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UNIT III -NON DESTRUCTIVE TESTING 

Visual inspection, Liquid penetrant test, Magnetic particle test,

Thermography test ï Principles, Techniques, Advantages and Limitations,

Applications. Radiographictest, Eddy current test, Ultrasonic test, Acoustic

emission- Principles, Techniques, Methods, Advantages and Limitations,

Applications.



UNIT –III (NON DESTRUCTIVE TESTING)

OVERVIEW OF UNIT ïIII

ü INTRODUCTION AND VISUAL INSPECTION

ü LIQUID PENETRANT TEST, MAGNETIC PARTICLE TEST, THERMOGRAPHY TEST

ü PRINCIPLES, TECHNIQUES, METHODS, ADVANTAGES, LIMITATIONS AND 

APPLICATIONS

ü RADIOGRAPHIC TEST, EDDY CURRENT TEST, ULTRASONIC TEST, ACOUSTIC 

EMISSION 

ü PRINCIPLES, TECHNIQUES, METHODS, ADVANTAGES, LIMITATIONS AND 

APPLICATIONS
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VISUAL INSPECTION

V VT is the oldest and most basic method of inspection

V Process of looking over a piece of equipment

V It can be used for internal and external surface inspection

V 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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AIDED VISUAL INSPECTION :

Inspection with use of any optical (or) 

mechanical instruments.

They are called as two types

* Optical Aids

* Mechanical Aids

OPTICAL AIDS :

VMicroscopes

VBore scopes

VFiber scopes

VVideo Cameras 

MECHANICAL AIDS 

:

VMicrometers

VCalipers

VDepth gauges

VThread Pitch gauges

VFeeler gauges

VWeld gauges



ADVANTAGES : 

* Low cost

* Portable equipment

* Immediate results

* Minimum special skills required

* Minimum part preparation

LIMITATIONS :

* Only suitable for surfaces than can be viewed

* Quality of inspection influenced by surface conditions, physical conditions 

and environmental factors.
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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
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I.  SURFACE PREPARATION

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.
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II. PENETRANT APPLICATION 

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.
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III. PENETRANT  DWELL

V Left on the surface for a sufficient time to allow

V Possible to be drawn  into a defect.

V Total time that the penetrant is in contact with the part surface

V Minimum dwell times typically range from 5 to 60 minutes.

14Department of Electrical and Electronics Engineering, NSCET, Theni.

OML 751 ïTESTING OF MATERIALS



15Department of Electrical and Electronics Engineering, NSCET, Theni.

OML 751 ïTESTING OF MATERIALS



IV. EXCESS PENETRANT REMOVAL

V The most delicate step of the inspection procedure

V It is 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.
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V. DEVELOPER APPLICATION

V A thin layer of developer is then applied

V A sample to draw penetrant trapped in flaws back to the surface

V It will be visible 

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

spraying (wet developers)
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VI. INDICATION DEVELOPMENT

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. 
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VII. INSPECTION

V Inspection is then performed under lighting to detect indications from any flaws 

which may be present.
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VIII. CLEAN SURFACE

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.

20Department of Electrical and Electronics Engineering, NSCET, Theni.

OML 751 ïTESTING OF MATERIALS



21Department of Electrical and Electronics Engineering, NSCET, Theni.

OML 751 ïTESTING OF MATERIALS



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
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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.
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MAGNETIC PARTICLE TEST

V Magnetic particle testing is one of the most widely utilized NDT methods

V It is fast and relatively easy to apply

V Surface preparation is not as critical as it is for some other methods.

V Inspected must be made of a ferromagnetic materials

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

(i) Magnetic flux leakage testing 

(ii) Visual testing

* For the case of a bar magnet,

* The magnetic field is in and around the magnet.
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V A magnetic particle testing is to magnetize the component that is to be inspected.

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

field.

V 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. 

V The particles will be attracted and cluster at the flux leakage fields,.

V 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

(i) Dry method

(ii) 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.
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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. 

V 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 1000 ɛm.

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.
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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



OBJECTIVES OF TEST : 

* To detect hot (or) cold areaôs

* To determine absolute temperature

* To view thermal profiles

* To detect temperature loss
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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.

36Department of Electrical and Electronics Engineering, NSCET, Theni.

OML 751 ïTESTING OF MATERIALS



RADIOGRAPHIC TEST

V Radiography is used in a very wide range of applications

V Including medicine, engineering, security, etc.

V In NDT, radiography is one of the most important and widely used methods
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V RT offers a number of advantages over other NDT methods

V Its major disadvantages is the health risk associated with the radiation.

V RT is method of inspecting materials for hidden flaws 

V Using the ability of short wavelength electromagnetic radiation to penetrate various 

materials.
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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
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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
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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 gamma-ray 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.
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EDDY CURRENT TEST

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

magnetic field.

V The electrical currents are called eddy currents.

V 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

V The test equipment consists of a generator (AC power supply)

V A test coil and recording equipment. Eg. (a galvanometer (or) an oscilloscope)

V Used for crack detection, material thickness measurement, sorting materials, 

coating thickness measurement, metal detection, etc. 
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PRINCIPLE OF EDDY CURRENT TESTING :

* When a AC passes through a test coil,

* A primary magnetic field is set up around 

the coil.

* The AC primary field induces eddy current 

in the test object held below the test coil.

* A secondary magnetic field arises due to the 

eddy current

* The strength of the secondary field depends

on electrical and magnetic properties of the 

object.
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* The changes in the secondary field will be a ófeedbackô to the primary coil 

and affect the primary current.

* The variations of the primary current can be easily detected by a simple 

circuit which is zeroed properly beforehand.
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TYPES OF PROBES :

The test coils are commonly used in three configurations.

* Surface probe

* Internal bobbin probe

* Encircling probe
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APPLICATIONS

* Crack Detection

* Material thickness measurements.

* Coating thickness measurements.

* Conductivity measurements for,

(i) Material Identification

(ii) Heat Damage Detection    

(iii)    Case Depth Determination

(iv)    Heat Treatment Monitoring
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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

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

OML 751 ïTESTING OF MATERIALS



Thank you


