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We intend to facilitate our students to assimilate the latest technological know-how and to 
imbibe discipline, culture and spiritually, and to mould them in to technological giants, 
dedicated research scientists and intellectual leaders of the country who can spread the beams 
of light and happiness among the poor and the underprivileged. 
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 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

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 

code 
Course Name 

L-T-P-

Credits 

Year of 

Introduction 

ME367 Non-Destructive Testing 3-0-0-3 2016 

Prerequisite : Nil 

Course Objectives 

 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.  

 To enable selection of appropriate NDT methods.  
 To identify advantages and limitations of nondestructive testing methods 
 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  
 The students will be able to differentiate various defect types and select the appropriate NDT 

methods for the specimen.  
Text book 

 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 

Module Contents Hours 

End 

Sem. 

Exam 

Marks 

I 

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. 

1 

15% 

1 

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

1 

1 

 

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

1 

 1 

special lighting, a systems, computer enhanced system 1 

II 

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

1 

15% 

1 

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

1 

1 

interpretation and evaluation of penetrant test indications, false 
indication 

1 

1 
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and safety precaution required in LPI, applications, advantages 
and limitations 

1 

FIRST INTERNAL EXAMINATION 

III 

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

1 

15% 

1 

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

1 

1 

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

1 

1 

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

1 

IV 

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

1 

15% 

1 

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

1 

1 

 

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

1 

 

1 

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

1  

SECOND INTERNAL EXAMINATION 

V 

 

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  

1 

20% 

1 

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

1 

1 

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

1 

 1 

applications, advantages and limitations of RT 1 

V1 

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

1 

20% 

1 

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 

1 

1 

equipments and accessories, various application of ECT such as 1 
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conductivity measurement, hardness measurement, defect 
detection 

1 

coating thickness measurement, advantages and limitations of 
eddy current testing 

1 

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 II 
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. 

 

ME367 NDT

Department of Mechanical Engg., NCERC



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. 

C367.3 
Examine the magnetizing methods, principle, advantages, limitations and applications of 
Magnetic Particle Inspection. 

C367.4 
Demonstrate the principle, methods, advantages, limitations and applications of 
Ultrasonic testing. 

C367.5 
Examine the principle, techniques, advantages, limitations and applications of 
Radiographic testing. 

C367.6 
Demonstrate the principle, advantages, limitations and applications of Eddy current 
testing. 

 

CO-PO-PSO MAPPING 

CO Vs PO 

ME367 

COURSE 

COUTCOME 
PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

C367.1 1 - - 2 - - - - - - - 2 2 - 3 

C367.2 2 - - 1 2 - - - - - - 2 2 2 3 

C367.3 2 - - 1 2 - - - - - - 2 2 2 2 

C367.4 2 - - 2 2 - - - - - - 3 2 3 2 

C367.5 2 - - 2 2 - - - - - - 3 2 3 2 

C367.6 2 - - 1 2 - - - - - - 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 CO1 K2 

3 Describe the importance of Non Destructive Testing. CO1 K3 

4 List the optical aids used in visual inspection CO1 K2 

5 
Write short notes on, 
(i)Boroscope  (ii)Endoscope      

CO1 K2 

6 Draw the block diagram of computer enhanced visual system CO1 K3 

7 
Write the advantages and disadvantages of computer enhanced 
visual system 

CO1 K2 

8 Differentiate destructive and non-destructive testing CO1 K4 

9 Explain computer enhanced visual system for visual inspection CO1 K2 

10 Describe any of the two optical aids used in visual inspection CO1 K2 

 

MODULE 2 

SL NO QUESTIONS CO  KL 

1 List the materials for liquid penetrant test CO2 K1 

2 Explain any of the two penetrant testing methods CO2 K2 

3 
With neat sketches explain the steps involved in conducting 
LPI. 

CO2 K3 

4 State the principle of Liquid Penetrant Inspection CO2 K3 

5 Analyse the properties required for good penetrant CO2 K3 

6 
Based on the physical properties enumerate the features of 
different penetrants 

CO2 K3 

7 
Analyse the various steps involved in Liquid penetrant 
inspection 

CO2 K4 

8 Write the limitations of LPI. CO2 K2 

9 Write properties of developer CO2 K2 

10 Name the excess penetrant removal methods CO2 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 
used in MPI 

CO3 K2 

7 
Is it essential to demagnetise the specimen before and after the 
magnetic particle testing? Substantiate your answer 

CO3 K3 

8 
Differentiate between direct and indirect method of 
magnetization 

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 CO4 K2 

3 State the principle of Ultrasonic Testing CO4 K3 

4 
With neat sketches explain the steps involved in conducting 
UT 

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 neat sketch explain about the different inspection 
techniques in radiography testing (RT). 

CO5 K3 

2 Explain about real time radiography CO5 K2 

3 
Explain about different types of screens used in RT, mention 
the advantages also 

CO5 K2 

4 Explain about various steps involved in film processing in RT CO5 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 

8 
Explain SWSI, DWSI AND DWDI inspection techniques in 
radiographic testing 

CO5 K2 
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MODULE 6 

SL NO QUESTIONS CO  KL 

1 
Explain about eddy current testing techniques in details. List 
the advantages and disadvantages of the process. Include 
necessary figures 

CO6 K2 

2 
Explain the following terms associated with ECT: Lift off 
effect, Edge effect and End effect 

CO6 K2 

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? CO6 K2 

6 What are the different types of eddy current testing probes? CO6 K2 

7 
Explain constant current drive and scanning probe ECT 
techniques 

CO6 K2 

8 What is the principle of Eddy current Testing? CO6 K3 

 

 

APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

SL 

No 
WEB SOURCE REFERENCES 

1 http://www.nptel.ac.in 

2 https://www.asnt.org 

3 https://www.ndt-global.com 
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MODULE 2 

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 techniqueltest procedure - Interpretation an 

evaluation of penetrant test indications False indication - Safety precautio 

required in LPI -Applications, advantages and limitations. 
2.1. INTRODUCTION: 

Liquid penetrant înspection is one of the oldest and most widely user 
non-destuctive testing methods. It is also called as dye-penetrant inspection 

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

It is suitable to defect flaws like pits, cracks, pores, unfills that a 
exposed to the surface. Materials that are commonly inspected using L"| 

include. 

ME367 NDT
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2.2 Non-Destructive Testing www.airwalkpublications.com Liquid Penetrant Inspection 2.3 

G) Ferrous metals. Schematic of liquid penetrant inspection is given in the Fig. 2.1 

(ii) Non-fcrrous metals. Test 
Penetrant Emulsifier wash & Dry object 

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

ceramics). Developer Test Object Light 

(iv) Non-magnetic materials. 
Fig. 2.1 

LPI is used to detect casting, forging and welding surface defects such 
What can be inspected by LPI? 

as hairline cracks, surface porosity, leakage and fatigue cracks on in-service 

components. Almost any material that has a relatively smooth, non-porous surface on 

which discontinuities or defects are suspected. 
2.2. PRINCIPLE: 

In liquid penetrant testing a liquid with high surface wetting What cannot be inspected by LPI? 

characteristics is applied to the cleaned surface of the test specimen. 
Components with rough surfaces, such as sand casings, that trap and 

hold penetrant. 
The liquid penetrates into surface, breaking discontinuities via capillary 

action and surface tension. The cohesive force between the molecules of a 

liquid causes surface tension. 
Porous ceramics 

Wood and other fibrous materials. 

Excess pecnetrant is removed from the surface and a developer is applied 

Plastic parts that absorb (or) react with the penetrant materials. to pull trapped penetrant back to the surface. 

Components with coatings that prevent penetrants from entering Then the surface is inspected for defects, either visually (or) with 
defects. 

Nuorescent lighting. 

2.3. PENETRANTS: 

With good inspection technique, visual indications of any discontinuities 

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. 

present become apparent. 

After inspection, the developer and residual penetrant are removed by 

post cleaning method. 
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2.4 Non-Destructive Testing www.airwalkpublications.com 
Liquid Penetrant Inspection 

Penetrant materials consist of 

Note: 
(i) Indicating dye.

The fluorescent penetrants are most generally used for tha 

detection of the cracks but these are not recommended or 

use on rough surfaces because of the dificulty in removina 

(ii) Carrier fluid 

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

2.3.1. Types of Penetrants: 2. Based on removal technique: 

Basically the penetrants are classified Based on method of removing excess penetrant from the surface 
. Based on physical properties. 

penetrants are classified as 

2. Based on removal techniques. i) Solvent removable. 

3 Based on strength of indication. (ii) Water washable. 

1. Based on Physical Properties: (ii) Post emulsifiable. 

According to the physical properties, penetrants are classified into 
() Solvent removable: 

(i) Fluorescent penetrants. 
In this method, penetrants are removed by wiping with a cloth (ii) Visible penetrants. dampened with: solvent. 

(i) Fluorescent Penetrants: 
*They are available in aerosol cans for easy portability. Fluorescent penetrants are generally green in colour and they contain a 

dye or several dyes that glow brightly when exposed to UV lights. It is significantly used for spot checks. 

It is highly sensitive than visible penctrants and it requires a darkened (ii) Water washable: 

area for inspection. 
*In this method, penetrants are removed from the part material by (i) Visible Penetrants: rinsing with water alone. 

Visible penetrants are usually red in colour that provide high contrast 

Water washable penetrants are sometimes rcferred to a5 
against the white developer background. 

self-emulsifying system. 
It is less sensitive than fluorescent penctrants and it does not require a 

darkened area and UV light for inspection. Cost efficient and easy to agply. 
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2.6 Non-Destructive Testing -www.ainwalkpublications.com Liquid Penetrant Inspection 2.7 
4. It should remain well inside the defects but it should be easier to 

(ii) Post emulsifiable: 
remove from the surface being tested. 

Here the penetrants are not directly water washable and they require the 

use of an emulsifier (oil (or) water base). 5. It should possess high indicating capability. 

Based on the type of emulsifier employed the post - emulsifiable method 6. It should remain in fluid state, so that it can be drawn back to the 

can be classified into two types. 
surface of the component through drying and developing steps. 

7. It should be non-flammable & non-toxic. (a) Post - emulsifiable lipophilic method 

This method uses oil based emulsifier to remove the excess penetrant 8. It should possess less dwell time. 

from the test surface. 
9. It should not affect the physical & chemical properties of the testing 

(b) Post - emulsifiable hydrophilic method. material. 

10. It should be cohesive, adhesive and relatively low in cost. This method uses water soluable detergent based emulsifier to 

remove the excess peneurant from the test surface. 
2.3.3. Properties of good penetrant: 

3. Based on strength of indication: 
1. Capillarity: 

Depending on the strength of indication, penetrants are classified into 
Capillarity is the ability of a liquid to flow in narrow spaces without 

the assistance of external forces. 
) level-Ultra low sensitivity 

This property helps the penetrant to fill a void. 

(ii) level 1 - Low sensitivity. 

The formation of penetrant indication during development period is based 

on reverse capillary action. (iii) level 2 Medium sensitivity. 

(iv) level 3 High sensitivity. 2. Contact angle; 

Angle fornmed by the solid liquid interface and liquid-vapour interface 
measured from the side of the liquid is called contact angle 

() level 4 - Ultra high sensitivity. 

2.3.2. Characteristics of good penetrants: 

1. It should spread easily over the surface being inspected. 
A penetrant is effective when the contact angle is as small as possible. 

2. It should be easily drawn into discontinuities by capillary action. Mostly the liquid penetrant has contact angle close to 0 
The wetting agent improves the wettability and also reduces the contact 

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

tested. 
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OesINE Testing ww.airaakouoicationsco Liguid Penetrant lnspection 

Contat argie & Specific Gravity: 

Specific gravity is the ratio of the density of a liquid to the dens 

the standard liquid 

o the density ot 

Actually specific gravity has o direct elfect on the perfomance of . 

enetrant 
Fig 2Measurement of 

Cetct Angie (e) A penetrant should have specific gravity less than one. 

7. Non-nammable: 

Flash point is the temperature at which the liquid can form explosive 

mixture. 

teis atnntae tartr in deermining the sai with which a penetrant It does not affect the penetrant performance. 

But the penetrant should have high flash point to avoid fire hazards 

The penetrans w ith lesviSUsity titl the cracks in time. 
S. Volatility: 

Al te less visvus penctrant can be more easily washei out of defcts The tendency of a substance to evaporate at nomal temperature is called 
durng ceaing volaility. 

Surface Tension: Volatility depends on boiling point. 

Surtace tension is noching but wetting capability of a liquid. Penetrants should have high boiling point to be less volatile. 

Fenetrant shuld have good wetting capability to spread over the surface. On other hand, high boiling point penetrant will have high viscosity. 

Anyway it is nécessary for a penetrant to be less volatile. 
This wettability of penetrant can be improed by adding wetting agent. 

9. Removability: 
i Cohesiveness and Adhesiveness: 

The penetrant should be easily removable from the surface but should 
The attractive forve between like molecules and unlike molecules are provide resistance to being removed from discontinuities. 

alid Cohesive and Adhesive forces respectively. 

The penetrant should be both cohesive and adhesive. during contact with 

develoer and eracks of the component. 

For achieving this, the penetrant should be more adhesive than cohesive, 
so that the attractive force betwecn developer and penetrant is weaker than 
the force between penetrant and solid discontinuities. 
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2.10 Non-Destructive Testing www.airwalkpublications.com 
Liquid Penetrant Inspection 2.11 

10. Indicating Capability: 
6. It should be non-toxic. 

A penetrant must provide good indication which can be identified with 
less effort. 7. It should be easily applied to the test materials. 

The colour of the penetrant is an important factor in indication. 
8. It should be easy to remove after inspection. 

2.4.2. Types of Developers: The dye used in the penetrant should be very bright so that the indication 
can be easily identified through naked eye. 1. Dry powder developers. 

2.4. DEVELOPER: 
2. Water suspendable developers. 

Developer is a good absorbent material capable of drawing traces of 

trapped penetrants from the discontinuities back into the surface. 
3. Water soluble developers. 

4. Non-aqueous developers. 
It also provides a light background to incrcase contrast when visible 

penetrant is used. 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. 
For fluorescent penetrant, the developer background should appear black 

when illuminated by the UV +ght. 

Dry powder developers can be applied to the test material. 
For visible penetrant, the devcloper creates a white background that 

contrasts the normal red appearance of the dye pulled out of the crack (or) i) by dipping parts in a developer container.

pore. (i) by placing parts in a dust cabinet where the devcloper is blown. 

2.4.1. Properties of good developer: (iii) by using a buffer to dust parts with the developer. 

1. It should have good absorption characteristics to maximize blotting of 2. Water - Suspendable Developer: 

the penetrant. 
Water suspendable developers consist of insoluble developers particles 

suspended in water. Water suspendable developers require frequent stiring (or) 

agitation to keep the particles from setling out of suspension. 

2. It should have good contrast background. 

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

coating. The solution is difficult to maintain as the powder setles out over time. 

4. It should be chemically inert with test materials. It is applied by dipping, pouring or brushing the solution onto the test 

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

indications. 
The solution is generally dried using warm air at 21°C. 
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Liquid Penetrant Inspection 

3. Water - Soluble developer: 2.5. 
PROCEDURE 

FOR LIQUD 
PENETRANT 

INSPECTION Ln. 

Water - soluble developer is a crystalline powder that forms a clear 
Pre-clean 

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

Penetrant application 

Tt is applied as same as water suspendable developer. 
This developer is not recommended for water washable penetrants. 

Dwell timme 

4. Non-Aqueous: 
Excess penetrant Removal 

Non-aqueous developers suspend the developer in a volatile solvent. 

It is supplied by a spray gun or aerosol can and is the most sensitive Developer application 
developer for inspecting small areas. 

This method is too costly and difficult to apply in the large areas. 
Inspection 

Developer Advantages Disadvantages 
Dry powder Ci) Easy to apply 

(ii) Inexpensive 
ii) Can be easily cleaned. (ii) Does not form, contrast 

(i) Difficult to cover the 
entire surface 

Post Clean 

Fig. 2.3 

background. 
(iii) Less 'sensitive to 

indications. 

1. Pre-cleaning: 

Pre-cleaning is the most important step in the liquid penetrant inspection 
) Easy to coat the entire part (i) Indications fade away by 

i) Indications are sharp & clear. |time. 
(iii) Can produce good (ii) Requires frequent 

contrast 
) Easy o coat the entire part | (i) Provides poor contrast

Cii) Easily washable. 
(iii) Fast and effec tive light. 

method. 
(i) Highly sensitive. 

Cii) Easy to apply. 

ii) Docs not require

forced drying. 

Water 
procedure. 

Suspendable 
The test surface to be inspected is cleaned to remove oil, grease, lakes 

scales, paint (or) other' contaminations. stiring. 
Water soluble 

Cleaning methods may include vapour degreasing, solvent wiping 
solvent spraying, ultrasonic inmmersion using solvents ctc. 

(ii) Indications are very 

2. Penetrant application: 

Non-aqueous (i) Difficult to çover the 

entire part evenly. 
(i) Difficult for post 

cleaning. 

At this stage, the penetrant is applied on the surface to be inspected. 
The liquid penctrant is applied by dipping, brushing (or) spraying on e 

cleaned test surface.
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Many methods of application are possible such as The dwell time vary according to penetrant type, ternperature, material 

1. Brushing method. type and surface finish. 

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

2. Spraying method. 

4. Excess Penetrant Removal: 
3. Dipping / immersing method 

Here, the excess penetrant is removed from the test surface so that the 

4. Flowing method. 
retention of penetrant from discontinuities can be ensured. 

The removal technique depends upon the type of penetrant used. 

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

which indicates no defect. 

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

Clean and dry surface Application of penetrant where the defect is difficult o identify. 

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

cleaning is done 

The methods used to remove excess penetrant includes. 

(i) Water Washable method.

Dwell time Removal of excess penetrant (ii) Post- Emulsifiable method. 

(ii) Solvent removable method. 

The above mentioned 3 methods are briefly cxplained in section 2.8. 

5. Developer application: 

Developer is applied to pull back the trapped penetrant so that the 
Inspection 

Development 
indication of discontinuity / defects will be very clear. 

Flg. 2.4 

Types of developers: 

The four types of developers used in liquid penetrant inspection are 

3. Dwell Time: 
i) Dry powder developers. 

Dwell ime is the period of time from when the penetrant is applied to (ii) Water suspendable developers 
the surface until it is removed. 

(i) Water - Solvable developers. 

The penetrant solution must be allowed to "dwell" on the surface of the (iv) Non-aqueous wet developers. 

part to fill any defects. The above developers were already explained briefly in section 2.4.2. 
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2.16 
Table 2.1

Developing time: Fluorescent Penetra Visible Penctrant 

S.No. Nature of Defect 

Cracks 

Developing time is the time it takes the application of the developer Thin, greenish-yellow 
Thin red lines-depth 

indicated by the 

degree of spread 

until the actual evaluation commences. 

lines. 6. Inspection, Interpretation and evaluation: 

After completion of the developing time, the indications from 
discontinuities that are formed on the test surface should be inspected, 
interpreted and cvaluated. 

The inspec 

Series of greenish 
Series of red spots 

spread over the surfaceyellow spots. Porosity 
on may be carried under visible light conditions (or) with 

UV (or) Laser incidcnt light. The defect recognition may be made with the 
Series of very small, 

Very tight crack Series of very small 

human eye (or) with automated optical scanners. greenish-yellow dots. 
red dots in continuous 

formation 7. Post - Cleaning: 

Pale greenish-yellow 

blotches. 
The final step in the penetrant inspection process is to thoroughly clean Shrinkage 

Pale red blotches 

the part that has been tested to remove all penectrant processing mate ls. 
The residual materials may affect the perfomance of the part (or) its 

visual appearance. 
Some of the defects that can be detected with liquid penetrant testing 

Typical penetrant indications are shown in Fig. 2.5. 
and their indications are given in Table 2.2. 

Table 2.2 

S.No. Defect Description 

Casting porosity Spherical surface indications. 1. 

2 Porosity (glass) 
Casting cold shut 

Spherical surface indications. 

|Dotted or smooth continuous lines. 
(a) Coarse crack (b) Porosity 

4. Cracks 
Straight or jagged continuous surface lines. 

S. Hot tears |Ragged line of variable width, numerous 

branches. 
6. Sand casting shrinkage | Crack indications where part thickness 

changes. 
7. Forging lap (Al) Sharp crescent-shaped indications on 

aluminum. 
(c)Tight Crack (b) Shrinkage 

Fig. 2.5 
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S.No. Defect Description 4. Smaller the defect, the longer the penetraing 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. 
S. When the dwell time is more, we can get good indication. On the 

Dish shaped indication with spoke 

propagation. 

10. Crater crack (Al) 
other hand if the dwell time is less, it reflects on indication with less 

clarity. 
11. Crater crack (deep) |Rounded indication 
12. Lamination (rolling) Seams on rolled plate. Visible penetrant type developer when applied on the test surface, 6. 

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-reat 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 

surface, the defects will show up as a brilliant yellow-green colour 16. Lack of fusion (welds)) Broken line of varying width near 

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 great signif+cance. 2.6. INTERPRETATION OF RESULTS: 

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 

penetrant entrapped in the discontinuity. interpreting the indications & results there are several key features are noted. 

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

2.7. FALSE INDICATIONS: indication. So, it is important to allow sufficient time so the penetrant 

can fill the defect. The defect must be clean and free of foreign: 
A false indication is an accumulation of penetrant caused by a drop of 

penetrant left on the workpiece inadvertenly. 
materials so that the penetrant is free to enter. 

2. Clean cracks are generally easy to detect. But some uncontaminated' 

surface opening which are very fine is difficult to de:ect. 
With the liquid penetrant inspection, there are no false indications in the 

sense that they occur in the MPI (Magnetic Particle Inspection). 3 If all penetrant is washed out of a defect, an indication cannot be 

formed. During the washing (or) rinsing operation, prior to 
development it is possible that the penetrant will be removed from| However, there are two conditions which may create accumulations of 

the defcct as well as from the surface. penetrant that are sometimes confused with true cracks and discontinuities.
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2.20 

2.8.1. Water washable 
method: 

In this method as shown in the Fig. 2.6, the materials used 

soluble. After the initial cleaning and drying process, the penetrant 

The first condition includes indications caused by poor washing. re 
waler 

eneurant applied 
If all the surface penetrant is not removed in the washing (or) rinsing 

operation following the penetrant dwell üme, the unremoved penetrant will be shall be a water based fluid. 

visible. Pre Clean 

Dry 

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

Drain Degreasing is recommended for removal of all races of the penetrant. 

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

Aqueous 
developer 

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

the fit line. 

Dry 
developer 

Non aqueous 

developer Dry 

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

Develop 
together. 

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

and shape. 

Reject Accept 
2.8. PENETRANT TESTING METHODS: 

Post Clean The commonly used penetrant testing methods are Rework | Scrap 

(i) Water washable method. Fig. 2.6: Water washable penetrant method 

After the dwell time, the rinse or penetrant removal step is different various application methods. (i) Post emulsifiable method. 

(ii) Solvent removable method. Use of large volume of water would require facilities for adequ draining and disposal of the rinsed water. 

ate 
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The differences between the post emulsifiable penetrant method and 2.8.3. Solvent removable Method: 

water washable method are 
Fig. 2.8 represents the solvent removable method. 

1. Penetrant used. Pre Clean 

2. Need for an emulsifier Dry 

Penetrant Application 
If the solvent based penetrant is used and followed by an emulsifier 

application, it allows the remaining process to follow the water washable path. 
Drain 

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

Nonaqueous 
developer Advantages: 

1. Highly sensitive to fîne flaws. 
Develop 

2. Adaptable for high volume testing. 

Inspect 

3. Not easily affected by acids. 

Limitations: Reject Accept 

1. Not portable. 
Post Clean 

2. Not effective for parts with intricate shape. Fig. 2.8: Solvent Removable Penetrant Method 

3. Emulsification time must be closely controlled. It is an oil-based inspection process. 

After the preliminary processes like precleaning, drying, penetrant 
4. Inexpensive. 

application, the penetrant is removed by wiping action using a solvent 

dipped cloth. 
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fore should Here the non-aqueous developer is used for developer action. 3. Some of the penetrant 
materials are flammable and therefore 

be used and stored in small quantities. 

* This method is most suitable for small parts and onsite applications ic and the due to ils portability. Penetrant materials may be highly volatile, relatively toxic 

all timess 

Advantages: 
liquid may cause skin irritation. Adequate ventilation at all 

should be used. 

1. Used for spot examinations on large parts. 
5. Eye protection should always be wom to prevent contact of the 

2. Effective when water removal is not feasible. chemicals with the eyes. 

3. Since using non-aqueous developer, no-necd of drying time. Gloves and other protective clothing should be worn to limit contact 6. 

with the chemicals. 

Limitations: 
7. Aerosol cans of penetrant materials should be kept out of direct 

sunlight or areas in excess of 130°F. Excessive heat may cause aeroso! 

1. Limited to smaller surfaces. 

2. Dark environment is rtquired. 
cans to explode. 

8. Avoid looking directly into black light source, since the eyeball 
3. Background indications may be generated. 

contains a fluid that fluoresces if black light shines directly into the 

Sensitivity can bc reduced if excessive remover is applied. eye. 

2.9. SAFETY PRECAUTION REQUIRED IN LPI: 2.10. ADVANTACES AND LIMITATIONS OF LPl: 

Advantages: When proper health and safety precautions are followed, liquid penetrant 

inspection operations can be completed without harm to inspection personnel 
However, there is a number of health and safety related issues that need to 

1. Simple and easy lo use. 

be taken in consideration. 2. Highly portable. 

Some of the most common safety precautions are given below: 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. 
1. The certified inspector shall be responsible for compliance with 

applicable safety rules in the use of liquid penetrant materials.. 

4. Highly sensitive to small surface discontinuities. 2. Liquid penctrant should not be heated (or) cxposed to open flames. 
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5. Large surface areas and large volumes of parts materials can be 
2.11. APPLICATIONS: 

inspected quickly and at low cost. 

LPI can be effectively used to detect surface discontinuities such as 

6. Complex geometric shapes can be inspected. 
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 

7 Indications are produced directly on the surface of the part and 
non-metallic materials such as plastics and glass. Typical applications of liquid 

constitute a visual representation of the flaw. 
penetrant inspection include. 

8. Penetrant materials and associated equipment are relatively

) Aerospace: inexpensive. 

Liquid penetrant method is widely used in aerospace industries by both 

the producers for quality control of production and the users for regular 

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

Limitations: maintenance and safety checks. 

1. Can only detect defccts open to the surface. 

Typical components that are checked by this method include turbine, 
2. Surface preparation before testing is critical as contaminants may 

rotor dises and blades, aircraft wheels, castings, forged components and welded 

mask defects. 
assemblies. 

3. Preparation before testing can be time consuming and costly. 

(ii) Automobile:

Interpretation of results is sometimes difficult. 4 
Many automotive parts particularly aluminium castings and forging 

including pistons and cylinder heads are subjected to this form of quality 5. Cannot be used on porous and very rough surfaces. 

checks before assembly.

6. Requires a high degree of cleanliness for satisfactory inspection. 

(ii) Railway: 
There may be a problem in disposing of contaminated cleaning and 7. 

penetrant fluids. 
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. 
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(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. 

********* 
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