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DEPARTMENT VISION

Producing internationally competitive Mechanical Engineers with social responsibility &
sustainable employability through viable strategies as well as competent exposure oriented

quality education.

DEPARTMENT MISSION

1. Imparting high impact education by providing conductive teaching learning
environment.

2. Fostering effective modes of continuous learning process with moral & ethical values.

3. Enhancing leadership qualities with social commitment, professional attitude, unity,
team spirit & communication skill.

4. Introducing the present scenario in research & development through collaborative
efforts blended with industry & institution.

PROGRAMME EDUCATIONAL OBJECTIVES

PEO1: Graduates shall have strong practical & technical exposures in the field of Mechanical
Engineering & will contribute to the society through innovation & enterprise.

PEO2: Graduates will have the demonstrated ability to analyze, formulate & solve design
engineering / thermal engineering / materials & manufacturing / design issues & real life
problems.

PEO3: Graduates will be capable of pursuing Mechanical Engineering profession with good
communication skills, leadership qualities, team spirit & communication skills.

PEO4: Graduates will sustain an appetite for continuous learning by pursuing higher
education & research in the allied areas of technology.

PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of
complex engineering problems.

2. Problem analysis: Identify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first
principles of mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering
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problems and design system components or processes that meet the specified needs
with appropriate consideration for the public health and safety, and the cultural,
societal, and environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of
data, and synthesis of the information to provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge
to assess societal, health, safety, legal and cultural issues and the consequent
responsibilities relevant to the professional engineering practice.

7. Environment and sustainability: Understand the impact of the professional
engineering solutions in societal and environmental contexts, and demonstrate the
knowledge of, and need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

9. Individual and teamwork: Function effectively as an individual, and as a member
or leader in diverse teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with
the engineering community and with society at large, such as, being able to
comprehend and write effective reports and design documentation, make effective
presentations, and give and receive clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of
the engineering and management principles and apply these to one’s own work, as a
member and leader in a team, to manage projects and in multidisciplinary
environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of technological
change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1: Students able to apply principles of engineering, basic sciences & analytics
including multi variant calculus & higher order partial differential equations..

PSO2: Students able to perform modeling, analyzing, designing & simulating physical
systems, components & processes.

PSO3: Students able to work professionally on mechanical systems, thermal systems &
production systems
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Course Course Name L-T-P- Year of
code Credits Introduction
ME367 Non-Destructive Testing 3-0-0-3 2016

Prerequisite : Nil

Course Objectives
e To introduce the basic principles, techniques, equipment, applications and limitations of
NDT methods such as Visual, Penetrant Testing, Magnetic Particle Testing, Ultrasonic
Testing, Radiography, Eddy Current.
e To enable selection of appropriate NDT methods.
e To identify advantages and limitations of nondestructive testing methods
e To make aware the developments and future trends in NDT.

Syllabus

Introduction to NDT- Visual Inspection- Liquid Penetrant Inspection- Magnetic Particle
Inspection- Ultrasonic Testing- Radiography Testing- Eddy Current Testing.

Expected outcome

e The students will be able to differentiate various defect types and select the appropriate NDT
methods for the specimen.

Text book
e Baldev Raj, Practical Non — Destructive Testing, Narosa Publishing House ,1997

Reference books
1. Hull B. and V.John, Non-Destructive Testing, Macmillan,1988
2. Krautkramer, Josef and Hebert Krautkramer, Ultrasonic Testing of Materials, Springer-
Verlag, 1990

Course Plan

End
Sem.
Exam
Marks

Module Contents Hours

Introduction to NDT, Comparison between destructive and NDT, 1
Importance of NDT, Scope of NDT, difficulties of NDT, future
progress in NDT, economics aspects of NDT.

Visual Inspection - tools, applications and limitations - 1
Fundamentals of visual testing: vision, lighting, material attributes,
environmental factors.

15%

visual perception, direct and indirect methods mirrors, magnifiers,
boroscopes, fibroscopes, closed circuit television, light sources

special lighting, a systems, computer enhanced system

Liquid Penetrant Inspection: principles, properties required for a
good penetrants and developers - Types of penetrants and
developers

I and advantages and limitations of various methods of LPI - LPI
technique/ test procedure

interpretation and evaluation of penetrant test indications, false
indication

15%

ol el R e e N S
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and safety precaution required in LPI, applications, advantages
and limitations

FIRST INTERNAL EXAMINATION

11X

Magnetic Particle Inspection (MPI)- Principles of MPI, basic
physics of magnetism, permeability, flux density, cohesive force,
magnetizing force, rentivity, residual magnetism

Methods of magnetization, magnetization techniques such as head
shot technique, cold shot technique, central conductor testing,
magnetization using products using yokes

direct and indirect method of magnetization, continuous testing of
MPI, residual technique of MPI, system sensitivity, checking
devices in MPI

[ [ |

Interpretation of MPI, indications, advantage and limitation of
MPIL.

[

15%

v

Ultrasonic Testing (UT): principle, types of waves, frequency,
velocity, wavelength, reflection, divergence, attenuation, mode
conversion in ultrasonic UT testing methods

contact testing and immersion testing, normal beam and straight
beam testing, angle beam testing, dual crystal probe, ultrasonic
testing techniques

15%

resonance testing, through transmission technique, pulse echo
testing technique, instruments used UT, accessories such as
transducers, types, frequencies, and sizes commonly used

S S S S

Reference blocks with artificially created defects, calibration of
equipment, Applications, advantages, limitations, A, B and C scan
- Time of Flight Diffraction (TOFD).

SECOND INTERNAL EXAMINATION

Radiography Testing (RT): Principle, electromagnetic radiation
sources: X-ray source, production of X-rays, high energy X-ray
source, gamma ray source - Properties of X-rays and gamma rays

Inspection techniques like SWSI, DWSI, DWDI, panoramic
exposure, real time radiography, films wused in industrial
radiography, types of film, speed of films, qualities of film

20%

screens used in radiography, quality of a good radiograph, film
processing, interpretation, evaluation of test results, safety aspects
required in radiography

applications, advantages and limitations of RT

\A |

Eddy Current Testing (ECT) - Principle, physics aspects of ECT
like conductivity, permeability, resistivity, inductance, inductive
reactance, impedance

Field factor and lift of effect, edge effect, end effect, impedance
plane diagram in brief, depth of penetration of ECT, relation
between frequency and depth of penetration in ECT

equipments and accessories, various application of ECT such as

ol e L B e Ll Ll B i L B e L B i

20%
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conductivity measurement, hardness measurement, defect 1
detection
coating thickness measurement, advantages and limitations of 1
eddy current testing
END SEMESTER UNIVERSITY EXAMINATION
Question Paper Pattern
Maximum marks: 100 Time: 3 hrs

The question paper should consist of three parts

Part A

There should be 2 questions each from module I and 11

Each question carries 10 marks

Students will have to answer any three questions out of 4 (3X10 marks =30 marks)
Part B

There should be 2 questions each from module III and IV

Each question carries 10 marks

Students will have to answer any three questions out of 4 (3X10 marks =30 marks)
Part C

There should be 3 questions each from module V and VI

Each question carries 10 marks

Students will have to answer any four questions out of 6 (4X10 marks =40 marks)

Note: Each question can have a maximum of four sub questions, if needed.
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COURSE OUTCOME
CO No. Course Outcome
C367.1 Comparison between destructive and NDT techniques, methods and applications of
" |visual inspection.
C367.2 Demonstrate the principle, advantages, limitations and applications of Liquid Penetrant
"~ |Inspection.
Examine the magnetizing methods, principle, advantages, limitations and applications of
C367.3 . . .
Magnetic Particle Inspection.
C367.4 Demonstrate the principle, methods, advantages, limitations and applications of
" |Ultrasonic testing.
Examine the principle, techniques, advantages, limitations and applications of
C367.5 . . :
Radiographic testing.
C367.6 Demonstrate the principle, advantages, limitations and applications of Eddy current
" |testing.

CO-PO-PSO MAPPING

CO Vs PO
ME367
COURSE PO1|PO2|{PO3|PO4|PO5|PO6|PO7 |PO8|PO9 (PO10|PO11|PO12|PSO1|PSO2|PSO3
COUTCOME
C367.1 1 - -2 - - - - - - - 2 2 - 3
C367.2 2| - - 112 - - - - - - 2 2 2 3
C367.3 2 | - - 1|12 - - - - - - 2 2 2 2
C367.4 2| - -1 212 - - - - - - 3 2 3 2
C367.5 2 | - -1 212 - - - - - - 3 2 3 2
C367.6 2| - - 1|12 - - - - - - 2 2 2 2
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QUESTION BANK
MODULE 1
SL NO QUESTIONS CO KL
1 Define Non Destructive Testing. CO1 K1
2 Explain the future scope of Non Destructive Testing Methods COl1 K2
3 Describe the importance of Non Destructive Testing. COl1 K3
4 List the optical aids used in visual inspection COl1 K2
Write short notes on,
> (i)Boroscope (ii)Endoscope Col K2
6 Draw the block diagram of computer enhanced visual system COl1 K3
7 erte the advantages and disadvantages of computer enhanced COl K2
visual system
8 Differentiate destructive and non-destructive testing CO1 K4
9 Explain computer enhanced visual system for visual inspection | CQO1 K2
10 Describe any of the two optical aids used in visual inspection COl1 K2
MODULE 2
SL NO QUESTIONS CO KL
1 List the materials for liquid penetrant test CcOo2 K1
2 Explain any of the two penetrant testing methods CcOo2 K2
3 wagh neat sketches explain the steps involved in conducting CO2 K3
4 State the principle of Liquid Penetrant Inspection CcOo2 K3
5 Analyse the properties required for good penetrant CcOo2 K3
6 B'ased on the physical properties enumerate the features of CO2 K3
different penetrants
7 Analysg the various steps involved in Liquid penetrant CO2 K4
inspection
8 Write the limitations of LPI. CcO2 K2
9 Write properties of developer CcOo2 K2
10 Name the excess penetrant removal methods CcO?2 K2
MODULE 3
SL NO QUESTIONS Co KL
1 Define the term residual magnetism CO3 K1
2 Explain the procedure used in magnetic particle inspection CO3 K2
3 Describe the importance of Interpretation of MPI CO3 K3
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4 List the various methods of magnetization CO3 K2
5 Describe the limitations of MPI CO3 K1
6 With neat sketch explain any four magnetization techniques CO3 K2
used in MPI
Is it essential to demagnetise the specimen before and after the
7 . . : : CO3 K3
magnetic particle testing? Substantiate your answer
3 gf;iﬁ?zt;iitzn between direct and indirect method of CO3 K4
9 Describe the limitations of MPI CO3 K2
10 Write the advantages and disadvantages of MPI CO3 K2
MODULE 4
SL NO QUESTIONS Co KL
1 List the type of waves used in UT CO4 K1
2 Explain in detail normal beam and angle beam testing CcCO4 K2
3 State the principle of Ultrasonic Testing CO4 K3
4 %V%th neat sketches explain the steps involved in conducting CO4 K3
5 Write the advantages and disadvantages of UT CO4 K2
6 Explain in detail A, B and C Scan in UT CO4 K2
7 Explain in detail different modes of display in UT CO4 K2
8 Analyze the procedure used in UT CO4 K4
9 Write the limitations of UT CO4 K2
10 Explain normal beam and angle beam testing used in UT CO4 K2
MODULE 5
SL NO QUESTIONS CO KL
1 With peat s}(etch .explain abou.t the different inspection CO5 K3
techniques in radiography testing (RT).
2 Explain about real time radiography CO5 K2
3 gl)épallzi\flasg(;its (eililt;l;erent types of screens used in RT, mention CO5 K2
4 Explain about various steps involved in film processing in RT COs5 K2
5 Write short about various safety aspects required in RT CO5 K2
6 Write short note on image quality indicators CO5 K2
7 Compare the contrast between X-ray and Gamma ray CO5 K4
3 i};lﬂ)z;la sh\;ZSti,stIizl\;’SI AND DWDI inspection techniques in CO5 K2
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MODULE 6
SL NO QUESTIONS Co KL
Explain about eddy current testing techniques in details. List
1 the advantages and disadvantages of the process. Include CO6 K2
necessary figures
) Explain the following terms associated with ECT: Lift off CO6 K2
effect, Edge effect and End effect
3 Explain the various applications of ECT CO6 K2
4 What are the major limitations of ECT? CO6 K2
5 What are the applications and advantages of ECT? CoO6 K2
6 What are the different types of eddy current testing probes? CoO6 K2
7 Explgln constant current drive and scanning probe ECT CO6 K2
techniques
8 What is the principle of Eddy current Testing? CoO6 K3
APPENDIX 1
CONTENT BEYOND THE SYLLABUS
SL WEB SOURCE REFERENCES
No
1 http://www.nptel.ac.in
2 https://www.asnt.org
3 https://www.ndt-global.com
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MODULE - 1

OVERVIEW OF NDT

Introduction to NDT-Comparison between destructive and
NDT - Importance of NDT — Scope of NDT - Difficulties of NDT — Future
progress in NDT — Economics aspects of NDT — Visual Inspection — Tools
applications and limitations — Fundamentals of visual testing — Vision —
Lighting — Material attributes — Environmental factors — Visual perception —
Direct and indirect methods mirrors— Magnifiers — Borescopes -
Fibroscopes — Closed circuit television — Light sources, special lighting —
Computer enhanced system —Overview of the Non Destructive T esting

ethods for the detection of manufacturing defects as well as. material

1.1, INTRODUCTION OF NON - DESTRUCTI\}E TESTING (NDT):

% (Non — Destructive Testing (NDT) is the process of determining the
characteristics of the materials, components or systems where we can
detect and locate the discontinuities and harmful defects without

reducing the usefulness of such materials, components or systems. S

-

% |( In other word$, NDT is the means of testing the materials without
causing any damage or destruction to the material.|In NDT, even after

testing or inspecting, the sample will serve its purpose.
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. : ications.co
1.2 Non-Destructive Testing - www.airwalkpublicat om

ME367 NDT

n — Destructive Evaluation (NDE) and

It is also known as No

Non-Destructive Inspection (NDD).

plays an important role in quality

* (Non — Destructive Testing (NDT) n qu
roducts, but also of semi-finisheq

Control — not only of finished p
products as well as the initial raw matenals>

l.1.1. Uses of NDT Methods:

Automobiles — To detect the flaws in brakes,. steﬂg’gnj_gmlcal

engine components.
-

jon, fatigue, operation_and

\/* Aerospace — To detect the corros
_maintenance defects, fabrication defects chﬁon

method.

'
& Pipelines —&DT is _u\segllo inspect oil and gas industry Mnes to
detect any leakage in the p1pes>

e

Pressure vessels — Tanks are inspected using radiography and

a——

ultrasonic testing to inspect where there is a leakage (or) release of'

enormous amount of energy.
P
f Powerplants —@o examine the structural integrity of primary circul,
components such as boiler, condenser tubes, turbine components, el'év.i
-

\/{ Quality control in raw materials, semi-finished and finishel
components. s e

2To . L
J determine the remaining life of the componen

. by retaining I
structural integrity. b4 7

g/ Dlmensmnal _measurement and materlal sorting.

e S e

T ————
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1.3

overvie of NDT
{15 Objectives of NDT:
/ To aid in better product design.r
‘/*/ To control manufacturing process.
/ To detect defect location and characterization.

)

——

/ To lower the manufacturing cost and maintain uniform quality level.

T —————

1.2 MATERIALS TESTING:

Materials testing is the measurement of characteristics such as physical

and mechanical properties of substances such as metals, ceramics (or) plastics

under various conditions>
Materials testing breaks down into five major categories:

/ Mechanical testing.
/* Testing for thermal properties.

/ Testing for electrical properties.

—% Testing for resistance to corrosion, radiation.

_}/ Non-destructive testing.

1.2.1. Important engineering characteristics of materials:

Mechanical properties
% Density. .

Strength.

Hardness. _-

Ductility. ~

Toughness. ~

* % % % %

Fatigue resistance. -

Creep.

Department of Mechanical Engg., NCERC
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Chemical properties
% Reactivity. .
% Combustibility. ~
Thermal properties
% Thermal conductivity. /
% Coefficient of expansion.

% Melting point.

Electrical properties

| % Conductivity.

Optical properties
% Transmissivity.
% Colour. -

Physical properties
% Surface finish. g
% Size and shape. ./
% Colour,_ "~

% Porosity and structur&/

1.3. CLASSIFICATION OF MATERIALS TESTS:

The materials tests can be classified into

\/I’. Destructive tests,

/ Non — Destructive Tests.

| Department of Mechanical Engg., NCERC
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overview of NDT

Overview 15

1.3.1. Destructive Testing:

*@estructive testing is the method where the specimen is broken down
to determine the physical and mechanical properties such as stre

ngth,
toughness and ducuhtyj

The commonly used destructive tests include:

(1) Tensile test.
&—

(1) Compression test.

-
(1) Shear test.

(iv) Hardness test. o

\*
(v) Fatigue test.

(vi) Impact test. /

(vi1) Creep test.
(viii) Torsion and bending test.

1.3.1.1. Tensile Test:

*@ensile testing-is also known as “Tension testing” where the
specimen is subjected to controlled tension until the failure (or)

fracture occurs. 3 ,

* Itis performed on ductile materials to determine the ultimate tensile

strength maximum elongation and reduction in area, Young's

modulus, poisson’s ratio, yleld strength and strain- -hardening
characteristics.

% | Tensile test is carried out using the Universal Testing Machine
(UTM). -

Department of Mechanical Engg., NCERC
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1.6 Non-Destructive Testing - www.airwalkpublications.com -

1.3.1.2. Compression Test:

% (Compression Test is performed In same manner as tensile tes] but lhe

load here is_compressive in nature. It is suxtable for bntth matenal
—_—

—— -

- -

1.3.1.3. Impact Test:

* Q notch is cut at the standard specimen which is blown using the
impact testing machine>Using the scale on the testing machine, energy
absorbed in breaking the specimen is measured.

Types of Impact Test: '
./(1) Izod test — Specimen is placed as a cantilever beam.
{ii) Charpy test — Specimen is placed as a simply supported beam.

1.3.1.4. Hardness Tests:

. . ' ’ . o 7 .
% (The resistance to indentation and to 0 scratching or abrasion is s_known

w‘
as hardnes§")The two most common hardness tests are the Brmell test
‘and the Rockwell test.

Vf In Brinell hardness test, a known load is applied for a given period

—

of time to a specimen surface using a hardened steel of
tungsten-carbide ball, causing a permanent indentalion Standard ball

dlameter is 10 millimeters, or approximately four—tenths of an inch
a_e diameter of the resulting permanent indentation is then measyred
and converted to a Brinell hardness numbeD

—
A Y

% The Rockwell hardness test involves the use of an indentor for

penetrating the surface of a material first by applying a minor, of
initial load, and then applying a major, or final load under specific
conditions. The difference between the minor and major penetratjo
depths is then noted as a hardness value directly from a dial or digita
readout. The harder the material the higher the number.
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overview of NDT 1.7

1.4. OVERVIEW OF NON - DESTRUCTIVE TESTING METHODS:

1.4.1. Visual Inspection:

@sual Inspection is one of the simplest, fastest and most commonly
used non-destructive testing method.

vf/@s the name implies] Visual Inspection involves the visual observation
oy \—f
of test specimen to detect the presence of surface discontinuitigs,{

f It may be done by direct viewing (or) with the help of optical
/ 1nstruments such as magnifying glasses, mlrrors borescope (or)

microscope to inspect closely the subject area

¢

/ Corrosion, rmsahgnment of parts, physical damage and cracks are

some of the discontinuities which can be detected by visual mspectxon)

a —

14.1.1. Principle: "~

% The basic procedure involved in the visual inspection is the

M@st\speﬁmen with the light, usually in the visible

region.

—-————

% It also requires the proper eye-sight of the tester.

* /”’I‘he surface of the test specimen is adequately cleaned before
inspectim})where the test specimen is illuminated and inspected using
the naked eye (or) with the help of optical aids such as mirrors,
magnifying glasses microscopes (or) video-cameras.

1.4.1.2. Visual Testing Requirements:

Tl'le requirements for visual testing typically depend on three areas:

% The inspector’s vision.

% To check whether the area being inspected is obstructed for the
inspector. ' -

% To check the amount of light falling on the specimen using the light

4

meter.

Department of Mechanical Engg., NCERC
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lf/,k‘Liquid Penetrant Testing:

% (/ Liquid Penetrant Testing is also known as Dye Penetrant Inspectjon
M
(DPI) or Penetrant Testing (PT).>

% As the name implies, li uid called penetrant_is—used for detecting
cracks, fractures, porosity, aps and other flaws which are open to the
surface of the test specimen.

~

‘/ @an be used to detect flaws on ferrous and non-ferrous metals.Liquid
penetrant testing can be used effectively on non-porous and

non-metallic materials like glass, plastics and ceramics.
1.4.2.1. Principle:

% Liquid Penetrant Testing depends on the wettability of the liquid on
the specimen’s surface uniformly and penetrating effect of the liquid
on the open ﬂaws.‘This effect depends upon the surface tension and

\_—_\

capillary action of the liquid. ’

* @urface tension depends upon the cohesive force between the

molecules ), whereas the [c @plllary action is the phenomenon of rise or
fall of the penetrant liquid in the flaws )

* (&:netrant may be applied to the specimen using spraymg, d]pplng (or)

brushlng Afte\fr\sljfﬁment dwell time, the € €Xcess penetrant s reﬂ)xed
and developer is applied which draws the penetrant out of the flaw.
When the UV light is made to fall on the surface, drawn penetrant
_molecules absorb the UV light and excite to higher energy level.
CWhlle returning to its original (or) lower energy level, they emit light

which appears bright in the dim background indicating the flaw
clearl)7>

\ Department of Mechanical Engg., NCERC
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1.4.2.2. Procedure for Penetrant Testing:
‘/l{ Pre-cleaning. - .

/Z./ Application of penetrant.
L/_{ Removal of Excess penetrant.
/ Application of Developer.

‘ f Inspection.

t( Post-cleaning.
o

1.4.2.3. Penetrant Testing Materials:
1. Penetrants. _~

2. Developers.
3. Cleaners. (~

4. Emulsifiers. ‘/

1.4.3 Magnetic Particle Testing:

% ( Magnetic Particle Testing (MPT) is used for detecting surface and
B —
near surface discontinuities in ferromagnetic materials such as iron,

nickel, cobalt and their alloys.}These materials can be easily

magnetised using direct (or) indirect magnetization method.

1.4.3.1. Principle:

% ( Magnetic Particle Testing is based on the principle that when a

material is magnetised, magnetic tines of force will flow across the

A"

specimen.) When there is flaw, there will be an interruption in the
—_— . [ — e

—

flow of magnetic lines of force. Elis interruption will create opposite
-

magnetic poles.> -
— 7

* At the same time,("gﬁgnetic particles are applied in the form of dry
———— =
- power (or) wet particle as “magnetic ink”. These magnetic particles

are attracted by these opposie magnetic poles which indicates the

~—

clear indication of the flaws. >

Department of Mechanical Engg., NCERC
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1.4.3.2. Procedure for MPT:

Surface preparation.
Demagnetization.

Magnetization of the component.
Addition of magnetic particle.
Viewing.

Marking of defects.

Demagnetization.

RSN

Removal of ink from the component.

1.4/4. Eddy Current Testing:

%

* _Eddy Current Testing (ECT) iij&ng
methocw It is used to detect surface and sub-surface

flaws in clectrically conductive materials.

% It is used to detect surface defects, measure the thickness of

non-conductive material coating on a conductive material, corrosion

on the walls, tube thickness, eftc.

% It is also known as Inductive testing.

1.4.4.1. Principle: )

'*Eddy Current Testing is based on the principle of electrdmagnetic
induction. .

% In ECT, when an alternating current is made to pass through the coil
2 ~ v 4—"7_“-—1_—"’_?,’_“ ;
lrt produces an alternating magnetic field. This in turn lnduce§‘lan eddy
Gufrent in the test specimen when MIOEF to the coil.

¢ The Bresencc of any defects affects the eddy current ﬂow,é_hesc

interrupted egdy(éurrcnt will produce an alternating magnetic field i
y opposite ,_‘liLeﬁt—iQmiCh changes the corresponding phase and

amplitude which is being measured.

~
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ovenvew 0 NOT i
5, Thermography Testing:

*/ Thermography testing is the non-destructive testing of parts, materials
through the imaging -of the thermal patterns at the object’s surface.
.-’—_—-”_N-——’——//f—\

I

# It is also known as “infrared mspectlon” (or) “thermal imaging”

L1
where the test instrument detects the infrared energy emitted from the
object and convert into either a temperature value or a thermal image.

The image for the thermal distribution is known as infrared

thermograph.
1.4.5.1. Principle:

%| Every object whose surface temperature is above absolute zero
Qe __/—-A

(- 273°C) radiates energy at a wavelen th corresponding to its surface
temperature Usmg high sensmve infrared cameras, it is possible to

radlated energy mto a thermal image which is being

convert thi
surveyed to detect the cracks. >

1.4.5.2. Elements of Infrared detection system:
\/K Infrared source.
_2. Transmission system.
3 Infrared detectors.
/4{ Optical components.
5. Signal processing.
1.4/6. Ultrasonic Testmg

% Ultrasonic Testing (UT) is a type of non- -destructive testmg which is
based on the p _CJagatlon of ultrasonic waves through the matf‘rlal to

be inspected.
bl =

% Ultrasonic pulse — waves ranges from 0.1 to 15 MHz are transmitted

into the materials to detect the internal flaws.
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1.4.6.1. Principle:

* | / When the ultrasonic probe sends the ultrasonic waves through . the

component which reflects back from the surface and received by the

receiver, When there is an internal defect, results__l_n\_tbiﬂefmpllon

ed back. The ampluude of the

of the ultrasonic wave which is reflect
energy reflected and the time required for retumm&,ldlcates the

,,——-—\.—-v/
presence and location of any flaws in the specimen. >
- '

-

1.4.6.2. Equipment used for Ultrasonic Testing: -
% Pulser/receiver.
Ultrasonic transducer.

*
% Couplant. ;
- - -
% Display.
*

Receiver/amplifier.

1.4.7. Acoustic Emission Testing:

]
v

% Acoustic Emission (AE) testing is a non-destructive testing technique
where ininule AE signals generated by the change in load, pressure

(or) temperature are analysed.

1.4.7.1. Kaiser Effect:

) ¢ (An important feature of AE,is its irreversibilitg Kaiser effect states
that “when a material is Ioaded to a certain stress valuebmaj

there will not be an emission of AE signals when it is reloaded unul

the stress value for the old load has been exceeded by the new load’

o

1.4.7.2. Principle:

% AE is based on the principle that when a piece of an equipment ¥
subjected to an external stimulus such as change in load, temperature
the release of energy in the form of stress waves are trigged.
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% These AE signals will propagate through the surface which is recorded
b\ the sensor.) By an;\lysmg the recorded signal, we can detect the

-

T
lmauon of the defect.

1.48. Radiography Testing: 5
v
% Radiography Testing is a non-destructive testing of components which

is based on the penetrating ability of shorter wavelength

f
eJectromaonetlc radiations, such as X-rays or gamma rays. In general,
———

rays with shorter wavelength has the greatest penetrating power.

¥

% It is used to verify the internal structure and integrity of the specimen.
1.4.8.1. Principle:

//‘

*Q{adiography uses X-ray (or) Gamma rays as a source of radiation
which passes through the test object and captured on a film called _
radiograph. * ) 53

—

% The radiation that enters the material are being absorbed by the

material itself. Absorption level depends on the thickness and density
of the material.

% When there is a cavity (or) discontinuity, radiation will have less
material to travel and there will be a reduction in the absorption level
by the material. The variation is recorded on the film which produces
an image to indicate the presence of the defect™

1.4.8.2. Elements of Radiography Testing:

% Source of radiation.

~
'

X Object to be radiographed.

y/ Detector (or) recording film.
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1.5. COMPARISON BETWEEN DESTRUCTIVE AND
NON-DESTRUCTIVE TESTING:

Destructive Test

Non-destructive Test

®M Destructive testing is th/e:‘

@

-~
method where the specimen is
broken to determine the

p‘hysical and mechanical
properties.

Mainly used to detect the

properties of the material.
S~

Measurements are direct, and
reliable.

@ \/ Load is applied on the material.

@/Main]y involves quantitative

measurement

Special equipments are required.

Correlation between the test
measurements and material
roperties are direct.

o/ A destructive test can not be
repeated on the same specimen
as it is being destroyed.

|_*»~ Non-destructive testing is the

process__aﬁ_dﬁe_;errmining the

DU

characteristics of materials to
——————— .
locate the defect without

destroying the material.

V'/Mainly used to find out the

defects of the material.
—

\,/ As the measurements are
q____——\______’———’—_'—"w

ipdirect,

verified.

reliability is to be

e Load is not applied on the
material.

J/ Mainly involves qualitative
measurement. k

Special devices and instruments
are needed.

Skilled labours are required to
interpret the result.

\/A non-destructive test can be
repeated on the same specimen.

/N Testing is not made on the \/ Testing is made 100% on the
== " ‘}\A object directly. actual component.

‘ ,> ‘/ Test equipment are not portable. Test equipment is often
: portable.
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»

Destructive Test Non-destructive Test

;/ Using a single specimen, only a “7 Many properties of th
~ bl : e
S‘ one (or) few properties of the specimen can be measured as

material can be measured. many NDT methods can be
applied on the same specimen.

e Tests are not made on the| ® Tests are made directly upon the
objects actually used in service. objects to be used in service.

e Measurement of properties over| ® Non-destructive tests permit
a cumulative period of time repeated checks of a given unit
cannot be measured in a single over a period of time.

@ unit.

ﬁt is very costly for the V'/Lﬂe or no specimen

preparation of test specimen.. preparation is_required.

e Most NDT methods are rapid
and require fewer man — hours.

¢ The time and man — hour
requirements of  many
destructive tests are very high.

\%e.g) Tensile test, compression {/eg) Visual inspection, liquid
test, hardness test, impact test, penetrant test, eddy current test,

torsion test, etc. radiographic testing, etc.

1.6. IMPORTANCE OF NDT:
of the product during

‘X NDT increases the safety and reliability

operation.
:
% It decreases the cost of the product by reducing scrap and conserving

L e
materials, labour and energy.

—~

\/Applied directly to the product.

‘/ Tested parts are not damaged.

duct.
\%/ arious tests can be performed on the same pro

Department of Mechanical Engg., NCERC
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N L . .
X Specimen preparation is not required.
% Can be performed on parts that are in service.
% Low time consumption.

V/ Low labour cost.

1.7. SCOPE OF NDT: /[ (e

There are four main ways in which non-destructive testing can be

incorporated into manufacturing practice:

- ’
(/I/\T 0 provide control of quality at product manufact119 or during plant

fabrication.
4
,2./ To ensure that an item cénforms to specification.

v ‘
3. To examine plant, equipment or components during service, in order
to meet the requirements or as an insurance against premature

breakdown or failure.

/ As a diagnostic tool in research and development.

% \Non-destructive testing is not confined to the factory and foundry.
On-site testing of pressure vessels, pipelines and bridges, and

in-service maintenance of airframes, aero-engines and refinery
installations all present special problems to both instrument designer

and operator.w

* @hen again, automated inspection,computer-aided manufacturing and
in-line process control raise quite different problemg Figure 1.1
shows a range of surface and internal variables that may need to be
controlled and hence monitored now destructively, again emphasizing
that flaw location and sizing represents only one of the many facts
that may need to be considered when assessing overall quality.
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Fig. 1.1: The Scope of Non-destructive Testing

/ [Non—destructive testing during production and fabrication is closely allied

with ‘condition’ monitoring of plant during service and regular ‘health’

— e e

monitoring oil installed machinery. Many of the techniques can also be adapted

e s e Ml

for manufacturing control, enabling flaws to be eliminated as early as possible

during the manufacturing process. NDT is also now an important element in

s AT

the ‘fitness-for-purpose’ philosophy of manufacture in which design, materials

selection, manufacturing and quality control are integrated and properly

coordinated.

1.8. FUTURE PROGRESS IN NDT:

There are two general trends within the NDT community that are
influencing development ¢ Fir e_is_the instrumentation which is_being

automating functions and computerizing resulZs) On the other side there ar€

—————————

significant efforts to quantify or standardize the human element through
- ) /_. h————
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training and qualification. These trends will continue. W -
several Perhaps most 1mplant is the introduction “of computers to document
resuhs to simplify instrumentation and even 10 analyse and interpret test data.
Second is an increasing demand from users formo&gsxom more reliability
and more speed. As users become more dependent on NDT results. to support
extended component life and lower factors of safety, this pressure will increase.
Finally the need for specialist technicians as well as applications specialists
will grow to cope with the _many opportunities being presented. There is a
new factor coming into NDT, which seems likely to bring major modifications

to most NDT methods. This is the use of computer techniques. using small

computers. Apan from this it is now possible to collect, store and process vast
e ———

quantmes of dlgltal data at very high speeds. For example, in ultrasonic testng,
p——

in the 81gna]s produced by a transducer from a flaw there is a mass of data
which is not used in conventional ultrasonic flaw detection. This can all be
taken into a data store, and computer programmes devised to extract
information such as spectral composition; rise-time, pulse length, and maximum
amplitude. In addition, the computer can be used to choose the technique
parameters for a given application, to adjust the equipment acEOrdingly. and
to prove warning if there are deviations, or a change in monitoring signals.

~——

1.9. DIFFICULTIES OF NDT:

.k Lack of skilled operators.

There may be an interference of background noises with the actus
signal which is reflected back from the original material.

\/lej;g_gl}ies__l_ike wrong positioning, orientation and the wron;

determination of the defect type will be there. Lee 3w\ poy

CLafl( of protective equipments may cause damage to the operating

person ‘as in case (,’f_r?ﬂi?g‘;aplﬁ testing by radiations.

/* Surface preparation is necessary. Presence of oil, grease paint, dir
may cause error in the output.
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vISUAL INSPECTION:

1.10. INTRODUCTION:

The brief introduction of visual inspection and its principle and
requirements are explained in the section 1.4.1.

1.10.1. Vision:
The eye
\;f Human eye is the most valuable NDT tool. v
% Sensitivity of the human eye varies according to the light source:

\7/ Human eye has an excellent visual perception.\/

/ Yellow Yellow green light light of wavelength 5560A is the most suitable light

for human eye at nonnal condition. D
e b

J For maximum efficiency, human inspector is not allowed to work for

more than 2 hours continuously.

J/<An adequate lighting of about 800 — 1000 lux should be provi\d/e@'

1.11. TYPES OF VISUAL INSPECTIOPI:

/(. Unaided Visual Inspection./

2. Aided Visual Inspection.
L.11.1. Unaided Visual Inspection:
\*UE is also known as direct visual inspecﬁ@/

¥ It can be accomplished with the help of naked eye;__/

\/IHSpection can be done without using any optical aids.”
. -

e Sl
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1.11.1.1. Defects Detected:

/k Presence or absence of cracks, corrosmn layer position of the cracks,
S
% Unfilled craters and contour of the welded parts.

Vi
¥ Surface porosity and general condition of the component.
.—\__/'

\/ Misalignment of mated parts.

1.11.2. Aided Visual Inspection:

‘//<I/tis also known as indirect visual inspection.w
4

% A visual inspection which is performed using any optical aids (such

—

as magnifying mirrors, borescopes, telescopes, etc..)
'E‘__/_’—‘\"—_—

‘)/It is used to magnify the defects which cannot be detected by human
eye.

s It permits visibility to areas which are not accessible to human eye.

1.12. LIGHTING:

(An lwgm factor

lighting is not achieved, any ‘amount 0

affectmg visual tests 18 hghnng{f appr_pnme
f magnification is not gomg to improve
d for a visual test is dependem on the

the image ~<e_:imount of light require
glare and an ln\pcg(ora

'(ype ’o/fjcsl., the importance of speed and accuracy, |
vision capability. Inspector variables such as phy%nologn.al processes:

orking experience, health and fatigue while not affecting

vel and image pwJecuon all contribute to the accuracy

psychologncal state, W
the system of light tra
of a visual inspector.
Por an appropriate visual inspcction, suitable lighting of about
800 — 1000 lux is 10 be provided. ]
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1.12.1. Lighting Sources:

\/ Incandescent lamps. (_éa @
\/ Fluorescent lamps. /t" —4
\//High intensity discharge lamps. \4&0%0 bullb s

TESTING: ?
1. Surfa;c;r C;)nditions:
% Cleanliness. v
% Colour.\"
% Texture.
2. Physical Conditions:
% Specimen Conditions. \/
% Shape. v~
A Size. /
/* Temperature. /
3. Environmental Factors:

% Atmosphere. _/

* Cleanliness. \V~

% Humidity and Temperature.

* Safety. \V~

Department of Mechanical Engg., NCERC
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4. Physiological Factors:

% Physical Comfort.

-

% Health.
Y Mental Attitude.

% Fatigue.
% Test Item Position. v
1.14. VISUAL PERCEPTION:

\f( ét/is the interpretation of impressions transmitted from retina of the
eye to the brain in terms of information about the specimen which is

viewed in the visual inspection. D

v Visual Perception depends on the mamty—
Clavibs 2\ 11 1 LA

Al
N

\/i: Human eye has an excellent visual perception.

e ———————em T = I a—

It involves the following steps:

% Recognising the presence of defect in the specimen.
% Identifying it.

% Locating the defect in the specimen.
Ye—Neoting.its-selation.to.the surface.

% Identifying its features like size, shape, colour, etc.

Department of Mechanical Engg., NCERC
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1.15. OPTICAL AIDS USED IN VISUAL INSPECTION:
hy & Mirrors:
4% Magnifying glasses. /
'b/"* Microscopes.
W Borescope./ |
é % Endoscope.
ﬁé‘ % Flexible Fibre — Optic Borescope. 31 pa? U‘C}f e
Y % Telescope. /
W0 % Holography.
% Optical comparaté;s.
ql*/ Closed — Circuit Television (CCTV) system.
Q‘( f Computer enhanced systems.

1.15.1. Magnifying Mirrors:

\j/;t is also known as concave spherical mirrors. }
il N

A
/

\)‘“ It is used to magnify the areas which are not accessible to human

‘eye.

% Magnifying Mirrors work on the principle that angle of incidence of
a light beam is equal to the angle of reflection of the same beam of
light.

—

1.15.2. Magnifying Glass: O

% It is also known as hand lens.
N B ,‘«———"‘%-\—-’//

——

- . . . . e.
% It is a convex lens which is used to produce a magnified im28
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’,

* (It works on a principle that if an object is placed on one side of a
convex lens closer to it than the focal point, then the image will be
formed on the same side as the object and the resultant would be a

magnified one.
/

.-_\_/

*(Magniﬁcation of a magnifying glass depends on the position where
it is being placed between the human eye and the objeco

) ¢ (For lower power magnification, simple lens is used and on the other

b hand for high power magnification, double or multiple lenses are used.

e T
b ——

1.15.3. Microscope:

Microscope is an optical instrument having a magnifying lens or a
- /”

N ——————

combination of lenses which is used to magnify the image of a small

e —

‘ object. 7 R N

R

% The simplest form of a microscope is a single converging lens which

is also known as simple magnifier.

*/ The object is placed between the lens and the focal length of lens
and the distance from lens to object is adjusted until a clear image
1s obtained)

% Magnification power of the lens is given by the equation, M = 10/1.
where f is the focal length of the lens and 10 represents l;:;véf;éc
minimum distance where the image is seen clearly by the unaided
eye.

% Depth of field defines the distance the lens can be moved towards o
away from the object so that the object remains in good focus.

% For low-power magnifier, depth of field is high and it decreases ¥
the power of lens increases.
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1.15.4. Borescope:

éorescope is an optical instrument which is used to inspect the inside
of a narrow tube, bore or chamber)

\/ @ consists of a rigid or flexible tube with an eyepiece at one end and
an objective lens on the other end.

f 6& consists of a complex arrangement of prisms and plain lenses
" through which the light is passed to obtain a clear imagy

It is available in diameter which ranges from 2.5 to 19 mm and of
smaller length, as the length of borescope increases, brightness of the
image decreases due to loss of light.

There are three types of borescopes:
1. Rigid borescopes.
2. Flexible borescopes.
‘/X / Video borescopes.

1.15.5. Endoscope:

\j/lt is same as the borescope but it has a superior optical system and
—
a high-intensity light source)

X It is also used to examine the interior of an object.

% Objects are in focus from 4 mm to infinity, where a magnification
factor of ‘10X’ is obtained when it is at 4 mm distance.

/‘No focusing’ feature is the one which makes it preferable than

—

B

Endoscope are available in smaller diameter upto 1.7 rpn&iy]}fh

e

‘makes_it comfortable _for_viewing smaller objects and ranges 10.*
length of about 100 to 150 mm.
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* It is also known as flexnble fibre-optic borescope (or) flexlscopes

*th is used to prov1de clear and sharp images of parts and interior

surfaces which are not easily accessible. _3

+ Fibre optics is used to carry the information and it permits several

d1mens1onal changes depending on the object.

* Elp can be ad]usted using rotatmg control mechanism dependmg on
the Ob_]CCt size and 1t also has a wide-angle ObjeCthC lens with a 100°

f1e1d of view.

* It ranges to a diameter of about 3 to 12.5 mm with 2 length which

varies from 60 to 365 cm

1.15.7. Telescope:
r
/{'1‘ Telescope is a device which makes the faraway objects to appear
\

2
much closer.

It consists of two lenses called objective and eyepiece.

Glass lenses are provided at the refractor telescopes and mm’or
replaces the glass lenses in case of reflector telescopes.

/

ke /The objective lens (in refractors) (or) pnmary mirror (in reflectors)
collects light from the object and focuses as it to a point.

———

Kk An eyepiece lens takes the light from the focus and magnifies it.

1.15.8. Closed Circuit Television (CCTV):
M

* Closed Circuit Television is a system where the circuit in which the

/ video transmitted will be a closed one.
Elements like camera, display monitors, recording devices are

connected to each other.

(‘ t has a high-resolution display and has the ability to zoom in (of

rack the defects from the fealures )
&
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1.16. APPLICATION OF VISUAL INSPECTION:

f It is used to inspect whether there is a misalignment of parts in the

equipment.

Q}/ It checks for corrosion, erosion, cracks and deformities of machine
—.-—__—_—

components.

/{ It inspects the plant components for any leakage (or) abnormal

[ 2

operation.

/* It is used in pumps, compressors, turbo generator to check for minute

discontinuities.

* Itismlw the defects in weldments.

\/ — SRS,

1.17. LIMITATIONS OF VISUAL INSPECTION:
; o

r-\ - . . . . -
\;A‘ . Using unaided inspection, only large discontinuities are identified,
N - -

J/ Limited to detection of only surface discontinuities.

—

—

J Skilled labour is required.

% Results depend on the eye resolution of the inspector.

% It may cause eye fatigue to the inspector.

1.18. LIGHT SOURCES:

For various reasons, visual inspection cannot be carried out using day
light.

L.18.1. Classification of light sources:
L.18.1.1. Continuous:
(@) Flash Lamp:

Ok Itis a tungsten filament bulb, with a battery supply upto 12 V-

«

| *‘ It is portable and easy to use.

Department of Mechanical Engg., NCERC
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(b) Incandescent Lamps:

% Incandescent lamps are the oldest electric lighting technologies

available.
X They are used as microscopic lights.

Light is produced by passing a current through tungsten filament,
causing it to become hot and glow. ,

\%\ifeﬁme of this light source is short as the tungsten evaporates slowly
causing the filament to break.

(c) Discharge Lamps:
% They are gas discharge lamps.

\/*/ They are rarely used as they emit only selective wavelength of light.

‘/f( Mercury and sodium vapour lamps come under this type.
- To—
(d) Fluprescent Lamps:

; .
\/* th consists of glass tube which is filled with argon or_argon-krypton
as 7 o

% Glass tubes are coated with phosphorus and electrodes are placed &
both ends.

J It provides soft uniform light over a large area.

Fluorescent lamps provide light by the following process:

% An electric discharge (current) is maintained between the electrod®
through the mercury vapour and inert gas.

% This current excites the mercury atoms, causing them to en'
non-visible ultraviglet (UV) radiation.
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4 This UV radiation is converted into visible light by the phosphorus

coated over the tube.
1.18.1.2. Non-continuous — Electronic Flash (Stroboscopic):

% It uses a synchronised pulse of light to inspect the moving

components.

% It makes rotary/moving components appear still, so that the component

can be inspected accurately.

1.19. SPECIAL LIGHTING:
1. Front lighting'

( The light source and image sensor are on the same side of the

component.) It is the most convenient mode for machine vision systems.

2. Back lighting:

The light source and image sensor are placed on opposite 51des of the

component. ) o

3. Structured lighting:

(1t is a combination of light source and optical element to form a line
of llg-) The line of light can be formed in two ways, o

(a) By placing a semi cylindrical lens in front of light source.

(b) By using a scanning mirror to deflect a laser beam.
/
4. Strobe lighting:
lebe lighting is used to image moving Objectsi or still objects with

Ote
potentia] movement In this technique, a pulse of light 1]lummates the obJect

Department of Mechanical Engg., NCERC
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5. Ultraviolet lighting:

_ . . o liquid
(_Ultraviolet light causes fluorescent material 1o glow and is used 1n liqu

agneli icle testing for detecting discontinuities. )
penetrant and magnetic particle testing for detecting
6. Optical filtering:

Image sensors used in machine vision systems detect the intensity of.thc
electromagnetic waves in the visible range. If only a portion of vi51.ble
spectrum is of interest, a filter in front of sensor is used to produce a high
quality image.

/ .

Band pass filters transmit a band of electromagnetic waves and reject
the remaininéﬁhorgfss filters transmit the waves below a cut off wavelength.

“Long pass ﬁhWWelengg; \Neutral
8= .

density filters attenuate the light level incident on the image sensor.

(

) ,‘:
“ 7. Image sensors:
.

% . . . VA
The two main types of image sensors are image tub and “solid state
imaging devices.

[ 3
”

. (i)  Image tubes. These are used to generate a train of electrical pulses

that represent light intensities present in an, optical image focused on
the tube. ) .

(i) (‘Solid state imaging devices. The principle is based on the

photoelectric effect and the. fact that free electrons are g;n;;'a_t;d in 2

region of silicon illuminated by photons. The number of free electrons

is linearly proportional to the incident photons. If the pattern of

-

incident intensity is an optical image of an object, then the charge

packets generated form an electric image of the objec('\

Department of Mechanical Engg., NCERC



ME367 NDT
Overview of NDT

1.31

1.20. COMPUTER ENHANCED VISUAL SYSTEM:
1.20.1. Introduction:

The computer en%stem makes use of a yideo camera for

datg E(_)llectmn and a computer (software) for data analysis. (The following

block diagram explains the computer enhanced visual system. )

Process |Process Control

|

I

! Control : System \\9/
I

S o o e i = -1

Sensing System Image Processing System
skl sl il bl B 1 e | s el el oo
! L I
R ! : Image Flaw I
: lllumination fe Sensor — ; Processing Extraction | |
| |
Lo o o s, e o e e em cme e it el e - L

Flaw Analysis| System

_______________ ] I

- =-=-== === = =S e 1 sy ———
| ]

! Motion 1

Manipulator [€ 1 Part

: i i t I Classfication :
l |

| r_| J( ' ! \L |

| i | |

: Loader Unloader | Reports & :

: | 1 Disposition ;

|

Fig. 1.2: Block diagram for computer enhanced system.

‘/‘ Process control system controls the overall inspection process.

. o . I
\* It provides the commands and provides the timing 51gnals' to control

e

the system wide database.

)’/ Sensing system provides the illumination source for the part.

*  Special purpose sensor system, such as scanning mangula\u

may require sophisticated optical systems such as sca

elliptical mirrors and holographic gratings.

{rrors,
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\/Image Processing system gets the input image data from the sensing
system.

f Flaw Analysis System examines the areas identified by image
processing system and determines the part classification based on flaw

decision rule.

% Frame grabber card in the flaw analysis system examines the image
which is captured by camera in the image processing system.

\%\ The software in the computer then analyses the image and makes a
decision as whether the object passes or fails in the inspection.

\f Depending on the level of automation, task of the inspector 18 reduced.

1.20.2. Advantages:

% It can be re-programmed offline on another machine.

f It can be used to inspect wide range of products.

\7/ It can work throughout the day and does not get tired.
\7/ Inspection can be done at a higher speed than human being.

f Maintains consistency of inspection.
1.20.3. Disadvantages:

\f Software must be carefully selected and implemented.
\% Lighting conditions must be well designed.

f It follows only the rules and does not take real-time decisions.

ook koo ok ok
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LIQUID PENETRANT
INSPECTION

Principles — Properties required for a good penetrants and developers -

Types of penetrants and developers — Advantages and limitations of vario, |
methods of LPI — LPI techmque/test procedure — Interpretation an |
evaluation of penetrant test indications False indication — Safety precautio | .

required in LPI — Applications, advantages and limitations.

2.1. INTRODUCTION: |
. . |

Liquid penetrant {nspecuon 1s one of the oldest and most widely uset |
non-destructive testing methods. It is also called as dye-penetrant inspection. ?

Liquid penelrant method is. an effective method of detecting surfacc
discontinuities in metals and other non- -porous material surfaces.

It is suitable to defect flaws like pits, cracks, pores, unfills that at

€xposed to the surface. Materials that are commonly inspected using LP
include, -

Department of Mechanical Engg., NCERC ' ﬁ—d
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(i) Ferrous metals.

(i) Non-ferrous metals.

(iii) Non-porous, non-metallic materials (such as glass, rubber, plastics,

ceramics).

(iv) Non-magnetic materials.

LPI is used to detect casting, forging and welding surface defects such
as hairline cracks, surface porosity, leakage and fatigue cracks on in-service

‘components.

2.2. PRINCIPLE:

In liquid penetrant testing a liquid with high surface wetting
characteristics is applied to the cleaned surface of the test specimen.

The liquid penetrates into surface, breaking discontinuities via capillary
tion and surface tension. The cohesive force between the molecules of a

ﬂ:uid causes surface tension.

. . .
Excess penctrant is removed from the surface and a developer is applied

to pull trapped penetrant back to the surface.

Then the surface is inspected for defects, either visually (or) with

fluorescent lighting.

With good inspection technique, visual indications of any discontinuities

present become apparent.

After inspection, the developer and residual penetrant are removed by

post cleaning method.
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Schematic of liquid penetrant inspection is given in the Fig. 2.1

o-g?esct:t [——>] Penetrant | —[ Emuisifier |—>[ wash & bry |—»
uv :
[Developer|——[ Testobject | Light

Fig. 2.1

- What can be inspected by LPI?

Almost any material that has a relatively smooth, non-porous surface on
which discontinuities or defects are suspected.

What cannot be inspected by LPI?

% Components with rough surfaces, such as sand castings, that trap and
hold penetrant.

Porous ceramics
Wood and other fibrous materials.

Plastic parts that absorb (or) react with the penetrant materials.

* ok b %

Components with coatings that prevent penetrants from entering
defects.

23. PENETRANTS:

The penetrants are mixtures of organic solvents, which are characterized
by their ability to wet materials, spread rapidly and penetrate into minute
defects and dissolve dyes, so that the indications produce a definite colour as
contrasted to the white background of the developer.
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Penetrant materials consist of
(i) Indicating dye.
(ii) Carrier fluid

The indicating dye is used to provide a colour contrast with respect to
the surroundings.

23.1. Types of Pcnetrants:

Basically the penetrants are classified

1. Based on physical properties.

2. Based on removal techniques.

3. Based on strength of indication.
1. Based on Physical Properties:

According to the physi?al properties, penetrants are classified into

(i) Fluorescent penetrants.

g 4 (ii) Visible penectrants.

(i) Fluorescent Penetrants:

Fluorescent penctrants are generally . green in colour and they contain a
dye or several dyes that glow brightly when exposed to UV lights.

It is highly sensitive than visible penectrants and it requires a darkened
area for inspection.

(ii) Visible Penctrants:

Visible penetrants are usually red in colour that provide high contrast

against the white developer background.

It is less sensitive than fluorescent penctrants and it does not require a
darkened area and UV light for inspection.

Dgpartment of Mechanical Engg., NCERC
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Note:

The fluorescent penetrants are most generally used for the
detection of the cracks but these are not recommended f,
use on rough surfaces because of the difficulty in removing
the excess penetrant.

e

2. Based on removal technique:

Based on method of removing excess penetrant from the surface,
4

penetrants are classified as r

(i) Solvent removable.

(i) Water washable,

(iii) Post emulsifiable.

(i) Solvent removable:

*

*

*

In this method, penetrants are removed by wiping with a cloth
dampened with- solvent.

They are available in aerosol cans for easy portability.

It is significantly used for spot checks.

(i) Water washable:

*

In this method, penetrants are removed from

. : the part / material by
rinsing with water alone,

self-emulsifying system.

Cost efficient and easy to agply.

o
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(iii) Post emulsifiable:
Here the penetrants are not dircctly water washable and they require the

use of an emulsifier (oil (or) water base).

Based on the type of emulsifier employed the post — emulsifiable method

can be classified into two types. )
(a) Post — emulsifiable lipophilic method

This method uses oil based cmulsifier to remove the excess penetrant

from the test surface.
(b) Post — emulsifiable hydrophilic method.

This method uses water — soluable detergent based emulsifier to

remove the excess penetrant from the test surface.

3. Based on strength of indjcation:

Depending on the strength of indication, penetrants are classified into
(i) level %—U]lra low sensitivity

(ii) level 1 — Low sensitivity.
(iii) level 2 — Medium sensitivity.
(iv) level 3 — High sensitivity.
(v) level 4 — Ultra — high sensitivity.
2.3.2. Characteristics of good penetrants:
1. It should spread ecasily over the surface being inspected.

2. It should be easily drawn into discontinuities by capillary action.

3. It should not be harmful to the inspector (or) to the material being’

tested.

FINSAE T o
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4. It should remain well inside the defects but it should be easier to

remove from the surface being tested.
5. It should possess high indicating capability.

6. It should remain in fluid state, so that it can be drawn back to the
surface of the component through drying and developing steps.

7. It should be non-flammable & non-toxic.

8. It should possess less’ dwell time.

9. It should not affect the rphysical & chemical properties of the testing

material.

10. It should be cohesive, adhesive and relatively low in cost.

2.3.3. Properties of good penctrant:
1. Capillarity:
Capillarity is the ability of a liquid to flow in narrow spaces without

the assistance of external forces.
This property helps the penetrant to fill a void. -

The formation of penetrant indication during development period is based

on reverse capillary action.

2. Contact angle; - -

Angle formed by the solid — liquid interface and liquid-vapour interface

measured from the side of the liquid is called contact angle.

- A penetrant is effective when the contact angle is as small as possible.
Mostly the liquid penetrant has contact angle close to 0°

The wetting agent improves the wettability and also reduces the contact

angle drastically.
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i Surface Tension:
Surface tension is nothing but wetting capability of a liquid.
Penctrunt should have good wetting capability to spread over the surface.
This wettability of penetrant can be improved by adding wetting agent.
3. Cohesiveness and Adhesiveness:
The atractive force between hke molecules and unlike molecules are
called Cohesive and Adhesive forces respectively.

The penctrant should be both cohesive and adhesive, during contact with

Jeveloper ond cracks of the component.
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o Specific Gravity: et e

Spexific gravity is the ratio of the density of a iiqud fo nsity o

the sta::::d liquid.
Actually specific gravity has no direct effect on the performance of ,

penetrant.

A penetrant should have specific gravity less than one.

7. Non-flammable:

Flash peint is the tcml.;-cra'tun‘ at which th

mixture.

e liquid can form explosive

It does not affect the penetrant performance.
But the penetrant should have high flash point to avoid fire hazards.
S. Volatility:

The tendency of a substance to evaporate at normal temperature is called

volatility.
Volatility depends on boiling point.
Penetrants should have high boiling point to be less volatile.
On other hand, high boiling point penetrant will have high viscosity.
N
Anyway it is necessary for a penetrant to be less volatile.
9. Removability:

The penetrant should be easily removable from the surface but should
provide resistance to being removed from discontinuities.

For achieving this, the penetrant should be more adhesive lilan cohesive,
SO that the attractive force betwecn developer and penetrant is weaker than
the force between penetrant andsolid discontinuities.
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10. Indicating Capability:

A penetrant must provide good indication which can be identified with
less effort.

The colour of the penetrant is an important factor in indication.

can be easily identified through naked eye.

The dye used in the penetrant should be very b?ight so that the indication

2.4. DEVELOPER:

Developer is a good absorbent material capable of drawing traces of
trapped penetrants from the discontinuities back into the surface.

It also provides a light background to incrcase contrast when visible
penetrant is used.

For fluorescent penetrant, the decveloper background should appear black
when illuminated by the UV Tight.

For visible penetrant, the devcloper creates a white background that

zmrasls the normal red appearance of the dye pulled out of the crack (or)
re.

2.4.1. Properties of good developer:

1. It should have good absorption characteristics to maximize blotting of
the penetrant.

2. It should have good contrast background.

3. It should be able to uniformly cover the surface with the thin smooth
coating.

4. It should be chemically inert with test materials.

5. It 'should provide a good contrast background for bright and clean

indications.
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6. It should be non-toxic.

7. It should be easily applied to the test materials.

8. It shouid be easy to remove after inspection.
2.4.2. Types of Developers:

1. Dry powder developers.

2. Water suspendable developers.

3. Water soluble devclf)pgrs.

4. Non-aqueous developers.

1. Dry-powder Developers:

It is a mix of light feathery powder that clumps together where penetrant
bleeds back to the surface in order to produce very defined indications.

Dry- powder developers can be applied to the test material.
(i) by dipping parts in a developer container. '
. (i) by placing parts in a dust cabinet where the developer is blown.
(iii)) by using a buffer to dust parts with the Ac\;cloper.
2. jWater — Suspendable Dévelope‘r:

Water suspendable developers consist of insoluble developers particles
suspended in water. Water suspendable developers require frequent stirring (or)

agitation to keep the particles from settling out of suspension.
The solution is difficult to maintain as the powder settles out over time.

It is applied by dipping, pouring or brushing the solution onto L.h‘e test

specimen.

The solution is generally dried using warm air at 21°C.
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3. Water — Soluble developer:
Water — soluble developer is a crystalline powder that forms a clear

solution when mixed with water.
The solution recrystallizes on the surface when the water isA drained off.

It is applied as same as water suspendable developer.

This developer is not recommended for water washable penetrants

4. Non-Aqueous:
Non-aqueous developers suspend the developer in a volatile so]vc.anl.

It is supplied by a spray gun or aerosol can and is the most sensitive

developer for inspecting small areas.
This method is too costly and difficult to apply in ‘the large areas.

Developer [ Advantages Disadvantages
Dry powder (i) Easy to apply (i) Difficult to cover the
(ii) Inexpensive entire surface :
(iii) Can be easily cleaned. [(ii) Does not form contrast
" background.
(iii) Less ‘sensitive to
indications.
Water — (i) Easy to coat the entire part| (i) Indications fade away by
Suspendable (ii) Indications are sharp & clear. [ time.
(iii) Can produce good|[(ii) Requires frequent
stirring.

contrast

(i) Provides poor contrast
(ii) Indications are very

light.

(i) Easy to coat the entire part

(ii) Easily washable.
(iii) Fast and effective

Water soluble

mecthod.
(i) Difficult to cover the

Non-aqueous

(i) Highly sensitive.
(ii) Easy to apply.
(iii) Docs not require
forced dryingj

entire part evenly.
(ii) Difficult for post

cleaning.
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2.5. PROCEDURE FOR LI

Pre-clean

Penetrant application

\

pDwell time

, Exc%ss penetrant Removal l

Y
, Developer application ,
[jggpecﬁon

4
' l Post Clean l .

Fig. 2.3

1. Pre-cleaning: ,
’
Pre-cleaning is the most important step in the liquid penetrant inspection

procedure.
The test surface top be inspected is cleaned to remove oil, grease, flakes,

r

scales, paint (or) other’contaminations.
Cleaning methods may include vapour degreasing, solvent wiping

solvent spraying, ultrasonic immersion using solvents etc.

2, Penetrant application:
At this stage, the penetrant is applied on the surface to be inspected.

ping, brushing (or) spraying on ¢

The liquid penetrant is applicd by dip
Cleaned test surface. -



-
2.14 Non-Destructive Testing - www.airwalkpublications.com
Many methods of application are possible such as
1. Brushing method.
2. Spraying method.
3. Dipping / immersing method
4. Flowing method. ’

\

Clean and dry surlace

1

AN
-~
3
4 Dwell time
. s

Development

N\

Application of penetrant

4

Removal of excess penetrant

\
oWy,

Fig. 2.4

Inspection

3. Dwell Time:

Dwell time is the period of time from when the penetrant is applied to ;

the surface until it is removed.

The penetrant solution must be allowed to “dwell” on the surface of the

part to fill any defects.
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The dwell time vary according to penectrant type, lemperature, material

type and surface finish.

A minimum dwell time of 20 to 30 min may be allowed.

4. Excess Penetrant Removal:
Here, the excess penetrant is removed from the test surface so that the

retention of penetrant from discontinuitics can be ensured.
The removal technique depends upon the type of penetrant used.

In case of excess cleaning, the developer will not reach the penctrant

which indicates no defect. I3

In case of insufficient cleaning, a lcss contrast background is created

where the defect is difficult 1o identify.

So care must be taken so that neither excess clcaning nor insufficient

cleaning is done.
The methods used to remove excess penetrant includes,
(i) Water — Washable method.
(i1) Post — Emulsifiable mcthod.
(iii) Solvent removable method.
The above mentioned 3 methods arc briefly cxplained in section 2.8,
5. Developer application:
Developer is applied to pull back the trapped penetrant so that the
indication of discontinuity / defects will be very clear.
Types of developers:
The four types of developers used in liquid penetrant inspection are
(i) Dry powder developers.
(ii) Water — suspendable developers
(iii) Water — Solvable developers.
(iv) Non-aqueous wet developers.

The above developers were already explained briefly in section 2.4.2.
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Developing time: /’_T’-— Fluorescent P;t—l;-\
Developing time is the time it takes the application of the developer S.No. | Nature of De . depth Thin, greenish-yell,,
until the actual evaluation commences. —E:———ks”_” Thin red lines- fines
c :
6. Inspection, Interpretation and evaluation: b r indicated by the
After completion of the developing time, the indications from degree of spread
tdisconu'nuiu'cs that are formed on the test surface should be inspected, B A._——J‘———’/"ps-c_r;s‘—o_f red spots Series of greenish
Interpreted and evaluated. 2. | Porosity the surface yellow spots.
’ - . . - . 'cr *
T'he inspection may be carried under visible light conditions (or) with spread o adcs of very small
§ all,
UV (or) Laser incident light. The defect recognition may be made with the ight crack Serigs of very small ;
_ ) 3. |Very ug . inuous | greenish-yellow dos.
human eye (or) with automated optical scanners. red dots in conun
7. Post — Cleaning: formation
i . . . reenish-yello
The final step in the penetrant inspection process is to thoroughly clean 4 Shrinkage Pale red blotches Pale g yellow
the part that has been tested to remove all penetrant processing materials. blotches.
The residual materials may affect the performance of the part (or) its " Lo .
visual appearance. Some of the defects that can be detected with liquid penetrant testing
Typical penetrant indicatigns are shown in Fig. 2.5. and their indications are given in Table 2.2.
Table 2.2
’ 4 S.No. Defect Description
1 Casting porosity Spherical surface indications. ;
2 Porosity (glass) Spherical surface indications. ‘
— |
] 3 Casting cold shut Dotted or smooth continuous lines. '
(a) Coarse crack f R .
[ 4 Cracks Straight or jagged continuous surface lines.
) » v 5. |Hot tears Ragged line of variable width, numerous
branches.
-
6. |Sand casting shrinkage | Crack indications where part thickness
changes.
7. |Forging lap (Al .
(c)Tight Crack (b) Shrinkage ? ging lap (Al Sharp crescent-shaped indications on
Fig. 2.5 yl L | aluminum,
2 -
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' S.No. Defect Description 4. Smaller the defect, the longer the penetrating time. Fine cracks like
| 8. |Forging lap (partial)  |An intermittent line indication. apertures require a longer penetrating time than defects such as pores,
9. |Rolling lap Continuous line on rolled bar stock.
, 5. When the dwell time is more, we can get good indication. O
| 10. |Crater crack (Al) Dish-shaped indication with spoke . " : ; B 8 —_— n the
\ : other hand if the dwell time is less, it reflects on indication with less
propagation. . ‘
clanty.
I 11. |Crater crack (deep) Rounded indication."
12. | Lamination (rolling) Seams on rolled plate. 6. Visible penetrant type developer when applied on the test surface,
13. |Inclusion (rolling) Broad elongated indications in rolled plate. bright red indications will appear where there are surface defects. If
- - - — - no red indications there are no surface defects.
14. | Heat-treat cracks Multiple irregular lines in fired ceramics. '
15. |Thermal cracks (glass) |Jagged interconnecting lines fired ceramics. . .
7. Fluorescent penetrant type developers, when applied on the test
16. |Lack of fusion (welds) | Broken line of varying width near surface, the defects will show up as a brilliant yellow-green colour
centerline. and the surface area will appear deep blue colour.
17. |Fatigue cracks *~~| Continuous line in parts that have been
in service.

The interpretation of the characteristic patterns indicating the type of
defect is of t signi 2
2.6. INTERPRETATION OF RESULTS: 's of great significance

( The indication play a major role in reliability of penetrant testing. On

The size of indication can be.usually be related to the amount of
interpreting the indications & results there are several key features are noted.

penetrant entrapped in the discontinuity.
1. Penetrant must enter the discontinuity / defect in order to form an

indication. So, it is important to allow sufficient time so the penetrant 2.7. FALSE INDICATIONS:
can fill the defect. The defect must be clean and free of foreign:
materials so that the penetrant is free to enter. '

A false indication is an accumulation of penetrant caused by a drop of

Penetrant left on the workpiece inadvertenly.
2. Clean cracks are generally easy to detect. But some uncontaminated

surface opening which are very fine is difficult to detect. ;,

& With the liquid penetrant inspection, there are no false indications in the
3. If all penetrant is washed out of a defect, an indication cannot be}: sense that they occur in the MPI (Magnetic Particle Inspection).

formed. During the washing (or) rinsing operation, prior 10}

development it is possible that the penetrant will be removed from:! However, there are two conditions which may create accumulations of
the defect as” well as from the surface. . ‘| Penetrant that are sometimes confused with true cracks and discontinuities.

Department of Mechanical Engg., NCERC
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The first condition includes indications caused by poor washing.

If all the surface penetrant is not removed in the u}ashing (or) rinsing
operation following the penctrant dwell time, the unremoved penetrant will be

visible.

When accumulations of unwashed penetrant are found on a part, the part
should be completely reprocessed.

Degreasing is recommended for removal of all traces of the penetrant.

False indications may also be created where parts press fit to each other.

If a wheel press fit onto a shaft, penetrant will show an indication at

the fit line.
-—

This is perfectly normal since the two parts are not meant to be welded

together.

r

Indication of this type are easy to identify since they are regular in form

and shape.

2.8. PENETRANT TESTING METHODS:

The commonly used penetrant testing methods are
(i) Water washable method.
(ii) Post emulsifiable method.

(iii) Solvent removable method.
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2.8.1. Water washable method:

od as shown in he Fig. 2-
and drying process. the penetran Sl

6, the materials used ap, -

In this meth -
After the initial cleaning

soluble. :
shall be a water based fluid.

Penetrant Application

Aqueous
developer

E,D

Non aqueous
developer

|

developer

L o]

Fig. 2.6: Water washable penetrant method

A . :
. fter l.hc dwell time, the rinse or Penetrant removal step is different ¢
Vanious application methods.

U
. se of l.argc volume of water would require facilities for adequé*
ning and disposal of the rinsed water.
- .
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The differences between the post — emulsifiable penetrant method and
water — washable method are

1. Penetrant used.

2. Need for an emulsifier.

!

If the solvent based penetrant is used and followed by an emulsifier
application, it allows the remaining process to follow the water washable path.

Advantage of this method is that solvent penetrants that may be required
for some parts may be removed by water.

Advantages:
-

1. Highly sensitive to fine flaws.

2. Adaptable for high volume testing.

4

3. Not easily affected by acids.

Limitations:

1. Not portable.

P

2. Not effective for parts with intricate shape.
3. Emulsification time must be closely controlled.

4. Inexpensive.
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2.8.3. Solvent — removable Method:

% Fig. 2.8 represents the solvent removable method.

Pre - Clean

l
Dry
[
[ Penetrant Application I
l
Drain

[

Solvent wipe

I

Nonaqueous
developer

I

Develop

|

Inspect

-

Post Clean

Fig. 2.8: Solvent Removable Penetrant Method

% It is an oil-based inspection process.

% After the preliminary processes like precleaning, drying, penetrant
application, the penetrant is removed by wiping action using a solvent

dipped cloth.
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% Here the non-aqueous developer is used for developer action

% This method is most suitable for smai] parts and onsite applications

due to its portability.

Advanmges:

I. Used for spot examinations on large parts.

Effective when water removal is not feasible.

!\!

93]

Since using non-aqueous developer, no-need of drying time.

Limitations:
1. Limited to smaller surfaces.
2. Dark environment is Tequired.

3.

r.

2.9. SAFETY PRECAUTION REQUIRED IN LPI:

Background indications may be generated.

Sensitivity can be reduced if excessive remover is applied.

When proper health and safety precautions are followed, liquid penetrant
inspection operations can be completed without harm to inspection personnel. i
However, there is a number of health and safety related issues that need to -

be taken in consideration.

X

Some of the most common safety precautions are given below:

Tre cenified inspector shall be responsible for compliance with

1.
zpplicable safety rules in the use of liquid penetrant materials..

e R e

Liquid penctrant should not be heated (or) exposed to open flames.

1

&MM:A

[
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flammable and therefore shogy

Some of the penetrant materials are

3' 8w
be used and stored in small quantities.

4. Penetrant materials may be highly volatile, relatively toxic and ,

. liquid may cause skin irritation. Adequate ventilation at a)) timey
should be used.

5. Eye protection should always be womn 1O prevent contact of y,
chemicals with the eyes.

6. Gloves and other protcctivé clothing should be worn to limit congag
with the chemicals.

7. Aerosol cans of penetrant materials should be kept out of direy
sunlight or areas in excess of 130°F. Excessive heat may cause aeroso)
cans to explode.

8. Avoid looking directly into black light source, since the eyeball

contains a fluid that fluoresces if black light shines directly inlo the
eye.
2.10. ADVANTAGES AND LIMITATIONS OF LPI:

Advantages:

1. Simple and easy io_ use.

2. Highly portable.

3. Can be used on a wide range of material types i.e. metallic and
non-metallic, magnetic and non-magnetic, conductive and
non-conductive materials may be inspected

4. Highly sensitive to small surface discontinuities
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5. Large surface areas and large volumes of parts / materials can be

inspected quickly and at low cost.

6. Complex geometric shapes can be inspected.

7. 1Indications are produced directly on the surface of the part and
constitute a visual representation of the flalv.

8. Penetrant materials and associated equipment are relatively

inexpensive.

9. Requires no great skill and is easy to understand.

Limitations:

1. Can only detect deitﬁls open to the surface.

2. Surface preparation before testing is critical as contaminants may

mask defects.
3. Preparation before testing can be time consuming and costly.
4. Interpretation of results is sometimes difficult.
5. Cannot be used on porous and very rough surfaces.

6. Requires a high degree of cleanliness for satisfactory inspection.
i
7. There may be a problem in disposing of contaminated cleaning and?

penetrant fluids.
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2.11. APPLICATIONS:

LPI can be effectively used to detect surface discontinuities such as
cracks, porosity, seams, laps, cold shuts, lamination or lack of bond on
non-porous metallic materials both ferrous and non-ferrous and on non-porous
non-metallic materials such as plastics and glass. Typical applications of liquid

penetrant inspection include.

(i) Aerospace:

Liquid penetrant method is widely used in aerospace industries by both
the producers for quality control of production and the users for regular

maintenance and safety checks.

Typical components that are checked by this method include turbine,
rotor discs and blades, aircraft wheels, castings, forged components and welded

assemblies.
(ii) Automobile: g
Many automotive parts particularly aluminium castings and forging

including pistons and cylinder heads are subjected to this form of quality

checks before assembly.
(iii) Railway:
Liquid penetrant inspection to detect fatiguc cracking is also used for

the regular in-service examination of the bogie frames of railway locomotives

and the rolling stock.




ME367 NDT 3

2.30 Non-Destructive Testing - WWW.airwalkpublications.com"‘-

(iv) Tools and dies:

Field drilling rays, drill pipe, castings and drilling equipments are
inspected by this method. -

(v) Inspection on reactors and tanks:

Tanks, vessels, reactors, piping, dryers and pumps in the chemical,

petro-chemical, food, paper and processing industries use this liquid penetrant

inspection.

2k e sk ok ok ok sk ok
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MODULE - 3

MAGNETIC PARTICLE B
INSPECTION

Principles of MPI — basic physics of magnetism — permeability — flux densir,
coersive force — magnetizing force — magnetizing force — retentivity — residuc!
magnetism — Methods of magnetization — magnetization techniques such c
head shot technique — cold shot technique — central conductor testing -
magnetization using products using yokes — direct and indirect method (/
magnetization — continuous testing of MPI — residual technique of MPI -
system sensitivity — checking devices in MPI — Interpretation of MPI -
indications — advantage and limitation of MPI.

3.1. INTRODUCTION:

Magnetic Particle Inspection (MPI) is a Non-Destructive Testing (NDT)
method for detecting disContinuities (or defects) that are primarily linear and
located at or near the surface of the ferromagnetic structures (or components)
MPI is governed by the laws of magnetism and is therefore restricted to the
nspection of materials that can support magnetic flux lines. Materials ¢
generally classified as

(1) Ferromagnetic.

(11) Paramagnetic.

(1i1) Diamagnelic.

P!'r. -
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Ferromagnetic Materials are those that are strongly attracted to a magnet and
can become ecasily magnetized. eg: Fc, Ni, Co.
Paramagnetic Materials are those that are weakly attracted by magnetic forces
of attraction and cannot be magnetized. eg: Austenitic stainless steel.
Diamagnetic Materials are slightly repelled by a magnet and cannot be
magnetized eg: Bi, Au, Sb. /

Out of which, only those materials classified 'as ferromagnetic, can be
effectively inspected by MPL

Further MPI is fast, cheap, robust, easy to perform, and can be handled

ME367 NDT

Magnetic Particle Inspection 3.3

form opposite magnetic poles. When minute magneuc particles are sprinkled
onto the specimen, these particles are attracted by these magnetic poles to

create a visual indication approximating the size and shape of the flaw

The magnetic particles can be applied as powder or more commonly as
liquid suspension, usually known as magnetic ink. Linear flaws such as cracks
can be detected by favourably orienting the flaws in relation to the direction
of the magnetic field. Also, for easy detection, the colour of the magnelic
particles should be chosen in good contrast to the colour of the surface zf the

specimen. -

3.3. BASIC PHYSICS OF MAGNETISM:

by semi-skilled personnel without rcquiring much protection as needed for

other NDT methods. The above characteristics, thus makes MPI as, one of the 3.3.1. Polarity:

most widely used NDT method.
3.2. PRINCIPLES OF MPI:

In magnetism, polarity refers to the orientation of north and south poles
in space.

The principle of Magrle\t\ic Particle Inspection is that the specimen is For example: If the rod is magnetised and suspended at its centre. it will
> B A

magnetised so as to produce the magnetic lines of force (magnetic flux) in
the material. These lines of force gets interrupted, whenever there is a flaw
or discontinuity (such as cracks) in the specimen. Due to this, some of the
'nes must exit and re-enter the specimen. These points of exit and re-entry

eventually align itself with the earth’s magnetic field so that one points to the
ge?graphic north and other end to the south. The end of the rod which is
‘pomting north is called the “north seeking pole™ usually abbreviated as north
pole and the other end is called the south pole.

3.3.2. Magnetic force:

Magnetic Field Lines .

Magnetic Particles

Magnetic force is a force of attraction or repulsion that one body has
uUpon another. »

" I or ex : W >

: l ample. hen Ihe nonh pO]C Of a magnc‘.Lizcd I'Od iS pIaCLd C]OSC]\’ Lo
e s g g I .

‘ 11] outh pOlC of anothex, [hey attract one another. COI]VCTSC]}’ if two north

‘,‘ poles (o] S I 2pe ,

r two south poles are kept close together, they will repel each another

q 3.3.3. Magnetic field:

The m i i
o agnetic field is the area around a magnet in which the magnetic
fCes are observable. i

Crack

FOI‘ e . :
Xample: The magnetic field can be observed by placing a sheet of plain

Fig. 3.1: Magnetic Particle Testing
White a

i € . s

b Paper over a bar magnet and sprinkling ferromagnetic particles onto it.
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The particles will colleet around the lines of force in the magnetic field,
producing an image on the paper. This image is called the ‘magnetograph’

and the lines of force are referred to as the ‘lines of magnetic flux’.
3.4. PERMEABILITY:

Permeability is the case with which a material can be magnetised. It is

expressed with the symbol ‘u’. It can be numerically represented as

_B
H=H

where B = Flux density.
H = Magneltizing force.
Its S.I unit, it is henry per meter (H/M)

Material which gets magnetized under low magnetizing forces are said
to have high permeability. “Also, material with higher permeability has low
reluctance and vice-versa.

3.5. FLUX DENSITY:

Flux density is defined as the number of lines of force per unit area.

Flux density is measured in Gauss. It is represented with the symbol ‘B’.

3.6. MAGNETIZING FORCE:

The total number of lines of force making up a magnetic field determines
the strength of the force of atltraction or repulsion that can be exerted by the
magnet. This is known as the magnetizing force and can be represented by

the symbol H.

It is the force which tends to set up magnetic flux in a material.

3.7. COERCIVE FORCE:

Coercive force is a measure of the ability of a ferromagnetic materiali

to withstand an external magnetic field without becoming demagnetized.

ME367 NDT

w
n

Magnetic Panticle Inspection
3.8 RETENTIVITY:
The ability of a coil to retain ~ome of its magnetism within the core

after the magnetisation process has stopped is known as retentivity.

3.9. HYSTERESIS LLOOP:
By exposing an unmagnectized picce of material to magnetizing curren;,
we can plot the flux density B of the field induced by the applied magnetizing

force H and the resultant curve is called the hysteresis loop.

T .
Flux Density Saturation
Retentivity
Coercivity
/ 7 "‘
Magnetizing Force [ Magnetizing Force
in Opposite Direction / / '
/ /
/
e \
Saluration |
in Opposite Direction -f Flux Density
in Opposite Direction
[‘ Fig. 3.2: Hysteresis Curve
—_— O

3.10. RESIDUAL MAGNETISM:

In other words, the value of the Tux density

Mater;. IR - 1
erial is called residual magnetisim
Magnetism g

retained by the magnetic

and the pPower .. .
. o ol retaini S
called the rctentivity ofge matenal ng this
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3.10.1. Types of Residual Magnetisin:

Residual Magnetism

Saturation Isothermal
Residual Residual
Magnetism

Magnetism ]

I

|

AC Demagnetization
Residual
Magnetism

DC Demagnetization
Residual
Magnetism

Saturation residual magnetism:

It is the total magnetic moment per unit volume of the sample.

Isothermal residual magnetism:

In this method, first thesmagnetic material is magnetized in an alternating
field and after that magnetizing field is applied and then removed. It is also

called as initial residual magnetism.

?C demagnetization residual magnetism:

In this process, the magnet is magnetized in one direction by applying
the electric current till it reaches the saturation point, and then applying the

current in the opposite direction and removing the magnetic field.

AC demagnetisation residual magnetism:

In this process, the magnetic material is magnetized in an alternating

current field and the saturation point is obtained.

3.10.2. Reduction of residual Magnetism:
Residual Magnetism can be reduced by the following methods.

% It can be reduced by 45-50% by the use of hot rolled steel material.;

% The saturation level of the magnetic material can be decreased by:
i
providing higher exciting current.

Department of Mechanical Engg., NCERC
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*  The magnetization process should be staried with constant force and
gradually increasing till the saturation is achieved and then reducing
it slowly to demagnetize it further.

In the process of magnetization and demagnetization of magnetic
(=]

material the electric force, or the applied current
similar.

should almost be

3.11. METHODS OF MAGNETISATION:

The basic principle of magnetisation is to produce

magnetic lines of
force across- the expected direction of cracks. If the likely

crack direction is
unknown, then test must be performed in two directions at richt aneles.

The basic magnetisation methods are.

1. Magnetic flow: To make the component of a magnetic circuit by

effectively using it as the bridge of a permanent or clectromagnet.

2. Current flow: To pass an electric current through the specimen,
broadly along the direction and through the region in which cracks
are to be expected.

3. Induced current flow: Used for ring specimens, by effectively
making them the secondary of a main transformer. This method has
no application to weld inspection.

4.

Electromagnetic Induction: To pass an electric current through a
conductor which is threaded through a hollow specimen or placed
adjacent to or wrapped around it.
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3.12. MAGNETI
AVAA Z . . »
ATION TECHNIQUES: perpendicular to the magnetic lines of force (ie., in the transverse dire,
— ) Uty
3.12.1. Head Shot Technique: to the length of the part). This mcthod of producing magnetism along 1,
longitudinal direction of the compornent is known as longitudinal magne[ish‘
m,

This techni i et
hnique produces circular magnetization by passing electric current P . S
Ihe major advantage of this technique is not causing thermal dam;,
ge

throug ¢ part i . :
gh the part itself. In this technique, a round bar is held between the heads ;
to the component, since the current does not flow through it.

in a w i :
. ¢t horizontal unit. As the current flows from one end to the another
€n O . - . . B
: f the bar, the ‘magnetic lines of force gets circulated around the bar. This [
circ 1 : . Helical Coil
ulation of magnetic flux around the bar is known as the circular magnetism e

and the technique is called as the head shot technique.

| - 7 . . .
Note: Wer horizontal unir is a stationary unit in which longitudinal and
circular fields can be produced. The unit has a fixed headstock and sliding
tailstock. The part (round bar) can be placed berween these, by adjusting the

Flux ines in

tailstock.
test object

¢ Bar Under
5 Te
est =
'-;:“ Defect / Noo Defects
Fig. 3.4: Coil Technique

—— Current ——

3.12.3. Central Conductor Technique:

—

Fig. 3.3: Head shot Technique
~— Cylindrical

Test Object

One major disadvantage of head shot technique is that, it produces
heating and arcing at the juncture. This is due to the passage of high current

through small contact area. Therefore, to avoid over heating and arcing, the
Threading

contact faces on the heads should be made flexible. B
3.12.2. Coil Shot Technique: Current—"
Flow
This technique produces longitudinal magnetization, by placing the LF"LUX

! €S

component longitudinally within a current carrying coil. As current HOW§;
. : : Fig. 3.5: i

through the coil, the flux will be generated in the component, creating magneu¢ ig. 3.5: Central Conductor Technique

;

5 -

s

poles =t its ends. Due to polarity, the defects are revealed in the directio

S i

AR
=
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Central conductor technique is also called as the threaded bar technique
[his technique produces circular magnetization and can be used to inspect
ooth the inside and outside of the component objects such as tubes, ducts can
c inspected using this technique. The threading bar, which is placed inside
e component, is made up of a good conductor such as copper and aluminium.
As the current flows through the bar, the resultant flux field will be generated
urrounding the test object. This flux field will be atfight angles to the current

low but the deffects are shown in the direction parallel to the current flow.

A big advantage is that the flux flows on both the inner as well as the
outer surface of the tube, so that internal defects can be found. Also, there is
a less risk of burning the component as the current flows through the threading

bar.

3.12.4. Magnetization using Magnets:

The simplest way of magnetizing a component is possible only by means
of a permanent magnets. In this technique, the test part (component) becomes
a part of the magnetic circuit, thereby, bridging the path between the poles
of a permanent magnet. The defects are revealed in the direction transverse
(o the test object. Further this method allows us to control the flux intensity.
fhe flux intensity can be varied by using a strong or weak magnet or by

introducing a gap in the flux path with a thin piece of aluminium or other

non-magnetic material.

Flux ﬂowA

lines
Test Mild steel
object block to

complete path

Fig. 3.6: Magnetization using magnet ) .
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3.12.5. Magnetization using Yoke:

A more refined magnetic flux can be produced through magneusing a
component using AC yoke of electromagnet. In this method, components of
varying cross section can be magnetised to produce same sensitivity, just by
adjusting the variations in flux levels required to suit the components. Also
the DC current is varied to provide a wide range of induced flux density.
From the above information, we can say that, this method is highly suitable
for components of simpler form and regular section.

.. Specimen

Adjustable —
contact head

4

Direction of flux

Electromagnet

Fig. 3.7: Magnetization using yoke

3.13. DIRECT METHOD OF MAGNETIZATION:

The direct method of magnetization is also called as current flow
method.In this method, the magnetising current flows through the part, thereby,
completing the electric circuit. The magnetic field formed during this method
is at right angles to the direction of current flow. Thus we can locate the

defect at right angles to the applied magnetic field direction Eg: Head shot
technique.

Limitations:

In direct method, the head or prod can cause a burn in the part if the
high current is passing through a small contact area. To avoid this, the contact
faces on the heads should be flexible and the tips of the prods should have
a low melting point in order to spread the thermal load.



Non-Destructive Testing - www.airwalkpublications.com

14 INDIRECT METHOD OF MAGNETIZATION:

I'he indirect method of magnetization is also called as magnetic flow
hod - In this method the test part becomes a part of the magnetic circuit,

bridging the part between the poles of a permanent magnet.

Ihe main advantage of the indirect technique is that the risk of arc
burning of cntical components does not exist. Also, the use of permanent
magnel or clectromagnet can be very convenient for inspections in contained

spaces or remote locations.
3.15. CONTINUOUS TESTING OF MPI:

Continuous testing of MPI can be broadly classified into two types. They

I. Dry continuous.

: a -~
2. Wet continuous.
1. Dry Continuous:
' I'he term “dry’ means that the magnetic particles are applied in fine

particle fonm. The term ‘continuous’ means that the magnetic particles are

ipphed while the current 1s still flowing onto it.

In this technique, the dry particles are applied when the magnetizing .

force is ono The parucle application must cease before the current flow ceases. ;

I'lic use of dry particle is useful for detecting slightly subsurface :
discoguinuiues, since the particles have higher permeability compared to the .
article i a wer suspension. Further, applying the particles during the
nctizauon provides maximum sensitivity, since the flux density will alwaysf
maximum duning the current flow. é

One d uitage of using dry particles is that their mobility which is*gv
poor when used with DC current,

Department of Mechanical Engg., NCERC
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2. Wet continuous:
] ie suspended in a lig
‘wel’ means that the particles applied are susp - q
The term ‘w other petroleum distillates or waic:

. : : e
s i r such as kerosene, ) .
carrier. The liquid carrie -

containing specially formulated additives can b

he particles suspended in a liquid carrier arc applicg

In this technique, t -
netizing current. Compared to the dry particles

simultaneously with the mag
the suspended particles are gener

technique less favourable fo

ally of a lower permeability which makes this
¢ the detection of slightly subsurface

discontinuities.
: : iques are
Some of the advantages of using wet continuous testing techniques ar

(i) The greatly improved mobility of the particles makes this technique

very suitable for the detection of small surface discontinuities.

The suspension will adhere to the complex shapes better than (’lr)
particles. These surface tension effects when combined with the high
flux densities of the continuous technique, provide the maximum

@iD)

sensitivity for surface discontinuities.
3.15.1. Advantages and Limitations of Different Liquid Carriers:
1. Kerosene and Petrolcum distillates:
Advantages: f
(1) They help to lubricate the parts.
(11) They do not constitute the corrosion source.
Limitations:

(i) They are more expensive.

(ii) They produce health and &;nmmubilily problems.
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2. Water:
Advantages:

(1) They are inexpensive.
(1) It produces no health or flammability hazards.
Limitation:
/
(i)

corrosion inhibiting additives, although it cannot be completely
eliminated.

3.16. RESIDUAL TECHNIQUE OF MPI:

Similar to continuous testing process, the residual technique of MPI can
also be classified into two types

1. Dry residual.
2. Wet residual.
1. Dry Residual:

The term ‘residual’ means that, the material has sufficient retentivity to

a!ow applications of the magnetic paiticles after the current has ceased.

In dry residual technique, thc dry particles are applied after the
magnetizing force has ceased. The retentivity of the material produces a
residual magnetic field, which results in leakage fields at discontinuities open
to the surface. This technique is suitable only with materials having high

retentivity. So retentivity of the material must be determined prior to selecting
this technique.

Advantages of Dry Residual Technique:
% Most suitable for materials with low sensitivity and high retentivity.

* Multiple parts can be magnetized simultaneously and then examined
individually after particle applications.

Department of Mechanical Engg., NCERC
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Disadvantages of Dry Residual Technique:

* Small and subsurface discontinuities are difficult o detect due to the

decrease in sensitivity and mobility.

2. Wet Residual:

This technique uses the suspended particles where the suspension 1S

applied after the magnetizing force has been stopped.

Advantage:

% Increase in inspection speed due 1O the inspection of multiple parts

simultaneously.
Disadvantage:
+ Produces lower sensitivity than continuous testing method.
3.17. SYSTEM SENSITIVITY:

Sensitivity of MPI plays an important role in locating the small and sub
fine cracks of size less
of MPL

surface cracks in ferro-magnetic components. Many

than 0.02 mm deep can be located using the sensitivity

‘Sensitivity not only involves crack detection, but also allows us 10 locate

a wide range of defects like.
% Detecting segregations, macro inclusions while inspecting steels.
* Dete:c:ting marks generated during stamping operations.
% Detecting laps in the threaded section of bolts.

Also, sensitivity depends on the type of current used, various tests has

proved the following information.

% AC magnetization is most effective for surface defects, but not

effective for subsurface defects.

% DC magnetization is effective for subsurface defects.
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* Half wav ; ; - "
wave DC gives superior penetration as compared to straight DC.

™ .
Half wave DC dry method gives the greatest penetration.
3.18. CHECKING DEVICES IN MPI:

o In order to maintain consistency and high level of control during MPI,
it 1s highly recommended to use checking devices in MPI. Some of the

commonly used checking devices are
(1) Settling test.
(1) Ketos ring.
(111)  Field indicator.

(1v) Suspension contamination.

(v) Ammeter accuracy.

(i) Settling test:

( Settling test is also called as suspension concentration test. The purpose

of settling test is to assure that the proper concentration of particles is being

maintained in the liquid carrier.

(ii) Ketos ring:

The ketos ring is a device made of tool steel and is designed to show
the effectiveness of the MPI and the relative penetration based on the number

of holes that display indications. In ketos ring, both the wet suspension and
dry particles can be used.
(iii) Field indicator:

1 1indica e 1
Ficld indicator is used to check the presence of residual magnetism on

the ';.'-lcm.
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rrained NDT engineer whose ski
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s testing the surface of inspection by a

Interpretation of MPI involve
ded most to perform

1l and cxperience is nee
le Inspection, the magnetic particles

the test correctly. During Magnetic Partic :
sent and the interpreter

test object wherever leakage flux is pre

adhere to the ) )
nce of magnetic particles. Proper

has to properly interpret the adherc

interpretation involves finding out whether.

(i) Adherence is due to the presence of cracks, or

(ii)) Adherence is because of the change in cross section, or

(iii) Particles are adhering to edges only.

Wrong interpretation may lead to rejection of the material, thus resulting

in material wastage. Thus an NDT engineer who interprets the results,
determine the success or failure of any NDT tests.

3.20. INDICATIONS:
Indications in MPI relies greatly on the qualification of the inspector

(interpreter). 10, after proper interpretation, the - interpreter classify the
indications as ‘False’, ‘non relevant’ or ‘relevant’ before final evaluation.

3.20.1. False Indications:

False indications can be produced due to improper handling, use of

excessively high magnetizing currents, inadequate precleaning of the parts 10
remove oil, grease, corrosion products and other surface contaminates.
3.20.2. Non-relevant Indications:

Non-relevant indications are the result of flux leakage due to the

geometrical or permeability changes ol the test object.

Examples of geometrical changes include splines, thread roots, gear teeth

keyways etc.
yways -
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Examples of permeability changes include localized heat treatment,

varation in hardness, fusion zone of a weld etc.

3.20.3. Relevant Indications:

Relevant indications are produced by flux leakages due to discontinuities

/

Note: Discontinuities which cause the part to fail from its original purpose

in the part.

are classified as ‘defects’.

3.21. ADVANTAGES OF MPI:

(i) MPI docs not require very stringent pre-cleaning operation.

(ii) Most suitable method for the detection of fine, shallow surface cracks

in ferromagnetic material.

complex parts can be inspected rapidly.

(iii) High sensitive and
S~

(iv) Fast and relatively simple NDT method.

(v) Few limitations regarding the shape and size of the test specimen.

fEvi) Highly portable NDT method.

3.22. LIMITATIONS OF MPI:

(i) Only terromagnetic materials can be inspected.

(ii) Only surface & near surface defects can be detected.

(iii) Local heating and burning of finished parts 1s possible.

e required to produce strong magnetic field.

(iv) Large currents ar

(v) This method cannot be used if a thick paint coating is present.

(vi) Parts are often required to be demagnetised, which may be difficult.
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ACO C EMISSION TESTING

Principle, types of waves, frequency, velocity, wavelength, reflection,
dmergence, attenuation, mode conversion in ultrasonic UT testing methods,
Comtact testing and immersion testing, normal beam and straight beam
testing, angle beam testing, dual crystal probe, ultrasonic testing techniques,

resonance testing, through transmission technique, pulse echo testing

technigue, instruments used in UT, accessories such as transducers, types,

Jrequencies, and sizes commonly used, Reference blocks with artificially
defects, calibration of equipment, Applications, advantages,

A, B and C scan - Time of Flight Diffraction (TOFD), Acoustic
Technique — Principle, AE paramelers, Applications.

q;; INTRODUCTION:

Ultrasonic testing is an effec
most materials like metallic (or) non-metallic materials.
h.’ is a method to detecl surface and internal discontinuiti

8, voids, cracks, blow holes, inclusions and lack of bond.
| w testing uses high frequency sound energy to detect surface

discontinuities.

tive NDT method which is applicable 10

es such as laps,

Scanned by TapScanner



ME367 NDT

rou -- '.
tﬁh

lll 3'.'-=h”' on df it

S avés (through transrg]g

Fomi T

-~

'1.' é ¢ ﬁ H!Il (ZQ.UHO Hz) HI'E

B Bﬂ( -. “n
,Finsufmnlenalsm in {

and the dlmensmng

1
21

ess and the grain size.

i
oni W consists of several functional units,

1

_ﬂﬁemﬂsﬂuaﬂr gcncrares high freq h..n y Woegrowey - of oS o

 respect to the direction of propagation of the W&
| classified as follows. ;

Scanned by TapScanner



)
Wﬂh

olic ht wave motion Ia.
i Hamonic Moion m

Jflnu;f:-

mmmmesof 8y

waves travel in the form of cress

Wﬂﬂi particle in the positive ¢
. hwmmdmuhnmmspimmt

[*___—'L-F-_l

FL A ™ ..'I-ll-l-.
.liq.*:-Il. L
ae®Pee, Saab '.ilI..
_..-Il-l-- Tagan .Il.- -'1‘--l

"
..ip..-liil {-Iil.. bl
.‘lll.. San® ..illi.."ltlll

e T T L LA
.'---;-"
'l'll‘.:‘-li".

LT T
T

ll-.---.ii" -.'I'll-.':"l'l- LT bl TR
.'-.'--l.l.'.-'.‘-‘l' "l'-‘.‘._III-- -'l."l
'-.l.:-lj-:..-'!i' i...' .-.-'-'-l“.-.-
.'-"il-'.-'-...-"'li' se" s e, " Tassan
L .-.""-' ..--"--'-.-.."‘-'-- L B
LEE T g e "sasaw

Department of Mechanical Engg., NCERC

ﬂa kwonof sropacatiall

ofmsuitnrurvhlm

ME367 NDT

iy, & N

These waves are the Illlllt )

v, - ey

Longitudinal wave my th
of the medium express simple h
the direction of propagation of ﬂl!m und
pses) are examples of lungiiﬂﬁﬁl‘"’“ ves.

through a medium, it produces compres:
waves can be produced in all upﬁ!
gases. The density and ptmﬁh
are more than that in the region of re

b
il '|-I-1|-

LR N

iifi -

ssssssssnnn
T
(R R RN

LR

srssnnnns

R RN
g eee

Bl

. &
g o

Scanned by TapScanner



ME367 NDT

.I.. — ii." . :....
1 .;3’1""”7{'!-‘- ,

m:m@unwm occur when theﬂ-ucm
m-mdhﬂ:lﬁwwmlmgths at the test frequency and »
test piece is of uniform thickness.

e .43 will M
Mumepwmdofnm;lﬁ

Particle Vibration

represents the time required by a P"H' o complete one
makes 1/T waves in mmﬂf -ni -

Therefore frequency is the

Parallel to wave direction.
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L
B
l___ ' ] 3 ¥
in a cylinder, it
gt e .

;HI ;J_..“";- n mﬂ h“ il
yaction. But, there is ¢
T L LR

mmufﬂ'mm ﬁ'umsidulnlldugf

*.u_l.h-i__p

ﬂmtn&nhm

.~
[ﬁhlm'nfﬂﬂlﬂlhﬂumnnu!id&nfﬁ 1

tﬂﬂ%mﬂmmmmmmw

i - "'1"'1? ' ,!_

hhmﬂhmh&e-hm-ﬂm o

(xvi) Couplant:

A couplant is a liquid that nﬂuiul
_ grgyﬁ'ummctrlnsduwulﬂﬂﬁm

| - Couplant is necessary due to ﬂ\ﬁ

(xv) Signal to Noise Ratio (S/N ratio): i and solids. hglly
A good measure of detectability of a flaw is its signa]lnnuiuﬁﬁu [twﬂlhgwmaﬂyﬂmmmm%
i Some commonly used couplant are muﬂ. ..._;_v ne,
It is commonly known as SNR (or) SIN ratio. 4.4. MODE CONVERSION IN ULTRASONIC:
It is defined as a measure of how the signal from the defect compares Mndecnnvamnnmthnsmnfumuf
to other back ground reflections (noise). m;fnmmnmerwmhpamsﬂ!nﬂﬂ'm
. encounters mmm
A SNR of 3:1 is often required as a minimum. It depends on following It occurs when a wave el ﬁ: nt angle
factors: | : having different acoustic impedanc &
perpendicular to the interface. < S e
% Inspection medium distance. Vot inatance: Whes a longitudinal wave hl:: -iFF' T |
) movement in > (Gt
Fl locati of the energy can cause mch j- II-I‘. :
o | ‘a shear wave. ("
k Y r
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. aoadnr fﬂuﬂ*ﬁ in 'lﬂ 8 ” ""_1 '|. g =7 _I

Two P‘a.llsducl:rl are plar,:q:g- il |
est lFEI:iIﬂE] -
~ Among two transducers, one i
receive them. ~ _'."'
| The result can be seen rm a een
' | graph-will be nearly equal as *‘ in Fig.

e AN .
i€ delect can be identified on quantifying the received | The specimen with dl.'.fﬂﬂ ;-
Mmm the graph by shurt '

%TJW F;H b ' g L
e : F_! Mlm m h 10 | P
mmmm placed on Oppost= iy oo

*ound waves due to s saration between

g

. t"il T-‘l'-'{_-i i
> ultrasc ’Illlh m'ﬂﬂy done in two methods. M

: T | . % ﬂﬁ*”,r iAW T 7 TG

-I’.

it '""rh

f:_ fﬁdnﬂui: lo receive them-
... l_
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*HM
K
»ﬂlhtu due 1o the prege ! 2 Apﬂlu
L ‘2"1"‘ ayed with respect to time 3
o lﬂ ﬂ“m mmd'&m j'-l;. . m

bl e '

5. The M\lﬁd ',, 1l¢ 5 TI':: .

F e B

6. Then, the both transmit
display unit. .

. By plotting these against
4.6. TYPES OF TESTING TECHNI(

Sl

Testing techniques are also classifiec

Contact techniques odih
with test spemm,_ﬂ o 48
| e i
T""’ bave elm
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¥ » H ‘ m mmt Eﬂ' that all Cﬂnﬂﬁcﬂm

I _I hni “ an W matching layer that heluh

h transducer can be pm'cllland with a planer, c}rlmdﬁuuj
focused or spherically focused lens.

hﬂuwmwmm a water tank or as pan of
a bubbler system in scanning applications.

Transducer

Water as a couplant

mg is a well focussed transducer, it has high sensitivity and |

Department of Mechanical Engg., NCERC

ME367 NDT

These transducers are used for speml lpﬁm?ﬂ e inspection
of course grained material due to their ;ood sending and receiving ;__;_..:“

i mgmnhl 0 L4y

-

These transducers are especially ﬂtﬂm&mﬁq W__
applications when reflectors are very near the transdt cor- > tus

climinates the ring down effect that single — eleme

-

b -7 ._ 18
Dual element transducer is very ‘% .' ‘;‘ L .
Measurements of thin mmh ilﬂn'lhﬂ Ansy ; '
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I é‘ &lmtlnultyjn

ﬂ’m required for a 311'..
BW ﬂ:mugh a lhicknels \f

rFrms 1;'.. r-';'_. h ' ﬁr
: ‘ . i -: _':-|:|| ul Wiﬂdhﬁ
= = -n-'r=.'-'.1|.-,ﬁ, . e =
, >

| If a reflection occurs vefore th
.. -# ﬂ:., - ,,I t g aflactinn 1 ua“ reieme - o ,
:":.’ ,r,;.,l down - ﬁﬂ gl back travel Plll'l m ion 18 us Y crred o as 1 2
| | in Ll.ht m material. This relationship is | o ‘ can be calculated using t

from the st ;w 1e discontinuity in the test piece,
und waves in . material, and t is the measured
' \‘ fimmirr“- 3 '

==

i — —_—

$imamate lald (2 n

LS

~ Pulse Backwall echo

& WG OF SU0 (LT
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So by hitting am - R

% Construction and working:

For resonance inspecion, yg g+
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met ﬁMnﬂmmmw

m-:mqnfmm are placed close to test piece.
hih“mm B

‘Mmlm ﬂ-ld lh.n[ m Wﬂh m WIH:I“E . i .‘-.1 10 ﬂ]is E]n'fm | --".II-II' ‘Acou ::- |'. " alic
l“nhnhdhmﬂnﬂ%mmmmmlc f Ty

L]

‘This heating causes lhu!nnl
3 .5='!'f_'3'ﬂ,=:.'n ation of a wave ﬂﬂl
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UMW

Fig. 4.21

High voltage pulsc required by ulrasonic transducer is generated by this | Re ver,
o shonb . of aliemating electrical energy s called as pulse. .
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"l:;
\ - Y
gep wedges are usually provided in blocks. i
: 1; Backing
F“;h:cahbuhmnflpmumiﬂum:l-ﬂiﬂlhm
-- o on a surface of a block so as 1o obtain on a display of the instrument a
Bement wmufmcchureﬂnmdﬁmmuﬁﬁciﬂdmm-ﬂﬂjﬂh
I Wnlis:alibrat:dhyadjus&nglh:m:mlhlﬂuﬂhyidﬁlw
| amplitude. The sensitivity thus calibrated is an overall characteristic of the
ﬁ‘tm_n“_" N = b LI combination of the search unit and the pulser/receiver.

Reference blocks are heavy and bulky. Special care is required to prevent
rust and wear. A good ultrasonic coupling between the search unit and the
block, and a careful manipulation of the search unit are essential in order to
oblain reproducible results. These requirements are not easily met, especially
m on-line test instruments. Sometimes, it is desirable to check the performance
of components of an instrument. The receiver including a display can be
calibrated by purely electrical means, although such auxiliary test instruments
% a signal generator and an attenuator are required. The calibration of a pulsar

500t 50 casy, because most pulsers operate properly only when a search unit
4 connected.
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JULHICATIONS .
e .r.:"-"*h'"" G I

s . TR EUETREET

TAMY RAL

i1. T process. InnI

Al he CET screen I.u |

mnm uf THAgE Of
1. A-Scan, 2. B-Scan, 3, C-S¢; |
AScan:

boed scan is one of the .-n*...'

i s WL 0
i) !_-|.=:r [ e - {
"lr- s

phmu-mdumnndn!anﬁ
: ﬁl"ﬂvﬁulﬂnjmdudju,ﬁq
)t equipment. In ultrasonic testing, |
ﬁemmmuomeeqmpm; 13
WHﬁpuMnaﬂdwgmd. |

R

111 _____ 'H""
- Gy rf"

'&TMEMIMMMSMN
Jevel of consistency in measurements, and to help interpret : h
ﬁW“WWmvaahdamm ; thﬂmﬂfﬂishofhm
“ﬂ”mmmmnﬁmnm&da}rmlhnm[ ;Wﬂflﬂmﬂmwu 1
esults are produced by different system. The A-scan shows the size and th

£ T

-
'”G;nﬂ'lﬂ}n the Flﬂh is moved c

d*&lhhdpﬁcmpncmrlnusﬁmﬂcthesmsnfﬂam manner. ﬂwmmmﬂmoﬁ

mwmwmmhnm the sizes of flaws | uFramthls a certain amount o

lerence standard with an anificially induced flaw of known size at
ximately the same distance away for the transducer to produce a signal.
ﬁmm&mfﬂmemduﬂ to the received from the

%mmmmwm

| referen . standards for ultrasonic testing come in many
- 'fﬂdlﬂnnﬂﬁdqxadmx on the non destructive
l | ﬂfﬁﬁfmﬂﬂdihnpe of the object evaluated.
nce standard should be the same as the malerial 10
' be inspected and the artificially induced flaw should closely resemble that of |

the actual ﬁll" The requirement is a major limitation of most standard

;'I "
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[ F-j..' Ln..l-'l"‘"nr' - i -

sces & shaded line with vary
| m*d’hmm.

P |.|"~“““ﬂﬁllﬂ"“k"“‘m al
this is similar to radiograph.

sarticularly in corrosion detection in g
“ M
C-scan H-‘ in the detection of delaminations in composite

tumnrnmmm (TO¥FD):

Diffraction hhmdmﬂmmmnd small obstacleg |
the spreading of waves beyond small openings.

m“ﬁmmmﬂtmmﬂmﬂmmuﬂ
in relation to the wavelength of the wave.

Time of flight diffraction method of ultrasonic testing is a mmg In undamaged pipes, the H
sccurate method for the non-destructive testing of welds for defects. from two waves: one that travels

ﬂnunfﬂilllm
anﬂﬂﬁﬂ“d{l I

ﬂunflh:;lﬁﬂ.ﬁ‘
received up by the probe on the otk

Time of Flight Diffraction setup to scan a butt weld joint to mﬂ
defects s shown in Fig. 4.27. It shows a typical display from A-scan.

||||||

. Sensitive mbuﬁ:uhﬁ"
2. Depth of penetration for flaw dete
methods. P u--ﬂ
3. Emmmmuhﬂ-ﬂl
4, Lugesm:spudllﬂ_hw‘
S. Very cheap & has high speed of op

M
6. Mhumuipmpth‘#h
7. Inspection can be done from one surface of ¢

e

T
3 |
5
[
I I
o
.
-
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3 ‘.I‘ RESIn v T s Sl
’ E{ﬂ} Detecting stages, ol

\F’

. Mﬂl are mqmmd for both equipment t:althr:u r
hw of flaws.

B s fox conrss prsinod sarfaces

416. IMPORTANT §
TESTING:

-3 I.Hmumhdpuﬂldmﬂnmndhummaygu ]

= Wby ey 9

wmimmmmmnmfﬂﬂmnﬂ energ
into the test specimen.

Wu
tion can be difficult. .

l
5

rjﬂi IS 9664:1981

2. 1S 4225:1979
-1 TV

S 3 1S 40041982 |
%ﬂ ULTRASONIC TESTING: . =

m w @iﬁ widely used for: 4 IS 6394:1986
{ - _ o i .
Bawin ;-
L}

- E1065-87a

i‘

14

J L

Scanned by TapScanner



ME367 NDT

T f"'"t- —

“nd unlmdad,lhulwiﬂlﬂthﬂ | _"""

A o

*“Hﬁlwm“lmmwhmhuuﬂh o e value for the old load has be '...,,: ded

detect flaws in the mechanically loaded structure by releasing elastic

load”. _
waves through plastic deformation, crack initiation and fracture.
Imv:mhnhty 15 an w#-!d' i?‘
*‘:w:hmmdrﬂuhmbjmdmm mﬂm 1y e -
(i) Continuous Emission: ) "' 4 -4
% It is preferable than other NDT methods because of its ability to
huchmmwmwﬂﬁ
:mumm\dmmbﬁnm ‘1 - AE signals are pre
. Mcnmmlludphﬂnﬂm# - L
4.18. PRINCIPLE:

Acoustic Emission Testing (AET) is based on the principle that when
specimen (or) component is subjected 1o an external stimulus such as change
in load (or) lemperature, the release of energy in the form of stress waves are
triggered.
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aimgie N2 e

.=l - |"'nn.d! :‘”

measured voltigs I & Wve fnrm] ___;c; enuation: :

ecibels (dB). 1t is an important parameter in AET whiq f b J |

Mﬂ# signal. Signals with amplitude leve] [H!m 1 from: the-smt

ﬂm-ummmumnnmmmm | f
| o

%

-

immmhﬂmmmmmnﬂcmssmgmwh 1. Sensors:
level and the
e signal peak. It is used as a criteria for filtering the noise, " The most commonly used sensors &
@) Ringdown Counts N): used 1o detect frequency of range 30 kHz — 2 MHz.
It denotes the number of times the AE signal crosses the threshold fevel | 1o o o W Hignal. =

g M * ipp

1o eliminate the noise. I lificati aad '.',_‘ it .

=

Event Duration | - Signal from the sensor goes to
: Each filter is designed for a p:

| like low noise, hlghpnwumm
| | e st it

(i ‘iiﬂl the transducer.
- ; ook m:'- N
) T
i 'l‘!wnl rwmug |

B - T
-

] -

#

F‘!FJ'-F-
—4
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4 It is used 10 detect and locate the leakage.

It is used for weld monitoring, detecting flaws in gas trailer tubes,
bridges eic.

It is wsed for guality control during fabrication.

»

It is psed in o1l refinenies and many other industries. |

It is used in on-line monitoring of underground pipes.

i

It is also used 10 detect the fatigue, stress comosion in the pipeline®
and pressure vessels. |

* % % %

.
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MODULE - 5

=~ o

\
'RADIOGRAPHY TESTING
\

q

. W;.E;Ecmmgﬂﬂiﬂ radiation sources — X-ray source - production of
f-rays — High energy — X-ray source — Gamma ray source — Properties of

lj;’-rﬂ,}‘-i and gamma rays —Inspection te; niques like SWSI. DWSI
« DWDI - Panoramic éxposure — Real time +Zdiagraphy—ﬁ£ms 'u.i'Ed i::

' jal radiography — ‘

||'dush'wl' | ng'U’ ai.!fﬂﬂ | of film —Speed of films — Qualities of
= use aphy — ‘

| film fcmfﬂ; : r"i‘ radiosraphy = Quality of a good radiograph — Film
grocessing — [nierpretation — Evaluation of test results — Safety aspects

Mﬂphy — Applications — Advantages and limitations of RT.
« | 5L INTRODUCTION:

Radiography testing is one of the most widely

| s mghly used 1n various areas including medicine.
' 115 a versatile technique which can be

used NDT techniques. It
enginesring, security etc,
used for the detection of internal
ieiects (such as porosity and voids), changes in material composition, thickness

measurements and unwanted or defective components.

Radiography testing offers a number of advantages over other NDT

. %thods, however one of its major disadvantages is the health risk associated
né . oy . : ,

¥ the radiation. In radiography testing, X-ray or Gamma ray is generally

%0 10 determine the internal soundness of the metal, hence it is also called
& :
| xﬂ}’ or Gamma ray testing
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Eﬂmn which can be generltad I
¢ accelerated into a target hynhifl:l

r
L

theparttnhe mspscwd is plm:ed etween |
. (X-ray or Gamma ray) and a dete .. ;

.,__Jnmgmuhr -tﬂsuus.
source of penetrating radiation
radiation (sensitive film).

Dn passing through the material,

ll i
If and the amount of absorption 1s i
lan_dn m;mkness_nﬂhﬂ—ﬂlﬂmmmal 5 refore. the beam of radiation will have less
pas . if there is a EH'."-FH}F
! ueh than 1 the solid materia
. i o Also there will be a variation 1

discontinuity in the interior of the _r_nal:nfl

U-— Radiation Source (X-ray tube)

X-rays

Internal Part to be inspected

More exposed area Defect)
- Less Exposed area

Directly exposed area
of the film (Highly exposed)

Top view of the development film

" Fig. 5.1: Principle of Radiography Testing

ME367 NDT
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J| :-h acle
L) dirird ll'.' * - rr e
GNETIC RADIATION SOURCES:

|.-:

vy Source: vt anall iﬂﬂ h o gl
e source of radiation of X-ray, is an X-ray tube. A | g
onverter. It receives electrical energy and mm

and heat. The hgat is generally considered as %
~Therefore, » X-ray tubes are designed and constr -1-"‘

w production & to dlﬁﬂlpﬂlﬂ heat ds Tﬂpldl.‘f as mm

}{.ray tube consists of a glass bulb under vacuum cnclmg a pcmmre

ectrode or ‘anode’ and a negative electrode or ‘cathode’. The gathode
provides a source of electrons and anode acts as Ihemq_"\;

-
iLe
- |.-=-

.--l'l-—_-

releases X-rays. L,
¢ Power | - L
! Supply Rectifier
From High P o -~
| ] Generator (Voltage
H Target |
- Tube Voltage
Supply ‘u'nltaga - T | I
} Cathode |Electrons | ||
| 1) Xerays

Fig. 5.2: Schematic setup of X-ray tube and circuit

Note: X-ray tube is most often created from glass, although some tubes contain
envelopes made of ceramic (or) metal,
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X-ray generation are usualy

O — e, —

e |

_as - B

n of X-rays was first performed by Roentgen in 1395,““_
‘accelerated clectrons between an anode and a cathode. Evey

ﬂ.ﬁ* principles of X-rays production are the same, although some
refinements have been made, to improve its characteristics.
"@ X-rays, are | when fast moving electrons are suddenly
ught 10 Test by colliding with maue.r' =
D_EB collision, the accelerated electrons therefore lose their kmett
mwf‘“f“i of thﬁ metal El_ﬂtﬂ and energy conversiol

consequently occurs. The Kinetic :nurgy' uf the accelerated electrons can b

converted in three different ways.

(1) A very small fraction i.e., less than 1% is converted into X-radiation

The conversion factor f can be estimated by an approximate EII‘Il;iil'i“'i
relation

f=11x10"92v
where  Z = Atomic number of the target
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b secondary radiation. T - PIRAUCING

2 'Fmal-I}H *the; n:mst Important disu'nguishing charaﬁlerisLT:s of an X
| peam are 1ts Intensity and quality, where the te i)

il - : m ‘intensity’ refers to how
much radiation 1.e., quantity of radiation and the lerm quality refe mh;:
-. poael s . s
gind of radiation i.e., how penetrating the radiation is,

53.2. High energy X-ray Source:

High-energy X-rays or HEX rays are very hard X-rays whose energy

value is 1 MeV or more, which is about one order of magnitude higher than

conventional X-rays. (This high energy X-rays are generally used when
examining thicker sactiun; Also, by using high energy X-rays, the possibilities

of large distance to thickness ratios with correspondingly low geometrical
distortion, short production times and high production rate can:be-achieved.
High energy X-rays are produced by a number of machines such as

synchrotron, betatron, electron linear acceleration and Van De Graff type
electrostatic generators out of which, electron linear accelerator (Linac) is the

most popular.

Some of the benefits of using high energy X-ray source are described

as follows.

I. High energy X-ray source has small fnr::al_ spot size_which reduces
the amount of high angle scattered X-rays reaching the film, thus
resulting in radiographs with good contrast.

2 It has excellent penetrameter sensitivity and good resolution.

5.3.3. Gamma ray Source:

Gamma rays are electromagnetic radiation emitted from an unstable
nucleus. It was first observed by a French chemist Paul Villard in early 1900s
and thg- name ‘Gamma rays’ was proposed by physicist Ernest Rutherford,

after the discovery of alpha & beta rays.

N
— Scanned by TapScanner
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ray source are given as follows:

machines, (which emit a broad band
. one or few discrete wavelength, T

gLl urce makes the gamma rays suitable for the
: vessels and assemblies 1N which the access (g

5.3.4. Inverse Square Law: o
The radiation spreads out as it travels away {mﬂn the gamma or X-ray

source. Therefore, the intensity of the radiation follows - Newtons—Inverse
M‘“ shown in the Figure 5.3, this law accounts for the fact that

y

MMMMMMMM
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.pnon takes on the form of:

] ..
- I—I—Ei v coal e ot 2
I, D2 i e g, Dl
: I :'nﬂ .r:-ﬂi’lfli.i[;'!:]‘; [ & ‘ | !" " 'ﬁ'
, B o
« o4l R4 1 -kl ;mﬂ T '.|:
I, = Intensi EOTPI CUPSTE CaeE .
; = Intensity 1 at D, et cidmoibdit; S
. I, = Intensity 2 at D, TFDIN .
L 2k i_q'j:q;q
D, = Distance 1 from source
D, = Distance 2 from source.
:4. PROPERTIES OF X-RAY AND GAMMA RAY: 1 .
X-rays and Gamma rays are part of the electromagnetic spectrum. Similar
o light waves, X-rays and Gamma rays are electromagnetic radiations except
hat their wavelength is much shorter. Some of the properties of X-rays and
>amma rays are described as follows:
,#/Thcy are invisible and travels at the speed of the light.
Aﬁ propagate in a straight line and pass through space withmtr
ransference of matier.
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hoos - Nty Yo It s -H_.n-
% They can damage and kil Tiving cells & produce genetic mutation,
- o~ ' - . e

i are reflected, refracted, diffracteq

%I"hey exhibit wave properties and _

& polarized. 3

1 iag X-ray and Gamma rays cannot be

Note: Despite of its wave properties, ' ,
deflected by means of lens or prism. Although their path can be diffracted :

] : :
(bent) by a crystalline grid.
5.5. INSPECTION TECHNIQUES IN RADIOGRAPHY:

Radiographic inspection techniques are employed for inspecting various

engineering Structures including tubular and plate construction pressure vessels

pipelines and boilers elc. ) |

5.5.1. Single Wall Single Image (SWSI) Technique:

: : I
This technique is applicable in case when the material to be inspected.
is in the form of cylinders, e.g: pipes, shells etc. there are two ways 10 do
the inspection. They are

1. To keep the radiographic source outside and the film inside — flal
technique. ‘

2. To keep the radiographic source inside and the film outside =
panoramic technique. h

‘\.‘-

g

SWSI Flat Technique: . :

In Single Wall Single Image Flat technique, the radioactive source s
kept outside the pipe and the film is kept inside the pipe. In this technigué:.
the density of the film reduces from centre to outside due to the inc.l:i‘vﬂﬁ n
thickness of the weld penetrated from centre to outside.

|
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In Single Wall Smg]e Ilnag P‘Pﬂﬂ\‘ W k "Lﬁ

:“ .[:: ,[ 1 “I '"JJ‘I_ 1

e the pipe and the film cassettes ;are p nd, ‘h“”i? ?

i 1 k

e u

R - 1k
1

2 Iy

"k Ll K

-‘- I §
T
W

le the pipe. The
Iie ﬁxed in two ways, namely at the cetm i off dengl- S
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A I) Techniques:
'!ll I Ll i '.I.- H i = .4 I . ” [ :I Y '.I i
'|-'|__ . i : 1

surface of the pipe and the film is kept on the other outer side of the
A cful radi hic source penetrates both the walls of the
then the image of the weld is formed on the film. -

Fig. 5.6: Double wall single
image technique

In this method, only the film side weld is exposed and it requires *
number of exposures to cover the whole length of the weld. Further, the "
1s far away from the film and hence the Image is extremity poor in EW
When compared with SWSI, this method is very pbor in sensitivity 8%

requires an extra absorption of radiation. |

This m“qm is suitable for P'Pﬂi welds with outer diameter w‘
than 88.9 mm.

N
3
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In DWDI method, the source and film are k
and outside the pipe. Here, memmandhm

~ radiation passes obliquely through the pipe. The image H

- 1o the source appears on the film instead of the image of t wall
10 the film. Therefore, to get the image on both the m ourc
it requires minimum of two exposures each perpen
weld on the entire circumstances.

This technique is applicable only fww’tﬁm
“ﬂ'equ‘lmaagm o - uml-q

- -1--“.. ‘
) SR, T e R

if - 1 - Ir ]
S6. REAL TIME RADIOGRAPHY: ro e
be 0 ot ¥ TR
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Fig. 5.9: meimmm ¥olag
-{.-L A | Jﬂ‘-"

i 4 TRt H-ﬂ "
5.6.2. Advantages of Real Time Radiography:

|.
- "i-..'l']"i

. Real time radiography can take place at high lpeu”i.l..ﬁ.. I! M
immediate viewing of the objects for defects. y |

2. Low cost for inspection.
3. Ability to study moving parts in action.

36.3. Disadvantages of Real time radiography:

I Initial cost of equipments is very high.

| |..n'.. -fl!

2. ~—Nor WFI%TFIE gamﬁﬂ"w | b oy

3. Special cabinet is mguirqﬂ to_keep exposure hw
e TR —

o
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* Real time radiography can be widely used for the inspection of
1. Laser welds in thin wall sections. .

2. Electron beam welds in thin pipes.

—

3. Electric equipment such as switches, capacitors and radio tubes.
5.6.5. Comparison of X-ray and Fluoroscopy radiography:

X-ray Fluoroscopy

1. |X-rays are recorded with X-ray|X-ray energy is converted into
film visible light and hence displayed
on the screen.

2. |The mtensity and sensitivity are|The intensity and sensitivity are

high. moderate.

3. |Objects materials of any size with |Objects materials of small size
regular shape can be tested. cannot be tested.

4. |Radiation hazards will exist. [It is free from radiation hazards

5. |Remote operation is not possible. | Remote operation is possible.

6. |It is a slow processing technique|It is a faster processing techmique
and hence, immediate inspection is

and hence, immediate inspection is
not possible.

possible.

e e e e —

m.us USED IN INDUSTRIAL RADIOGRAPHY:

One of the most widely used and oldest
radiography is radiographic film.

In Radiographic film, the film base is normally made of thin shee of
polyester type material. This is normally transparent and serves as. the carrier

for the chﬂmmally n:acuve material thal I'urms the emulsion, Emulsion
consisting of a silver halide r recording medium such as the

imaging medium in industrial

allver bromide or

Bt
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giver chlonide With & binder (gelatin) appled to the both the sides ,g the base.
additionally, 2 protective layer may alsg be applied over the I sion. ‘The
lver halide is @ granular material ang its'-vsr;il_l size has a sll:;::m. ;ﬂ'lﬂ
on the €xposure as well as the usu!uﬁm-lbﬂiqﬁ.ﬂ“;ﬂm————r———-._.

Once .expnsed to radiation, a change in the lsion- takes-pince: This
change 1S CIEeE™0 us the “Latent image upon processing the grains, that
have been exposed in a dark room, the silver halide turns into a black métallic
glver which forms the image.

@WPES OF FILM:

Of the many films available, the films that are referred in many standards

and their classification are given below. et
Class Film Characteristics

Class 1 Kodak RR. Extra fine grain high contrast,
Kodak M. slow speed.
Structurix D 2

Class I Kodak AA Fine grain, high contrast,
Structurix D4 medium speed.
Structurix D 7

Class Il Kodak Kodirex X High speed.

Structurix D 10

Class IV  They are screen type films used in conjunction wi.lh f]unresm;:nl
| screens. These films are not recommended in industrial
I IﬂdiﬂW
59. SPEED OF THE FILM: | |

The film speed is an important parameter in film radiography. Based on

| i ' namely,
Bfain size and exposure time, the films are classified mto wo Lypes y

(1) High speed film

(11) Low speed film.
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A film is called low speed film when its grains would begin re {
the exposure considerably slower than other films. Slow films will hate
fine gmn or fine grain, which gives better quality. As grain size nffm
quality and time of exposure, the exposure 1 time will be longer fur a
1)

speed film. |
5.10. QUALITY OF THE FILM: =
The quality of the film depends on two factors. 1.e..

= -
i
108

I. Film density.
2. Film graininess.
1. Film density: : y

Film density is a measure of the amount of exposure seen by the

developed film. It is also called as llght transmussion density or optical M
_—\"-——-.__-.-—-—_..________

Film density (D) is generally expressed as
M‘_'H-—-__‘ 1.
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scREENs USED IN RADIOGRAPHY: ;
| q:..{;L

R *nvm‘!

ae

l-ﬁ

- o

: Lﬁlrﬂill.l ] byl ol

Mugmphm film emulsion, when

mﬂ amount of radiation. In order to fully

the photographic effect, screens are used in combi ) |
are of two types: Metal foil screens and Fluoam;nl Ilhmﬂ

I i) |

(i) Metal foil screens:

eeeeeeeeeeeeeeeeee Scanned by TapScanner
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Fluorescent intensifying screens or salt screens consist of a powdereq
fluorescent material, such as calcium tungstate or barium lead sulfate, of which
a thin uniform layer is spread with a suitable binder on a cardboard or 4
plastic support. The fluorescent material emits visible or ultraviolet light whep
exposed 1o X-rays or Gamma rays. The intensity of emitted light depends op
the imtensity of incident radiation. The main advantage of using fluorescent
salt screens is to drastically reduce the exposure time since the intensification
factor is very high compared to lead intensifying screens. However. the
mtensification factor diminishes both at lower as well as very high energies.

The use of these lcmTu 1s limited in the field of industrial radiography
because they produce poor definition and grainy images.

* Muun screens are not used in gamma radiography, as intensification
15 poor with long exposures, usually common in gamma ray radiography.
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X Density (D) =|og]f. '

o W is the degree of density difference between adjacent areas on

4 radiography. The contrast between different parts of the image is what forms

#e image. The greater the contrast, the more visible the feature becomes.

Radiographic contrast has two main contributors namely, subject contrast and
film contrast.

Low Contrast

High Contrast

"m:

ihﬁﬁﬂgraanphif: definition is the abruptness of change from one density to
“other. Geometric factors of the equipment film and screen factors of the
%‘Phk setup all these factors will have an effect on definition.

— Scanned by TapScanner



Radiographic sensitivity is-a-measure- of -the quality an_image in termg
of the smallest detail or discontinuity that may be detected. The higher u‘
sensitivity, the higher is the quality of radiography.

S.12.1. Controlling Radiographic Quality:

One of the methods of controlling the quality ﬂi% a radiograph is through
the use of Image Quality Indicators (IQIs), which are also referred o as
penetrameters. 1QIs provide means of visually informing the film Interpreter
of the contrast sensitivity and definition of the radiography. The [Q]
mdicates that a specified amount of change in material thickness will be
detectable in the radiography, and that the radiograph has a certain level of
definition so that the density changes are not lost due to unsharpness. Without

such a reference point, consistency and quality could not be maintained and
defects could go undetected.

IQIs should be placed on the source side of the part over a section

with a material thickness equivalent to the region of interest. If this is not

possible, the IQI may be placed on a block of similar material and thickness

to the region of interest. When a block is used, the IQI should be the same

distance from the film as it would be if placed directly on the part in the

region of interest. The 1QI should also be placed slightly away from the

edge of the part so that at least three of its edges are visible in the radiograph

Penetrameter

-Subject

Film

B

Department of Mechanical Engg., NCERC
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¢ quality indicators take many shapes and forms due to the various
in w that invoke their use, 1QIs come in a variety of material
designs so that one with radiation absorption characteristics similar

. the material being radiographed can be used. Some of the most commonly
ﬂmh] are described as follows.

s

1. Step type:

This type of IQI is essentially a step wedge having 4 or § steps. The

shickness of these steps increases either in geometric or arithmetic progression,

In the following list of standards, step type IQI are used and the thickness of
which increases in geometric progression.

1. Bureau of Indian Standard (BIS) — BIS 3657.

2. AFNOR - French IQI — A04-304.

3. IIW and ISO (similar to AFNOR).
2. Wire type:

Among the wire type 1QIs, DIN wire type 1QI are most common. These
are available in two types:

(1) DIN 54109: This type of IQI consists of a series of equidistance

parallel wires whose diameter increases in geometric progression.
Three indicators form the series,

(i) DIN 54110: This type of IQI consists of 4 indicators each having
series of equidistance parallel wires, the diameter of which increases

in arithmetic progression, BIS has also prescribed wire type 1Qls in
BIS-3657.

3. Plaque type:

All the American IQIs are plaque type,also called strip type. This type

of IQI has three holes drilled on a strip having thickness of usually 2% of
the specimen.
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MM m Ji‘.-rlyi. :ummn rays or light rayg :
s Or grains, some of the Br~ ions are liberated leaving the

' M&_tﬂﬁ Mw is said to contain a latent (hidden)

e “ m m mﬁﬁ to reaction with the developer.

When the film is processed, it is exposed to several different chemical
solutions for controlled periods of time. Film processing basically involves

the following five steps:

. Development: The developing agent gives up electrons to convert the
silver halide grains to metallic silver. Grains that have been exposed
to the radiation develop more rapidly, but given enough time, the
developer will convert all the silver ions into silver metal. Proper
iemperature control is needed to convert exposed grains to pure silver
while keeping unexposed grains as silver halide crystals.

Stopping the development: The stop bath simply stops the

development process by diluting and washing the developer away with
or . U

3. Fixing: Unexposed silver hahdc crystals are removed

bath. The ﬁx::r dissoly
es nnly siiver halide crystals. leaving the silver

by the fixing

4. Washing: The film is washed with water to

chemicals. remove all the processing

5. Drying: The film is dried for viewing,
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yrocessing is a science governed by rigid
, temperature, time, and Physical movement,
by hand or automatically by machine, excellent r

light in the

should be avoided. Further.
i important that the interpreter has good eyesight, to be able

llest detail on the radiograph. Any defi
using glasses

ving room and direct light from the lluminator

to see the
ciency in vision should be corrected
certified by an ophthalmologist. Another important
urement for viewing a radiograph is ap

propriateness of light intensity from
tluminator, which depends upon the

optical density of the radiograph,

In industrial radiographs, the normal working density varies from 1.5 to
‘herefore, the illumination requirement is

o provide sufficient light of an
nsity to

read this range of density. Thus, the requirements of

illumination
viewing a radiograph are critical.

Failure to use the correct illumination

that have been brought out on the radiograph
dopting the best €xposure techniques.

'result in missing fine details

1. Interpretation of welding Radiographs:

1. Gas porosity appears as round or elongated smooth dark Spots,

occurring individually or in clusters or distributed throughout the
welding. This is caused by gas formation during welding process.
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mdiogmphasathick. dark line. It may
d wavy, depending upon the defect
ﬂiﬂﬁﬂwiﬂ:m:pnﬂtnﬂwmdiaﬁonb:am.msdefm&m
byﬂlefailmofmeweldmﬂalmfusewimthcpammmemu
previously deposited weld metal. In case of lack of sidewall fusion,
llcndiogrmhkirmg:shﬂwsﬂ}cappcmncc of a straight, dark band
pnllelmtlzsewcldbead.

Cracks appear on the radiograph as sharp, straight or jaggt?d dark
lines with tapered ends. Cracks may appear in longitudinal or
wransverse directions. Cracks may occur in the weld and heat affected
sones. The effect is caused by the rupture of the weld metal during

solidification due to shrinkage or by fracture when cold, due to unevei
stresses and poor handling.

Undercuts appear on the radiograph as dark lines of uneven width
along the edge of the weld. This defect is caused by the formation -

or.gmwcnrlchannclnnlhcﬁurfmnfﬂlehasemcmlntthclﬂ
of the weld bead due to high temperature.

Mwwmmrﬂiﬂﬂﬂmﬁldﬂr&mﬂdwdﬂnﬂl@
mlmumdﬂdbylﬁllﬂ“ﬁnl.muuuudhymcmﬂn‘nlﬂf
. metal from the root of the weld or through the backing strip. |
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| | ¢ (high optical density) than its s
object of higher material density causes a lighter image (low optical density)

on the radiograph) However('it should be realized that if the density of an
entrapped inclusion in a component is the same as that of the component,

such an inclusion might not be revealed on the I‘Eﬂiﬂﬁl’@“ﬂﬂlﬁ, radiography
18 not an effective tool for detecting planer type of discontinuities.

@is:nntinuity may be on the surface of the component or inside it
Surface imperfection such as rough surface, pits, flash lines,excess material,

tool mark, etc. should be correlated with radiographic indications. Other defects
could be due to manufacturing process and material characteristics.

An understanding of the material and the manufacturing process goes a
long way in correlating radiographic indication with the exact nature and origin
of the discontinuity. International agencies such as ASTM, IIW, BS, etc. have
published reference radiographs for various radiographic indications in different
materials. Each indication on the radiograph is due to a specific mechanical
or metallurgical process. By establishing the identity of indication by
comparison with reference standards, a radiographer should be able to identify

" the cause of occurrence of the dimnnﬂi@
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done by comparing the test object radiograpy,
Evaluation of defects i

the known standard reference radiographs having different degrees of e
with

defect. The limit of Mpmncdrejentium however, is based on the seryjg

lication of the component keeping in view the service environment and he
design stipulated mechanical property requirement. Therefore it may b,

necessary 1o generate a defect-property data for this purpose.

5.16. SAFETY ASPECTS REQUIRED IN RADIOGRAPHY:

An important, aspect to be considered in the radiographic inspection jg
the hazards involved and the safety of biological effects of ionizing radiation,
There are two main aspects of safety

1. Monitoring radiation dosage. |

2. Protection of personnel.

1. Monitoring Radiation dosage: "3 L
Radiation dose is-a measure of energy imparted by any ionizing radiation
in any medium likc({issue. The absorbed dose is normally expressed in a unil

called G, (G,). One G,,, is equal to one joule per kg. Sometimes, the
absorbed dose 1s expressed as rad where | Gm}, = 100 rad.

The effective way of monitoring involves controlling of the exposure

when working with radiography sources. The methods implemented 1o control
exposure are

(i) Time: Don’t stay near a radiation source any longer than you have |
Time of handling can be reduced by proper training, adopting fast work
technique, mock-up practices and efficient administrative control.

(ii) Distance: Stay as far as possible from source. As the radiation intensit

decreases with distance following the inverse Square law, equipment desig"

and operaling procedure must t_ake into account this factor,
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(i) Film badge.

(ii) TCD (Thermolumines cent) dosimeters. .
(i) Direct reading or pen dosimeters.
5.17. ADVANTAGES OF RADIOGRAPHY TESTING:
1. Thicker plates can be inspected (eg: Grealer penetrating power).
2. Both surface and internal discontinuities can be detected.
3. Wide variety of materials can be inspected.
4. Permanent record of inspection is possible.
5. Surface preparation required is minimum.
6. Ability to inspect assembled components.

7. Gamma ray sources are portable and highly suitable to field
radiography.
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5. Determination of
eXpOosures.

|

6. It requires a (WO sided access to the component.

APPLICATIONS OF RADIOGRAPHY TESTING:

Sllgl
1. Radiography can be used to inspect most Lypes of solid materials both
ferrous and non-ferrous alloys as well as' non-metallic materials and |
composiles.
9 Tt can be used to inspect the condition and proper placement of

components for liquid level measurement in sealed component.

This method is used extensively in castings, weldments and forgings |
when there is a critical need to ensure that the object is free from

internal flaws.
4. Radiography is well suited to the inspection of semi conductor devices |

for detection of cracks, broken wires, unsoldered connections. forei on

material and misplaced components, whereas other methods are
limited in ability to inspect semiconductor devices,

L EE LR
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5.18. DISADVANTAGES OF RADIOGRAPHY TESTING:

)

0O,

Hazardous to operators and other nearby personnel.

High degrce of skill and experience is required for exposure and
interpretation.

X-ray source equipment is expensive.

The process is generally slow.

Determination of flaw depth is impossible without additional angled
exposures.

It requires a two sided access to the component.

5.19. APPLICATIONS OF RADIOGRAPHY TESTING:

N

Radiography can be used tc inspect most Lypes of solid materials both
ferrous and n()nffcrrafs alloys as well as non-metallic materials and

composites.
. C. ] " " - Of

It can be used to inspect the condition and- proper placement

components for liquid level measurement in sealed component.

n castings, weldments and forgings

This method is used extensively i
that the object is free from

when there is a critical need to ensure

internal flaws.
r devices

Radio
for detection of crack

praphy is well suited to the inspection of semi conducto
. . -4 n
s, broken wires, unsoldered connections, for;lg

- ispl: : er methods arf
material and misplaced components, whereas oth het

limited in ability to inspect semiconductor devices.
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MODULE — 6

EDDY CURRENT TESTING

Principle, Physics aspects of ECT like conductivity, permeability, resistivity,
inductance, inductive reactance, impedance. Field Facior and life off effect,
edge effect, end effect, impedance plane diagram in brief, depth of
penetration of ECT, relation betwecn frequency and depth of penetration in
ECT. Equipments and accessories, various applications of ECT such as
conductivity measurement, hardness measurement, defect detection, coating

thickness measurement, advantages and limitations of eddy curren! lesting.

6.1. INTRODUCTION:

% Eddy currents are defined as oscillating electrical currents induced in
a conductive material by an alternating magnetic field, due 1o
electromagnclif induction.

% Eddy current testing (ECT) is used for sorting materials, measurement
and control of dimensions of tubes, sheets and rods, coating thickness
and for pre-service and in-scrvice examination of heat exchanger tubes
for detection of defects.

% Eddy current testing is onc of the electromagnetic testing methods

used in non-destructive testing (NDT) making use of electromagnetic
induction to defect and characterize surface and sub-surface flaws in

conductive material.
-
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(o))
no

6.2. EDDY . . ) - :
CURRENT: * Eddy currents flowing in the material will generate their own

. . . secondar magnetic field which opposc the coll’s “primary
Whenever relative motion occurs between a metal conductor and ¥ 5
. L X . . magnetic field.
magneuc lines of force, electric currents are induced in the surface of the a8

metal conductor.
* This entire electromagnetic induction process to produce Eddy currents

may occur from several million umes pcr second depending upon

6.2.1. Properties of Eddy Currents:
/ inspection frequency.

1. Eddy current density decrcases with the depth exponentially. This

phenomenon is known as the skin effect. Figure 6.1 shows the generation ol eddy current in different types ol

oil.

2. Eddy currents are closed loops of induced current circulating in planes

perpendicular to the magnetic flux. Q
! _— Probe ———

C;;‘ 000

3. Eddy currents normally travel parallel to the coil’s windings and the

flow is limited to the area of inducing magnetic field and

perpendicular to the<waxis of the coil’s flux field.

O—jooo

Spécimen

6.2.2. Generation of Eddy currents:

(b) Coil (Probe) Testing
the Cylindrical Member

f % Eddy currents are loops of clectrical current induced within conductors
(a) Coil (Probe) at the Specimen
end of the Specimen

of induction. \

by a changing magnetic ficld in the conducter, due to Faraday’s law

% A probe is used to generate eddy currents for an inspection. Inside O S—

the probe is of length of electrical conductor which is formed into a

coil at a frequency according to the type of test involved. "i‘ /

in and?

+* A dynamic expanding coil collapsing magnetic field forms
e alternating current flows through the coil.

around the coil as th

Probe (c) Coil (l?robe) Testing the hollow
Cylindrical Membrance

{\ Fig. 6.1

.
% When an electrically conductive material 1s placed on the coil

¢ induction will occur and Cdd'Y 3

dynamic magnetic field, clcctromagneti

currents will be induced in the material.
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Eody Current Tesbng
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the eddy curnnu are disrupted and is scnsed through

* Mmmm&mtmwﬂleruh“
canpkxgeamymmnummdsufmm

%vsus-mcrs OF EDDY CURRENT TESTING:

% Since eddy current testing and inspection makes
electromagnetic induction, so it is imporant w0 know * )
scientific principles of electricity and magnetism. BT

ol -
s

* A number of factors, apart from flaws, will affect the eddy
response from a probe.

%  Successful assessment of flaws or any of these factors rely on h
constant, or climinating their effect on results. -

The factors influencing eddy current testing are:
1. Conductivity.
< Permeability.
3. Frequency.
A Resistivity.
= Inductance.
B Inductive Reactance.
3 Tmpedance.
8. Electricity.
9. Elecromotive force.
10. Design or geomewry of g coil.

-
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6.41. Conductivity:
1 /’

* The material in which eddv current can be induced should be of
conductive nature.

# All materials have characteristic resistance to the flow of electric

current depending on which they can ‘be classified into three

calegories:

1. Insulators.

(8]

. Semni-conductors.

3. Conductors.

* Conductivity is the~severse of resistivity and is the measure of how

easily the current can flow through the material.

. ( % Conductivity is often measured by an eddy current technique, and

inferences can then be drawn about the different factors.
In general conductivity of material is affected by the
(i) Chemical composition.
(11) Heal treatment.

(in1) Temperature.

L.ed to detect changes in any one o

Eddy current testing can be

f Lhcsc

ies 1n 1solation.
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6.7

6fy>éneabi|izy:

+ Magnetic permeability

+* The magnetic permeability of a metal

is the ratio of magnetic flux density to the

magnetizing force of the coil.

affects the ease with which

magnetic lines will flow through 1t.

In a material with a high permeability, a large density of these lines

will be created for a given source and the lines will tend to

concentrate in the material.

% This has two effects — Firstly a greater amount of magnetic energy

can be stored in the coil which increases inductance.

% Secondly plenty of eddy currents are generaled which increase the

“lift off’ effect. The tendency of the lines of force to concentrate in

the material causes very little penetradon.

% As material permeability increases, noise signals resulting from

permeability variations increasingly mask eddy current signal
variations. Permeability thus limits effective penetration of eddy

current.

Magnetic permeability of various materials which affect the eddy current

lesting are given below:

Paramagnetic materials like aluminium has a relative magnetic

permeability slightly greater than unity. (i.e.) . 2

2. Diamagnetic material such as copper and lead create a magnetic field

in opposition to an externally applied magnetic field, thus causing

repulsive effect. Magnetic permeability is less than unity. je. <1
- S ).



strongly attracted by magnetic fields and concentrate the flux of

magnceuce field. Their relative permeability is much greater than unity.

le, u >>1.

6.43. Frequency:

* The importance of test frequency is that it determines- the depth of

penetration of eddy currents in the material.

* The eddy current density decreases exponentially from the material
surface but the rate of decreases depends on the test frequency, the

clectrical conductivity and the magnetic permeability of the test

material.

Fig. 6.3 shows the eddy current and magnetic flux distribution with

depth, into a conductor. -_

— Non-Destructive Testing - www.airwalkpublications.com

Ferromagnetic materials like iron, nickel, cobalt and their alloys are

& = dg Sin (wt)

Coll il /
il ' / 1=1,sin (wt)

- 1=1,sin (wt)

$ = ¢g sin (ot)

/ =], sin (x) sin (ot-B)

sin (wt-B)
Fig. 6.3: Eddy Current and Magnetic Flux in a Conductor

W

| S—
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Eddy Current Testing

Magnclic flux density-

[0 —

1 - Applicd current

Iy, — Induced current / secondary.

m\ —  Angular frequency 2mnf).
—y Phase change.

t — Time

X — Thickness (variable)

% The frequency is the only parameter that can be vared by the

inspector during inspection.

% Eddy current testing is performed within a frequency range of

approximate 50 Hz to 10 MHz.

% As test frequency is increased, sensitivity to surface discontinuities
increases permitting increasingly smaller surface discontinuities to be

detected.

* As frequency is decreased, eddy current penetration into the material
increases.

f

* In addition, as frequency is decreased, the speed of coil motion must

lyamréhsed in order to obtain full coverage. The optimum frequency
best determined by experimentation.

844, Resistivity:

Resi : s
tlectrical siance s the opposition of a body or substance 1o the flow of

Cal ¢ : . ;
urrent through it, resulting in a change of electrical cnergy into

o -
4, light, or other forms of energy. ™
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6.10

k/6‘4§‘ Inductance:

When induction occurs in an electrical circuit and affects the flow of

electricity it is called as inductance (L). An inductance is shown in Figure 6.4.

Fig. 6.4: Inductance

-
% Self inductance, or simply inductance is the property of circuit where

by a change in current causes a change in voltage in the same circuit.
( % When one circuit induces current flow in a second near by is known
as mutual inductance.
% It should be noted that since it is the changing magnetic field that 15
responsible for inductance, it is only present in AC circuits.

The common types of inductance
1. Self inductance.

2. Mutual inductance.

Self inductance:

. . . - urrent
Self inductance is defined as the inducton of a voltage in a ¢ T
he wire itself is changing.

*

carrying wire when the current int

& 1 ‘g
% In case of self-inductance, the magneuc field created by a chang{,{{,

it i T i ircuit.
current in the circuit itself induces a voltage in same Cir

155
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% Therefore, the voliage is self-induced, and the sketch of it is shown

in Figure 6.5.

S

-
\\\\

&)

Fig. 6.5: Self Inductance

% Increasing the number of turns or the rate of change of magnetic flux

increases the amount of induced voltage.

% Therefore Faraday’s law must be modified for coil of wire and

becomes the following.

L di
VL="g

Where,

Vo - The induced voltage in volts.
L - The value of inductance in henries.
di/dt - The rate of change of current in amperes per second.
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\iulllhﬂ lndU(]

ance:
I a circu n be relaled
HEC Magnelic | { ) } 3' e no
| whic flux through ircul ca relat ke L e
1 DU and the o : i i -
eoLurmrents in other nearby circuits, ass ! that ! ’
PLArdy  permanent

|

Mmagnates. A schematic of mutual inductance is shown in

o

igure 6.6

oy

M| ——p

Fig. 6.6: Mutual Inductance

— -

* The magnetic field produced by circuit 1 will intersect the wire 1n

~

curcult 2 and create current flow.

( *  The induced current flow in circuit 2 will have its own magnetic field

which will interact with the magnetic field of circuit 1.

* At some point p, the magnetic field consists of a part due to i, an

1 part doe 10 1,.

* [hese fields are proportional to the current producing them.

'

d

#« The coils n the circuils are labeled as L, and L, and this term

the self inductance of each of the coils.

represent Ny
- . the
& The value of Ly and L, depend on the geometrical arrangement of the
.nd the conductivity of the matenal.
i and the ) =
. . : *‘]S::
(.t M called the mutual inductance of the two circulls; ==
* nstant !

{01 on the ceometncal arrangement of both circuits.
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A
6.4.6. Inductive Reactance:

% The reduction of current flow in a circuit as a result of induction s

called as inductive reactance.

At a coil of wire, applying Lenz’s law, one can find, how inductanc,

reduces the flow of current in the circuit.

An inductive reactance illustration is given in Figure 6.7.

Induced
Current
Magnelic
Field

Induced
Current
Opposes
Primary
Primary Current
Current

Fig. 6.7: Inductive Reactance

|

The direction of the magnetic field can be determined by Lenz's |

aw.

According to Lenz's law, the induced current must flow in the

opposite direction of the primary current

The i ' i i
r?duced cutTent working against the primary current results in a
reduction of current flow in (he circuit

6{‘} I;npedance:

*  Impedance is the total opposition that a cj

*

— rcuit presents to alternating

1 " - R
i ped.mlce 1S measured m l\hms. and m.'.\y illC]UdC lcSiSlﬂ“CC ( )
1ve reactance (XI ’ iti |
d a capa
nauctyv: nd p cila ve reactance (:(( )-
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} . - 6.4.8. Electricity:
* The impedance change is eflected, mainly by electrical conductvity,
a1 . . i i z irection through a conductlor
magnetc permeability and peometry of the material, test frequency % Movement of electrons in a particular direct £
and the spacing between the coil and the material. is called as electricity.
. : - basic l: electricity is ohm’s law.
*  This impedance change can be measured and corrclated with the +% The basic law of y
change in the above mentioned parameter. V=IxR
| !
*  Figure 6.8 shows the correlation between the inductive reactance and where,
resistance. .
V — Voliage in volts.
e — 1 — Electrical current in Amperc.
= R — Resistance in ohm’s.
><.
8 -
e N 6.4.9. Electromotive force:
5 g
© &
a Qe‘“° % The force that causes the electrons to move in an electrical circuil is
o & )
2| — g called the electromotive force.
3
=2 \ ¢ (Phase Angle)
L. o) % 1t is the force that makes electrons move in a certain direction within
Resistance (R)
a conductor.
Fig. 6.8: Relation between Z,R, X,
% There are many sources of electromotive force, the most common

being batteries and electrical generators.

% The impedance in a circuit with resistance and inductive reactance

can be calculated vsing the following equation 6.4.10. Design or Geometry of coil:

% The geometry of a component under test causes many difficulties in
7 = \/(Xl: TRY) ECT.
* A curved piece of metal will have a different ‘lift off response

Z — Impedance.
compared to a flat one, and the edge effect can distort the eddy current
& . freatiiats: field and produces a signal lag.
. B Indctive Resclames. % Another feature of geometry is on the actual thickness of the material-
under test.

Department of Mechanical Engg., NCERC
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e of a defect in on¢ coil creates a sma|)
esenc )
* I the eddy current penetrates the full thickness, there will be some % Once balanced, the pl-' h is then amplified, filtered and displayed oy
: is
cffect when the thickness changes. unbalanced signal whic verting to DC signal.
" the storage oscilloscope after con
% Signals from thickness changes are used to detect the loss of metal . voth amplitude and phase and the relative
. . v mn s
) due to corrosion. % The coil Ou;Pl;: m:zra,:?(’crs may be important for evaluation of the
' variation of the pz
}'5. EQUIPMENT AND ACCESSORIES FOR EDDY CURRENT ) S 158
‘ TESTING: material under z
. i lly operate at
. lin (ECT) instruments usua a
% Special instruments have been developed in incorporating various % Simple Eddy Curmrent Tesung alog meter output, thus have limited
methods of detecting and amplifying small impedance changes. fixed frequency and have an analog
applications.
% The functions of an eddy current instruments are given in block ) & o A
diagram of Figure 6.9 % Modern ECT instruments use both amplitude and phase information
of the eddy currents.
% These instruments permit test frequency 10 be varied over a wide
range enabling selection of suitable skin depth.
% The calibration and inspection results are normally recorded on dual
e channel chart recorders and on magnetic tapes.
’ ' Balifce % The data stored on magnetic tapes can be played back at a later stage
for further evaluation or documentation.
Oscillator
"~ Tranaformar The common accessories are explained below:
Fig. 6.9: Function of ECT Coils:
Explanation:

% Coils are nécessary in ECT to produce a sufficient magnetic field
. ifed
% A sine wave oscillator generates sine current, at an specified

from limited current or a sufficient current from a limited magnelic
field.

frequency, that passes through a test coil.

. S alancing; 3 A . .
% Since the impedance of two coils is never exactly equal, b St s field from adjacent wires in a nearby coil add to provide a total

required to eliminate the voltage difference between them. magnetic field depending on the number of tumns in the coils

; i cof il o :
% Most eddy current instruments achieve this through an AC b"dg ¢ *

This typc f i ]
(o) magncllc flcld from a CO. i | i
| w ‘i l " l lt .- ll 18 Slmllm’ ot \

Permanent magnet.

-

Department of Mechanical Engg., NCERC
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ol ‘,m-r-lion:

wpes 1DE cotl 1s brought in close proximity with
W e

7 the conductive
_yenal, the altemating magnetic field will pass through the m

aterial.

e corl can be placed onto the matenal (or) encircle it (or) be inside
«

.he (or) sideway to the object as shown in

}:igur-: 6.10. and eddy
qents will be induced into the material ‘

3 1
2]

(b) Coil Inside object

o]
i
<] :

(c) Coil encircling object

4 Cod at end of object

>~ __ Eddy Current Flow
(d) Coil Edge on object

Fig. 6.10: Eddy Current with different coil arrangement

S

3 :mglcsf
; ar paths at nght anszs
{ can be shown that they normally have circular p e .

I I b S
the pnmary ficld parallel to the coil winding- 4

Department of Mechanical Engg., NCERC
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Eddy current detection:

*

*

i i erate their own
The eddy currents in the conductung material gen

i i field.
magnetic field which in fact opposes and modifies the pnmary It

: g d
This in turn modifies the primary current usually in both phase an
amplitude.

. : 1splay.
If the current flowing through the primary ficld 1s sho.wn f)n‘: display
then variations in it can be seen in the presence of defects.

The coil which is used for both generating the primary field and

detecting the secondary field is called an absolute coil as shown in
Figure 6.11.

Display

Display

(a) Absolute Coil (b) Differential Coils

Fig. 6.11: Coil Varlations

It is necessary to have two coils in close proximity which are
electrically arranged to be in opposite i.e

wound in opposite
directions.

This arrangement reduces the effects which can affect both coils for
material variations and temperature.

Signals affect each coil differently, for example a crack sensed by

one coil at a time is enhanced and this arrangement is called
differential coil mode.

ME36Y NDT

F.
»
5
r
'
!
i.
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Probe Selection:

The selection of a test coil is influenced by a number of factors:

1. Shape of test specimen.

2. Likely distribution of variables affecting eddy currents and type of

information required - crack detection, conduclivity variation

permeability variation.
3. Accessibility.
Probe size requirements:

The probe size requirements for ECT of the tubes are determined by the
fill factor,

where,
. ~D}
Fill factor =—
D3
where,

D, — Diameter of the probe.
D, — ID of the tube

6.5.1. Eddy Current Testing (ECT) probes types:

Eddy current probes are classified on the basis of model of operation.

The four general types of probes are:
1. Absolute probes.

2. Differential probes.

3. Reflection probes.

4. Hybrid probes.

Department of Mechanical Engg., NCERC
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6.5.1.1. Absolute Probes:

alled as single coil probe in which the change

is also ¢ .
% Absolute probe 1s a d by excitation coil as a change

in material geometry can be detecte
in coil impedance.
% These probes arc used for flaw detection, conductivily measurement,

lift off measurement and thickness measurements.

Figure 6.12 shows the arrangement of sensing element of the eddy

current testing.

Resislors

osc WA (TO00L |

(Oscillator) Reference Coil

Display /l

Detectors

;

Fig. 6.12: Absolute Probe J

Test Coil

% The simple coil consists of a ferrite rod with several turns of wire

wound at one end which is positioned close to the surface of the
product tested.

* Pn.mary functional element of the eddy current probe is the sensing
coil. This is a coil of wire Rr the end of the probe




ME367 NDT

" Non-Destructive Testing i N
Eddy Current Tesling

% Figure 6.14 shows the working of reflection probe.

in the target.

—o0 Prnmary Coll

Secondary
windings

# The coil is encapsulated in plastic ang e

: POXy installed in ;
steel housing. a stainless

Detection of o—
S, and S, windingsO—]

ifferential Probe: Connecled Test Specimen
651.2. D / Differentially (J_ =] | 1] o by Th,c;ugh
i 3 ; the Coi
% Differential probe consists of two active cojls and are arranged in
pairs, generally called a driven pair and this arrangement can be used Defect

with the coils connected differentially.

Fig. 6.14: Reflection Probe Working

* When a defectless test specimen is tested using this probe, no

differential signal is developed between these two active coils. This type of probe has 3 windings.

* When one coil is over a defect part of the test specimen and the * One primary.
other coil is over a defectless part of same specimen, differential

signal is produced.

* Two secondary windings.

It is also called as probe with transformer type coil.

* Figure 6.13 shows thre- construction of differential probe. 6.5.1.4. Hybrid Probe: i

* It has a driver coil working on reflection mode and surrounded by

[—L_j Earro two sensing coil working on differential mode. |

Core |

f Test rJ Reference ’ “% Hybrid probes are very sensitive to surface defects only. ‘
Coil 4 ”

d Pl el 6.5.1.5. Comparison of Absolute and Differential Probe: ’

Absolute Probe

® It can detect the entirc length of | =
defects.

Differential Probe

Specimen

Detects only the ends of long
defects.

Fig. 6.13: Differential Probe

®* Sensilive to probe wobble. -

6.3.13. Reflection Probe: Less sensitive to probe wobble.

* Interpretation of signals is| * May yield signals difficult to

* Reflection probe combines the features of both absolute and

*

differential probe.

ne
In this probe. one coil is used to generate eddy current and aiber ©

. e in test
is coupled to a reference standard, which evaluates the change in ©
o i i rom e
specimen whenever indications from test specimen differs fi
Standard.

Department of Mechanical Engg., NCERC

simple

Prone 1to drift due to
temperature changes.

Respond for abrupt and gradual
change in properties and
dimensions.

interpret.

Immune to drift due to
temperature changes.

More sensitive to abrupt
localised changes.
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y IFT OFF EFFECT:
*

The distance between a surface coil ang
proximity or lift off.

*

Ponentially with distance from the test
coil, the amount of lift off or

Separation between the coil and test
specimen has a significant effect on sensitivily.

The closer the coupling between coj
the eddy current field that can be de
t0 any material variable.

1 and test specimen, the denser
veloped, and thus more sensitive
* Similarly close coupling increases the sensitiv
noise due to probe nobbles, when encirclin

/ is equivalent to fill factor.
\ _67. EDGE EFFECT:

*

ity to lift off effect,
g coils are used. Lift off

. S~
This refers to the effect that the component’s ed

ge or shape changes
in geometry due to the eddy currents.

% This can be neglected by placing a balancin
' and scanning at that distance,
*

g probe near to the edge

Edge effect is phenomenon that occurs when an inspection coil is at
the end of the test piece.

% At that instances, eddy current flow is distorted as currents cannot
flow at the edge.

% In order to avoid the confusion with flaws, inspection is limited near
the edges.

% The distance where the edge effect present is from approximately one
to three times the diameter of the inspection coils ‘in. the case of
encircling probes.

*

So, a reduction in coil size reduces the edge effect, although there is

a limit as the diameter of external encircling coils must be higher
than that of the inspected materials.

—Department of Mechanical Engg., NCERC
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6.8, FILL FACTOR:

e test iece f‘lls ule
* I‘“ faCKOl iS "u"lbel Wllicll measures hOW Well m p
1

coil in external encircling probes.

Fill factor is calculated by

2
(Diamelcr g piece)

; — >
Fill factor {Diane tercou)

where,

Diameter;eq; piece — Test piece diameter
Diameter,;; — Diameter of the coil probe.
Note: Both the diameters are measured in same unit.

% Fill factor is the ratio of the cross sectional area of the test piece and

area of the coil section.

*

It is necessary that the coil wires be as close as possible to the test

piece, in order to have a greater response potential to cracks.
% Fill factor should be as near as unity.

69, END EFFECT:
N4

testing, end effect is defined as the disturbance of

eld eddy current distribution, impedance due to
proximity of the coil to an abrupt change in geometry.

% In eddy curreni_
the magnetic Ti

The end effect is common for cylindrical parts being inspected with
encircling or inside diameter bobbin coils.

Based on the specific coil construction, an uninspected region at the
end of the cylindrical part is alwa

end effect signals can mask si
tube end zone.

YS unavoidable because the large
gnals originating from defects near the
-
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6
A\APEDANCE PLANE DIAGRAM: ((w, b Ay %)
*

In an eddy current testing instrumentation, eddy current circuits
usually have only resistance (R) and reactance (X;) components.

% For an eddy current circuit with resispance and inductive reactance
components, the total impedance is calculated using the following

cquation.

Z=VR?+Xx?

vhere,

Department of Mechanical Engg., NCERC

Z — Toual impedance.
B
R — Resistance.

X, - Inductive Reaclance.

- 1 vector
% The resistance and reactance component 'are not 1in phase, so

addition must be used to relate them with impedance.

mpedance plane diagram indicaing the

v 6.8 shows a simple i
* Figure gle, called as phase angle.

impedance with associated an

C y urin [es g
lh cdd Curl'crl[ Slgnﬂls gen3mtc d g
x Du' ]"g lllSpCCllOn, ‘ (I tin

of components are displayed by impedance P

ents and the magnetc

~ CurT - ance
% The strength of the ey ddy current signal on the impeda!

the test material causcs the e

plane.

Eddy Current Testing
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6.10.1. Impedance plane diagram for ma

gnetic material:

Crack

=3

3

=

B B e

a Conduclivily

@

2 -
=  ()eeeee————————- - - —- Magnetic
E Material
2

Airpoint

Resislance (R)

Flg. 6.15: Impedance Plane Diagram for Magnetic Material

Figure 6.15 shows the eddy current response on impedance plane for

magnetic materials such as steel.

Table 6.1 shows the various display pattern and their reasons in eddy
current testing for magnetic materials.

Table 6.1: Display Pattern

Display pattern Reason

Decrease in the coil resistance.

Increase in reactance

pcrmeabilily of

3. Decrease in resistance and

increase in inductive reactance.

Formed eddy currents taking

energy away from the coil.

Due to magnetic permeability of
the steel concentrating the coil's
magnetic field.

Presence of crack causes fewer

eddy current to form.
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6.10.2. Impedance plane diagram for non-magnetic material:

Airpaint

(Non Magnelic Material)

Induclive Reaclance Xy

Conductivity

Resistance (R)

Fig. 6.16: Impedance Plane Diagram for Non-Magnetic Material

% Figure 6.16 shows—the eddy current response on impedance plane for
non-magnetic materials such as aluminium.

' % Table 6.2 shows the variation in display patterns and their reasons in

( eddy current testing for ncn-magnetic material.
Table 6.2
Display pattern \ Reason
1. 1Increase in coil resistance Eddy currents are being generated in

the Aluminium and this takes energy
away from the coil, which shows up
increase in resistance..

2. Decrease in inductive reactance | The magnetic field created by lh.e
eddy currents Opposes the cox.l
magnetic field and the net effect 1S

weaker magnetic field.

r eddy .
3. Reversal of both resistanc Presence of crack causes fewe 5

e "
. . ignals. &,
and inductive reactance. current sign

1:
\

lﬁpartment of Mechanical Engg., NCERC
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6.11, DEPTH OF PENETRATION:

% Eddy current concentrates near to the surface adjacent to an excitatioy

*

6.12.

coil and their strength decreases with distance .from Ll'Ie coil.
(i.e.) Eddy current density decreases exponentially with depth. Thig
phenomenon is known as the skin effect.

Skin effect arises when the eddy current flowing in the test object a
any depth produces magnetic fields which oppose the primary fielq,
thus reducing the net magnetic flux and causing a decrease in eddy
current flow as the depth increases.

Alternatively eddy current near the surface can be viewed as shielding
the coil’s magnetic field, there by weakening the magnetic field a
greater depths and reducing induced currents.

It is mathematically convenient to define the “standard depth of
penetration” where the eddy current is 37% of its surface value.

LATION BETWEEN FREQUENCY AND DEPTH OF

./~ PENETRATION:

*

*

where,

The depth of penetration of eddy currents in a material is a cntical
factor.

For example, in the case of tube inspection, if the eddy currents do

not penetrate the wall thickness of the tube, then it is possible to miss
the defects. .

The depth of [pencuatjon of eddy current can be found by the relation.
500
5= e (D)
ouf

d

8 — Standard depth of penetration (mm)

6 — Conductivity (mhos/m)
K — Relative permeability.

f — Inspection frequency (Hz).
-
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1 s 18 gencmlly tak, P ~
{ iC €n to L - ;
fwhich the eddy current fielg "MeENsity drops 1o 379 be the depin 6.13.1L Betection of Discontinuities: {(;Cz_,( ect delc &ron ) ’l
st the surface of the conducio, % of the intensity 3 . b
* Eddy current testing is an excellent method for detecting surface and .,1
Higher the frequency, lower the depth of Penetratic near surface defects. "?‘
1on, 1 ;
Thus a frequency must be chosen which Permits ) % Defects such as cracks are detected when they disrupt the path of ;i
jepth upto which defects are |, be found Penetration 1o e eddy currents and weaken their strength. ‘\}
: . % Th itivi d t inspection to detect surface 3|
For gencral tube inspection, the ] € sensitivity of eddy curren P !

discontinuities depends on the factors such as type of material, surface
finish and condition of the material, the design of the probe.

at which the standard depth

of penetration js .
. qual to the wal
thickness of the tube. This giv

€n by the equation,

250 % For surface flaws, the frequency should be as high as possible for
f===kHz . (2) maximum resolution and high sensitivity.

* For subsurface flaws, lower frequencies are preferred to set the

required .depth of penetration and this results in less sensitivity. ‘
» wall thickness of Yhe tube in mm.

* High conductive or ferromagnetic materials require the use of an even ;
o 3 Y 1 r the permeability, lower is the depth of ; ) i
cation (1) shows that higher the p Y P lower frequency 1o arrive at some lIevel of penectration.

tl

P " . 0 The steps involved in identification are listed below: Iy
vince relative permeabilities of ferromagnetic materials are of 500 to
-00, eddy currents in these malerials are concentrated at the surface. 1. Selection of Instrument and Probe:

. : - R . . . 1
sbsurface defects are not detectable in ferromagnetic materials. * The instrument includes the basic devices such as oscillator,

Il variations in permeability gives rise to relatively high probe/coil, signal processing and display.
id vari $

B ial % To test surface cracks, pancake probe or surface probe is preferred.
‘ ' inspect ferromagnetic matenals. . |
wwenuonal ECT fails to insp 2. Selection of frequency to produce the desired Depth of Penetration: i

! G: ‘

"FLICATIONS OF EDDY CURRENT TESTIN

%* Depth of penetration depends on fre

quency, conductivity and
permeability.

. s o ; aking cracks.
Setectuon of Discontinuities / surface breaking

ondi : 1. o - .
Cuctivily measuremen * High frequency is used for surface cracks and low

frequency is used
to locate deeper cracks.

Pection of tube

hicknesg measurement.

Department of Mechanical Endg., NCERC
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3. Placing the coil probe and setting the instrument to Null point: % Figure 6.18 shows inspection of surface crack on the given plate,

% Place the coil (probe) on the surface of the component to be tested - I o

and set the instrument to null point as shown in Figure 6.17. Probe Coil

G

U

—— Direction of Scanning

Null Point .

< ——Tesl

3 Specimen

8 /

5 Surface Cracks

o

2 Fig. 6.18: Defect Discontinuities

T) Detection by ECT

2

S

2 5. Monitoring the signal for a change in Impedance:
~~ Resistance (R) % The effect of crack depth from the surface is shown in impedance
Fig. 6.17: Probe to Null Point diagram of Figure 6.19.

'4. Scanning the surface by moving the probe in a pattern:

% When the probe is moved over the surface of the specimen, eddy <
@ N
current strength is altered due to presence of crack. 1’;:3’ :)\‘ -
, 8 | Liftoff
[
% Depending on the density and phase lag of interrupted eddy current é’
' [&]
circulation, signal response is displayed through impedance plane. TZ’

@ @ Surface

' -@-—Cracks
- : inui i i ossess some degree of

% Since a discontinuity of any size will pos g Resistance (R)

thickness, it will interrupt eddy currents over a range of current

Fig. 6.19: Impedance Diagrams

densities and phase lag depending on the dimension, shape and

orientation of the discontinuity.
LS

‘I%epartment of Mechanical Engg., NCERC
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% With increasing depth of crack from the test surface the impedance
locations are:

(1) — Nearer to the surface.

(3) — Crack at greater depth

« Figure 6.19 shows that a change in impedzu(ce includes a change in

magnitude as well as phase.

% The direction of movement of the signal curve reveals the possible

djscontinuity in the material.

rﬁ-.l;‘l. Conductivity Measurements for the Verification of Heat Treatment:

% One of the uses of eddy current instruments is for the measurement

of electrical conductivity.
-—

% The value of the electrical conductivity of 2 material depends on

several factors such as its chemical composition and the stress stat®

of its crystalline structure.
% Electrical conductivity information can be used for sorting metals,
checking for proper heat treatment, and inspecting for heat damage..
* The technique usually involves nullifying an absolute probe in air and
placing the probe in contact with the sample surface.
« For non magnetic materials, \he change in impedance of the coil cat

be correlated directly to the conductivity of the material.

ed to easily sort magnetic materials o™
e conductivity’

ductivity:

« The technique can be us
non-magnetic materials but it is difficult to separate th

effects from the magnetic pcrmeability effects, so cop

measurements areé limited 1o non-magnetic materials.
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% When the probe is brought near @ conductive but non-magneLc
material, the coil’s inductive reactance goes down since the magneuc

field from the eddy current Opposes the magnetic field of the coil.

+ The resistance in the coil increases since it takes some of the coil’s
energy to generate the eddy currents and this appears as additional

resistance in the circuit.

% As the conductivity of the materials being tested increases, the
resistance l10osses will be less and the inductive reactance changes will

be greater.

% With some materials like aluminium alloys, conductivity
measurements are often made verifying that parts and materials have

received the proper heat treatment..

% High purity aluminium is soft and ductile and gains strength and

hardness with the addition of alloying elements.
6.13.3. Inspection on tube:

+% Eddy current inspection is “often used to detect corrosion, erosion,

cracking and other changes in tubing.

% Heat exchanger and steam generators, which are used in power plants,

have many tubes which must be prevented from leaking.

% For the nuclear power plants where reused contaminated water must
be prevented from mixing with fresh water that will be returned to

the environment.

% The contaminated water flows on one side of the tube and the fresh
water flows on the other side.

% The heat is transferred from the contaminated water 10O the fresh water
and the fresh water is then returned back to its source, usually a lake

or river.
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measuvre the thickness of

% A technique that 1s often used involves feeding a differential bobbin are used 1o

* Eddy current techniques
p into the individual mbe of the heat exchanger.

and foil in rolling mills and to measure the amount of
P

sheet, stn

v ime due 0 Comsion on (kjn\
1 i as 'umd over nm

* With the differential probe, no signal will be seen on the eddy current me st
mstrument as long as no metal thinning is present. of aircraft.

* When metal thinning is present, a loop will be seen on the impedance For thin material:
plane as one coil of the differential probe passes over the flawed . '
(damaged) area and a second loop will be produced when the second s When making this measurement, it is important (0 keep in mind tha
cull passes o¥er Ihe damape. the depth of penetration of the eddy current must cover the entre

: ) range of thicknesses being measured.
% When the corrosion is on the outside surface of the tube, the depth

of corrosion is indicated by a shift in the phase lag. _
% A frequency is selected that produces about one standard depth of

s - s s . e . i he maximum thickness.
“ The size of the indication provides an indicaton of the total extent peoeioalion § I
of the corrosion damage.
R -
La,L‘L | % At lower frequencies, which are often needed to get the necessan

e 6.13.4.;,]'hi ckness Measarement: penetration, the probe impedance is more sensilive to changes in

electrical conductivity.

f Thin Metal
Stip Thin Film
s % The effect of electrical conductivity cannot be phased out and it s

important to verify that any variations of conductivity over the regics

L
/ /7)/— of interest are at a sufficienly low level.
J :

/ Thickness measurements of Non-conducting Coating:

% The thickness of non-metallic coatings on metal substrates can be

Substrate determined simply from the effect of lift off on impedance.

Fig. 6.20: Thickness Measurement % The coating serves as a spacer between the probe and the conducii'e
surface.

-
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Non Conduétive
Coating

=
7N //:“\\
RN

Conductive
Base Metal

Eddy Currents

Fig. 6.21: Thickness Measurement for Non-Conductive Coatings

As the distance between the probe and the conductive base metal

increases, the eddy current field strength decreases because less of the
probe’s magnetic field can interact with the base metal.

Thickness between 0.5 and 25 pum can be measured to an accuracy

between 10% for lower values and 4% for higher values.

ivi riatons
Contribution to impedance changes due to conductivity va e
i 6 ivity variauon

should be phased out, unless it is known that conductivity

i ency-
are negligible, as normally found at higher frequency

6.14 ADVANTAGES OF EDDY CURRENT TESTING:

High speed testing.

Accurate measuring of conductivity.

Jiably detected.
Discontinuities at or near <urface can be € y

d.
This technique can be automate
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5. It can detect flaws through surface coatings.

6. No physical contact required.
7. It provides immediate results of inspection.
8. Low costs.

9. Portable.

10. Complex shape can be inspected.

6.15, DISADVANTAGES OF EDDY CURRENT TESTING:

1. Limited penetration into test piece.

2. Only suitable for testing conductive materials.

Discontinuities are qualitative not quantitative indications.

4. Not suitable for large areas

Highly skilled persons are required to performn inspection.

6. .

False indications can result from edge effects and parts geometry.
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Maintaining distance between 1he probe and test specimen ia essentinl.

B No permanent record iy possible

Y. Interpretation of signal is required,
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