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1. What is meant by ECT? 
 

Electrical currents (eddy currents) are generated in a conductive material by a changing magnetic field. 

The strength of these eddy currents can be measured. Material defects cause interruptions in the flow of 

the eddy currents which alert the inspector to the presence of a defect. Eddy currents are also affected by 

the electrical conductivity and magnetic permeability of a material, which makes it possible to sort some 

materials based on these properties. 

2. What are the applications of eddy current testing? 

 surface breaking cracks 

 tube inspection 

 Conductivity 

 heat treat verification 

   thickness of thin materials 

 thickness of coatings 

3. What are the advantages of eddy current testing? 

   sensitive to small cracks and other defects 

   detects surface and near surface defects 

   inspection gives immediate results 

   equipment is very portable 

   method can be used for much more than flaw detection 

   minimum part preparation is required 

   test probe does not need to contact the part 

   inspects complex shapes and sizes of conductive materials 

4. What are the limitations of eddy current testing? 
  

   Only conductive materials can be inspected 

   Surface must be accessible to the probe 

   Skill and training required is more extensive than other techniques 

   Surface finish and roughness may interfere 
  

   Reference standards needed for setup 

   Depth of penetration is limited 

   Flaws such as delaminating that lie parallel to the probe coil winding and probe scan 



direction are undetectable 

6. Give some American standards for ECT  

 

ASME 243- electromagnetic (eddy current) testing of seamless copper and 

copper alloy tubes ASME 309 -eddy current examination of steel tubular 

products using magnetic saturation 

ASME 376 -measuring coating thickness by magnetic field or eddy current 
(electromagnetic) test 

7. Give the types of advanced testing methods in ECT  

 

 magneto-optic/eddy current imaging (MOI) 
 Pulsed eddy current testing 
 Low frequency eddy current testing 
 Squid based eddy current testing 



8. Give some of the factors affecting eddy 

current Test parameters  

 
 frequency 
 type and geometry of test coil 
 fill factor 

 

Test object 

 

 electrical conductivity 
 magnetic permeability 
 dimensions 
 temperature 



9. What is the instrumentation used in ECT?  

 

 coil 
 eddy current generation 
 Eddy current detection 
 coil arrangement 
 probe selection 
 probe size Requirements 



10. How is the probe size determined in 



ECT? Probe size is determined by fill 

factor  

 
fill 

factor=d1
2
/d2

2
 d1- 

diameter of probe. d2- 

ID of tube.  

11. Briefly explain about UST? 
In ultrasonic testing, high-frequency sound waves are transmitted into a material to detect 

imperfections or to locate changes in material properties. The most commonly used ultrasonic testing 

technique is pulse echo, whereby sound is introduced into a test object and reflections (echoes) from 

internal imperfections or the part's geometrical surfaces are returned to a receiver. 

 

12. Name some of the couplant used in UST 

o  oil  
o  grease  
o glycerin  

 

13. What is acoustic impedance?  

The resistance offered to the propagation of ultrasonic wave by a material is 

known as acoustic impedance (Z). 

Z = p .v 

p=density of the material 

v=sound velocity in the material 

 

14. How are the ultrasonic wave classified based on the vibration of particle of medium with 

respect to propagation 

 

a. longitudinal waves   
b. transverse waves   
c. Rayleigh waves  

 

15. How is the velocity of the sound measured?  
The velocity of the sound is measured using the formula 

v= f. l 

v=velocity 

f=frequency  
l=wavelength 



 

16. What are the types of ultrasonic probes?  

 normal  probe 


 angle probe 

 

16 MARKS 

1. Explain how the ECT is carried out 

Eddy-current testing (also commonly seen as eddy current testing and ECT) is one of 

many electromagnetic testing methods used in nondestructive testing (NDT) making use 

of electromagnetic induction to detect and characterize surface and sub-surface flaws 

in conductive materials. 

ECT principle. 

In its most basic form — the single-element ECT probe — a coil of conductive wire is 

excited with an alternating electrical current. This wire coil produces an 

alternating magnetic field around itself in the direction ascertained by the right-hand rule. 

The magnetic field oscillates at the same frequency as the current running through the 

coil. When the coil approaches a conductive material, currents opposed to the ones in the 

coil are induced in the material — eddy currents. 

Variations in the electrical conductivity and magnetic permeability of the test object, and 

the presence of defects causes a change in eddy current and a corresponding change in 

phase and amplitude that can be detected by measuring the impedance changes in the 

coil, which is a telltale sign of the presence of defects.
[3]

 This is the basis of standard 

(pancake coil) ECT. 

ECT has a very wide range of applications. Because ECT is electrical in nature, it is 

limited to conductive material. There are also physical limits to generating eddy currents 

and depth of penetration (skin depth). 

2. Explain in detail about low ECT. 

APPLICATIONS 
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The two major applications of eddy current testing are surface inspection and tubing 

inspections. Surface inspection is used extensively in the aerospace industry, but also in 

thepetrochemical industry. The technique is very sensitive and can detect tight cracks. 

Surface inspection can be performed both on ferromagnetic and non-ferromagnetic 

materials. 

Tubing inspection is generally limited to non-ferromagnetic tubing and is known as 

conventional eddy current testing. Conventional ECT is used for inspecting steam 

generator tubing in nuclear plants and heat exchangers tubing in power and petrochemical 

industries. The technique is very sensitive to detect and size pits. Wall loss or corrosion 

can be detected but sizing is not accurate. 

A variation of conventional ECT for partially magnetic materials is full saturation ECT. 

In this technique, permeability variations are suppressed by applying a magnetic field. 

The saturation probes contain conventional eddy current coils and magnets. This 

inspection is used on partially ferromagnetic materials such as nickel alloys, duplex 

alloys, and thin-ferromagnetic materials such as ferritic chromium molybdenum stainless 

steel. The application of a saturation eddy current technique depends on the permeability 

of the material, tube thickness, and diameter.
[7]

 

A method used for carbon steel tubing is remote field eddy current testing. This method is 

sensitive to general wall loss and not sensitive to small pits and cracks. 

ECT on Surfaces. 

When it comes to surface applications, the performance of any given inspection technique 

depends greatly on the specific conditions — mostly the types of materials and defects, but 

also surface conditions, etc. However, in most situations, the following are true: 

 Effective on coatings/paint: yes 

 Computerized record keeping: partial 

 3D/Advanced imaging: none 

 User dependence: high 

 Speed: low 

 Post-inspection analysis: none 

https://en.wikipedia.org/wiki/Petrochemical_industry
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 Requires chemicals/consumables: n 

3. Bubble testing 

 

Bubble Test 

Bubble Test is primarily used for testing of oil field inhibitors using the Bubble Test 

technique. Other names for this test include the Kettle Test and Inhibitor Screening. They 

are all tests that use the LPR technique with respect to time to calculate the efficiency of 

oil field inhibitors. 

A series of LPR tests are collected over time, giving Corrosion Rate results. Cells (or 

Channels) are assigned together into Groups, each group has an Add Inhibitor button, 

once pressed, corrosion rates can be calculated for 3 periods - prior to Add Inhibitor, after 

2 hours and after 16 hours (configurable), this enables Percentage Protection to be 

calculated. 

The standard Bubble Test uses a series of Linear Polarisation Tests over a period of about 

24 hours to assess the performance of a corrosion inhibitor. In simple terms it does not 

give an indication of localised corrosion. However, up to 80% of pipeline failures are 

ascribed to pitting, but very few monitoring methods are capable to show this 

outcome.  LCM™ attempts to give the user this information as well as the standard 

Bubble Test information. The test preparation and duration is the same as for a standard 

three electrode Bubble Test using an Auxiliary, Corrosion Resistant Reference and Test 



Electrode. The standard Bubble Test data is achieved with or without the addition 

of LCM™. LCM™ just gives additional information relating to the magnitude and 

frequency of pitting events. 

LCM™ is simple and basically uses Ohms Law and jargon to convert potential transients 

into charge and metal loss by localised corrosion. 

During a localised event electrons are liberated leading to a drop in potential.  Once the 

active localised area is reinhibited, the excess electrons are consumed by the Cathodic 

reaction and the potential rises again.  This can be seen as a potential transient.  The trick 

is to convert this potential transient in to charge using Ohms Law, something we are all 

generally familiar with. 

Ohm's Law   R   =  V / I      

I = V / R 

V in this case is the potential shift caused by the localised event from the rest potential. 

R is the polarisation resistance measured by the LPR technique. 

Thus by detecting a potential transient for duration and magnitude, it is possible to 

calculate the charge associated with the transient and by inference, the amount of metal 

loss necessary to produce such a transient. 

Data is presented in the form of a Histogram showing Number of Localised Events on the 

y axis and bins representing charge on the x axis.  Adjacent bins increase in magnitude by 

a factor of 10.  It’s all to do with relative size and volume, for instance a football that is 

twice as wide, has a volume that is 8 times as much.  A localised event with a measured 

charge that is ten times greater than a previous event is likely to be produced by a pit that 

looks approximately twice as big. 

Data from these bins is further presented with respect to time.  The axis in this case are 

accumulated charge, or by inference metal loss, v time on the x axis.  This enables the 



operator to add additional inhibitor and see what concentration is necessary to stop large 

localised events from occurring. 

A version of the technique was first used by Prof John Sykes and one of his students on 

passive metals where a bigger polarisation was used to calibrate transients due to the non 

linearity of corrosion reactions.  However in an inhibited system the overriding parameter 

that inhibits polarisation is the resistive inhibitor film, thus a doubling of polarisation is 

likely to simply double the polarisation current, the polarisation resistance remaining very 

similar.  Thus for LCM™ in inhibited systems a simple LPR polarisation is deemed to be 

good enough for calibration. 

A good paper to read relating to LCM™ is “In Situ Assessment of Pitting Corrosion and 

Its Inhibition Using a Localized Corrosion Monitoring Technique” Corrosion June 2010.  

The corresponding author was Jeremy Moloney.  The paper won awards at a NACE 

conference. 

Jeremy, funded by Baker Petrolite, used an expensive microscope to scan for pit volumes 

in order to get good correlation with the monitoring technique.  Somewhat cheaper 

methods may involve making moulds of the pitted surface, then cutting off the moulds 

caused by the pits using a scalpel.  Flowable silicon is suggested for this task.  These pit 

models can then be weighed and simple maths used to convert to metal loss. 

The LCM™ software uses a series of tools to analyse the data.  These tools can be 

individually manipulated or massed together in a Tool Box.  The idea is that corrosion 

test data can simply be passed through the Tool Box to produce data in a readily 

understandable format without need for significant analysis. 

The LCM™ technique can be fitted as an option to the Gill AC, Field Machine and 

multiple channel instruments such as the Gill 8 or Gill 12 with simultaneous monitoring 

on all channels 

HELIUM LEAK DETECTOR 

http://www.acminstruments.com/products/lab-instruments/gill-ac
http://www.acminstruments.com/products/field-instruments/field-machine
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A Helium Leak detector, also known as a Mass Spectrometer Leak Detector (MSLD), is 

used to locate and measure the size of leaks into or out of a system or containing device.   

The tracer gas, helium, is introduced to a test part that is connected to the leak detector. 

 The helium leaking through the test part enters through the system and this partial 

pressure is measured and the results are displayed on a meter. 

Helium leak detectors consists of the following components: 

 A spectrometer to detect the mass of helium  

 A vacuum system to maintain the pressure in the spectrometer  

 A mechanical pump to evacuate the part to be tested 

 Valves which enable the various stages of detection: evacuation, test & venting 

 An amplifier and readout instrumentation to monitor the output signal 

 Power supplies and controls 

 Fixturing that attaches the part to be tested to the detector    

Methods of Leak Testing Parts 

There are two main methods to leak test parts using helium: Vacuum Testing (outside-in) 

and Pressure Testing (Inside-out).  The detection method should be selected based on the 

working conditions of the part to be tested.  It is important to maintain the same pressure 

conditions during the test as will exist during the actual use of the part.  Vacuum systems 

should be tested with a vacuum inside the chamber.  A compressed air cylinder should be 

tested with high pressure inside the cylinder.  

4. How do you inspect the casting defects using NDT? 

Infrared thermography (IRT), thermal imaging, and thermal video are 

examples of infrared imaging science. Thermographic camerasusually detect radiation in 

the long-infrared range of the electromagnetic spectrum (roughly 9,000–

14,000 nanometers or 9–14 µm) and produce images of that radiation, 

called thermograms. Since infrared radiation is emitted by all objects with a temperature 

above absolute zero according to the black body radiation law, thermography makes it 

possible to see one's environment with or without visibleillumination. The amount of 
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radiation emitted by an object increases with temperature; therefore, thermography 

allows one to see variations in temperature. When viewed through a thermal imaging 

camera, warm objects stand out well against cooler backgrounds; humans and 

other warm-blooded animals become easily visible against the environment, day or night. 

As a result, thermography is particularly useful to the military and other users 

of surveillance cameras. 

Some physiological changes in human beings and other warm-blooded animals 

can also be monitored with thermal imaging during clinical diagnostics. Thermography is 

used in allergy detection and veterinary medicine. It is also used for breast screening, 

though primarily by alternative practitioners as it is considerably less accurate and 

specific than competing techniques. Government and airport personnel used 

thermography to detect suspected swine flu cases during the 2009 pandemic 

 Thermography has a long history, although its use has increased dramatically 

with the commercial and industrial applications of the past fifty years. Firefighters use 

thermography to see through smoke, to find persons, and to localize the base of a fire. 

Maintenance technicians use thermography to locate overheating joints and sections 

of power lines, which are a sign of impending failure. Building construction technicians 

can see thermal signatures that indicate heat leaks in faulty thermal insulation and can use 

the results to improve the efficiency of heating and air-conditioning units. 

 

ACTIVE THERMOGRAPHY 

In active thermography, an energy source is required to produce a thermal contrast 

between the feature of interest and the background. The active approach is necessary in 

many cases given that the inspected parts are usually in equilibrium with the 

surroundings. 

5. Write the capabilities of different NDT methods for detection of defects at various stages 

of manufacturing by using thermography. 

Advantages of thermography 
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 It shows a visual picture so temperatures over a large area can be compared 

 It is capable of catching moving targets in real time 

 It is able to find deteriorating, i.e., higher temperature components prior to their failure 

 It can be used to measure or observe in areas inaccessible or hazardous for other methods 

 It is a non-destructive test method 

 It can be used to find defects in shafts, pipes, and other metal or plastic parts 

 It can be used to detect objects in dark areas 

 It has some medical application, essentially in physiotherapy 

Electrical Systems 

Commonly Inspected Components 

Abnormal heating associated with high resistance or excessive current flow is the main cause of 

many problems in electrical systems. Infrared thermography allows us to see these invisible 

thermal signatures of impending damage before the damage occurs. When current flows through 

an electric circuit, part of the electrical energy is converted into heat energy. This is normal. But, 

if there is an abnormally high resistance in the circuit or abnormally high current flow, 

abnormally high heat is generated which is wasteful, potentially damaging and not normal. 

Ohm's law (P=I2R) describes the relationship between current, electrical resistance, and the 

power or heat energy generated. We use high electrical resistance for positive results like heat in 

a toaster or light in a light bulb. However sometimes unwanted heat is generated that result in 

costly damage. Under-sized conductors, loose connections or excessive current flow may cause 

abnormally high unwanted heating that result in dangerously hot electrical circuits. Components 

can literally become hot enough to melt. 

Thermal imagers enable us to see the heat signatures associated with high electrical resistance 

long before the circuit becomes hot enough to cause an outage or explosion. Be aware of two 

basic thermal patterns associated with electrical failure: 1) a high resistance caused by poor 

surface contact and 2) an over loaded circuit or multi-phase imbalance problem.  

https://en.wikipedia.org/wiki/Physiotherapy
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