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UNIT — 11l (NON DESTRUCTIVE TESTING)

OVERVIEW OF UNITT I

U INTRODUCTION AND VISUAL INSPECTION
U LIQUID PENETRANT TEST, MAGNETIC PARTICLE TEST, THERMOGRAPHY TEST

U PRINCIPLES, TECHNIQUES, METHODS, ADVANTAGES, LIMITATIONS AND
APPLICATIONS

U RADIOGRAPHIC TEST, EDDY CURRENT TEST, ULTRASONIC TEST, ACOUSTIC
EMISSION

U PRINCIPLES, TECHNIQUES, METHODS, ADVANTAGES, LIMITATIONS AND
APPLICATIONS
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VISUAL INSPECTION

VT is the oldest and most basic method of inspection

Process of looking over a piece of equipment

It can be used for internal and external surface inspection

It includes storage tanks, pressure vessels, piping and other equipment

TYPES:

* Unaided Visual Inspection
* Aided Visual Inspection

UNADIED VISUAL INSPECTION :

* Inspection without use of any optical (or) mechanical instruments

* When a inspection of specimen is carried without the use of any opto
electrical (or) electronic devices.

< << <
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Computer Enhanced Visual System
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\
-

AIDED VISUAL INSPECTION :

Inspection with use of any optical (or)
mechanical instruments.

i
They are called as two types

Al
, / * Optical Aids

// * Mechanical Aids
'

OPTICALAIDS : MECHANICAL AIDS

V Microscopes .
V Bore scopes V Micrometers
V Fiber scopes V Calipers
VVideo Cameras V Depth gauges
V Thread Pitch gauges
V Feeler gauges

V Weld gauges
Department of Electrical and Electronics Engineering, NSCET, Theni. 7
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ADVANTAGES :
* Low cost
* Portable equipment
* Immediate results
* Minimum special skills require
* Minimum part preparation
LIMITATIONS :
* Only suitable for surfaces than can be viewed
* Quality of inspection influenced by surface conditions, physical conditions

and environmental factors.

o St Coepe ] Department of Electrical and Electronics Engineering, NSCET, Theni. 8
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LIQUID PENETRANT TEST

V Liquid penetrant testing is one of the oldest and simplest NDT methods.

V This method is used to remove surface discontinuities by bleed out of a colored
from the flaw.

V It makes defects easier to see for the inspector

STEPS OF LIQUID PENETRANT TEST :

* Surface Preparation

* Penetrant Application

* Penetrant Dwell

* Excess Penetrant Removal
* Developer Application

* Indication Development

* Inspection

* Clean surface

Department of Electrical and Electronics Engineering, NSCET, Theni. 9
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1) contaminated workpiece  2) cleaning the workpiece ~ 3) applying the flaw detection ink

”

4) rinsing the workpiece  5) applying the dye developer ~ 6) inspecting the crack

Department of Electrical and Electronics Engineering, NSCET, Theni. 10
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. SURFACE PREPARATION

" LE )

1o

2 ] a & & : 4 L] L]

o

V One of the most critical steps of a liquid penetrant testing is the surface preparation.

V The surface must be free of oil, grease, water that may prevent penetrant from
entering flaws.

V Mechanical operations such as machining, sanding have been performed.

o el ol Department of Electrical and Electronics Engineering, NSCET, Theni. 12
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[l. PENETRANT APPLICATION

1 Crack filled with dirt 2 Ideally cleaned

—

3 Application of penetrant 4 Intermediate cleaning

— —

5 Application of developer 6 Crack indication

V Once the surface has been completely cleaned and dried .
V The penetrant material is applied by spraying, brushing the part in a penetrant bath.

LY Department of Electrical and Electronics Engineering, NSCET, Theni. 13

Eagirecring 8 Tecwalage



OML 7517 TESTING OF MATERIALS

[[I. PENETRANT DWELL :

!
Penetrant

Clean the surface with

abundant cleaner Application

before test Remove all cleaner, Apply penegran[
let dry

---- |

Remove excess of

penetrant from % G Clea ner Cleaning
’ Wait for a better

surface P _ Devoloper.
Apply developer interpretation . P
enetrant

N o ||

Developing
V Left on the surface for a sufficient time to allow S
V Possible to be drawn into a defect.
V Total time that the penetrant is in contact with the part su
Minimum dwell times typically range from 5 to 60 minutes Interpretation
e ol o Department of Electrical and Electronics Engineering, NSCET, Theni. 14
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Table 1 = Recommended Dwell Times

y ¢ Dwell Times (min)
Material Form m.o 2 for Methods A‘1. A‘S, B-1,8B3
o Py Penetrant Developer

Aluminum, Cold shuts, Porosity,
Magnesium, Steel, Casting and Welds | Lack of fusion, 10 7
Brass and Bronze, Cracks (all forms)
Titanium and High Wrought Extrusions, | Laps, Cracks 20 -
Temperature Alloys | forgings. plate (all forms)

. Lack of Fusion,
Carbide-tipped tools Porosity, Crac} 10 7
Plastics All forms cracks 10 7
Glass All forms cracks 10 7
Ceramic All forms cracks 10 7

Department of Electrical and Electronics Engineering, NSCET, Theni. 15
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V. EXCESS PENETRANT REMOVAL

V The most delicate step of the inspection procedure

V Itis must be removed from the surface of the sample

V While removing as little penetrant as possible from defects.

V This step may involve cleaning with a solvent, direct rinsing with water.

o el ol Department of Electrical and Electronics Engineering, NSCET, Theni. 16
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V. DEVELOPER APPLICATION

| Penetrating 2 Penetrant Removal || 3 Developing 4 Observation
Applying Penetrant Wiping off excess Applying Developer Visual Inspection
surface Penetrat&/ with spray or brush

V Athin layer of developer is then applied

V A sample to draw penetrant trapped in flaws back to the surface
V It will be visible

\Y

Developers come in a variety of forms that may be applied by dusting (dry power),
spraying (wet developers)

o el o Department of Electrical and Electronics Engineering, NSCET, Theni. 17
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VI. INDICATION DEVELOPMENT
Liquid
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T T
——— T L e e —
urface|
Tenslon
T T
Object With Liquid Film Liquid Drawn Liquid Wiped
Surface Fiow Wots Surface Into Surface Fiow From Surface
{Cavity)
/— Developer
e e
T T
Liquid Reemerges Developer
On Surface Applied To

Surface

V The developer is allowed to stand on the part surface for a period of time sufficient

V This development time is usually a minimum of 10 minutes.
V Significantly longer times may be necessary for tight cracks.

Natar Sarnonathi College of
Eagirecring 8 Tecwalage
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VII. INSPECTION

St o ctons e pomg et Loy

INACRI SO oo oty St o
gl Govelopes and aea inspiction Apply Penetrant  Clean then apply Developer Result”

V Inspection is then performed under lighting to detect indications from any flaws
which may be present.

Department of Electrical and Electronics Engineering, NSCET, Theni. 19
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-3
Crack
Surface with crack with grease and dirt Surface after removal of excess penetrant 4
/ ~‘-~1Ql«?\m;\nv’ﬂ i)
&)Cr\ack in surface
indicated by
2 developer
Surface after cleaning with Cieaner Surface after application of developer 5
Stages of Dye
Penetrant filled H
sl Penetrant Testing
due to capillary
action 3
Surface after penetrant applied

V Final step in the process is to thoroughly clean
V Part surface to remove the developer from the parts
V Wear found to be acceptable.

e e Department of Electrical and Electronics Engineering, NSCET, Theni. 20
Eagirecring 8 Tecwalage



The use of Liquid Penetrant Testing
1. Pre-treaiment

It i2 3 pre—(reating process, il
far mspection parts as the most
Important process in dye the

| penetration test, ln particulor,

| it is an operation of removing
foreign objocts such as oil,
grease. water, ete, from the
irspected part with wiping off
using 2 cloth after speaying the
cleaning salution (YL.—301),

3. Removal operation(Cleaning)

It = the most sensitive stage
ameng Inspection Stages,
where excessively coated

| penstrant liquid is processed

- with & cleaning solution while care

- Is taken not to remove the

penetrant liquid having permested
to the defective area.

5. Observation(Reading)

After 3 sufficient time is sllowed

to elapse following coating of

the developer solution, the
Inspection part iz viseally read.

For the parts where red color has
vozed oul, type, size, depth, stc.

are detormined by its shape and size

OML 7517 TESTING OF MATERIALS

2. Permeation lreatment

When the surface is cleaned
and dried by the pra—treatment
procass, the penetrant liguid
(YL-802) i= couted onto the
inspected surfaca,

At this time, 2 time should be
taken to allow the pepetrant
quid to permeate theough the
defectiva arens.

4, Developing operation

&, Post-trealment

After safe removal of residual
red penetrant liguid, the face

16 be inspected is wniformly
coated with a develeper =olution
(YL~803}. (Red penetrant liquid
adsorbed and emergad)

! As the Lsst process, the developer
i solution and the penetrant ligquid
remaining in the inspected past
are cleanly wiped off using a
oleaning Hquld.

Department of Electrical and Electronics Engineering, NSCET, Theni. 21
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ADVANTAGES :
* High sensitivity
* Few material limitations (Metallic and nonmetallic, magnetic and
nonmagnetic, conductive and non conductive materials may be inspected)
* Rapid inspection of large areas and volumes
* Suitable for parts with complex shapes.
* Portable
* Low cost

APPLICATIONS :
* By spraying
* By brushing
* By dipping the material into the penetrant

“-imim.;f Department of Electrical and Electronics Engineering, NSCET, Theni. 22
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LIMITATIONS OF PENETRANT TESTING

Only detects surface breaking defects.

Requires relatively smooth nonporous material.

Precleaning is critical. Contaminants can mask defects.
Requires multiple operations under controlled conditions.
Chemical handling precautions necessary (toxicity, fire, waste).
Materials may need to be etched prior to inspection.

Post cleaning is necessary to remove chemicals.

Department of Electrical and Electronics Engineering, NSCET, Theni. 23
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MAGNETIC PARTICLE TEST

MAGNETIC PARTICLES

MAGNETIC FIELD LINES
N\

=
-

N S| N~ s
——

‘—_-\/'

CRACK

Magnetic particle testing is one of the most widely utilized NDT methods
It is fast and relatively easy to apply

Surface preparation is not as critical as it is for some other methods.
Inspected must be made of a ferromagnetic materials

Such as iron, nickel, cobalt (or) some of their alloys.

<K<K <LK <

R S Department of Electrical and Electronics Engineering, NSCET, Theni. 24
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BASIC PRINCIPLES :

* Magnetic particle testing has a relatively simple concept.
* It can be considered as a combination of two nondestructive testing
methods.
) Magnetic flux leakage “~~*- Tmmc ey
(i) Visual testing
* For the case of a bar magnet,

Flux Leakage ‘ma

South /Crack North K
1
/ /ﬂ"zgﬁ

24
\

i

North
South|

At Sarunah cege Department of Electrical and Electronics Engineering, NSCET, Theni. 25
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/ Defect open o surface

1Y
—— Penetant dzwn into
defect

Peretrant dezned off Penetantdcwn out
/ but etired in defkect / and staining devdoper
/ : -
\

D}eﬂmm%—
1

i o Ruorescant dye retaned
in defect

1 \
| Developer sprayed on

Beamoffusrescentight

A magnetic particle testing is to magnetize the component that is to be inspected.

If any defect on (or ) near the surface are present, the defects will create a leakage
field.

After the component has been magnetized, iron particles, either in a dry (or) wet
suspended form, are applied to the surface of the magnetized part.

The particles will be attracted and cluster at the flux leakage fields,.
Thus forming a visible indication that the inspector can detect.
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ADVANTAGES :
* High sensitivity
* Minimal surface preparation
* Portable
* Low cost

APPLICATIONS :

* They are two methods for the application of magnetic media
) Dry method
(i) Wet method
* Dry particles usually have number of colors, when the part which is
required easily to be inspected.
* Wet particles are provided in a wet suspension of water (or) oil.

*
2
P\ =
Natar Saraonathi Colege of
-
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THERMOGRAPHY TEST

PRINCIPLE OF THERMOGRAPHY :

V Among the processes of heat transfer between a material and the surrounding

medium.

V There is the radiation.

This process can be regarded as an electromagnetic wave propagation constituted
of a range wavelengths.

V The infrared radiation is located between the visible one and the microwaves and
covers the wavelengths from 0.75 to 10(

V Thermography is a method of inspecting electrical and mechanical equipment by
obtaining heat distribution pictures.

<
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V This inspection method is based on the fact that most components in a system show
an increase in temperature when malfunctioning.

V The increase in temperature in an electrical circuit could be due to loose
connections or a worn bearing in the case of mechanical equipment.

V By observing the heat patterns in operational system components, faults can be
located and their seriousness evaluated.

o el Department of Electrical and Electronics Engineering, NSCET, Theni. 30
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THEROMOGRAPHY

V Infra Red Thermography is a technique for producing a visible image of invisible
infra red radiation

V It Emitted by objects due to their thermal conditions

o el o Department of Electrical and Electronics Engineering, NSCET, Theni. 31
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OBJECTIVES OF TEST :

* To detect hot (or) cold areabs
* To determine absolute temperature
* To view thermal profiles

* To detect temperature Ic

o el Department of Electrical and Electronics Engineering, NSCET, Theni. 32
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{Infrared Thermography]

[ Passive Thermography ]

Other forms of active excitation

e.g.

Active Thermogr: -Hot or cold water/air (extemal)

[ - ey -Thermoeiastic heating (external)
-atc.

Optical (external) Electromagnetic Mechanical (internal)
excitation @ (internal) excitation Eﬂ]

[ | Pulsed eddy l ]

Pulsed Lock-in or current stimulated Lock-in Burst
thermography modulated thermography vibrothermography | | | vibrothermography
1 J||thermography = Wil AV

N\
Other optical techniques Modulated - Other mechanical techniques
eddy current = eg
& ! @ » .
-frequency modulated, Y\\\N N\ mograpy = -frictional heating (external),
-step heating, 1 -efc.
Department of Electrical and Electronics Engineering, NSCET, Theni. 33
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Electrical

* Switch Gear

e ! ‘

2 * Fuse boxes

woll
s | —f * Cable runs
= e

) * Electrical connectors
LLE .
ol B * Insulation

-e

* Transformers

e Fad
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Junction Box Fuse Box

YaD ‘ cOnCCerect

|
|

A Al TR
arears »
“e e
e .

23R

Sk

-y
[T o
b o4

,,
.

Building Surveys
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POTENTIAL APPLICATIONS INCLUDE :

* Inspection of electrical equipment

* Inspection of mechanical equipment

* Inspection of refractory lined structures
ADVANTAGES :

* Non contact

* Non Intrusive

* Can work at a distance

* Fast and Reliable

* Portable

* Convincing Results
LIMITATIONS :

* Non Intrinsically safe

* Operator experience is essential.

OML 7517 TESTING OF MATERIALS
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RADIOGRAPHIC TEST

T b N B
RADIATION SOURCE «% Radiation source
",‘/":"“," ';' " " ~|‘ ‘... "‘I;:\..
’/‘ ‘:" ,v' ,' | i I‘ “', "-l.‘\
. ' “l ’I ' 1 3 1' -l‘ ~_\
,"l ,‘, ," ;' { “\ \
SPECIMEN fd&38 FA VAN
Part
Radiation sensitive film
FILM )
il -] TJop view of developed film
= Less exposure
PLAN VIEW OF THE FILM
P = More exposure

DARKER AREAS (AFTER PROCESSING)
V Radiography is used in a very wide range of applications

V Including medicine, engineering, security, etc.

In NDT, radiography is one of the most important and widely used methods
37
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Radiographic Testing

;
'; N
oy l‘\\‘

Source

Radiation beam Image quality indicator

Test specimen

Radiographic film with latent image after exposure

RT offers a number of advantages over other NDT methods
Its major disadvantages is the health risk associated with the radiation.
RT is method of inspecting materials for hidden flaws

Using the ability of short wavelength electromagnetic radiation to penetrate various
materials.

< << <
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g Source of
- radiation

Material is
thinner Hole

Object Film

X 7

Darkened area (when processed)

BASIC PRINCIPLES :

V In radiographic testing, the part to be inspected is placed between the radiation
source and a piece of radiation sensitive film.

V Radiation source can either be an X ray machine source
V The part will stop some of the radiation

L~ Department of Electrical and Electronics Engineering, NSCET, Theni. 39
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Radiation Source RADIOGRAPHIC TESTING

Source
% 2 - = More Exposure Weld © =
, [:] = Less Exposure \ ’/{\\\\
; / | 1‘.‘-"\‘

: Test Object |

[ — - m Film
X-ray Detector 'y

Void

|

.
s
R
2 -
=" :
£ .
A
|_~

Density varies

with amount of
x-rays reaching the
detector

Top view

V The radiation passes through the part will expose the film and forms a shadowgraph
of the part.

V The film darkness will vary with the amount of radiation reaching the film through
the test object.

V Image darkness can be used to determine thickness of material

o S Col Department of Electrical and Electronics Engineering, NSCET, Theni. 40
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TYPES OF RADIOGRAPHY :

* Film (or) paper Radiography * Neutron
Radiography

* Computed Radiography

* Real Time Radiography * Stereo Radiography

TYPES OF RADIATION :
* X-ray Radiation

* Gamma Rays Radiation
* Neutron Radiation
ADVANTAGES :
* Good portability for gammaay sources.
* No part preparation is required.
* Can be used for inspecting hidden areas.
* It has a very few material limitations
* Both surface and internal discontinuities can be detected.

Department of Electrical and Electronics Engineering, NSCET, Theni. 41
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Eddy current tester

The test coil generates
an electromagnetic field

Eddy currents are generated around the defect

and are detected by the test coil

V Electrical currents are generate in a conductive material by an induced alternating
magnetic field.

The electrical currents are called eddy currents.
The flow in circles and just below the surface of the material.

V It can be used on all electrically conducting materials with a reasonably smooth
. surface.

< <
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EDDY CURRENT TESTING

% Coil's

Coil / magnetic field

Eddy current's
magnetic field

Eddy ’
currents _ SN 4
y = \ i
y — % Conductive
— [ y material

The test equipment consists of a generator (AC power supply)
A test coil and recording equipment. Eg. (a galvanometer (or) an oscilloscope)

Used for crack detection, material thickness measurement, sorting materials,
coating thickness measurement, metal detection, etc.

Department of Electrical and Electronics Engineering, NSCET, Theni. 43
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How does eddy current works

PRINCIPLE OF EDDY CURRENT TESTING : PIPSRISI. | |1
* When a AC passes through a test caoil, =
* A primary magnetic field is set up arounc =™ \_:*% (R =™
the coil. (8 =aid: é//
* The AC primary field induces eddy curre —
in the test object held below the test coil,
* A secondary magnetic field arises due tc a 4

eddy current
* The strength of the secondary field depe

on electrical and magnetic properties of § §
object.

/"—\
L& d_,-,’

I" ; Zy m Z‘

< , '> "1

Test ob)ecl

R S Department of Electrical and Electronics Engineering, NSCET, Theni. 44
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* The changes in the secondary field
and affect the primary current.

The variations of the primary current can be easily detected by a simple
circuit which is zeroed properly beforehand.

o el Department of Electrical and Electronics Engineering, NSCET, Theni. 45
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-

Eddy Current Depth of Penetration
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AC
Test Coils -
A -
——— standard Depth - —
LR R —— r B '\.& w | =
— L _I,-‘tf of Penetration Y —|—
= e (skin depth) -1
=} ' A
: 1/e or 37% of b
surface density B
Y

-4 -
Eddy Currént Dansity
High Frequency

High Conductivity
High Permeability

Natar Saraonathi Colege of
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Law Frequency
Low Conductivity
Low Permeability

Department of Electrical and Electronics Engineering, NSCET, Theni.
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TYPES OF PROBES :
The test coils are commonly used in three configurations.

* Surface probe
* Internal bobbin probe
* Encircling probe

Eddy Current Impedance
Plane Responses

-
x‘ N ‘) Steel
§ //' ‘\\.
§1 ¢
8 A ' Magnetic
r

o ’ k‘ ~ Nonmagnetx
w ‘ N\
2 \ \3
3 N
© o
S Aluminum

L -

Resistance, R
Department of Electrical and Electronics Engineering, NSCET, Theni.
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APPLICATIONS

* Crack Detection

* Material thickness measurements.

* Coating thickness measurements.

* Conductivity measurements for,
(i) Material Identification
(i) Heat Damage Detection
(i) Case Depth Determination
(iv) Heat Treatment Monitoring

‘,,—Ah..m,&.,;f Department of Electrical and Electronics Engineering, NSCET, Theni. 48
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ADVANTAGES :

*

*

*

*

*

*

Sensitive to small cracks and other defects.

Detects surface and near surface defects.

Inspection gives immediate results.

Equipment is very portable

Minimum part preparation is required.

Inspects complex shapes and sizes of conductive materials.

LIMITATIONS :

*

Only conductive materials can be inspected. (Example for Silver, gold,
copper, Aluminum 6061, Cast steel, Stainless steel 304)

Surface must be accessible to the probe.
Depth of penetration is limited

Department of Electrical and Electronics Engineering, NSCET, Theni. 49
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