assured that
the examination services are in accordance
with the employer’s written practice per
Paragraph 9.5 of SNF-TC-1A
{1988 Edition}.

6. Inquiry 9-4

Inguiry:

Is it acceptable for a candidate for Level T
certificatton under SNT-TC-1A (1988 Editon) to
be quatified on the basis of demonstrated ability,
achievement, experience and education in fieu of

qualification by examination as stated in
Paragraph 8.6(g)?
Response:

No. Paragraph 8.8 specifically requires that a
Level HI candidate be qualified by examination.
Paragraph 9.6(g) addresscs the content of the
qualification records file to be maintained by the
employer of centified personnel.

Note: This response was reconsidered. See
Inquiry 92-2. Also see Inquiry 89-4 and Inguiry
90-2,

7. Inguiry 96-3
Inquiry:

When applying SNT-TC-1A 1992 Edition in
strict accordance with the document, is it
ASNT’s interpretation that Level 111 mast be
examined?

Response: {Reconsideration of Inguiry 90)-4)

No. Certification of all levels of NDT
personncl is the responsibility of the employer.
I is the intent of ASNT to certify Level Ills by
examination. However, the employer can
specify the requirements for a certification
route without examination tn the employer’s
written practice. Please see Inquiry 80-9,
Inquiry 89-4, Inquiry 90-2, Inquiry 90-4 and
Inquiry 92-2.

General Comments about SNT-TC- 1A,
Section 9

Two of these inquiries relate to situations
where employers, for various reasons, must
resort to sources outside the ecmployer’s
organization to provide services attendant to
training, examination, and other activities that
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require qualified NDT personnel to conduct.
Some companies cannot afford, or may not
have time to devclop, training sources and
cxaminations to qualify their NDT personncl.
Others simply prefer o contract such services
as needed. For whatever reasons outside
services may be needed or desired, the
responses above mercly reinforces the basic
principies underlying SNT-TC-1A4.
“Certification of all leveis of NDT personnel is
the complete responsibility of the employer”
and “the employer shall establish written
practices covering all phases of certification
mcluding raining as specified in section 5.7
Inquiries 89-4, 90-2, 90-4, and 96-3 address
the tssue of whether a Level HI must take an
examination in order to become centified. This
is of special note, in that versions prior 10 the
1988 Hditton clearly permitted examination
waivers for the NDT Level 111, Jeading to the
concept of certification by “appeimment.” This
latter practice has been strongly criticized
throughout industry since it is perceived as a
loup-hole for employers to certify
underqualified individuals to assume the key
role of administering the NDT activitics within
an orgamzation. In order to restrict this
practice, the 1988 Edition of the recomnnended
practice called for Levet ks 1o be qualified by
cxamination. But being a recommended
practice that encourages employers to adapt
their respective requirements hased on each set
of circumstances, the opportunity still remains
open to employers to “appoint” their Level s,
as long as their written practice reflects this
strategy as onc of their permitted options,

Review Questions for SNT-T(-1A, Section 9

Q.1-54If an outside agency is engaged 10
provide Level TIT services, the:

a. writien practice of the outside
agency pertains, and it is not
necessary for the employer that uses
the outside services to have a
writlen praclce.

b. responsibility of certification must
be retained by the ecmployer
utilizing cutside services.

c. employer utilizing outside services
must nonetheless have a Level 1l in
direct employment,
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d. outsile agency may certify the
personnel of the employer utilizing
outside services.

().1-55 Which of the following statements is
true concerning recentification?

a. Recertification can be accomplished
only by reexamination at least once
every three years.

b. Recertification can be based upon
evidence of continuing satisfactory
performance.

¢, Once certified to a particukar level,
certification can only be lerminated
if the certificd individual terminates
cmployment with the certifying
cmployer.

. Reexamination of a certified
individual can be accomplished only
after three years at a particular level.

Q.1-56 What purpose is best served by
maintaining certification records and
the written practice?

a. For periodic approval by ASNT.

b. To determine the effectiveness of
oulside services.

¢. To provide documentation for
review by customer, clients, and
regulatory agencies.

d. To protect against product liability
claims.

e. To satisfy requirements of the
ASME Boiler and Pressure Vessel
Code.

.1-57 The employer is respensible for
certification of:

a. Level Iand Level II NDT
personnel.

Level III personnel only.
oulside services.

atl fevels of NDT personnel.
both b and ¢.

e

Q.1-58 The employer can consider an
individuat to be qualificd w Level I,
but only if he/she:

a. takes @ comprehensive writlen
examination.

b. has in excess of five years
experience comparable to a Level I1.

¢. meets the requirements of the
employer’s writlen practice.

di. has taken the ASNT NDT Level 111
Basic and at least one of the Method
cxuminations.

Analysis of SNT-TC-1A, Section 10
Excerpt from Section 10

10. Terminalion

10.1 The employer's certification shall be
deemed revoked when employment is
terminated.

10,2 A Level I, Level Il, or NDT Leve! Il whose
certification has been terminated may be
recertified to the former NDT level by a new
employer based on examination as
described in Section 8, provided all of the
following conditions are met to the new
employer's satisfaction:

{1, The employee has proof of prior
certification.

2. The employee was working in the
capacity to which certified within six
6) months of termination.

3. The employee is being recertified
within six (8) months of termination.

4. Prior te being examined for
certification, employees not meeting
the above requirements should receive
additional training as deemed
appropriate by the NDT Level fIl.

Inquiries for SNT-TC-1A, Section 10

NOTE: Inquirics are numbered to include
the year of the inguiry and always refer to the
edition of SNT-TC-14 in cffect in that year,
untess otherwise stated in the guestion.
SNT-TC-1A was published in these years: 1968,
1975, 1980, 1984, 1938, 1992, 1996, 2001

1. Inquiry 78-4

Inquiry:

1. Regarding paragraph 10.2 of SNT-TC-14,
docs “... based on examination ..." refer to
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examinations administered during prior
employment or does it refer 10 new
examinations 10 be administered by the
new employer?

2. An individual can provide evidence of
prior certification per puragraph 10.2(a),
but does not meel either paragraphs
10.2¢b) or 10.2{c) which recominend that
the individwal was working in the capacity
1o which he had been certified and 1s
being recertified within six months of his
termination. What should be the basis of
qualification for such an individual?

Response:

1. Itis intended that the examination referred
to tn paragraph 10.2 be administered by
the new employer.

2. Iris mtended that an ndividual who has
neither worked in the capacity to which
previously certified in the past six months
nor is being recertified within six momhs
should have additional training and
experience prior to recertification. The
employer’s wrilten practice should detail
such provisions.

2. Inquiry 78-10
Inguiry:

1. When an employee returns to work for a
former employer where he/she was
certified, may this employee’s
certification(s) be reinstatcd without
examination if the provisions of
paragraphs 10.2(b) and 10.2{c) are met?

2. If an employee has been continuously
working for another employer certitied in
the same capacities, may his
certfication(s) be reinstated for the
remainder of the original three-year period
of certification tn accondunce with

paragraph 9.77

Response:

1. The provisions of paragraph 10.2 apply
only to a new employer. For this part of
the inquiry, the provisions of
paragraph 9.5.4 would prevail.

2. For this part of the inquiry, the receiving
employer would be considered a new
employer and the provisions of
paragraph 10.2 would apply. If, however,
the employee in question was previously

employed by the receiving employer,
paragraph 9.7.3 would prevail.

General Comments about SNT-TC-14,
Section 10

The principle behind “evidence of
continuing satisfactory performance” in
paragraph 9.5.1 applies to employces originally
certified by and in continuous employment of
one employer. I is pot envisioned that a new
employer should prudently accept evidence of
continuing satisfactory performance” from a
previous employer. Note that paragraph 10.2
recommends recertification by examination of
an employee by a new employer even if the
conditions of 10.2.2 and 10.2.3 are met to the
new employer’s satisfaction. The employer’s
rles covering the duration of imerrupted
service (paragraph 9.5.4) should bear a
reasonable relationship to the recommendations
in paragraph 10.2; however, in the case of
mterrupted service, the employer has direct
knowledge of the employee’s prior
performance and can best judge the need for
reexarmination as a funciion of duration of
interrupted service.

Review Questions for SNT-TC-1A, Section 10

Q.1-39 Automatic termination of certification is
recommended when the centified
individual:

a. terminates employment with the
employer where centified.

b. i temporarily assigned to a
different job function.

¢, takes a leave of absence greater than
30 days.

d. achieves a higher level of
certification.
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Q.1-60 A certified Level 111 individual
terminates his/her employment with
cmployer A and is immediately
employed by employer B, Employer B
may certify the individual as Level I11
hased upon which of the following?

a. The employer must examine the
individual.

b. The employer must examine the
individual if he/she has not been
working as a Leve] I during the
past six months.

c. The employer may recertify the
individual to Leve! TII, but only
after six months of satisfactory
service.

d. The employer may waive
examination if the individual can
provide evidence of demonstrated
ability, achievement, experience,
and education.

Pre-1996 Editions of SNT-TC-IA

_ The 1996 Edition of SNT-TC-JA has been
used throughout this study guide as the basis
for the administratton of a qualification and
certification program for NDT personnel.

SNT-TC-1A was first issued in 1968 as a
series of five booklets, published separately as
Supplement A © Radiographic Testing Method,
Supplement B Magnetic Particle Testing
Method, Supplement (: Ultrasonic Testing
Method, Supplement D: Liquid Penetrant
Testing Method, and Supplement E: Eddy
Current Testing Method. The supplemnents each
contained the main document, the equivalent of
paragraphs 1 through 10 of the 1996 Edition.
Recommended times for training and
expenicnce and certain details, such as the
number of examination questions, were
contained in each of the different supplements,
being somewhal different for each method. In
the 1975 Edition, the variable factors were
tabulated, thus enabling a single document to
contain all of the recommendations under one
cover. This format has been retained in later
editions.

The pre-1975 supplements also each
contained a number of general examination
guestions that could be used in construcling
Level | and Level I examinations. These

questions were not reproduced in the

1975 Edition, but were revised for the

1980 Edition. The supplements to SNT-TC- 1A
contain suggested Level HI questions and
answers in addition to new and revised Level |
and I questions. These supplements provide
the individual with excellent study material
when preparing for the ASNT NDT Leved 11
examination and they also provide the
employer with an excellent guideline for
preparing its own examinations.

While the basic principles and approaches
recommended in the pre-1975 EHditions of
SNT-TC-1A were cssentially unchanged in the
1975, 1980, 1984, 1U88, 1992, and 1996
Editions, many details were changed.

Inquiries for Pre-1996 Editions of
SNT-TC-1A

1. Inguiry 77-1
Inguiry:

1. Isitintended that the 1975 Edition of
SNT-TC-1A mcluding all
reconmurendations therein completely
replace prior editions of SNT-TC-/A?

2. Is it intended that personnel qualified and
cerified as recainmended in the
1975 Edition of SNT-TC-1A be considered
equivalent to those qualified and certificd
as recommended in previous editions of
SNT-TC-1A?

Response:

The answer is yes to both parts of the
inguiry.

2. Inguiry 77-6

Inquiry:

1. Tsit the intent of SNT-TC-14 that Level 1,
[T, and I indjviduals certified to the
recommendations of the 1968 Edition
meet the recommendations for
centification in the 1975 Edition?

2. If certification is transferred from the
1968 Edition to the 1975 Editton
recomumendations, which
recommendations prevail regarding
recertification?



Response:

1. It is intended that individuals certitied
according o the recommendations of
earlier editions of SNT-TC-1A meet the
recommendations for certification in the
1975 Edition.

2. The 1975 Edition recominendations
prevail regarding recertification.

See alse Ingoiry 78-2.
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The ASNT Level 111 Certification Program

Status of the ASNT Level 111
Certification Program

Beyond the use of SNT-TC-1A and prier ta
the existence of ASNT CP-189, members of the
Society recognized a need to cstablish a
capability for independently certifying
individuals, at least to that of Level T In
1977, the Society offered Level U1
examinations for the first time. Examinations
administered by ASNT in all methods are now
offered four times annually throughout the
United States and in nine other countries.

Through January 1990, over 6,000 persons
have been certified as an ASNT NDT Leve] 111
The program has received significant
international attention.

What is an ASNT NDT Level HI?
An ASNT NDT Level 1 is an individual

who assumies the title of NDT Level 111 in part,

through a screening process oftered by the
American Socicty for Nondestructive Testing
under the scope of the ASNT NDT Level 111
Cenification Program. The program provides
an independent review of a candidate’s
credentials, followed by the satisfactory
completion of two or more comprehensive
examinations. The mandatory Basic
Examination addresses administrative and
general technology knowledge issues, while the
Method Examinations address an in-depth
knowledge of the theory and practices of
eleven nondestructive testing methods.

The Society provides the examination
service for aspiring ASNT NDT Level 111
personnel four times a year at various Jocations
throughout the United States. Examinations are
also offered in foreign locations on an
as-needed basis.

The generat requirements for adimission to
the examinations include:

Satisfaction of one of the following
criteria regarding education and
progressive NDT experience:

a,

Graduation with a degree in
engineering, physics or science
from a four-year college or
university carriculum plus one
year’s experience in NDT i an
assignment at least comparable o
that of a Level Il inspector in the
applicable test method(s), or;
Completion of at least two years
of engineering or science study at
a university. college, or technical
school with passing grades plus
1wWo years cxperience in an
assignment at least comparable to
that of an NDT Level 11 inspector
in the applicable test method(s),
or;

Possession of four years of
cxperience in an assignment at
least comparable to that of an
NDT Level H inspector in the
applicable test method(s).

Note: Applicants must document their
claimed education and describe and
verify their NDT experience.
Applicants must agree 1o acknowledge
and abide by the ASNT Code of Ethics
for Level Il NDT Personnel, which is
found in Appendix I,

a.

An ASNT NDT Levei Il
certificate is given to candidates
who successfully pass the
screening process and the written
examinations. The certificate
remains in effect for five (3) years
and is a reflection vf the
capabilitics of the individual,
irrespective of where they may be
employed. The certificate is most
easily renewed by reapplying to
ASNT before the five-year period
expires, describing and
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documenting activities done in
suppart of advancing one’s
knowledge with the NDT
technologies and demonstrating
evidence of on-going active
employment in the field.

Note: Some clients and agencies
require recertification be satistied
through recxamination,

ASNT Level LI Examinations

A detailed outline of the subject matter
covered, study references, und sample
questions are sent 1o each person requesting an
application.

The Basic Examination covers the
admumistration of SNT-TC-14 and CP-189,
materials, fahrication and product technology
{(general knowledge), and general principles
and applications of commonly used NDT
methods.

The Method Examination addresses an NDT
method and includes method fundamentals and
principles, the establishment of method
techniques, and the interpretation of codes,
sfandards, and specifications relating to the
method.

The Basic Examination is given to all
applicants regardless of the metheds for which
they seck certification. The Method
Examination is given according 1o the
applicant’s request in one or more of the
following methods:

Acoustic emassion testing (AE)
Electromagnetic testing (ET)
Infrared/Thermal testing (IR)
[.eak tesung (LT)

Liquid penetrant testing (PT)
Magnetic particle testing (MT)
Neutron radiographic testing (NR)
Radiographic testing (RT)
Ultrasonic testing (UT)

Vibration and analysis testing (VA)
Visual and optical testing (VT}

B o ad e

—-——

The examination questions are in an
ohjective, multiple-chuice format. Some
questions require analysis and computations
while others Lest for factual knowledge. All
examinations are closed book tests. Where
reference information is needed, it is included
in the body of the cxamination. Trigonometric

tables, logarithmic tables, etc., are furnished
with the cxaminations, if necessary.

Parts of the Method Examinations cover
practical usage of charts, graphs, and other
material typically encountered in NIIT practice.
A documcnt that applies generaily to the
method is also included in the body of the
exarmnation ard questions are asked about its
interpretation. The document is not specific to
any particular product or product group nor
does 1t relate (o any particular industnial
segment.

Use of the ASNT NDT Level H1
Certification

The ASNT NDT Level [l Certification has
become a recognized way for individuals,
companies and industry sectors to take
advantage of the integrity inherent in the usc of
a professional third party to attest
authoritatively 10 an individual’s preparedness
to lead and administer the NDT programs
within testing services, manufacturing
organizations, and safety-sensitive special-
interest groups.

But because there are many differences in
the details used in each group to achieve their
performance goals, the ASNT NDT Level 111
program only addresses the most general
aspects of each method’s characteristics.

Note: In the case of ANSI/ASNT CP-189, an
individual must hold an ASNT NDT Level I
certificate prior to becoming an organization's
Level IIL. In the case of SNT-TC-1A, an
individual can use the ASNT NDT Level 11
certificate as one of the many optional
approaches fur becoming an organization’s
Level 11. But in both cases, the ASNT NDT
Level 11 certificate must be augmented with a
writien practice that identifies. in detail, the
manner by which the organization’s Level 11 is
qualified and cenified for the specific purposes
of the organization.

In order to explain the intended relationship
as to how the ASNT NDT Level I certificate
can be used with the written practice of an
employer under the Recommended Practice No.
SNT-TC- 1A, the following excerpts from an
ASNT Board of Directors Position Paper,
published in Materials Evaluation in July 1980,
are offered for clanfication.

I
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“The fotlowing is the official ASNT position
an the use and application of ASNT
Recommendad Practice No. SNT-TC-1A
(1980 Edition), Personnel Qualification and
Certification i Nondestructive Testing and the
ASNT Level 31l Gertification Program.

“ . SNT-TC-1Ais published to serve as a
guideline to employers in establishing their own
written practice for the gualification and
certification of their NDT personnel. It is not
intended 10 be a strict specification. The intent is
tc provide guidelines for proficiency levels
required for personnel involved in
nondestructive testing ...

“.. The Board of Directors, in establishing the
ASNT Level lIl Certification Program, offered to
amployers an opticnal service, which is
consistent with Level ! qualification
recommendations of SNT-TC-7A. Further,
centification by ASNT was defined to be "a
certification that the records of an individual
indicate attainment of the qualitications reguired
by Part A of the program, or satistactory
completion of a written examination under
Part E of the program.

“The official position on ASNT Level 111
certification is as follows:

1. The ASNT Level llt certification
program is in compliance with
SNT-TC-1A guidelines.

2. Individuals cerified to Level [l in any
NDT method by ASNT are considered
t0 have met the guidelines of
SNT-TC-1A (Basic Examination and
Method Examination). Where proof of
experience exists, and is documented
with or without examination, in the
oreparation of acceptable NOT
procedures, codes, standards and
specifications and in the evaluation of
the test results, and is acceptable
under the buyer-seller agreement, then
the individual shall be considered to
have met the guidelines of SNT-TC-1A
(Specific Examination).”

Certification Options
SNT-TC-1A offers the employer several
options for fulfilling certification
responsibilities:
1. incorporate acceptarce of an ASNT
Level 1M1 certitication into the

employer’s own wrillen practice;
incorporate acceptance of a Level III's
qualifications using an outside agency
acceplable 10 the employer’s chientele
in the employer’s written practice; or
ircorporate the employer’s own
documented examination program
acceptable 1o their clientele in the
wrilten practice.

4

)

Recertification

The recenification plan by application (for
an ASNT NIYT Level ITI) reguires that “each
certificate holder demenstrate:

1. atleast a minimal effort to remain
current, i.e., keep abreast of changes
in the technology of the methods for
which recertification is sought; and,

2. continued active engagemen! in a
Level 1} occupation.”

Detailed information required for
recertification by application is available from
ASNT headquarters. In general, recertification
can be obtained by application subject to the
following conditions:

1. realfirmation of the ASNT Code of
Ethics for Level HI NDT Personnel,

2. continved active employment in
Level TIT functions as related to the
NDT method(s) for which
recertification is sought. (Thirty-six
months of the typical 60-thonth
certification period, not necessarily
consceutively, but with at Jeast 12 of
the Jast 24 months werking in a
Level 11 function immediately
preceding ceriification expiration.)
Where the work experience did not
imchade 21t methods for which
recertification is soughl, at least two
additional “puints” (see below) shall
be obtained in each methwd for which
there was no work experience; and

3. continued active effort to keep up-to-
date and/or contribute to NDT-related
knowledge by obtaining a minimum
of six (6) “points” during each of the
five-year peviod of certification
through engaging in one or more of
the following activities:
a. author presentations at society

meetings - 2 points,
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b. publish papers in technical
journals - 3 points,
. attend technical sessions
(c.g., Section} - | point,
d. present courses for credit
{2 comtact hours) - 1 point. and
e. complete courses for credit
{gach CEU) - 1 point.

Inquiries for ASNT Level II
Certification

The foremost misconception about the
ASNT Level III certification was that it was
intended to replace employer-bused
certification. The ASNT Level 111 certification,
from the outset, was defined to be:

“a certification that the records of an
individual indicate satisfactory completion of a
written examination.

“Individuals certified to Level 1T in any
NDT method by ASNT are considered to have
met the guidelines of SNT-TC-JA 8.8.1 (Basic

Examnination) and 8.8.2 (Method Examination).

Where proof of experience exists, and is
documented with or without examination, n
the preparation of acceptable NIDT procedures.
codes, standards und specifications and in the
evaluation of the test results, amd is acceptable
under the buyer-seller agreement, then the
individual shall be considered to have met the
guidelines of SNT-7C- /A paragraph 8.8.3(b)
(Specific Examination),”

The ASNT Level Il examinations are
clearly at least as effective in qualifying
Level [1E NDT personnel as the majority of
employer-based examinations and
examinations offered by other outside services.
(In comparison to the SNT-TC-1A
recommendatiens for an sltrasonic method
Level HI, an ASNT Level HI examination
requires 135 questions, while SNT-TC-1A
recommends 65 yuestions. Similarly, an ASNT
Leve) HI Basic Examination requires
135 questions. while SNT-TC-]A recommends
55 questions. The ASNT examinations were
purposely designed te fulfill the
recommendations of SNT-TC-1A for the
Level 11T Basic Examination and Method
examination. While the ASNT Level 111
examinations are quite broad and
comprchensive, the ernplayer’s responsibilities
in developing a Specific Examination are

obvious. In effect, if the Specific Examination
truly covers the “employer’s procedural
requirements” as stated in SNT-TC- /A, each
employer’s Specific Examination will be
different from any oiher employer. Quiside
services can be commissioned 1o devejop
specific examinations tailored to mdividual
employers” needs.

Another area of misconception existed with
regard to factoring ASNT Level I
examination scores inte the composie grade
referrcd to in SNT-TC-1A. Prior to mitiating the
ASNT Leve] T examination program, it was
specified by ASNT that the certification
progriun’s examination records would not be
subject to review or audit hy anyone. Hence,
applicants are informed only of pass/fail status,
This policy led 1o the following inquiry:

Inguin:

Level HI personnet certified by ASNT do not
receive examination grades. SNT-TC-7A
recommends arriving il u composite grade.
How can this be accomplished since ASNT
only supplies examination resubts i terms of
pass or fml?

Response:

The 1992 Edition of SNT-TC-1A addresses
this matter tn paragraph 8.1.4, “When an
examination is administered and graded for the
employer by an outside agency, and the outside
agency issues grades of Pass or Fail only, on a
certified report, then the employer may accept
the Pass grade as 80 percent for that particubar
examination,”

Curremt ASNT Basic Examinations do not
contain questions relating specifically to the
ASNT Level III certification program. The
ASNT Level ITT certification program is no
more than a service offered to employers and
individuals o be examined by an outside
agency in accordance with SNT-TC-JA. It
provides one of the available options toward
Level TIT gualification and certification. Note,
however, that it is mandated by
ANSIASNT CP-189. Fundamental in both
documents is the concept that “certification of
all levels of NDT personnel is the
responsibility of the employer.” (This is stated
in paragraph 9.1 of SNI-TC-14). Its
comparable statement, “The employer shall
develop and maintain a procedure detailing the
program that will be used for qualification and
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certification of NDT personnel in accordance
with this standard” is found in paragraph 5.1 of
ANSI/ASNT CP-189.

Review Questions

Q.1-61 The ASNT NDT Level I certification
program is mandated under the
reguirements of:

a. SNT-TC-1A, 1992 Edition.
h. ASNT CP-189(1995).

c. both of the above.

d. none of the above.

(2.1-62 An ASNT NDT Level 11 is an
individual who assumes the title of
NDT Level 111, in part, through:

8. @ screening process by an impartial
third party.

b. satisfactory completion of a Basic
Exarmmination on admanistrative and
geneial technology knowledge.

¢. satisfactery completion of a Method
Examination addressing in-depth
knowledge of the theory and
practices of the chosen method.

d. all of the above.

(Q.1-63 The iitle of ASNT NDT Level 1 s
granicd by:

a. ASNT and makes an individual
immediately qualified to become an
employer’s Level T11

b. ASNT and makes an individual
potentially eligible to become an
cmployer’s Level N1

t. ASNT and awtomatically permits
the individual to function as an
independent Level TI1

d. ASNT and only applies when
recognized by some requirements
document.

Q.1-64 The ASNT NDT Level 1T certificate, as
issued, remains in effect for five years.
Its renewal zfter the five years is
accomplished by:

a. showing evidence of being
continually employed in the field of
NIXT throughout the interim pertod.

b. showing cvidence of extra efforts
aimed at advancing one’s
knowledge of NDT technologies in
each of the intervening years.

¢. showing continued effectiveness by
retaking the Basic Examination and
the Method(s)y Examination(s).

d. none of the above.

Q.1-65 The Method Examination covers:

a. recognition of and use of equations.

b. interpretation of charts and graphs.

c. interpretations and use of a sample
procedure.

d. all of the above.

Q.1-66 Individuals certified to ASNT NDT
Level I are considered to have met
the:

a. employer’s written practice
requirements.

b. requirements of ANSIYASNT
CP-189.

¢. requirements of the ASME Boiler
and Pressure Vessel Code.

d. guidelines of SNT-TC-1A (Basic and
Method Examinations).

Q.1-67 Individuals considering certification as
an ASNT NIDT Level 111, in general,
must he:

a. well-rounded with a broad
understanding of the theory and
application of many methods

b. knowledgeable in their respective
method, since now they will be
considered experts in the method.

¢. [lamiliar with statistical
interpretations of in-process control
data,

d. able to interpret technical articles,
even if written in a foreign
language.
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Chapter 4

ASNT CP-189 (1995)
{Formerly ANSI/ASNT CP-189 (1995))

Overview of ASNT CP-189

The abstract of ASNT CP-189 (1995)
contains the following statements, “This
standard applies to personnel whose specific
tasks or jubs reguire appropriate knowledge of
the technical principles underlying
nondestructive testing (NDT) methods for
which they have responsibilities with the scope
of their employment. These specific tasks or
Jobs include, but are not limited to, performing,
specifying, reviewing, monitoring, supervising,
and evaluating NDT work.

“Employers or other persons wtilizing
nondestructive testing scrvices are cautioned
that they retain fudl responsibility for ultimate
deternunation of the qualifications of NDT
personnel and for the certification process. The
process of personne] qualification and
certification as detailed in the standard does not
relieve the employer of the ultimate legal
responsibility to ensure that the NDT personnel
are fully qualified for the tasks being
underiaken.”

These statements define who is under the
Jurisdiction of the standard and state that the
ultimale respensibility of the qualification and
certification process remains with the
employer. The fiact that CP-18% is an American
National Standard signifies that the
requirements for dee process, consensus, and
other criteria as defined by the American
National Standards Institule (ANSI) have been
met by the standard developer, in this case, The
American Society for Nondestructive Testing,
Inc.

The first paragraph of CP-189 reads as
jollows:

1.  Scope

1.1 This standard establishes the minimum
requirements for the qualification and
certification of nondestructive testing
(NDT) personnel. .

1.2 This standard details the minimum training,
education, and experience requirements for

NDT personnel and provides criteria for
documenting qualifications and
certification.

1.3 This standard requires the employer to
establish a procedure tfor the certification of
NDT personnel.

1.4 This standard requires that the employer
incorporate any unique or additional
requirements in ihe certification procedure.

It is clear that the tone of this document is
distinctly more regimented than the scope of
SNT-TC-1A, which states that “this document
provides guidelines for the establishment of a
qualification and certification program™ and “it
is recognized that these guidelines may not be
appropriate for certain employers’
circumstances and/or applications.” The
standard demands that a minimum set of
requirements be met by all employers who
claim to have a program that embraces the
standard.

The following comments are intended to
amplify on the differences and similarities
between the standard. CP-789, and the
recommended practice, SNT-TC-1A.

In 2., Definitions, of CP-189, nineteen
definitions are listed to remove any ambiguity
about terms used throughout the body of the
standard. A distinction is made between
“evaluation” {a determination of the
significance of a relevant indication) and
“interpretation” (the determination of whether
indications are relevani, or nonrelevant} as
applied to NDT test data. The term "NDT
instructor” (an individual qualified and
designated in accordance with this standard to
train or educate NDT personnel) is introduced.
The term “Practical Examination” is clarified
in its use on behalf of the employer and the
fact that observations and results must be
documented. “Test technique” (a category
within an NDT method; for example,
immersion ultrasonic testing) is distinguished
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from “method " (one of the disciphines of ND'F;
for example. ultrasonic testing).

In paragraph 2.2, an "NDT Level 117 is
identified as “an individual pussessing a
currently valid ASNT NDT Level 11 certificate
and certified in accordance with this standard.”
‘I'hus, in order to become an employer’s NDT
Level 111, CP-789 mandates that the individual
hotd a currently vatid ASNT NDT Level 111
certificate. Other requirements must be
customized 10 the needs of the employer in
accordance with the employer’s written NDT
personnel qualification and certification
procedure.

In paragraph 3., Levels of Qualification, the
five levels of qualification are defined in terms
of the skill and knowlcdge required in a given
method or methods to perform specificd NDT
activitics. These are Levels §, 11, and III plus
Trainee and NDT Instructor. The first three arc
nominafly the same as those identified in
SNT-TC-1A. The last two formalize the status
of the trainees and create a category of NDT
instructor who can function as cOUTSe organizer
and presenter. but under the cognizance of the
employer’s authorized {certificd) Level H1.

In paragraph 4, Qualification Requirements,
achdresses training, experience and the use of
outside NDT Level 11 services, The training is
to be done in accordance with the course
outline in Appendix B of CP-189 for the
appropriate method. The outline used s 10 be
approved, and possibly expanded upon, by the
employer’s NDT Level 111, The training
programs shall include sufficient examinations
to demonsirate that the necessary information
has been comprehended. A satisfactory passing
score on a fipal examination is nccessary in
order 1o receive credit for the training hours. A
comparisen of the minimum number of hours
of classroom training required for Level 1 and
Level I candidates for SNTTC-14 and CP-18Y
is compared in Table 4.

In most cases. the training hour requirements
of CP-189 agree with those recommended for a
high school graduate as per SNT-TC-JA,
however, differences vccur for ET (Level 1 -

12 hours vs, 40 hours), PT (Level 1 - 8 hours
vs. 4 hours) and VT (Level 1T - 12 hours vs.

16 hours). SNT-TC-1A generally suggests fewer
initial tratning hours for personnel with 2 years
of supplemental technical education with the
exception of Level I in AE, ET, NR and UT.

Table 4: Initial training hours
comparison
SNT.TCJA | SNT-TU-14
CP-18% {Hours) \Honrs)

Melbod | Levei] Fechmigque | (Hours) | (High School) | (2-year College)
ES L w0 0 w7

I i A0 A
ET I N ) 2

i 0 10 il
£T 1 aro T H T

It H 4 2

T FCT 1 pz] 16

1l 15 16 12

T HDLT 12 12 TR

[l & 8 [

T | MsiT Em =0 o]

[H b 24 i6
MT 1 i1 12 K

il 5 g ]
KR T E] 7% H

I 40 a 40
T v & 4 4

i § 3 4
WT i w| 39 %

il ) 40 33
i3 T - ] i

1] 40 31
TT i i e a0 ]

1] " A} Hy
A 1 o ) g

I Y %6
T 1 ¥ 8 3

n |} 16 8

Recognizing that NDT is a unique
application of the concepts of physics,
electronics, and chemistry, CP-789 requires
that all training shall be presented by an ND'T
instructor designated by the NDT Level 111
individual. The NDT Instructor is an individual
not only that has the skills and knowledge for
conducting training programs, but also who is
required to develop and conduct such courses
in accordance with the course outlines
approved by an NDT Level 1L 'The NDT
Level 1 in all cases is responsible for the
content of cach completed course. In urder to
qualify, an NDT Instructor must satisfy at least
one of the following critenia:

1. possess a current ASNT NDT
Level I certificate in the method
being taught.

2. have academic credentials equivalent
to a B.Sc. in technology with
knowledge of the NDT method.

3. have graduated from a two-year
science school and have five years of
experience as ap NDT Level 1L

4. have ten years of experience as an
NDT Level 11 in the method to be
taught.
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Training and cxperience quakifications of the
NDT Level HI are automatically met when they
hold a valid ASNT NDT L.evel IH certificate.

The required experience for Level I and
Level 11 personnel per CP-J89 are compared
with the recommendations of SNT-TC-/A in
Table 5. Note that €CP-189 calls for a minimum
number of hours worked in the specific method
as well as a minimum total number of hours
worked in NDT. The total requirement can be
satisfied by working in two or more methods as
well as doing other activities that support the
NDT program of the employer. Note that
SNT-TC-TA expresses experience in terms of
months.

When using CP-189, it is important Lo note
that the required minimum experience hours
must be documented, by method and by hour,
with supervisor or NDT Level UI approval. A
candidate’s previous training and expericnce
may be accepted by the employer if verified
and docurnented in wriling by the previous
employer(s) or training agencies.

Although employers often have their own
NDT Level I to admimster the various aspects
of the employer’s NDT persennel qualification

Table 5: Experience needed for
gualification (CP-189 vs. SNT-TC-1A}

Method | Level| Technique | Method | Total NDT | SNT-TC-1A
(1eurs) iHours) {Months}
AF. T 200 00 30
1] 53] 1200 9630
ET [ o5 130 W0
il £00 RECHE 94630
[ T BT 75 15 3
1 40 &0 0.5735
I [ T 100 200 15105
[ 265 330 41250
1 BDLT 00 200 5104
1 265 330 a0
[ MSLT 263 530 47180
it 400 800 620
MT 1 65 130 1o
i 20 4X) I
NR [ 400 800 /a0
1 1200 2400 24/1680
FT [ &5 130 0
1 135 70 2140
RT [ 200 400 210
I} 600 1200 30
R 1 3210
] 18/1260
(W] 1 200 100 210
n 600 1200 91630
Va 1 6420
1 ) 2401630
VT 1 65 130 130
1 130 270 2140

and centification program, an outside
organization may be engaged to perform the
duties of an NDT Level L Tn such instances,
the employer is responsible for verifying that
the organization complies with the employer's
certification procedure and CP-189.

The employer's certification procedure
describes the minimun: requiremems for
certifying personnel in each NDT method and
is approved by the designated NDT Level T11.
The procedure includes personne] duties and
responsibilities, as well as the required training.
experience, examinations, records and
recertification processes to be fellowed.

In paragraph 6.. Examinations, ihe
cxaminations found in CP-789 are compared to
thase of SNT-TC-TA. Both are similar but they
have some minor differences. The near-distance
vision examination calls for an individual to be
capable of reading a4 Jacger Number 1 test chart
atl a distance of 3.5 em (12 in.), rather than the
Jacger Number 2 of SNT-TC-14, and 1o be
administered in accordance with a procedure,
and by personnel, approved by the designated
NDT Level 111

Level 1 and Level 1 personnel are to receive
a closed book general examination approved by
the designated NDT Level Ll over a cross
section of the body of knowledge applicable to
cach method and NDT level. The minimum
number of questions required is the same as
that recommended by SNT-TC-74 with the
absence of anything regarding the
Infrared/Thermal testing method.

Level | and Level 11 personnel] are to receive
a closed book specific examination, supported
by NDT Level Il approved reference
matertals, addressing various examples of
equipment, procedures, and lest technigues that
the candidate may use in the performance of
assigned duties. The minimum number of
questions required is the same as that
recommended by SNT-TC-1A with the
exception of ET, which has ten extra Level |
questions.

The Level 1 Practical Examination requires
that the candidate demonstrate proficiency in
using the appticable NDT methed to examine
one or more representative test samples for
gach technique to be used in the candidate’s
job. This includes the documentation of the
results of the test(s).

The Level IT Practical Examination requires
that the candidate demenstrate proficiency
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using the applicablc NDT method to examine
1w o more fepresentative test samples for
each method and at feast onc sample for each
technique 1o be used in the candidate’s job.
This inclodes the interpretation, evaluation, and
documentation of the examination’s results.

The Level T Practical Examinution and the
Level If Practical Examinatjon are similar o
those recommended by SNT-TC- 1A, with the
exception of demonstrating each technique and
using test samples that are representative of
expected production parts. This difference
forces the CP-189 examinations 1o be more
realistic to the typical manufacturing or in-
service workplace.

More explicit examinalion requirements
have been placed on the NDT Level 1] due to
the many variations in background and work
activities found in the field. As a prerequisite, a
candidate for the position of an employer’s
Level ITT must hold an ASNT NDT Level 111
certificale with a currently vahd endorsement
for each method for which employer
certification is sought, and hefshe must also
satisfactorily complete an employer-prepared,
thirty (30) question specific examination on the
employer’s specifications and standards for
each method. A valid endorsement on an ASNT
NDT Level HI certificate fulfills the
examination criteria for only the Basic
Examination and the Method Examination for
each applicable NDT methed.

In addition, the candidate may have to show
his/her ability to prepare an NDT procedure
approprinte to the employer’s needs, if he/she
does not have documented experience
demonstrating that they had previously
prepared similar procedures in the method
using the specifications, codes, and standards
that are applicable to that employer.

If the NDT Level TIT will be required to
perform tests or evaluate test results, the
candidate must demonstrate an ability to
perform the required activities.

The employer’s NDT Leve] 11 is responsible
for the administration and grading of the
examinations, but the grading and
administration of multiple-choice objective
questions can be delegated when properly
documented. The practical is to be
administered by an NDT Level HE in the
respective test method. The employer is
responsible for having an ASNT NDT Level LIl
develop, administer, and grade the Level 1H

Specific and Practical Examinations. Employer
examinations require a 70 percent on individual
tests and an 80 percent on the vverall average
grade.

For a Level | or Level 11 candidate to pass
the Practical Examination, discontinuities or
conditions previously specified by the Level 11
are to be located and evaluated. A written
checklist, addressing equipinent and technique
proficiency, is to be used following the
procedure, test sequence, calibrations,
materials, documentation, and extent of
cxamination. If interpretation or evaluation of
results is included, these are to also be part of
the checklist. In addition, the Level 11 Jist
includes proper extent of cxamination,
accuracy and completeness of interpretations,
cvaluations, and documentation of the activities
and test results, The Level III Practical
Examinations shall also use a written checklist
that addresses items relating to the technical
and practical adequacy of the NDT
procedure(s) prepared by the candidate.

If an examination is failed, reexamination is
simikar to SNVETC-1A {wait 30 days or receive
directed training}, except that a candidate s not
to be reexamined using the examination and/or
specimen previously failed.

The employer's representative who
administers the Level 1 examinations must
possess a current ASNT NDT Level 111
certificate in the method and be familiar with
the standards used and the products made by
the cmployer. Self-examination and
examination by subordinates is prohibited.

In paragraph 7, Addresses Expiration,
Suspension, Revocation, and Reinstatement of
Employer Certifications. As with SNT-TC-1A,
an individual's certification(s) cxpire when
employment with the employer is terminated or
at the end of three years for Levels VL. The
Level 111 certification expires when the ASNT
NDT Level 11 certificate has expired.

Cenifications can be suspended for
cxceeding the 1-year vision recheck period, for
inactivity in a method for more than
12 months, or for deficient performance as
determined by the Level 1L Level IlIs are
suspended if their ASNT Level 111 certificate is
not renewed.

Certifications arc revoked if inactivity in a
method exceeds 24 months, if the ASNT NDT
Level 111 certificate is revoked or if there is
unethical or icompetent conduct.
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Reinstatement for Level I and Level Il is
dctermined by the Level I Reinstatement for
the Level H1is determined by the employer as
Tong as the Level 111 holds a vahd ASNT
Level U certificate. Expired or revoked
certifications may only be reinstated by
complying with scction 6,

In 8, Employer Recertification,
recertification relies on paragraph & for Level [
and Level 11 and verification of the currency of
the Level IIF's ASNT centificate every five
years.

In 9, Kecords, a minimum set of documents
that address the qualifications of each NDT
individual is required. Inchaded are o
certification record. an experience record,
record of previous experience (if applicable),
and a record of a current vision examenation.

The centification record includes level,
methoed and technigue(s), results and copies of
recent examinations, a copy of carrent ASNT
Level Il certificate. and the signature of
employer’s certifying representative.

A iraining record is required that includes
the training received, the name of the troining
organization, the date when training was
completed. the hours involved, evidence of
satisfactory completion, an:d the instructor's
name.

A record that 1dentifies the individual’s
experience performing various nondestructive
tests shall be maintained for the purpose of
verifying initial certification experience and
continuing experience. Previous expenence

shall also be documented if # is uscd to satisfy
any part of the qualification requirements.
Table 6 compitres the qualifications of an
Ultrasonic Testing Level 1H according to
SNT-TC-1A, UP-1589 and the ASNT Level 1
certiftcation program.

Review Questions

(Q.1-68 In accordance with ASNT
CP-189 (1995). the NDT Level I shall
be responsible for:

a.  grading individua cenification
eXATHNELONS.

h. preparing training materials for

NDT Level Tand Level 1

personnel.

approving all questions to be used

on examinations for Level | and

Level 11,

d. all of the above.

o

Q.1-69 Which of the following mzy conduct
and grade examinations for Level 1 and
Level 11 personnel?

a. An NDT Leve] 11,

b. A documented representative of the
NDT Level 1.

c. A contracted outside agency.

d.  All of the abave.

e. Bothaandb.

Table 6: Comparison of qualifications
(NDT Level Iil, ultrasonic testing)
[ SNT-TC-1A | ASNT Level NI | CP-189

Initial Credenhals B
Education (Colicge) dyc 2yr Oyr Ayr 2yr Oyr
Supplemental Training - - - - - ASNT Level II}
Experience (Equiv. - 1) | Lyr-2yr-4vr Lyr 2yr dyr

L Examinations (numlggr of Questions)

TBaie 55 135 ASNT Level It
Method 05 135 ASNT Level 1T
Specilic 0 - 30
Practical - Pracedure Preparation

or Experience
Demno - (IF testing)
Administrator ASNT Swaff ASNT Level 111
Regualification 5 years af 5 years of 5 years ol
Satisfactory Application or Current ASNT
Performance Reexarnination Certification
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©.1-73 The Practical Examination shall address

.1-70 When the near-distance, visual acuity
examination is given using the reading
card with Jaeger letters, it must be
given:

a.
b.
c.
d.

in accordance with a procedure.
by a person approved by the NDT
Level IIL

at least once a year.

by all of the above.

Q.1-71 As required in ASNT CP-189, Level 1
practical examinations wre intended 1o

be:

a.
h.
C.

Q.1-72 The Practical Examination shall address
the technical and practical competency

given by the employer’s Level 111

graded by the employer’s Level TIL

given using one or more test
samples for cach technique.
given using one or more lest
samples for each method.
passed only if all predefined
discontinuities are detected and
cvaluuted.

of the examinee when following
prepared NDT procedures for:

ISRES

Levels 1, 11, and NDT instructor.
Levels T and 11

corporate Level lls.

all of the above.

the technival and practical competency
of the examinee when following
prepared NDT procedures for:

pac o

Levels L 11, and 111,

Levels I and 11

Level 1.

Level 111 and NDT instructors.
all of the above.

Q.1-74 The employer’s Level 11 is responsible
for certsfication of:

a
b.

C.

Levels Tand 1L

outside inspection services and
consuliants,

other Level {lIs within the
organization.

all of the above.

none of the above.
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Chapter 5
General Applications of Various ND'I' Methods

Overview of the ASNT Basic
Examination

The second part of the ASNT Basic
Examination for Level 11 Certification covers
the examinee’s knowledge and comprehension
of basic and fundamental applications of all
methods of NDT. While an employer’s current
requirements for a Level 111 may only involve
one, of two, or a few NDT methods, il is not
envisioned that a Level [T as described in
Parageaph 4.3.3 of SNT-TC- 1A can {unction
adequately without somne basic knowledge of
the existence and applications of all coremonly
used NDT methods,

In light of rapidly expanding technology,
Level III NDT personnel have an obligation to
continually review current prachices,
recommend aznd develop new techmiques where
applicable, and seek more effective methods
where applicable. Without some basic
knowledge of the broad applications aspects of
NDT Technology, the NDT Level Il could not
be considered to meet the Levet IJF
qualifications as defined in SNT-TC-JA,
Paragraph 4.3.3: “capable of establishing
techniques and procedures; interpreting codes.
standards, specifications, and procedures; and
designating the particular NDT methods,
technigues, and procedures to be used, The
NDT Levef 11 should he respansible for the
NIYI" operations for which gualified and
assigned and should be capable of tnierpreting
and evaluating results in terms of existing
codes, standards, and specifications. The NDT
Level 1l should have sufficient practical

background in applicable materials, fabrication,

and product technology to establish techniques
and to assist in establishing acceptance criteria
where none are otherwise available. The NDT
Level LI should have general familiarity with
other appropriate NDT methods as
demonstrated by the ASNT Level 11 Basic
Examination or other means. The NDT

Level 111, in the methods in which certified,

should be capable of training and examining
NDT Level I and Level 11 personnel for
certification in these methods.”

Topical Outlines, Reference
Resources, and Review Questions

This sectien contains topical outlines,
reference resources and review questions for
the vificial NDT methods recognized in
SNI-TC-TA. The reader is advised to use the
reference resource material i difficulty is
encountered in answering the following
guestions. Note expecially that the questions
are not difficult for those with practical
exposure in the use of the method. The
questions are devised o cover fundamentals,
basic techniques, and applications.

Acoustic Emission Testing (AE)

Topical Qutline

1.0 Fundamentals
E.1 Principles/theory of acoustic emission
1.2 Sources of of acoustic emissiens
1.3 Equipment and material

2.0 Proper selection of acoustic emission
technique
2.1 Instrumentation and signal processing
a. Cables (lypes)
b. Signal conditioning
c. Signal detection

k. Noise discrimination
e. Electronic technique
f. Attenuation materials
2. Data filtering techniques

3.0 TInterpretation and evaluation of test results

Reference

Miller, Ronnie K., technical ed., Paul Mclntire,
ed. Nondestructive Testing Handbook,
second edition: Volume 5, Acoustic
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Emission Testing. Columbus, OH: The
American Sociely for Nondestructive
Testing, Inc. 1987

Review Questions

AFE-1 The most common range of acoustic
cmission festing 1s:

a. 10-15 KHz.
b. 100-300 KHz.
c. 500-750 KHz.
d. 1-5 mHz

AE-2  Discontinuitics that are readily
detectable by acoustic emission testing
arg:!

a. leaks.

b. plastic deformation.
¢. growing cracks.

d. all of the above.

AE-3 The total energy loss of a propagaiing
wave is called:
a4, scatter.

b. dispersion.
¢. diffracton.
¢, attenuation,

AE-4 The Kaiser effect refers to:

a. velocity changes due 10 temperature
changes.

b. low amplitude emissions from
aluminum structures.

¢. the behavior where emission from a
source will not occur until the
previous Joad is exceeded.

d. nonc of the abeve,

AE-5 The felicity cffect is useful in

evaluating:

a. fiber-reinforced plastic components.
high alloy castings.

c. large structural steel members.

d. ceramics.

=

AE-6 The Kaiser effect is useful in
distinguishing:

a. electrical noise from mechanical
noise.

b. electrical noise from growing
discontinuities.

¢. mechanical noise from growing
discontinuities.

d. electrical noise from continuous
CIMISSIONS.

AE-7 The term “counts” refers to:

a. the number of times a signal crosses
a preset threshold.
. the number of events from a source.
¢. the number of transducers required
to perform a test,
d. none of the above.

AE-8 The acoustic emission signal amphitude
is related to:
a. the preset threshold.
b. the intensity of the source.
c. the band pass filters.
d. background noises.
AE-9  Threshold settings are determined by:
a. the graininess of the material.
b. 1the attenuation of the matertal.
c. the test duration.
d. the background noise level.

AE-10 Background noise can be reduced by:

electronic filtering.

using flat response ampiifiers.
using in-line amplifiers.

using heavier gage coaxial cable.

Flectromagnetic Testing (ET)
Topical Outline

eoow

1.0 Fundamentals
1.1 FElectromagnetic ficld generation
1.2 Properties of eddy current
1.3 Effects of varying frequency
1.4 Phase discrimination

2.0 Electromagnetic Testing
2.1 Sensors
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2.2 Basic types of equipment; types of ET-4
read-out
3 Reference standards
4 Applications and test result
ipterpretation
a. Flaw detection
b. Conductivity and permeability
sorting
<. Thickness gaging
d. Process control

[S R )

Reference
Mester, Michael L., technical ed., Paul ET-5
Mclntire, ed. Volume 4. Electromagnetic
Testing. Columbus, OH: The American
Society for Nondestructive Testing, Inc.
1986,

Review Questions

ET-1 Eddy currents are circulating electrieal
currents induced in conductive

materials hy: ET-6

a. continuous direct current,

b, gamnarays.

¢. an alternating magnetic field.
d. a piczoclectric force,

¢. uny of the above,

ET-2  The method used to generate eddy
currents in a test specimen by means of
a cotl can most closely compared with
the action of a:

ET-7

a. transformer.

. COpacior.
¢ storage battery.
. generator.
e. resistor.

ET-3 [Lddy current testing relies on the

principle of:
a, magnetostoction.
b. electromagnetic induction. ET-§
¢. piezoelectric energy conversion.
d. magnectomotive force.
e. direct current flow in a resistive

circuil.

When the ¢lectrical current in an eddy
current coil reverses direction, the:

a. direction of the eddy currents in a
part remains the sume.

b, eddy currents in the test part will
change phase by 45°.

c. direction of the cddy currents in the
part also reverses.

d. eddy currents in the part remain the
same.

In order o generate measurable eddy
currents in a test specimen, the
specimen must be:

an clectrical conductor.

an electrical insulator.

either a conductor or insulator.
a ferromagnetic material.

a nonmagnetic material,

coan o

The magnetic field generated by eddy
currents induced In a test specimen:

a. opposes the magnetic field that
induced the eddy currents,

b. reinforces the magnetic field that
induced the eddy currents.

¢. cancels the magnetic field that
induced the eddy currents.

d. has no effect on the magnetic field
that induced the eddy currents.

In eddy current testing, IACS is a
rccognized abbreviation for:

2. Induced Alternating Current
System.

b. Inductively Activated Compartson
System.

c. Internal Applied Current System,

d. International Annealed Copper
Standard.

In eddy current testing, the specimen is
coupled to the test coil by:

core coupling.

magnetic saturation.

the coil’s electromagnetic fields.
magnetic domains.

dry powder couplants.

ae

o an
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ET-9

ET-10

E1-11

ET-12

ASNT Level lif Study Guide: Basic

The penetration of eddy currents in a
copductive material is decreased when
the:

a. test frequency or conductivity of the
specimen is decreased.

b. test frequency is decreased or
conductivity of the specimen is
increased.

¢. lest frequency, conductivity of the
specimen, or permeability of the
specimen is increased.

d. permeability of the specimen is
decreased.

At a fixed test frequency, in which of
the following materials will the eddy
current penetration be greatest?

a. aluminum (35% IACS
conductivity).

b. brass (15% JACS corductivity).

c. copper {95% IACS conductivity).

d. lead (7% TACS conductivity).

A term used to describe the effect
observed duc to a change in the
coupling between a test specimen and a
flat probe coil when the distance of
separation between them is varied is:

a. fill factor.
b. edge effect.
¢. end effect.
d. lift-off.

e,

coupling loss.

When testing with eddy currents,
discontinuities will be most easily
detected when the eddy currents are:

a. coplanar with the major dimension
of the discontinuity.

b. perpendicular to the major plane of
the discontinuity,

c. parallel to the major dimension of
the discontinuity.

d. 90° out of phase with the current in
the coil.

ET-13

ET-14

ET-15

ET-16

Which of the following discontinuities
are easiest to detect with an eddy
current test? {Assume that the area of
the discontinuity is equal inall 5
choices listed.)

a. A subsurface crack which lies
paralle! to the direction of the eddy
current.

h. A discontinuity located in the center
of a 51 mm (2 in.) diameter bar.

¢. A radial crack that extends to the
outer surface of & 51 mm (2 1n.}
diameter har.

d. A subsurface radial crack located at
adepthof 13 mm (0.5m.)ina
51 mm (2 in.) diameter bar.

e. A surface crack that Yies paralle] to
the direction of the eddy current.

Aterm used to define the timing
relationships involved in alternating
current signals is:

magnitude.

phase.

impedance.
reactance.

time-gain correction.

pEsTe

The impedance of a test coil can be
represented by the vector sum of:

a. inductive rcactance and resistance.

b. capacitive reactance and resistance.

¢. inductive reactance and capacitive
reactance.

d. inductive reactance, capacitive
reactance, and resistance,

Disadvantages of using a surface probe
coil for the eddy current inspection of
small-diameter tubing include:

a. inability to detect small
discontinuities.

stow inherent speed.

inherent mechanical problems.
all of the above.

both b and c.

o

6 oo
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ET-17

ET-18

ET-19

ET-20

The term “fill factors”™ applies to:

a surface coil.

coaxial cable.

an encireling coil.

the ability to null an eddy current
mstrurnent,

R0oe

Which of the following materials would
be more likely used as a mounting
material for a probe coil?

a. Aluminum.

b. Plastic.

c. Copper.

¢. Nonferromagnetic steel,

Which of the following is not a
commonly used eddy current testing
read-out mechanism?

a. Signal gencrator,

b. Meter.

c, Cathode ray tube.
. Strp-chart recorder.

Reference standards used for eddy
current testing:

a. must contain artificial
discontimities such as notches and
dalied holes.

b. must contain natural discontinuities
such as cracks and inclusions.

c. must be free of measurable
discontinuities but may contain
artificial or natural discontinuities or
may be free of discontinuities,
depending on the test system and
the type of test being conducted.

d. are not typically described in any of
the above.

ET-21

ET-22

ET-23

ET-24

63

Which of the following conditions is
net imporiant when selecting specimens
to be used as reference standards?

a. The specimen should be of the same
size and shape as the piece to be
tested.

b. The specimen should be of the same
materials and have the same heat
treatment as the piece to be tested.

¢. The surface finish of the specimen
should be the same as the piece to
be tested.

d. I the material is aluminum, the
surface should be anodized.

e.  All of the above conditions are
important,

Which of the follewing conditions
would be the mest difficuit to detect
when eddy current testing a rod using
an eneirchng coil?

a. A short surface crack that has a
depth of 10% of the rod diameter.

b. A small inclusion in the center of
the rod.

c. A 5% change in diameter.

d. A 10% change in conductivity.

The thickness of nonconductive
coatings on a conductive base can be
maost simply measured by:

a. observing the lift-off effect caused
by the coating.

b. testing both sides of the specimen.

¢. varying the test frequency over a
given range during the test.

d. using a specially shaped encircling
coil.

Some of the preducts commenly tested
using cneircling coils are:

rods, tubes, and wire.
interior of hollow tubes.
sheets and metaled foil.
all of the abave.

an o
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ET-25 It is often possible to sort various alloys
of a nenimagnetic metal by means of an
cddy current tesl when:

a. there is a unique range of
permeability values for each alloy.

b. there is a unique sange of
conductivity vates for each alloy,

c. the direction of induced eddy
currents varies for each alloy.

. the magnetic domains for each alloy
are different.

e. the afloy is slightly magnetic. but
not if totally nonmagnetic.

ET-26 When eddy current testing tubing with a
svstem that includes a frequency
discriminating circult, which of the
following variables would be classified
as a high frequency variable?

Small discomtinuities.
Conductivity changes.
Diameter changes.

Wall thickness variations.

po o

ET-27 Which of the following is not a
candidate for testing by the eddy
current method?

a. A 102 mm (4 in.) thick plate to be
tested for discontinuities throughout
the plate,

b. Tubing to be tested for surface
cracks.

c. Rod 1o be tested for taps and seams.

d. Tubing to be tested for variation in
outside diameter.

e. Bothaand d.

Infrared/Thermal Testing (TR}

Topical Outline

1.0 Fundamentals
1.1 Principles and theory of
infrared/thermal testing
1.2 Temperature measurement principles
1.3 Proper selection of infrarcd/ihermal
technique

2.0 Equipment/materials
2.1 Temperature measurement equipment
2.2 Heat flux indicators
2.3 Noncontact devices

3.0 Applications
3.1 Contact lemperature indicators
Noncontact pyrometers
Line scanners
Thermal imaging
Heat flux indicators
Exothermic or endothermic
investigations
Friction investigations
Fluid Now investigations
Thermal resistance investigations
OThermai capacitance investigations

fadt fad ) Ll

—lones D R
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4.0 Interpretation and evaluation

Reference

Wolfe, William .. and George J. Ziessis, eds.
The Infrared Handbook. The Environmental
Research Institute of Michigan (prepared
for the Department of Navy). 1985,

Review Questions

[R-1 Thermal resisiance is:

a. analogous 1o electrical current.

b. a material’s impedance to heat flow.

¢. proportional e the fourth power of
eIMisSIvity.

d. propurtional to the rate of heat flow.

IR-2  Conductive beat transfer cannot take
place:

2. ACrOSs a vacuum.

b. within orzanic matenials such as
wood.

c. between two solid materials in
contact.

d. between dissimilar metals.

IR-3 The radiation of infrared/thermal cnergy
from a tasget surface:

a. occurs most efficiently in a vacuum.

b. is proportional to the fourth puwer
of the absolute surface temperature.

¢. is directly proportional to surface
emissivity.

d. does all of the above.




IR-4

IR-5

IR-6

R-7

IR-8

Thermal radiation reaching the surface
of an abject can be:

i absorbed only m the presence of
atmosphere.

h. reflected and absorbed only in a
vacuum.

c. absorbed, reflected, and transmitted.

. tramsmitted only if the suzface is
organic.

The following spectral band s included
in the infrared spectrum:

a. (155 pm.
b, 3-10.6 pm.
c. 0.4-200pm.
d. 0.75-100 um,

As a surface conls, the peak of its
radiated infrared energy:

. shifts to longer wavelengths.

h. shifts to shorier wavelengths.

c. remains constant.if emissivity
Temains constani.

d. remains constant even if emissivity
VArIcs,

A graybody surface with an emissivity
of 0.04 would he:

a. transparent to infrared radiation,
b. a fairly good emitter.

. almost a perfect reflector.

d. almost a perfect emitter.

Ii a surface has an emissivity of .35
and a reflectivity of 0.45, its
transmissivity would be:

a. impossible to determine without
additional information,

b. 0.80.
¢ 0.10.
d. 0.20.
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IR-9

IR-10

IR-1]

IR-12

IR-13

65

The spectral band in which glass
transmils infrared radiation most

- efficiently is the:

3.0-6.0 pm region,
2.0-3.0 pm region.
6.0-9.0 um region.
9.0-11.00 pm region.

en o

Infrared thermal detectors:

a. have a broad. flat spectral response.

b. have much faster response times
than photon detectors.

¢. usually require cooling 10 operate
properly.

d. have much greater sensitivity than
photon detectors,

A diffuse reflecting surface is:

a. 4 polished surlace that reflects
ineoming energy at a
complementary angle.

b. & surface that scatters reflected
energy in miny directions.

c. also called a specular reflecting
surface.

d. usually transparent to infrared
radistion.

The thermal resolution of an nstrument
is the same as:

4. the lcmpcm!urc accuracy,

b. minimum resolvable temperature
difference.

¢. temperature repeatability.

d. the minimum spol size.

The instantaneous spot size of an
instrument 1s related to the:

a.  instantaneous field of view and the
working distance.

h. thermal resolution.

¢. spectral band width and the working
distance.

d. speed of response and the working
distance.
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IR-18 Most infrared focal plane array Imagers:

66

IR-14 The thermal resolution of an instrament

tends to:

a. improve as the target temperature
increases.

b. degrade as the trget temperature
ncreases,

¢. remain constant regardiess of the
target temperature.

d. improve with increasing working
distance.

a. wse more costly optics than
scanning radiometers.

b. offer better spatial resolution than
scanning radiomerers,

¢. oftfer better thermal resolution than
scanning radiometers.

d. offer more diagnostics features than
scanning radiometers.

[R-19 When measuring the temperature of a
IR-15 The 3-3 pm spectral region is well non-gray target:
suited for operation of instruments:
. the viewing angle is not critical.
4, measuring sub-zero tcmperature b. always assume an emissivity of 1.0,
targets. c. reflections ol the near surface may
b. measuring targets at extremely long be ignored.
working distances. d. errors may be cavsed by hot sources
¢, measuring targets warmer than in the background.
200 °C (392 °F).
d. operating at elevated ambient IR-20 Unfinished metal surfaces usually have:
temperatures.
a.  high and uniform emissivities.
IR-16 Adding an infrared speciral filter to an b. low and uniform emissivities.
imstrument limits the spectral band: ¢. non-graybody characteristics.
d. low specular reflectivity.
a. to only wavclengths longer than a
specified wavelength. IR-21 Thermad hifusivity is:
b. to only wavelengths shorter than a
specified wavelength, 2. high for metals and low for porous
¢. to only wavelengths between two materials.
specified wavelengths. h. the same for all metals.
d. all of the above are true. ¢. low for metals and high fer poraus
maierials.
IR-17 Aline scanner can be best used to d. the samc for all porous materials.
produce a thermogram of a sheet
process when: IR-22 The 3-dimensional resistance to

a. the sheet process is moving at a
uniform rate,
. cmissivity 1% known.
¢. the process material is a
non-graybody.
d. the sheet process is hotter than
200 °C (392 °F).

temperature chapge within a matenal is
called:

diffuse retlectivity.
thermal effusivity.
thermal conductance.
spectral transmuttance.

/e Tw
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1eak Testing (I.T) LT3
Topical Qutline

1.0 Fundamentals
1.1 Bubble detection
1.2 Pressure change
1.3 Halogen diode detector
1.4 Mass spectrometer
1T-4
2.0 Leak Testing
2.F Systems factors
a. Retative sensitivity
b. Evacuated systemis
¢. Pressunized systems: ambient
[Tuids, tracer fTuids
d. Eocating leaks
e. Calibration
Test result interpretation LT-5
Essentials of safery
Test equipment
Applications
a. Piping and pressure vessels
b. Evacuated systems
¢. Low pressure fluid containment
vessels, pipes, and tubing
d. Hermeltc seals
e. Electrical and electronic
COMpONEnts

1 1o b
[FL R SN I )

LT-6
References

MeMaster, R.C. ed. Yolume 1, Leak Testing.
Columbus, OH: The American Society for
Noendestructive Testing, Inc. 1982,

Review Questions

LT-1  Which of the following systems or
components are candidates for leak

lesting?

a. Piping and pressure vessels.

b. Refrigeration piping, LT-7
¢. Vacuum chambers.

d.  All of the ahove.

¢. Bothaandb.

LT-2 A helium mass spectrometer is used in
which of the following NDT
method(s)?

X-ray spectroscopy.
Optical holography.
Acouwstic holography.
Leak testing.

Both b and c.

cRo T

Which of the following is a technique
of leak testing?

Bubble detection.

Measurement of pressure changes.
Hilogen “sniffing.”

All of the above.

anoe

Potentially, the most senstive leak
testing technique s the:

a. bubble test.

b. pressure change test.

€. misy spectrometer lest.
Jd. liguid penetrant test.

Establishing differential pressure
between the test object and environnient
is an essential element in which of the
following NDT methods?

a. X-ray diffraction.

b. Neutron radicgraphy.
c. Leuk testing.

d. Gamma radiography.
e. Eddy current testing.

Which of the following best describes
the type of leak test used when the
interior of the test object is evacuated
and a tracer gas is applied to the
exterior, while the leak detector is
connected to the evacuating system?

Static leak test.
Heltum leak test.
Dynamic leak test.
1. Halogen leak test.
e. Sniffer leak test.

oo

o

Assuming no significant leakage, if the
temperature increased during a pressure
drop leak test, the pressure in the
system under test would:

a. increase.

b. remain the same.

¢. decrease.

d. first increase, then decrease to is

former level.
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LT8  1f the sensitivity of the halogen leak Liguid Penetrant Testing (PT)
detector is maintained constant Topical Outli
throughout a test, which of the opical Culline
following is true upon completion of 1.0 Fundwnentals
the test? 1.1 Interaction of penetranis and
discontinuity openings
a. No leaks of a certain size or larger 1.2 Fluorescence and conirast
have gone undetected.
b. The total leak rate of the test object 2.0 Liquid Penetrant Testing
is less than a certain amount. 2.1 Penetrant processes
c. The instrument and test procedure 2.2 Test equipment and systems factors
were capable of detecting leakage of 2.3 Test result interpretation;
a certain size during the test. discontinuity indications
d. All of the above. 2.4 Applications
a. Castings
LT-9  All leak detection methods are b. Welds
dependent upon: c. Wrought metals
d. Machined parts
a. baromelric pressure. ¢. Leaks
b. gas or fluid flow. f. Field inspections
¢. mass spectrometers analysis.
d. mean free paths of helium flow. Reference _
McMaster, R.C., ed. Volume 2, Liguid
110 In an evacuated system, sensitivity of a Penetrant Tests. Columbus, OH: The

American Society for Nondestructive
Testing, Inc. 1982,

pressure change leak lest is dependent
not only on the pressure change
obscrved, but also on the degree of

outgassing. Outgassing is best defined Review Questions

as:
PT-1  The tendency of a liquid penetrant to

a. the viscosity of the pressurizing gas. enter a discontinuity is primarily related
b. being directly proportional to the 10:

temperature of the gas.
c. the releasc of gases which were a. the viscosity of the penetrant.

absorbed into the walls of the test b. capillary forces.

cortainer. ¢. the chemical incrtness of the
d. the drop in test pressue due 10 penctrint.

leakage from the vacuum manifold. d. the specific gravity of the pencirant.
¢. a phenomenon whereby gases in an e. all of the above.

evacnated system eventually Jeak to

the outside of the system if vacuum  PT-2  Liquid penetrant testing is a

is mainiained.

pondestructive test that can be used for:

a. locating and evaluating all types of
discontinpities in a test specimen.

b. locating and determining the length,
width, and depth of discontinuities
in a test specimen.

¢. determining the tensile strength of a
test specimen.

d. locating discontinuities open to the
surface,

g. a b, and d.
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PT-3

Which of the following is not a PT-7
charactenistic that applies to liquid

penetrant westing?

a. This method can accurately measure
the depth of a crack or discontinuity.

b. This method can be used for on-site
testing of Jarge parts.

¢. This method can be used to find
shallow surface discontinuities.

¢. This method can be made more or
less sensitive by using different
penetrant materials.

PT-8

The property of a dye used in penetrant
materials to emit light of a range of
wavelengths different from the
wavelength of light that excites the
emission is called:

emissivity.
irradiation.

black light.
spectrum blocking.
fluorescence.

cRcoR

When wsing a fluorescent,
post-emulsifier penetrant, the tength of
time the emulsifier is allowed to remain
un the part is critical for detecting
shatlow discontinuities. The optimum
length of time should be:

10 seconds.

5 seconds.

¢ 2-3 mimnes,

d. determined by experimentation.

o &

A red penetrant indication against white
background is most likely 1o be seen
when:

PT-10

a. dry developers are used.

b. visible dye penetrants are used.

¢. fluorescent post-emulsitied
pencirants are used.

d. wet developers are used.

e. ultraviolet light is used with visible
dyc penctrants.
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The most widely accepted method for
removing excessive water-washable
penctrant from the surface of a test
specimen is by:

a. using a wel rag.

h. using a water spray rinse.

c. washing the part directly under
water running from a tap.

d. tmmersing the part in waler,

Which of the fellowing penetrant
systems 1s gencrally considered the
least sensitive?

Water-washable; visible dye.
Solvent-removable; visible dye.
Water-washable; fluorescent dye.
Post-emulsified; visible dye.

oo

When performing a liquid penctrant test
ustng solvent-removable visible dye
penetrant, there are several ways to
remove excess penetranl from the
surface of the part. Which of the

. methods listed below is generally

regarded as most suitable for giving
accurate test results?

a. Squirting solvent over the surface
with no more than 10 psi pressure.

h. Wiping with a sulvent-soaked cloth,
then wiping with a dry cloth.

¢. Wiping with a solvent-dampened
cloth, then wiping with dry cloths.

d. Wiping with dry wipes, then wiping
with a solvent-dampencd cleth, and
finally wiping with dry cloth.

A problem with retesting a specimen
that has been previously tested using
fiquid penetrant is that:

a. the penetrant may form beads on the
surface,

b. the penetrant residue left in
discontinuitics may not readily
dissolve and the retest may be
nusleading.

¢. the penctrant will lose a great deal
of its cojor brilliance.

d. none of the above are correct
statements.
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PT-11

PT-12

PT-13

PT-14
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A commonly used methed of checking
the overs]l performance of a penetrant
materkal systent is 10:

a. determine the viscosity of the
penetrant,

b. measure the wetability of the
penetrant.

¢. compare two sections ol artificially
cracked specimens.

d. do all of the above.

The function of emulsifier in the
post-cmulsified penetrant process is to:

a. more rapidly drive the penetrant
into deep. light cracks.

b. react with the surfice penetrant to
muke the penetrant water-washabic,

c. add fluorescent dye or pigment to
the penetrant.

d. provide a couting to which dry
powder developer can adhere.

e. emulsify surface oils and greases to
facilitate their removal.

Which of the following statements does
not apply to developers used during
penetrin 1estng”?

a. Developers arc normally highly
fluorescen.

b. Some developers furnish a
contrasting background during
inspection.

¢. Developers absorb or blot the
penetrant that remains in
discontinuities after the excess
penetrant has been removed.

d. All of the above are true statements.

The penetrant indication for a cold shut
on the surface of a casting will
normally be:

a dotted line.

a cluster of small indications.

a smooth continuous line.

a large bulbous indication.
undetectable since cold shuts are
closed over on the surface.

can g

PT-15 A crack-type discontinuity will
generally appear as:

a. arounded indication.
b. acontinwous line, cither straight or
Jagged.

¢, abroad, fuzzy indication.

d. random round or elongated holes.
PT-16 In a peretrant test, scattered round
indications on the surface of a part
could be indicative of:

a. fatigue cracks.
b. porosity.

c. weld laps.

d. hot tears.

e. grinding cracks.

PT-17 Which of the following are typical
nonrelevant indications feund m

penctrant testing?

a. Indications due to part geomelry or
part design configurations.
Nanmagnetic indications.

Multple indications.

Nonlinear indications.

Indications on low-stressed areas of
the part.

P RO

Which of the statements helow best
states the results of sandblasting {or
cleaning surfaces to be penetrant tested?

FT-18

a.  Discontinuities may be closed.

b. Oil contaminants might be sealed in
the discontinuities.

¢. The sand used in the sandblasting
operation may be forced into the
discontinuity.

d. The sandblasting operation may
introduce discontinuities into the
part.

e. Nomne of the above.

PT-19 The penetrant indication of a forging
lap will normatly be:

a round or nearly round indication.
a cluster of indications.

a thin continuous line.

a dotied line.

SR E =
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PT-20

PT-21

PT-22

P23

Aluminum alloy test specimens that
have been tested by the Jiquid penetram
methad should be tharoughly cleaned
after testing hecause:

a. acid in the penetrant may cause
SEVETE COTTOSION.

b. the alkalines in wet developers and
most emulsifiers could cause
surface pitting, particularly in moist
aimospheres.

c. the oly residue from the test wilt
severcly inhibit the application of
paint on aleminum alloys.

. & chemical reaction between the
penetrant and aluminum could cause
a fire.

Penetrants may be used for leak
detection:

a. i surfaces arc clean,

b if both sudes are accessible.

c. in dilute form during hydro-test.

d. cffcctively by using fluerescent
tracers.

¢. in all of the above.

Which of the following is a
discontinuity that might be found in
rolled bar stock?

a. Blow holes,

h.  Shrinkage laps.

c. Cracks or seams.

d. Insufficient penetration.

Anedized surfaces are usually
considered poor candidates for high
sensilivity liquid penetrant examination
because the anodizing process produces
a cenversion layer that;

a. 1s extremely smooth and slick.

h. has a multitude of extremely small
parcs,

¢. may have alkaline residue which
“guenches” the penetrant.

d. cannot be cleaned by ordinary
pEOCESSes.

e. flakes off on contact with penetrant
malerials.

PT-24 Which of the following penetrant

mcthods docs not normally require a
source of electricity to properly conduct
a test?

a.  Water-washable fluorescent
penetrant methixd,

b. Post-emulsified fluorescent

penetrant method.

Visible dye penetrant method.

None of the above require a source

of electricity.

e

PT-25 Which of the following statements is

trug concerning penetrant lesting of
welds with rough surfaces?

a. The post-emulsified process offers
advantages over the water-washable
pracess.

h. Weld surfaces must be ground flush
in order to expose all subsurface
discontinuities.

c. If the solvent-removal process is
uscd, the best developer would be
an agueous suspension.

d. Welds with rough surfaces cannot
be successfully tested by any
penctrant method.

e. None of the above statements is
trae.

Magnetic Particle Testing (MT)
Topical Qutline
1.0 Fundamentals

1.1 Magnetic tield principles

1.2 Magnetization by means of electric
current

1.3 Demagnetization

2.0 Magnctic particlc inspection

2.1 Basic types of equiprnent and
inspection materials

2.2 Test result interpretation;
discontinuity indications

2.3 Applications

Welds

Caslings

Wrought metals

Machined parts

Ficld inspections

spoap
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Review Questions

MT-1 Which of he following materials
cannol be tested by magnetic particle
technigues?

High alloy steels.

Tool steels.

Copper alloys.

Fernitic stainless steels.
Both ¢ and d.

Ao

o

MT-2 Materials that arc strongly atiracted to a

magnet are called:

magnetized.
noRMagnetic.
ferromagnetic.
magnetic.

eo T

MT-3 Magnetic lines of force (magnetic
ficlds) are oriented in what direction in
relation to the direction of the

magnetizing current?

a. Parallel.

b. Airight angles.

c. Ata45° angle.

d. One angular orientation is random.
MT-4 Magnetizing flux is a term that relates
to:

a. describing the direction of current
flow in an electromagnet.

b. the manner by which magnetism
flows through space.

¢. the number of lines of force
associated with a magnetic field.

d. permanent magnets only.

MT-5 Subjecting a part to a magnetic field
that is constantly reversing in polarity
and graduaily diminishing in strength
accomplishes which of the following?

a. The part is magnetized.
b. The part is demagnetized.
¢. The remanence of the magnetic
field is increased.
d. Deep-lying discontinuities are more
easily located,
MT-6 Circular magnetization is useful in the
detection of:

a. circumferential cracks.

b. longitudinal cracks.

c. cracks in cylindrical parts at right
angles o the long axis of the part.

d. Bothaandc.

In which magnetizing method is the
current passed directly through the part,
thereby sciting up & magnetic field at
right angles to the current flow?

Lengitudinal magnetization.

Coil magnetization.

Central conductor magnetization.
All of the above.

None of the above.

oen TE

MT-8 Which of the following is a major

disadvantage of using the prod method?

4. The magpetic field may be applied
in the wrong direction.
b. The inspection surface may be arc
burned.
c. Magnetic saturation may occur.
d. The operator’s eyes may be burned
by arc strikes.
MT-9 Inspecting a part by applying the
magnetic particle suspension while the
current is flowiny is called the:

continuous method.

dry method.

residual method.
demagnetization method.

on o
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MT-10 How is the inside diameter of a cylinder
best magnetized?

By a head shot.

By using prads at either end.

With a central conductor placed
between contact heads.

With the cylinder placed crosswise
in a solenoid.

MT-1! The amount of amperage used for
magnetic particle inspection vsing the
prod methed 3s based on the:

thickness of the part.
distance between the prods.
diameter of the prods.

total length of the part.,

all of the above.

MT-12 Demagnetization of a part is usually not
necessary if the part is:

small.

inspected with the continuous
method.

to be hardened by heat treatment
after inspection.

high carhon steel to be welded after
inspection.

MT-13 Which of 1he following is an advantage
of the dry method over the wet method?

It is more sensitive for detecting
fine surface cracks.

It is more capable of providing {ull
surface coverage on irregularly
shaped pats.

It is easicr to use for field inspection
with portable equipment.

It is Taster when testing a number of
sinall parts.

The equipment cost is lower.
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MT-14 Fluorescent magnetic particles are used
in preference w visible magnetic
particles:

a.

b.

d.

when parts are big and bulky.

to take advantage of the {luorcscent
tights that are normally used in
plants.

if parts are for railroud applications.
to increase the speed and reliability
of deteciing very small
discontinuities.

MT-15 The most versatile type of magnetic
particle cquipment is:

canoe

portable equipment.

the stationary horizontal machine.
the mobile power unit.

the automatic machine.

a feld kit

MT-16 Magnetic particle inspection metheds
are recogmzed as superior to lquid
penetrant techniques when the:

a.

b.
C.
d.

surfaces of the test object are
corroded.

surface is anodized.

parts are painted.

part is made from austenitic steel.

MT-17 When using direct current, an indication
is detected. What is the next logical step
1o determine if the indication results
from a surface or subsurface condition?

s o

Reinspect using the surge method.
Demagnetize and apply powder.
Reinspect at higher amperage.
Reinspect using alternating current.

MT-18 A requirement (o use magnetic particle
testing on a part should also include:

a.
b.

a fabrication and service manual.
a statement on the drawing that
requires a magnetic particle test.
the procedure to be used and
acceptance criteria,

the method of test and service
conditions,
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MT-19 The statement that magnetic particle
testing can be applied to plated and
painted parts:

4. is true regardless of the thickness of
the coating.

b. may be true if flux densities are
increased to compensate for the
coating thickness.

¢. is true only for circular magnetism.

d. is pot true under any circumstances.

MT-20 The best type of magnetizing current
for inspection of fatigue cracks is:

direct currem.

alternating current.

half-wave direct current.
full-wave rectificd direct current.
any of the above if the current is
correct.

oon o

MT-21 A star-shaped indication was seen on
the cover pass of a weld. What type of
discontinuity was indicated?

a. A cooling crack.
b. A crater crack.
¢. Aslag inclusion.
d. A lack of fusion.
¢. An arc bum,

MT-22 For maxinum sensitivity in magnetic
particle inspection of rough welds:

a, the weld should be wire brushed to
remove slag and scale,

b. standard test weldments should be
used for comparison.

c. the weld bead should be coated with
lacquer.

d. the weld bead should be ground
flush with the plate surfaces.

Neutron Radiographic Testing (NR)

Topical Outline

1.0 Fundamentals
1.1 Seurces
a4 X-ray
b. [sotopic
c. Neutren
1.2 Detectors
w. Imaging
b. Non-imaging
1.3 Nature of penctrating radiation and
ineractions with matter
1.4 Essentials of safety
2.0 Radiographic testing
2.1 Basic imaging considerations
2.2 Test result interpretation;
discontinuity indications
Systems factors (sourceftest
object/detector inleractions)
Appiications
a. Explosives and pyrutechnic
devices
Assembled components
Bonded components
Corrusion detection
Nonmetatlic materials

23
24
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Review Questions

NR-1 The highest intensity sources of thermal
neutrons are:

Cr-252 isolopes.
accelcrators.
nuclear reactors.
none of the above.

an T
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NR-2

NR-3

=

NR-5

NR-6

Neutrons for fast-ncutron radiography
are obtainable from:

nee

=

accelerators,
radioactive sources.
reaclors.

all of the above.
noac of the above.

A radioactive source used for neutron
radiography is:

engE

o

Pu-239.
Co-60).
Cs-137.
Cf-252.
all of the abave.

The energy of the neutron is expressed
in which of the following units of
mesurement?

[ =1

Curics.
Roentgens.
Half-life.
Electron-volis.
REMs.

A normally desirable feature of a
thermal neutron beam for neutron
radiography is:

oo

low gamma radiation intensity.
relatively low fast-neutron intensity
low angular divergence.

both a and b.

Material that slows down neutrons is
called:

cRrTe

a moderator.

an accumulator,
a limitor.

a reduger,

a collimataor.
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NR-7 The primary radiation mechanism for
darkening X-ray film when the direct
neutron radiography process is used
with gadolinium screens is:

NR-8

NR-9

6o

il

alpha particles.
electrons.
FEHIMA 1ays.
light emission.

Neutron radiography using the transfer
method requires that the imaging
sereen:

oo oe

be placed behind the fikm.

be placed in front of the film.
be very thin.

become radivactive.

cmnit light.

Which of the following neutron
radiegraphy converter foils cannot be
used for transfer or indirect

radiography?
a. Dysprosium.
b. Indium.

¢. Gadolinium.
d. Gold.

NR-10 The most svitable films for producing
neutron radiographs are:

NR-11

HY
b.
C.
d.
e.

red sensitive films.

instant-type filims.

industrial X-ray films.

medical X-ray films.

emulsions that contain no silver
haltdes.

Materials that are exposed to thermal
neutron beams:

must not be handled for at least

3 minutes after exposure has ceased.
must be stored in a lead-lined room.
may be radioactive after exposure o
neutrons has ceased.

should be monitored by means of a
neutron counler.

present no particular problems since
they cannot be radioactive.
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NR-12 Lead is:

a good peutron shield.

corroded by neutron expasures.

a relatively poor neutron absorber.
an efficient conversion screen,

o TR

NR-13 If 2 mm {0.08 in.} of plastic attennates a

thermal neatren beam by a factor of 2,
ther 20 mm (0.8 in.) will attenuale it by
approximatcly a factor of:

a. 10,

b. 20.

c. 100.
d. 200,
e. 1,000.

NR-14 Materials in common usage for

moderation of fast-neutron sources
include:

aluminum, magnesium, and tin.
water, plastic, paraflin, and graphite.
neon, argon, and xenon.

tungslen, cesium, anlimony, and
columbium.

an e

NR-15 The main tcason for using neutren

radiography in place of X-radiography
is:

4. alower cost.

b. higher resolution.

c. the ability 1o image objects and
malerials not possible with X-rays.

d. a simpler radiographic procedure
requircd than X-radiography.

NR-16 A photographic record produced by the

passage of neutrons through a specimen
onto a {ilm is called:

a fluoroscopic image.

a radiograph.

an isotopic reproduction.
a track-etch photograph.

cope

NR-17 Many of the absorption differences

between newtrons and X-rays indicate
that the two techniques:

a. cause radiation problems.

b. complement cuch other.

¢. can be used interchangeably.
d. can both be used to image

hydrogenous materials equally well.
¢. are in no manner related.

NR-1§ The penetrating ability of a thermat

ncutron beam 15 governed by:

a. aitenuating characteristics of the
material being penetrated.

h. exposure ime.

¢. source-10-film distance.

d. all of the above.

NR-19 The transfer exposure method is used

because:

a. it is pot influenced by gamma
radiation in the primary beam.

b. it produces greater radiographic
sensitivity than the direct exposure
using gadolinium.

¢. it is faster than the direct cxposure
method.

d. the screens used in this method emit
only internal conversion electrons of
about 70 keV.

NR-20 Higher resolution can be achieved in

direct newtron radiography by:

a. placing a lead imensifying screen
between a gadolinium screen and
film,

b. increasing the L/D ratio of the

collimation systern.

increasing the exposure lime.

increasing the distance between the

ohject and the film cassette.

B
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NR-21 The primary advantage of using a
(Cf-252 source for peutron radiography
s ils:

a. portability.

b. low cost per unit neutron flux
compared 1o other neutron
radiographic sources.

c. high resolution.

d. long useful hife.

NR-22 Quality of the results from a neutron
radiograplue exposure is best
determined by:

reference standagds.

image quality indicators.
neutron fiux measurcment.
densitometer readings.

en o

NR-23 The radiographic image of flaws in the
imaging screens can be separated from
actual flaws in a part being
radiographed hy:

a. producing a photographic copy of
the vriginal nevtron radiograph
using X-ray duplicating film.

b. comparing a neutron radiograph of
the parts to a blank neutron
radiograph of the same imaging
screen with no parts in place.

c. increasing ihe exposure time of the
radiegraph.

d. decreasing the temperature of the
developer solution.

NR-24 Fur inspection of radioactive objecis of
those that emjt gamma radiation when
bombarded with neutrons, a preferable
detection technique is the:

direct cxposure technique.
transfer technigue.

isotopic reproduction technique.
electrostatic-bell generator
technique.

e. lead screen technique,

e oe
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NR-25 Neutron radiography is an excellent tool
for determining:

a. the coaling thickness of aluminum
oxide on anodized aluminum.

b. the size of voids in thick steel
castings.

c. the integrity of thin plastic material
within a sieel housing.

d. none of the above.

NR-26 Neutron radiography extends
radiographic capability for detecting
cracks in small cylinders of:

a. aluminum.
b, iron.

c. magnesium.
d. plutonium,
e. bronze,

NR-27 Which of the following is not a
preferred application of neutron
radiography?

a. Detecting the presence or absence
of explosive material contained
within a metal device.

b. Detecting the presence of water in
the cells of staintess steel
honreycomb.

¢. Detecting the proper alighment of a
rubber seal in a small stecl valve
assembly.

d. Detecting the presence of a lead
rupture diaphragm in a small
aluminum safety valve assembly.

Radiographic Testing (RT)
Topical Outline
1.0 Fundamentals

1.1 Sources
a. X-ray
b. Isotopic
¢. Neutron
1.2 Delectors
a. Imaging

b, Nenimaging

1.3 Nature of penetrating radiation and
interactions wilh matter

1.4 Essentials of safety



78 © ASNT Level lll Study Guide: Basic

2.0 Radiographic Testing
2.1 Basic ilnaging considerations
2.2 Test result interpretation;
discontinuity indications
Systems factors {source/iest
object/detector interictions)
Applications
Castings
Welds
Assemblies
Electrontc components
Field inspections
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2.4

oo TR
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Review Questions

RT-1 The penetrating ability of an X-ray

beam is governed by:

a. kilovoltage or wavelength.
. time.
¢. milliamperage.
d. source-to-film distance.
RT-2  Two X-ray machines operating at the
same nominal Xilovoltage and
milliamperage settings:

a. will produce the same intensities
and energies of radiation.

b. will produce the same intensities but
may produce differemt energies of
radiatton.

¢. will produce the same energies but
may produce diffcrent intensities of
radiation.

d. may give not only different
intensities but also different cncrgics
of radhation.

RT-3

RT-4

RT-5

RT-6

RT-7

Which of the following X-ray
generators would produce the narrowest
cone of X-radiation?

a, 10 MeV.
b. 15 MeV
c. 25 MeV.
d. 1 MeV.
¢c. Co-6l.

Short wavelength electromagnetic
radiation produced during the
disintegration of nuclei of radioactive
substances s called:

a. X-radation.

b. gamma radiation.

c.  scatter radianion.

d. backscatter radiation.
e. beta radiation.

Almost all gamma radiography is
performed with:

& natural 1sotopes.

b. artificially produced isotopes.
¢. Radium.

d. Tm-170.

e, Co-60.

The energy of gamma rays is expressed
hy which of the following units of
measurement?

a. Cune.

b. Roentgen.

¢. half-hie.

d. Kitoelectron volts (keV) or Millions

of electron volts (MeV).
¢. None of the above.

Of the following, the source providing
the most penetrating radiation is:

a, Co-60.

h. 220 kVp X-ray tube.
c. 15 McV betatron,

d. electrons from Ir-192.
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RT-8

RT-9

RT-10

RT-11

Common sources of neutrons for
neutron radiography are:

electron lincar accelerators.
isotopes of Cobalt (Co-60 is one).
nuctear reactors.

d. betatrons.

radioactive isutopes of todine.

oo

"

The difference between the densities of
two areas of a radiograph is catled:

a. radiegraphic contrast.
b. subject contrast.

¢. film contrast.

d. definition.

e. opacity.

The fact that gases, when bombarded by
radiation, ionize and become ¢lectrical
conductors makes them useful in:

a. X-ray transformers.

b. X-ray tubes.

¢, masks.

d. radiation detection equipment.
e. fluoroscopes.

The reason exposure time must be
increased by a factor of four when the
source-to-film distance is doubled is
that the:

a. intensity of radiation decreases at an
cxponential rate when the
sonrce-to-film distance is jncreased.

b. energy of radiation is inversely
proporttonal to the square root of
the distance from the source to the
film.

c. intensity of radiation is inversely
proportional to the squarc of the
distance from the source to the film.

d. scattered radiation effect is greater
as the source-to-film distance
increases.
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RT-12 The most important factor in X-ray

RT-13

RT-14

RT-15

absorption of a specimen is:

the thickness of the specimen.

the density of the specimen.

the atomic number of the material.
Young's Modulus of the material.
the volume of the material.

LS R

Which of the following is the probable
early effect of a 25 REM radiation dose
to the whole body?

a, No physical effect.

b. Blood changes, no serious injury.
c. Injury, possible disability.

d. Fatal 10 50 percent of those

receiving that dose.

Exposure to small doses of X-rays or
ZAMIT TAYS:

a. have a cumulative effect that must
be considered when monitoring for
miximuam permissible dose.

b. are beneficial because they serve to
build an immunity in humans to
radiation poisoning.

¢. will have no effect on human
betngs.

d. will have only a short-term effect on
human tissues.

Which of the following technique
variables is most commoniy used 1o
adjust subject contrast?

Source-to-film distance.
Milliamperage.
Kilovoltage.

Focal spot size.

Al of the above.

fanTE

RT-16 A basic difference between a radiograph

and a fluoroscopic image is that:

a. the fluoroscopic image is more
sensitive.

b. the fluoroscopic image is positive
whereas the radiographic image is
negative.

c. the fluoroscopic image is brighter.

d. there is no basic difference between
the twe,
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RT-17 Thin sheets of lead fol in intimate
contact with X-ray film dunng exposure
mcrease film density because they:

a. fluoresce and emit visible light,
which helps expose the film.
b. absorb the scattered radistion.
¢. prevent backscattered radiation from
fogging the film.
. emm electrons when exposure to
X- and gamma radiation, which
helps to darken the film.
e. zhsorb low encrgy components from
the primary beam.
RT-18 When viewing a radiograph, an image
of the back of the casseite
superimposed on the image of the
specimen is noted. This is most likely
due o

a. undercut.

b. overexposure.

¢, X-ray intensity being too high.

d. backscattered radiation.
RT-19 A penetrumeter is used lo measure the:
size of discontinuities in a part.
density of the film.
amnouni of film contrast.
quality of the radiographic
technique,
amount of radiation that penetrates
1he test object.

A

RT-2( In fitm radiography, penetrameters are

usually placed:

a. between the intensifying screen and
the film.
. on the source side of the test object.
¢. on the film side of the test object.
- i. between the operator and the
radiation source.
¢. on the back side of the film.

RT-21 At voltages above 400 kY, the use of
lead to provide protection may present
serious structural problems. If this
should be a serious problem. which of
the following materials would most
likely be used us a substitute?

a. Aluminum.
b. Concrete.

¢ Sieel.

d. Boron.

e. Polyethylene.

RT-22 A distinctive characteristic of high

vpllage radiography is that:

a. it results in comparatively high
subject contrast.

b. it results in comparatively high
radiographic contrast.

¢. itis applicable to comparatively
thick or highly absorbing
specimens.

d. all of the above arc distinctive
characteristics of high voltage
radiography.

R1-23 Given the radiographic cquivalency
factors of 1.4 for Inconel and 1.0 for
304 stainless steel, what is the
approximate equivalent thickness of
Inconed to produce the sume exposure
as 4 0.15 in. thickness of 304 stainless
steel?

a. 3mm {111 in.)

b, 9 mm {35 in.)

¢. 18mm (0.7 in)

d. 36 mm (1.4in)
RT-24 Upon completing an X-ray cxposure
and tuming the equipment off,
personnek:

a. should wait for a few minutes
before entering the exposure area.

b. should wear a lead-hned apron
before entering the exposure area.

¢. ay enter the exposure area without
fear of radiation exposure,

d. should take a reading with a Geiger
counter before entering the exposure
area.
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RT-25 The fuct that each solid crystalline
substance produces its own
characteristic X-ray pattern is the busis
for:

xeroradiography.
tluoroscopic testing.
polymorphic testing.
X-ray diffraction testing.
neniron radiography.

oo
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RT-26 When inspecting a light metal casting
by fluoroscapy, which of the following
discontinuities would most likely be
detected?

Copper shrinkage.
Microshrinkage.
Shrinkage.

Fine cracks.

oo

RT-27 For testing a 25 mm (1 in.) steel plate
31 cm (12 in.} squarc for laminar
discontipuitics, which of the following
would be most effective?

Ir-192, 3.7 TBq (100 C1).
Co-60, 925 GBq (25 Ci).
250 kVp X-ray machine.
An ultrasonic device.

Poos

RT-28 A critical weld was made with a double
V-groove. Among those listed, which
radiographic technique would provide
coverage with the greatest probability
for detecting the most serious
discontinuities?

a. A single exposure centered on the
weld and perpendicular to the
principal surface of the plate.

b. Two exposures aligned with the
V-groove focus, £30° off
perpendicular.

¢. Two exposures, perpendicular to the
plate, otfset by the width of the
weld bead.

d, A single exposure as in a, above,
but with two films aligned +30° off
perpendicular.

¢. Both a and { would produce the
best coverage.

RT-29 A fusc assembly is being radiographed
so that measurements can be made on
the fthn to determine a minimuin
internal clearance dimension. What
should be factored into the dimension
taken from the film?

a. Projection magnification.

b. Unsharpness factors.

¢. Precision of X-ray beam alignment.
d. Bothaandc.

e. All of the above.

RT-30 Miniature electronic components arc 1o
be radiographically inspected 1o reveal
broken copper wire leads of 0.2 mm
{(.008 in.) dtameter. Which of the
following image quality indicators {IQI)
would be most effective to use in
establishing a rehable wechnique?

a. A series of steel plaque-type
penctrameters ranging in thickness
from 0.1 mm (0.005 in.) to 0.4 mm
(0.015 1n.}. containing 1T. 2T, and
4 holes.

b. A plastic block with the
radiographic thickness eguivalent of
the test objects, containing
precision-drilled holes ranging from
0.1 mm ¢(0.005 in.) to .4 mm
(0.015 in.) diameter.

¢. A plastic block with the
radiographic thickness equivalent of
the test objects, containing copper
wires ranging from (.} mm
(0.005 in.) w 0.4 mm {015 In.)
liameter.

d. A series of copper shims ranging in
thickness from 0.1 mm {0.005 in.}
to 0.4 mm (0.015 in.), containing
1/2T and 1T holes.

Ultrasonic Testing (UT)
Topical Outline

1.0 Fundamecntals
1.1 Ultrasonic soundbeams
a. Wave travel modes
b. Refraction, reflection, scatiering,
and attenuation
1.2 Transducers and soundbeam coupling
1.3 Rescnance
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Basic types of equipment
Reference standards

Test result inerpretation;
discontinairy indications
System factors
Applications

Flaw detection
Thickness measurement
Bond evaluation
Process control UT-5
Field mspection

2.0 Ultrasonic Testing UT4
2.
2.
2

2 e
[ N R

ren e

Reference

Birks, Albert S. and Robent E. Green, Ir.,
iechmcal eds., Paul Mclntire, ed. Volume 7,
Ultrasonic Testing. Columbus, OH: The
American Society for Nondestructive
Testing, Inc. 1991,

Review Questions

UT-1 Uhrasonic waves propagate through test
muatertals in the form of:

4, clectromagnetic waves.

b. low voltage electric fields. UT-6
¢. discontinuous radio waves.

d. radiation.

¢. mechanical vibrations.

UT-2 When an ultrasonic beam passes
through the interface of two dissimikar
materials al ap angle, a new angle of
sound travel 1zkes place in the second
material due to:

a. attenuation. UT-7
b. rarefaction.

C. cumpression.

d. refraction.

UT-3 The gradual loss of energy as ultrasonic
vibrations travel through material is
referred to as:

a. reflection.

b. refraction.

c¢. reproducibility.
d. attenuation.

E. compression.

Ultrasomic velocities are different for
different materials. These differences
are primarily caused by differences in
the materials’;

frequency and wavelength.
thickness and travel time.
clasticity and density.
chemistry and permeability.

po o

Ultrasonic energy for immersion testing
15 transmitted to the test object as a
compressional wave because:

2. compressional waves travel faster
and will therefore reduce the
distance of the interface signal.

b. liguids will only sustain
compressional waves.

c. compressional waves are used with
immersion testing only.

d. ihe higher intensity of
compressicnal waves is necessary to
overcome high attenuation in
liguids.

When inspecling coarse-grained
materials, which of the following
frequencies will generate a sound wave
that will be most easily scattered by the
grain structure?

a. 1.0 MHz.
b. 2.25 MHz.
¢. 5MHz.

d. 10 MHz.

In general, shear waves are more
sensitive to small discontinuities than
longitudinal waves for a given
frequency and in a given matcrial
because:

a. the wavelength of shear waves is
shorter than the wavelength of
longitudinal waves.

b. shear waves are not as easily
dispersed in the material.

c. the direction of particle vibration for
shear waves is more sensitive to
discontinuities.

d. the wavelength of shear waves is
longer than the wavelength of
longitudinal wavcs.
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UT-& The ability of ransducers to detect UT-13 The general use of distance-amplitude
cchoes from small discontiputics is a calibration is 1o compensate for:
definition for:

a. amplitude of noise signals.

a. resolution. h. velocity changes.

b. scnsitivity. c. transducer size.

¢. definition. d. attcnuation, distance. and beamn

d. gain. spread,

e. selectivity. e. vertical nonlincarity o the
ultrasonic instrument.

UT-9 Which of the tollowing will create a
resonance condition in a specimen? UT-14 In area-amphtude ulirasonic standard
1est blocks, the flat-bottomed holes in

a. Pulscd longitudinal waves. the blocks are:

b. Continuous longitudinal waves.

¢. Pulsed shear waves. a. all the same diameter.

d. Centinuous shear waves. b. different in diameter, increasing in

e. All of the above. (+4 mm (0.02 in.) increments from
the No. “17 block to the No, “87

UT-10 The display on most basic pulse-echo block.

ultrasonic instruments consists of: ¢. largest in the No. “1” block and
smatlest in the No. “¥” block.

& automatic read-out equipment. d. drilled to different depths from the

b. an A-scan prescntation. front surface of the test block.

¢. a B-scan presentation.

d. aC-scan presentation. UT-15 The amount of enesgy reflected from a

discontinuity is dependent on:
UT-11 1In a hasic pulse-echo ultrasonic

instrument, the component that a. the size of the discontinuity.
produces the voltage that activates the b. the ortentation of the discontinuity.
search unit is called: c. the type of the discontinuity.
d. all of the above,
a. an amplifier. e. only aand b,
b. areceiver.
c. apulser. UT-16 The presence of a discontinuity will not
d. a synchronizer. produce a specific discontinuy
indication on the CRT screen when
UT-12 The primary purpose of reference which of the following technigues is
blocks is 1o: being used?
4. aid the operator in oblaining a. Straight beam testing.
maxinmum back reflections, b. Surface wave testing.
b. obtain the greatest sensitivity c. Angle-beam testing.
possible from an instrument, d. Through-transmission lesting.
¢. obtain a common reproducible ¢. Pulse-echo technique.

reference standard.

d. cnable testing of nonmetals.

e. establish the size and orientation of
a discontinuity.



UT-17 Lack of parallelism between the entry

surface and the back surface:

a. may result in a screen pattern that
does not contain back reflection
idications.

b. makes it difficull to locate
discontinuities that lic parallel to the
entry sarface.

¢. usually indicates a porous condition
existing in the metal.

d. will decrease the penetraling power
of the test.

UT-18 Significant errors in ubtrasonic thickness

measurement can oceur if:

a. test velocity is vared.

b. the velocity of propagation deviates
substantially from an assumed
constant value for a given material.

c. walter is used as a couplant between
the transducer and the part being
measured.

d. longitudinal waves are used.

UT-19 In contact testing, shear waves can be

induced in the test material by:

a. placing an X-cut quartz crystal
directly on the surface of the
materials, and coupling through a
film of oil.

b. using two transducers on opposite
sides of the test specimen.

¢, placing a spherical acoustic lens on
the face of the transducer.

d. using an “angle-beam transducer”
with the transducer mounted on a
plastic wedge so that sound enters
the part at an angle.

ASNT Level Il Study Guide: Basic

UT-20

UT-21

UT-22

UT-23

The most commonly used method of
producing shear waves in a test part
when inspecting by the immersion
method is by:

a. transmitting longitudinal waves into
a part in a direction perpendicular to
its front surface.

b. using two crystals vibrating at

different frequencies.

using a low frequency transducer.

angulating the search tube to the

proper angle with respect to the
entry surface of the test part,

CE

In immersion testing, proof that the
seurch unit ts nonmal o a flat entry
surface is indicaled by:

a. maximum reflection amplitude from

the entry surface.
. elimiration of water multiples.

¢. maximum refleciion amplitude from
the hack surface.

d. maximum amplitude of the initial
pulse.

e. maximum amplitude from a
discontinuity indication.

In immersion testing. the water distance
hetween the search umit and the test
piece:

a. should be as small as possible.

. will have no effect on the test.
¢. should be the same as the water
distance used during calibsation.

d. should be as great as possible.

Generally, the best ultrasonic testing
technique for detecting discontinuitics
oriented along the fusion zone in a
welded plate is:

a. an angle-beam contact method
employing surface waves.

b. acontact test using a straight
longitndinal wave.

¢. animmersion test using surface
waves.

d. aresonance technique.

e. an angle-beam method using shear
waves.




Chapter 6, General Applications of Various NDT Methods

UT-24 Thin sheet may be inspected for laminar
discontinuities with the ultrasvnic wave
directed normal to the surface by
observing:

a. the amplitude of the front surfuce
reflection.

b. the maltiple reflection pattern.

¢. the amplitude of the initial pulse.

d. signals that “walk™ or move along
the time base as the transducer (s
scanned over the sheet.

UT-25 Ultrasonic inspection of castings is
occasianally impractical because of:

a. extremely small grain structure
typical in castings.
. €oarse gran structure,
¢ uniform flow lines.
. random orientation of
discontinuities.
UT-26 Angle-beam testing of plate will often
miss:

a. cracks that are perpendicular to the
sound wave.

b. inchusions thal are randomly
oriented.

c. laminations that are parallel to the
front surface.

d. a senes of small discontinuities,

Reflection indications from a weld ares
being inspected by the angle-beam
technigue may represent:

UT-27

porosity.
cracks.

weld bead.

all of the above.
only a and b.

cRAn TR

UT-28

UT-24

UT-30

UT-31
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An ultrasonic test using a siraight beam
comtact search unit is being conducted
through the thickness of a flat part such
as plate. This test should detect:

a. laminar type flaws with major
dimensions paralle] to the plane of
the rolled surface.

h. transverse 1ype flaws with major

dimensions at right angles to the

plane of the rolled surface.

radial flaws with major dimensions

along the length but radially

oricnied 1o the rolled surface.

d. none of the above.

(]

The resonance technique of thickness
measurement has been mostly replaced
by:

a. through-transmission longitudinal
wave techniques.

b. single sideband antiresonance
techniques.

¢. acouslic emission mMonioring.

d. pitch and caich shear wave
techniques.

e. linear time buse pulse-echo
techniqgues.

Ultrasonic testing techniques are useful
in testing larminate and sandwich
construction test objects for:

paint thickness.

bond integrity.
leakage.

surface ronghness.
electrical conductivity.

poan o

Ultrasonic techniques are frequently
uscd in on-line automatic process
control applications to measute and
control:

a. moisture content in food.

b. surface roughness of turbine blade
castings.

c. chemical activity in chemical
etching processes.

d. the density of forgings.

¢. the thickness of cold relled strip,
sheets, and plates.
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UT-32 Which of the following statements

about field inspection applications of
ultrasonic testing i true”?

a. Because the equipment s Jarge and
bulky, field inspections are difficult,
at best.

b.  Aircraft and other field maintenance
inspections usually require three
persons; one 1o manipulate the
iramsducer, one to monitor the
instrument, and one 10 record
results.

¢. Digital dispiays must be used for
outdoor mspection hecause of the
limited brightness of CRT displays.

d. Field inspections are limited to
discontinuity detection by contact
technigues only.

g, None of the above statements is
true.

Vibration and Analysis Testing (VA)
Topical Outline

1.0 Principles/Theory

“The vibration data provides detailed
information about the condition of a
machine and its cornponents. Data can he
processed and presented in different ways
10 help the analyst in diagnosing specific
preblems. The section on principles and
theory and provides the concupts of
vibration analysis.”

1.1 Physical concepis

Sources of vibration

2 Stiffness

3 Mass

4 Dumping

5 Phase

6 Modes of vibration
7 Resonance

a

1

spectrum

1.2.2 Waveform

1.2.3  Phase analysis
1.3 Sources of vibration

1.3.1 Reciprocating machinery

analysis

§.3.2  Specialty machine concepts
1.4 Correction methods

14.1 Absorbers

1.4.2  Damping treatments

2.0

30

Equipment

“This section under cquipment includes
instramentation, sensors, and cabling vsed
in vibration analysis.”

2.1 Sensors

2.1.1  Atachments (brackets,
connectors, Senser mounting)
2.1.2 Cabling
2.2 Signal conditioning
2.3 Instruments
231 Recorders
232 Analyzers
2.3.3  Oscilloscopes

234 Muli channel

2.4 On-line monitoring

2.5 Equipment response (G eavironments
(performance based)

Techniques/Calibration
“Description of ways in which vibration
analysis equipment can be used to perform
vibration measurements and to analyze the
results. This includes routine ficld
Calibration and Correction of measured
data due to effects of test cquipment.”
3.1 Cahbration
3.1.1 Point senser
calibration/verification
Instrument
calibeation/venification
Test mstrument
calibration/verification
3.2 Measurement and techmgues
Low speed
High speed
Variable
Order tracking
Time synchronous enalysis
Cross channel measurements
Transient analysis
Moda) analysis fundamentals
Operating deflection shape
analysis
3.2.10 Natural frequency tests
3.2.11 Torsional vibration techniques
3.2.12 Specialized vibration analysis
techniques (demodulated
spectrum, spike cnergy
spectrum, ctc.)
3.3 Correction techniques
(vibration correction techniques)

312

313




Chapter 6, General Applications of Various NDT Methods 87

4.0 Analysis/Evaluation
“Ability to analyze test data, perform an
Evaluation and recommend remedial
action.”
4.} Data analysis
4.1.1 Operational cffects
4.1.2 Correlation of test data
4.1.3 Transient analysis
4.t4  In-depth time wavefonin
analysis
4.1.5 Cross channel analysis
4.1.6 Maltichannel analysis
4.1.7 Machinery specific unalysis
Data evaluation

4.2.1  Evaluation of data to
standards/codes

422 Specifications or acceptance
criteria

4.2.3  Failure mode and eftects
analysis

424 Root cause analysis
4.2.3  Cost justification or return on
investment analysis
5.0 Procedures
“To be able to devclop procedures for
performing the various types of lesting
Iechmqucs needed 1o determine equipment
condition.”
6.0 Safety and health
“Working in close proximity to operating

equipment containing a great deal of
energy, special care must be taken 1o av oid
injury in addition to using specific
personal protective cquipment.”

References

Crawford, Arthur R. The Simplified Handbook
of Vibration Analysis, Volume 1,
Introduction to Vibration Analysis,
Knoxville, TN: CSL 1992

Crawford, Arthur R. The Simplified Handbook
of Vibration Analysis, Volume 11, Applied
Vibration Analysis. Knoxville, TN: CS1.

Review Questions

Vibration and analysis review questions
were not yet available at the time of this
printing.

Visual and Optical Testing (VT)
Topical Outline

1.0 Fundamentals
1.1 Principles and theory of visual tcsling
1.2 Selection of correct visual technique
1.3 Equipment and materials

ecitic applications

Metal joining processes
Pressure vessels
Pumps

Valves

Bolting

Castings

Forgings

Exteusions

Sp
2.
2.
2.
2.
2.5
26
2.
2.
2.0 Microcircuits

\_'DO"-J"\\J\-F-‘JJM-—-

3.0 Interpretation and evaluation
3.1 Codes and standards
32 FEnvironmental factors

References

Allgaier, Michac] W. and Stanlcy Ness,
technical eds.; Paul McIntire and Patrick
Moore, eds. Nondestructive Testing
Handbook, second edition: Yolume 8,
Visual and Optical Testing. Columbus, OH:
The American Society for Nondestructive
Testing, Inc. 1993.

Review Questions

VT-1 What is considered the typical spectral
range of visible light for most humans?
a. 300-800 pm.

b. 380-770 nm.
¢, 400-800 nm.
d. 250-920 nm.

VT2 What element of the eye functions the
same as the photographic planc of a
camera?

a. The optic nerve.
h. The iris.
c. The cornea.

). The retinu,

—~
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VT-3

VT-4

V-5

VT-6

VT-7

VT-8
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A surface has diffuse reflection when:

a. a fuzzy reflection of the light source
is seen.

b. a perfect reflection of the light
source can be seen.

¢. no reflection of the light source is
seen.

d. snone of the above.

The resolution of the human eye at a
distance of about 31 cm (12 in.) is
nearest:

0.03 mm (0.001 in.)
0.08 mm (0.003 in.)
0.3 mm (0.010 1n.)
1.3 mm (0.050 in.)

(=R T~ S

For routine visual mspection, the eye
should be located at a distance:

a. between 15 em and 152 cm (6 and
60 in.)

b. less than 25 cen (10 1n.)

¢. between 31 and 60 cm (12 and
24 in.)

d. more than 60 cm {24 in.)

The angle the eye makes with respect to
the normal to the inspection surface
should not:

exceed 70 degrees.
exceed 45 degrees.
exceed 5 degrees.
be considercd.

cow

-
(="

The minimum lighting condition
recommended for detecting cracks in
welds is:

a. 100 Ix.
h. 200 Ix.
c. 500 1Ix.

d. 2,000 Ix.

What is the name of the condition of
eye adaptation to a dark environment?

Photopic vision.
Stereotopic vision.
Scotopic vision.
Heliotopic vision.

L=

VT-9 The spectral range of visible response
in humans is:

a. stafic.

b. dependent on lighting conditions.

. preatest at wavelengths less than
400 ni.

d. greatest at wavelengths more than
750 nm.

VT-10 The IES is the:

a. Imemational Eye Society.

b. Institute of Engineering Sciences.
¢. Tlomination and Eyesight Society.
d. Muminating Engineering Society.

V11 The eye is fanctionally blind when it is:

a.  in the mesopic vision state.

b. moving between observalion points.
¢. filled with tears.

. none of the ubove.

VT-12 When looking for surface conditions,
the illumination angle should be:

a. between 5 and 45°, measured from
the normal.

b, between 20 and 60°, measured from
the normal.

c. between 20 and 43°, measured from
the part surface.

d. between 5 and 45°, measured from
the part surface.

VT-13 Fluorescence is defined as:

a. glowing in the dark.

b. absorbimg and emitting Fight at
different wavelengths.

¢. absorbing and emitting light at the
same wavelength.

d. emiting light as a result of nuclear
bombardment.




Chapter 6, General Applications of Various NDT Methods

VT-14 Effective visual inspection relies on
which of the following factors?

d.

h.

d.

An awareness of the possible cavses
of defects.

An awarcness of how the part has
been used.

Precleaning and environmental
factors such as temperature and
noise.

All of the above.

VT-15 Pillowing found when inspecting
aircraft skins is usually attributed to:

a.

b.

misalignment of fasteners used 1o
altach the skins to the airframne.
expansion of corrosion products
under the skins.

stretching of the skins beyond their
yield points over time.

twisting of the airframe during tight
turns and similar mancuvers.

VT-16 When inspecting cxtrusions for
excessive draw marks under a pair of
long fluorescent tubes:

d.

b

it is best to align the probable
dircction of the draw marks parallel
to the tubes.

it is best to align the probable
dircction of the draw marks
perpendicutar to the fubes.

the orientation of the draw marks is
unaffected by the diffusc lighting
from such tubes.

it 15 unlikely that such conditions
can be found using fluorcscent tubes
for illumination.

39

VT-17 In-sity detection of creep degradation in
high-temperature, high pressure piping
materials 1s found using:

VT-18

VT-19

d.

b.

remote infrared scanning
techniques.

a borescope while scanning from
inside the pipe.

fluorescent penetrant leakage.
magmficd surface contour
replications.

The heat affected zone (HAZ) of carboen
steel welds is maile visible through the
use of:

etchants to enhance the visibility of
the microstructure.

high frequency ulirasonic
MHCTOSCOPIC MEans.

color contrast penetrating liquids.
arrays of lemperature-sensitive
markings.

Inspection schemes that rely on optical
interference patterns include:

.

b.

d.

holography, photography, and
optical microscepy.

shearography, telescopy, and tmage
diffraction.

Schlieren photography, moiré
imagery, and oplical microscopy.
motré imagery, holography, and
interferometry.



Section 3

Section 3
Materials and Processes for NDT Technology

Reference
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Nondestructive Testing, Inc. 1981.*

*This reference is available from ASNT.
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Chapter 6
Materials and Processes for NDT Technology

Overview of Materials and Processes
for NDT Technology

Commensurate with the need for NDT
Level ] personnel to have basic knowledge of
materials andd processes, a book was written
specifically for the purpose of preseating the
fundamentais of materals and processes in
NDT. Clearly, not all NDT Level I personnel
need to specialize in depth in more than a few
Facets of materials and processes technology.
However, the relationships between NDT
technology and materials and processing ure
pervasive. NDT personnel charged with the
responsibilitics of selecting appropriate NDT
methods, developing techniques and
procedures, and directing the effonts of others
in providing meaningful and rehable NDT
must have a fundamental and broad knowledge
of the origins, nature, behavior, and application
of malterials and the processes by which they
are shaped into the products of today's
COMMEICE.

The importance of the relationships between
NDT and materials and processing technofogy
is characterized in the ASNT Level 111 Basic
Examination. Approximately one-hird ot the
Basic Examination covers basics and
fundamentals of materials and processes
technology. Listed on the following pages are
sumple questions typical of those that have
importance to NDT personnel. Note that most
have an underlying basis that ties their content
to decision points in NDT.

Some NDT Level IIl personnel are not used
by their employers in work assignments that
require significant knowledge of materials and

processing lechnology. However, progression
in NDT technology from Level 11 1o Levet 111
in most industrial and commercial situations
does require the individual 10 be able to
respond 1o more complex technical questions,
not only about the details of NDT, but abou
more and more details related 10 causes and
effects. Imagine being called upon to select
NDT methods. develop techniques and
procedures, and instruct others in carrying out
an inspection of a critical component without
knowing whether the component was a casting,
forging, or weldment. Even with the
knowledge of the component’s processing
history, if the Level T Yacks the knowledge of
what could go wrong during that processing,
how can the Level 111 be expected 1o render
important decisions about what NDT should be
used, and how NDT should be used?

So fundamcnial is this relationship that it is
often overleoked; but so important is this
relationship that the book, Materials and
Processes for NDT Technology, was preparcd
and published in 1981. The questions here
follew the chapters in this book.

As a suggestion in the use of these
questions, try 1o answer the questions about a
particular chapter before proceeding to the next
chapter. If the subject material is unfamiliar, or
if the questions are difficult to answer, read the
chapler. The material in the book is presented
specifically with the NDT technologist in mind.
It ts concise and well-itlustrated, but 1t does not
require an engineering or scicntific background
to be comprehended. Complex theories and
unimponant details are not included.
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Review Questions

Chapter 1, Relation of NDT to
Manufacturing

1-1

1-3

Fracture is a type of material failure. Of
the following, which is another type of
material falure?

Fracture mechanics.

Low frequency dynamic loading.
Permanent deformation.
Elongation within the clastic range.
None of the above.

oeanoe

Which of the following statements best
differentiates between a defect and a
discontinuity?

a. Discontinuities can propagate and
become defects.

b.  All discominutties are defects.

All defects will lead to failure if

undetected; discontinuities can be

harmless.

d. Discontinuities are external natural
boundaries only; defects are internal
flaws originating from errors in
processing.

n

Nondestructive testing (NDT) is often
differentiated from other measurements
or inspection techniques in that:

a. NDT mvolves indirect tests related
to some other quality or
characteristic of the material.

b. NDT is a measurement of
dimensions, geometry, and
appearance.

¢. NDT uses electronic instruments to
wlentify, evaluate, and locate
discontinuities.

d. NDT is an inspection too] used to
confirta the findings of the many
other guality assurance techniques.

1-4

1-5

1-6

Which of the following describes a
furction of NDT?

a. Tdentification and sorting of
material.

b. Identification of material properties.

v, Assuring absence of faults or
defects that could cause a part to
fail.

d. All of the above.

An important basis for the success of
fracture control design procedures is:

a. that all flaws are detected by NDT
or proof testing before the
component enters service.

. in the usc of large factors of safety.
c. in the use of a value of strength that
the material used in the design is

presumed to possess.

d. the need to assure that unexpected
flaws of some critical size are not
present when the component enters
service,

e. all of the above.

If properly used, NDT can assist in
fracture control by:

a. accurately measuring the tensile
strength of design matenals,

b. providing an accurate evaluation of
the number and type of
discontinuitics that ¢xist in a
material.

c. predicting the time it will take a
given size discontimuly to grow to a
cnticl size.

d. all of the above.
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produced a 0.9 probability of detection
with a 95% confidence level means 3-1
that:
a. there is a 95% probability that the
probability of detection is
overstated.
b. there is a 5% probability that the
probability of detection is
overstated.
c. on the average, 90% of all flaws 32
will be detected,
d. on the average, 95% of all flaws
will be detected.
e. on the average, 95 out of 100 flaws
will be detected 90% of the time.
Chapter 2, Intreduction to
Manufacturing Technology
2-1  Most solid metals and plastics that have
reasonable strength at room temperature
are called:
a. composite materials.
b. manufacturing materials,
¢. raw materials.
d. allotropic materials.
e. cngineering materials.
2-2  Materials properiies, as used in design,  3-3
are most frequently determined by:
a. theoretical analysis.
b. matertals testing.
¢. the National Institute of Standards
and Technology (NIST).
d. fracturc mechanics testing.
2-3  Even at the early stages of product
planning, NDT should be considered 3-4

becausc:

&.

b.

d.

it may be required by codes and
specifications.

the design of the part should permit
easy access to critical areas for later
inspection.

the materials selected should be
compatible with a NDT technique
that can accurately evaluate the
product,

all of the above.

95

A statement that a particular experiment Chapter 3, Properties of Materials

Which of the following materials
properties are of most concern if
corrosion resistance is essential?

a. Processing properties.
b. Mechanical propertics.
. Physical properties.
d. Chemical properties.

Which of the following is true relative
io the comparison of the properties of
aluminum-based alloys and iron-based
alloys?

a. Tron has a lower melting point than
aluminum.

b. Iron can exist in several different
crystalline structures, and its
properties can be controlled by heat
treatment.

¢. lron can be alloyed 1o increase its
strength, whereas aluminum is
strongest in its pure state.

d. Ironis preferred in loud carrying
designs, but it should not be used
for any deformation type of
manufacturing process.

e. All of the above.

Tensile tests are conducted on
specimens from a newly developed
aHoy in order 10 determine the ultimate
tenstle strength of the material. Such
tests are referred to as:

a. indirect tests.
b. physical properties tests.
¢. destructive tests.

A bar that is 31 ¢m (12 in.) long,

51 mm ¢2 in.) wide, and 25 mm (1 in.}
thick is subjected to a tensile load
acting along the length of the bar of
36,000 1bs. What is the tensile stress
within the bar?

a. 1,500 psi.
b. 3,000 psi.
¢. 12,000 psi.
d. 18,000 psi.
e. 36,000 psi.
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Unit Stress, psi (or Pa)

3-6

3-7

Figure 7.1

A

_ Unit Deformation

In Figure 7.1, point B is cafled the:

elastic range.

clastic limit.

yield point.

yield strength.
modulus of elasticity.

Fenoe

In Figure 7.1, which of the following
ranges indicate the effect of work
hardening (1o s maximum) caused by
plastic flow of the material during a
tensile load?

A-B
B-C

o0 o
xsRw}

C-
D-E
E-F

m
o

In Figure 7.1, the points represented by
E and F would be closer together if the
material being tested were:

a. Ioaded in tension.
b. loaded in lapshear.
¢. more ductile.

d. less duciile.

3-8

3-10

3-1

The modulus of elasticity, or Young’s
modulus, 15 a measure of the material’s
relative:

tensile strength.
compressive strength.
resistance to stress.
stiffness, vield strength.

Goooe

Which of the following materials 1s
typically considered when the
application only requires high
compressive strengih?

a. Low casbon steel.
b. High carbon steel.
¢. Castiron.

d. Magnesium.

A fatigue failure can often be prevented
by using NDT to:

a. verify the cyclic loading on a
compenent part.

b, detect surface discominuties that
could be stress risers.

¢. measure the endurance bimit of a
part undergoing cyclic stresscs,

d. determine percent elongation of a
matertal hefore it is placed in
service.

Which of the following tests uses a
pendulum to break a specimen that is
noiched and supported on both ends,
with the result of measuring energy
absorption?

a. Creep test

b. Charpy test.

¢, Fatigue test.

(l. Tramsverse rupture 1esi.
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| Figure 7.2
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3-12  Figurce 7.2 typifics:

a. acreep lest curve.

b. an S-N curve,

€. @ stress-stramn diagram.

d. true stress-strain diagram.

Direct hardness tests provide a measure
of a material’s ability to resist

a. bending.

h. swurfuce and neur-surface
penetration.

¢. tensile stresses.

d. eclongation.

A particular type of steel has an
ultmate strength of 80,000 pounds per
sguare inch (psi), an efastic limit of
60,000 psi. and a yield strength of
62,000 psi. An allowable destgn stress
of 20,000 psi is used. What is the factor
of satety based on the ultimate
strength?

a. 0.25

h. (1.33

c. 3

d. 3.1

e. None of the above.

Chapter 4, The Nature of Materials and
Solid State Changes in Metals

4-1  Under ordipary usage, metals exist as:

a. amerphous solids.

b. mixtures and compounds of iron
and carbon.

c. crystalline solids.

d. face-centered cubic latices,

4-2  The terms “body-centered cubic,”
“face-centered cubic,” and “hexagonal
close-packed™ all refer to the:

a. different size grains that can exist at
the same time in a metallic
structure.

b. scquence of crystalline growth in a
typical mild steel.

c. lattice structures that make up unit
cells in a solid metatlic structure.

d. change in a metallic structure as it
undergees plastic deformation.

4-3- On Figure 7.3, which intersection
describes the “triple point” of the
material?

a, (Py, T,)
b. (P5, Ty}
c. (P, T}
d (P, T)
. None of the above.
Figure 7.3 N
L '
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The process of returning ductility to a 4.9
cold worked low carbon steel is called:

a. precipitation.

b. recrystallizahon.
¢. allotropic change.
d. auslenitization.

Many metals exhibit an increase in
steength caused by plastic flow beyond
the clastic limit, This effect is called:

4-10
a. twinming.
b. plastic deformation.
c. work hardening.
d. recrystallization.
¢. oge hardening.
When used as in-process treatment,
recrystallization can. 4-11
a. improve ductility.
b. refine grains.
¢. increase hardness.
d. reseltin both a and b above.
e. resultin a, b, and ¢ above.
Processes called avstenitizing,
anncaling, normalizing. and
spherowdizing are:
4-12
a. perfermed only on nonferrous
metals.
h. approximate equilibrium
heat-treatment processes.
c. cold working processes.
d. age-hardening processes,
The tesm “precipitation hardening” is 4-13
often used interchangeably with the
ternm:
a. age hardening.
b. recrystallization.
¢. annealing.
d. work hardening.
e. plasticizing. 4-14

An NDT method that has the ability to
measure changes in electrical
conductivity caused by the effects of
heat treatment 3s:

magnetic particle testing.
acoustic emission testing.
eddy current resting.
immersion ultrasonic testing.
all of the above.

L

Spheroidizing and normalizing have the
effect of:

increasing duculity.

age hardening.

reducing the grain size.
causing a phase change.

an Tw

When a stee] has been quench-hardened
and then reheated to some point below
the lower transformation lemperaure
for the purpose of reducing brittkeness,
this 15 catled:

a. ausienitization.

b. thenmal slip deformation.
¢. allotropic change.

d. tempering.

Annealing is usually performed (o

a. decrease hardness.
b. increase ductility,
¢. rchieve stresses.

d. bothaand b.

¢. all of the above.

Altacks on metals by direct chemical
action and/or electrolysis are called:

a. rust

b. corrosion,

¢. austenitic transformations.
d. galvamization.

Metal corrosion that is accelerated
when the metal s under loads is called:

pitting corrosion.

galvanic corrosion.
electrochemical corresion.
Stress coIrosion.

ao e
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4-15

4-16

Which of the following may be
performed to help prevent corrosion?

& Stress relieving.

b. Anodizing.

Dipping in molten metal.
. Elcctroplating,

¢.  All of the above.

oo

Factors of safety are often in the range
of 210 4; they;

a. provide allowances for unexpected
loads or conditions,

b. present problems in designing
effective aircraft.

¢. could be reduced with the assurance
of NDT techniques that the material
was free of discontinuities.

d. relate 1o all of the above.

Chapter 5, Ferrous Metals

5-1

5-2

The reduction of iron ere, by mixing
with coke. limestone, and oxygen for
combustion of the coke, is
accomplished in:

a blast furnace.

an open-hearth furnace.
a Bessemer converter.
a basic oxygen furnace.

arop

In the iron and steel-making process,
the term “pig iron” refers to:

4. the waste material that contains high
concentrations of impurities and
slag and is either discarded or used
as a by-product.

b. a high carbon, low ductility metal
that s produced in the blast furnace
which can be used to make
subsequent types of iron and steel.

¢. the molten metal from the blast
furnace that is not usable and is
poured off into a series of crude
castings called “pigs.”

d. bothaandc.

e. none of the above.

5-3

5.4

5-5

56

5-7

5-8

Which of the following techniques is
often used to speed-up the steel-making
process?

a. Adding large amounts of carbon 1o
the moiien metal.

b. Reducing the amount of scrap steel
that is often added to the molten
metal,

c. Addipg oxygen to the molten metal.

d, Converting the old open-hearth
furnaces into clectric furnaces.

Typically, the highest quality of steel is
produced in:

an electric furnace.

an open-hearth furnace.
a Bessemer furnace.

a hasic oxygen furnace.

6w

.

What percentage of carbon is found in
steel?

a. Beiween 3% and 4%.
b. Between 2% and 3%.
¢. l.essthan 0.2%.

d. Less than 2%.

By which of the following processes is
most of the world’s steel produced?

a. Bessemer converter.
b. Electric furnace.

¢. Opcn-hearth.

d. Crucible.

e. Basic oxygen.

An undesirable by-product of
steel-making processes is:

coke.

low carbon steel.
low alloy steel.
slag.

ao o

A steel with 40 points of carbon
contains:

a. 40% carbon.
b. 4% carbon,

¢. 0.4% carbon.
d. 0.04% carbon.
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59  Low carbon steel contains Chapter 6, Nonferrous Metals and
approximately: Plastics
a. 0.6% 1 2.5% carbon. 6-1  Which of the following nonferrous
b. 0.06% to 0.25% carbon. metals is the most important stractural
c. (5% to 1.6% carbon. materiai?
d. 5% 10 6% cathon.
a. Copper alloys.
510 Corrosion-resistant steels having b. Nickel alloys.
relatively high percentages of nickel ¢. Zinc alloys.
and chromium are called: d. Aluminum alloys.
8. wrought iron. 6-2  Which of the following statements is
b. low alloy steels. true regarding the electrical
¢. stainless steels. conductivity of alumimen alloys?
d. nonferrous steels.
a. Most aluminum alloys are in the
5-11  Austenitic stainless steels are range of 7% to 96% IACS.
paramagnetic: this means that: b. Clad aluminum takes on the
conductivity of the base metal.
a. alternating current must be used ¢. Fach basic wrought aluminum alloy
when using the magnetic particle has a conductivity distinct from any
1esling method. other.
b. the steel is very dense and, relative d. Botha and b are true.
to other steels, difficult to penetrate ¢. None of the above is true.
with X-tays. :
¢. ultrasonics is the Jogical NDT 6-3  The heat treatment of aluminum for the
method to chovse because of the purpose of hardening and strengthening:
coarse-grained nature of a
paramagnelic material. a. is not possible with aluninum
d. all of the above are true. alloys because they contain no
e. none of the above is true. carbon and cannot undergo
allotropic changes.
512 Which of the following is an advantage b. can produce tensile strengths
of cast steel over wrought steels? equivalent to somc carbon steels.
¢ requires e use of special furnaces
w. Cast steels usually have higher and is rarely done as a practical
mechanical properties than wrovght application.
steels. d. requires that iron and carbon be m‘\)
b. Cast steels have more isotropic alloyed for the best results. -
propertics than wrought steels. - .r‘- B
¢. Cast s1eels are more 6-4  Which of the following metals has luw\__)\ :
corrosion-resistant than wrought strength, high cerrosion resistance, and™> )
steels. is used largely in die casting 5\
d. Cast steels cannot be heat-treated, operations? *
and are thus less expensive 1o £
produce than wrought stecls. a. Aluminum. * :
b. Magnesium. 1
c. Zanc. LT
d. Manganese. 220
=
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6-5  Which of the following metal alloys has  6-10  Which of the following stalements is

a density approximately two-thirds that true concerning plastics following their
of aluminum? initial polymerization?
a. Magnesium. u.  Thermoplastics resofien when
b. Beryliium. reheated.
c. Copper b. Thermosetling plastics do not
d. Nickel sofien, bul char and deteriorate
when reheated.
6-6 Brass and bronze arc alloys of zinc, lin, ¢ All plastics are synthetic and
and a large percentage of: contain no natural materials.
d. Both a and b are true.
a. beryllium. e. All of the above arc true.
h. copper.
c. lead, 6-11  Based on the strength-to-weight ratio:
d. nickel.
a. no plastic materials can compare
6-7  Monel and Inconel are: with metais.
b. some plastics, including nylon, may
a. nickel alloys. have strengths preater than some
b. steel alloys. steels.
¢. magnesium alloys. ¢. plastics, as a group, are superior in
d. aluminum atloys. strength 1o most ferrous metals.
e. copper atloys. d. none of the above are true.
6-8  Which of the following metals can Chapter 7, The Nature of Manufacturing

typically be used in the as-cast state?
7-1 Design engineers arc responsible for

a.  Aluminum. establishing the function, appearance,
b, Zinc. quality, and cost of a product.
c. Steel. Regarding the role of NDT in product
d. Iron. design, which of the following is true”?
¢. All of the above.

a. Asa group, designers (by their

6-9  Ahigh strength, low density, corrosion- training and education) are

resistant metal alloy of significance in adequarely informed about NDT to
the aircraft, marine, chemical establish NDT procedures and
processing industries is: acceptance crileria,

b, When NDT appears necessary in a
a. lungsten. design, the designer should properly
b. zinc. select the methods and techmiques to
c. titanium. be used by reference to NDT
d. magnesium. handbooks.

c. Designers should depend solely
- upon NDT personnel to establish
L acceptance criteria.

: d. None of the above is true.
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7-2  Manufacturing is a term that refers to
processing that starts with raw material
in a bulk form, and 18 concerned mainly
with processing the raw material in a
manner that changes:

11s shape.

its chemical form.

its mechanical properties.
its physical properties.
all of the above,

poao T

7-3  Manufacturing processes change raw
material by:

a. increasing the material’s volume.

b. decreasing the material’s volume.

¢. solid deformation with no volume
change.

d. both aandb,

e. all of the above.

Chapter 8, The Casting Process

8-1  Which of the following is true
regarding solidification of molten metal
in a casting mold?

a. The metal cools at a constant rale,
thus providing fine equiaxed grains
throughout.

b. Cooling takes place in phases
having different rates that produce
differem types of grain structure in
different sections of the casting.

€. Solidification occurs at a constant
rate, beginning at the interior of the
casting and progressing outward.

d. Thick sections tend to cool more
rapidly than thin sections because
thin sections consist mostly of fine
equiaxed grains,

8.2 In a casting, shrinkage occurs;

a. only after the transformation from
liquid to sokid.

b. only during the transformation from
liquid to solid.

c. before, during, and after the
transformation from liquid to solid.

d. only when the metal is in the liquid
siate.

8-3

84

8-5

Large voids or porosity in a casting
results from:

a. turbulent flow of the moken metal
during pouring.

b. alloy element segregation.

c. molten metal bosling because of
superheat.

d. gas evolution before and during
solidification.

During the solidification of a casting,
the shrinkage that occurs:

a. may cause porosity amnd shrinkage
cavities primarily in the outer
surfaces where the metal cools first.

b. requires that the pattern vscd be
slightly smaller than the desired
dimension of the finished casting.

¢. may cause cavities that are enjarged
by the evolution of gases.

d. may result from all of the above.

The design of the casting is important
becausc the guality of the finished
product can he adverscly affected by
the:

a. lack of molten metal to compensate
for contraction.

b. location of the gate with reference
to either progressive solidification
or directional solidification.

c. the location of “hot spots™ in arcas
of the casting that are isolated by
thin sections.

d. all of the above.

e. none of the above.

The term used to deseribe a
discontinuity in a casting that oeccurs
when molten metal interfaces with
already solidified metal with failure to
fuse at the interface is:

a. hot tear.

b. cold shut.

c. lack of fusion.
d. segregation.
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8-7

8-8

3-9

The part of the casting where the gate
or riser was attached:

a. should be the area used to establish
reference standards for future NDT
examinations because this area will
contatn the best quality cast
material.

b. provides the best gquality material
because of rapid cooling in this
arca.

¢. should be the area that “freezes”
first. thus preventing cxcessive
shrinkage cavities.

Jd. may provide a concentration point
for discontinuities.

Risers, feeders, or feed heads in
castings scrve 1o provide sources of
melien metal o compensate for:

2. TNisTuns.

b. cold shuts.

¢. hot tears.

d. dendritic grain growth,
e. shrinkage.

Green sand casting molds include:

sand. clay. and water.

sand, wax, and solvent.

sand, refractory metals, and water.
sand. carbon, and green clay.

G.ooge

Mold material in the form of msecrts that
exclude meta flow apd thus form
intemmal surfiaces or passages in a
casling are called:

a. chills.
b. chaplets.
C.Cores.
d. patterns.

Small metal supports used 1o support
and position cores become part of a
casting by fusing with the molten metal.
Such devices ure called:

a. core hangers.
b. chills.

¢. chaplets.

d. risers.

e. pallerns.

8-12

8-14

B-16

193

Which of the following may cause a
discontinuily even though its intended
purpose is 1o prevent shrinkage cavities
by absorbing heal from the molten
metal in the center of the casting?

a. Anser.

b. A core.

¢. Anintermal chill.
d. A chaplet.

Which of the following NDT methods
can be commonly used to inspect
castings for corc shift and nonfused
chaplets and used to determine that all
core materials have been removed?

Ultrasonic testing.
Magnetic particle testing.
Radiographic testing.

d. Edily current testing.

e. All of the above.

ooe

Casting molds made by covering a
heated metal pattern with sand that is
mixed with particles of thermosetting
plastic are called:

green sand molds.
shell molds.
phaster molds.

die casting molds.
permanent molds.

er o

I

Permanent molds are most frequently
made of:

CCFARICS.

fused sand and plastic.
metal.

plaster.

oo o

Anather term for precision casting and
the lost wax process is:

investment casting.
dic casting.

metal mold casting.
sheil mold casting.

RooR
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8-17 A casting process nsed to produce
hollow products like large pipes and

hollow shafts is:

investment casting,
blow casting.
core casting,
centrifugal casting.

o oe

u
818 A casting process used to produce
clongated shapes by drawing solidified
metal from a water-cooled mold backed
by molten metal is:

a. centrifugal casting.
b. conlinuous casting.
¢. draw casting.

d. extrusion.

Chapter 9, The Welding Process

9-1  An assembly that has been created by
joining two of more parts by one or
more welds is called a;

a. joint.

b. bonded structure.
c. weld.

d. weldment.

9-2 A general definition of welding
describes the joining of two surfaces:

a. with a filler metal that has a higher
melting point than the base metal.

b. with a filler material that 15 different
from the base marerial.

¢. in a permanent union esiablished by
atom-to-atom bonds.

d. where both heat and pressure are
necessary for permanent bonding.

9-3  Of the fellowing, which is not a
requirement for fusion bonding?

Melting.

Atomic closeness.,
Atomic cleanliness.
Pressure.

Both b and c.

c oo o
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9-3

9-6

9-7

Metallurgical effects in a weld, such as
grain size vanation and shrinkage, are
similar 10 those that occur in

forgings.
castings.
extrusions.
hot-rolled plates.

pooae

Pressure welding can be accomplished
with pressure alone, but what else is
usuatly added?

a. Hem.

b. Filler material.
¢, Oxides.

d. Adhesives.

Proper brazing depends upon numerous
factors being controlled. Of the
following, which is not appropriate”?

4. Proper joint fit-up and joint
preparation.

b. Adequate heat to melt the braze
filler metal.

c. Selection of proper braze filler
metal.

d. Complete melting of the step metal
and diffusion of the braze filler
metal into the base metal,

¢, All of the above.

Soldering, brazing, and braze welding
all;

a. have the same strength
characteristics.

b. wse a process where only the filler
metal 15 actually melied.

¢. are fusion-type weldiments.

d. use liquid penetrant inspection to
reveal porosity within the joint.
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9-8

9.9

9-10

9-11

Due to high temperatures and rapid rate
of cooling, the filler material used in
fusion welds:

& is coated with an oxide to help
reduce weld defects.

b. contains alloys that will help
compensate for properties lost
during the welding process.

¢. is alloyed with nickel, copper, and
carbon 1o eliminate cracking.

d. should be as close as possible to the
same alloy content as the base
malerial.

The uneven shrinkage and brittle
structures that occur due to the rapid
cooling of a weld can often be reduced
by:

a. preheating the weldment prior to
welding.

b. using a filler metal with & higher
carbon content than the base metal.

¢. clamping the weldment in a rigid
fixture.

d. overdesigning the size of the
weldment to prevent shrinkage.

Afler welding, many stee] weldments
are heat treated to obtain more uniform
properilics between the weld and base
metal and to relieve stress. Which heat
treatment method is often used
following welding?

Tempering.
Martensitic aging.
Normalizing.

Spheroidizing.

oo

{

Weldments subject to restraint during
welding can develop high residual
stresses. Unrestrained weldments can
develop:

geometric distortion,

high residual stresses.

cracking after the weld has coeled.
all of the above.

an o
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Welds and weldments have been known
to develop cracks fong after cooling but
prior to being used in service. What is
the principal cause for such cracks?

9-12

a. Accelerated corrosion at high
temperature.
. Scatered porusity in the weld.
¢. Improper seiection of base matertal.
d. Excessive residual stresses.

Chapter 10, Welding Processes and
Design

10-1  In arc welding, the clectric arc is

usually sustained between an electrode

and the:

a. welding machine,

b. coating on the electrode.
¢. work piece.

¢d. shielding gas.

10-2  Which of the following gases are most
frequently used as shiclding to provide
an inert atmosphere in the vicinity of
the weld?

a. Argon, helivm, and carbon dioxide.

b. Neon, tritium, and hetium.

c. Sulphur dioxide, argen, and oxygen.

d.  Argon, nitrogen, and hydrogen.
10-3  When molten metat is transferred from

the electrode to the weld zone, 1i can be
shielded from the atmosphere by:

a. the burning of coatings on the
welding electrode.

b. maintaining the arc beneath flux
powders,

¢. the flow of a shiclding gas around
the arc.

d. all of the above.
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10-4

10-5

10-6

10-7

11%-8

The bum-oft rate and amount of
spattering during the arc welding
process can often be controlled by:

a. proper post-heating of the entire
weldment.

b. frequent changing of the wngsten
electrode.

¢. maintaining the longest arc length
possible to reduce the heat in the
weld zone.

d. selecting the proper electrode
polarity.

Which of the following welding
Processes uscs o nonconsumable
electrode with the are maintained in an
atmosphere of inert gas?

a Gas Tungsten Arc welding.
b. Submerged Arc welding.
¢. Gas Mctal Are welding.

d. Electroslag welding.

Shiclding in the submerged are welding
process 1§ provided by:

A gascs.

b. granular flux that completely
surrounds the arc.
a flux-coated welding rod.

C.
d. chopped glass tibers.

Which welding process is depicted In
Figure 7.47

Electron-heam welding.
Ultrasonic welding.
Plasma arc welding.
Resistance spol welding.
Friction welding.

LI

A welding process that is most
frequent]y carried oul in & vacuum
chamber is:

plasma arc welding.
clectron-beam welding.
electroslag welding.
friction welding.

none of the above.

sooow

Figure 7.4

Weld Nugget

Transformer 17 ’

10-9  The welding process capable of very
high intensity and rate of heat transfer

152

a. braze welding.

b. plasma arc welding.
c. diffusion welding.
d. soldering,

£0-10 The welding process in which the arc is
extinguished afier melting a slag cover
and in which the base metal and copper
slides form a sort of moving mold is
catled:

a. electroslag welding.

b. submerged arc welding.
¢. electron-beam welding.
d. slag-mold welding.

10-11 In the process of diffusion welding,
often called diffusion bonding, the base
metal Is jonned by:

a. melting the weld joint area with

strip heaters.
. using high temperature adhesives.

¢. puting it under pressure, at
temperatures below the melling
point.

d. the heat of [rictiopal movement
hetween the surfaces to be joined.

e. detenating explosives covering the
materials 1o be joined.

e e
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Figure 7.5
¥ A

10-12 What type of weld joint is depicied in
Figure 7.5?

a. Butt joint.

h. Tee joint.

c. Lap joiat,

d. Corner joint.

¢, Edge joint.
Figure 7.6

ﬁ
Y

10-13 What type of weld joint preparation is
shown in Figure 7.67 -

J-groove.

Double J-groove.
U-groove,

Cup groove.
Butiress groove.

oo E

[ =

Figure 7.7
PELD
N
A B
Vol
[ Y74 | 4 _J
C D

10-14 Tn Figure 7.7, which sketch contains an
incorrect welding symbol with respect
to the weld joint shown?

a, A
h. B
¢. C
d D

10-15 A slag inclusion can result from which
of the tollowing?

a. Small picces of tupgsten being
dislodged from the electrode in the
£as tungsten arc process.

b. Insuffictent clcaning of successive
passcs in a multipass weldment.

¢. Excessive undercut on intermedtate
passes in a multipass weldment.

d. All of the above.

¢, Onlybandc.

10-16 Undercut on a weld pass is usually
caused by:

a. poor operator technigue.

b. araie of travel that is too slow,
which causes the base metal to
become too hot.

¢. the use of an clectrode that is too
large for the current capacity of the
welding machine.

d. all of the above.

¢, only bamdc.

10-17 Crater cracks may take the form of a
single crack or star-shaped cracks and
will usually be found:

a. by magnetic particle techniques
since crater cracks are always
subsurface.

b. anywhere along a weld where the
welding was stopped and restarted.

¢. in the natural crater formed between
the two plates in a typical fillet
weld.

d. in the root area of a multiple pass
weld where the weld metal failed to
flow completely into the root
opening.
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10-18 The principal purpose of preheat 10-20 If the V-groove weld shawn in
treatment and post-heat treatment in Figure 7.8 was made in muliiple passes
welds is to: and not clamped or restrained, typical

warping would take place in which
a. teduce the probability of formation dircction?
of porosity in the weld.
b. neutrafize residual stresses and a. Edges A and B would be lowered
gcometric distortion. due to the expansion of the weld
¢. create grains in the weld that are the metal in the weld zone.
same as those in the base metal. b. Edges A and B would be raised due
d. cause the weld ripple and to the contraction of the weld metal.
reinfarcement to blend into the base c. In a multipass weld, there would be
metal. little if any warpuge.
d. Expansion and contraction would be
10-19 1n welding, the most obvious defects ecual in a V-greove weld as shown.

are those associated with structural
discontinities in the weld itself. Other  10-21 Cracks in the weld metal are primarily
conditions that can also be considered of which three types?

as defects are:
a. Shatlow, deep, and intermittent.

a. improper weld dimensions and b. Longitudinal, transverse, and crater.
profiles. ¢. Laminar. through, and oblique.

b. base metal irregularities that have d. Longitudinal, laminar, and
been enlarged by welding stresses intcrmittent.

and distortion.
¢. structurally sound welds, but those  10-22 Thermal conductivity of a metal 1s an-

with inadequate properties caused impontant factor to consider in making
by errors in filler metal selection. guality weldments becausc:
d. bothaandc.
¢. al} of the ebove. a. some metals, such as aluminum,
have a low conductivity, which
. results in weld defects due to
Figure 7.8 localized heat build-up.

b. some metals, such as stainless steel,
have a high conductivity, which
resubts in Jack of fusion defects as
the heat is quickly removed from
the weld zone.

¢. in seme metals, such as aluminum,
very high temperature gradients are
produced, causing stresses during
cooling.

d. all of the above,

e. none of the above.
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Chapter 11, Plastic Flow

t-1

11-2

11-3

11-4

Deformation of metals provides a
number of advantages. Which of the
following is not an advantage?

a. Deformation processes increase the
probability of defect formation.

b. High duplication accuracy results
from most deformation processes.

c¢. In general, the propertics of wrought
metals are improved over their cast
COUTHETPRErTS.

. Thin sections can be more
economically and mere successfully
produced than by custing.

Ameng other things, the advantagcous
effects of recrystallization depend upon:

a. the rate of deformation.

. the temperature at which
deformation takes place.

¢. the presence of carbon in excess of
2.5% for steels.

d. all of the above.

¢. bothaand b.

Wrought products invariably exhibit:

a, high susceptibility to corrosion,

b. lower strength than their cast
tounierparis.

¢. divectional properties.

d. poor weldability.

¢, poor surface finishes unless
miachined.

During the steel-making process. a large
number of faults such as slag, porosity,
and shrinkage cavities exist in the top
of the ingot. These discontinuities are:

a. mostly eliminated in subsequent hot
working due to the pressure that
“welds” the void shut.

b. located with NDT techniques at
later stages of production.

c. almost nonexistent with modern
steel-making processes.

d. removed by cropping up to
one-third off 1he top of the ingot.

11-5

I1-6

11-7

H-8

11-9

109

Discontinuities with their origin in the
original ingot can be reduced i severity
by the closing and welding of voids and
the breaking up and elongation of
inclusions by which of the following
processes?

a. Cold working.
b. Hot working.

¢. Heat treatment.
d. Welding.

Which of the following would have the
least ducnlity”!

Cold rolled steel plate.
Hot rolled sieel plate.
Gray cast iron.

Hot rolled aluminum plate.

Bn oo

A NDT technique hest suited to locating
discontinuities causced by inclusions
rolled into steel phate is:

radiographic inspection.
ultrasonic inspection.

visual inspection.

magnetic particle inspection.

an o

Which of the following staternents is
true concerning deformation processes?

#. Heot working wsually follows cold
working.

b. Hot working must be followed by
heat treatment.

¢. Hot worked materials must be cold
worked before they can be used.

4. Cold working usvally fellows hot
working.

e. Cold working renders brittle
material more ductile.

Machinability and fatigue resistance are
improved in most metals that have
been:

a. hot worked.
b. cold worked.
¢. heat treated.
d. cast
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Chapter 12, Millwork, Forging, and
Powder Metallurgy

12-1

12-2

NDT 15 often used just tollowing hot
and cold working operations to:

a. assure that further operations are not
pesformed on material that contains
defects that could reject the
manufactured part.

b. determine that defects do not cxist
in the material that could damage
the rolling mills and other
cquipment.

¢. determine the ductility of the
material after the rolling operation
is complete.

d. accurately determine the
compressive steength of the material
after it passes through the rolling
miil.

Slabs, blooms. and billets are:

a. the three consecutive stages that the
metal goes through during the
production of products such as
angle iron and channel iron.

b. the shapes that the ingot is rolled
into prior to a varety of sccondary
aperations.

¢, lypes of defects that occur during
the hot rolling of steel.

d. the three different shapes produced
during typical cold rolling
operations.

Cold rolling shect stee] usually begins
with a material that:

a. has been completely inspected with
an automated radiography system.

b. has been previousty hot-relied to
dimensions close to the size of the
finished product.

¢, has less ductility and greater
hardness than typical hot rotled
steel.

d. will have a lower yield and tensile
strength after cold working.

12-4

12-3

12-6

12-7

Before cold finishing operations can be
dome on hot rolled materials, cleaning is
often done by immersing the hot-rotled
material in acid baths in & process
called:

a. degreasing.
descating.
anodizing.
pickling.
galvanizing,

can T

The miliworking process performed
principally on flat products and bars
that improves hardness, strength,
surface finish, and dimensionat
accuracy is;

a. cold rolling.
b. hot rolling.
c. forging.

d. extrusion.
€. sintering.

Most steel pipe is produced by forming
and:

2. drawing.
b. welding.
c. extrusion.
d. casting.
¢. pressing.

Most scamless tubing made without
welds s processed by:

a. forging.

b. casting.

¢. piercing.

d. cold rolling.
e. brazing.

A process that requires the use of large
powerful equipment that forms ductile
material into a wide variety of long
length uniform cross sectional shapes
best describes:

a. forging.

b. powder metallurgy.
€. extrusion.

. die casiing,
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12-9

12-10

12-11

12-12

The millworking process used most 10
form metals into three-dimensional
shapes is:

a. casting.

b. celd rolling.
c. welding.

d. forging.

Which of the following product forms
is generally selected for high strength
and controlled property directionality?

a. Castings.

b. Extrusions.

¢. Hot-rolled flat stock.
d. Forgings.

e. None of the above.

Powder metallurgy provides two unique
advantages in metals processing. One is
the capability to produce shapes and
ohjects of refractory metals that arc
cxtremely difficult or impractical to
melt; the other is 10:

a. cconomically produce metals with

extremely low melting temperatures.

b. produce metal shapes with
controlled porosity.

¢. produce metals that can be easily
machined by electrochemical
processes.

d. produce metals that are corrosion
resistant.

A major purpose of pressing the metal
powders duning powder metallurgy
processing is to:

4. SqUCCZE OUt CXCess moisture.

b. further refine the grains.

c. compact the powders into
mechanical and atomic closeness.

d. provide all of the above.

12-13

i2-14

12-15

In the powder metallurgy proccss,
sintering is:

a. inmost cases, a fully solid-state
process.

b. never a fully solid-state process,

c. principally done at room
temperature.

d. always done at elevated temperature
and high pressure,

Powdered metallurgy products cannot:

2. he hot worked after sintering,

b. be heat treated after sintering.

¢. be machined after sintering.

d. attain 100% of theoretical density.

e. be subjected to any of the processes
mentioned above.

Which of the following is an

application for powdered metal
products?

a. Cemented carbide cutting teols and
dies.

b. Tungsien rocket nuzzles.

¢. Oil-impregnated bushings.

d. Both b and c are applications.

e.  All of the above arc applications,

Chapter 13, Pressworking of Sheet Metal

13-1

Which of the following terms describe
operations that bend, stretch, and shape
sheet metals into three-dimensional
shapes without significant plastic flow
and deformation?

Bending.
Forming.
Drawing.

Only aand b.
All of the above.

penoe

1’4‘ \.\ \.‘.!‘-.-"‘L -
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13-2

13-4

In drawing and deep drawing, the final ~ 14-2
shape often can be completed in a scries

of draws, each suceessively deeper.

What process performed between draws

might effectively reduce the number of

draws required?

Recrystallization.
Pickling.

Elching.

Hardening heat treatment.
Hot rolling.

oo o

Spinning ¢an be used 1o forn:

spherical tank halves.
cemented carbide cutting touls.
crane hooks.

rectangular sheet metal tanks,
solid spheres.

sEoTe

14-3
Most new developments in sheet metal
forming typically use nonconventional
encrgy sources. What is a common
feature of these processes?

a. The use of lasers for controlled heat
input,

b. The use of cryogenics to super-cool
the metal prior to forming.

c. The use of energy sources that
release large amounts of energy in a
very short time.

d. The use of Jarge autoclaves that
contain both the tooling and the
metal being formed.

14-4

Chapter 14, Machining Fundamentals

14-1

Machines designed to hold a cutting
tool and a workpiece and establish a
suitable set of motions between them to
remove material from the workpiece are
called:

a. mill-working machines.
b. factory machines.

¢. machine tools.

d. metal-cutting machines.

In describing machinability. three
different measurements are generally
considered on a relative, if not
quantitative, basts. These are:

a. shear. lensite, and impact strength of
the material being machined.

b. surface finish of the material
achievable, power consumption
required 1o remove a given volume
of malenial, and expecied 1ol life.

c. softness of the material, sharpness
of the cutting tood, and type of
machine used to remove the
material.

d. volume of material before
machining, volume of material after
machining, and time required to
remove that volume.

When used with tespect to machine
tools. the acronym N/C means:

a4, nonmetal cutters.

b. noncosrosive coolant.
¢. numerical control.

d. ponconventional,

€. negative clearunce.

Which of the foltowing can result in
cconomical set-up and reduced machine
time with an increase in repeatability
and accuracy for a variety of machining
operations?

a. The use of NDT to evaluate the
fintshed product.

b. The use of electrical discharge
machining to replace the
conventional lathes and surface
grinders.

c. The use of modem ultrasonic
machining operations.

d. The use of numerical control
systems applied to conventional
types of machining operations.



Chapter 7, Materials and Processes for NDT Technology 113

Chapter 15, Miscellancous Processes

[5-1

Which of the following siatements is
true regarding plastics processing?

4. Unlike metals, plastics must be
processed without the addition of
heat.

b.  Both thermoplastics and
thermosetting plastics may be
processed by molding, casting, and
exXtrusion.

c. All plastics molding processes use
liquid-state snatenials introduced
into the mold cavity.

d. Injection molding can be done only
with thermosetling materials.

Reinforced plastics molding involves
use of:

& thermosetting plastics and fibrous
reinforcement materials.

b. thermosetting plastics and metallic
powder reinforcement.

¢. thermoplastics and wood fiber
reinforcement materials,

d. thermoplastics and metallic powder
reinforcement.

The mechanism of adhesion combines
mechanical interlocking and:

stickiness of the adhesive.
roughness of the adherends.
dynamic mechanical forces.
interatomic forces.

all of the above.

s e g

15-4

I5-5

Which of the following statements is
true concerning composite matenals?

a. Composite materials include
combinations of nonmetallic
matcrials only.

b. When composite materials are
cured, the constituents lose their
original identity and form chemical
compounds with one another.

¢. A unique feature of composite
materials is that their tensite
strength frequently exceeds the
strength of the strongest constituent.

d. Composites are uswally formed into
complex three-dimensional shapes
with each dimension approximately
equal to the other two.

e. None of the above statements arg
true.

Which of the following statements is
true concerning honeycomb?

2. Nonmetallic huneycomb derives
high strength and rigidity from a
structural combination of relatively
weak, thin, lightweight materials.

b. In honeycomb, the walls of the
cellular core material are aligned
parallel with the plane of the face
sheels.

c. All-metallic honeycomb can be
bonded by adhesives, brazing. or
diffuston welding, but honcycomb
containing nonmetatlic elements can
be bonded only by adhesives.

«. Both a and b are 1mue.

¢. Botha and ¢ are truee.
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15-6

The major difference between materials
classified as composites and those
classificd as mixtures is that:

4. mixtures are a type of composite
with random orientation and shape
of the constituents.

b. composites contain metaltic
constituentis and mixtures arc
nonmetallic,

¢. mixlures start as liguids blended
together and composites starl as
solids.

d. mixtares arc elastomeric, while
composites are characlerized as
having at least one plastic
component.

The acronym EDM refers to:

engineering design materials.
encrgy discharge machines.
electro-dynamic machining.
electrical discharge machining.
elastomeric/diatomic mixture.

c RO OR

Figure 7.9
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15-9

The process used for shaping mctals by
chemical dissolution only, with
selective removal accomplished by
masking areas where metal is not to be
removed, 13 called:

electrical discharge machining.
chemical milling.
electrochemical machining.
electroforming.

rone of the above.

L= I

15-8

Figure 7.9 illustrates:

chemical milling.
electrochemical machining.
ultrasonic machining.
vapor honing.

electrolytic grinding.

o

o no

Figure 7.10
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15-10

15-11

The process iliustrated in Figure 7.10 15
called:

electrical discharge machining.
ultrasonic machining.
chemical milling.
¢lectrochemical machining.
abrasive drilling.

Tan e

A process that is the reverse of
electrochemical machtning and that is
the basis for electroplating is called:

chemical milling.

electrical discharge machining,
electroforming.
magnetoforming.

oo o
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15-12 A cutting operation that has the ability 16-4
1 cul through thicknesses of over 0.9 m
(3 f1) of stecl and is commonly used to
remove surface defects on castings and
forgings by “scarfing” is called:

a, friction cutting.

b. oxyacetylene culting.

c. ultrasenic cutting.

d. gas metal arc cutting. 16-5
e. plasma arc cutting.

Chapter 16, Surface Finishing

16-1  Which of the following statenients is
not true concemning surface finishing?

a. Cleaning operations ate considered  16-6
1o be surface finishing processes.

b, Surface hnishing is often performed
for corrosion protection.

¢. Surface finishing is not typically
followed by further processes.

d. Suorface tinishing is sometimes
performed to improve surface and
near-surface mechanical properties.

16-2  Carburizing and flame hardening are
examples of: 16-7

a. annealing processes.

b. caschardening processes.

c. processes that produce ductile
surtaces.

d. clectrochemical processes.

16-3  Which of the following nondestructive
tests would provide the best results in
measuring the case depth on a case
hardened pan?

a. Ultrasonic immersion testing using  16-8
a very low frequency probe.

Radiography.

Eddy current.

Magnetic particle.

All of the above could provide case

depth measurements.

LY

Coatings are often applied to protect a
material; their thickness can frequently
be determined nondestructively by;

acoustic emission.

eddy current.

surface wave ultrasenic techniques.
opticat hefography.

B0 o

The best and most economical cleaners
used for removal of oils and greasey
are:

pickling baths,

deionized water sprays.

wire brushes and cloth buffers.
petroleum solvents.

en T

Some materniads, such as aluminum, are
COFrOStON resistant:

a. by virtue of the immediate oxidation
of newly expased surfaces.
. only if anodized.
¢. because the matenial itself will not
readily combine with oxygen.
d. against all types of commosive
atmospheres.

An advantage of electrostatic spraying
is that:

a. the matenal being sprayed is
directly attracted to all of the
surfaces to be covered.

b. there is less waste due to
over-sprayed material.

¢. there is more uniform coverage of
the surfaces.

. bothaandc,
e. all of the above.

A corrosion protection material
commonly applied to steel by hot
dipping and galvanizing is:

porcelain.
copper.

paint.

zine.

chromic acid.

oe

oo
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16-9  Metals commonly applied to other
metals by electroplating are:

a. nickel, chromium, and cadmium.

b. tmn, zinc, and tungsien.

c. silver, gold. and carbon.

d. copper, aluminum, and magnesium.

e. both a and d.

16-10 A process that converts the base metal
surface to an oxidized barrier layer of
very small porous cells js called:

a. galvanizing.

b. plating.

c. anodizing.

d. metallizing.

16-11 The anodized surface on aluminum:
a. can produce a high background

during a penetrant test.

b. is very dense and makes X-ray
penetration difficull.

c. can produce cracks that arc easily
detected by eddy current testing
techmiques.

d. must be removed before performing
ultrasonic tesis.

e. can apply to all of the ubove.

Chapter 17, Inspection

17-1  Atechaique for the inspection of
manufsctured products that utilizes the
selection of a certain percentage of
parts for inspection is called:

a. standard deviation.

b. random sampling.

c. consumer risk curve.

d. natural selectien.

e. analysis of vanance.

172 Implied in sampling inspection is:

a. that the chosen plan will produce
precise numbers of acceptable parts.

b. the need for a sample size of 100
units or multiples thereof.

c. awillingness to sometimes accept
defective products,

d. the need to collect data in the form
of variables instead of attributes.

Figure 7.11
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17-3  On the operating characteristic curve

shown in Figure 7.11:

a. the line Py indicates that in the
given sample, four parts were found
to be defective.

b. the line P, indicates that if the lot
being inspected had 1% defectives,
there is a 6% probability that this
plan would reject the ot

c. the lot fraction defective canmot
cxceed 6%.

d. there is a 10% probability of
accepting a 1% defective Tot.

17-4 A process control chart based on the

means and ranges of measurements
taken on perivdic samples requires the
measurement to be taken of:

attpibutes.

variables.

either attributes or variables.
neither attributes nor vanables.

eows
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17-5

17-6

17-7

17-8

Frequently, dimensions arc permitted to
vary within specified limits. These
varkations wre called:

a.  variances.

b. fudge factors.

¢. absolute dimensions.
d. factors of safety.

e. tolerances.

Measuremenlts are classified as being
either:

comparative or absolule,
comparative or dimensionat.
veneral or specific.

d. dimensional or angular.
MICroscopic OF Macroscopic.

cae

"

A vermier measurement permits:

4. accurate interpolation between
major divisions on a measuring
device.

b. measurements to be accuraie within

. 0.03 mm (0.001 in.).

c. extending the length of a
measurement scale by ten times.

d. measurements to be traced to the
National Buresu of Standards.

Indicating gages arc usually used in
appliciions that provide:

a. absolute measurements.

h. comparative measurements.

c. long linear measorements.

d. reflected or projected images of the

workpiece.

17-4

17-10

17-11

117

Which of the following measurement
tools uses the principle of light wave
interference 1o check surface flatness?

a. Optical comparator,
h. Vemier caliper.

c. Sine bur.

d. Go/mo go page.

€.

None of the above,

Gages such as plug gages, ring gages,
go/no go gages, profile gages, thread

gages, radius gages, ctc., are all types
of:

vartable measurement tools.
absolute pages.

optical gages.

fixed gages.

onoE

Devices that show magnified reflected
or profile images of the work piece ona
frosted glass screen are called:

optical comparators.
optical {lats.

optical projectors.
optical micrometers,
optical gages.

pRn o
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MT8 b PT8 a UT-1 e VT18 a
MT9 a PTY d U2 d VI-19 d
MT-10 ¢ PT-10 b U3 d
MT-11 b PEIL ¢ UT4 ¢
MT12 ¢ PT-12 b UT5 b Answers to
MTI3 ¢ PT-13 a ULe d Section |
MT-14 d PT-14 ¢ UT7  a 1-1 ¢
MT-15 b PT-I15 b ULR b 1-2 a
MT-16 ¢ PT-16 b UT9 b I-3 a
MT-17 d PI17  a UT-10 b 1-4 d
MT-18 ¢ PT-18 a U111 ¢ 1-5 d
MT-19 b PT19 < UT-12 ¢ 1-6 b
MT-20 b PT-20 b U3 d 1-7 b
MT-21 b PT-21 ¢ UT-14 b
MT22 d P122 ¢ UT-15 d 2-1 e
NR-1 ¢ PT23 b UT-16 d 2-2 b
NR2 d PT-24 ¢ UT-17 a 2-3 d
NR-3 4 PT-25 ¢ UT-18 b
NR-4 d UT-19 d 3-1 d
NR-S  d RT-1  a UT-20 d 3-2 b
NR-6 a RI-2 d UT-2l a 3-3 ¢
NR-7 b RT3 ¢ Ur?? «c 34 d
NR-§ d RT4 b UT-23 e 35 b
NRO ¢ RT-S b UT-24 b 3-6 d
NR-10 < RT-6 d UT25 b 37 d
NR-tl ¢ RT7 ¢ UT-26 ¢ 3-8 d
NR-12 ¢ RT-% ¢ UT-27 d 3-9 C
NR-13 ¢ RT9 a UT-28 a 310 b
NR-14 b RT-10 d UT29 e 3-11 b
NR-I5 ¢ RT-H ¢ UT30 b 312 b
NR-16 b RT-1?2 ¢ UT31 e 313 b
NR-17 b RT-13 b UT-32 ¢ 314 e
NR-1% a RT-14 a
NR-19 & RT-15 ¢ VI-1 b 4-1 C
NR-20 b RT-16 b VT-2 d 4-2 c
NR-21 a RT-17 d VT-3 a 4-3 ¢
NR-22 b RT-18 d V-4 b 4-4 b
NR-Z3 b RT-19 4 VI-5 ¢ 4.5 c
NR-24 b RT-20 b VI-6 a 4-6 d
NR-25 ¢ RT21 b VI-7 ¢ 4-7 b
NR-26 d RT-22 ¢ VT-8 ¢ 4-8 a
NR-27 d RT-23 a VI-9 b 4-9 c
RT-24 ¢ VT-10 d 410 a2
PT-1 b RT-25 d VT-11 b 4-11 d
PT:2  d RT-26 ¢ VvT-12 d 412 e
PE3 & RT27 d VE13 b 413 b
PT-4 ¢ RT-28 b VT-14 d 4-14 d
PT-5 d RT-29 e VT-15 b 4-15 e
PT6 b RT-30 ¢ VT-16 a 416 d
PT7 b VT.17 d
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5-1 a 8-12 ¢ [0-19 e 14-4 d
5-2 b 8-13 [y 620 b 15-1 b
5-3 ¢ 8-14 b 10-21 b 15-2 a
5-4 a 8-15 c 10-22 ¢ 15-3 d
5-5 d 8-16 a 15-4 e
5-6 e 8-17 d 11-1 a 15-5 ¢
5-7 d 8-18 b 11-2 e I5-6 i
5-8 c 11-3 c 15-7 d
59 b 9-1 d 11-4 d 15-8 b
5-10 c 9.2 C 11-5 b [5-9 b
5-11 e -3 d 11-6 ¢ {5-10 b
5-12 b G-4 b 11-7 b 15-11 ¢
6-1 d 9-5 a 11-8 d 1512 b
6-2 e 9-6 d 11-9 ]
6-3 b Q-7 b 16-1 c
6-4 c 9-8 b 12-1 i 16-2 b
6-5 a -y a 12-2 b 16-3 c
6-6 b 9-10 ¢ 12-3 b 16-4 b
6-7 a 9-11 d 12-4 d [6-5 d
6-8 S 9-12 d 12-5 a 16-6 a
6-9 [ 12-6 b 16-7 c
6-10 d 10-1 C 12-7 c 16-8 d
6-11 b 10-2 a 12-8 ¢ 16-9 a
10-3 d 12-9 d 16-10 ¢
7-1 d 10-4 d 12-10 d 16-11  a
7-2 a 10-5 a 12-11 b
7-3 e 10-6 b 12-12 ¢ 17-1 b
10-7 d 1213 a 17-2 ¢
8-1 b 10-8 b 12-14  d 17-3 b
8-2 10-9 ) 12-15 e 17-4 b
8-3 d [0-10  a 17-5 ¢
8-4 c 19-11 ¢ 13-1 e 17-6 a
8-3 d 10-12 4 13-2 a 17-7 a
86 b 10-13 ¢ 13-3 a 17-8 b
8-7 d 10-14  a 13-4 c 17-9 ¢
3-8 e 10-15 e 17-10 d
8-9 a 10-16 & 14-1 ¢ 17-11  a
8-10 c 10-17 b 14-2 b
8-11 ¢ 10-18 b 14-3 ¢
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Appendix |
Code of Ethics for Level 1L NDT Personnel
Certified by ASNT

Preamble

In order to safeguard the life, health,
property and welfare of the public, i
maintain integrity and high standards of
skills and practices in the profession of
nondestructive testing, the following rules
of professional conduct shall be binding
upen every person issued a centificate by
ASNT as an NDT Level 1,

1.1.1 The NDT Level If who holds a
certificate from ASN'T is charged
with having knowledge of the
existence of the rcasonable rules
and regulations hereinafter provided
for his/her comduct as NDT

Level [, and also shall be familiar
with their provisions and understand
them. Such knowledge shall
encompass Lhe understanding that
the practice of nondestructive
testing under this certiftcation is a
privilege. as opposed to a right, and
the NDT E.evel i1l shall be
forthright and candid in statements
of written responses to the Ethics
Committee of the National
Certification Board.

The “NDT Level [II” as referred to
herein, is that individual who has
heen issued a certificate by The
Amcrican Society for
Nondestructive Testing, Inc.
pursuant 1o its heretofore published
requirements, rules and procedures
for such cenilication. This Code of
Ethics is binding upon all
mdividuals so certified.

Integrity

The NDT Level 111 is obligated to act with
complete integrity in professional matters
for each client or employer as a faithful
agent or trustee; shall be honest and
impartial, and shall serve the public,
clients and cmployer with devotion.

3.
31

Responsibility 1o the Public

The NDT Level 1 shall:

Protect the safety, health and welfare of
the public in the performance of
professional duties. Should the case arise
where the NDT Level III faces a situation
where the safety. health und welfare of the
pubtic are not protecied, he/she shall:
3.1.1 Apprise the proper authority if it 1s
evident that the safety, health and
welfare of the public are not being
protected; and

Refuse to accept responsibility for
the design, report or slatement
involved; and

If necessary, sever relationship with
the employer or client; and
Undertake to perform assignments
only when qualified by training and
experience in the specific technical
ficlds involved. In the event a
yuestion arises as to the compelence
of an NDT tevel Ll to perform an
assignment in a ficld of specific
discipline which can not be
otherwise resolved o the Ethics
Commuttee’s satisfaction, the Ethics
Comumillee, either upon request of
the NDT lLevel Il or by its own
volition, may require hinvher to
submit e an appropriate inquiry by
or on behalf of the Ethics
Committee; and

Be completely objective in any
professicnal report, statement o1
testimony. He/She shall include all
relevant and pertinent information
in the report, statement or testimony
avoiding any omission which
would, or reasonably could, lead to
a fallacious inference, finding or
misrepresentation; and

Express an opinion as a technical
witness before any court,
commission or other tribunal, only

312

315
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5.2

5.4

when such opinion is founded upon
adequate knowledge of the facts In
issue, upon a background of
technical competence in the subject
matter. and upen honest conviction
of the accuracy and propriety of the
testimony.

Public Statements

The NDT Level I will issue po
statemcnts, criticisms or arguments on
nondestructive testing matters connected
with public policy which are inspired or
paid for by an interested party, or partics
unless hefshe has prefaced the remark(s)
by explicitly identifying him/herself, by
disclosing the identities of the party, or
parties. on whose behall he/she Is
speaking, and by revealing the existence
of any pecuniary interest he/she may have
in these matters.

The NDT Level TII will publicly express
1o opinion on a nondestructive testing
mnaster unless it is founded upon adequate
knowledge of the facts in issue, upon a
background of Lechnical competence in the
subject matter, and upon honest conviction
of the accuracy and propriety of the
testimony.

Conflict of Interest

The NDT Level 111 shall conscientiousy
avoid conflict of interest with the
cmptoyer. or chient, but when usavoidable,
shall forthwith disclose the circumstances
to the employer or clicnt,

The NDT Level L1 shall promptly inform
the clicnt or employer of any business
associations, INLEresis, O CHCWMSIANCES
which could influence hisfher judgment or
the quality of services to the chient or
employer.

The NDT Level 111 shall not accept
compensation, financial or otherwise, from
more than one party for services on the
same project, or for services pertaining 10
the same project, unless the circumstances
are fully disclosed to, and agreed to, by all
interested parties or their duly authorized
agents.

The NDT Level I1T shall not selicit or
accept financial or other valuable
considerations from material or cquipment
supplicrs for specifying their products.

5.3

5.6

6.1

6.2

6.3

7.2

The NDT Level 11 shall not solicit or
accept gratuities, directly or indirectly,
from contractors, their agents or other
parties dealing with the client or employer
in connection with work for which be/she
is responsible.

As an elected, retained or employed public
official, the NDT Level 11 (in the capacity
as a public official} shall not review or
approve work that was performed by
himv/herself, or under hisfher direction, on
behalf of anather employer ot client.

Solicitation of Employment

The NDT Level I shall not pay, solicit,
nor offer, directly or indirectly, any bribe
or commssion for professional
employment with the exception of
payment of the usual commission for
securing salaried pusitions through
licensed employment agencies.

The NDT Level 11 shall seek professional
employment on the basis of qualification
and competence for proper
accomplishment of work.

The NDT Level 113 shail not falsify or
permit misreprescatation of hisfher, or
his/her associales’, academic of
professional qualification. He/She shall
not misrepresent or exaggerate the degree
of respansibility in or for the subject
matter of prior assignments.

Brochures or other presentations, incident
to the solicitation of employment shall not
misrepresent pertinent facts concerning
employers, employees, associates, joint
venlurers, ot their past accomplishments
with the intent and purpose of enhancing
qualifications and work.

Improper Conduct

The NDT Level 1T shall not sign
documents for work for which he/she does
not have personal professional knowledge
and direct technical supervisory control
and responsibility.

The NDT Level 111 shall not knowingly
associate with, or permit the usc of histher
name or firm name in a business venture
by any person or firm which he/she
knows, or has reason to believe is
engaging in business or professional
practices of a fraudulent or dishonest
nature.
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8.
3.1

Unauthorized Practice

Any violation of this Cade shall be
deemed to be an unauthorized practice and
upon proper complain, investigation, due
process hearing and ruling of the Fthics
Committee of the National Certification
Board in accordance with procedures
heretofore established and published,
sanctions may be applicd to the
individualis) in violation.

9.
9.1

Rulings of Other Jurisdictions
Conviction of a felony while ASNT
certification is valid, or the revocation or
suspension of a Professional Engineer’s
License by another jurisdiction, or similar
rulings by other professional associations,
may he grounds for a charge of violation
of this Code.
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Index

Acceptance standards, 21, 34
Acid baths, 110
Acoustic ernisston testing, 7, 16, 46, 59-60, 98
Adhesion, 113
Aircraft. 89, 101
Aircraft skin tnspection, 89
Alloy(s), 64, 71, 95, 100-101
Alternating current, 62, 73-74, 100
Aluminum alloy, 71, 100
Amperage, 73
Angle-beam, 83-83
Annealing, 98, 115
Anodized surface(s), 71, 116
Anodizing process, 71
Arca-amplitude, 83
ASM luternational, 57
ASME, 18, 20, 35, 40, 49
ASME Boiler and Pressure Vessel Cade, 18, 35, 40, 49
ASNT-CP-189 (1995)
Basic Fxaminatien coverage, 7, 11, 45-46, 54
cerification 1o, 11, 51-56
consensus process, 51
employer’s NOT Level 111, 52, 54
similarities with SNT-TC-14, 51-55
Ablenuation, 59-60, 81-83
Audit, 37-38, 48
Anstenitic stainless steels, 100

Back reflection, 83-84
Back surface, 83-84
Rackground, 69
Background noise, 60
8and pass filters, 60
Base metal, {00, 104-108, 116
Beam spread, 83
Beryllium, 101

Bessemer converter, 99
Bessemer furnace, 99
Belatrons, 78

Billets, 110
Body-centered cubic, 97
Bond evaluation, 82
Brass, 101

Brazing, 104, 110, 113
Bronze, 101

Bubble leak detection, 67
Bubble leak testing, 25-26, 67
Buti jnint, 107

Buttress groove, 107
Buyer-seller, 16-17, 47-48

Camera, 87
Carburizing, 115
Case depth, 115
Casseite, 76, 80
Cast irun, 96, 109
Cast steel. 1)
Castings, 60, 68, 71, 77-78, 85, 9%, 103-104, 131, 115
Ceramics, 60, 103
Certification (ASNT CP-189 (1995))
record of, 54
reinstatemnent of, 34-55
renewal of, 54
requirements of, 17, 31-33
revocation of, 34-35
suspension of, 54
Cerification (SNT-T(C-14)
admanistration of certification examinations, 31,
35-36, 38, 41, 45-40
continuing satisfactory performance, 37, 41
crilenia for, 7-8, 17, 24, 34
definition of, 15, 18, 20
examinations, 7, 13-15, 31, 38-39, 45-46, 48-49
extension of, 37
expiration of, 47
guidelines for, i3-16, 21
of NDT personnel, 11, 13-14, 16-17, 23, 37-39, 42,
47-49
options, 40, 47-48
Level 1, 21, 27
Level 11, 24-26, 34
Level 113, 21, 24, 34, 37-40, 42, 45-4%
period, 45, 47
prior evidence of, 24, 38, 41
program, 7,11, 13, 18, 24, 28, 31, 42, 45, 47-49
recommendations, 34, 17,19, 22-23, 36,43, 47
renewal of, 45, 49
requircments for, 11, 13, 17-18, 23-24, 28.39
responsibilities, 47
revocation of, 37, 40-42, 125
suspension of, 125
termination of, see revocation of
transfer of, 43
verification of, 13, 34, 35
Cf-252, 77
Chemical dissolution, 114
Chemicat processing industry, 101
Chremium, 100, 114
Circular magnetization, 72
Circulating electrical current(s), 61
Cleaning, 70, 107, 110, 113




Close adherence, 14

Close-packed hexagonal, %7

Co-60, 75. 78, 81

Coarse-grainest matcrials, 82
Coatings. 03, 105, 113

Coball 78

Codes, 18, 20, 23, 28, 32-34, 46-18, 54,59, 87
Coke, 99

Cold shut, see Discontinuines
Cold finishing operations, 110
Coid rolling, 111

Cold working operations, 110
Color contrast, 32. 89

Columbium, 76

Combustion, Y

Composite maueriats, 95, 113
Compounds, 97, 113
Compressional waves, 32
Compressive sirenglh, 96, HE
Conductive heat transfer, 64
Conductive matenal{s), 61-63
Conduclivity, 61, 83, 98, 100
Contuct iemperatare indications, 64
Contact testing, 84

Comtractors, 13, 19, 124

Contracts, 15

Conversion layer, 71

Cooling crack, see Discortinuities
Copper slides, 106

Core shift, see LNscontinuities
Corresion, 71, 74, 89, 95, 98-100, 105, 109, 111, 115
Corrosion detection, 74

Corrosion resistance, 95, 99, 100-101, 113
Counts, 60

Coupling, 61-62, 81, 84

CP-189 (1995), see ASNT-CP-185 (19495)
Crack(s), scc Discontinuities
Crater cracks, see Disconpinuifies
Creep, sec Disconsiniities
Cs-137,75

Curniculum, evaloation of, 28
Customer(s), 13-4, i7

Dala filtering techaiques, 59

Deep drawing, 112

Deformation, 60, 94-95, 97 98, 102, 109, 111
Degreasing, HO

Demagnctization, 71-73

Descaling, 110

Design engineer(s), 101

Design stress, $7

Developers, 69-71

Die casting, 100, 103, 110

Diffuse reflecting surface, 65

Diffuse reflection, 88

Diffusion welding. 106, 113

Digital thickness measerement equipment, 17, 20, 22
Direct hardness tests, 97

Discontinuities
cold shut, 70
cooling crack, 103
core shift, 103
crack{s). 70, 74, 77, 88, 105, 107-108
crater cracks, 107
creep, 89, 96-97
draw roarks, 89
fatipue, 96. 109
fatigue cracks, 74
forging lap, 70
inclusions, 63, 85, 109
lack of paratlelism, 84
laminar discontinuities, 81, 85
nemfused chaplets. 103
porosity, 70, 85, 102, 104-105, 108-109, 111
reflection indications, 83
round indications, 70
shrinkage. 81, 102-105, 109
shrinkage cavities, 103, 109
slag inclusion, 107
undereut, 107
Distance-amplitude calibration, 83
Draw martks, see Disconrinuities
Drawing, 104, 110-112
Ductile malerials, 11¢
Dysprosium, 73

Lchoes, detection of, 83

Eddy current pencration, 60

Eddy current penetration. 62

Lddy current sensors, 60

Eddy current testing, see Electromagnetic tesiing
Educational accomplishments, 15, 31, 34, 37
Fducatonal degree, 24, 32, 45

Elastic imit, 97-98

Eleciric current, 71

Electsic are, 105

Electric conductors, 79

Electrical, 60-61, 64, 67, 79, 83, 98, 100, 112, 114
Electrical conductivity, 85, 98, 100
Electricity, 71

Electrochemical machining, 114

Electrode. 105-107

Electrolysis, 98

Electromagnetic radiation, 78
Electromagnetic testing, 7, 16, 46, 60-64
Electrostatic spraying, 115

Electronic echoique, 59

Electroplating, Y9, 114, 116

Electrostatic spray, 115

Emissivity, 65

Employer programs, acceplability of, 15
Employer-based certification/examination, 48, 54
Employer’s representative, 31, 54-55
Employment, lerminztion of, 40-41, 54
Encircling coil, 63

Endothermic investigativns, 64

Engineer, 23,125



Engineering, 24-25, 45, 93

Establish techniques, 20, 23, 59

Evacuated systems, 67

Examinations
Basic Fxamination, 7, 11, 20, 33, 45-49, 54, 59, 93
composite grades, 31-32, 36 37, 48
evaluation of, 34, 47 48, 54, 39
closed book, 15, 33, 16, 533
conductance of. 35, 39, 35
grade(s), 13-14, 24, 31-32, 34-35, 37, 45, 55
mandatory Basic Examination. 43
Method Examination, 7, 33, 36, 46-49. 54
modification of examination questions. 17
wltiple-choice questions. 7, 46, 54
passing grades, 24, 31-32, 45,52
qualification for, 7
reporting of grades, 32, 48
request for examination, 46, 123
scif-cxarmnation, 34
Specific Examination, 14, 32-36, 47-48, 33-54
unstipervised, 38
waiver of, 39

Excess peneirant reroval, 69

Exothermic investigations. 64

Explosive and pyrolechnie devices, 74

Extrustons, 87, 89, 104, 111

Eve adaptation, 88

Fabrication, 20, 33, 46, 59, 73
Face-centered, cubic, 97
Faiture(s), 18, 94, 96. 102
Fast-neutron radiography, 73
Fatigue, sce Disconrinuities
Fatigue cracks, see [iscontinuities
Fatigue resistance, 109
Feeders. 103

Felicaty effect, 60

Felony conviction, 125

Field inspections, 68, 71, 78, 86
Film density, 80

Film resolutions, 76

Flame hardeping, 1135

FLt probe coil, 62
Flat-bottomed holes, 83

Flaw detection. 61, 82

Flaws, 17, 85, 94-95

Fluid flow investgatiens, 64
Fluorescence, 68-69, 88
Fluorescent penetrant, 6%
Fluorescent magnelic particles, 73
Fluoroscopic image, 79
Fluproscopy, 81

Forging(s}, 70, 87, 93, 110, 115
Forging lap, see Discontinuinies
Forming, 11{}-112

Fracture, 94-95

Fracture control, 94

Frequency, 60. 62, 82, 86
Friction investigations, 64

Fusion bonding, 104
Fusion welds, 105
Fusien zone, 84

Gadolinium. 75-76
Gadalinivm screens, 75
Gages, 117

Galvanizing, 110, 115-116
Gamma radiation, 77-78
Gamma rays, 78-79

Gate, 102-103

Geometne distortion, 105, 108
Gold, 13, 116

Gran size, 104

Grain size varnation, 104
Grain structure, 83

Grammar schocl, 25
Grayhody, 65

Green sand casting molds, 103

Halogen diede detector, 67-68
Hatogen diode leak detection, 25-26
HAZ, sce heut affected zone
Heat affected zone, 89

Heat Mux indicarors, (3

Hear transfer, 64, 106

Heat reatment, 98, 100, 105, 108
Helium mass spectrometer, 67
Hermetic seals, 67

High frequency variuble, 64
High voliage rediography, 8¢
High school. 29, 52

Honeycomb. 77, 113

1ACS. 61

1ES. see Muminoting Engineering Society

Muminating Fngincering Society, 83

TMumination angle, ¥8

Image, 76-77. 79-81. 89

Iimagcers, 66

Imaging, 64.74-73, 77

Impedance, 62, 64

Enclusions. see Discortinuities

fnconel. 80, 101

indication(s), 51, 68-70, 73-74, K3

image quality indicators, 77, 81

indirect radiography, 75

Indium, 75

Indusirial, 46, 93

Inert gas. 106

Infrared energy, 65

Infrared focal plane ammay imagers. 66

Infrared Tadiation, 635

Infrared spectral filter, 66

Infrared specirum, 65

Infrarec/Thermal 1esting, 7, 16, 46, 53, 64-66

Infrarcd thermal detectors, 63

Inquiries, see Recommended Practice No. SNTI-TC-1A
inguiries and responses



Tnspection of castings, 83, 103

Interaction ot penetrants, 68

Interpretation Panel, 11, 15-16, 18-19, 21,24

Interpretations, sce Recommended Practice No.
SNT-TC-1A inquiries and responses

1QI, see Image quality indicator

Iron, 77, 95-97, 99-101, 104-110

Iron-based alloys, 95

Isotopic, 74, 76-17

Jagper No. 1, 33
Jaeger No. 2, 32,53
Jaeger letiers, 35, 56

Kaiser effect, 60

Lack of parallelism, see Discontinuities
[aminar discontinuities, see Discontinuities
Larninate, 85
Lead, 76, 80
Lead foil, 80
Leak detection, 68, 71
Leak testing, 7, 16, 30-31, 36, 67-68
Tevel L
duties, 20-21, 54
record results, 20
Level [
duties, 54
inspector. 45
interpretation of NDT results, 54
report results of NDT tests, 20
Level TH
administration of NIDT programs, 42
compensation for services, 124
competence of, 123
comzplaints against, 123
conflict of interest, 124
contral of NDT personnel, 23, 124
duties, 53, 123
establish acceptance critenia, 20, 39
falsification of qualifications, £24
interpretation of codes, 20, 33, 46, 396
NDT operations, 20, 59
objectivity of, 123
obligations of, 37
qualified representative for, 31, 34-35
recommendation of new 1echnigues, 59
rules of professional conduct for, 123
wnauthorized practice of, 125
Light emission, 75
Lighting conditions (minimum), 88
Limestone, 99
Light wave interference, 117
Line scznner(s}, 64, 66
Liquid penetrant testing, 7, 16-17, 42, 46, 68-71, 73
Longitudinal waves, 82-84
Lest wax process, 103

Machinability, $09, 112

Machine toals, 112

Machined parts, 68, 71
Machining, 112, 114

Magnet, 72

Magnetic fields, 72

Magnetizing flux, 72

Magnetic lines of foree, 72
Magmetic particle testing, 7, 16,27, 42,46, 7174
Magnetic particles, 73
Magpetization, 71-72

Magnified reflected images, 117
Magnetizing flux, 72
Magnetzing current, 72, 74
Manufactured products, [16
Manufacturer, 13,17, 29
Manufacturing, 46, 94-95. 101-102
Marine industry, 101

Masking, 114

Mass spectrometer, 25-26, 67
Muatenials, aceeptability of, 23, 59
Materials and processing, 93
Mechanical interlocking, 113
Meral flow, 103

Metals processing, 111

Method Examination, see Examinations
Microcircuits, 87

Mixtures, 114

Muodulus of elasticity, 96

Motd, 102-104, 106, 113

Monel, 131

Nature of penetrating radiation, 74, 77

NDT instructor, 51-52, 56

NDT personnel, examination of, 13-15, 18,21, 23,
3739, 45, 48

NDT procedure, preparation of, 34, 47-48, 54

NDT test data. 51

NDT tests, conductance of, 20, 35, 39, 55

NDT 1ests, evaluation of, 15-16, 19-22, 54

Near-distance visnal acuity, 32, 35. 56

Near-vision acuity, 32

Neutron radiogeaphic testing, 7, 16, 46, 73-77, 79

MNeutrons. 74-7%

Nickel, 100

Nuise discrimination, 5%

Nen-gray target, 66

Nen-imaging detectors, 74

Nenconsumable electrode, 106

Noncontact devices, 64

Noncontact pyrometer, 64

Nonferrous metals, 98, 100

Nontused chaplets, see Discontinuities

Nonimaging detectors, 77

Nonrelevant indications, 51, 70

On-the-job iraining, 13, 20, 23
Optical interference patterns, 89



Ortho rater, 32
Qutgassing, 68

Paramagneric stainless steels, 100
Penetrameter(s), 80

Penetrants, 68-69, 71

Penetrating radiation, 74, 77-78
Penmeahility, 61

Personne] training, 13-14. 23-24, 37-38, 59
Phase discrimination, 60

Photographic plane, 87

Photon detectors, 65

Physical examination requirements, 35
Physics, 45, 52

Pig iron, 99

Pillowing, 89

Piping, 67, 89, 104

Plastic flow, 96, 98, 109, 11}

Plastics processing, 112-113

Plug gages, 117

Plutonium, 77

Polymenzation, 101

Porosity, see Discontinuities

Position paper, 46

Pest-emulsified penctrant process, 1
Post-emulsifier, 69

Post-heat treatment, 108

Powder metatlurgy, 110-111

Prcheat tecatment, 108

Precipitation hardening, 98

Pressure vessels, 67, 87

Pressurized systems, 67

Principle of light wave interference, 117
Probabihity of detection, &1, 93
Process control. 61, 82, 85, 116

Prod method, 72-73

Professional Enginecr's License, revocation of, 125
Profile gages, §17

Propagating wave, 6l

Pu-239, 75

Pulse-echo techniques, 17, 85
Purchaser, 15, 38

Pyrotechnic devices, 14

Qualificasion and certification program
estahlishment of, 15, 17, 28, 5t
gumdelines for, 14-16, 38, 51

Gualify(ing), 7, 13, 15, 17-18, 20, 26, 28-29, 34, 38-39,

T

Quartz crystal, 84

Radioactive source, 75

Radhograph, 75, 79-80

Radiographic testing, 7, 16, 28, 42, 46, 74, 77-81
Radius gages, £17

Raw material, 102

Recertification, 21, 37, 40-41, 43, 46-47, 53, 55
Receriification imervals, 37

Recommended Practice No. SNT-TC-1A
college requirements, 24-25, 45
compliance with, 39, 47
education, venfication of, 7, 16, 38, 45
expenience and performance, verification of, 16,

38-39, 48
experience, evaluation of, 18, 24, 38
inquiries and responses

76-1, 27

76-2,27

76-3, 21

764, 16

76-5, 2

77-1, 42

77-10, 38

77-12,38

77-3,37

77-4, 24, 38

77-6, 43

78-1, 34

78-10, 41

78-2,21.43

78-3,27

78-4, 41

787,17

78-9, 21

79-1, 28

79-13, 34

79-14, 28

79-15, 28

79-2, 34

80-14, 21

80-2. 35

803,27

80-4, 17

80-6, 28

80-8, 16-17

80-9, 39

¥9-4, 38-39

90-2, 39

90-4, 39

92-2,39

90-3, 39
Intesrupted service of personnel, 37, 41
mandatory requirements of, 17, 20
maodification of, 15-17
previous experience, documentation of, 18, 24, 38
qualification, verification of, 13-14, 30
record keeping, 20, 23, 32, 55
requirements of, 11, 13, 17-18, 24, 28
siiilarities with ASNT-CP-18% (1995}, 51-55
training record, 55
training requirements, documentation of, 13, 15, 23

Recommended Training Course Outline(s), 17, 30-31, 52

Recrystallization, 98, 109

Reexamination, 34, 37, 4041, 46, 54

Reference blocks, 83

Reflection, 81, 85, 88

Refleciion indications, see Discontinuities




Reflectiviy. 63

Refraction. 31

Reintorced plastics, 113
Rejectionfacce ptance cnteria, 20
Relevant indications, 51

Removal of vils and greases, 115
Requalificanion, 27

Resonance, 81, 83, 85-86

Resonance condition, 83

Respurce material, 39

Responses, see Recommended Practice No. SNT-TC-1A
inquiries and responses

Ring gage, 117

Risers, 103

Rotled bar stovk, 71

Rough wekds, 74

Round indications, see Discontinuities

Safety, 67, 74, 77, 87, 97, 9%, 123

Sampling inspection, 116

Sandblasting, 70

Scarfing, 115

Scatiering. 81

Science, 23-24, 30, 45, 52

Search nnit, 83-85

Shaw, Cart B., 13

Shear waves, 82-84

Shielding, 103-106

Short course, 14

Shrinkage, see Nscontinuities

Shrinkage cavitics, see Discontinuities

Signat amplitudte, 60

Signal conditioning, 59, 86

Signal detection, 59

Signal processing, 5%

Sinteang, 110-111

Slabs. 110

Stag inclusion, see Discontinuities

SNT-TC-TA, see Recommended Practice No. SNT-TC-1A

SNT-TC- 1A interpretations, see Recommended Practice
No. SNT-TC-1A inquiries and responses

Soldering, 104, 106

Solids, 97, 114

Sclution heat treatment, 98

Solvent-removable penetrants, 17, 69

Sound 1ravel, 82

Seund wave, 82

Soundbeams, 81

Source. 7, 30, 60, 71, 74-75, 77-80, 88

Source-to-film distance, 79

Specific Lxamination, see Exarminations

Specimen selection, 32

Spectral band, 65-66

Spectral filter, 66

Spectral range, 87-88

Spectral region, 66

Spheroidizing, 98

Spinning, 112

Spot size, 65

Stainless steel, 80, 100

Standards Development Committee, 15

Stecl-making process, 99, 109

Straight beam, 85

Strenglhening and hardening. 100

Structures, 60, 95, 97, 103

Subcontracling services, 37-38

Submerged arc welding, 106

Supptements to Recommended Practice Ne. SNT-TC-14.
32,42

Supplier(s), 15, 18, 24

Surface defect removal, 115

Surtace probe coi, 62

Targer surface. 64
Technical school, 24, 45
Tempenng, 98, 103
Tensije toad, 95-96
Tensile strength, 95
Tensile siress, 93
Tensile tests, 93
Test results
documeniztion of, 14, 54
evaluation of, 34, 47-48, 54, 59
interpeetation of, 14, 36, 54, 59
‘Test samples, 53-54. 116
Test specimens. 32, 36, 54, 63, 7195
Thermal capacitance, &4
Thermal conductivity, 108
Thermal diffusivity, 66
Thermal imaging, 65
‘I'hermal neutron beam. 74-76
Thermal radiation, 65
Thermal resistance, 64
‘Yhermal resistance investigations, 64
Thermal resolution, 65-66
Thermogram, 66
Thermosctting plastic, 103
Thickness gaging, 61
‘hickness measurement, 17, 20, 22, 82, 83-83
Thin. 70, 75, 77, 80, 85, 102, 109. 113
Thread gages, 117
Threshnold settings, 60
Tin, 101
Tm-170, 78
Tracer fluids, 67
Tracer gas. 67
Trainee(s), 20, 22, 52
interpretation of NDT results, 20
repors results ol NDT tests, 20
Training course, 14, 17, 30-31
Training programis), 13-14, 16, 30-31, 52
Transducers, 81, 83
Transfer exposure method, 76
Transfer method, 75
‘Transfer radiography, 73
Transmissivity, 63



Ultrasonic beam, §2 Wet method. 73
Ultrasonic immersion lesting, 52, 82, 84 Witness of NDT, 15-16, 123
Ultrasonic standard test blocks, 83 Work hardening, %6
Uhrasonic testing, 7, 10, 28, 42, 46, 52, 55, 81-86 Woitten practice
Ulirasonic velocities, 82 acceptance of ASNT Level I centification, 24
Ultrasonic wave, 85 developinent of, 13-16, 18
Undercut, see Discontinuities establishment of, 13-8, 23, 39, 47
University, 24. 45 preparation of, 13, 15, 17, 21, 23-24, 27-29, 31-33,
35,37-38, 41, 46
V-groove, 81, 103 Wrought metals, 68, 71, 109
Vacuum chamber, 106 Wrought products, 109
Vector sum, 62 Wrought steels, 100
Vernier measurereats, 117
Vibration and analysis testing, 7, 16, 46, 86-87 X-radiation. 78
Visible dye, solvent removable, 17, 69 X-radivgraphy, 76
Visible light, 87 X-ray absorption, 79
Visible magnetic particles, 73 X-ray heam, 74, §}
Vision examinations, 32, 37, 53-55 X-ray exposure, B0
Visual acuity, 35, 56 X-ray film, 75, 80
Visual and optical testing, 7, 16, 46, §7-89 X-ray generators, 78
X-ray machines, 78
Warping. 108 X-ray pateen, 81
Waler-washable penetrants, 69 X-ray sources, T4, 77
Wave travel, 81 X-rays, 76,79
Wavelength of light, 69
Weld bead, 74, 81, 85 Yicld strength. 96-97
Weld joint., 107 Young’s Modulus, 79, 96
Weld zone. 103
Weldmeunt(sy, 93, 103, 108 Zing, 100-101, 115-116

Welds, 68, 71, 74. 78. 88-89. 104-105, 108-110
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