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Abstract 

This master’s thesis was written to investigate the possibilities of using blue light during 

fluorescent penetrant and magnetic particle testing. Penetrant and magnetic particle testing are 

both non-destructive test methods to determine if there are defects present at the surface of the 

material being tested. The purpose of this report was to thoroughly examine the methods and 

the process of fluorescence to determine which factors influences the results and decide if 

blue light could be suitable alternative to the UV-light used today.    

A literature study was conducted to describe the two methods and the parameters affecting the 

outcome of the fluorescing penetrant and magnetic particle testing. The results from previous 

reports about blue light in the non-destructive industry were also described. Experiments were 

then conducted to be able to compare the results.  

The results of this thesis showed that blue light could be a well-suited alternative to UV-light 

as excitation light source. It could improve the circumstances for the operators in terms of 

safety, visibility of the indications and improved possibilities for documentation. The result 

did however show that the efficiency of exciting fluorescent media varies. Therefore the 

compatibility needs to be determined for each medium to ensure good results. The penetrant 

and magnetic particle testing could also, in this study, be conducted with backlights up to 500 

lux without a decreased visibility of the defects.  

  



 
 

Sammanfattning 

Denna uppsats skrevs för att undersöka möjligheterna att använda blått ljus vid 

penetrantprovning och magnetpulverprovning. Både penetrantprovning och 

magnetpulverprovning är metoder inom oförstörande provning som används för att undersöka 

om det finns ytdefekter på provmaterialet. Syftet med rapporten var att grundligt undersöka 

metoderna och den fluorescerande processen för att bestämma vilka faktorer som påverkar 

provningen och på så vis avgöra om blått ljus kunde vara ett passande alternativ till UV-ljuset 

som används i dagsläget.  

En litteraturstudie utfördes för att kunna beskriva de två provmetoderna och de parametrar 

som påverkar resultatet. Resultat från tidigare rapporter gällande blått ljus inom oförstörande 

provning beskrevs också. Experiment utfördes sedan för att kunna jämföra med de tidigare 

resultaten. 

Resultaten från den här uppsatsen visade att blått ljus kunde vara ett passande alternativ till 

UV-ljuset. Omständigheterna för operatörerna skulle kunna förbättras i form av säkrare 

arbetsmiljö, tydligare indikationer och förbättrade dokumentationsmöjligheter. Resultaten 

visade däremot att excitationseffektiviteten för lamporna varierade mellan de olika medierna. 

På grund av detta behöver kompatibiliteten bestämmas för samtliga medier för att säkerställa 

bra resultat. Penetrantprovningen och magnetpulverprovningen med blått ljus kunde dessutom 

utföras med en bakgrundsbelysning upp till 500 lux utan att visibiliteten av indikationerna 

minskade.  

 

 

  



 
 

Definitions 

Capillary force – Describes how far down a fluid can penetrate a crack as an example.   

Cascading – When using more than one fluorophore to get a higher fluorescence.  

Coercive power – The necessary magnetic field strength to restore the remanence. 

Density – Mass divided by volume. 

Effective Irradiance – The sum of the irradiances at different wavelengths.   

Emission – When an atom emits photons to get rid of extra energy. 

Excitation – When an atom absorbs photons and excites an electron. 

Fluorophore – A molecule that emits light through fluorescence. 

Illuminance – Measures how much visible light that illuminates a surface.   

Irradiance – The power of electromagnetic radiation per unit area on a surface. 

Luxmeter – Measures visible light in terms of illuminance. 

Magnetic field strength, H – The magnetic field strength obtained at a specific distance from 

an electrical conductor whereby an electric current is flowing. It describes how strong the 

magnetic field is. 

Magnetic flux, Φ – The magnetic flux can be obtained at a specific area perpendicular to the 

flux when the flux density is homogenous. In simplified terms it describes how many 

magnetic field lines that are passing through a material. 

Magnetic flux density, B – Also called magnetic induction and describes the mechanical 

force caused by the magnetic field that the electric current has given rise to. In simplified 

terms it describes how strong the magnetic field is inside the material. 

Permeability, µ - How easily a material can be magnetized. A high value means that the 

material is easy to magnetize. 

Photometer – Measures visible light as the eye would see it in terms of effective irradiance. 

Radiometer – Measures ultraviolet radiation in terms of effective irradiance. 



 
 

Reluctance – A high reluctance means that the material is hard to magnetize. 

Remanence – Remaining magnetic flux density in a material when the field strength is 

removed. 

Spectrofluorometer – Measures the fluorescence. 

Spectrophotometer – Measures emitted visible light. 

Surface tension – The size of the force of an inclusion. 

Viscosity – Describes how viscous a fluid is. A high viscosity means that the material flows 

more slowly.  

Volatility – How easily a fluid evaporates. 

Wettability – A high wettability means that the fluid easily flows out on a surface and has a 

low contact angle to the surface. 
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1. Introduction 

1.1. Background 

DEKRA Industrial AB is a part of DEKRA which is an international company with locations 

all over the world. In terms of technical inspection DEKRA is the leading company in Europe 

and has more than 26 000 employees. They are an independent third-party inspector body, 

involved in certification, inspection and testing of products, systems and facilities for 

industries as well as infrastructure.  

The testing of materials includes both destructive testing and the more commonly used non-

destructive testing. The non-destructive methods are performed to be able to evaluate the 

quality of the test material. Two of the non-destructive methods are penetrant testing and 

magnetic particle testing which are methods to find defects located at the surface. Lately there 

have been thoughts about adapting the methods to be able to improve the circumstances for 

the operators and lower the costs. Today’s method with UV-light and fluorescing media 

involves expensive lights, an unhealthy environment for the operator and the need to darken 

the surroundings to less than 20 lux. This thesis was written by a request from DEKRA 

Industrial AB to examine the possibilities of using blue light as an alternative to UV-light and 

compare the advantages and disadvantages. If blue light could be used it might lead to a 

reduction in costs, a possibility for increased background light, a safer environment for the 

operator as well as increased possibilities for documentation of the defects.  

1.2. Purpose 

The purpose of this report is to thoroughly examine the possibilities for the use of blue light as 

excitation source with fluorescing penetrants and magnetic particles. This involves to get a 

deeper understanding of the methods penetrant testing and magnetic particle testing with the 

help of a literature study and experiments. It also involves an analysis of the different light 

sources and determination of a method for measuring the excitation efficiency of the blue 

light compared to the UV-light and examine the environment for the operator in terms of 

safety and simplicity of the testing.  
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1.3. Definition of problems 

There are a lot of interesting aspects in terms of examining the possibility to use blue light 

with fluorescent penetrant and magnetic particle testing. The problems in focus for this report 

are defined as: 

 How efficient is blue light excitation compared to UV-light excitation for fluorescent 

penetrants and magnetic particles available on the Swedish market today? 

 Would the blue light contribute to a safer environment for the operators? 

 Could blue light be used for fluorescent penetrant and magnetic particle testing at an 

ambient visible light level higher than 20 lux? 

1.4. Delimitations 

 This thesis involves basic information surrounding penetrant testing and magnetic 

particle testing and does not go into detail concerning standards for the equipment 

other than for the light sources.  

 There is no detailed information concerning the function of the lights other than 

irradiance and a basic comparison between the chosen light sources.  

 The experiments were carried out based on the equipment that was available at 

DEKRA Industrial AB and Karlstad University.   

1.5. Outline of the report 

Theory – The report starts to describe the method for penetrant and magnetic particle testing, 

how it works, what will affect the outcome and so forth. It continues with information 

regarding fluorescence and light sources to get an overview of the parameters affecting the 

testing. Lastly the safety aspect of blue light and UV-light is described. This section is based 

upon the literature study. 

Method – The method describes how the literature study was executed and how the 

experiments were conducted to be able to connect the results to the purpose of the thesis as 

well as the theory. 

Results – The results show the outcome of the experiments and provides information about 

the different penetrants and magnetic particles and how well the light sources work compared 

to each other. There is also a comparison of the health aspect and documentation differences 

for UV-light and blue light. 
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Discussion – In the discussion the results from this thesis is analyzed and compared to former 

experiments and opinions to be able to answer the questions asked in the defined problems. 

There are also recommendations for future work. 

Conclusions – In the conclusions the questions from the defined problems are answered 

based on the results and the discussion. 
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2. Theory 

2.1. Penetrant testing 

Penetrant testing is a form of non-destructive testing in which a liquid, called penetrant, is 

applied to a surface to find signs of defects. It can be used with materials like metals, glass, 

some ceramic materials, rubber and plastics. The penetrant will move down into cracks or 

open pores due to the capillary force. When the surface is cleaned some of the penetrant will 

remain in the cracks and when a so called developer is applied it absorbs the penetrant which 

will move back up to the surface. The penetrant will spread out around the defect and thereby 

increase the visibility of the defect, see figure 1. The method can be used to find defects like 

fatigue cracks, impact fractures, seams and much more. The limitations are that the flaw needs 

to be open to the surface and preferably not smaller than a couple of mm long. However it is 

possible that the penetrant will show areas that are not defined as defects and therefore all 

visible areas are called indications and needs to be evaluated (1). 

The method in general for conducting the penetrant testing consists of the following steps (1): 

1. Cleaning of the test surface. 

2. Applying the penetrant to the test surface. 

3. Removal of excess penetrant. 

4. Application of developer. 

5. Inspection and evaluation of the indications. 

6. Cleaning of the test surface. 

 

Figure 1: The main steps of penetrant testing.  

The cleaning of the surface is important to ensure qualitative results. The cleaning can involve 

removal of dirt, oil, paint residues, oxides and so forth. The time needed for the testing is 

decided depending on factors like the type of material and penetrant, temperature and 

expected defects. The testing might sometimes go on for several hours. One important detail 
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for the method is the drying of the test material and there are many different alternatives for 

that. The inspection should start immediately when the developer has dried and the final 

inspection needs to be conducted within 10 to 30 minutes. The entire process is determined 

according to the standard SS-EN 571-1. 

There are a number of parameters that can affect the properties of the penetrant, some of them 

are listed below (1): 

 The viscosity 

 The capillary force 

 The surface tension 

 The wettability 

 The density 

 The volatility 

2.1.1. Different types of penetrants  

Depending on the circumstances for the testing different types of penetrants can be used. 

There are two main types: colored penetrants and fluorescing penetrants. The colored 

penetrants are used in bright environments and provide a contrast between the penetrant and 

the test surface. The fluorescing kind will give a higher contrast and they glow in the dark 

when subjected to the appropriate light. The penetrants can be applied to the test surface by 

spray, by brush or by dipping the material in penetrant. 

The penetrants usually have a base material consisting of oil which means that the penetrants 

need to be emulsified. Depending on when the emulsification took place the penetrants can be 

removed by using water, emulsifier or remover. The remover usually contains some type of 

alcohol.  

The colored penetrants need to be used in combination with a developer to increase the 

visibility of the indications. The developer can be divided in three main types (1): 

 Dry powder – usually consisting of amorphous silicon alloys with particles smaller 

than 1 µm. 

 Aqueous developers – consisting of either crystalline elements dissolved in water or 

elements suspended in water mixed with dispersants, wetting agents and corrosion 

inhibitors. 
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 Non-aqueous developers – also consisting of either dissolved or suspended elements. 

The suspended ones usually consisting of some kind of volatile alcohol. The 

dissolved developers work more or less the same as the suspended kind but are able to 

regenerate the powder if it evaporates.   

2.1.2. Visual inspection and evaluation 

During the penetrant testing different types of indications may appear. An indication where 

the length is three times bigger than the width is called linear. If the length and the width are 

equal or the length is less than three times bigger than the width then the indication is called 

round (1). It is also important to notice that an indication does not necessarily need to be a 

defect. Therefore it is important to evaluate the indications to determine if they are defects 

and need to be repaired. After the evaluation a report need to be written that specifies if the 

material is approved or not according to the standards. 

There can be problems with the penetrant testing in terms of: 

 Difficulties in getting a sufficient coverage of penetrant at complex geometries.  

 Difficulties in getting rough surfaces entirely clean. 

 Difficulties in getting clear results with narrow gaps. 

 It is not always possible to perform the penetrant testing a second time.   
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2.2. Magnetic particle testing 

Magnetic particle testing is also used in order to find defects like cracks or pores located near 

the surface of the test material. It works by applying an electric current to a ferromagnetic 

material and then apply magnetic particles on the surface. When the material is subjected to a 

current the magnetic particles will be attracted to the defects due to flux leakages that will be 

described later in this report. The magnetic particles will remain within the area of the defects 

even when the current is turned off. The magnetic particles will increase the visibility of the 

defects. The minimal size of the defects possible to detect is around 2 mm.  

There are two methods for conducting the magnetic particle testing: the continuous method 

and the remanent method.  

The continuous method is conducted with the following steps (1): 

1. Cleaning of the test surface. 

2. Start applying magnetic particles on the test surface. 

3. Applying the electric current to the surface. 

4. Stop adding magnetic particles on the surface. 

5. Turn off the electric current. 

6. Inspection and evaluation. 

7. Demagnetization of the test surface if necessary. 

8. Cleaning of the test surface. 

The remanent method is conducted with the following steps (1): 

1. Cleaning of the test surface. 

2. Applying the electric current to the surface. 

3. Turn off the electric current. 

4. Start applying the magnetic particles to the test surface. 

5. Stop applying the magnetic particles to the test surface. 

6. Inspection and evaluation. 

7. Demagnetization of the test surface if necessary. 

8. Cleaning of the test surface. 

The continuous method is appropriate when higher sensitivity is needed and the remanent 

method is eligible for more complex geometries.  



17 
 

2.2.1. Ferromagnetic materials 

The definition of ferromagnetic materials is that they are attracted by external magnetic fields. 

Metals that can be classified as ferromagnetic are iron, steel, nickel and cobalt. All material 

contain atoms with protons, neutrons and electrons. The electrons are situated in orbits around 

the nucleus and can be viewed as small magnets because they have a dipole moment. The 

atoms in ferromagnetic metals have one orbit that is not filled with electrons. Since the orbit is 

not filled and the electrons have a specific spin, the metal is able to create a net magnetic 

moment. For metals with all their orbits filled the dipole moment of the electrons cancel each 

other out.  

Another phenomenon for ferromagnetic materials is that the dipoles tend to align in the same 

direction due to an effect called exchange interaction. Even though the dipoles will be aligned 

it is a short-range reaction. The areas that have the same direction in their spin are called 

magnetic domains (1). The domains will however point to different directions and thereby the 

material can display a net magnetic moment that is zero, the material is “unmagnetized”.  

If a ferromagnetic metal is subjected to a strong external magnetic field it will influence the 

domain walls. The domain walls will start to move and direct the magnetic domains in the 

same direction as the external field. Even though the external field is removed the domains 

will not return to their original position because the domain walls tend to get stuck on defects 

in the crystal lattice. The net magnetic moment can get so large that the metal creates a 

magnetic field of its own. The metal will then be magnetic and creates a south and a north 

pole. Outside of the material the magnetic field lines will move from the north to the south 

and from south to north inside, see figure 2.  

A conductor that carries a current and is wound up in to a coil can also create an external 

magnetic field. When a coil is used the strength of the field is determined by how many loops 

the coil consists of. The more loops the stronger the magnetic field. 

 

Figure 2: The magnetic field lines of a magnet. 
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There are a lot of parameters that affect the outcome of the magnetic particle testing. Some of 

them are listed below (1): 

 Magnetic field strength, H. 

 Magnetic flux density, B. 

 Magnetic flux, Φ. 

 Permeability, µ. 

2.2.2. The properties of the magnetic field 

If a closed circular core is wrapped by a coil with continuous current the magnetic flux will be 

uniform throughout the core. If the cross sectional area is different at some point then the 

magnetic flux density will vary. If there is a sudden change in the area, some of the lines of 

flux flow will move outside of the material and create a so called flux leakage (1). An 

example of such sudden area change is a crack in the surface of the material. The magnetic 

particles will be attracted to this flux leakage since the permeability is higher for the iron 

compared to the air. The reason is that the field lines will follow the path with the least 

resistance and by attracting the magnetic powder the field lines can move through them 

instead of the air which involves a higher reluctance. The area for the flux leakage will be 

larger than for the crack which makes it possible to detect the indications in the material, see 

figure 3. 

 

Figure 3: The magnetic particles attracted to the flux leakage (1). 

How strong the flux leakage will get is depending on the orientation of the indication 

compared to the magnetic field. If the indication is a crack and is perpendicular to the 

magnetic field then the flux leakage will reach its maximum and be easy to spot. To be able to 

detect the crack it needs to be within an angle of 45˚-90˚ to the magnetic field (1). When a 

ferromagnetic material is subjected to an external magnetic field the material will behave 
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according to a hysteresis curve showed in figure 4. An example of how the magnetic domains 

could change according to the hysteresis curve is presented in figure 5.  

 

Figure 4: The hysteresis curve for a ferromagnetic material when subjected to an external magnetic field. 

  

Figure 5: An example of how the magnetic domains could change in accordance to the hysteresis curve. 

When first subjected to the external magnetic field the material will follow a non-linear curve 

starting from zero until it reaches position A. At this point the flux density has reached its 

maximum which means that the relative permeability for the material is equal to the relative 

permeability for air and magnetic saturation occurs. When the magnetic field strength, H, is 

lowered the material will not go back to its original state. It will move to point B which show 

that there is still some magnetic flux density, B, remaining. This remaining flux density is 

called remanence. To be able to remove the remanence the material needs to be subjected to a 

reversed magnetic field with a defined field strength and will eventually reach position C. The 
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exact field strength that is needed to remove the remanence is called coercive power. If this 

reversed field is increased then the material will eventually reach position D which means that 

the material once again has reached a saturated state but in the other direction. When that field 

strength is removed the material will once again get a remanence, as showed in position E. To 

remove the second remanence the material needs to be subjected to a magnetic field the same 

as in the beginning and eventually reach position F. This hysteresis curve gives a lot of 

important information about the material such as the composition and what types of 

treatments that has been done. If the hysteresis curve is wide it means that the material is hard 

to magnetize, it has a big reluctance (1). 

It is possible to use both direct current and alternating current even though it is mainly 

alternating current that is used for magnetic particle testing. How to apply the magnetic field 

to the material may also vary. Some methods involve magnetization along the material with 

the help of coils or yokes while other methods involves magnetization circling the material 

with the help of direct current, indirect current or by induction.  

2.2.3. Different types of magnetic particles  

The magnetic particles consist of iron or some kind of iron oxide and are made fluorescent or 

colored to be easier to spot. The particles can be used in their dry form or be mixed in some 

kind of fluid. Dry powder is not as common as fluids but is better suited for hot surfaces for 

example. Depending on the manufacturer and the circumstances for the testing the properties 

for the particles may vary. The properties of interest are the size, shape, mobility, visibility, 

density and the magnetic data (1). The properties for the magnetic powder are determined at 

the manufacturing process as well as how it is applied to the material, the method of choice 

and the properties of the testing material. 

In general it takes a larger flux leakage to attract big magnetic particles, therefore it is 

important to get particles with an appropriate size. For dry powder the size of the particles are 

generally 250 µm or larger and around 40-60 µm in a liquid. If the particles get too small 

there is a risk of having particles sticking to rough or moist areas on the test surface. If the 

particles get too large when mixed with a fluid there is a risk of the particles sinking to the 

bottom of the container and thereby lose their function.    

The shape of the particles is also important, a narrow particle work better in a magnetic field 

since they can follow the field lines and can more easily create polarity which makes it easier 

for the particles to remain and function in a weaker flux leakage. Even if the long and narrow 
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particles are better suited they are more expensive to manufacture and, therefore, round 

particles are also added.  

The permeability of the particles should be as high as possible so that they easily can be 

magnetized and attracted to the flux leakage. The coercive power and the remanence should 

logically be quite low to avoid the particles from sticking to each other. It has however been 

shown that a certain remanence in dry powders can have a positive effect on the sensitivity 

(1).    

2.2.4. Demagnetization 

As described earlier all ferromagnetic materials that get subjected to an external magnetic 

field will show some remanence. This can sometimes create problems during the testing as 

well as afterwards. Therefore it is sometimes necessary to demagnetize the test material to 

ensure that all particles are removed and to avoid future problems when using the product. 

The demagnetization can consist of heating up the test material or by subjecting it to reversed 

magnetic fields (1). 

2.2.5. Visual inspection and evaluation 

The result of the magnetic particle testing can vary depending on both internal and external 

factors. The internal factors are the geometry of the indication and the permeability of the test 

material. The external factors are the magnetic field strength, the surrounding light and the 

properties of the magnetic powder. The evaluation of indications for magnetic particle testing 

are similar to that of penetrant testing, all indications need to be examined to determine if they 

are defects or not. Then a report is written to describe the test and the result.   
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2.3. Excitation and fluorescence 

To be able to understand how the fluorescing magnetic particle and penetrant testing works it 

is important to understand the excitation and fluorescence process. The molecules that have 

the ability to fluoresce are called fluorophores. The molecules consists of a number of atoms 

which in return consists of electrons and a nucleus with protons and neutrons. All elements in 

their stable state have a specified number of electrons, protons and neutrons. The electrons are 

in simplified terms situated in orbits surrounding the nucleus. When the atom is in equilibrium 

all the electrons are situated as close to the nucleus as possible. If extra energy is added to the 

atom it can force an electron to move to an orbit further away from the nucleus, see figure 6. 

Incoming light, a photon, can create this behavior called excitation. When the electron is 

situated in the equilibrium orbit it is called the ground state, E0. When the electron moves to 

an orbit further away from the nucleus it moves to a higher energy level called E1, E2 and so 

forth. When the electron is in a higher energy level the atom releases energy to be able to 

return to its equilibrium state, which is called fluorescence. The orbits are also divided into an 

electronic energy level and vibrational and rotational energy levels. 

 

Figure 6: A basic explanation of the atom and excitation. 

The more detailed process involved in fluorescent penetrant and magnetic particle testing can 

be described in three steps (2): 

1. The excitation radiation source (the UV-light or blue light) emits photons that are 

absorbed by the fluorophores. Due to the extra energy in the atom it will excite an 

electron from the stable ground state (E0) to a higher energy level (E1 or E2) within 

the atom. 
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2. Due to the unstable nature of the excited electron in the high energy state it will lose 

some of its energy and move down to a lower energy level in the atom that is semi-

stable. This is called internal conversion. 

3. The electron will lose the remaining extra energy and move down to the ground state. 

When this happens the energy leaves the atom as an emitted photon through 

fluorescence.   

The fluorescence process is shown in figure 7.  

 

Figure 7: The fluorescence process.   

It is important to be aware of the fact that the electron does not have to jump between the 

electronic energy levels. In the first step the electron might just as well end up in one of the 

vibrational and rotational energy levels in E1. Where the excited electron will be positioned, is 

determined by how much energy the absorbed photon contains. If less energy is required the 

electron will probably end up somewhere in the E1 state. If more energy is required the 

electron will move to a higher energy level, maybe somewhere in the E2 state. The energy of 

the photons from the excitation source is related to the wavelength. A longer wavelength 

corresponds to lower energy and a shorter wavelength corresponds to higher energy (3). 

The spacing between the energy levels corresponds to discrete amounts of energy and will 

match the energy from the photon differently. The closer the match the more likely that the 
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molecule will absorb the photon and that the electron will be excited to that specific energy 

level. Even if the energy matches perfectly it is not certain that the photon will be absorbed. 

Due to this there are different probabilities for different photons (wavelengths) to be 

absorbed. A graph showing the relative probabilities of absorption for different wavelengths is 

called an excitation spectrum. In the excitation spectrum there is a point where the probability 

of absorption is the highest for a specific wavelength; this is called the excitation maximum 

(4). 

The second step called internal conversion happens when the electron loses some of the 

energy, usually by vibration within the atom, and moves down to the electronic energy level 

in E1. This jump can happen from both an energy level in E2 or from an energy level in E1 (4). 

The third step is when the electron moves from the electronic energy level down to the E0 

state. The electron might end up in one of the vibrational and rotational energy levels in E0 

depending on the energy of the emitted photon. In this step there are also different 

probabilities for different photons (wavelengths) to be emitted. Therefore it is possible to 

create a graph for relative probabilities for emission at different wavelengths, called an 

emission spectrum. The most likely wavelength to be emitted is called the emission maximum 

(4). An example of excitation and emission spectra is shown in figure 8. 

 

Figure 8: An excitation and emission spectrum.  

As described earlier a longer wavelength corresponds to a lower energy. This means that 

because of the internal conversion the wavelengths of the absorbed photons will be shorter 
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than the emitted ones. Therefore it is possible for the molecule to absorb blue light with a 

wavelength around 450 nm and emit green light with a wavelength around 550 nm.  

Also described earlier it is not certain that all photons will be absorbed in the molecules. It is 

also not certain that the molecule will emit the energy in the form of fluorescence, other 

processes may happen that are not described in this report. For penetrant and magnetic 

particle testing it is desired to get media that fluoresce as much of the absorbed photons as 

possible. This can be described by the quantum yield and defined as the number of photons 

emitted by fluorescence divided by the number of photons absorbed. It is desired to get a 

quantum yield as close to 1 as possible which would mean that 100% of the absorbed photons 

are emitted by fluorescence (3).  

For non-destructive testing it is common to use two different fluorophores to get a brighter 

indication. This is called cascading which means that the first fluorophore absorbs the 

photons from the excitation radiation source and emits photons with longer wavelengths. 

Then the second fluorophore absorbs these photons and emits light with even longer 

wavelengths (2). 

2.4. Different types of light 

As described in the earlier section the photons or wavelengths consists of different amounts of 

energy. The light sources of interest for this report are UV-light and blue light sources. As 

seen in figure 9 they are located at different wavelengths.  

 

Figure 9: The wavelengths for different types of light.  
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The blue light is located within the visible light spectrum and the blue light used for penetrant 

and magnetic particle testing is located around 450 nm. Visible light means that it is possible 

to see for the human eye while wavelengths above and under this spectrum is not.  

In dependence on wavelength, UV-light is classified as three different types: UV-C, UV-B 

and UV-A radiation. For penetrant and magnetic particle testing UV-A radiation is used and 

the wavelengths are located around 365 nm. 

2.5. Comparison of excitation radiation sources 

The source for excitation radiation is important not only for the power output but also for 

determining which wavelength the emitted light will have. The ideal situation would be that 

the emitted wavelengths from the excitation source is located at the same wavelength that the 

fluorophore will have its maximum absorption.  

The type of excitation source will also affect the irradiance pattern. The oldest alternative was 

to use a mercury vapor source but recently other alternatives have been developed like Micro 

Power Xenon Light (MPXL) and light-emitting diodes (LEDs). With LEDs it is also possible 

to vary the irradiance. However it is important to notice that even if it is possible to vary the 

irradiance it does not affect the total emission which means that a wider dispersion area 

decreases the maximum irradiance (3). 

To be able to measure the irradiance it is necessary to be able to register both UV-light as well 

as visible light. When visible light is measured it is called photometry and the objective is to 

portrait the light as the human eye would see it. When measuring UV-light the method is 

called radiometry. The irradiance varies depending on the angle between the radiation and the 

testing surface and this factor needs be taken into account when the testing is performed (3).  

LED-based exciter sources work best in applications regarding smaller inspection areas due to 

the small irradiance area. The irradiance area for a mercury vapor source is around 260% 

larger than for LED-lights (3). The emission spectrum for a LED source is wider than for 

mercury vapor sources but is still not suitable for all test mediums. Many of the test mediums 

were developed to be excited by mercury vapor sources and therefore evaluation of 

compatibility with alternative sources is needed. The emission spectrum for a mercury vapor 

source lies around 350-380 nm but the FWHM (Full Width Half Maximum) is only around 3 

nm. FWHM means that within this value the light intensity is above 50%. The LEDs with 

blue light have an emission spectrum around 410-510 nm and a FWHM around 20 nm (3).  
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The advantages of using blue light LED exciters instead of a UV mercury vapor source would 

be lower costs, easier to maneuver for one person, shorter start-up time, less generated heat 

and a safer environment for the operator (5). The LED lights also have a much longer 

lifetime, up to 50 000 hours compared to 10 000 hours and they work with batteries (6). The 

blue light intensity is also a lot higher than the one for UV-light (7). 

2.5.1. Standards for excitation radiation sources 

According to the standard SS-EN ISO 3059:2012 the following requirements are specified for 

viewing conditions of fluorescent penetrant testing and magnetic particle testing, however not 

for blue light excitation sources (8): 

 No use of photo chromatic goggles. 

 Exposure to UV radiation below 330 nm or other harmful radiation should be avoided. 

 Enough time to adjust to the darkness for the evaluation, usually around 5 min. 

 The UV-light cannot be directed in to the operator’s eyes and all surfaces seen by the 

operators should not fluoresce.   

 The surface shall be viewed under a UV-A radiation source and the lowest accepted 

irradiance on the surface is 1000 µW/cm
2
.  

 During inspections in darkened rooms the visible light must be less than 20 lux. 

 For removal of excess penetrant the UV-A irradiance shall be at least 100 µW/cm
2 
and 

the illuminance shall be less than 100 lux. 

 Generally the UV-A irradiance should not exceed 5000 µW/cm
2
. 

 Calibration of irradiation and lux meters needs to happen frequently in accordance 

with the recommendations from the manufacturers. The calibration needs to be 

conducted with a narrow band radiation at a wavelength of 365 nm at least every 12 

months. 

 The UV-A radiation source should have a maximum intensity at 365+/-5 nm and a full 

width at half maximum (FWHM) of 30 nm.  

 When measuring the UV-A radiation a UV-A radiometer should be used that has a 

sensitivity response according to the following terms: 

 A relative spectral response below 105 % for all wavelengths. 

 The maximum spectral response shall be between 355 nm and 375 nm. 

 The relative spectral response for wavelengths below 313 nm shall not exceed 

10 %. 
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 The relative spectral response for wavelengths over 405 nm shall be less than 2 

%.  

The relative spectral response in this case means the ratio between the response of the sensor 

and a wavelength of 365 nm (8). 

In the standard ASME 2010 section V (5) article 7 appendix IV there has been an addition 

developed to be able to use other excitation light sources for fluorescent particle 

examinations. The addition constitutes of the following demands (9): 

 The qualification standard should be specified with a slotted shim, 0.05 mm thick and 

30% depth of material removed as described in T-764.1.2. 

 When using a light source that emits light with a wavelength at 400 nm or longer the 

operator needs to wear filter glasses provided by the manufacturer of the light source. 

 The same indications of the shims discontinuities shall be examined by the UV-light 

source as well as the alternate source. 

 The minimum intensity for UV-light at the testing surface shall be 1000 µW/cm
2
 and 

the maximum 1100 µW/cm
2
.  

 When examining the particle indication used in IV-772.1 the alternate light source 

shall be adjusted to be able to match the particle indication obtained with the UV-light. 

The light intensity shall be measured with an alternative wavelength light meter and 

the indication shall be photographed the same way as for the UV-light but with an 

appropriate filter. 

 When the same particle indications can be obtained for an alternate wavelength source 

it can be used for magnetic particle examinations. The alternate source needs to have 

at least the minimum intensity qualified and shall be used together with the specific 

particles used during the qualification. 

 The examination record should consist of this information: 

 The manufacturer and model of the alternative wavelength light source. 

 The manufacturer and model of the alternative wavelength light source meter. 

 Filter glasses when they have been used. 

 The manufacturer and designation of the fluorescent particles. 

 Identification for the qualification standard. 

 Details about the used technique.  

 Identification for the operator who did the qualification. 



29 
 

 What types of equipment and materials that were used. 

 The minimum light intensity for the alternate wavelength. 

 Qualification photos, filters and exposure settings. 

2.5.2. Blue light excitation radiation 

Blue light is produced with the use of a LED source or a filtered broadband energy and has its 

emission maximum around 450 nm. The FWHM lays around 20 nm. It has been stated that 

blue light excitation gives higher luminance from the second fluorophore than other excitation 

sources (10). The indications are easier to detect with the help of the stroboscopic function 

provided with some blue light LEDs (5). It can be used with brighter background light and 

still produce detectable indications. This could be an advantage since it could be used 

outdoors which could simplify the testing for the operators significantly in some cases (11). 

A blue light LED can be used in combination with a UV-source and a yellow barrier filter and 

this type of equipment is available on today’s market (5). 

The protective eyewear for blue light has a slightly lower maximum transmittance than the 

ones for UV-light and blocks out longer wavelengths (3). Because of this it can result in a 

slight reduction of luminance for some types of test media. The tests performed by Lopez 

showed that the efficiency of blue light excitation source with an appropriate lens for 

penetrant samples was between 35 % and 49 % compared to the optimal UV-A exciter. In 

magnetic particle testing the blue light was the optimal exciter/lens combination or a close 

second and for one type it was twice as efficient as the best UV-A source (3). 

To be able to measure the light intensity of a blue light excitation source it is important to 

determine at what wavelength the emission maximum is located as well as how wide the 

emission spectra is. The radiometric sensor needs to be calibrated to register wavelengths as 

close to the emission maximum as possible to get a realistic value of the light intensity (7). 

With blue light it is relevant to make sure that the testing surface is completely clean, as well 

as for UV-light, since remaining particles like fusel oils might fluoresce under blue light (12). 
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2.6. Health and safety 

The anatomy of the human eye is showed in figure 10 and the layers of the retina are showed 

in figure 11. 

 

                            Figure 10: The human eye (13).                                         Figure 11: Layers of the retina (14). 

 

The layers of the retina have different functions. The photoreceptors consist of cones and 

rods. The cones are responsible for dim light and peripheral vision and the rods are 

responsible for color vision, bright light and fine details. The receptors also convert the light 

into nerve impulses for our brain to be able to interpret the information. Some of the ganglion 

cells are also responsible for light sensitivity and control the dilation and contraction of the 

pupil (14). The retinal pigment epithelium (RPE) absorbs the light coming from the lens and 

is an important part for the eye to function properly. It transport nutrients from the blood to 

the photoreceptors and control a crucial part of the visual cycle (15).  

 

The effects of blue light on the human eye have been up for discussion during several years. 

The difference between UV-light and blue light is that most of the UV-light is absorbed by 

the lens and does not reach the retina while most of the blue light does. In a healthy human 

eye there are pigments in the photoreceptors that work as protection against blue light induced 

damages. However there are factors that can decrease this protection and the eye is more 

sensitive to blue light. Age is one factor; the older the person gets the weaker the protection 

gets. Another factor is retinal diseases like macular degeneration or other retinal damages 

(14). 

 

When the eye is subjected to light and it reaches the photoreceptors the retinal pigmented cells 

get “bleached” and do not function until they have recovered through the so called visual 
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cycle. What can happen with blue light is that the visual cycle happens to rapidly. This can 

cause oxidative damages to the retinal pigmented cells that eventually lead to cell death for 

the photoreceptors. The photoreceptors cannot be replaced and hence the vision is damaged 

(16).  

 

Even though UV-radiation does not reach the retina to the same extent it also has been 

associated with retinal damages as well as erythema, cataracts and modification of the 

immunologic system of the skin (17). In general the blue light is safer for the operator, 

especially when fully protected by the correct eyewear (3). 

 

To determine how long it is safe to be exposed to UV-A radiation according to the Swedish 

Radiation Safety Authority two equations can be used (18): 

     ∑         
   
     (1) 

     
   

    
   (2) 

Eeff = effective irradiance (W/cm
2
) 

Eλ = spectral irradiance (W/cm
2
*nm) 

Sλ = photobiological hazard action spectrum (no unit, see figure 12) 

λ = wavelength (nm) 

tmax =  maximum safe exposure per day (8 hours) in seconds 

TLV = threshold limit value, 1.0 J/cm
2
 or 1.0 mJ/cm

2 

The appropriate TLV for UV-A radiation is determined by time. For exposure times less than 

1000 s the larger value should be used. For exposure times longer than 1000 s the lower value 

should be used. 
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Figure 12: The Photobiological Hazard Action Spectrum for UV-A light. 

The ACGIH (American Conference of Governmental Industrial Hygienists) has developed 

equations for safe exposure of blue light (19): 

   ∑         
   
     (3) 

     
   

  
   (4) 

LB = effective irradiance as weighted by the blue-light hazard function (W/cm
2
) 

Lλ = spectral irradiance (W/cm
2
*nm) 

Bλ = Blue-light hazard function (no unit, described in figure 13)  

λ = wavelength (nm)             

tmax =  maximum safe exposure per day (8 hours) in seconds 

TLV = threshold limit value, 100 J/cm
2 

or 10 mJ/cm
2
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Figure 13: The Blue Light Hazard Function between 400-500nm.  

The appropriate TLV for blue light is determined with the following values and criteria (20): 

If the viewing angle, α, is wider than 0.011 rad and the time of exposure, t, is less than 10 000 

s it is appropriate to use a TLV of 100 J/cm
2
. If the time of exposure exceeds 10 000 s or the 

viewing angle is less than 0.011 rad the lower TLV should be used. The viewing angle is 

determined by equation 5: 

   
 

 
   (5) 

α = the viewing angle (radians) 

D = diameter of the source (m) 

d = distance from the viewer to the source (m) 

With the help of these equations it is possible to determine which of the light sources will 

contribute to the safest environment for the operators.  
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3. Method 

3.1. Emission  

To obtain information regarding the emission spectrum of blue light sources readings were 

made with the help of a Spectrophotometer kit available at Karlstad University. The reason 

for measuring the emission was to be able to compare the results to determine how close the 

emission maximum for blue light is to the excitation maximum of the fluorescent media. The 

Spectrophotometer was connected to a computer to be able to record the measurements. 

Measurements were also performed to determine how effective the protective eyewear was to 

block out the wavelengths of blue light. 

Both the Spectroline TRI-450M & Spectroline OPX-450 light sources was used during the 

measurement of emission and the measurements were performed three times for each light 

source.  

Equipment used for the measurements of emission: 

Spectrophotometer Kit OS-8537 

Rotary Motion Sensor CI-6538 

Aperture Bracket OS-8534 

PASCO Interface 

High Sensitivity Light Sensor CI-6604 

Basic Optics Bench, part of OS-8515 

Rod 0.45 m ME-8736 

Large Rod Stand ME-8735 

Data Acquisition Software – DataStudio 

Spectacles: Spectroline UVS-40 

Light sources: Spectroline TRI-450M & Spectroline OPX-450 

Execution of the measurements in detail: 

1. Placed the light source in front of the collimating slits, see figure 14. 

2. Turned on the light source and placed it so that the first spectral lines appeared on the 

aperture disk and aperture screen in front of the light sensor. Turned the aperture disk 

so that the smallest slit on the disk was in line with the central ray. 

3. Connected the Pasco interface to the computer and turned on the interface, and started 

the data acquisition software. 
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4. Connected the high sensitivity light sensor cable to analog channel A. Connected the 

rotary motion sensor to digital channels 1 and 2. 

 

 

Figure 14: Equipment for determining emission. 

In the computer software, DataStudio: 

1. Chose Start Experiment. 

2. Chose interface SW 750. 

3. Selected and connected the rotary motion sensor to digital sensors 1 & 2. 

4. Selected and connected the high sensitivity light sensor to analog channel A. 

5. Chose the resolution for the rotary motion sensor to 1440 divisions per rotation. 

6. Chose the sample rate to 20 Hz. 

7. Used the calculator and created the calculation for the actual angular position to y = 

x/60. 

8. Selected the graph display and set the light intensity on the vertical axis and actual 

angular position on the horizontal axis. 

9. Darkened the room and turned the light sensor arm to turn the degree plate until it hit 

the pinion. 

10. Chose the GAIN select switch on top of the high sensitivity light sensor to 1. 

11. Pressed START recording data. 

12. Pushed the threaded post under the light sensor to slowly and continuously scan the 

spectrum in one direction. Turned all the way to 180˚. 

13. Stopped recording data. 
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14. Chose the GAIN select switch to 10 and turned the light sensor back to its original 

position and repeated the data collection procedure.  

15. Chose the GAIN select switch to 100 and turned the light sensor back to its original 

position and repeated the data collection procedure.  

 

To obtain the wavelength of the emission maximum: 

1. Determined the difference in angle between the first lines in the spectral pattern, 

shown in figure 19 in the result section. 

2. Used half of that angle to determine the wavelength with the help of equation 6. 

 

          (6) 

λ = wavelength (nm) 

d = diffraction grating, 1666 nm. 

θ = half the angle between the first lines in the spectral pattern. 

The calculation for the central wavelength, the emission maximum, was performed five times 

to be ensure a qualitative result. 

To be able to analyze the emission of blue light through the spectacles the glasses were 

mounted directly in front of the light source and the same emission readings as without the 

eyewear were conducted. 
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3.2. Excitation spectra 

The excitation spectra for some fluorescing media available in Sweden were obtained with a 

Spectrometer available at Karlstad University. The measurements of the excitation spectra 

were conducted to be able to gain information regarding the efficiency of exciting the 

fluorescing penetrants and magnetic particles for different light sources. Excitation spectra for 

five fluorescing penetrant media, four magnetic particle media and one leak testing medium 

were produced. Each medium was measured three times to ensure qualitative results.  

Equipment used to obtain the excitation spectra: 

Spectrometer: Perkin Elmer, UV/visual Spectrometer Lambda 14 

Data Acquisition Software: UV Winlab 

Execution of the measurements in detail: 

Used standard settings for determining absorption. Set the Spectrometer to scan between 200-

800 nm with interval 1 nm. The slit was set to 2.0 and the number of cycles were set to 1. The 

maximum output was set to: 0-2. The different penetrants were dissolved in either penetrant 

remover, ethanol or water to be able to get satisfactory readings. The magnetic particles were 

also dissolved in water or remover to get readings below output 2.0. The leak testing medium 

was dissolved in hydraulic oil. 

3.3. Irradiance 

The irradiance is an important part of the information needed to determine the efficiency of 

exciting fluorescent media. Therefore measurements were conducted to be able to compare 

the irradiance of the light sources at different distances. The irradiance also determines the 

time of safe exposure for the operators. 

During the measurements the backlight was varied between 0 lux, 50 lux, 100 lux, 300 lux 

and 500 lux to determine if the irradiance would vary. 

Four light sources were used when measuring the irradiance at 0.4 m and for two of them 

measurements were executed at several distances. For every light source and distance of the 

measurements were repeated three times to ensure qualitative results. 
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Equipment for determining the effective irradiance: 

Excitation source, UV-light: Labino PS135UV Duo MPXL (called UV MPXL), Floodlight & 

Labino BigBeam UV LED Duo Power, Floodlight (called UV LED).  

Excitation source, blue light: Spectroline TRI-450M (called Blue LED) & Spectroline OPX-

450 (called Blue flashlight) 

Radiometer/photometer: Spectroline AccuMAX XRP-3000 with XS 450 and XDS-1000 

Backlight source: Osram CLASSIC A 60 W 240 V E27 connected to a Cotech dimmer (item 

code: 36-2337) bought at Clas Ohlsson. 

Execution of the irradiance measurements: 

The light source was first placed at a specific marked position and then specific distances 

away from the light source were measured and marked, see figure 15. The backlight source 

was mounted at a height of about 0.4 m above the markings and was moved continuously 

during the measurements. The backlight was first set to 0 lux during the measurements, then 

increased to 50 lux, 100 lux, 300 lux and lastly 500 lux for each light source. The irradiance 

measurements were made at distances 0.1 m, 0.2 m, 0.3 m, 0.4 m, 0.5 m, 0.6 m, 0.7 m, 0.8 m, 

0.9 m, 1.0 m, 1.2 m, 1.4 m, 1.6 m, 1.8 m, 2.0 m and 3.0 m away from the light source. The 

backlight source was above the first marking during the first measurement and above the 

second marking during the second measurement and so forth. For measurements at all 

distances the light sources Labino PS135UV Duo MPXL and Spectroline TRI-450M were 

used. The Labino BigBeam UV LED Duo Power, Floodlight and Spectroline OPX-450 were 

used for measurements at a distance of 0.4 m away from the source. 

 

Figure 15: Set up for measuring irradiance. 
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3.3.1. Efficiency of exciting test media 

To determine how effective the different light sources are to excite the penetrants and 

magnetic particles it was first needed to make the assumption that the blue light source emits 

only wavelengths at 450 nm and UV-light sources emits only wavelengths at 365 nm. This 

assumption had to be made since there was no possibility to obtain a complete emission 

spectra for the light sources. The efficiency is determined both by the effective irradiance and 

the normalized absorption of the fluorescent media. The effective irradiance at a distance 0.4 

m away from the sources is multiplied with the normalized absorption for the specific 

wavelengths, see equation 7: 

           (7) 

β = ability of exciting penetrants/magnetic particles at 365 nm for UV-light and 450 nm for 

blue light. 

Eeff = effective irradiance at a distance 0.4 m away from the source, presented in figure 23 in 

the result section. 

γ = normalized absorption at 365 nm for UV-light and 450 nm for blue light, shown in figures 

20 and 21 in the result section. 

When the ability of exciting the test media was determined the light sources could be 

compared to each other to determine the efficiency of excitation by dividing the lower 

abilities with the highest ability. An example is provided below with numbers collected from 

the result section that will be presented later on: 

Light sources:    

1. Blue light LED 

2. Blue Flashlight
 
 

3. UV- light MPXL
 
 

4. UV-light LED
 
 

Effective irradiances (obtained from figure 23): 

1. Blue light LED: 4900 µW/cm
2 

at 0.4 m away from the source 

2. Blue Flashlight: 6400 µW/cm
2 

at 0.4 m away from the source 

3. UV- light MPXL: 1800 µW/cm
2 
at 0.4 m away from the source 

4. UV-light LED: 3000 µW/cm
2 
at 0.4 m away from the source 
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Normalized absorptions for PT1 (obtained from the excitation spectrum in figure 20): 

γ (365 nm) = 0,92 

γ (450 nm) = 0,52 

Ability of exciting PT1: 

1. Blue LED: 4900 µW/cm
2
 * 0,52 = 2548 µW/cm

2 
 

2. Blue Flashlight: 6400 µW/cm
2
 * 0,52 = 3328 µW/cm

2
 

3. UV- light MPXL: 1800 µW/cm
2 
* 0,92 = 1656 µW/cm

2
 

4. UV-light LED: 3000 µW/cm
2
 * 0,92 = 2760 µW/cm

2
 

Efficiency of exciting PT1 for light sources compared to each other: 

1. Blue LED: 2548/3328 µW/cm
2 

= 0.77 = 77 % 

2. Blue Flashlight: 3328/3328 µW/cm
2 

= 1.0 = 100%  

3. UV-light MPXL: 1656/3328 µW/cm
2 

= 0.50 = 50 % 

4. UV-light LED: 2760/3328 µW/cm
2 
= 0.83 = 83 %  

 

3.3.2. Safe exposure time 

The time for safe exposure for an operator during an 8 hour workday is dependent on the 

effective irradiance from the light source and the threshold limit values (TLVs) obtained for 

the specific wavelengths. How to choose the threshold limit value was explained in detail in 

the theory section. The safe exposure times for Labino PS135UV Duo MPXL and Spectroline 

TRI-450M were calculated with equation 3 from the theory section: 

     
   

    
  (3) 

Eeff (the effective irradiance) was measured with the help of the radiometer/photometer. 

TLV (UV-light): 1.0 J/cm
2
 for t < 1000 s and 1.0 mJ/cm

2 
for t ≥ 1000 s. 

TLV (blue light): 100 J/cm
2 

for t < 10 000 s and 10 mJ/cm
2 

for t ≥ 10 000 s. 

1000 seconds time corresponds to 16.7 minutes which means that for the first 16.7 minutes of 

the 8 hour workday the TLV for UV-light was set to 1.0 J/cm
2
. For calculations for the rest of 

the day the lower TLV was used. 

For the blue light the TLV 100 J/cm
2
 was used for calculations on safe exposure time for the 

first 167 minutes of the 8 hour workday. For the rest of the day the smaller value was used to 

be able to calculate the safe exposure time for the entire workday. The viewing angle could 
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influence the choice of TLV for blue light if it was less than 0.011 rad according to equation 5 

which was also described earlier in the theory section.  

   
 

 
   (5) 

α = the viewing angle (radians) 

D = diameter of the source (m) 

d = distance from the viewer to the source (m) 

If the viewing angle should be smaller than 0.011 rad and the distance from the light source 

would be 0.4 m then the diameter of the light source would need to be smaller than 4.4 mm. 

That is not the case with the light sources used during these experiments. Therefore the only 

parameter affecting the threshold value for blue light was time. 

3.4. Increased backlight and documentation differences 

If the backlight could be increased during the penetrant and magnetic particle testing it could 

simplify the work for the operators. Therefore both penetrant and magnetic particle testing 

were conducted to determine the effect of the varied backlight on the visibility of the 

indications. Pictures of the tests were taken to clarify the visual differences between UV-light 

and blue light. The pictures were also taken to show the possibility of documenting the 

indications when using a camera equipped with a blue light flash and the proper filters. The 

approximate irradiance for the flash in the blue light camera was also measured with the 

photometer. 

3.4.1. Penetrant testing 

The penetrant testing was performed according to the standards and pictures were taken 

continuously. The material tested was a plate made of stainless steel which had been 

deformed with some kind of hammer to create an indentation which was surrounded with 

cracks, see figure 16. The area of the plate was 1 dm
2 
and the indentation had a diameter of 

about 10 mm.  
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Figure 16: Stainless steel plate with an indentation. 

Equipment used for the penetrant testing: 

Penetrant: Bycotest FP42  

Remover: Bycotest C5 

Developer: Bycotest D30Plus 

UV-light source: Labino PS135UV Duo MPXL, Floodlight (UV MPXL) 

Blue light source: Spectroline TRI-450M (Blue LED) 

Camera (Blue Light): BlueLine NDT FPS-1 Fluorescence Photography System 

Camera (UV-light): Iphone 4 camera (5.0 Megapixel) without flash 

Radiometer/Photometer: Spectroline AccuMAX XRP-3000 with XS 450 and XDS-1000 

Backlight source: Osram CLASSIC A 60 W 240 V E27 connected to a Cotech dimmer (item 

code: 36-2337) bought at Clas Ohlsson.  

The execution of the penetrant testing at different backlight: 

The excitation light source and the backlight source were mounted directly above the testing 

surface at a distance of 0.4 m, see figure 17. The pictures were taken at a distance about 0.2 m 

from the test surface. The pictures of the test surface when illuminated with UV-light were 

taken with an Iphone 4 camera (5.0 Megapixel) without flash. When taking pictures with the 

blue light camera the light source was turned off because of the blue flash installed in the 

camera. A total of seven tests for each light source were executed with different backlight. 

The first test was conducted with a backlight of 0 lux. The second at 50 lux, the third at 100 

lux, the fourth at 200 lux, the fifth at 300 lux, the sixth at 400 lux and the last at 500 lux.  
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The steps of the penetrant testing were conducted in the following order: 

1. Cleaning of the test surface with remover, wait 5 minutes. 

2. Application of the penetrant, wait 10 minutes. 

3. Removal of excess penetrant first with dry cloth and then with a cloth moist from 

remover, wait 5 minutes. 

4. Application of developer. 

5. Inspection and evaluation as soon as possible, which in this case means to document 

the visibility of the indications.  

6. Cleaning of the test surface with remover and water. 

 

 

Figure 17: Set up for the penetrant testing. 
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3.4.2. Magnetic particle testing 

The magnetic particle testing was performed according to the standards and pictures were 

taken continuously. The testing material used was a carbon steel with a long narrow crack. 

The crack was approximately 18 mm long and less than 0.2 mm wide, see figure 18.  

 

Figure 18: Carbon steel with a crack. 

Equipment used for magnetic particle testing: 

Magnetic powder: Bycotest 101  

Remover: Bycotest C5 

Magnetic yoke: Pfinder 15-0, AC current, 230V and 2.6A 

UV-light source: Labino PS135UV Duo MPXL, Floodlight 

Blue light source: Spectroline TRI-450M 

Camera (Blue Light): BlueLine NDT FPS-1 Fluorescence Photography System 

Camera (UV-light): Iphone 4camera (5.0 Megapixel) without flash 

Radiometer/Photometer: Spectroline AccuMAX XRP-3000 with XS 450 and XDS-1000 

Backlight source: Osram CLASSIC A 60 W 240 V E27 connected to a Cotech dimmer (item 

code: 36-2337) bought at Clas Ohlsson.  

Execution of the magnetic particle testing at different backlight: 

The excitation light source and the backlight source were mounted directly above the testing 

surface at a distance of 0.4 m, see figure 17. The pictures were taken at a distance about 0.2 m 

from the test surface. The pictures of the test surface when illuminated with UV-light were 

taken with an Iphone 4 without flash. When taking pictures with blue light the excitation 
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source was turned off because of the blue flash installed in the BlueLine camera. A total of 

seven tests for each light source were executed with different backlight. The first test was 

conducted with a backlight of 0 lux. The second at 50 lux, the third at 100 lux, the fourth at 

200 lux, the fifth at 300 lux, the sixth at 400 lux and the last at 500 lux.  

The steps of the magnetic particle testing were conducted in the following order: 

1. Cleaning of the test surface, wait 5 minutes. 

2. Application of the magnetic particle liquid. 

3. Applied the current so that the crack was perpendicular to the magnetic fields. 

4. Stopped applying the magnetic particle liquid. 

5. Stopped applying current. 

6. Inspection and evaluation, which means to document the indications. 

7. Cleaning of the test surface with remover and water.  
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4. Results 

4.1. Emission  

The emission for a Spectroline OPX-450 with and without spectacles, Spectroline UVS-40, as 

a filter is shown in figure 19. The curve on top (Run #1) shows the emission for the blue light 

only and the curve below (Run #4) shows the emission through the spectacles. 

 

Figure 19: Emission for blue light flashlight with and without protective eyewear. 

Calculations of the central wavelength from figure 19 gave answers between 440 nm and 458 

nm. This means that the emission maximum is located between 440 nm and 458 nm. It is only 

possible to see the first lines in the spectral order and thereby it is only possible to determine 

the emission maximum. There is no possibility to determine the entire spectrum emitted from 

the light source. 

In this experiment, the spectacles let 7.3% of the blue light pass through. In other words they 

blocked out 92.7% of the light emitted from the light source.  
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4.2. Excitation Spectra 

The normalized absorption, the excitation spectra, for different penetrants are shown in figure 

20. It shows that the excitation maximum is located between 369 nm and 383 nm for the 

different penetrants. There is also a possibility for the penetrants to absorb longer 

wavelengths. For PT1, PT2, PT3 and PT4 there is an increased absorption between 435 nm 

and 450 nm. This means that UV-light which has a wavelength around 365 nm would be 

better suited for exciting penetrants if nothing else was taken into account. 

 

Figure 20: Excitation spectrum for penetrants. 

The normalized absorption, the excitation spectra, for different magnetic particle media are 

shown in figure 21. The magnetic particle media had a variation in absorption at different 

wavelengths. MT1 shows a greater absorption at 343 nm and a small peak at 412 nm and 433 

nm. MT2 has its maximum absorption located at 412 nm and the second peak at 434 nm. 

According to the readings for MT3 the absorption is the same around 365 nm (UV-light) and 

450 nm (blue light). MT4 has a small peak around 390 nm. Because of the varying absorption 

it was more difficult to decide which of the light sources would work best. MT2 would 

probably work better with blue light and MT1 and MT4 with UV-light.    

Since the light sources used for penetrant and magnetic particle testing have their emission 

maximum located either at 365 nm or 450 nm the absorption below 330 nm and above 480 

nm is not relevant.   
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Figure 21: Excitation spectrum for magnetic particle media. 

The excitation spectrum for the leak testing medium is shown in Appendix I.  

4.3. Irradiance  

The effective irradiances for the Spectroline TRI-450M and Labino PS135UV Duo MPXL at 

different distances, determined by the Spectroline AccuMAX XRP-3000 with XS 450 and 

XDS-1000, are shown in figure 22.  

 

Figure 22: Effective irradiance for blue light and UV-light at different distances. 
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The varying backlight had no effect on the effective irradiances for blue light neither the UV-

light.  

It was clear that the effective irradiance for blue light was much higher than for UV-light at 

shorter distances. Since a higher effective irradiance gives an increased probability of exciting 

fluorescent media then blue light would in theory work better as an excitation source. 

However that is only the case if the normalized absorption of the fluorescent media is equally 

high for UV-light and blue light. 

A comparison of irradiance between light sources Labino PS135UV Duo MPXL, Labino 

BigBeam UV LED Duo Power, Spectroline TRI-450M and Spectroline OPX-450 at a 

distance of 0.4 m from the light sources is shown in figure 23. The Spectroline OPX-450 

which is the blue flashlight has the highest effective irradiance. If irradiance would be the 

only parameter determining excitation then that would be the best alternative for exciting 

penetrants and magnetic particles. If a large surface would need inspection then the blue LED, 

the Spectroline TRI-450M, might work better since the area of the irradiance is increased.   

 

Figure 23: Comparison of irradiance between light sources at 0.4m.  

The effective irradiance for the flash in the Blue Line camera system was measured to be 

approximately 3070 µW/cm
2
 at a distance of about 0.2 m from the photometer. 

4.3.1. Efficiency of exciting test media 

To be able to determine the efficiency of exciting penetrants and magnetic particle media then 

both effective irradiance and normalized absorption needed to be taken into account. A 

comparison of the efficiency of exciting penetrants at a distance of 0.4 m for the light sources 
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Labino PS135UV Duo MPXL, Labino BigBeam UV LED Duo Power, Spectroline TRI-

450M and Spectroline OPX-450 is shown in figure 24. For PT1 and PT2 the blue flashlight 

would probably be the best alternative as excitation source. For PT3, PT4 and PT5 the UV 

LED-light would probably be the best alternative. 

 

Figure 24: Efficiency of exciting penetrants for different light sources. 

A comparison of the efficiency of exciting magnetic particles at a distance of 0.4 m for the 

light sources Labino PS135UV Duo MPXL, Labino BigBeam UV LED Duo Power, 

Spectroline TRI-450M and Spectroline OPX-450 is shown in figure 25. MT2 and MT3 would 

probably work best with the blue flashlight and MT1 och MT4 would probably work best 

with the UV LED-light. 
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Figure 25: Efficiency of exciting magnetic particles for different light sources. 

4.3.2. Safe exposure time 

A comparison of safe exposure time between the Spectroline TRI-450M and Labino 

PS135UV Duo MPXL is shown in figure 26. The safe exposure time for blue light compared 

to UV-light is a lot higher. Since the higher threshold values could be used for the first 17 min 

for UV-light and 167 min for blue light that is more or less the safe exposure time. The lower 

TLVs used after that period of time gives such a small influence that it could be ignored for 

distances up to 1 m away from the light source.  

 

Figure 26: Comparison of safe exposure time between UV MPXL and Blue LED.  
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4.4. Increased backlight and documentation differences  

The pictures to the right in figures 27, 28, 29, 30, 31 and 32 have been taken with the 

BlueLine NDT FPS-1 Fluorescence Photography System. The BlueLine camera uses a blue 

light flash and in front of the lens there is a filter installed. The filter blocks out wavelengths 

below approximately 500 nm which makes it possible to take pictures of the fluorescence 

wavelengths emitted by the penetrants and magnetic particles. These have a wavelength 

around 550 nm which corresponds to green light. That is why the pictures taken with the 

BlueLine camera shows the indications in green. The pictures taken with the Iphone 4 to 

document the fluorescent media illuminated with UV-light have a different color since there 

was no filters available to use with the phone. Therefore no wavelengths were blocked out 

and UV-light as well as other visible light was reflected from the test surface.    

4.4.1. Penetrant testing 

Photos as documentation for penetrants illuminated with blue light and UV-light at different 

backlights are shown in figures 27, 28 and 29. The round indentation in the stainless steel is 

visible in the middle of the pictures and the surrounding lines are cracks. In figure 27 there 

was no backlight and in figure 28 the backlight was set to 500 lux. The figures show that the 

possibility of documenting indications at a backlight of 500 lux was no problem for the 

BlueLine camera since there was no visible differences. The visibility of the indications 

during the testing was also equally good at 500 lux.  

 

Figure 27: PT documentation at 0 lux, blue light to the left and UV-light to the right. 
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Figure 28: PT documentation at 500 lux, blue light to the left and UV-light to the right. 

For the pictures taken with UV-light it was clear that the visibility of the indications decreased 

with higher backlight. At a backlight of 0 lux the visibility was good but at 500 lux it was 

hard to see the indications clearly during the testing, which also shows in the pictures. To 

demonstrate the difference, figure 29 displays one specific area of the stainless steel 

illuminated with the light sources at a backlight of 500 lux. The small picture to the left shows 

the blue light and the right shows the UV-light. The cracks are more visible when illuminated 

with blue light. 

 

Figure 29: The difference in visibility of cracks in a specific area. 

The pictures taken with backlights at 50, 100, 200, 300 and 400 lux are shown in Appendix II.  
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4.4.2. Magnetic particle testing 

Photos as documentation for magnetic particles in the crack of the carbon steel illuminated 

with blue light and UV-light at different backlights are shown in figures 30, 31 and 32. The 

results are the same as for the penetrant testing. There was no visible difference of the crack at 

different backlights when illuminated with blue light. During the testing with UV-light the 

visibility decreased with increased backlight. The figures 30 and 31 also show that it was 

possible for the BlueLine camera to document the indications at higher backlights and more 

difficult when UV-light was used.  

 

Figure 30: MT documentation at 0 lux, blue light to the left and UV-light to the right. 

 

Figure 31: MT documentation at 500 lux, blue light to the left and UV-light to the right. 

Figure 32 show a specific area to demonstrate the difference in visibility of the crack when 

the carbon steel is illuminated with the different light sources. The crack illuminated with blue 

light is shown to the left and the UV-light to the right. With the blue light the details of the 

crack are more prominent.   

 

Figure 32: The difference in visibility of the crack at a specific area.  

The pictures taken with backlights 50, 100, 200, 300 and 400 lux are shown in Appendix III. 
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5. Discussion 

5.1. Emission  

The expectation with this experiment was to obtain an emission spectrum to be able to 

compare it to the excitation spectra for the test media. There was also a hope of determining 

the spectrum of absorption for the protective eyewear used with blue light but it was only 

possible to get approximately how much of the blue light at 450 nm that got absorbed. To be 

able to get a more valid reading of absorbance there was a cuvette that was supposed to be 

filled with some type of liquid substance. Since the glasses are not a liquid, simplifications 

had to be made and therefore they were used as a filter between the light source and the 

collimating slits. The Spectrophotometer used is quite basic and is normally operated by 

students to get an understanding of the relation between the behavior of the light and the 

wavelengths. It was probably not sensitive enough to get satisfactory readings of the emission 

for the blue light source. It was possible to see the emission maximum and calculate this 

wavelength but no more than that. The Spectrophotometer was not able to handle UV-light or 

fluorescing substances either. To do further investigations, the experiment should probably be 

executed with more advanced equipment that can handle UV-radiation and fluorescent media. 

5.2. Excitation Spectra 

The excitation spectra for the fluorescent media was obtained to be able to get an 

understanding of which wavelengths would be absorbed. The machine works by sending light 

through the liquid sample and register how much light reaches the other side. With the 

particles the hope was that the fluorescing substance that has been released from the particles 

would be enough to get a reading or that the light would be reflected from the particles. 

However it is known that manufacturers are trying to avoid getting fluorescing substances in 

the carrier fluid to make sure that it does not affect the ability to see the indications. The 

equipment worked well for the penetrants but it was harder to determine with the magnetic 

particles. It was difficult to speculate on whether the readings were accurate or not. It could 

have something to do with the fact that it is the particles that are fluorescing and that the light 

cannot pass through them. The reason for the varying results could probably be due to this 

fact and that the particles constantly sinks towards the bottom. It would probably be a good 

idea to try to find equipment made especially for determining excitation from solid particles 

to enhance the certainty of the results. 
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5.3. Irradiance 

When measuring the irradiance only the Blue LED light and the UV MPXL light were used 

for all of the distances because these are more frequently used in magnetic particle testing and 

penetrant testing compared to the blue flashlight. The flashlight has a smaller irradiance area 

and is therefore not suitable in tests over larger surfaces. The UV LED light was not at hand 

for me to test on my own. Instead the measurement at 0.4 m for this light source were made 

by a trusted outsider and instructions were given to ensure the quality of the reading.  

During the readings of the irradiance the human factor affects the results greatly. If the light 

source is not directed perfectly or the radiometer/photometer is held in different positions at 

the different distances the results can differ a lot. The intention was to direct the light sources 

at the same position and try to always get the highest readings to keep the marginal for error 

as low as possible.  

When varying the backlight it was also a question of where the backlight source should be 

placed to give a realistic effect. It was decided to just keep it above every marking at the 

different distances to give a consistency during the measurements. This means that the 

backlight source is more or less working at a 90˚ angle from the light source which maybe 

could influence the irradiance less than if the backlight source was placed above or behind the 

light source. It was figured that during the actual tests in reality the backlight can be placed 

more or less anywhere so it would not affect the overall results in a negative manner.  

The fact still remains that the readings vary quite a lot and this could possibly have been 

reduced by actually building a frame to place the light source and radiometer/photometer in 

for all the measurements. This however seemed like a lot of work that still would not offer 

that great of an improvement compared to how the measurements were done. It was also a 

question of time, it did not seem reasonable to build such equipment with the time limit set for 

this project even though that could be a good idea for future work.  

5.3.1. Efficiency of exciting test media 

The efficiency of exciting penetrants/magnetic particles is based on the assumption that the 

UV-source only emits monochromatic light, at 365 nm, and that blue light only emits 450 nm. 

This assumption is not completely valid since the light sources have a specific emission 

spectrum but since there was no possibility to obtain the emission spectra it was decided to do 

this assumption anyway. There was an attempt to gain an emission spectrum for the blue light 

using the Spectrophotometer but the sensitivity level of that equipment may not have been 
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advanced enough to actually retrieve anything other than the wavelength for the emission 

maximum around 450 nm. The efficiency is also based on the assumption that the irradiance 

and the absorbance of the test media are the only parameters affecting the efficiency. This 

assumption only works in theory and the outcome could be different in reality. The efficiency 

could be confirmed by measuring the actual fluorescence from the test media when subjected 

to the different light sources. To be able to do that it would be necessary to gain access to a 

Spectrofluorometer.  

Existing penetrants and magnetic particles intended to be used with blue light should probably 

be examined first to determine that the results are comparable to the ones for UV-light. All the 

test media out on the market today are produced to work with UV-light even if many of them 

probably work just as well with blue light. Another approach could be to manufacture 

penetrants and magnetic particles developed especially to be used together with blue light. If 

the absorbance for blue light would be increased it could mean a substantial improvement for 

the visibility of the indications since the irradiance is higher for the blue light sources. 

5.3.2. Safe exposure time 

The difference regarding safe exposure time is a key part for this report. According to the 

ACGIH exposure of blue light is not as critical as exposure of UV-light. The discussion 

concerning the dangers of blue light has been of great importance for determining if blue light 

has a future within penetrant testing and magnetic particle testing. One concern has been the 

risk for damages to the retina, which is a valid concern, but has probably been slightly 

exaggerated. The eye can obtain damages and in some articles it is mentioned that this may be 

a risk factor after only 5 minutes but this would only be the case if a light source has an 

effective irradiance as high as 3367 W/m
2
 (21). This value is about ten times larger than the 

readings obtained at a distance of 0.1 m from the light source. The effective irradiances 

retrieved within this report are consistent with the information from the manufacturers of the 

light sources which suggests that a different type of light source was used in the other articles. 

This means that with the blue light LED source used during the measurements done in this 

report, damages to the retina would not even be a risk factor until 2 hours and 47 min had 

passed during an eight hour shift when the light source is at a distance of 0.3 m or further 

away from the operators eyes.  

A big advantage in promoting to wear the protective eyewear anyway is the fact that the 

contrast improves greatly. Without the glasses it is hard to see anything at all since the blue 

light is so bright. Even though the risk for damages is not as great as implied in some articles 
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it could be different for operators with pre-existing damages in their eyes. Because of that and 

the fact that the contrast improves it should still be mandatory for the operator to use the 

protective eyewear at all times, to be on the safe side.  

The threshold limit value for blue light will be 100 J/cm
2 
or 10 mJ/cm

2
 depending on the time, 

distance and the radius of the light itself. There is a big difference between these numbers and 

this needs to be taken into account when determining the safe exposure time. When using the 

blue LED light that was used during these experiments there is no need to take the smaller 

value into account since it makes such a small difference after 2 hours and 47 min. Therefore 

this could be an appropriate maximum exposure time for the blue LED used. If taking into 

account the radius of the light source, it should need to be smaller than 2.2 mm to switch to 

the smaller TLV at a distance of 0.4 m away from the light source.  

Another thing to consider about the safe exposure time is that these values are made by 

directing the radiometer/photometer directly in front of the light source which will give much 

higher readings than the reflected light from a test surface would. Due to this it would 

theoretically be possible to have even higher safe exposure times for blue light. However it 

seems very unlikely that anybody would choose to use the blue light during testing without 

protective eyewear, certainly for more than 2 hours and 47 min, due to the discomfort. Also 

the safe exposure time for UV-light is a lot less but this method is still used without protective 

eyewear for longer periods of time. Because of this fact there is no apparent reason for not 

approving blue light in terms of safety for the operator, especially when using protective 

eyewear. 

5.4. Increased backlight and documentation differences 

Another aspect that is positive for blue light is the possibilities of documenting the indications 

during the testing. The ability to take pictures using the proper type of camera system is not 

affected by an increased backlight. As seen in the pictures obtained during the testing there is 

no visible difference for the pictures at 0 lux compared to the pictures at 500 lux. With UV-

light it is difficult to get pictures at all due to the circumstances. According to standards it 

needs to be less backlight than 20 lux which makes it hard to find cameras that can capture the 

indications without using a flash or getting blinded by the UV-light source. Also it can be 

difficult to take pictures for only one operator since there would be a need to hold the light 

source and take pictures at the same time. With blue light it is less difficult since the blue light 

and the yellow filter are already installed in the camera. That way it is possible to examine the 
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surface with the blue LED first and mark the indications and then turn of the light source and 

take the pictures. Since this is also possible with higher backlights the problems are reduced. 

The actual visibility during the testing also gets reduced to a much higher extent for UV-light 

than for blue light with increased backlight. 

The quality of the pictures taken during the experiments can be questioned due to the 

difference in the cameras. The camera used for the blue light is an advanced camera system 

especially developed for this purpose while the pictures with UV-light were taken with an 

Iphone 4. The reason for using the Iphone 4 was because of the simplicity in the camera. It 

was easy to just turn of the flash and the camera did not get too disturbed by the UV-light. 

There is still a question if these are suitable to compare but it was the equipment available.   

The documentation for the penetrant testing proved to be more difficult due to the size of the 

cracks at the test surface. It was difficult to get the right amount of penetrant and developer to 

not get indications that were to bright. It would probably have been a good idea to also have 

smaller standard pieces to test and document.   
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6. Conclusions 

 The efficiency of exciting penetrants using blue light was higher for 40% of the media. 

For magnetic particles the blue light efficiency was higher for 50% of the media. It is 

however important to investigate the media to make sure that the specific medium 

would work with blue light. 

 The safe exposure time for blue light is ten times longer than for UV-light with the 

light sources used in this report. When the appropriate eyewear is used during the 

testing both the safety and contrast is improved. 

 Blue light could be used for both fluorescing penetrants and magnetic particles at 

backlights at least up to 500 lux. This could improve the circumstances for operators 

since the possibility for documentation is increased and the need for a darkened 

environment is reduced. 

 Overall blue light could be used as a suitable alternative to UV-light. 
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Appendix I 

The leak testing medium was available for experiments and even though it was not of focus 

for this report it was interesting to examine if there was any differences compared to the 

penetrants and magnetic particles.  

The normalized absorption, the excitation spectrum, for leak testing media is shown in figure 

33. 

 

Figure 33: Excitation spectrum for leak testing media. 
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Appendix II 

The pictures taken for testing with penetrants at increased backlight are shown in the figures 

below:  

50 lux 

 

Figure 34: PT documentation at 50 lux, Blue light to the left and UV-light to the right. 

100 lux 

 

Figure 35: PT documentation at 100 lux, Blue light to the left and UV-light to the right. 

200 lux 

 

Figure 36: PT documentation at 200 lux, Blue light to the left and UV-light to the right. 
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300 lux 

 

Figure 37: PT documentation at 300 lux, Blue light to the left and UV-light to the right. 

400 lux 

 

Figure 38: PT documentation at 400 lux, Blue light to the left and UV-light to the right. 
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Appendix III 

The pictures taken for testing with magnetic particles at increased backlight are shown in the 

figures below:  

50 lux 

 

Figure 39: MT documentation at 50 lux, Blue light to the left and UV-light to the right. 

100 lux 

 

Figure 40: MT documentation at 100 lux, Blue light to the left and UV-light to the right. 

200 lux 

 

Figure 41: MT documentation at 200 lux, Blue light to the left and UV-light to the right.  

300 lux 

 

Figure 42: MT documentation at 300 lux, Blue light to the left and UV-light to the right. 

400 lux 

 

Figure 43: MT documentation at 400 lux, Blue light to the left and UV-light to the right. 


