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FOREWARD 
 

 
The material in this publication is for training purposes only 

 

It is not intended, in any way, to replace or supplement company manuals or OEM 

procedures and is UNCONTROLLED 

 

In any specified work situation reference MUST be made to the relevant current customer 

requirements and published specifications for correct instructions. 

It is important therefore that this publication not be used as an authoritative source, but only 

for information purposes 

 

 

Purpose: 
 

The body of technical knowledge required of non-destructive testing (NDT) personnel is essential 

for maintaining the quality level of all NDT inspections regardless of method or technique. The 

content and expected outcomes of this course are designed to cover the Magnetic Particle inspection of 

product forms (including welds) for evaluation of surface and near surface discontinuities at 

qualification Level 2 (ISO 9712). 

 

This course is also designed to prepare the trainee for the Theory part of the CBIP Magnetic 

Particle Inspection Certification MT2 

 

Practical training and assessments have been included in this course for demonstration purposes and to 

confirm the adequacy of the training. 

 

 

Competency Standards: 
 

This course and associated training materials have been designed to comply with the following 

documents 

 

ISO 9712-2012 - Non-Destructive Testing - Qualification and Certification of NDT Personnel 

ISO/TS 25107:2019 - Non-destructive testing - NDT training syllabi 

CBIP PRO-CER-18 - Guidelines for certification General 

CBIP PRO-CER-14 - Guidelines for certification Magnetic Particle testing 
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Learning Outcome 
 

Trainees will be able to demonstrate knowledge of the Magnetic Particle inspection process including 

practical applications and Interpretation and Evaluation at Level 2 

 

They should be able to perform the following; 

 

 Select the MT technique to be used based on general specifications (AS 1171 and 

ASTM E1444) 

 Define the limitations of MT (Magnetic Particle) method. 

 Translate MT standards, specifications and procedures into written instructions. 

 Set up and verify equipment settings  

 Perform MT inspections including interpretation and evaluation of results according to 

applicable standards 

 Provide supervision and guidance for personnel at or below Level 2, 

 Report the results of MT inspections 

 

 

Course Duration 
 

The course will be delivered over a period of 40 hours covering 5 days. 

 

A course plan detailing the expected timetable will be issued to the trainee at the start of the course. 

The course will consist of theory lecturers, practical exercises and assessments as detailed in the course 

programme and syllabi. 

The practical content of this course can be delivered in the classroom or at the trainee‘s workplace. 

 

The following referenced material has been used to develop the structure and content of this MT course 

 

 CBIP PRO-CER- 14 and 18 Training Guidelines 

 ISO/TS 25107 Non-destructive testing — NDT training syllabus 

 ANSI/ASNT CP-105 Qualification outlines 

 ASNT Training handbook – Magnetic Particle Testing 

 NDE/NDT Resource Centre 

 OEM supplied equipment training material
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1 - INTRODUCTION TO NDT 
 

Role of NDT 
 

An NDT method explores a particular physical property of a material or component in an effort to 

detect changes in that property which may indicate the presence of a discontinuity 

 

It is sometimes referred to as Non-Destructive Inspection (NDI) or Non-Destructive Evaluation 

(NDE). Either terms are acceptable and depend on the country of origin or whether the test applies 

to a particular industry, e.g.: Manufacturing, Nuclear, or Aviation. The "non-destructive" 

description was adopted to differentiate it from the various "destructive" mechanical tests already in 

use. 

 

Non-destructive testing makes an important contribution to the safety, economic and ecological 

welfare of our society. 

NDT is the choice for the testing of an object which cannot be destroyed, modified or degraded by 

the testing process. This is generally required for objects which are to be used after testing, for 

example: newly manufactured pipelines, power plants, and building constructions. In-service parts 

are also checked for on-going serviceability. 

NDT is based on physical effects at the surface or the inner structure of the object under test. Often, 

the outcome of the test needs to be interpreted to give a useful result. Sometimes NDT results are 

verified and confirmed by other test methods. 

Non Destructive Testing (NDT) can be defined as an inspection using methods which do not affect 

the subsequent use or serviceability of the material, or part being inspected. 

 

People have been using NDT methods unknowingly for centuries – e.g. ringing drinking vessels and 

tapping train wheels to discover whether they were cracked  However, it is generally accepted that 

NDT as a technology dates from the 1
st
 world war (1914). Although magnetic methods of 

inspection existed before then, it was during that war that radiography was first used for inspection 

in the armaments industry. Liquid penetrants were first used during the 1930s; Ultrasonic methods 

were developed during the early 1940s with the first practical immersion testing system credited to 

William Hitt and Donald Erdman 

 

In Magnetic Particle inspection a material may be inspected by magnetising and then looking for 

areas were the magnetic field has been disrupted. In ultrasonic inspection a material may be 

explored using pulses of ultrasonic energy, searching for local changes in acoustic impedance; in 

eddy current inspection electric currents are used to search for changes in electrical conductivity 

and so on. The important point is that all NDT methods are two-stage processes. Firstly, we must 

find a change in some physical property and secondly, the significance of that change must be 

interpreted. 

 

The decision regarding whether a particular inspection result or indication is caused by the presence 

of a crack will be made by the NDT technician and will be based on a number of factors. Thus, 

there are two phases involved in training NDT technicians. They must first learn how to use the 

NDT equipment and having learned these basic skills, it is then necessary to learn how to interpret 

the results of inspections. This is to a large extent a matter of experience gained in the field.  
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1.1  NDT Certification 

 
New Zealand CBIP NDT Certification 
 

CBIP Non-Destructive Testing Inspector certification permits an individual to be certified as 

competent to perform the specific types of inspection defined in PRO-CER-14,15,16 and 17. 

Non-Destructive Testing Inspector is an individual who has met the experience, training, 

examination and competence requirements as outlined in PRO-CER-18. 

 

Competence Certification will be issued for a one (1) year period and must be renewed annually. 

Individuals must recertify 10 yearly on the anniversary of the original certification 

 

Qualification and certification are carried out in accordance with international Standard 

ISO 9712 - Non-Destructive Testing - Qualification and Certification of NDT Personnel 

 

 

Confusion sometimes exists between Qualification, Certification and Authorisation 

 

Qualification: Demonstration of physical attributes, knowledge, skill, training and experience 

required to properly perform NDT tasks (AQB) 

 

Certification: Procedure used by the certification body to confirm that the qualification 

requirements for a method, level and sector have been fulfilled, leading to the 

issuing of a certificate. 

 

Authorisation  Written statement issued by the employer, based on the scope of certification, 

authorising the individual to perform defined tasks 

 

 

There are three basic levels of certification are Level 1, 2 and 3 

 

 

NDT Level 1 Engineer 
An individual certified to Level 1 has demonstrated competence to carry out NDT according to 

written instructions and under the supervision of Level 2 or Level 3 personnel. Within the scope 

of the competence defined on the certificate, Level 1 personnel may be authorized by the employer 

to perform the following in accordance with NDT instructions: 

 

a) Set up NDT equipment; 

b) Perform the tests in accordance with a written instruction 

c) Record and classify the results of the tests according to written criteria; 

d) Report the results. 

 

 

NOTE - Level 1 certified personnel shall neither be responsible for the choice of test method or 

technique to be used, nor for the interpretation of test results. 

https://www.cbip.co.nz/uploads/files/PRO-CER-14%20Magnetic%20Testing%20Rev%203.pdf
https://www.cbip.co.nz/uploads/files/PRO-CER-15%20Penetrant%20Testing%20Rev%203.pdf
https://www.cbip.co.nz/uploads/files/PRO-CER-16%20Radiographic%20Testing%20Rev%203.pdf
https://www.cbip.co.nz/uploads/files/PRO-CER-17%20Ultrasonic%20Testing%20Rev%203.pdf
https://www.cbip.co.nz/uploads/files/PRO-CER-18%20Guidelines%20for%20Certification%20-%20General%20Requirements.pdf
https://www.cbip.co.nz/view/competence-certificate/31/
https://www.cbip.co.nz/page/re-certification-/3/24/
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NDT Level 2 Engineer 
An individual certified to Level 2 has demonstrated competence to perform NDT according to NDT 

procedures. Within the scope of the competence defined on the certificate, Level 2 personnel may 

be authorized by the employer to: 

 

a) Select the NDT technique for the testing method to be used; 

b) Define the limitations of application of the testing method; 

c) Translate NDT codes, standards, specifications, and procedures into NDT instructions adapted 

to the actual working conditions 

d) Set up and verify equipment settings; 

e) Perform and supervise tests; 

f) Interpret and evaluate results according to applicable standards, codes, specifications or 

procedures; 

g) Carry out and supervise all tasks at or below Level 2; 

h) Provide guidance for personnel at or below Level 2; 

i) Report the results of MT inspections. 

 

 

CBIP Experience and Examinations 
 

Applicants for Level 2 shall have at least three months (or 480 hours) experience in the Magnetic 

Particle Testing method at Level 1. If qualifying directly to Level 2 experience shall be 640 hours 

(four months in total), not including any organised theory or practical training courses. For the 

experience to be valid it should be gained under the control of a Level 2 or 3 certified person who 

also holds a CBIP Competence Certificate 

 

 

EXAMINATION REQUIREMENTS Level 2  

 

MT2, requires three examinations consisting of two written examinations and a practical 

examination  

 

General Paper (Written) 

 

40 multi choice questions at level 2 covering the general theory of MT method. 

 

Specific Paper (Written) 

 

20 multi choice and 10 short answer questions covering specific applications of the MT Testing 

method. 

Permitted reference material AS 1171, ISO 9712 and the CBIP GCMTP.  
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MT2: Practical examination 

 

The practical examination shall consist of two (2) parts. Time allowed for both parts will be 4 

hours, 3 hours for the practical samples plus one hour for the written work instruction. 

 

Practical Test  

 

The practical test shall consist of an inspection and reporting on sat least 3 samples and shall be 

carried out in accordance with a Standard Practice or General Procedure such as AS 1171. This will 

require the Level 2 candidate to interpret the document and determine the inspection procedure.  

Permitted reference material – AS 1171 and/or the candidates Company MT Testing procedure.  

 

Written examination reports, including defect indications, datum and interpretation, will be required 

to be presented to the examiner at the end of the test. No pro-forma worksheet will be supplied, but 

candidates may use their own company report sheets. 

 

Written Instruction (Procedure)  

 

The second part shall consist of producing a written instruction for the inspection of a specific part 

nominated by CBIP. The instruction shall be such that it complies with the requirements of AS 

1171 or ASTM E1444 and can be used by a Level 1 with no interpretation required.  

 

 

 

 

Access the CBIP website for exam information and sample questions 

https://www.cbip.co.nz/page/supporting-documents/12/14/ 

 

 

https://www.cbip.co.nz/page/supporting-documents/12/14/
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1.2  Definitions 
 

Discontinuity  Any break or interruption in the normal physical structure of a component. 

 

Defect  A flaw, the nature or size of which renders a material or component 

unserviceable 

 

Indication   That which indicates a presence of a discontinuity. 

Indications may be direct, as in the visual images associated with Liquid 

Penetrant and Magnetic particle, or remote as in a LED or meter display 

 

False Indication  An indication caused by anything other than the item under test. 

    E.g. Lint/dirt, fingerprints, couplant, contamination etc 

 

Non-relevant 

Indication  An indication caused by the item under test which is not associated with a 

discontinuity. E.g. Splines, sharp radii etc. 

 

Relevant 

Indication   An indication caused by a discontinuity. 

 

 

For the purpose of this training, the terms and definitions given in AS 1929 

apply 
 

 

 

The following are some common abbreviations that are used within the body text of these notes 

 

NDT Non Destructive Testing 

MPI  Magnetic Particle Inspection 

MT Magnetic Particle Testing 

FMPI Fluorescent Magnetic Particle Inspection 
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1.3  Discontinuities 
 

Non Destructive. Testing‘s main job within any Quality Assurance program is the detection of defects 

and flaws in the structure of components. 

All of these defects can be summed up within one word: DISCONTINUITIES. 

 

A discontinuity is a break or interruption in the normal physical structure of a component and may 

be a hole, crack, manufacturing flaw or anything else that breaks the continuity of the metal.  It may be 

found on the surface of the metal or within the metal itself. 

Discontinuities can originate from many sources and generally can be divided into two categories 

 

A Manufacturing discontinuities 

B Service induced discontinuities 

 

When using NDT methods to inspect for manufacturing discontinuities it is necessary to understand 

their origin and nature. This will assist in the interpretation and evaluation process. 

 

Additionally many customer requirements will specify an allowable ―class‖ or severity of 

discontinuity. This requires the inspector to be able to ―Interpret‖ the indication so that it can be 

―Evaluated against the acceptable criteria 

 

NDT Methods  

 

Below is a list of some of the more common Non destructive Testing methods used today.  

 

Liquid Penetrant 

Magnetic Particle 

Ultrasonic 

Eddy Current 

Radiography 

Thermography 

Acoustic Emission 

 

There are a variety of techniques within each of these that require an in depth knowledge in order to 

achieve a satisfactory inspection. 
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1.4  Introduction to Magnetic Particle Inspection 

 
Magnetic particle inspection is a non-destructive method for revealing surface, and near surface, 

discontinuities in parts made of magnetic material. The Magnetic Particle Inspection method consists 

of a variety of procedures and techniques all of which include the following three basic operations. 

 

 Establishing a suitable magnetic field.  

 Applying the magnetic particles (media). 

 Examining and evaluating the particle accumulations. (Indications) 

 

MPI is fast and relatively easy to apply. Surface preparation is not as critical as it is for some other 

NDT methods. These characteristics make MPI one of the most widely utilised non-destructive testing 

methods.  

MPI uses magnetic fields and small magnetic particles, such as iron filings, to detect defects in 

components. The greatest limitation of the magnetic particle inspection method is that the component 

being inspected must be made of a magnetic material such iron, nickel, cobalt, or some of their alloys. 

However there are a number of advantages this method has over the penetrant inspection method, the 

main ones being: 

 

A It can detect defects which are at or near the surface.  

B It is generally faster on individual parts 

C It can detect surface defects with foreign material (contamination) imbedded in them 
 

The method is used to inspect a variety of product forms such as castings, forgings, and welds. Many 

different industries use magnetic particle inspection for determining a component's fitness-for-use. 

Some examples of industries that use magnetic particle inspection are the structural steel, automotive, 

petrochemical, power generation, and aerospace industries. Underwater inspection is another area 

where magnetic particle inspection may be used to test such things as offshore structures and 

underwater pipelines.  

 

In theory, magnetic particle inspection (MPI) is a relatively simple concept. It can be considered as a 

combination of two non-destructive testing methods: magnetic flux leakage testing and visual testing. 

 

Limitations 
 

 Cannot inspect non-ferrous materials such as aluminum, magnesium or most stainless steels. 

 Some parts may require removal of coating or plating to achieve desired inspection sensitivity. 

 Limited subsurface discontinuity detection capabilities. Maximum depth sensitivity is 

approximately 0.4‖ (under ideal conditions). 

 Post cleaning, and post demagnetization is often necessary. 

 Alignment between magnetic flux and defect is important
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1.5  MPI Inspection overview 
 

Consider a bar magnet. It has a magnetic field in and around the magnet. Any place that a magnetic 

line of force exits or enters the magnet is called a pole. Where a magnetic line of force exits the magnet 

it is known as a north pole and where a line of force enters the magnet is known as a south pole. 

 

 

 

 

 

 

 

 

 

 

When a bar magnet is broken in the centre of its length, two complete bar magnets with magnetic poles 

on each end of each piece will result. If the magnet is just cracked but not broken completely in two, a 

north and south pole will form at each edge of the crack. The magnetic field exits the north pole and re 

enters at the south pole. (Look up in the sky) 

 

 

 

 

 

 

 

 

 

 

 

The magnetic field spreads out when it encounters the small air gap created by the crack because the 

air cannot support as much magnetic field per unit volume as the magnet can. When the field spreads 

out, it appears to leak out of the material and, thus, it is called a flux leakage field. 

 

 

If iron particles are sprinkled on a cracked magnet, the particles will be attracted to any part of the 

surface that contains a flux leakage. This not only occurs at the ends of the magnet but also at the poles 

at the edges of the crack as shown above. This cluster of particles is much easier to see than the actual 

crack and this is the basis for magnetic particle inspection. 
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1.6  History of Magnetic Particle Inspection 
 

Magnetism is the ability of matter to attract other matter to itself. The ancient Greeks were the first to 

discover this phenomenon in a mineral they named magnetite. Later on Bergmann, Becquerel, and 

Michael Faraday discovered that all matter including liquids and gasses were affected by magnetism, 

but only a few responded to a noticeable extent.  

The earliest known use of magnetism to inspect an object took place as early as 1868. Cannon barrels 

were checked for defects by magnetizing the barrel then sliding a magnetic compass along the barrel's 

length. These early inspectors were able to locate flaws in the barrels by monitoring the needle of the 

compass.  

 

In the early 1920‘s, William Hoke realised that magnetic particles (coloured metal shavings) could be 

used with magnetism as a means of locating defects. Hoke discovered that a surface or subsurface flaw 

in a magnetized material caused the magnetic field to distort and extend beyond the part. This 

discovery was brought to his attention in the machine shop. He noticed that the metallic grindings from 

hard steel parts, which were being held by a magnetic chuck while being ground, formed patterns on 

the face of the parts which corresponded to the cracks in the surface. Applying a fine ferromagnetic 

powder to the parts caused a build up of powder over flaws and formed a visible indication.  

 

In the early 1930‘s, magnetic particle inspection (MPI) was quickly replacing the oil-and-whiting 

method (an early form of the liquid penetrant inspection) as the method of choice by the railroad to 

inspect steam engine boilers, wheels, axles, and the tracks. Today, the MPI inspection method is used 

extensively to check for flaws in a large variety of manufactured materials and components. MPI is 

used to check materials such as steel bar stock for seams and other flaws prior to investing machining 

time during the manufacturing of a component. Critical automotive components are inspected for flaws 

after fabrication to ensure that defective parts are not placed into service. MPI is used to inspect some 

highly loaded components that have been in-service for a period of time. For example, many 

components of high performance race cars are inspected whenever the engine, drive train and other 

systems are overhauled. MPI is also used to evaluate the integrity of structural welds on bridges, 

storage tanks, and other safety critical structures.  

 

1.7  New Developments 
 

Actinic lighting 
Further advances in the fluorescent magnetic particle area have led to the use of Blue Light. This light 

is less harmful than the UV light currently used and is measurably brighter. However this requires 

special dyes coating the particles, Blue light known as ―Actinic lighting‖ peaks in the 420 nanometre 

range and is aesthetically pleasing to the eye when used in the MT booth. 

 

Automatic (robotic) equipment 
Robotic automatic processing for MT has been around for quite awhile, however it is only recently that 

advancements have been made in the automatic viewing and detection of discontinuities. Special 

cameras, computing power and modelling have meant that now it is economical for fully automatic 

MT systems to be used.  

It is theorised that the human inspector is, at best 85% effective. This means that the human inspector 

with the ability to reason will still miss at least 15% of the opportunities to detect a defective piece out 

of 100 samples presented. Machine vision on the other hand has been proven to be successful 95%-

99% in detection of defects. 
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2.0  Magnetism 
 

Magnetic Theory 
 

Magnets are very common items in the workplace and household. Uses of magnets range from holding 

pictures on the refrigerator to causing torque in electric motors. Most people are familiar with the 

general properties of magnets but are less familiar with the source of magnetism. The traditional 

concept of magnetism centers around the magnetic field and what is known as a dipole. The term 

"magnetic field" simply describes a volume of space where there is a change in energy within that 

volume. This change in energy can be detected and measured. The location where a magnetic field can 

be detected exiting or entering a material is called a magnetic pole. Magnetic poles have never been 

detected in isolation but always occur in pairs and, thus, the name dipole. Therefore, a dipole is an 

object that has a magnetic pole on one end and a second equal but opposite magnetic pole on the other.  

A bar magnet can be considered a dipole with a north pole at one end and south pole at the other. A 

magnetic field can be measured leaving the dipole at the north pole and returning the magnet at the 

south pole. If a magnet is cut in two, two magnets or dipoles are created out of one. This sectioning and 

creation of dipoles can continue to the atomic level. Therefore, the source of magnetism lies in the 

basic building block of all matter...the atom.  

 

A magnetic dipole is the limit of a pair of poles as the size of the source is reduced to zero while 

keeping magnetic moment constant. One form of magnetic dipole moment is associated with a 

fundamental quantum property—the electron spin 

 

 

 

 

 

 

 

 

The Source of Magnetism 
 

 

 

 

 

 

 

 

 

 

 

All matter is composed of atoms, and atoms are composed of protons, neutrons and electrons. The 

protons and neutrons are located in the atom's nucleus and the electrons are in constant motion around 

the nucleus. Electrons carry a negative electrical charge and produce a magnetic field as they move 

through space. A magnetic field is produced whenever an electrical charge is in motion. The strength 

of this field is called the magnetic moment. 

The magnetic field and 

magnetic moment, due to 

natural magnetic dipoles 
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This may be hard to visualize on a subatomic scale but consider electric current flowing through a 

conductor. When the electrons (electric current) are flowing through the conductor, a magnetic field 

forms around the conductor. The magnetic field can be detected using a compass.  

Since all matter is comprised of atoms, all materials are affected in some way by a magnetic field. 

However, not all materials react the same way. 

 

2.1  Magnetic Domains 
 

Ferromagnetic materials get their magnetic properties not only because their atoms carry a magnetic 

moment but also because the material is made up of small regions known as magnetic domains. In each 

domain, all of the atomic dipoles are coupled together in a preferential direction. This alignment 

develops as the material develops its crystalline structure during solidification from the molten state. 

 

 

During solidification a trillion or more atom moments are aligned parallel so that the magnetic force 

within the domain is strong in one direction. Ferromagnetic materials are said to be characterized by 

"spontaneous magnetization" since they obtain saturation magnetization in each of the domains without 

an external magnetic field being applied. Even though the domains are magnetically saturated, the bulk 

material may not show any signs of magnetism because the domains are randomly oriented relative to 

each other.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ferromagnetic materials become magnetized when the magnetic domains within the material are 

aligned. This can be done my placing the material in a strong external magnetic field or by passes 

electrical current through the material. Some or all of the domains can become aligned. The more 

domains that are aligned, the stronger the magnetic field in the material. When all of the domains are 

aligned, the material is said to be magnetically saturated. When a material is magnetically saturated, no 

additional amount of external magnetization force will cause an increase in its internal level of 

magnetization.  
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2.2  Dia, Para, and Ferromagnetic Materials 
 

When a material is placed within a magnetic field, the magnetic forces of the material's electrons will 

be affected. This effect is known as Faraday's Law of Magnetic Induction. However, materials can 

react quite differently to the presence of an external magnetic field. Most materials can be classified as 

ferromagnetic, diamagnetic or paramagnetic. 

 

 

Diamagnetic  
 

Diamagnetic metals have a very weak and negative susceptibility to magnetic fields. Diamagnetic 

materials are slightly repelled by a magnetic field and the material does not retain the magnetic 

properties when the external field is removed. Diamagnetic materials are solids with all paired 

electrons and, therefore, no permanent net magnetic moment per atom. Diamagnetic properties arise 

from the realignment of the electron orbits under the influence of an external magnetic field. Most 

elements in the periodic table, including copper, silver, and gold, are diamagnetic. 

 

 

Paramagnetic 
 

Paramagnetic metals have a small and positive susceptibility to magnetic fields. These materials are 

slightly attracted by a magnetic field and the material does not retain the magnetic properties when the 

external field is removed. Paramagnetic properties are due to the presence of some unpaired electrons 

and from the realignment of the electron orbits caused by the external magnetic field. Paramagnetic 

materials include Magnesium, molybdenum, lithium, and tantalum. 

 

 

Ferromagnetic 
 

Ferromagnetic materials have a large and positive susceptibility to an external magnetic field. They 

exhibit a strong attraction to magnetic fields and are able to retain their magnetic properties after the 

external field has been removed. Ferromagnetic materials have some unpaired electrons so their atoms 

have a net magnetic moment. They get their strong magnetic properties due to the presence of 

magnetic domains. In these domains, large numbers of atoms moments (10^12 to 10^15) are aligned 

parallel so that the magnetic force within the domain is strong. When a ferromagnetic material is in the 

unmagnetized state, the domains are nearly randomly organized and the net magnetic field for the part 

as a whole is zero. When a magnetizing force is applied, the domains become aligned to produce a 

strong magnetic field within the part. Iron, Nickel, and cobalt are examples of ferromagnetic materials. 

Components with these materials are commonly inspected using the magnetic particle method. 
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2.3  Magnetic Field Characteristics 
 

Magnetic Field In and Around a Bar Magnet 
 

As discussed previously a magnetic field is a change in energy within a volume of space. The magnetic 

field surrounding a bar magnet can be seen in the magnetograph below. A magnetograph can be 

created by placing a piece of paper over a magnet and sprinkling the paper with iron filings. The 

particles align themselves with the lines of magnetic force produced by the magnet. The magnetic lines 

of force show where the magnetic field exits the material at one pole and re-enters the material at 

another pole along the length of the magnet. It should be noted that the magnetic lines of force exist in 

three-dimensions but are only seen in two dimensions in the image. 

 

 

 

 

 

 

 

 

 

 

 

 

It can be seen in the magnetograph that there are poles all along the length of the magnet but that the 

poles are concentrated at the ends of the magnet. 

 

 

Magnetic Field in and around Horseshoe and Ring Magnets 
 

Magnets come in a variety of shapes and one of the more common is the horseshoe (U) magnet. The 

horseshoe magnet has north and south poles just like a bar magnet but the magnet is curved so the 

poles lie in the same plane. The magnetic lines of force flow from pole to pole just like in the bar 

magnet. However, since the poles are located closer together and a more direct path exists for the lines 

of flux to travel between the poles, the magnetic field is concentrated between the poles.  
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If a bar magnet was placed across the end of a horseshoe magnet or if a magnet was formed in the 

shape of a ring, the lines of magnetic force would not even need to enter the air. The value of such a 

magnet where the magnetic field is completely contained with the material probably has limited use. 

However, it is important to understand that the magnetic field can flow in loop within a material when 

the concept of circular magnetism is later covered. 

 

 

 

General Properties of Magnetic Lines of Force 
 

In order to describe the magnetic field it is an accepted practice for the magnetic flux to be pictorially 

displayed using lines. These Magnetic lines of force have a number of important properties, which 

include: 

 

 

 They seek the path of least resistance between 

opposite magnetic poles. 

 In a single bar magnet, they attempt to form closed 

loops from pole to pole.  

 They never cross one another.  

 They all have the same strength.  

 Their density decreases (they spread out) when they 

move from an area of higher permeability to an area 

of lower permeability.  

 Their density decreases with increasing distance 

from the poles.  

 They are considered to have direction as if flowing, 

though no actual movement occurs. They flow from 

the south pole to the north pole within the material 

and north pole to south pole in air.  
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2.4  Electromagnetic Fields  
 

Magnets are not the only source of magnetic fields. In 1820, Hans Christian Oersted discovered that an 

electric current flowing through a wire caused a nearby compass to deflect. This indicated that the 

current in the wire was generating a magnetic field. Oersted studied the nature of the magnetic field 

around the long straight wire. He found that the magnetic field existed in circular form around the wire 

and that the intensity of the field was directly proportional to the amount of current carried by the 

wire. He also found that the strength of the field was strongest close to the wire and diminished with 

distance from the conductor until it could no longer be detected. In most conductors, the magnetic field 

exists only as long as the current is flowing (i.e. an electrical charge is in motion). However, in 

ferromagnetic materials the electric current will cause some or all of the magnetic domains to align and 

a residual magnetic field will remain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oersted also noticed that the direction of the magnetic field was dependent on the direction of the 

electrical current in the wire. A three-dimensional representation of the magnetic field is shown below. 

There is a simple rule for remembering the direction of the magnetic field around a conductor. It is 

called the right-hand rule. If a person grasps a conductor in ones right hand with the thumb pointing in 

the direction of the current, the fingers will circle the conductor in the direction of the magnetic field.  
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A word of caution about the right-hand rule 

 

 

For the right-hand rule to work, one important thing that must remembered about the direction of 

current flow. Standard convention has current flowing from the positive terminal to the negative 

terminal. This convention is credited to the French physicist Ampere who theorized that electric current 

was due to a positive charge moving from the positive terminal to the negative terminal. However, it 

was later discovered that it is the movement of the negatively charged electron that is responsible for 

electrical current. Rather than changing several centuries of theory and equations, Ampere's convention 

is still used today. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ohm's law and Resistivity 
 

Ohms law states that the current through a conductor between two points is directly proportional to the 

voltage across the two points and inversely proportional to the resistance of the conductor. 

The Electrical Resistivity (ρ) of the material will affect the amount of current that can be produced for 

a given voltage. It is the value of the current that determines the size of the resultant magnetic 

field 
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Magnetic Field Produced by a Coil 
 

When a current carrying conductor is formed into a loop or several loops to form a coil, a magnetic 

field develops that flows through the centre of the loop or coil along longitudinal axis and circles back 

around the outside of the loop or coil. The magnetic field circling each loop of wire combines with the 

fields from the other loops to produce a concentrated field down the centre of the coil. A loosely 

wound coil is illustrated below to show the interaction of the magnetic field. The magnetic field is 

essentially uniform down the length of the coil when it is wound tighter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The strength of a coil's magnetic field increases not only with increasing current but also with each 

loop that is added to the coil. A long straight coil of wire is called a solenoid and can be used to 

generate a nearly uniform magnetic field similar to that of a bar magnet. The concentrated magnetic 

field inside a coil is very useful in magnetizing ferromagnetic materials for inspection using the 

magnetic particle testing method. The field outside the coil is weak and is not suitable for magnetising 

ferromagnetic materials. 

 

Magnetising force in a coil is determined mostly by the product of the current and number of 

turns  

(Ampere Turns) 
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2.5  Quantifying Magnetic Properties 

 

Magnetic Field Strength, Flux Density and Magnetic Flux 
 

 

Until now, only the qualitative features of the magnetic field have been discussed. However, it is 

necessary to be able to measure and express quantitatively the various characteristics of magnetism. 

Unfortunately, a number of unit conventions are in use as shown below. The advantage of using SI 

units is that they are traceable back to an agreed set of four base units - meter, kilogram, second, and 

Ampere. 

 

 

Quantity  

 

SI Units 

 

 

CGS Units 

 

Field Strength H A/m Oersted 

Flux Density 

(Magnetic Induction) 
B tesla gauss 

Flux   weber Maxwell 

 

 

The common units for magnetic field strength H are ampere/meter. A magnetic field strength of 1 

ampere/meter is produced at the centre of a single circular conductor of diameter 1 meter carrying a 

steady current of 1 ampere. 

 

The number of magnetic lines of force cutting through a plane of a given area at a right angle is known 

as the magnetic flux density B. The flux density or magnetic induction has the tesla as its unit. One 

tesla is equal to 1 Newton/(A/m). From these units it can be seen that the flux density is a measure of 

the force applied to a particle by the magnetic field. The Gauss is CGS unit for flux density and is 

commonly used by US industry. One gauss represents one line of flux passing through one square 

centimetre of air oriented 90 degrees to flux flow.  

 

1 Gauss = 1 X 10
-4

 Tesla   e.g. 3 Gauss = 0.3mT (milli Tesla) 

 

The total number of lines of magnetic force in a material is called magnetic flux . The strength of the 

flux is determined by the number of magnetic domains that are aligned within a material. The total flux 

is simply the flux density applied over an area. Flux carries the unit of a weber, which is simply a 

tesla/square meter. 

 

 

 

1 Oersted = 1000/4π  A/m (1 Oersted ≈ 80 A/m) 
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2.6  The Hysteresis Loop  
 
A great deal of information can be learned about the magnetic properties of a material by studying its 

hysteresis loop. A hysteresis loop shows the relationship between the induced magnetic flux density B 

and the magnetizing force H. It is often referred to as the B-H curve.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The loop is generated by measuring the magnetic flux B of a ferromagnetic material while the 

magnetizing force H is changing. A ferromagnetic material that has never been previously magnetized 

or has been thoroughly demagnetized will follow the dashed line as H is increased.  

 

As the line demonstrates, the greater the amount of current applied (H+), the stronger the magnetic 

field in the component (B+). At point "a" almost all of the magnetic domains are aligned and any 

additional increase in the magnetizing force will produce very little increase in magnetic flux. The 

material has reached the point of magnetic saturation. 

 

When H is reduced back down to zero, the curve will move from point "a" to point "b." At this point, it 

can be seen that some magnetic flux remains in the material even though the magnetizing force is zero. 

This is referred to as the point of retentivity on the graph and indicates the level of residual magnetism 

in the material. (Some of the magnetic domains remain aligned but some have lost their alignment.) 

 

As the magnetizing force is reversed, the curve moves to point "c", where the flux has been reduced to 

zero. This is called the point of coercivity on the curve. (The reversed magnetizing force has flipped 

enough of the domains so that the net flux within the material is zero.) The force required to remove 

the residual magnetism from the material, is called the coercive force  

 

As the magnetizing force is increased in the negative direction, the material will again become 

magnetically saturated but in the opposite direction (point "d"). Reducing H to zero brings the curve to 

point "e." It will have a level of residual magnetism equal to that achieved in the other direction. 

Increasing H back in the positive direction will return B to zero. The curve will take a different path 

form point "f" back the saturation point where it with complete the loop. 

From the hysteresis loop, a number of primary magnetic properties of a material can be determined.  
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1. Retentivity - A measure of the residual flux density corresponding to the saturation induction of 

a magnetic material. In other words, it is a material's ability to retain a certain amount of residual 

magnetic field when the magnetizing force is removed after achieving saturation. (The value of B 

at point B on the hysteresis curve.)  

2. Residual Magnetism or Residual Flux - the magnetic flux density that remains in a material 

when the magnetizing force is zero. Note that residual magnetism and retentivity are the same 

when the material has been magnetized to the saturation point. However, the level of residual 

magnetism may be lower than the retentivity value when the magnetizing force did not reach the 

saturation level.  

3. Coercive Force - The amount of reverse magnetic field which must be applied to a magnetic 

material to make the magnetic flux return to zero. (The value of H at point C on the hysteresis 

curve.)  

4. Permeability, - A property of a material that describes the ease with which a magnetic flux is 

established in the component.  

5. Reluctance - Is the opposition that a ferromagnetic material shows to the establishment of a 

magnetic field. Reluctance is analogous to the resistance in an electrical circuit.  

 

 

2.7  Permeability 
 

Permeability is a material property that describes the ease with which a magnetic flux is established in 

the component. It is the ratio of the flux density to the magnetizing force and, therefore, represented by 

the following equation: 

 

 

 
 

 

It is clear that this equation describes the slope of the curve at any point on the hysteresis loop. The 

permeability value given in papers and reference materials is usually the maximum permeability or the 

maximum relative permeability. The maximum permeability is the point where the slope of the B/H 

curve for unmagnetized material is the greatest. This point is often taken as the point where a straight 

line from the origin is tangent to the B/H curve. 
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Relative permeability 
 

The relative permeability is arrived at by taking the ratio of the material's permeability to the 

permeability in free space (air).  

 

Permeability of free space  µo = 4π x10
-7

 H / m 

 

Relative permeability  µr. = µ / µo  

 

Material Type Relative permeability  

 
Silver Diamagnetic 0.99998 

Copper Diamagnetic 0.999991 

Vacuum Nonmagnetic 1.0 

Air Paramagnetic 1.0000004 

Aluminum Paramagnetic 1.00002 

Cobalt Ferromagnetic 250 
Nickel Ferromagnetic 600 

Mild Steel Ferromagnetic 2000 

Iron Ferromagnetic 5000 
Permalloy (Iron Nickel) Ferromagnetic 100,000 
Invar (Iron Nickel) Ferromagnetic Temperature dependant 
 

The shape or width of the hysteresis loop also tells us a great deal about the material being magnetized. 

The hysteresis curves of two different materials are shown in the graph. 

 

 

Relative to the other material, the materials with 

the wide hysteresis loop has: 

 Lower Permeability  

 Higher Retentivity  

 Higher Coercivity  

 Higher Reluctance  

 Higher Residual Magnetism  

 

The material with the narrower loop has: 

 Higher Permeability  

 Lower Retentivity  

 Lower Coercivity  

 Lower Reluctance  

 Lower Residual Magnetism.  

 

 

In magnetic particle testing the level of residual magnetism is important. Residual magnetic fields are 

affected by the permeability, which can be related to the carbon content and alloying of the material. A 

component with high carbon content will have low permeability and will retain more magnetic flux 

than a material with low carbon content.  

 

In the two B-H loops above, the Blue curve would be indicative of a mild steel (High Permeability) 
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Permeability vs Temperature 
 

With Steel, the permeability rapidly changes close to the Curie temperature of ferrite. It is also closely 

linked to the amount of ferrite present in the steel. As the temperature is increased, the permeability 

rises slightly until near the Curie point. At which time the steel becomes non magnetic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of Temperature and carbon content on Permeability of normalised Steel 

 

The permeability is strongly dependent on the room temperature, carbon content and  hardness/strength 

of the steel 
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3.1  Magnetic Field Orientation and Flaw Detectability 
 

To properly inspect a component for cracks or other defects, it is important to understand that 

orientation between the magnetic lines of force and the flaw is very important. There are two general 

types of magnetic fields that can be established within a component.  

 

A longitudinal magnetic field has magnetic lines of force that run parallel to the long axis of the part. 

Longitudinal magnetization of a component can be accomplished using the longitudinal field set up by 

a coil or solenoid. It can also be accomplished using permanent or electromagnets. 

 

 

 

 

 

 

 

 

 

 

A circular magnetic field has magnetic lines of force that run circumferentially around the perimeter of 

a part. A circular magnetic field is induced in an article by either passing current through the 

component or by passing current through a conductor surrounded by the component. 

 

 

 

 

 

 

 

 

 

 

The type of magnetic field established is determined by the method used to magnetize the specimen. 

Being able to magnetize the part in two directions is important because the best detection of defects 

occurs when the lines of magnetic force are established at right angles to the longest dimension of the 

defect. This orientation creates the largest disruption of the magnetic field within the part and the 

greatest flux leakage at the surface of the part. As can be seen in the image below, if the magnetic field 

is parallel to the defect, the field will see little disruption and no flux leakage field will be produced. 

 

 

 

 

 

 

 

 

 

 

 



NZ Non Destructive Testing Association Inc. 
C/- HERA, PO Box 76-134 Manukau City, Auckland 2241 

 

Magnetic Particle Inspection level 2 

MT20A Initial issue – 20 Jan 2021         Page 31 of 120 

 

An orientation of 45 to 90 degrees between the magnetic field and the defect is necessary to form an 

indication. Since defects may occur in various directions, each part is normally magnetized in two 

directions at right angles to each other. If the component below is considered, it is known that passing 

current through the part from end to end will establish a circular magnetic field that will be 90 degrees 

to the direction of the current. Therefore, defects that have a significant dimension in the direction of 

the current (longitudinal defects) should be detectable. Alternately, transverse-type defects will not be 

detectable with circular magnetization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Indications associated with circular magnetisation in a solid bar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Indications associated with longitudinal magnetisation in a solid bar 
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3.2  Sub Surface Detectability 
 

As can be seen the depth of the discontinuity also has an effect on the detectability and size/shape of 

the indication. Depending on a number of factors (depth, magnetic field etc.) the indication may 

be sharp, fuzzy and indistinct or not evident. 
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3.3  Magnetization of Ferromagnetic Materials 
  

There are a variety of methods that can be used to establish a magnetic field in a component for 

evaluation using magnetic particle inspection. It is common to classify the magnetizing methods as 

either Circular or Longitudinal. This is the more common designation by most procedures as it 

identifies the Magnetic field direction and therefore ―flaw orientation‖ that is able to be detected. 

 

Direct vs Indirect Magnetisation 
 

In addition to Circular and Longitudinal the terms Direct and Indirect Magnetisation are sometimes 

used. This refers to whether the item is being magnetised by passing a current directly through the part 

(Direct) or if the part is being subjected to a magnetic field generated by a separate operation. 

(Indirect). E.g. permanent magnets, yokes, threader bars or coils. 

 

3.4  Circular Magnetisation 
 

Recall that whenever current flows a magnetic field is produced. Using the right-hand rule, which was 

introduced earlier, it is known that the magnetic lines of flux form normal to the direction of the current 

and form a circular field in and around the conductor 

 

There are several ways that circular magnetization is commonly accomplished. One way involves 

clamping the component between two electrical contacts in a special piece of equipment. Current is 

passed through the component (Direct Magnetisation) and a circular magnetic field is established in 

and around the component. When the magnetizing current is stopped, a residual magnetic field will 

remain within the component. The strength of the magnetic field is proportional to the amount of 

current passed through the component and the permeability of the part.  

 

When using this direct magnetization method, care must be taken to ensure that good electrical 

contact is established and maintained between the test equipment and the test component. Improper 

contact can result in arcing that may damage the component. It is also possible to overheat components 

in areas of high resistance such as the contact points and in areas of small cross-sectional area. 
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If the item to be circularly magnetised is cylindrical or hollow and has the ability to pass a conductive 

bar through it, then the use of a ―Threader Bar‖ or ―Central Conductor‖ would be the preferred option 

for circular magnetisation. In this case the circular magnetic field is produced by the conductive bar 

and the items become indirectly magnetised. Sometimes, one or more cylindrical components can be 

magnetised at the same time using this technique. Current is passed through the copper bar and the 

resulting circular magnetic field magnetises the parts. 

 

The advantage of using a Threader bar is that the possibility of damaging the part due to arcing is 

reduced there is still a small likelihood of this happening, however insulation of these bars should 

eliminate this hazard 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Another circular magnetising technique involves using  prods which are placed in contact with the 

component. Current is passed into the component as it flows from the contacts (Direct Induction). The 

current sets up a circular magnetic field around the path of the current. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The amount of current required is based on the thickness of the part and the distance between the 

prods. This technique is not recommended for critical components (Aviation) due to the high 

probability of arcing. 

 

The Magnetic Yoke (mentioned below) is the preferred option for portable weld inspection 
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3.5  Longitudinal Magnetisation 
 

Almost all Longitudinal Magnetisation is performed using the Indirect method. Indirect magnetisation 

is accomplished by using a strong external magnetic field to establish a magnetic field within the 

component.  

 

The use of permanent magnets is a low cost method of establishing a magnetic field. However, their 

use is limited due to lack of control of the field strength and the difficulty of placing and removing 

strong permanent magnets from the component. 

 

Electromagnets in the form of an adjustable horseshoe magnet (called a yoke) eliminate the problems 

associated with permanent magnets and are used extensively in industry. Electromagnets only exhibit a 

magnetic flux when electric current is flowing around the soft iron core. When the legs of the Yoke are 

placed on the component, a longitudinal magnetic field is established between the north and south 

poles of the magnetic legs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The use of coils and solenoids is another method of indirect circular magnetization. When the length of 

a component is several times larger than its diameter, a longitudinal magnetic field can be established 

in the component. The component is placed longitudinally in the concentrated magnetic field that fills 

the center of a coil or solenoid. This magnetization technique is often referred to as a "coil shot." 
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A variation on the coil magnetisation is the use of a portable cable wrap, producing a longitudinal field 

usually used with a portable inspection or where the item is too large to fit on the magnetising bed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Magnetising current 

2 Coil turns 

3 Defect orientation 
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3.6  Magnetising Currents 
 

As seen, electric current is often used to establish the magnetic field in components during magnetic 

particle inspection. Alternating current and direct current are the two basic types of current commonly 

used. Current from single phase 230 volts, to three phase 440 volts are used when generating an 

electric field in a component. Current flow is often modified to provide the appropriate field within the 

part. The type of current used can have an effect on the inspection results so the types of currents 

commonly used will be briefly reviewed. 

 

Direct Current (DC) 
 

Direct current (DC) flows continuously in one direction at a constant voltage. A battery is the most 

common source of direct current. As previously mentioned, current is said to flow from the positive to 

the negative terminal when in actuality the electrons flow in the opposite direction. DC is very 

desirable when performing magnetic particle inspection in search of subsurface defects because DC 

generates a magnetic field that penetrates deeper into the material. In ferromagnetic materials, the 

magnetic field produced by DC generally penetrates the entire cross-section of the component; 

whereas, the field produced using alternating current is concentrated in a thin layer at the surface of the 

component.  

 

As discussed, DC is the preferred method for the detection of sub surface defects. This means that if 

the expected discontinuities were likely to be underneath and not open to the surface such as those 

occurring in the manufacturing industry, DC would be required. 

Stringers, Laminations, Porosity, Shrinkage are some examples of the types of subsurface 

discontinuities along with Slag and Lack of Fusion and Penetration within a weld. 

 

There are several other options when using DC as will be described below. 

 

Alternating Current (AC) 
 

Alternating current (AC) reverses in direction at a rate of 50 or 60 cycles per second. Since AC is 

readily available in most facilities, it is convenient to make use of it for magnetic particle inspection. 

However, when AC is used to induce a magnetic field in ferromagnetic materials the magnetic field 

will be limited to narrow region at the surface of the component. This phenomenon is known as "skin 

effect" and it occurs because induction is not a spontaneous reaction and the rapidly reversing current 

does not allow the domains down in the material time to align. 

The other effect produced by the reversing magnetic field is to vibrate the particles giving them 

increased mobility  

For this reason AC is better than DC for locating small shallow surface discontinuities. 

 

Rectified Alternating Current 
 

Clearly, the skin effect limits the use of AC since many inspections call for the detection of subsurface 

defects. With the use of rectifiers, the reversing AC can be converted to a one-directional current. The 

three commonly used types of rectified current are described below.  
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Half Wave Rectified Alternating Current (HWDC) 
 

When single phase alternating current is passed through a rectifier, current is allowed to flow in only 

one direction. The reverse half of each cycle is blocked out so that a one directional, pulsating current 

is produced. The current rises from zero to a maximum and then returns to zero. No current flows 

during the time when the reverse cycle is blocked out. 

This type of current is often referred to as half wave DC or Pulsed DC. As with AC, the pulsation of 

the HWDC helps magnetic particle indications form by vibrating the particles and giving them added 

mobility. This added mobility is especially important when using dry particles. 

This type of magnetising current, along with the dry particles, gives the greatest sensitivity for 

sub surface defects 

 

Full Wave Rectified Alternating Current (FWDC) (Single Phase) 
 

Full wave rectification inverts the negative current to positive current rather than blocking it out. This 

produces a pulsating DC with no interval between the pulses. Filtering is usually performed to soften 

the sharp polarity switching in the rectified current. While particle mobility is not as good as half-wave 

AC due to the reduction in pulsation, the depth of the subsurface magnetic field is improved. 

 

Three Phase Full Wave Rectified Alternating Current 
 

Three phase current is often used to power industrial equipment because it has more favourable power 

transmission and line loading characteristics. It is also highly desirable for magnetic part testing 

because when it is rectified and filtered, the resulting current very closely resembles direct current. 

Stationary magnetic particle equipment with three phase AC will usually have the ability to magnetize 

with AC or DC (three phase full wave rectified), providing the inspector with the advantages of each 

current form. 
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The above conversion chart for the different current values displayed will vary for each machine. The 

manufacturer will state the ammeter current type and the operator will have to adjust the input vale to 

match the procedure 

 

As an example - if your machine reads AC RMS values and the procedure calls up for 1,200 amps AC 

Peak, the required input current value displayed should be 1,200 x 0.707 = 848 amps  
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The detectability of the inspection will be determined be several factors one of which will be the type 

of current used 

 

As discussed, possible current 'types are AC, DC, half wave rectified AC (HWDC), and full wave 

rectified AC (FWDC). The selection of current is usually dependant on the location of the defect 

sought. 

The skin effect of AC, means that defects that are deep lying will not be detected using AC, 

magnetising currents. However, defects that are on the surface e .g. grinding cracks, will be indicated 

by a lower amperage value of AC, because of the mobility given to the particles by the reversals of 

currents. 

 

Deep lying defects will only respond to DC magnetising currents with half wave rectified AC giving 

the best results. The following illustration compares the abilities of the various currents using both wet 

and dry particles in detecting subsurface defects 

 

 

 

 
 

 

 



NZ Non Destructive Testing Association Inc. 
C/- HERA, PO Box 76-134 Manukau City, Auckland 2241 

 

Magnetic Particle Inspection level 2 

MT20A Initial issue – 20 Jan 2021         Page 42 of 120 

 

3.7  Longitudinal Magnetic Fields Distribution and 
Intensity 
 
 

With a longitudinally magnetised part, the magnetic field travels through the component from end to 

end with some flux loss along its length. The magnetic lines of flux are much denser inside the 

ferromagnetic material than in air because ferromagnetic materials have much higher permeability than 

does air. When the concentrated flux within the material comes to the air at the end of the component, 

it must spread out since the air cannot support as many lines of flux per unit volume. To keep from 

crossing as they spread out, some of the magnetic lines of flux are forced out the side of the 

component.  

When a component is magnetized along its complete length, the flux loss is small along its length. 

Therefore, when a component is uniform in cross section and magnetic permeability, the flux density 

will be relatively uniform throughout the component. Flaws that run at right angles to the magnetic 

lines of flux will disturb the flux lines and often cause a leakage field at the surface of the component. 
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When a component with considerable length is magnetized using a Coil or solenoid, it is possible to 

magnetize only a portion of the component. Only the material within the coil and a small distance out 

either side of the coil will be strongly magnetized. As we move away from the coil to an approximate 

distance equal to the radius of the coil, we find that the magnetic lines of force start to abandon their 

longitudinal direction, leave the part and return to the part at an opposite pole on the other side of the 

solenoid. This occurs because the magnetizing force diminishes with increasing distance from the coil, 

and. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This limits the total length of an item that can be inspected using a single magnetising shot to 

approximately the diameter of the coil. If the item is longer than this the remaining length of the item 

can easily be inspected be moving the part along and applying additional magnetising shots until the 

full length of the item has been inspected. 

A further consideration regarding the field distribution in and around a coil is, although the field inside 

is generally considered uniform it is not. The greatest flux density is at the inside surface of the coil and 

gradually decreases as it nears the centre. Because of this most techniques are based on positioning the 

part on the inside surface of the coil. This is not applicable to inspections with a high fill factor such as 

cable wraps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example of longitudinal field distribution within an irregular shaped 

item 
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3.8 Circular Magnetic Fields Distribution and 
Intensity  

 

As discussed previously, when current is passed through a solid conductor, a magnetic field forms in 

and around the conductor. The following statements can be made about the distribution and intensity of 

the magnetic field. 

 

 The field strength varies from zero at the center of the component to a maximum at the surface.  

 The field strength at the surface of the conductor decreases as the radius of the conductor 

increases when the current strength is held constant. (However, a larger conductor is capable of 

carrying more current.)  

 The field strength outside the conductor is directly proportional to the current strength. Inside 

the conductor the field strength is dependent on the current strength, magnetic permeability of 

the material, and if magnetic, the location on the B-H curve.  

 The field strength outside the conductor decreases with distance from the conductor 

 

In the images below, the magnetic field strength is graphed versus distance from the center of the 

conductor. It can be seen that in a nonmagnetic conductor carrying DC, the internal field strength rises 

from zero at the center to a maximum value at the surface of the conductor. The external field strength 

decrease with distance from the surface of the conductor. When the conductor is a magnetic material, 

the field strength within the conductor is much greater that it was in the nonmagnetic conductor. This is 

due to the permeability of the magnetic material. The external field is exactly the same for the two 

materials provided the current level and conductor radius are the same. 

 

  

The magnetic field distribution in and 

around a solid conductor of a nonmagnetic 

material carrying direct current. 

The magnetic field distribution in and around a 

solid conductor of a magnetic material carrying 

direct current. 
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The magnetic field distribution in and around a solid 

conductor of a magnetic material carrying 

alternating current 

 

When the conductor is carrying alternating current, the internal magnetic field strength rises from zero 

at the center to a maximum at the surface. However, the field is concentrated in a thin layer near the 

surface of the conductor. This is known as the "skin effect." The skin effect is evident in the field 

strength versus distance graph for a magnet conductor shown to the right. The external field decreases 

with increasing distance from the surface as it does with DC.  

 

In a hollow circular conductor there is no magnetic field in the void area. The magnetic field is zero at 

the inside wall surface and rises until it reaches a maximum at the outside wall surface. As with a solid 

conductor, when the conductor is a magnetic material, the field strength within the conductor is much 

greater that it was in the nonmagnetic conductor due to the permeability of the magnetic material. The 

external field strength decrease with distance from the surface of the conductor. The external field is 

exactly the same for the two materials provided the current level and conductor radius are the same. 

 

 
 

 

The magnetic field distribution in and 

around a hollow conductor of a 

nonmagnetic material carrying direct 

current. 

The magnetic field distribution in and around a 

hollow conductor of a magnetic material 

carrying direct current. 
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When AC is passed through a hollow circular conductor the skin effect concentrates the magnetic field 

at the OD of the component. 

 

As can be seen in the field distribution images, the field strength at the inside surface of hollow 

conductor carrying a circular magnetic field produced by direct magnetization is very low. Therefore, 

the direct method of magnetization is not recommended when inspecting the inside diameter wall of a 

hollow component for shallow defects. The field strength increases rather rapidly as one moves in from 

the ID so if the defect has significant depth, it may be detectable. However, a much better method of 

magnetizing hollow components for inspection of the ID and OD surfaces is with the use of a central 

conductor. As can be seen in the field distribution image to the right, when current is passed through a 

nonmagnetic central conductor (copper bar) the magnetic field produced on the inside diameter surface 

of a magnetic tube is much greater and the field is still strong enough for defect  

 

 

 
 

 

The magnetic field distribution in and around 

a hollow conductor of a magnetic material 

carrying alternating current 

The magnetic field distribution in and around a 

nonmagnetic central conductor carrying DC inside 

a hollow conductor of a magnetic material. 
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3.8  Demagnetization 
 

After conducting a magnetic particle inspection, it is usually necessary to demagnetize the component. 

Remaining magnetic fields can: 

 

 Affect machining by causing cuttings to cling to a component.  

 Interfere with electronic equipment such as a compass.  

 Can create a condition known as "ark blow" in the welding process. Arc blow may causes the 

weld arc to wonder or filler metal to be repelled from the weld.  

 Cause abrasive particle to cling to bearing or faying surfaces and increase wear. 

 

Removal of a field may be accomplished in several ways. This random orientation of the magnetic 

domains can be achieved most effectively by heating the material above its curie temperature. The 

curie temperature for a low carbon steel is 770 degrees C. When steel is heated above its curie 

temperature, it will become austenitic and loose its magnetic properties. When it is cooled back down it 

will go through a reverse transformation and will contain no residual magnetic field. The material 

should also be placed with its long axis in an east-west orientation to avoid any influence of the 

Earth's magnetic field. 

It is often inconvenient to heat a material above its curie temperature to demagnetize it so another 

method that returns the material to a nearly un-magnetized state is commonly used. Subjecting the 

component to a reversing and decreasing magnetic field will return the dipoles to a nearly randomly 

oriented throughout the material. This can be accomplished by pulling a component out and away 

from a coil with AC passing through it. The same can also be accomplished using an 

electromagnetic yoke with AC selected. Also, many stationary magnetic particle inspection units come 

in a demagnetization feature that slow reduce the AC in a coil in which that component is placed. For 

magnetic fields that are relatively hard to remove a reversing DC current can be more effective. 

However the current or resultant field has to be reversed in order for DC to be used. 

A field meter is often used to verifying that the residual flux has been removed from a component. 

Industry standards usually require that the magnetic flux be reduced to less than 3 gauss after 

completing a magnetic particle inspection.  
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Direct Current (DC) Demagnetisation 
 

The use of DC is the most effective means of demagnetisation because of its penetrating ability. The 

method used is essentially the same as using AC, i.e. continually reversing the direction of the current 

flow. and gradually reducing the amount of current to zero. 

To demagnetise with DC, the specimen is placed in a coil connected to a source of DC. The 

magnetising force is adjusted to at least as great as that used to initially magnetise the specimen, but in 

the opposite direction and a shot of current is given at this value. The direction of the current flow is 

then reversed and its value reduced. This process is repeated until the lowest value of current 

(ideally zero) is reached. The frequency of current reversal should be small, 1 Hertz being commonly 

used, 

 

Efficiency of Demagnetisation 
 

For demagnetisation to be efficient great care must be taken in carrying out the process and in checking 

after the process to ensure significant residual fields are not present. 

When carrying out the demagnetisation process whether by AC or DC. means, it is important that the 

size of the coil is just large enough to accommodate the specimen, where this is not possible small 

articles should be placed close to the side of the coil. 

Parts will demagnetise more effectively if placed so that the demagnetising field passes through their 

longitudinal axis. For specimens that are as broad as they are long the addition of a soft iron pole pieces 

to each end to increase its length will improve the process. 

 

Ring shaped parts may be effectively demagnetised by passing a conductor through the centre and 

passing AC through it, the value of the current being gradually reduced to zero. 

Long parts may be demagnetised by passing through a coil energised by AC. 

 

Very hard to demagnetize items should be orientated East/West so that the earth‘s magnetic field will 

not influence the residual magnetic field 

 

 

Demagnetisation Check 
 

After the demagnetisation has been carried out it is important that the effectiveness of the process be 

checked. This is commonly done by the use of a field strength meter. The meter is brought close to the 

part being checked for residual magnetism and any field that is present will cause the needle to deflect 

indicating the strength of that field. However if a flux leakage does not occur at the specimen, then the 

field meter will not register any residual magnetism that might be in the part. For this reason field 

meters cannot measure the magnetism in a part that has been circularly magnetised. To overcome this 

all magnetic fields should be changed to a longitudinal field 

prior to demagnetizing 

 

For aircraft parts the normal maximum residual field allowed is 

+/-3 Gauss, with commercial items being more relaxed at +/-5 

Gauss 
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4 Magnetic Field Strength  
 

When performing a magnetic particle inspection, it is very important to be able to determine the 

direction and intensity of the magnetic field. As discussed previously, the direction of the magnetic 

field should be between 45 and 90 degrees to the longest dimension of the flaw for best detectability. 

The field intensity must be high enough to cause an indication to form, but not too high or nonrelevant 

indications may form that could mask relevant indications. To cause an indication to form, the field 

strength in the object must produce a flux leakage field that is strong enough to hold the magnetic 

particles in place over a discontinuity. Flux measurement devices can provide important information 

about the field strength. 

Since it is impractical to measure the actual field strength within the material, all the devices measure 

the magnetic field that is outside of the material. There are a number of different devices that can be 

used to detect and measure an external magnetic field. The four devices commonly used in magnetic 

particle inspection are: 

1 The field indicator  

2 The Hall Effect meter, which is also often called a Gauss meter. 

3 Pie gages  

4 Castrol shims  

 

Minimum Flux Density for MPI Inspection varies, however it is generally considered that a flux 

density of 0.7 to 1 T (Tesla) should be achieved. A steel is considered to be magnetic if this is achieved 

with a magnetic field strength of 2.4 kA/m. This means that it will have a relative permeability greater 

than 300. In low carbon steel (high permeability) this can be achieved with field strengths of less than  

2 kA/m. 

ASTM E 1444 recommends the use of a Hall Effect probe to verify the peak tangential field strength of 

2.4 to 4.8 kA/m (30 to 60 Oe or sometimes quoted as 30 to 60 G) 

 

Field Indicators  
 

Field indicators are small mechanical devices that utilize a soft iron vane that will be deflected by a 

magnetic field. The vane is attached to a needle that rotates and moves the pointer for the scale. Field 

indicators can be adjusted and calibrated so that 

quantitative information can be obtained. However, the 

measurement range of field indicators is usually small due 

to the mechanics of the device and is directional. The one 

shown (R. B. Annis model 25) has a range from plus 

twenty gauss to minus twenty gauss. This limited ranges 

makes them best suited for measuring the residual 

magnetic field after demagnetization. 

As the residual field requirements for aircraft parts are 

generally 3 Gauss max the 10 0 10 model is the more 

preferred. 

Placement of the field indicator is critical when taking 

measurements. The area directly below the needle is 

marked with an arrow indicating the position the field 

indicator should be held in when taking the measurement. 

In addition measurements should be taken with the unit horizontal. 
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Hall-Effect Meter 
 

A Hall-effect meter is an electronic device that provides a digital readout of the magnetic field strength 

in Gauss or Tesla units. The meters use a very small conductive or semiconductor element at the tip of 

the probe. Electric current is passed through the conductor. In a magnetic field, the magnetic field 

exerts a force on the moving electrons which tends to push them to one side of the conductor. A build-

up of charge at the sides of the conductors will balance this magnetic influence, producing a 

measurable voltage between the two sides of the conductor. The presence of this measurable transverse 

voltage is called the Hall effect after Edwin H. Hall who discovered it in 1879. 

 

The probe is placed in the magnetic field such that the magnetic lines of force intersect the major 

dimensions of the sensing element at a right angle. Placement and orientation of the probe is very 

important. 

 

The advantages of Hall effect devices are; they provide a quantitative measure of the strength of 

magnetizing force tangential to the surface of a test piece, they can be used for measurement of 

residual magnetic fields, and they can be used repetitively. Their main disadvantages are that they must 

be periodically calibrated, and they cannot be used to establish the balance of fields in multidirectional 

applications. 

 

 

 



NZ Non Destructive Testing Association Inc. 
C/- HERA, PO Box 76-134 Manukau City, Auckland 2241 

 

Magnetic Particle Inspection level 2 

MT20A Initial issue – 20 Jan 2021         Page 52 of 120 

 

Pie gauges 
 

The pie gage is a disk of highly permeable material divided by sections of nonmagnetic material. The 

divisions serve as artificial defects that radiate out in different directions from the centre. Diameter of 

the gage is ¾ to 1 inch. The divisions between the low carbon steel pie sections are to be no greater 

than 1/32 inch. The sections are furnace brazed and copper plated. The gage is placed on the test piece 

copper side up, and the test piece is magnetized. After particles are applied, and excess removed, the 

indications provide the inspector the orientation of the magnetic field. 

 

The principal application is on flat surfaces such as weldments or steel castings where dry powder is 

used with a yoke or prods. The pie gage is not recommended for proving or measuring field magnitude 

(qualitative only). The gage should be demagnetized between readings. 

Several of the main advantages of the pie gage are: it is easy to use; and it can be used indefinitely 

without deterioration.  

 

 

 

 

 

 

 

 

 

FLEXIBLE LAMINATED STRIPS FOR MAGNETIC PARTICLE TESTING 
 

Slotted strips, also known as Burmah-Castrol (or ELY) Strips, are pieces of highly permeable 

ferromagnetic material with slots of different widths. They are placed on the test object as it is 

inspected. The indications produced on the strips give the inspector a general idea of the field strength 

in a particular direction. 

Advantages of these strips are: they are relatively easily applied to the component; they can be used 

successfully with either the wet or dry method when using the continuous magnetization; they are 

repeatable as long as orientation to the magnetic field is maintained and they can be used repetitively. 

Disadvantages include: they cannot be bent to complex configuration; and they are not suitable for 

multidirectional field applications since they indicate defects in only one direction 

 

 

 

 

 

 

 

 

 

 

Cross-sectional view illustrates the magnetic leakage flux generated by the slots in the central steel 

layer of a flexible laminated strip exposed to a magnetic field 
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TYPE II or Type A (Aerospace) 

 

Two types of Burmah-Castrol (or ELY) Strips are in common use: General and Aerospace. With the 

Aerospace strips held in a vertical position and one indication is seen it is estimated that the magnetic 

field strength is above 2,400 A/m and when all three indications are shown the field strength is above 

6,400 A/m 

 

These indicators are suitable for use in aerospace and general engineering applications. 

Portable flux indicators are used to give clear indication of the direction of a magnetic field and a guide 

as to the field strength when Magnetic Particle Testing is carried out  

 

 

Instructions for Use.  
 

Portable flux indicators and other devices which respond to the external field H in air above the surface 

of magnetized materials give excellent evidence of the direction of the magnetic field in all instances.  

 

Where the indicators are used to give guidance to field strength this is only applicable when current 

flow techniques are used, including threading bar (central conductor) and prods. 

Results when coil magnetization or any other indirect methods of magnetization which create air borne 

flux (electromagnets and permanent magnets ), whether there is a magnetisable sample present or not, 

are misleading with respect to the field at the surface of the material for MPI. 

 

1. One indicator is attached to a vertical area of the surface under test so that its major axis is in the 

same direction as that of suspected defects in a vertical mode. 

2. A second indicator is attached to the surface under test at right angles to the first indicator. 

3. The component is magnetized – Wet continuous method. 

4. A minimum magnetization time must be allowed for particle migration before the flux indicator 

is examined with the magnetization on. 

 

Interpretation 

 

The direction of the magnetic field is seen readily from the indications. 

If one indicator shows indications and the other does not then the magnetic field is in the direction at 

right angles to the indicator showing a response. 

 

Interpretation of the strength of the field depends on the way in which the indicators are mounted. 

When they are mounted on a vertical surface and one indication is seen the induced field in air 

above the surface is above 2400 Amps per metre and when all three are shown the field strength 

is above 6500 Amps per metre. Inspection must be carried out while the sample is magnetized. 

When these indicators are mounted horizontally no assessment of the field strength can be made. 
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4.1  MPI Current Formula 
 

Establishing the correct magnetic field within an item to be inspected is the initial part of the inspection 

process. And if done correctly the strength of the magnetic field will be adequate for the detection of 

all defects. 

The measuring devices as stated above are used only to ensure the correct field has been produced. 

 

All magnetising techniques using electrical current to establish the magnetic field will have an 

amperage value based on some or all of the following. 

 

1 Shape (Length and Diameter) of part to be inspected 

2 Permeability of Material  

3 Type of current 

4 Number of turns and diameter of the coil (If used) 

 

 

Magnetization Current Levels 
 

The current values referred to in the following pages are average current values and are applied directly 

to rectified current (DC). For other types of current, the operator‘s manual or the equipment 

manufacturer should be consulted. 

 

The use of the following current values should be used as guide only and verified using one of the 

field measuring devises mentioned previously 

 

Prod Current Levels 
 

When using prods on material 3/4 in. (19 mm) in thickness or less, 100 A/in. of prod spacing (3.5 to 

4.5 A/mm) is recommended. For material greater than 3/4in. (19 mm) in thickness, 120 A/in. of prod 

spacing (4.0 to 5.0 A/mm) shall be used. Prod spacing shall not be less than 2 in. (50 mm) or greater 

than 8 in. (200 mm). The effective width of the magnetizing field when using prods is one fourth of the 

prod spacing on each side of a line through the prod centres. 
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Direct Circular Magnetization 
 

When magnetizing by passing current directly through the part (head shot) the nominal current shall be 

300 to 800 A/in of part diameter (12 to 32 A/mm). The diameter of the part shall be taken as the 

greatest distance between any two points on the outside circumference of the part. Currents will 

normally be 500 A/in. (20 A/mm) or lower, with the higher currents up to 800 A/in. (32 A/mm) being 

used to examine low-permeability alloys such as precipitation-hardened steels. Amperages of less than 

300 A/in. may be used when the part is made of high permeability material and adequate field strength 

can been verified 

 

Central Conductor Circular Magnetization 
 

Circular magnetization may be provided by passing current through a conductor that is positioned 

inside the part. In this case, alternating current is to be used only when the sole purpose of the test is to 

examine for surface discontinuities on the inside surface of the part. If only the inside of the part is to 

be examined, the diameter shall be the greatest distance between two points, 180 degrees apart on the 

inside circumference. When the axis of the central conductor is located near the central axis of the part, 

the same current levels as given above shall apply.  

 

Offset Central Conductor 
 

When the conductor that is positioned inside the part is placed against an inside wall of the part, the 

current levels as given as above shall apply, except that the total diameter shall be the sum of the 

diameter of the central conductor plus twice the wall thickness of the part. The distance along the part 

circumference (interior) that may be effectively examined shall be taken as approximately four times 

the diameter of the central conductor up to 360 degrees provided the presence of suitable fields is 

verified. The entire circumference shall be examined by rotating the part on the conductor, allowing for 

approximately a 10 % magnetic field overlap.  
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Longitudinal Magnetization Using Coils 
 

Longitudinal magnetization is often accomplished by passing current through a coil encircling the part, 

or section of the part, to be examined (that is, by using a coil shot). This produces a magnetic field 

parallel to the axis of the coil. The effective field extends a distance on either side of the coil centre 

approximately equal to the radius of the coil. The actual effective distance must be demonstrated based 

on the particular part to be examined. For parts longer than these effective distances, the entire length 

shall be examined by repositioning the part within the coil, allowing for approximately 10 % effective 

magnetic field overlap. 

 

As can be seen by the formulas below that as the part becomes longer and thinner it gets easier to 

magnetise (i.e. less current is required) 

 

The following formulas hold only if the L/D is greater than 2 and less than 15. And the part is solid 

with no hollow portions. For hollow parts refer to the formula within ASTM E1444 

 

If L/D is less than 2, excessively high currents are required and magnetic extenders (pieces of 

ferromagnetic material with the same diameter as the part being examined) may be placed on one or 

each end to effectively increase the L/D to 2 or greater. 

 

Longitudinal Magnetization with Low Fill Factor 

 

Coils—When the cross-sectional area of the coil is ten or more times the cross-sectional area of part 

being examined, the following formula applies:  

 

For parts positioned against the inside surface
1
 of the coil: 

 

NI  =  45,000 

               L/D 
Where: 

 

N = The number of turns in the coil, 

I = The current in amperes applied to the coil, 

L = Length of the part, and 

D = The diameter of the part in the same units as the length. 

 

 

Note 1 

The strongest magnetic field associated with a coil is at the inside surface. For low fill factor coils, 

parts should be placed at the inside surface of the coil for maximum effect 

 

 

Re wording the above formula for a 5 turn coil we get 

 

I  =  9,000 

           L/D 
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For parts positioned in the centre of the coil: 

 

NI  =  1,690  x R 

    (6L/D) - 5 
 

Where: 

 

N = The number of turns in the coil, 

I = The current in amperes applied to the coil, 

R = Radius of the coil in mm (if using inches then the multiplier will be 43,000) 

L = Length of the part 

D = The diameter of the part in the same units as the length. 

 

 

Longitudinal Magnetization with High Fill Factor or Cable wrap 
 

When the cross-sectional area of the coil is less than twice the cross-sectional area (including hollow 

portions) of the part under examination, most of the magnetic field within the coil is used to magnetise 

the item. Therefore slightly less magnetising current is required. 

 

The following formula applies for high fill factor conditions 

 

 

NI  =  35,000  

  (L/D) + 2 
Where: 

 

N = The number of turns in the coil, 

I = The current in amperes applied to the coil, 

L = The length of the part 

D = The diameter of the part in the same units as the length. 

 

When calculating for a hollow or partially hollow part, D may be replaced with an effective diameter. 

For this refer to ASTM E1444 appendix 
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4.2  Field Direction and Intensity 
 

Field Direction 
 

As discussed previously, determining the direction of the field is important when conducting a 

magnetic particle inspection because the defect must produce a significant disturbance in the magnetic 

field to produce an indication. It is difficult to detect discontinuities that intersect the magnetic field at 

an angle less than 45 degrees. When the orientation of a defect is not established, components should 

be magnetized in a minimum of two directions at approximately right angles to each other. Depending 

on the geometry of the component, this may require longitudinal magnetization in two or more 

directions, multiple longitudinal and circular magnetization or circular magnetization in multiple 

directions. Depending on the application, Pie gages, Castrol strips, and a Gauss meter can be used to 

check the field direction. 

 

Field Strength 
 

The applied magnetic field must have sufficient strength to produce a satisfactory indication, but not so 

strong that it produces non relevant indications or limits particle mobility. If the magnetizing current is 

excessively high when performing a wet fluorescent particle inspection, particles can be attracted to the 

surface of the part and not allowed to migrate to the flux leakage fields of defects. When performing a 

dry particle inspection, an excessive longitudinal magnetic field will cause furring. Furring is when 

magnetic particles build up at the magnetic poles of a part. When the field strength is excessive, the 

magnetic field is forced out of the part before reaching the end of the component and the poles along its 

length attract particles and cause high background levels. Adequate field strength may be determined 

by: 

 

 performing an inspection on a standard specimen that is similar to the test component and has 

known or artificial defects of the same type, size, and location as those expected in the test 

component.  

 using a Hall effect probe to measure to the peak values of the tangent field at the surface of the 

part in the region of interest. Most specifications call for a field strength of 30 to 60 gauss at the 

surface when the magnetizing force is applied.  

 

Formula for calculating current levels should only be used to estimate current requirements. The 

magnetic field strength resulting from calculations should be assessed for adequacy using one of the 

two method discussed above. Likewise, published current level information should also be used only 

as a guide unless the values have been established for the specific component and target defects of the 

inspection at hand.  
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5 MPI Equipment 
 

To properly inspect a part for cracks or other defects, it is important to become familiar with the 

different types of magnetic fields and the equipment used to generate them. As discussed previously, 

one of the primary requirements for detection of a defect in a ferromagnetic material is that the 

magnetic field induced in the part must intercept the defect at an angle of 45 to 90 degree. Flaws that 

are normal (90 degrees) to the magnetic field will produce the strongest indications because they 

disrupt more of the magnet flux. Tor for proper inspection of a component, it is important to be able to 

establish a magnetic field in at least two directions. A variety of equipment exists to establish the 

magnetic field for MPI.  

 

 

 

5.1  Permanent magnets  

 

Permanent magnets are sometimes used for magnetic particle inspection as the source of magnetism. 

The two primary types of permanent magnets are bar magnets and horseshoe (yoke) magnets. These 

industrial magnets are usually very strong and may require significant strength to remove them from a 

piece of metal. Some permanent magnets require over 50 pounds of force to remove them from the 

surface. Because it is difficult to remove the magnets from the component being inspected, and 

sometimes difficult and dangerous to place the magnets, their use is not particularly popular. However, 

permanent magnets are sometimes used by a diver for inspection in an underwater environment or 

other areas, such as in an explosive environment, where electromagnets cannot be used. Permanent 

magnets can also be made small enough to fit into tight areas where electromagnets might not fit. 
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5.2  Yoke or Dead Weight tester 
 

Today, most of the equipment used to create the magnetic field used in MPI is based on 

electromagnetism. That is, using an electrical current to produce the magnetic field. An 

electromagnetic yoke (or dead weight tester) is a very common piece of equipment that is used to 

establish a magnetic field. It is basically made by wrapping an electrical coil around a piece of soft 

ferromagnetic steel. A switch is included in the electrical circuit so that the current and, therefore, also 

the magnetic field can be turn on and off. They can be powered with alternating current or by direct 

current. This type of magnet generates a very strong magnetic field in a local area where the poles of 

magnet touch the part to be inspected.  

 

 

 

 

 

 

 

 

 

 

 

The magnetic Yoke will always produce a Longitudinal Magnetic field that travels between the legs of 

the yoke. This will be used to detect defects that are transverse to the long axis of the yoke. 

 

Leg spacing and the different currents will produce various field strengths, however most MPI specs 

will require that the yoke be able to lift 10lbs at a leg spacing of 4 to 6 inches using AC. And 30lbs 

with DC 

 
5.3  Prods 
 

Prods are handheld electrodes that are pressed against the surface of the component being inspected to 

make contact for passing electrical current through the metal. The current passing between the prods 

creates a circular magnetic field around the prods that can be used in magnetic particle inspection. 

Prods are typically made from copper and have an insulated handle to help protect the operator. One of 

the prods has a trigger switch so that the current can be quickly and easily turned on and off. If proper 

contact is not maintained between the prods and the component surface, electrical arcing can occur and 

cause damage to the component. For this reason, the use of prods is not recommended for aerospace 

applications  
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5.4  Portable Coils and Conductive Cables 
 

Coils and conductive cables are used to establish a longitudinal magnetic field within a component. 

When a preformed coil is used, the component is placed against the inside surface on the coil. Coils 

typically have three to five turns of a copper cable within the molded frame. A foot switch is often used 

to energize the coil. Conductive cables are wrapped around the component. The cable used is typically 

3/8‖ to ½‖ dia copper braided. The number of wraps is determined by the magnetizing force needed 

and, of course, the length of the cable. Normally the wraps are kept as close together as possible. When 

using a coil or cable wrapped into a coil, amperage is usually expressed in ampere-turns. Ampere-turns 

is the amperage shown on the amp meter times the number of turns in the coil. 

 

Portable Power Supplies 
 

Portable power supplies are used to provide the necessary electricity to the prods and portable coils or 

cables. Power supplies are commercially available in a variety of sizes. Small power supplies generally 

provide up to 1,500 A of half wave direct current or alternating current.. 240V electrical service and 

can provide up to 6,000 A of AC or half-wave DC when 9 meter or less cable is used. 
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5.5  Bench MPI units 
 

Stationary magnetic particle inspection equipment is designed for use in a production environment. 

The most common stationary system is the wet horizontal (bench) unit. The units have head and tail 

stocks, similar to a lathe but with electrical contacts. The operator has the option to use AC, half wave 

DC, or full wave DC. In some units, a demagnetisation feature is built in, which uses the coil and 

decaying AC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most units also have a movable coil that can be moved into place so the indirect magnetisation can be 

used to produce a longitudinal magnetic field. Most coils have five turns and can be obtained in a 

variety of sizes. When the coil is used to establish a longitudinal magnetic field within the part, the part 

is placed on the inside surface of the coil with the loner axis of the part aligned with the axis of the coil 

(see picture). The wet magnetic particle solution is collected and held in a tank. A pump and hose 

system is used to apply the particle solution to the components being inspected. Some of the systems 

offer a variety of options in electrical current used for magnetising the component.  
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Wet Bench Head stocks 
 

To inspect a part using a head-shot, the part is clamped between two electrical contact pads. The part is 

clamped between these contacts for the production of a circular magnetic field using direct 

magnetisation (Head Shot). The tail stock can be moved and locked into place to accommodate parts of 

various lengths. To assist the operator in clamping the parts, the contact on the headstock can be moved 

pneumatically via a foot switch. The magnetic solution, called a bath, is then flowed over the surface of 

the part. The bath is then interrupted and a magnetising current is applied to the part for a short 

duration, typically 0.5 to 2 seconds. (Precautions should be taken to prevent burning or overheating of 

the part.)  

 

The moveable head stocks are made from highly conductive material and usually designed so that a 

good contact is made with the part to prevent arcing. Lead or copper braided pads are a common 

material selection 
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5.4  Central Conductor or Threader Bar 
 

The wet horizontal unit can also be used to establish a circular magnetic field using a central conductor. 

This type of a setup is used to inspect parts that are hollow such as gears, tubes, and other ring-shaped 

objects. A central conductor is an electrically conductive bar that is usually made of copper or 

aluminium. The bar is inserted through the centre of the hollow part and the bar is then clamped 

between the contact pads. When current is passed through the central conductor, a circular magnetic 

field flows around the bar and indirectly magnetises any permeable material positioned close to the bar. 

As a precaution all Threader bars used should be insulated using a thin nonconductive coating. This is 

to prevent the possibility of arching due to some of the current flowing through the item. 

 

In addition, as arcing and burning is a possibility, all contact areas shall be controlled so that there is 

adequate surface area and pressure. The use of multiple Threader bars should be avoided where one 

will suffice. 

 

 

 

 

 

 

 

 

 

 

 

 

Magnetic Extenders 
 

As previously mentioned when magnetising an item in the Coil, if L/D ratio of the part is less than 2, 

magnetic extenders may be placed on one or each end of the part. This is to increase the L/D ratio to a 

point where the magnetising current can adequately magnetise this part. It is required that these 

extenders be made from very high permeability material and ideally with the same diameter as the part 

being examined. 

Although not mandatory it is also advisable to have these laminated to ensure the magnetic field 

is evenly distributed through the cross sectional area. 
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5.5  Multidirectional Magnetisation 
 

Multidirectional units allow the component to be magnetized in two directions, longitudinally and 

circumferentially, in rapid succession. Therefore, inspections are conducted without the need for a 

second shot. In multidirectional units, the two fields are balanced so that the field strengths are equal in 

both directions. These quickly changing balanced fields produce a multidirectional field in the 

component providing detection of defects lying in more than one direction.  

Just as in conventional wet-horizontal systems, the electrical current used in multidirectional 

magnetization may be alternating, half-wave direct, or full-wave. It is also possible to use a 

combination of currents depending on the test applications. Multidirectional magnetization can be used 

for a large number of production applications, and high volume inspections.  

To determine adequate field strength and balance of the rapidly changing fields, technique 

development requires a little more effort when multidirectional equipment is used. It is desirable to 

develop the technique using a component with known defects laying in at least two directions, or a 

manufactured defect standard. Quantitative quality indicator (QQI) are also often used to verify the 

strength and direction of magnetic fields 
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Multi – directional bench unit 
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5.6  Inspection Lights used with MPI 
 

Magnetic particle inspection can be performed using particles that are highly visible under white 

lighting conditions or particles that are highly visible under ultraviolet lighting conditions. When an 

inspection is being performed using the visible colour contrast particles, no special lighting is required 

as long as the area of inspection is well lit. A light intensity of between 300 and 1000 lux (30 and 100 

ftc) is recommended when visible particles are used. 

  

When fluorescent particles are used, special ultraviolet light must be used. Fluorescence is defined as 

the property of emitting radiation as a result of and during exposure to radiation. Particles used in 

fluorescent magnetic particle inspections are coated with a material that produces light in the visible 

spectrum when exposed to the near-ultraviolet light. This "particle glow" provides high contrast 

indications when compared with the visible particles. Particles that fluoresce yellow-green are most 

common because this colour matches the peak sensitivity of the human eye under dark conditions.  

 

Ultraviolet Light 
 

The visible spectrum is that part of the electromagnetic spectrum approximately encompassed by the 

wavelengths 700 nanometres (x 10
-9

m) at the red end to 400 nanometres at the violet end. (previously 

known in terms of Angstrom units – x 10
-10

m). These electromagnetic radiations, when combined, 

form white light which travel at a speed of 300 meters/sec in a straight line until it meets the surface 

bounding a new medium.  Here it may be reflected, absorbed or transmitted. 
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Ultraviolet radiation is an electromagnetic radiation whose wavelengths range between X-rays and 

visible light. The ultraviolet range is divided into three bands of the following spectral ranges: 

 

a. UV-A 315nm to 400nm. (This is commonly referred to as "Black Light"). 

b. UV-B 280nm to 315nm. 

c. UV-C 100nm to 280nm. 

 

The fluorescent dyes used with the MT coated particles fluoresce most brilliantly at approximately 

550nm when irradiated with black light. Suitable black lights produce energy at a wave length of 

approx. 365 nm.  This light is between the visible and ultra violet in the spectrum. Light in this range 

is noninjurious to the skin or eyes. 

 

 

SOURCES OF ULTRAVIOLET ENERGY 
 

There are several methods of generating ultraviolet light. Three of these are: 

 

a. Low pressure fluorescent tubes. 

b. High pressure, mercury vapour bulbs. 

c. LED lights 

 

 

 

LOW PRESSURE FLUORESCENT TUBES 
 

These are similar to the standard fluorescent tubes used in house hold lighting, but instead of an inert 

gas the tube contains metallic mercury.  

 

These tubes can normally be found in areas where a high UV intensity is not required e.g. Washing 

station and general overhead lighting 
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Black (UV) Light 
 

The source of the black light used in magnetic particle inspection is usually a high pressure mercury 

vapour lamp or LED source 

 

The mercury vapour lamp (100W PAR38 bulb) emits radiation over a large range of wavelengths so it 

is therefore necessary to filter out much of the radiation. This is done by using a filter (usually a Kopp 

41 type). 

It is important that the casing of the lamp and the condition of the filter is such that none of this 

radiation escapes - DO NOT USE A CRACKED FILTER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LED UV lights 

 
Recent advancements in the production of UV lights sources have seen the LED (Light Emitting 

Diode) The LED lights can produce very high intensities but can also produce ―white‖ light that must 

be monitored to ensure this does not interfere with the inspection. 

 

LED Battery powered torches should be checked for their output intensity at the beginning and end of 

the inspection iaw standard requirements (ASTM E 1444) 
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Photo-sensitive spectacles  
 

Lenses that darken when exposed to sunlight  must not be worn when performing an inspection. It is 

the UV radiation in sunlight that cause the darkening process to occur. Therefore the black light 

radiation from the lamp will also cause a darkening of the spectacle lens, decreasing the ability to 

perceive the presence of indications 

 

Dark Adaptation  
 

Just as lighting is an important consideration in the inspection process, so is the eyes response to light. 

A special, group of cells at the back of the eye help tell the brain how much light there is, causing the 

pupil to get bigger or smaller. The change in pupil diameter is not instantaneous and, therefore, eyes 

must be given time to adapt to changing lighting conditions. When performing a fluorescent magnetic 

particle inspection, the eye must be given time to adapt to the darkness of the inspection booth before 

beginning to look for indications. Dark adaptation time of at least one minute is required by most 

procedures. Some studies recommend adaptation time of five minutes if entering an inspection area 

from direct sunlight.  

 

 

Eyeball Fluorescence 
 

When ultraviolet light enters the human eye, the fluid that fills the eye fluoresces. This condition is 

called eyeball fluorescence, and while it is considered harmless, it is annoying and interferes with 

vision while it exists. When working around ultraviolet lights, one should be careful not to look 

directly into lights and to hold spot lights to avoid reflection. Special filtered glasses may be worn by 

the inspector to remove all UV light from reaching the eyes but allowing yellow-green light from 

fluorescent indications to pass.  
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5.7  Magnetic Particles  
 

As mentioned previously, the particles that are used for magnetic particle inspection are a key 

ingredient as they form the indications that alert the inspector to defects. Particles start out as tiny 

milled pieces of iron or iron oxide. A pigment (somewhat like paint) is bonded to their surfaces to give 

the particles colour. 

 

Four Properties enter into the selection of satisfactory particles, they are: 

 

(a) Magnetic properties 

(b) Geometric properties 

(c)  Mobility 

(d)  Visibility 

 

 

Magnetic properties 
 

It is desirable that the particles possess three magnetic properties: 

 

 high permeability, 

 low retentivity  

 low coercive force. 

 

High permeability will enable the particles to be easily magnetised and consequently attracted to flux 

leakages of very low strength. Low retentivity means that because of the small amount of residual 

magnetism left in the particles, they will not be attracted to parts that do not have a flux leakage. 

Because of the low coercive force required to reverse the magnetic field the particles will be easily 

removed from the test piece if a flux leakage is not present, 

 

 

Geometric properties 
 

If the particles have a spherical shape they will move very easily over the surface of the specimen and 

not get caught I, up in surface roughness, thereby avoiding irrelevant indications. However, spherically 

shaped particles will not have good attractive powers because of the lack of clearly defined poles. Long 

slender particles will produce good attractive powers and are especially good for bridging wide gaps, 

but because of their shape they will tend to get caught in surface projections. A compromise is made 

that reasonably combines the best of both shapes, by the use of a multi-faced nugget shape particle 

being in general use. Particle size is another important consideration as small particles are required to 

bridge tight lipped cracks, whilst large particles are necessary for wider cracks. This requirement is 

achieved by having a mixture of both large and small particles in use together. The,
-
 size of particles 

range from 1-100 microns as a general range for all test methods, with the wet method using particles 

to a maximum of 60 microns, anything larger than this is difficult to keep in suspension, 

 

25 microns is equal to 0.001‖ 
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Mobility 
 

When the particles are brought into the influence of the leakage field of the discontinuity they should 

be free to form a pattern or indication. This freedom is influenced by the condition, shape and manner 

of application of the particles. 

In the dry method mobility is obtained by dusting or blowing the particles over the specimen so that the 

leakage field catches the particles as they move by. Additional mobility can be given to the particles by 

vibrating or tapping the specimen after they have been dusted on, 

When A,C, or pulsating D.C, is used for the test this additional mobility is also present because the 

rapidly changing field causes the particles to 'dance'. 

 

When the wet method is used excellent mobility' is obtained by the particles being free to move in 

three dimensions. The medium carrying the particles should be of low viscosity so that it does not 

impede the progress of the particles. The ideal condition is that the particles are carried slowly by the 

fluid to the discontinuity and then held by the flux leakage 

 

 

Visibility 
 

If the inspection is to be successful any indication should clearly show. This will depend on the amount 

of contrast between the particle and the test specimen. The contrast can be provided by colouring the 

particles or by coating the particles with a fluorescent material, which will cause them to show up 

clearly when viewed under an ultraviolet light. 

 

Below is an illustration of the difference in contrast with an increase in ambient light when using the 

fluorescent particles 

 

 

 

 

 

 

 

 

 

 

 

 

 Contrast Ratio =10.5     Contrast Ratio = 6.25 
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5.8  Dry Magnetic Particles 
 

Dry magnetic particles can typically be purchased in red, black, grey or yellow so that a high level of 

contrast between the particles and the part being inspected can be achieved.. The size of the magnetic 

particles is also very important. Dry magnetic particle products are produced to include a range of 

particle sizes. The fine particles are around 50 µm (0.002 inch) in size and are about three times 

smaller in diameter and more than 20 times lighter than the coarse particles (150 µm or 0.006 inch), 

which makes them more sensitive to the leakage fields from very small discontinuities. However, dry 

testing particles cannot be made exclusively of the fine particles. Coarser particles are needed to bridge 

large discontinuities and to reduce the powder's dusty nature. Additionally, small particles easily 

adhere to surface contamination, such as remnant dirt or moisture, and get trapped in surface roughness 

features producing a high level of background.  

As stated above the particle shape is also important. Long, slender particles tend align themselves 

along the lines of magnetic force. Elongated particles come from the dispenser in clumps and lack the 

ability to flow freely and form the desired "cloud" of particles floating on the component. Therefore, 

globular particles are added that are shorter. The mix of globular and elongated particles result in a dry 

powder that flows well and maintains good sensitivity. Most dry particle mixes have particle with L/D 

ratios between one and two.  
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5.9  Wet Magnetic Particles 
 

Magnetic particles are also supplied in a wet suspension such as water or oil. The wet magnetic particle 

testing method is generally more sensitive than the dry for small surface cracks because the 

suspension provides the particles with more mobility and makes it possible for smaller particles to be 

used. The wet method also makes it easy to apply the particles uniformly to a relatively large area. 

Additionally the wet method is better suited for batching small items as the fluid can be applied 

by spraying or immersion. 

 

Wet particles differ from dry in a number of ways. One way is that both visible and fluorescent 

particles are available. Most non fluorescent particles are ferromagnetic iron oxides, which are either 

black or brown in colour. Fluorescent particles are coated with pigments that fluoresce when exposed 

to ultraviolet light. Particles that fluoresce green-yellow are most common to take advantage of the 

peak colour sensitivity of the eye but other fluorescent colours are also available. 

 

The particles used in the wet method are smaller in size than those used in the dry method for the 

reasons mentioned above. The particles are typically 10 µm (0.0004 inch) and smaller. Wet particles 

are also a mix of long slender and globular particles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wet particles are typically supplied as visible or fluorescent. Visible particles are viewed under normal 

white light and fluorescent particles are viewed under black light 

 



NZ Non Destructive Testing Association Inc. 
C/- HERA, PO Box 76-134 Manukau City, Auckland 2241 

 

Magnetic Particle Inspection level 2 

MT20A Initial issue – 20 Jan 2021         Page 76 of 120 

 

5.10  Wet particle suspension liquid 
 

The wet carrier solutions can be water or oil-based. Water-based carriers form quicker indications, are 

generally less expensive, present little or no fire hazard, give off no petrochemical fumes, and are 

easier to clean from the part. Water-based solutions are usually formulated with a corrosion inhibitor to 

offer some corrosion protection. However, oil-based carrier solutions offer superior corrosion and 

hydrogen embrittlement protection to those materials that are prone to attack by these mechanisms.  

 

Suspension liquids used in the wet magnetic particle inspection method can be either a well refined 

light petroleum distillate or water containing additives. Petroleum-based liquids are the most desirable 

carriers because they provided good wetting of the surface of metallic parts. However, water-based 

carriers are used more because of low cost, low fire hazard, and the ability to form indications quicker 

than solvents based carriers. Water-based carriers must contain wetting agents to ensure proper 

wetting of the part by reducing the surface tension of the liquid. It also helps to aid in the 

dispersion of magnetic particles in the carrier. The wetting agents create foaming as the solution is 

moved about, so anti-foaming agents must be added. Also, since water promotes corrosion in ferrous 

materials, corrosion inhibitors are usually added as well.  

 

Petroleum based carriers are primarily used in systems where maintaining the proper particle 

concentration is a concern. The petroleum based carriers require less maintenance because they 

evaporate at a slower rate. Therefore, petroleum based carriers might be a better choice for a system 

that only gets occasional use. Petroleum carriers are required to meet certain specifications such as 

AMS 2641. 

 

Typical wet particle suspension properties 
 

 Viscosity 

Maximum of 5 centistokes at 20degrees C in accordance with ASTM D445 

 Flash Point 

200 degrees F minimum. 

 Fluorescence 

 None 

 Odour 

Mild – No health risks at prolonged exposure 

 

 

5.11 Bath Strength 
 

The strength of the wet suspension (Bath Concentration) should be maintained at the level required by 

the procedure. The ranges given for both visible and fluorescent can be quite wide and a noticeable 

difference will be evident between the upper and lower limits. It is generally accepted that as the 

surface condition of the part becomes smoother the lower limits are preferable  

 

Test pieces should be used to verify the correct bath strength and monitored on a regular basis. A low 

level might produce weak indications, or not display them at all and a too high level may give a 

heavy background, masking some relevant indications 
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6 MPI Techniques 

 

6.1  Information prior to testing 
 

Initial determination of the MT procedure or written Instruction to be used will be based on the 

customer requirements. This would normally be in the form of a drawing specification (eg. AS 1171 

or ASTM E 1444) 

 

These specifications need to be interpreted so that the specific inspection procedure adopted is 

appropriate. This is the job of the Level 2 or 3 personnel.  

In order for the right inspection procedure (technique) to be determined, certain information is 

necessary. The following is a list of the minimum information required. 

 

 

 Test Specification  

 Manufacturing stage - Cast, Forged, Rolled, In-Service etc. 

 Product form - Plate, Bar, Pipe, Weld etc 

 Surface condition - As Cast, Welded, Ground, Machined, Painted, Plated etc 

 Expected discontinuity (Type and position) - Cracking, Weld defects, Stringers,  

 Accessibility and scanning areas and environmental issues 

 Accept and Reject Criteria and Reporting 

 

 

Based on this the correct magnetising operations and combinations can be chosen so that complete 

coverage is obtained 

 

Depending on the availability of the equipment and size and shape of the item to be tested, the 

magnetising methods and sequence of shots can be determined 

If the expected discontinuities are not open to the surface (subsurface) then DC magnetising current 

must be used 

 

Sensitivity shall be chosen such that all required defects are detected. AC (wet) is best suited for 

small surface cracks and HWDC (Dry) is best for subsurface defects. 

Fluorescent particles are more sensitive than visible, but require the use of a Black (UV) light and a 

darkened area. 

 

The continuous method shall be used for high permeability materials and DC current is recommend 

for the residual method. 
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6.2  Human Factors 
 
As with any inspection involving concentration over an extended time, there needs to be a systematic 

and planned approach. This involves self-discipline and an awareness of what to look for and which 

areas require additional focus. Human Factors play an important role in this scenario and should be 

acknowledged. 

Planned breaks, recognizing potential distractions and maintaining concentration levels are essential 

for the inspector. Having a formal documented approach will help with this and also maintain the 

quality of the inspection 

 

 

6.3  Pre Cleaning 
 

Pre cleaning prior to MT inspection is not as important as with Penetrant Inspection but still requires a 

certain contamination free surface to be effective in producing an indication 

 

The particles need to be able to migrate along the surface and also need to supply a contrasting image. 

Any contaminates that can interfere with this need to be removed, 

 

Wet particle suspension fluids help with the particle migration but can be affected by most oil based 

contaminants. Removing these can be easily accomplished using appropriate solvents. 

 

Water-Break Test 
 

A water-break test uses water added to the surface of the part to be inspected to assess the adequacy of 

the precleaning process. If there is any contamination in the form of oils or other soils, the water will 

separate around those areas that are not clean, showing a ―break‖ in the water surface (Beading) 

 

Physical contaminants such as heat scale, rust, and slag etc require removal and would normally be 

carried out using an abrasive cleaning action such as wire brushing, shot blasting or blending. 
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6.4  Dry Particle inspection 
 

In this magnetic particle testing technique, dry particles are dusted onto the surface of the test object as 

the item is magnetized. Dry particle inspection is well suited for the inspections conducted on rough 

surfaces. When an electromagnetic yoke is used, the AC or half wave DC current creates a pulsating 

magnetic field that provides mobility to the powder. The primary applications for dry powders are 

welds and rough as-cast surfaces.  

Dry particle inspection is also well suited for the detection of subsurface cracks. Dry particles with 

half wave DC is the best for inspection of manufactured parts if sub surface defects are suspected. Half 

wave DC with prods and dry particles is commonly used when inspecting large castings for hot tears 

and cracks. 

 

The Dry technique is also suitable for testing hot components. Elevated temperatures will tend to 

evaporate the carrier fluid associated with the wet particles and reduce the sensitivity. 

 

Step in performing an inspection using dry particles 

 

Prepare the part surface  

The surface should be a relatively clean but this is not as critical as it is with liquid penetrant 

inspection. The surface must be free of grease, oil or other moisture that could keep particles from 

moving freely. A thin layer of paint or rust or scale will reduce test sensitivity but can sometimes be 

left in place with adequate results. Any loose dirt, paint, rust or scale must be removed.  

 

Apply the magnetizing force  

Use permanent magnets, electromagnetic yoke, prods, a coil or other means to establish the necessary 

magnetic flux. 

 

Dust on the dry magnetic particles  

Dust on a light layer of magnetic particles..Let the particles 

drift onto the area 

 

Gently blow off the excess powder  

With the magnetizing force still applied, remove the 

excess powder from the surface with a few gently puffs of 

dry air. The force of the air needs to be strong enough to 

remove the excess particle but not strong enough to 

dislodge particle held by a magnetic flux leakage field. 

 

Terminate the magnetizing force  

If the magnetic flux is being generated with an 

electromagnet or an electromagnetic field, the magnetizing 

force should be terminated. It permanent magnets are 

being used, they can be left in place. 

 

Inspect for indications  
Look for areas where the magnetic particles are clustered. 
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6.5  Wet Particle Inspection 
 

Wet suspension magnetic particle inspection, or more commonly wet magnetic particle inspection, 

involves applying the particles while they are suspended in a liquid carrier. Wet magnetic particle 

inspection is most commonly performed using a stationary, wet, horizontal bench, but suspensions are 

also available in spray cans for use with an electromagnetic yoke. A wet inspection has several 

advantages over a dry inspection. First, all the surfaces of the component can be quickly and easily 

covered with a relatively uniform layer of particles. Second, the liquid carrier provides mobility to the 

particles for an extended period of time, which allows enough particles to float to small leakage fields 

to form a visible indication. Therefore, wet inspection is considered best for detecting very small 

surface discontinuities on smooth surfaces. On rough surfaces, however, the particles (which are 

much smaller in wet suspensions) can settle in the surface valleys and loose mobility rendering them 

less effective than dry powders under these conditions. 

 

Steps in performing an inspection using wet suspensions 

 

Prepare the part surface - Just as is required with dry particle inspections, the surface should be 

relatively clean. The surface must be free of grease, oil and other moisture that could prevent the 

suspension from wetting the surface and preventing the particles from moving freely. A thin layer of 

paint, rust or scale will reduce test sensitivity, but can sometimes be left in place with adequate results. 

Any loose dirt, paint, rust or scale must be removed.  

 

Apply the suspension - The suspension is gently sprayed or flowed over the surface of the part. 

Usually, the stream of suspension is diverted from the part while the magnetizing field is applied. (wet 

continuous) 

 

Apply the magnetizing force - The magnetizing force should be applied during application of the 

suspension of magnetic particles. When using a wet horizontal inspection unit, the current is applied in 

two or three short busts (1/2 second) which helps to improve particle mobility. Depending on the 

nature of the discontinuity, surface condition and magnetising application, the magnetising force may 

be applied for an increased time to allow maximum particle movement and build up. This is 

advisable for some portable weld inspections.  

 

Inspect for indications - Look for areas where the magnetic particles are clustered. Surface 

discontinuities will produce a sharp indication. The indications from subsurface flaws will be less 

defined and loose definition as depth increases. 
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6.6  Magnetising Sequence 
 

When carrying out MT inspections in more than one direction, the sequencing of each magnetising 

step should be determined based on a number of considerations. 

 

Firstly, if the next magnetising application is not strong enough to overcome the residual field then 

demagnetisation is required between shots. In addition it is advisable to end up with a field that can be 

easily removed and measured after the inspection is complete. 

 

It is considered that a part would more readily accept a longitudinal field than a circular one for a given 

energy (current). Therefore most circular fields can be easily overcome by magnetising the part in a 

coil (longitudinal). This means that changing from a circular to longitudinal magnetic field would not 

require demagnetisation. 

 

This would also imply that changing from a longitudinal to a circular field may require 

demagnetisation  

 

Considering the above it is recommended that if a part is to be magnetised more than once, then all 

circular shots are carried out before the longitudinal ones, starting with the lower currents  first. 

 

This also ensures that the part ends up with a longitudinal field, making it easier to demagnetise and 

measure as it has external poles  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example of 100% MT inspection using Circular and Longitudinal fields 
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6.7  Inspection Using Magnetic Rubber 
 

The magnetic rubber technique is very sensitive and can be used to examine difficult to reach areas, 

such as the threads on the inside diameter of holes, where the molded plugs can be removed and 

examined under ideal conditions and magnification if desired. The trade-off is that inspection times are 

much longer.  

The techniques uses a liquid (uncured) rubber containing suspended magnetic particles. The rubber 

compound is applied to the area to be inspected on a magnetized component. Inspections can be 

performed using either an applied magnetic field, which is maintained while the rubber sets (active 

field), or the residual field from magnetization of the component prior to pouring the compound. The 

magnetic particles migrate to the leakage field caused by a discontinuity. As the rubber cures, 

discontinuity indications remain in place on the rubber.  

The rubber is allowed to completely set, which takes from 10 to 30 minutes. The rubber cast is 

removed from the part. The rubber conforms to the surface contours and provides a reverse replica of 

the surface. The rubber cast is examined for evidence of discontinuities, which appear as dark lines on 

the surface of the molding. The molding can be retained as a permanent record of the inspection. 

Magnetic rubber methods requires similar magnetizing systems used for dry method magnetic particle 

tests. The system may include yokes, prods, clamps, coils or central conductors. Alternating, direct 

current, or permanent magnets may be used to draw the particles to the leakage fields. The direct 

current yoke is the most common magnetization source for magnetic rubber inspection. 

 

 

6.8  Continuous and Residual Magnetization Techniques 
 

In magnetic particle inspection, the magnetic particles can either be applied to the component while the 

magnetizing force is applied, or after it has been stopped. Continuous magnetization describes the 

technique where the magnetizing force is applied and maintained while the magnetic particles are 

dusted or flowed onto the surface of the component. In a wet horizontal testing unit this is achieved by 

the following steps 

 

1 Apply the particles by completely wetting the part 

2 While still applying the particles, magnetise the part by applying the current 

3 Stop applying the particles prior to the current switching off  

 

Depending on the current timer this can be a simultaneous action, however as the particles and current 

are applied at the same time it is known as the ―wet continuous method‖. 

 

Residual magnetization, on the other hand, describes the technique where the magnetizing force is 

applied to magnetize the component and then stopped before applying the magnetic particles.  

 

Only the residual field of the magnetized component is used to attract magnetic particles and produce 

an indication.  
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The continuous technique is generally chosen when maximum sensitivity is required because it has two 

distinct advantages over the residual technique. First, the magnetic flux will be highest when current is 

flowing and, therefore, leakage fields will also be strongest. Viewing the upper right portion of the 

hysteresis loop below, it is evident that the magnetic flux will be strongest when the magnetizing force 

is applied. When the magnetizing force is removed, the flux density will drop to the retentivity point. 

 

High permeability materials do not retain a strong magnetic field so flux leakage fields will be 

extremely weak or non-existent when the magnetizing force is removed. Therefore, materials with 

high magnetic permeability are not suited for inspection using the residual technique.  
 

The second advantage of the continuous technique is that when current is used to generate the 

magnetizing force, it can provide added particle mobility. Alternating or pulsed direct current will 

cause the particles to vibrate and move slightly on the surface of the part. This movement allows the 

particles to travel to leakage sites. 

 

The residual technique can be used when background fluorescence is an issue. This technique 

will produce a good indication from a small defect where the continuous method may not 

produce the same result due to too much background. (e.g. Bolt threads) 

 

It is also recommended to use DC magnetising currents with the residual technique. This is to 

ensure the current is switched off at its peak value 
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6.9  Paint and Coatings 

 

Magnetic particle testing on painted or other inadequately prepared surfaces may result in the non-

detection of defects, the size of which may exceed application code acceptance criteria. Such surfaces 

typically reduce the effectiveness of the test and in extreme circumstances, can completely negate the 

test. 

 

Magnetic particle examination over painted surfaces shall not be performed on components that are 

subject to high stresses or cyclic loading. 

 

Magnetic particle examination over paint shall only be conducted if the following requirements are 

met: 

 

(a) The test is carried out using AC. magnetization. 

(b) Welds and weld toes have been ground smooth prior to painting. 

(c) The paint thickness is uniform and has been confirmed that it does not affect the MT inspection 

required quality 

 

If a discontinuity is detected, the paint shall be removed in the vicinity of the discontinuity to enable 

evaluation 

 

Eddy current testing should also be considered when examining articles where the paint cannot be 

removed 

 

Paint/coating Thickness 

 

The sensitivity of the magnetic particle method decreases as the paint thickness increases. 

Measurements of paint thickness made on a flat surface may not accurately reflect the thickness of 

paint on a radius, or on weld undercut etc. 

 

If the paint thickness cannot be measured by other means (e.g. Eddy Current), test pieces of similar 

configuration and material may be used. These test pieces shall contain defects under paint films of 

known thickness. 
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6.10 Technique Variations 
 

The Magnetising technique usually employed will be determined by the NDT Level 2 based on the 

approved data. This approved data will be specified within the contract (Customer) or in accordance 

with an internationally accepted standard (AS 1171, ASTM E1444 or ISO 9934-1) 

 

The methods commonly employed to magnetize the work piece can vary depending on which standard 

is used and what equipment is available, however they will generally fall into one of the following 

categories 

 

 

6.10.1 Magnetic flow 
 

The Magnetic Flow technique establishes the magnetic field in the work piece by the use of magnetic 

poles. The following equipment can be used for this: 

 

(i) Permanent magnets. 

(ii) Electromagnetic yokes (AC or DC). 

(iii) Bench units equipped with magnetic poles 

 

Magnetic flow methods are suitable for the general location of discontinuities oriented transverse to a 

line joining the poles of the magnet 

 

NOTE: When using permanent magnets or electromagnets, ensure that the width of the inspected area 

is not greater than 50 mm either side of the axis of the yoke pole pieces. Repeat magnetising steps at 

right angles to the original direction to ensure complete coverage 

 

 

6.10.2 Current flow 
 

The Current Flow technique  employs the use of an electrical current directly through the work piece 

and require the use of either of the following equipment: 

 

(i) Contact heads. 

(ii) Prods or clamps. 

 

The current flow method is suitable for the detection of discontinuities where the plane or axis of the 

discontinuity is essentially parallel to the direction of current flow. 

 

When using the contact heads, clamp the work piece firmly between the contact pads and pass a 

magnetizing current through the work piece taking precautions to prevent burning or arcing of the 

work piece ‗ 

 

The value of current should be between 12 A/mm and 32 A/mm of part diameter (normally up to 20 

A/mm). 

NOTE: The diameter of the part is taken as the greatest distance between any two points on the outside 

circumference, at the same cross-section 
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6.10.3 Threader Bar or Central Conductor 
 

These techniques employ current flow through bars or flexible cables that are threaded through the 

work piece for testing hollow products and holes. 

 

The use of the Threader Bar is similar to the current flow technique. This should be used where the test 

item is hollow (Tubing) to prevent possible burning of the part. 

  

Threader bar techniques are suitable for locating discontinuities in hollow products and in areas 

adjacent to holes where the plane or axis of the discontinuity is essentially parallel to the current flow 

direction 

 

Where insufficient field strength is obtained with the conductor placed centrally through the work 

piece, the ―off set‖ Threader Bar technique should be employed 

. 

NOTE: To prevent arcing, the central conductor should be properly insulated. 

 

 

6.10.4 Coils 

 

Coil methods employ magnetizing current flowing around the work piece by means of insulated coils, 

and comprise the following techniques: 

 

(i) Low fill factor techniques. 

(ii) High fill factor techniques. 

(iii) Flat, spiral, astride and adjacent coil techniques. 

 

The use of coils is suitable for testing hollow and solid products to locate transverse discontinuities 

(parallel to the direction of the coil windings).  

 

Coils may be rigid or flexible, fixed or portable (Cable wrap). Flexible coils are particularly useful for 

in situ testing of structural steelwork, off-shore structures, nozzles in boilers, pressure vessels, shafts, 

gears and pipework.  

 

 

 

 

 

 



NZ Non Destructive Testing Association Inc. 
C/- HERA, PO Box 76-134 Manukau City, Auckland 2241 

 

Magnetic Particle Inspection level 2 

MT20A Initial issue – 20 Jan 2021         Page 88 of 120 

 

6.10.5 Split coil Technique (Knife switch) 
 

This procedure creates a circular magnetic field in the part and permits detection of radial defects on 

the face of the part, and longitudinal defects on the outer surfaces. 

Procedure 

 

1 Determine current by dividing the ampere-turns (AT) by the number of turns in the coil being 

used. Or as stated by technique  

2 Apply current, one pulse of 2-4 seconds duration, with "quick break" current decay while 

applying particles. Rotate the part 90 degrees. 

3 Continue magnetizing and applying particles until complete coverage has been achieved. 

4 Inspect and repeat process after turning part over 
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6.10.6 Spiral coil Technique 
 

This procedure is used to detect circumferential defects on disk shaped items. It is particularly suitable 

for short parts having large cross sections. The maximum diameter of a part must not exceed the 

diameter of the coil. The coil uses a spirally rolled cable and a soft iron core. The part being inspected 

is positioned on the coil. 

 

When a continuous current flows, a magnetic field is generated. The intensity of this field is 

strengthened, in part, by a current induced when the secondary circuit is interrupted with "quick break" 

current decay. 

 

The face on which the part rests must be turned up and inspected upon completion of inspection of 

other face. This procedure creates a toroidal field in the part, allowing detection of circumferential 

defects. 
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6.10.7 Induced Current Method 
 
 

 

Current induction - Principle of operation (For the detection of circumferential flaws) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Only a changing magnetic field will generate a resulting eddy current in the ring-shaped part, such as 

when the magnetic field in the magnetizing coil suddenly collapses, or when using a moving waveform 

such as AC; no eddy currents are produced in the part by a non-moving waveform. 

The resultant toroidal shaped magnetic field may be used to detect circumferential discontinuities in 

the part 

 

 

 

6.11 Post Cleaning 
 

Post cleaning is required for most MT inspections as particles remaining on the surface can interfere 

with the following: 

 

 Plating or painting operations. 

 Welding 

 Moving gears and shafts 

 

Cleaning can be performed by solvent or detergent wipe or a more through process such as using a 

dishwasher or immersion bath. 
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6.12 Test Record and Report 
 

Test reports need to give the client all of the relevant information required and every effort should be 

made to ensure that the report is unambiguous. The records pertaining to that test need to support all 

the information in the report. 

All reporting requirements of the test/inspection specification must be included in the report.  

 

When recording and reporting a discontinuity, a standard code of terminology may be used. This code 

should be normal industry accepted practice and be based on a published standard or code. The code of 

terminology needs to be quoted in the test report. Reports need to avoid the implication that no 

imperfections exist merely because none have been found. 

 

Reports must specify any limitations or deviations from the procedure that could affect the test results. 

 

TEST RECORD : 

 

1. Name of laboratory or testing authority. 

2. Identification of the component. 

3. The product Standard and the material specification, or type. 

4. The number of the controlling Standard, i.e. AS 1171, identification of the test procedure 

used and details of any departure from that procedure. 

5. Areas tested. 

6. Surface condition including the thickness and uniformity of any coating present. 

7. Identification or description of equipment and test materials used (the name of the 

manufacturer and the manufacturer‘s identification of the test materials). 

8. Method(s) of magnetization. 

9. Whether the product has been demagnetized. 

10. Results of the test and descriptions and positions of all discontinuities detected. 

11. Any other information the purchaser requires for assessment of test results. 

12. Date and place of test. 

13. Report number or other means of identifying the report. 

14. Identification and signatures of testing personnel. 

 

TEST REPORT : 

 

1. The name of the laboratory or the testing authority. 

2. Identification of the component. 

3. The product Standard and the material specification, or type. 

4. The number of controlling Standard, i.e. AS 1171, identification of the test procedure used 

and details of any departure from that procedure. 

5. Areas tested. 

6. Surface condition including the thickness and uniformity of any coating present. 

7. Method(s) of magnetization. 

8. Whether the product has been demagnetized. 

9. The test results and descriptions and positions of all discontinuities detected. 

10. Any other information the purchaser requires for assessment of test results. 

11. Date and place of test. 

12. Report number and date of issue. 

13. Identification and signature of the officer responsible for the test report 
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7 Equipment Checks 
 

7.1  System performance 
 

System Performance Verification—The overall performance of the magnetic particle testing system, 

including the equipment, materials, and the lighting environment being used, shall be verified initially 

and at regular intervals thereafter. 

A reliable method for system performance verification is the use of representative reference parts 

(Known Defect Standards KDS) containing discontinuities specified in the acceptance requirements 

and examined in accordance with a written procedure. If correct magnetic particle indications can be 

produced and identified in these representative parts, the overall system performance is verified. Parts 

used for verification will be demagnetized, cleaned thoroughly following the examination, and checked 

under black or visible light, as appropriate to the examination process, to ensure that residual 

indications do not remain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An example of a standard test piece used for checking the performance of a MPI bench unit (DC) is the 

AISI KETOS Tool Steel Ring. 

The item is magnetised using a 1‖ dia bar with specific amps (DC) and the number of indications that 

can be seen on the outside surface will be identified and monitored 
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7.2  Particle Concentration and Condition 
 

Particle Concentration 
 

The concentration of particles in the suspension is a very important parameter in the inspection process 

and must be closely controlled. The particle concentration is checked after the suspension is prepared 

and continued regularly as part of the quality system checks. ASTM E-1444-XX requires concentration 

checks to be performed every eight hours or every shift change.  

The standard process used to perform the check requires agitating the carrier for a minimum of thirty 

minutes to ensure even particle distribution. A sample is then taken in a pear-shaped 100 ml centrifuge 

tube having a stem graduated to 1.0 ml in 0.05 ml increments for fluorescent particles, and graduated to 

1.5 ml. in 0.1 ml increments for visible particles. The sample is then demagnetized so that the particles 

do not clump together while settling. The sample must then remain undisturbed for a minimum of 60 

minutes for a petroleum-based carrier or 30 minutes for a water-based carrier. The volume of settled 

particles is then read. Acceptable ranges are 0.1 to 0.4 ml for fluorescent particles and 1.2 to 2.4 ml for 

visible particles. If the particle concentration is out of the acceptable range, particles or the carrier must 

be added to bring the solution back in compliance with the requirement. If Particles are to be added 

this is normally carried out by mixing a small “slurry” prior to pouring into the bath. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Particle Condition 
 

After the particles have settled, they should be examined for brightness and agglomeration. Fluorescent 

particles should be evaluated under ultraviolet light and visible particles under white light. The 

brightness of the particles should be evaluated weekly by comparing the particles in the test solution to 

those in an unused reference solution that was saved when the solution was first prepared. The 

brightness of the two solutions should be relatively the same. Additionally, the particles should appear 

loose and not lumped together. If the brightness or the agglomeration of the particles is noticeably 

different from the reference solution, the bath should be replaced. 
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7.3  Suspension Contamination  
 

The suspension solution should also be examined for evidence of contamination. Contamination 

primarily comes from inspected components. Oils, greases and dirt will be introduced to the system 

through components. If the area is unusually dusty the system will pickup dust or other contaminates 

from the environment.  

This examination is performed on the carrier and particles collected for concentration testing. The 

graduated portion of the tube is viewed under ultraviolet and white light when fluorescent particles are 

being used, and under white light when visible particles are being used. The magnetic particles should 

be examined for foreign particles, such as dirt, paint chips and other solids. Differences in colour, 

layering or banding within the settled particles would indicate contamination. Some contamination is to 

be expected but if the foreign matter exceeds 30 percent of the settled solids, the solution should be 

replaced. 

The liquid carrier portion of the solution should also be inspected for contamination. Oil in a water 

bath and water in a solvent bath are the primary concerns. If the solution fluoresces brightly when 

fluorescent particles are being used, this can be an indication that dye is being dislodged from the 

particles by the mixing pump.  

 

Water Break Test 
 

A daily water break check is required to evaluate the surface wetting performance of water-based 

carriers. The water break check simply involves flooding a clean surface similar to those being 

inspected and observing the surface film. If a continuous film forms over the entire surface, sufficient 

wetting agent is present.  

 

Electrical System Checks 
 

Changes in the performance of the electrical system of a magnetic particle inspection unit can 

obviously have an effect on the sensitivity of an inspection. Therefore, the electrical system must be 

checked when the equipment is new, when a malfunction is suspected, or every six months. Listed 

below are the verification tests required by ASTM E-1444-01 

 

Maximum Unit Output 
 

A magnetic particle unit should be checked regularly to verify that the maximum current output of its 

electrical system has not changed over time. This check is performed by placing a large diameter (1 

inch or more typical) copper or aluminium bar between the contacts and energizing the circuit with the 

current control set to the maximum value. 

 

Ammeter Check 
 

It is important that the ammeter provide consistent and correct readings. If the meter is reading low, 

over magnetization will occur and possibly result in excessive background. If ammeter readings are 

high, flux density could be too low to produce detectable indications. To verify ammeter accuracy, a 

calibrated ―Shunt‖ is connected between the heads and values are compared to the equipment's 

ammeter values. The equipment meter is not to deviate from the calibrated ammeter more than +/- 10 

percent or 50 amperes, whichever is greater. If the meter is found outside of this range, the condition 

must be corrected.  
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Quick Break Test 
 

A quick break circuit is primarily used in three-phase, full-wave rectified systems to ensure 

longitudinal magnetic fields maintain their strength to the end of a component. Quick break circuits 

cause the current to abruptly collapse or drop to zero at the end of the activation cycle. By doing this, 

low frequency eddy currents are produced close to the surface of a component. These eddy currents 

help extend the useable longitudinal field to the ends of the component. To determine if a quick break 

system is functioning properly an oscilloscope is often used. By observing the sine wave of the current, 

it can be determine if current drops abruptly when the circuit is interrupted. 

 

Shot Timer Check 
 

When a timer is used to control the shot duration, the timer must be calibrated. ASTM E-1444 requires 

the timer be calibrated to within +/- 0.1 second. A certified timer should be used to verify the 

equipment timer is within the required tolerances.  

 

 

Yoke (Dead Weight Tester) Checks 
 

Yokes and permanent magnets (when allowed) shall be dead weight checked at regular intervals. 

Alternating current and permanent magnet yokes shall have a lifting force of at least 10 lb [4.5 kg], 

with a 2- to 6-in spacing between legs. Direct current yokes shall have a lifting force of at least 30 lb 

[13.5 kg], with a 2 to 4 inch spacing between legs, or 50 lb [22.5 kg], with a 4 to 6 inch spacing 
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7.4  Lighting 
 

Magnetic particle inspection predominately relies on visual inspection to detect any indications that are 

formed. Therefore, lighting is a very important element of the inspection process. Obviously, the 

lighting requirements are different for an inspection conducted using visible particles than they are for 

an inspection conducted using fluorescent particles. 

 

Light Requirements When Using Visible Particles 
 

Magnetic particle inspections conducted using visible particles can be conducted using natural lighting 

or artificial lighting. When using natural lighting, it is important to keep in mind that daylight varies 

from hour to hour so inspector must stay constantly aware on the lighting conditions and make 

adjustment when needed. To improve uniformity in lighting from one inspection to the next, the use of 

artificial lighting is recommended. Artificial lighting should be white whenever possible and white 

flood or halogen lamps are most commonly used. The light intensity is required to be 100 foot-candles 

at the surface being inspected.  

 

Light Requirements When Using Fluorescent Particles 
 

When performing a magnetic particle inspection using fluorescent particles, the condition of the 

ultraviolet light and the ambient white light must be monitored. Standards and procedures require 

verification of the UV filter condition and light intensity. High pressure mercury vapour lamp Black 

lights should never be used with a damaged filter as output of white light and harmful black light will 

be increased. 

 

The cleanliness of the filter should also be checked as a coating of solvent carrier, oils, or other foreign 

materials can reduce the intensity by up to as much as 50%. The filter should be checked visually and 

cleaned as necessary before warm-up of the light.  

For UV lights, the normally accepted intensity is 1000 microwatts per square centimetre when 

measured at 15 inches from the filter face (requirements can vary). The required check should be 

performed when a new bulb is installed, at startup of the inspection cycle, if a change in intensity is 

noticed, or every eight hours if in continuous use.  

 

Ambient White Lighting  
 

When performing a fluorescent magnetic particle inspection, it is important to keep white light to a 

minimum as it will significantly reduce the inspector‘s ability to detect fluorescent indications. Light 

levels of less than 20 Lux  (2 foot candles) are required by most procedures with some procedures 

requiring less than 5 Lux (0.5 fc) at the inspection surface. When checking black light intensity at 15 

inches a reading of the white light produced by the black light may be required to verify white light is 

being removed by the filter.  

 

White Light for Indication Confirmation 
 

While white light is held to a minimum in fluorescent inspections, procedures may require that 

indications be evaluated under white light. The white light requirements here are the same as when 

performing an inspection with visible particles. The minimum light intensity at the surface being 

inspected must be 1000 Lux (100 foot-candles). 
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UV Light Measurement 
 

Light intensity measurements are made using a radiometer. Some radiometers have the ability to 

measure both black and white light. The sensing area should be clean and free of any materials that 

could reduce or obstruct light reaching the sensor. 

 

Radiometers should be calibrated at least every six months.  

 

Ultraviolet light measurements should be taken at a specific distance (Usually 15‖). The sensor should 

be centred in the light field to obtain and record the highest reading. UV spot lights are often focused 

so intensity readings will vary considerable over a small area.  

 

Typical minimum UV intensity values required for Fluorescent Inspection are 1000 µW per cm
2 

At either 15‖ for hand held lights or the inspection surface for permanently mounted fixed lights. 
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7.5  Environmental and safety conditions 
 

Solvents 
 

Magnetic particle testing may require the use of toxic, flammable and/or volatile materials. In such 

cases, working areas shall therefore be adequately ventilated and far from sources of heat or flames.  

Extended or repeated contact with solvents, wet carrier fluids and contrast paints with the skin shall be 

avoided.  

 

MSDS 
 

All testing materials shall be used in accordance with the manufacturer‘s Material Data Safety Sheets 

(MSDS).  
The use of the Manufacturers recommended Personnel Protective Equipment (PPE) shall be used 

 

Light Sources 
 

When using UV-A sources, care shall be taken to ensure that unfiltered radiation from the UV-A 

source does not directly reach the eyes of the operator. UV-A filters, whether forming an integral part 

of the lamp or a separate component, shall always be maintained in a safe condition. Spectacles 

designed to absorb ultraviolet wavelength radiation are suggested for close, high-intensity black light 

examination. LED UV-A lamps used for evaluation purposes shall comply with Practice E3022 

 

Magnetic Fields 
 

Magnetic particle testing often creates high magnetic fields close to the magnetizing equipment. Items 

sensitive to these fields should be excluded from such areas and personnel with medical pace makers 

shall be excluded from the area 

 

Flammability 
 

Flash point of oil vehicles shall be in accordance with AMS 2641 The suppliers ‘MSDS shall certify 

the flash point. 

 

Electrical Hazards 
 

Magnetizing equipment shall be maintained properly to prevent personnel hazards from electrical short 

circuits. Care must be taken to reduce arcing and the possible ignition of oil baths. 

 

Lead contact 
 

Most older MT bench units use lead for the head stocks and additional contact pieces. Care should be 

taken when handling these and gloves are recommended. 

 

Waste disposal 
 

Wet bath carrier fluids shall be disposed of in accordance with local council requirements.
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8 Indications 
 

False Indication An indication caused by anything other than the item under test. 

E.g. Lint/dirt, fingerprints, surface contamination and Magnetic Writing (Ref below) 

 

8.1  Magnetic Writing. 
 

Care must be taken in the handling of parts that have been magnetized, particularly parts having 

smooth or machined surfaces. This is to avoid them touching or rubbing together. Magnetised parts 

coming in contact with each other may produce localized magnetic poles on surface  that will attract 

and hold magnetic particles. (False Indication) 

 

Magnetic particle indications produced as a result of these localised poles are  non-relevant  and are 

called ―magnetic writing‖. Magnetic writing indications are not as sharp or distinct as those produced 

by surface cracks , but may be incorrectly interpreted as sub surface discontinuities due to their 

appearance. 

 

Whether the indication is caused by magnetic writing or by a subsurface discontinuity can be 

determined by demagnetizing, cleaning and then reprocessing the part. Demagnetizing and cleaning 

will remove the magnetic writing. If the indication returns, it is likely an indication of a discontinuity at 

or near the surface and requires further interpretation 

 

8.2  Non Relevant 
 

An indication caused by the item under test which is not associated with a discontinuity. There can be 

many causes for non relevant indications.  

 

 Abrupt changes in section causing sharp radii 

 Internal sections that disrupt the field 

 Too high magnetising currents 

 Too high particle concentration 

 High permeability materials 
 

 

 

 

 

 

 

 

 

 

 

 

 

Examples of non relevant indications 
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8.3  Subsurface Indications 
 
The typical appearance of subsurface indications are not as sharp as indications from surface cracks. 

As the depth and nature of the discontinuity changes the indication can become wide and indistinct 

(fuzzy). 

This is due to the leakage field becoming weaker as the discontinuity moves further away from the 

surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KETOS ring indications formed by using circular (DC) magnetisation 
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8.4  Interpretation 
 

The first purpose of the inspection stage is to locate the presence of indications. In many cases if an 

indication of a flaw such as a crack is present its nature will be quite obvious. If an indication is 

present, the nature of which is not obvious, a decision must be made as to whether it is false, non-

relevant or is indicative of the presence of a flaw. (Relevant) 

 

Watching indications develop can provide valuable assistance in interpreting their nature.  

 

Experienced NDT inspectors will have knowledge of the part they are inspecting with respect to 

critical areas and previous history. With this knowledge interpretation can be performed relatively 

quickly, e.g. cracking around a bolt head radius. 

 

They size, shape, brightness, and location of the indication will give most of the information needed for 

interpretation. However, when using magnetic particles there are a variety of ways to perform an 

interpretation 

 

 Visual white light inspection, either unaided or using a magnifier 

 Demagnetise, re-clean and perform the inspection again 

 Using the residual method. 

 Gently rinsing the part in clear carrier fluid (or solvent) to remove loose held particles 

 

The residual technique can be very useful for removing background build-up in threads and sharp radii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above Fluorescent MPI indication in a typical threaded part shows a high degree of background 

fluorescence. This background can mask true indications and can make interpretation difficult. 

In this instance the following steps were performed: 

 

1) Using the residual technique 

2) Reducing the current / magnetising force 

3) Gently rinsing the part in clear carrier fluid 
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Examples of Fluorescent Wet Magnetic Particle Indications 
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Examples of visible Wet Magnetic Particle Indications  
 

(Wet black particles on a white lacquer) 
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8.5  Recording Indications  
 

When required by the written procedure, the location of all rejectable indications shall be marked on 

the part, and permanent records of the location, direction, and frequency of indications may be made 

(including datum) by one or more of the following methods: 

 

Written Description By recording the location, length, direction, and number of indications in 

sketch or tabular form. (Datum and Length) 

 

Transparent Tape For dry particle indications, by applying transparent adhesive-backed tape to 

which the indications will adhere and placing it on an approved form along 

with information giving its location on the part. 

 

Strippable Film By covering the indication with a spray-on strippable film that fixes the 

indications in place and placing the resultant reproduction on an approved 

form along with information giving its location on the part. 

 

Photography By photographing or video recording the indications themselves, the tape, or 

the strippable film reproduction and placing the photograph in a tabular form 

along with information giving its location on the part. 
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Module 9 

Manufacturing  

MF20 - Notes 
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Module 10 

Written Instruction and Examination Preparation 

Content 

Production of written Instruction (Level 2) 

Theory, Specific and Practical exams 

AS 1171, ISO9934-1-2-3 

ASTM E 1444 
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ISO 9712 / BINDT Practical exam Written Instruction 
 
 
ISO 9712 (CBIP) Written Instruction marking schedule 
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1 Forward, Scope and Purpose 

 
This section identifies the reason for the written instruction and sets the rules regarding 
what part, or parts, it is applicable to and when it shall be used. 
 
Any other relevant information that has a direct affect on the quality of the inspection 
should be included here. Such information could include: 
 

 Previous defect history. 

 Critical or highly stressed areas. 

 Manufacturing processes used. 

 In service operating conditions. 
 
 

1A Reference documents 

 
The purpose of the reference document in the Level 1 Written Instruction is to allow the 
inspection to be controlled by an internationally recognised standard. 
It is also used to control aspects of the inspection procedure not necessarily included 
within the written instruction. 
 
The following reference standards are generally used for this purpose 
 

 AS 1171 or ASTM E 1444 

 AS 1929 – Definitions 

 ISO 1972 – NDT qualification 
 
Note – If reference is made to these documents then the instructions in the Level 1 
Written Instruction should comply with the standard identified by the candidate. 
Eg Ambient light conditions, UV intensity and MT bath wet concentration limits. 
 

 

1B Status and Authorization 

 
As a controlled document the written instruction should be traceable (Individual 
identification, revision/date) and reference to the owner and authorizer (Level 3). 
 
 

1C Safety 

Statement regarding that all equipment and chemicals are used in accordance with 
manufacturer’s instructions and MSDS  

 

2 Personnel 

The minimum requirements for training (including job-specific training if necessary), 
certification and authorization of NDT operators  
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3 Apparatus and Settings 

 
A list of the specific equipment to be used should be included. The level 1 should not be 
allowed to choose between any items such as MT bench unit or Yoke. 
 

 MT Bench unit or Yoke 

 MT materials  

 UV/White lights 

 Field indicator and Reference standard used for bath checks 

 Support equipment (X10 magnifier, Black cape etc) 
 
This section should also make reference to any required Pre-Calibrations, 
Standardizations or Bath Checks. Examples are: 
 

 UV (Black Light checks) 

 Process sensitivity bath checks (Ketos Ring) 

 Bath concentration 

 Ammeter calibration 

 Yoke calibration 
 

 

4 Product description 

 
A description of the product to be tested including surface condition and manufacturing 
process if applicable. 
Pictures and sketches should be used when available 
 

 

5 Test conditions 

 
Any specific conditions required for testing should be identified. 
For Fluorescent MT the maximum ambient white light should be stated. 
For visual MT the minimum inspection white light conditions should also be stated 
 
Other considerations could be: Inspection area cleanliness, ambient temperature, safety 
equipment and PPE. 
 

 

5A Part preparation 

 
Reference should be made to part cleanliness and any specific cleaning procedures 
used. 
 
Other considerations could be: paint and corrosion removal, etching, blasting scale 
removal etc. 
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6 Detailed instructions for performing test 

 
This forms the basic instruction for physically inspecting the part. It also attracts the most 
examination points. 
 
There are generally two areas that points are allocated for. 
 
The first area is based around the knowledge of the candidate in selecting the most 
appropriate inspection technique. 
Some examples of inappropriate techniques are: 
 

 Selecting a “yoke”: to carry out a MT inspection of a crankshaft. 

 Identifying only one magnetising direction eg Circular. 

 Incorrect Yoke leg placement or inadequate current values 

 Using AC instead of DC for a manufactured part 
 
All parts that require a 100% inspection should be inspected using a wet MT beach unit. 
Welded plates should be inspected using the portable Yoke 
 
The second area for allocating points is associated with the actual content of the 
instructions with respect to the Level 1. Remembering that the Level 1 should not have 
to guess or decide on any aspect of the inspection. 
 
Examples of items that should be included are: 
 
MT 

 Magnetising techniques 

 Current type and value 

 Sequencing of inspections 

 Part placement and handling 

 Particle application 

 Yoke leg positions 

 Demagnetisation and Post cleaning 
 

 A statement instructing the operator on actions to be taken in the event that the 
instruction cannot be applied 

 
 
This is not an exhaustive list and will depend on the specific procedure chosen by the 
candidate. 
 
There are a number of items in this section that can be referenced back to the 
“Reference Document” and need not be re stated here.  
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7 Evaluation and Classifying results 

 
Instructions on what indications are to be recorded, how to record them and datum’s 
used. 
The written instruction should include the requirement for all indications to be evaluated 
by a Level 2 or 3 
 

 

 

8 Test Record and Report 

 
Confusion generally exists regarding the difference between a “record” of the test and a 
“test report” 
The test record is used to document the test as it was carried out. This is used to 
demonstrate conformance to the customer requirements and also so that the inspection 
can be reproduced at a later date if required. 
 
A test record includes most of the items required for a test report and in addition requires 
the documentation of the specific equipment/materials used including settings and batch 
numbers if applicable 
 
The written instruction should include the need for a test record and report and identify 
the specific items required to be included. Along with the requirement to document all 
recordable indications including datum’s – Refer AS1171 
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Sample Work Instruction 
 
One of your customers has given you the following Threaded Eye-end bolt shown below. 
The part will be used to secure and lock small transport bins. The part has just been locally 
manufactured from machined high carbon steel bar stock. 
 
The customer has asked for a 100% Magnetic Particle Inspection to be carried out on a 
set of 10 of these prior to heat treatment in accordance with AS 1171. 
They have not been used in service 
 
As a level 2 technician, produce a written work instruction suitable for a level 1 to carry out 
this inspection. 
 
The work instruction should contain the minimum information required by AS1171and shall 
be clear enough so that the level 1 can perform the inspection without interpreting any 
codes or standards  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

150mm 

45mm 
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Advice for Candidates Sitting CBIP NDT Theory and Practical 
Examinations 
 

Prior to the Examinations 

 

Candidates will receive written notification confirming their registration and advising of the 

following; 

 

1) The examination venue, date and time 

2) A candidate number for each stage of the practical and theory exams. Be aware that the 

candidate number for the General, Specific and Practical exams are not the same. 

3) The registration letter should advise what reference material you are allowed during your exam.  

If not, then this will be clarified by the invigilator. Normally reference material is limited to the 

published ISO/ Australia/New Zealand NDT specification relating to the technique 

4) \Clarify with CBIP prior to the exam if you are allowed to use your company reporting 

documents for the practical exams 

 

The Exam 

 

1) Ensure that you write your relevant candidate number on your exam papers and any notes or 

sketches. 

2)  Do not sign your name or identify yourself or your employer on any exam papers or practical 

test reports.  

3) All notes should be handed in with your exam package.  These may be used, on occasion, to 

award marks where the candidate has incorrectly transposed information to their exam paper. 

4) Cell phones are not allowed in the examination venue. 

5) Photographing of practical test pieces is not allowed. 

6) Do not discuss practical test results with other candidates or seek their opinion. 

7) There will be an invigilator supervising your practical exam.  The invigilator has a marking 

sheet and you will be asked questions relating to the technique you are being examined on. The 

marks allocated by the invigilator contribute to the final total mark. 

8) If there are issues with the test pieces, equipment or the test venue then discuss your concerns 

with the invigilator. 

9) Test reports/test record should contain all of the information specified in the relevant test 

specification. 

10) Your report should contain a test summary stating how many defects have been found. The 

location and lengths of defects should also be shown on sketches. 

11) Where appropriate, e.g. defects in welds, the preferred way to record defects is the start location 

followed by the defect length, e.g. Defect #1 at datum +55mm, length 24mm. 

12) Defects should be identified, e.g. lack of fusion, transverse crack.  Marks are deducted for 

incorrect defect identification. 

13) There are fixed rules for the exam markers regarding allocating marks for defect position and 

length. There is a set allowance for variations in measurement but outside these there are marks 

deducted up to a maximum of -5 marks. 

14) Reports with company letterheads are not allowed. 
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15) If there is a written work instruction component to your exam then this instruction should 

contain all the information required for a level 1 technician to carry out and report on the 

inspection of the specified item(s) without having to refer to any other documents or test 

specifications.  The written instruction must specify the scope, qualifications required, test 

equipment, inspection conditions, component description, the test record and reporting 

requirements.  

 

What to Expect at the Examination Venue 

 

Magnetic Particle Inspection 

 

1. You will be given 3 test samples. Normally a welded sample, a forging and a casting. 

2. Confirm each sample‘s identification number with the invigilator and record this on the exam 

paperwork that accompanies each test item. 

3. You will be required to use both colour contrast and fluorescent test techniques.  The choice of 

technique to be used and whether it is appropriate will be discussed with the invigilator prior to 

commencing the inspection and marks will be allocated relating to the choice of technique.   

4. The exam venue will have a darkened test area for fluorescent test techniques with a calibrated UV 

inspection lamp. 

5. The exam venue will have a magnetic particle bench unit.  It is recommended that candidates 

familiarise themselves with the operation of the bench unit prior to the exam. 

6. Machined samples with threads and gear teeth are normally expected to be inspected with the 

bench unit. 

7. If you are driving to the venue then consider taking take your own electromagnetic yoke, UV lamp 

and consumables.  Ensure that your equipment and consumables have proof of calibration.  Proof 

of calibration will be required by the invigilator 

 

 


