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Introduction 

• Nondestructive testing (NDT) is the process of inspecting, 

testing, or evaluating materials, components or assemblies for 

discontinuities, or differences in characteristics without 

destroying the serviceability of the part or system. In other 

words, when the inspection or test is completed the part can 

still be used.  

• In contrast to NDT, other tests are destructive in nature and are 

therefore done on a limited number of samples ("lot 

sampling"), rather than on the materials, components or 

assemblies actually being put into service. 
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Introduction 

• These destructive tests are often used to determine the physical 

properties of materials such as impact resistance, ductility, 

yield and ultimate tensile strength, fracture toughness and 

fatigue strength, but discontinuities and differences in material 

characteristics are more effectively found by NDT. 
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Introduction 

• Today modern nondestructive tests are used in manufacturing, 

fabrication and in-service inspections to ensure product 

integrity and reliability, to control manufacturing processes, 

lower production costs and to maintain a uniform quality level.  

• It should be noted that while the medical field uses many of 

the same processes, the term "nondestructive testing" is 

generally not used to describe medical applications. 
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Intoduction 

• Test method names often refer to the type of penetrating 

medium or the equipment used to perform that test. Current 

NDT methods are: Acoustic Emission Testing (AE), 

Electromagnetic Testing (ET), Laser Testing Methods (LM), 

Leak Testing (LT), Magnetic Flux Leakage (MFL), Liquid 

Penetrant Testing (PT), Magnetic Particle Testing (MT), 

Neutron Radiographic Testing (NR), Radiographic Testing 

(RT), Thermal/Infrared Testing (IR), Ultrasonic Testing (UT), 

Vibration Analysis (VA) and Visual Testing (VT).  
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Magnetic Particle testing (MT) 

• MT uses one or more magnetic fields to locate surface and near-surface 

discontinuities in ferromagnetic materials.  The magnetic field can be 

applied with a permanent magnet or an electromagnet.  When using an 

electromagnet, the field is present only when the current is being 

applied.  When the magnetic field encounters a discontinuity transverse to 

the direction of the magnetic field, the flux lines produce a magnetic flux 

leakage field of their own.  Because magnetic flux lines don't travel well in 

air, when very fine colored ferromagnetic particles ("magnetic particles") 

are applied to the surface of the part the particles will be drawn into the 

discontinuity, reducing the air gap and producing a visible indication on the 

surface of the part.  The magnetic particles may be a dry powder or 

suspended in a liquid solution, and they may be colored with a visible dye 

or a fluorescent dye that fluoresces under an ultraviolet ("black") light. 
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Magnetic Particle testing (MT) 
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Penetrant testing (PT) 

• The basic principle of PT is that when a very low viscosity 

(highly fluid) liquid (the penetrant) is applied to the surface of 

a part, it will penetrate into fissures and voids open to the 

surface. Once the excess penetrant is removed, the penetrant 

trapped in those voids will flow back out, creating an 

indication. Penetrant testing can be performed on magnetic and 

non-magnetic materials, but does not work well on porous 

materials. Penetrants may be "visible", meaning they can be 

seen in ambient light, or fluorescent, requiring the use of a 

"black" light.  
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Penetrant testing (PT) 

• When performing a PT inspection, it is imperative that the 

surface being tested is clean and free of any foreign materials 

or liquids that might block the penetrant from entering voids or 

fissures open to the surface of the part.  
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Radiographic testing (RT) 

• Industrial radiography involves exposing a test object to penetrating 

radiation so that the radiation passes through the object being 

inspected and a recording medium placed against the opposite side 

of that object.  For thinner or less dense materials such as aluminum, 

electrically generated x-radiation (X-rays) are commonly used, and 

for thicker or denser materials, gamma radiation is generally used. 

• Gamma radiation is given off by decaying radioactive materials, 

with the two most commonly used sources of gamma radiation 

being Iridium-192 (Ir-192) and Cobalt-60 (Co-60).  IR-192 is 

generally used for steel up to 2-1/2 - 3 inches, depending on the 

Curie strength of the source, and Co-60 is usually used for thicker 

materials due to its greater penetrating ability.  
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Radiographic testing (RT) 
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Ultrasonic testing (UT) 

13 

• Ultra-high frequency sound is introduced into the part being inspected and 

if the sound hits a material with a different acoustic impedance (density and 

acoustic velocity), some of the sound will reflect back to the sending unit 

and can be presented on a visual display.  By knowing the speed of the 

sound through the part (the acoustic velocity) and the time required for the 

sound to return to the sending unit, the distance to the reflector (the 

indication with the different acoustic impedance) can be determined.  The 

most common sound frequencies used in UT are between 1.0 and 10.0 

MHz, which are too high to be heard and do not travel through air.  The 

lower frequencies have greater penetrating power but less sensitivity (the 

ability to "see" small indications), while the higher frequencies don't 

penetrate as deeply but can detect smaller indications. 



Ultrasonic testing (UT) 
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Electromagnetic testing (ET) 
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• Electromagnetic testing is a general test category that 

includes Eddy Current testing, Alternating Current Field 

Measurement (ACFM) and Remote Field testing. While 

magnetic particle testing is also an electromagnetic test, 

due to its widespread use it is considered a stand-alone 

test method rather as than an electromagnetic testing 

technique.  All of these techniques use the induction of an 

electric current or magnetic field into a conductive part, 

then the resulting effects are recorded and evaluated. 

 



Electromagnetic testing (ET) 
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Visual testing (VT) 
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• VT is the most commonly used test method in 
industry.  Because most test methods require that the 
operator look at the surface of the part being inspected, 
visual inspection is inherent in most of the other test 
methods.  As the name implies, VT involves the visual 
observation of the surface of a test object to evaluate the 
presence of surface discontinuities.  VT inspections may be 
by Direct Viewing, using line-of sight vision, or may be 
enhanced with the use of optical instruments such as 
magnifying glasses, mirrors, boroscopes, charge-coupled 
devices (CCDs) and computer-assisted viewing systems 
(Remote Viewing).  Corrosion, misalignment of parts, 
physical damage and cracks are just some of the 
discontinuities that may be detected by visual examinations 

 



Leak testing (LT) 
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• Leak Testing, as the name implies, is used to 

detect through leaks using one of the four 

major LT techniques: Bubble, Pressure 

Change, Halogen Diode and Mass 

Spectrometer Testing.  These techniques are 

described below. 

 



Leak testing (LT) 
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Thermal/Infrared testing (IT) 

20 

• IT is used to measure or map surface temperatures based on 

the infrared radiation given off by an object as heat flows 

through, to or from that object.  The majority of infrared 

radiation is longer in wavelength than visible light but can be 

detected using thermal imaging devices, commonly called 

"infrared cameras."  For accurate IR testing, the part(s) being 

investigated should be in direct line of sight with the camera, 

i.e., should not be done with panel covers closed as the covers 

will diffuse the heat and can result in false readings.  Used 

properly, thermal imaging can be used to detect corrosion 

damage, delaminations, disbonds,  voids, inclusions as well as 

many other detrimental conditions. 
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