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Summary 
William Konrad Roentgen discovered 1895 the type of radiation that later got his name. 
The ground technique in modern radiography is almost the same in these days, but 
several improvements have been made, mostly in the tube head capacity and the 
detection. Different from then, now there is more knowledge of radiation risks and 
possibilities.  
 
Today radiography is mostly used in medicine and industrial testing, where the 
development goes to the usage of more computerized techniques.  
 
Volvo Aero Corporation, VAC, manufactures components for aircraft engines in which 
there are intermediate cases which suffer much force during handling. That is why the 
inspection of these intermediate cases has to be extensively tested with a method that is 
trustworthy. VAC is studying if these intermediate cases can be manufactured in 
sections and then later be welded together. The method of testing these sectors is also 
analysed, and this report can bee seen as a part of that work.  
 
Digital radiographing systems are more frequently used in industry today and this report 
is partly investigating the possibilities in this area for VAC.  
 
The conclusion of this report is that some parts of the existing real time equipment at 
VAC should be used for radiographing the sectors, although with a modified system. At 
an early stage, VAC should build up a relationship with SCeNDT, a science centre at 
Chalmers. They have developed a technique called tomosynthesis, a technique similar 
to tomography. This report suggests that this technique should be applied at VAC, when 
analysing defect areas. 
 
To recommend an equipment to invest in is at this time to early to do. The detector and 
the total capacity are important variables to consider. 
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Preface 
The writer of this report wants with this preface mention a few things that matters for 
the reading of this report.  
 
This thesis is made in an area known to the writer thanks to earlier work experience 
within non destructive testing. To ensure the understanding of the report, a great part of 
the report tells the background of radiography.  
 
References are made directly in the text only at facts that can be defined as known in the 
area of the report. That means that facts or knowledge that is not accepted in the non 
destructive testing industry is being referenced directly. Other facts have their origin in 
the writers own knowledge or in the references in the table on the last page.  
 
The writer would also in this preface like to thank some persons that has been to help 
for the work of this report. That is Jan Lundgren and Sten Derantz at Volvo Aero 
Corporation as well as Björn Lander, HTU. An extra thank you goes to Lars Hammar at 
SCeNDT who has shown much interest and contributed to the solving of the task. The 
writer would also like to thank Maria Nordkvist, who added criticism during the work.  
 
Last, the writer wishes the reader much joy! 
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1 Description of the task 
This thesis evaluates digital x-ray as a non destructive testing method for intermediate 
cases on Volvo Aero Corporation, from now on called VAC.  It is thought to be a basis 
for future choices of inspection systems. This is why the evaluation is out of quality- 
automation- and cost perspective.  

The focus of the report is radiographing of sections, section welds in an intermediate 
case and the whole intermediate case. The following questions of issue will as much as 
possible be dealt with.  

• What improvements can be expected, for example in capacity with a new 
system? 

• Which demands can be fulfilled with the existing system compared with another 
system? 

• How can the results be accessible? Can a 3-D reconstruction be shown? 

• How should the results be presented to achieve automated detection? 

• What are the differences in operation cost between the systems? 

• Witch other systems can compete with digital x-ray? 

• Witch demands exist on education? 

• How can a strategy plan look for the following work? 

1.1  Basic conditions 
The intermediate case is a part of the aircraft engine that is exposed for much force 
during operation. That means that accurate inspections have to be made to ensure the 
quality. The intermediate cases consist of a titan alloy, (Ti6Al2Sn4Zr2Mo) and are 
today purchased in two parts directly from the supplier. These two are welded together 
with a circular butt weld at Volvo Aero Corporation, and are analogously radiographed. 
To decrease the cost of manufacturing, there are discussions taking place about instead 
of this buying the intermediate case in 5 or 10 pieces. VAC should then weld these 
together by laser robotic welding. (See figure 1a) Within this automated process digital 
radiographing can be included. Eventually the whole intermediate case can be 
radiographed as well. 
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Fig. 1a Intermediate case sector. The arrows are showing the location of the weld 
 
 
 
 
 

 
 
Fig. 1b Trent 500 Rolls Royce engine. The arrow is showing the intermediate case. 
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2 Radiation and x-ray 
Radiation can be divided into two subgroups, particle radiation and electromagnetic 
radiation. Below not only the basics of radiation sciences are described but also some 
concepts used in the area, for example electromagnetic spectra. 

2.1 The structure of an atom 
Atoms consist of an atomic nucleus with electrons circulating around it. The nucleus 
consists of neutrons without charge and protons charged with +1. Around the nucleus 
electrons circulate in predetermined shapes called shells or, more correct, orbitals. Each 
orbital has several positions where electrons can be placed and all these positions are 
equivalent to a level of energy. That means that the movement of electrons between 
orbitals either gives or takes energy.  

 

 

 

 

 

 

 

 

 

Fig. 2 Simple sketch of an atom.  

 

An atom emitting radiation is called radioactive and releases either particles or energy 
packages called photons. The different types of possible radiation from an atom are 
described below.  

 

The nucleus consists of 
neurons and protons.  

Orbitals in which the 
electrons can be placed.  
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2.2 Particle radiation 
 

Alpha radiation 

Some of the radioactive substances emit radiation in form of alpha particles, which 
means that two neutrons connected with two protons are emitted. The result of this is a 
decrease of atom number and a change of the atoms total charge. The amount of energy 
in each emitted particle depends on what substance emitted the particle. Generally, the 
amount of energy of an alpha particle is between 2 and 10 MeV. 

Alpha particles have a short range and must be taken in to a human body to cause 
injury, normally this is done by food intake or breathing. Injuries made by alpha 
particles are often more serious than from other radiation.  

 

Beta radiation 

Beta radiation is emitted from atoms with an unstable ratio between the 
number of protons and neutrons in the nucleus. Beta radiation consists of 
electrons, which means that the atom changes its charge to become more 
positive. The beta particle is negatively charged and its energy varies between almost 0 
to a maximum specific for each substance. Electron radiation is often made in special 
accelerators but can also arise by radioactive decay. Electrons are generally negatively 
charged but at some radioactive decays, positive electrons can be created. These are 
called positrons. Electrons reach much shorter than gamma radiation and they are 
almost totally stopped by paper. Therefore, they can not harm the inside of a human 
body. Organs in contact with air can be hurt, for example eyes and skin.   

 

Neutrons and protons 

Free neutrons and protons are created by nuclear reactions. Protons 
are positively charged and are often stopped by electric phenomena’s. Neutrons on the 
other hand act totally different. They have no charge and are therefore difficult to stop. 
Fast neutrons can be stopped by collisions with light weight atom nucleuses. Free 
neutrons can also be emitted through radioactive decay.  
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2.3 Electromagnetic radiation 
Photons are created when loaded particles are accelerated or by 
structure changes in an atom.  

Radiation means decay of small energy packages called photons. These photons move 
in a waveform while radiation can be described in two ways, both as a steam of particles 
and as a wave. Both are correct and which method the user chooses to describe the 
phenomena by depends on which instrument that he or she uses.  

An important formula, which is used when the radiation is described as a steam of 
particles, is the following: 

E=mc2 

That means that the energy of a photon depends on both the mass and the velocity. 
Often the energy is provided in eV, electron voltage.  

 

Another formula is used when the radiation is described as a wave: 

E=f/λ 

That means that the energy of the wave depends on both the frequency and the 
wavelength. The frequency is told in Hz, Hertz and the wavelength in meters.  

 

2.4 Electromagnetic spectra 
Electromagnetic radiation is divided into subgroups according to their energy level.  

Magnetic fields 

Often these radiations, which have the lowest frequency of them all, are not called 
radiation but electric or magnetic fields. These types of fields arise for example around 
electrical wires.  

 

Radio radiation 

The first radiation type that is included in the electromagnetic spectra is called radio 
radiation and has the lowest level of energy. The wavelengths are between several 
kilometers and about a meter. This radiation arises in radio transmitters and other 
electric apparatus, but also at lightning. Radio radiation is the same kind as the radiation 
that comes from space and constantly hit the earth.  
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Micro waves 

Radiation with wavelengths down to about a centimeter is called microwaves. This 
radiation has an energy level high enough to cause heating of 
human tissue. The usage of microwaves is mostly microwave 
ovens, radar apparatus and mobile phones.  

 

Infrared light 

This type of radiation comes from combustion reactions. The wavelengths is between 1 
mm and about 0,1 micrometer. 

 

Visible light 

Between the subgroups infrared and ultraviolet radiation is a very small 
interval that can be seen by humans. The wavelength is about 6 000 Å. 

 

UV-light 

Ultra violet radiation comes from all sources of light and the biggest, of course is the 
sun. The radiation contains energy enough to cause chemical reactions and can therefore 
cause injuries to biological tissue.  

 

Gamma- and x-ray radiation 

If one in the electromagnetic spectra moves to higher energies the radiation is called 
ionization. The wavelength is around 0,0001 Å. Gamma radiation arises in nuclear 
decay or by collisions between elementary particles at high energies. It can also be 
created in special apparatus. Gamma radiation with high energy level is, next to neutron 
radiation the most difficult to protect against. Gamma radiation and x-ray radiation is 
the same type, they only differ in their origin. The radiation consists of small photons 
that are released from the nucleus in high speed.  

Gamma radiation is defined as the photon decay that appears when a nucleus returns 
from an ionized form to a normal, or when a radioactive substance decays. X-ray is 
generally defined as gamma radiation created when a ray of electrons hits a plate of 
metal. The result is that electrons totally or partly move to an orbital with a level of 
energy higher than before. This is called excitation an electron.  

The actual radiation appears when the electron moves back to a level of lower energy. 
The extra energy creates a photon, which emits from the atom. That means that the 
energy level of the photon is the same that was used to excite the electron in the first 
place. The difference between gamma radiation and x-ray radiation is that the energy of 
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the photon comes from an ionized atom in the gamma radiation and from an excited 
electron in the x-ray. 

2.5 Lessen of intensity 
Newton’s inverse square law is mostly known to describe how light and sound waves 
decreases in intensity at a specific distance from the source. Radiation also obeys this 
law, which is defined in air without barrier. The formula written below says that 
intensity at a certain distance from the source is the inverse square distance. 

I = 1/d2 

When radiation passes through matter the following formula tells the intensity: 

I = e -xµ/p / Io 

Under the assumption that a ray of roentgen with the intensity I0 penetrates a material 
with the thickness x and the density ρ, the intensity I can be found with the absorption 
coefficient, µ. This is defined for a thin parallel monochromatic ray of x-ray and is a 
sum from different theories, for example Thompson scattering, photoelectric absorption 
and Compton scattering, which are further described below.  

2.6 Short about x-ray 
X-ray is as earlier mentioned electromagnetic radiation and is therefore part of the 
electromagnetic spectra. That means that they are the same kind as visible light, micro- 
and radio waves. 

X-rays cannot be seen or felt. Nor can magnetic or electrical fields influence it, it moves 
straight on no matter what. Variables that matter for the behaviour of rays are 
frequency, wavelength and velocity. Sometimes the x-ray radiation behaves as particles 
why it can be described as a movement of photons.  
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2.7 Units of radiation 
Units for radiation and doses are described in this chapter. Most of the units have names 
after the scientist who first could explain the phenomenas. 

The SI-unit for radioactivity is Bequerel, Bq, which tells what amount of material that is 
needed for a decay of one atom per second.  

The amount of radiation from a given amount of radioactive material is 
given in Curies, Ci. More precisely, one Curie is the amount of 
material needed for a decay of 3,7 x 1010 atoms per second. 

It is important to know that the same material doesn’t always produce 
the same amount of radioactivity. Two sources of 1 Curie each don’t 
always have the same mass though it’s the same material. The reason 
for this is that the amount of radioactive material compared to the 
amount of no active material differs in the substances. Usually, 

radioactivity is described as the number of Curies per unit of 
mass or volume.  

The Swedish man Rolf Sievert is the scientist behind the unit for absorbed dose. It tells 
how much energy the radiation provided per kilo tissue. One Sievert, Si is the same as 
one J/kg.  

When calculations are made of the risk connected to radiation the measure unit is 
absorbed dose. This is defined as the amount of energy absorbed in a certain volume, 
divided to its mass. The unit for absorbed dose is Gray, (Gy).  

2.8 Impact of radiation 
Ionizing radiation passing through matter looses energy during its way. The speed of 
this energy loss depends on both type of radiation, density and nucleus profile of the 
matter that is passed. All ionization radiation effects matter by either excite or ionization 
atoms. Excited electrons mean that electrons that move in orbitals occasionally or 
permanently are moved to an orbital with higher energy level. Ionization means that an 
electron is permanently moved from the atom. ”Specific ionization” tells the ability of a 
certain type of radiation to ionize atoms. The expression is defined as the number of 
repelled electrons per path unit and is specific for each type of radiation. Alfa radiation 
has a bigger specific ionization than beta radiation.  

2.8.1 Absorption of radiation in metals 

To make an image of the testing object when radiographing, some of the radiation must 
be stopped before hitting the detector or film. This occurs either when the photons hit 

Fig. 3 Marie Curie 
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free electrons in the metal or by absorption. Below the most common reasons for 
absorption are described. The pictures in this chapter are copied from www.ndt-ed.org. 

 

Photoelectric absorption 

Photoelectric absorption means that an atom 
hit by the photon is ionized, that means looses 
one electron from an outer orbital. When the 
atom later returns to normal level of energy it 
looses energy in the form of a photon- This 
photon has an energy level specific for each 
atomic number. In NDT, non destructive 
testing, this effect can be neglected. 
Photoelectric absorption mostly occurs at 
energies up to 500 keV and for atoms with 
high atomic numbers.   

Compton scattering  

Compton scattering means that when the 
incoming photon hits the atom, an electron and 
a photon are scattered. The photon that leaves 
the atom has a lower level of energy, which 
means lengthier wavelength, than the 
incoming because some of the energy was 
used to scatter the electron. Compton 
scattering is the most common effect at 
energies of 100 keV - 10 MeV.  

 

Pair production  

When an x-ray photon has higher energy than 
1.02 MeV, pair production can occur. When 
the photon hits the atom an electron and a 
positron is scattered from the atom. The 
positron have very short lifetime and disappear 
with the formation of to photons with an 
energy level at 0,51 MeV each. This effect is 
important when radiographing materials with 
high atom numbers.  

Below some other effects are described which can be seen in materials influenced by x-
rays. 
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Thomson scattering 

 
Thomson scattering is also called classic or 
Rayleigh scattering. The incoming photon 
comes close enough to the atom to change 
direction. The energy level of the photon is 
never changed.  
 
 

 
 
Photodisintegration 
 

 
This phenomenon seldom occurs at 
energies used in radiographing. The 
incoming x-ray photon is absorbed by the 
atom, which scatter a different particle 
from the nucleus.  
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2.9 History 
In 1895, the German professor Wilhelm Conrad Roentgen discovered x-rays. He was a 

scientist at the Wuertzburg University and worked at the 
time with a cathode-ray tube when he by a coincident found 
a new type of radiation. During a work, Roentgen saw a 
green fluorescent light from matter lying near his cathode-
ray tube. After trying to cover all the possible sources of 
light, he came to conclusion that radiation from the cathode- 
ray tube generated the fluorescent light.  

He could later show that the new radiation can pass through 
most matters and through shadows of them at matter behind. 
He also invented a plate to show pictures of matter exposed 
to x-rays.  

Fig. 4 Wilhelm Conrad Roentgen 

It is interesting to know that Roentgen mostly saw the technical possibilities mostly for 
the industry, but also in medicine.  

The press showed a great amount of interest in his work. The new radiation was 
interesting both to public and scientists. The public fancied the fact that they could see 
the inside of their own bodies, while the scientists were excited mostly because they 
could duplicate his experiments. The cathode- ray tube was commonly used at the time. 

One of the greatest fascinations was about the fact that x-ray has a wavelength shorter 
than light. At this time scientists hade came to the conclusion that the wavelength of 
light was the shortest that could exist.  

Only a month after the discovery x-rays was used to locate bullets inside wounded 
soldiers in world war one. The industrial usage of x-rays took almost 20 years to really 
develop. Cathode- ray tubes broke down when voltages needed for industrial use and it 
wasn’t until 1913 that Coolidge invented an x-ray tube that could operate at voltages up 
to 100 kV.  

The following years new x-ray tubes was developed but the real break through for usage 
of x-rays in industry came in 1931 when ASME, American Society for Mechanical 
Engineers first approved the method.  

As early as 1896 a second source of radiation was found by Henri Bequerel. It was 
called gamma radiation and was used much in the same ways as x-rays. His discovery 
wasn’t noticed much until Marie Curie 1898 found radium, a radioactive material.  
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2.10  Risks 
At the time of discovery of x-ray and also at the time for further use of radiation, the 
risks with the method were investigated. Because of the fact that x-rays can’t be seen or 
felt, there were no reasons to worry. On a contrary, they thought it was good for the 
health.  

The use of X-rays led to severe injuries. Because injuries from radiation are discovered 
a time after exposure, there were no findings of connections until it was too late.  

The symptoms were unspecific and that is a reason to why the injuries were not 
connected to radiation. At an early time scientists found that skin damage and symptoms 
from eyes were connected to radiation. Scientists complaining about this were for 
example Thomas Edison, William J. Morton and Nikila Tesla. 

Today it is well known that radiation is a health problem. This is one of the most 
discussed items today. Unfortunately the knowledge of today is based on experience, 
why many have suffered because of the low level of knowledge. Even if there’s much 
left to learn, scientists know a lot about the effect radiation has on molecules, cells and 
organs.  

The knowledge of today and a big part of caution has led to the set of laws that exist 
concerning work protection of today.  

2.10.1 Human effects from radiation 

Radiation affects human cells directly by affecting the parts of the cells and indirectly 
by splitting water molecules in the cells to free radicals. The free radicals then react 
with parts of the cell and causes injuries.  

The effects of radiation differ depending on which part of the cell that is wounded. 
Often there is no effect but sometimes the injuries are serious. If there is a damage of 
DNA, the cell can die or get alteration in functions.  

Below, some of the effects on human body of radiation are shown. 

• Death of cells, mostly when exposure of high doses.  

• Shortened life length  

• Inheritable injuries 

• Prenatal injuries at pregnancy 

• Cancer, that is damage of dividing function 

Many variables of radiation affects the effect radiation has in human tissue, for example 
kind of radiation and the properties of the damaged cell. 

In Sweden each man gets a dose between 2 and 4 millisievert, (mSv) on the entire body. 
This is the same as if every two cells are hit by radiation once a year. The organs have 
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different ability to protect against radiation, marrow and intestines are extra sensitive. 
Cells that divide often are more likely to be injured as well as children and elderly.   

2.11 Laws and regulations 
The law of radiation safety in Sweden, Strålskyddslagen, is an overall law that regulates 
the use of radiographing and other sources of radiation. The law has both general 
regulations and regulations concerning acceptance demands for companies.   

Because the law of radiation safety is very general, the government has given Statens 
Strålskyddsinstitut, SIS the task of making further regulations for how different 
techniques and methods can be used.  

SIS has made about 50 different regulation collections concerning usage of radiation. 
The most important regulation at radiographing is called SSI FS 2000:8 and concerns 
protection and security when working with x-ray.  
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3 Non destructive testing, NDT 
Below some of the other methods used for non-destructive testing in industry are 
described.  

3.1 Magnetic particle testing 
Magnetic particle testing means testing by applying a magnetic field on a testing object. 
The object is then covered with iron powder or iron oxide in solution. The iron 
assembled in a leak field caused by defects in the surface. The method can only be used 
on magnetic metals and for detection of defects at or near by the surface. The method is 
very good for finding line shaped defects and areas of use are indication of cracks. This 
is a cheap method witch is easy to use because it is not tied to a certain place.  

3.2 Penetrant testing 
Penetrant testing is similar to magnetic particle testing. The test object is covered with 
penetrant dye solution. After drying the extra solution from the sample a developer is 
put to the test object with the reason to make the trapped solution in the defects come to 
the surface. The result is that the operator can see the penetrant fluid above the defects. 
This method can be used on all metals witch means that the usability is larger than with 
magnetic particle testing. The depth of witch defects can be found is smaller than with 
magnetic particle testing, and has the same advantages.  

3.3 Ultrasound 
An apparatus for ultrasonic testing is more advanced than earlier mentioned techniques. 
A gel is put on the testing object and thereafter sound waves are sent in to the material. 
The echoes are shown on a monitor and defects can be seen as peaks. The frequency of 
the waves is between 20 and 50 kHz. This is a method that is easy to atomise but pricey. 
The method can be used for most materials, but has the disadvantage of needing plain 
surfaces. Areas of use are for example measurements of thickness and searches for 
welding defects. 

 

3.4 Electromagnetic testing 
This method is similar to ultrasonic testing with the difference of sending electrical 
currents in to the material instead of ultra waves. Defects can be seen on a monitor and 
is based on interactions in the character of the current. This method is mainly used for 
quick and automated testing, for example when testing pipes. Mostly this method is 
used for finding defects on or near by the surface. 
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4 Radiographing     
When radiographing, an x-ray tube is used to create the radiation. Electrons are by high 
voltage (normally 100-300kV) accelerated from a cathode to an anode. 99% of the 
energy put in to the apparatus comes out as heat and 1% as radiation. This is why the 
cathode has to be cooled.  

Electrons are decelerated in the anode whereas photons are sent out. These photons pass 
the testing object and then hit the silver grain in the film. Silver grains hit by photons 
react with the developing fluid witch lead to a blackening of the film. The more photons 
that hit the film, the more black it gets. That means that photons that for some reason 
are stopped in the testing object don’t contribute to the result. This is the explanation to 
why pictures of x-rayed objects can be seen. 

4.1 Image quality 
To evaluate the quality of a film the expressions contrast and sharpness has to be 
known. Contrast is the degree of difference in blackening between two nearby areas on 
a film. The contrast should be as high as possible to find defects. The contrast is closely 
connected to the characteristics of absorption of the material. The sharpness is the same 
thing as the accuracy of details. That means how prompt the change between two areas 
with different blackening can be seen on the film.   

4.2 Filter 
Photons produced in an x-ray tube vary in their energy level. Photons with a lower 
energy level contribute to worsening the contrast of the film. To stop these before they 
hit the film, filters are used. These are shields made of metals with high atom number, 
in industry mostly lead.  
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4.3 Magnification 
If the distance between the object and the film are larger, the reproduction of the testing 
object gets larger. The magnification is a measurement of how much enlargement one 
gets when the distances a and b vary. Magnification, M is expressed as follows: 

  

M = (a+b)/a 
 

 
 

 
 
 

 
 
 

 

 
Fig. 5 Magnification.  

 
In real time radiographing this method is widely used and a common problem is that 
when enlargement of the distance between the film and the test object, the geometric 
unsharpness increase. The geometric unsharpness, Ug, depends on the size of the focus 
as well as the distances focus-object and object-film, which can be expressed as follows: 

 
 

Ug = f*b/a 
 
Where:  

f = focus size of the tube 

a = distance between source of radiation and front side of the object 

b = distance between front side and film 

a 

b 

Object 

Source 

Detector
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Fig. 6 Geometric unsharpness, Ug 

 
Large focus sizes are used when radiographing analogue. Therefore the film has to be as 
close to the object as possible to minimize the geometric unsharpness. When real time 
radiographing, RTR is used, this problem doesn’t occur, while micro- or mini focuses 
are used. www.ndt-ed.org recommends that highest allowed geometric unsharpness 
should be 1/100 of the objects thickness.  

Theoretically the focus size could be decreased to achieve minimized geometric 
unsharpness. The ideal would be a minimum size dot shaped focus. In real, the heat 
production gets to big and the focus melts. The amount of heat energy produced in the 
focus can be expressed as: 

P=U*I 
 
U is the voltage and I is the ampere. While the energy that is produced spread on the 
focus, bigger areas can, of course, handle more energy than smaller.  

To achieve the best results, temperatures close to the melting point of the focusmaterial 
are used. To not damage the focus cooling has to be made. Of course the focus material 
should have high melting point which is why tungsten often are used.  
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4.4 IQI 
IQI´s, Image Quality Indicators is a method used to give information of the images 
contrast and detail accuracy. Different types of IQI´s exist. One of the most common is 
wire penetrameters, which consists of a number of wires of different thickness capsuled 
in a plastic cover. The wires consist of the same material as the testing object. The 
plastic cover should be placed on the side where the radiation hits the object and after 
developing, a number of wires can bee seen as a proof of the contrast and detail 
accuracy. When measuring digital systems resolution a wire penetrameter is used 
containing thin lead wires set as a fan. These differ in diameter and are in one end 
reconstructed as black against white, (100% MTF), in the other, where the wires 
connect, the MTF is 0%. The systems resolution is given by MTF (%) as a function of 
spatial frequency (lp/mm). 

4.5 Pros and cons 
The most common area of use for radiographing in industry is welded constructions. 
When radiographing welds most defects can be found, for example pores, lacks of 
fusion and cracks.  

A great advantage when radiographing compared with other non-destructive testing 
methods is that defects inside the material can be found. Another is that the test result 
can be saved and shown to the orderer.  

Work environment is a disadvantage with this method and below some of the problems 
are shown.  

 

• Marking of films are often made with figures made of lead. To minimize the 
exposure of lead on the operator, he or she has to wash their hands a lot. This 
leads to contamination of wastewater. 

 
• The risk of radiation that the operator and his surroundings are exposed to is 

strongly regulated in laws and other regulations. Mistakes are not covered in the 
regulations though.   

 
• When developing manually, the operator is exposed to gases from fixer and 

developing solutions. He or she is also in risk of spilling.  
 

4.6 Environment 
The environment is negatively effected by radiography mostly because of the waste. 
The wastes are filters made of lead, used films and lead figures. Also, used solutions 
come in big amounts.  
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4.7 Real time radiography, RTR 
RTR is a testing method where a reconstruction of the test object is created 
electronically instead of on a film. Instead of the film, a detector system is used, 
containing an image intensifier and a CCD-camera (extra sensitive to light). Contrary to 
analogue radiographing, the picture is positive. That means that thin sections give a 
brighter image. Analogue signals from the CCD-camera are converted to digital and 
these are handled in a digital image processor. Improvements, measurements and 
different analyses can be done in the image processor software. Real time comes from 
the fact that the image appears directly or almost directly after the radiation.  

The three big differences between analogue and real time radiography is the inspection 
speed, the equipment and its cost as well as the method for analysis and storage of the 
images.  

4.7.1 Inspection speed 

When radiographing analogue, every object needs a certain time of exposure to 
radiation to make a proper image. This time can differ between a few seconds to several 
minutes. The result can be seen after developing; which can take up to 15 minutes. If the 
testing object is new to the operator, he or she can’t analyse the quality of the film until 
up to 20 minutes after start of work. With RTR the image can be inspected almost 
immediately after exposure.  

With RTR a sample positioning equipment is used, which makes it possible to rotate 
and move the object in most directions. This means that welds as long as meters can be 
inspected in a few minutes. If, for example a defect is found during testing, the operator 
can easily move the object to get a better view.  

4.7.2 Equipment 

RTR-systems are manufactured in different sizes. In figure 7, a normal RTR-system, 
which by the way is the one at Volvo Aero Corporation, is shown.  
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Fig. 7 Overall image of testing system at VAC  

 
 
Source of radiation and manipulator 
The source of radiation in RTR is normally a mini- or micro focus tube, though these 
generate high resolution. The small focus sizes also make the magnification easier 
without loosing the resolution. Tubes for RTR are often costly, but give a great 
opportunity to improve the image.  

The object to be inspected is fixed firmly in a set controlled by a 4 or 5-axled motorized 
handling system. This gives an almost total ability to reach everywhere without 
manually moving the object.  

 

Image intensifier 
The radiation from the tube goes through the object to the image intensifier. This 
contains an input screen with collimator, a cathode part and an output screen. The whole 
image intensifier is in a vacuum environment. 

The incoming radiation is converted to visible light in a luminous screen containing CsI. 
Several thousand photons are created for each x-ray photon. This light is far too weak to 
be used for making an image, why the photons are converted to electrons and then back 
again to intensify the image.  

 

This is made by using a cathode part to convert the photons to electrons. The electrons 
are then accelerated by an electric field of up to 25 kV to increase their energy level. 
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The electrons then move to a fluorescent screen with a size of about 1/100 of the size of 
the input screen. The electrons are converted to photons again in the fluorescent screen.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8 Image intensifier with CCD-camera 
 
 
The image intensifier gives many advantages, mostly by the big amount of light that can 
be sent through the output screen. But there are also disadvantages, for example the 
non-uniform pixel response and phosphorous blooming. Non-uniform pixel response 
means that the pixels grey level differs in the edges from the middle of the image. 
Phosphorus blooming arises when phosphorus particles in the output screen emits light 
when hit by a photon. This light can then be spread to other phosphorous particles.  

 
Camera 
The camera is placed behind the image intensifier. There are many different types of 
cameras available for this purpose, and two qualities of importance are the dynamic 
resolution and the ability to transform light energy to electrical energy. Dynamic 
resolution tells how many grey levels the camera can generate.  

CCD-camera 

The type of camera that is most popular in RTR is the CCD-camera. This contains an 
electronic chip with small elements called pixels, which creates an electric pulse 
equivalent to the incoming light. If the CCD-camera gets hot a disturbing noise witch 
affects the picture negatively. Some CCD-cameras has a cooling system to prevent this.  
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4.7.3 Image processing and storage 

The spatial resolution, which is the total number of pixels in both directions and the 
contrast, is two important qualities witch effect the detection of defects. The analogue 
information shown in the raw image needs improvements by computers. This is made 
by an image processing program witch normally are made for each detector. To make 
the analogue image digital, it is converted in a AD-converter. If, for example a 12-bits 
converter is used it will split the grey scale in to 4096 (2 12) levels where 0 equivalents 
black and 4096 is equivalents white. When the image processor has finished this 
conversion some advantages arise, for example disturbing electronic noise disappear 
and the special resolution increases. The more pixels and the more information, bits 
there are the better resolution the image gets.  

Image processing programs can contain many functions for improving the image 
quality. Frame averaging is a method commonly used to reduce disturbing noise. That is 
a mathematical process that works according to this explanation: Each pixel has its own 
value, in the example above, between 0 and 4096. By adding a number of close pixels 
and divide with the number of values, the negative effects of noise are radically 
reduced. A big disadvantage with this method is that it’s time-consuming. Three types 
of averaging exist; they are averaging, integration averaging and recursive averaging. 
Integration averaging needs a still image while recursive averaging can be done while 
moving the test object.  

Two of the big advantages with real time radiography is, as earlier mentioned the 
possibilities to save images and results from testing, and the inspection speed. 

4.8  Tomography 
This technique is only generally described, because its limitations make it unusable in 
this project. The reason why is described in the conclusion.  

Tomography was for the first time used as a non destructive testing method in the late 
1980´s. The object is all around applied with radiation with an angular interval and at 
each interval the amount of absorbed radiation is measured. The values are digitalised 
and sent to a computer. This sums all the values with mathematical algorithms and a 2-d 
or 3-d reconstruction is created. Tomography has a lot of advantages because the 
operator can divide test objects in several parts and detect defects.  
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4.9  Measurement of system capacity  

4.9.1 Modular Transfer Function, MTF 

Resolution is the smallest distance between two objects that can be seen. The resolution 
is strongly connected to the contrast of the system, which is the number of grey scales 
used by the system. A term for measuring resolution is MTF, Modulation Transfer 
Function. This is a measurement of the contrast between two close objects as a function 
of their mutual distance. The method is also called contrast transfer function. The higher 
MTF- curve a system has, the easier can the eye observe two objects that are close. This 
means that defects are easier to find.   

Fig. 9 Example of an MTF-curve. 
 

MTF is measured in percent and is a function of the number of linepairs /mm, that is the 
spatial resolution, and is a combination of contrast and resolution. When comparing 
different detectors MTF values this is often done by comparing the spatial frequency at 
5 % MTF. Although the detector has a good MTF curve the operator should consider 
the fact that the technique used when radiographing could tear down this with geometric 
unsharpness.  

The MTF curve for the radiographing system should be as good as or almost as good as 
the detectors.  

One disadvantage with MTF curves is that they are put together in laboratories with 
ideal conditions using excellent testing objects. This makes it difficult to determine the 
quality of the image. Another way of showing the capacity of a radiographing system is 
the Detective Quantum Efficiency, DQE.  
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4.9.2 Detective Quantum Efficiency, DQE 

This is a measurement to show how well the image system makes use of the incoming 
photons. When comparing systems, this is often the best value to use. DQE is mostly 
described with this formula: 

 
 

DQE = SNR0
2/SNRi

2 
 

Where SNR0 is the signal/noise ratio in to the detector and SNRi is the signal/noise ratio 
out of the detector.  

 
Fig. 10 An example of a DQE-curve. 

Noise 
The image quality decreases dramatically as the noise increases. Quantum, digitalisation 
and electronically noise are sporadically signal disturbance that interrupts the usable 
information that is needed to create an image. The quantum noise increases as the 
number of detected photons varies. The effect of the systems noise can be described as a 
signal to noise ratio, SNR: 

 
Signal/ Noise =contrast /noise = usable information/ disturbing information 

 
SNR can be described as follows: You want a detector to register N number of photons 
per pixel in an area on an image. When N is big enough, the Poisson distribution is 
approximated with the normal distribution and the standard deviation will be √ N. This 
standard deviation has a character with the level of noise and the average value has a 
character of the signal level. Then, the SNR can be described as:  

 
SNR = N/√N = √N 
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That is, when registration 10 000 photons, the spreading will be 100 photons, which is 
the same as 1%. 

 
Efficiency 

This parameter is strictly bounded to DQE, though DQE is proportional to image 
quality divided to the radiation in to the detector. This relationship says that a detector 
with high DQE should have a potential to increase the image quality if the exposure 
time is the same. That also means that with a high DQE the time of exposure can be 
shorter without affecting the quality. The accuracy of the system is based on the 
detection efficiency that can be counted from:  

Accuracy = 1/√ n * 100% 
 
Where n is the number of detected photons in an area 

Contrast 

This third quality is the systems ability to make the correct greyscale out of the 
radiographic signal. The dynamic resolution means the number of greyscales the system 
can show. Digital systems can show several thousand greyscales and this gives the 
advantage that it is very hard to over- or under expose. Digital detectors give much 
bigger abilities to detect defects in objects with low contrasts. Above this, the contrast 
can be much increased with image processing programs. All together this means that 
DQE should be used to compare digital systems because it combines noise, detection 
efficiency and contrast. Analogue images resolution is at the best 10-20 lp/mm. (Or 0,1-
0,6 mm) 
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5 Digital systems 
To find the best suitable system for VAC, the writer both explored the market, search 
for the recent research and made several tests at different systems. 

5.1 Large Area Detectors 
These descriptions are suggestions from the writer of this report. The detectors below 
can be used for the sector casting. The reader should notice that the information 
concerning these detectors come from the GE Inspection Technologies homepage, and 
therefore some issues of importance are missing. The writer of this report thinks that 
this technique is trustworthy.  

 
Ge Inspectionsystems RADVIEW S140 
 
Converting screen: Gadolinium Oxisulfid  

Size: 282 x 406 mm 

Pixel size: 127 µm 

Data out: 12 bit linear 

Max Dose in: 1 MR 

Frame time: 3,4-200 s 

Physical dimensions: 500x553x47 mm 

Weight: 11,4 kg  

Operating temperature: 10-30°C 

 

The above digital detector contains a scintillation layer of GdO2S, witch convert the 
photons to light. After this, amorphous sensors of selenium convert the photons to 
electrical impulses that are read digitally and sent to the image processor.  

 

Ge Inspectionsystems RADVIEW DR SE17 
Converting screen: Amorphous Selenium over 
TFT  

Size: 350 x 430 mm 

Pixel size: 139 µm 

Data out: 12 bit log / 14 bit linear 
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Frame time: max 18 s 

Physiscal dimensions: 467x467x35 mm 

Weight: 8,2 kg  

Operating temp: 10-35°C 

This is a detector in which no converting layer. Instead, a direct converting thin film 
transistor matrix with a coating of amorphous selenium is used. 

The manufacturer of the detectors above also manufactures totally automated systems 
that contain a detection module, SABA 3000 P. The system is called DP 600 ROB. This 
system uses a 6-axels robot as an object manipulator. The x-ray tube, ISOVOLT 160Hs, 
is optimised for light metal alloys. A flat panel detector is used with this.  

 

 
 

 

The cost of this system isn’t possible to tell without a complete specification, but the 
price is between 1 and 10 million SEK, according to Thomas Wichmann at GE 
Inspection Technologies.  
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5.2 Recent research 
Below some articles are described that, according to the writer of this report, are of 
interest in the subject.  

Different flat panel detectors from AGFA, nowadays GEIT, were compared with 
analogue images in an article by P. Willems, P. Soltani och B.Vassen at AGFA NDT. 
The MTF curve for an amorphous selenium detector was higher than the analogue at a 
voltage of 200 kV and object thickness of 20 mm. The focus sizes for the digital 
detectors were 1 mm and 2 mm for the analogue. This of course affects the results. 
According to DQE, the digital detectors were clearly poorer.  

The above harmonize with the fact that analogue film resolution still is better than 
commercial digital detectors.   

In the report”A new lutetia-based ceramic scintillator for X-ray imaging”, a ceramic, 
Lu2O3 which has high density was used as a scintillator. A measurement of MTF was 
done when a 10µm thick tantalum strip was radiated, and the results at 10% MTF, the 
spatial frequency was almost 30 lp/mm. The tube voltage was in this experiment 40kV 
and the size of the pixels in the CCD-chip was 35µm. A fibre optic plate was used 
between the scintillator and the CCD-chip.  

The above report tells that ceramic scintillators will be important in the development of 
new radiographing detectors.  
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5.3 Results of verifying tests 
The first tests were done at VAC´s own real time radiography system. The tests showed 
that the detector has limitations, and that is why the writer of this report analysed the 
whole system. An alternative could be to exclude the existing micro focus tube and the 
detector. Instead, a high-resolution detector and an x-ray tube with greater photon 
intensity could be used.  

5.3.1 The real time system 

The equipment consists of the following main parts: 

 
X-ray tube, FeinFocus FXT-225.20 
Length: 719mm 

Max kV: 225 

Max mA: 3 at voltage 70kV 

Focus size: 5-1000 µm 

Focus material: Tungsten 

 
Image Intensifier, Thomson TH9449HP 
Nominal input screen size: 152 mm 

Output screen size: 14,5 mm 

Input phosphor: CsI-layer 

Output phosphor: P20  

 
Video camera 
CCD with tandem optic system 

Manipulator 

5-axled engine driven manipulator system with magnification grade of more than 100X 

 
Image processing 
Max spatial resolution: 512 x 512 pixels 

Max grey level resolution: 256 (8 bits) 

Image memory: 1 MB 

Real time digitalisation: Yes 

Grafic processor: ACRTC 63484 
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Math Co-processor: Matrox-Asic 

Statistic processor: Matrox-Asic 

5.3.2 Tests performed by usage of a real time system 

A number of tests were done with weld samples in Ink 718 with the thickness 2,2 mm. 
The tests were prepared with different discontinuous, as pores, cracks and lacks of 
fusion. Below only the tests important for the report is shown.  

Exposure data for the nickel samples: 

Real time system:  
kV: 120  mA: 0,066  FFD: 2050 mm 

 
Analogue system: 
kV: 120  mA: 15  FFD: 1100 mm  

Exposure time: 1 min 

 

NDT 3 
The first object was a sample with porosity and these were easily detected and could be 
measured with the manipulator system and a big enlargement. The tests were compared 
with analogue x-ray and it showed that there was no problem finding the defects that 
were found with analogue testing.   

 
 
Fig. 11 and 12 Digital images of a 0,3 mm pore. NDT3. To the left an image filtered 
with integration averaging and to the right a so called relief image. 
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NDT 11 
This sample was prepared with a lack of fusion. The RTR-system showed some big 
advantages compared to the analogue system. With the help of the manipulator, the test 
object could, during the exposure, be turned to show the best view of the defects. See 
figure below. (This image is, as well as the above arranged with a filter technique that 
gives a relief structure) 

 
 
 

 
Fig. 13 Relief image of a lack of fusion in NDT 11 

 

The images above where compared with analogue films and the conclusion was that 
there was no problem finding the defects that were found with the analogue technique. 
A lot of noise appeared, though. But the main part of this noise could be suppressed by 
the image processing techniques. The micro focus makes it possible to enlarge the 
defects many times without increasing the geometric unsharpness. The analogue 
technique is very time delaying and the reason for that is the long exposure time and the 
over 10 minutes long developing time.  

 

TITAN ALLOYS 

The radiation isn’t absorbed quite as easy in titan alloys as for nickel alloys. That means 
that the noise and the exposure time is less in these materials, especially when thin 
objects should be penetrated. The inspected samples were named T418.87 and T4114.70 
and thickness were 2 and 3,1 mm.  
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Fig. 14 and 15 Porosity. The image to the left is a relief image on T18.87 and the one to 
the right, T4114.70, is treated with integration averaging.  
 
Sheet Metal Deposition, SMD 
A number of test objects made with SMD were tested as well. SMD is a weld method 
where geometries are built up by weld. The first was a boss with a diameter of 15 mm. 
The analogue image showed a clear pore on top of the weld (the boss). With the real 
time system this was difficult to see.  

 
 

 
 
Fig. 16 The pore can be seen as a brighter area. The image is treated with integration 
averaging. 

A conclusion that can be drawn from these tests is that with thin object the real time 
system generates good resolution and the image processing functions gives great 
possibilities to lessen the noise. The detector, though, is mostly for medical 
applications, and has big disadvantages when thicker objects are to be tested.  
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5.4 SCeNDT  
SCeNDT, Science Centre of Non Destructive Testing is a research centre that works in 
the area of high-resolution radiography. They are located at Chalmers Lindholmen in 
Göteborg. The main contact and therefore the source of information is Lars Hammar, 
graduate student in advanced radiography technology.  

High-resolution images are one of the subjects that SCeNDT is focusing on and to get a 
good result they use a digital system called Hi-Re X.  

The radiography system is optimised for a thickness between 20 and 60 mm steel. It has 
been tested in nuclear industry and was used to detect cracks in 60 mm stainless steel. 
Instead of using a conventional image intensifier, an x-ray camera is used, which is 
described below. The x-ray camera is equipped with a tungsten and lead layer to protect 
against background scatter up to 50 mSv. 

The x-ray tube has a constant potential, that is, the voltage doesn’t change and is always 
at maximum during exposure. The manufacturer is Philips and the voltage has a 
maximum of 450 Kv, 8 mA and has a focus size of 1 mm². It also has an NC-operated 
manipulator system and an x-ray camera. As an image-processing program, Image Pro 
Plus is used. This has an ability to present 24 bits colour scale, which is more than 16 
million colours. The manipulator system has a position accuracy of 0,1 mm at 
translation and 0,15° at rotation.  

5.4.1 The X-ray camera 

In front of the x-ray camera is the scintillator that is converting the x-ray photons to 
visible light. This contains a glass fibre plate where the fibres are doped with Tb2 O 3. 
The plate has a thickness of 10 mm and each fibre has a diameter of 20 µm. Usual 
scintillator layers contains CSi crystals and are difficult manufacture as thick as needed 
to get the wanted detection efficiency and resolution.  

To keep the good resolution given by the scintillator it is connected to a straight fibre 
optic light guide, where the fibres of lead glass protect the light guide from scattered 
photons. The light guide is directly connected to a CDD-chip. The difference to 
conventional image intensifiers is that they often have lenses to direct the light ray to 
the CCD-chip and that this doesn’t use an intensifier part.  

The camera is equipped with a cooling system with the purpose to decrease the 
background noise and to secure the reproducibility. The fibre optic light-guide contains 
a fibre package, which are many tightly packed fibres. This gives the advantage that it 
protects against scattered photons. A disadvantage with the straight fibres is that the ray 
of radiation has to come in a straight line with the fibres. That means that the adjustment 
of the tube has to be carefully operated.  

The light photons from the light guide then hits the CCD-chip, containing 1300 x 1150 
pixels, with a size of 22,5 x 22,5µm. Because the fibre optic lens is straight, the size of 
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the CCD-chip regulates the size of the input screen. The analogue signals from the 
CCD-chip are converted to digital in an AD-converter with 12-bit resolution.  

 

    Fibre optic light guide 
 
 

 

 

 

 

 

Fig. 17a The X-ray camera 

The x-ray cabinet is covered with lead where the tube, camera and manipulator are. 
Outside is the computer with image processing program.  

 

 
 

 
Fig 17b Lead dressed cabinett at SCeNDT. 

A difference from conventional real time systems is that this camera operates in a slow 
scan pattern, which means that the images doesn’t come in real time (25 images per 
second). This method needs the same exposure time as analogue technique. If the real 
time effect is wanted there is a possibility to program a number of positions with a small 
movement between the exposures and then later make an animation of them. By doing 
this, one can later operate the sequence with different image processes.  

Scintillator 
CCD-chip 
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5.4.2 Image processing 

The software used is Image Pro Plus, a program with a number of advanced functions. 
One of the most important is the so-called background correction. That means that the 
image is corrected according to unevenness in the ground material. The results will be a 
better contrast between background and zone of interest. This function is especially 
important when searching for density differences.  

The background correction works by making an image of the background of the image, 
mostly the ground material, and then adding this to the original image. The program 
uses an algorithm for this, based on the formula: 

 
CIx,y = ( Ix,y-BL/BIx,y-BL*(M-BL)) + BL 

 
Where: 
Ix,y is a pixel value of the original image at (x,y); 
BIx,y is a pixel value of the background image at (x,y); 
M is the back ground images total average value  
BL is the level of black, for example 4096 
CIx,y is the new pixel value in the corrected image 

5.4.3 The capacity of the equipment 

The equipment can create a resolution of 20 lp/mm at 10-20% MTF without object and 
with a potential of 60 kV 

The equipment can create an impressive resolution of 10 lp/mm at 10% MTF when an 
object of 20 mm steel is radiated with a potential of 400 kV. 

Lars Hammar writes in the report ”Teknisk beskrivning av ny röntgenteknik för 
provning av O2-313, smidesringar” that resolutions over 20lp/mm hasn’t been 
measured. Sampling according to Nyqvist sampling theorem has to be made with 
double frequency to make a good signal out.  

When spatial sampling, that is capturing data from an area, there are by 20lp/mm, a total 
of 20 lines (25µm each) and 20 middle sections. According to the Nyqvist sampling 
theorem the information has to be collected with half of this interval. That means that 
information should be picked up at every 10 µm, which means that a pixel should be 10 
µm. A pixel has a maximum amount of saving ability, and the pixel with 10 µm can 
only register 50 000 photons compared to a pixel of 22,5 µm which can register 300 000 
photons.  
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5.4.4 Verifying tests at SCeNDT 

Tests were made at SCeNDT on weld samples from VAC. These were T-welds of titan 
with a thickness of 1 and 3 mm. They were prepared with different defects as pores and 
cracks. The best would be if tests had been made on thicker material but these images 
give a hint of the systems potential. 

 

Fig 18 and 19 1 mm and 3 mm laser welded t-welds in titan.  

 
 

 
 
Fig 20 Equipment arrangement at the first exposure.  

On the first test, 1 mm thick, two exposures were made and on the second, 3 mm thick, 
four exposures were made. Arrangements and images of two of these can be seen in fig. 
20-24. A scanning was also made and the manipulator system was programmed to 
follow a schedule with defined angle movements between horizontal axle and tube 
respectively camera where the weld of the object was centre of rotation.  

The images below are originally 16-bits but are here converted to 8-bits.  
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Figur 21 and 22 In the figure to the left the 1 mm-sample with the 4 smallest pores and 
in the figure to the right a CAD-model with the pores.  
 

 
 
 
 

 

Figur 23 och 24 3 mm-object where at left the 2 biggest pores can be seen and to the 
right a CAD-model of the object.  

 

5.4.5 Tomosynthesis 

Tomography is not a method that can be used for the intermediate cases, which is 
discussed below. There is though, another method called tomosynthesis that as well as 
tomography produces slice images of the object. This method is to be preferred when 
the test object is big compared to the detector as well as when the object is thick. The 
technique is similar to Tomography and is based on radiographing a number of 
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projections with a certain angular interval. These images are then added to each other 
and a reconstruction can be calculated with pre-defined algorithms.  

An example that easily describes tomosynthesis is when a crack has been found and its 
spreading is to be found. The x-ray tube and the camera are positioned in a pre-defined 
angular interval relative to the crack. At each position an exposure is made, and the 
images are put together to create a 3-D reconstruction. The algorithm used is almost the 
same as in tomography with the difference that only a certain number of projections are 
made in a certain angular interval. A control is made to se if each ray cuts a projection 
plan and if it does, the position is calculated and the contribution from that specific ray 
is added. When calculating these cuttings the local coordinates of the detector are 
moved to the reconstruction plane with different transformation steps.  
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6 Conclusion 
Below the conclusions are summarized. The problems are defined earlier in the report 
and are therefore not duplicated here. 

• Tomography is an excellent method when the object is human tissue or thin steel 
object, but when thicker material is to be tested, the methods disadvantages are 
too significant. It is not a reliable inspection method 

• For the butt weld between the sectors is a system without included automated 
detection is recommended. These automated detection modules are not 
optimized for weld defects. A conventional X-Ray tube can be used. 

• To achieve good image quality a fibre optic detector should be used and to 
analyse defect areas a 3D-reconstruction of these could be made by 
tomosynthesis. Cooperation should be established with SCeNDT, because these 
are the ones developing tomosynthesis. 

• The entire geometry of the intermediate case can not be inspected in one 
moment. Instead the sector castings could be inspected in the existing Real Time 
cabinet. 

• Before a system can be recommended several tests has to be done. The current 
manufacturers should be contacted and an impartial person with great 
competency in radiography could thereafter be a part of the final evaluation.  

 

The table below can be seen as a summary of pro and cons for the current x-ray 
systems.  

  

Image 
quality / 
Reliability 

Environm
ent 

Investmen
t cost 

Operating 
cost Speed 

Possibiliti
es for 
automatio
n Sum 

Traditional technique + - + - - - -2 

RTR - + - + + + 2 

Tomography - + - + 0 + 1 
X-Ray camera with 
tomosynthesis + + 0 + 0 + 4 

Flat panel technique - + - + + + 2 

Table 1 Comparison of the different techniques 
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6.1 Tomography 
As for the radiographing in general the development of methods the development of 
tomography is mostly based on medical needs. Tomography is an excellent method 
when the object is human tissue or thin steel object, but when thicker material is to be 
tested, the methods disadvantages are too significant. Reliable reconstructions of good 
quality of the objects in this report are not possible to achieve with the tomography 
systems available today.  

The sectors could one by one in theory be inspected with tomography, but this would 
not give any extra in the inspection point of view. It would only be an unnecessary 
expensive method and not reliable. A cheaper and more reliable method for solving the 
problem is presented in section 6.3.  

It would, though be interesting if the whole intermediate case could be tomographed. 
For this, an extreme source of radiation would be needed, and the natural choice would 
then be a gamma source. These have the limitations of giving very high-energy 
radiation that are uncontrollable and give a low resolution in the detector. High-energy 
radiation sources generate bigger inherent unsharpness. 

For this source of radiation, a humongous protection is needed, which makes the 
expenses bigger. Another limitation is that the object has to be smaller than the detector, 
to be able to make projections 180° around the object. The writer of this report has 
never heard that that kind of detector exists. If, in case such a detector should be 
invented, the cost of such should be far higher that the result advantages could defend.  
As a summarization, this method is not usable, and another method gives better 
advantages, namely tomosynthesis.  
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6.2 Butt weld 
 

For the butt weld between the sectors is a 
system without included automated 
detection is recommended. The automated 
detection modules are these days not 
trustworthy enough for weld application, 
according to Gregory Mohr, Ph D and 
manager of development of x-ray 
technology at GE IT in the USA. To clarify 
what defect the operator has found, a 
tomographic reconstruction should be 
used, namely tomosynthesis. Below, some 
parameters that VAC should have in mind 
in further work.  

Fig. 25 Entire intermediate case. 

To achieve resolutions that can compete with conventional radiography, detectors with 
fibre optic scintillators should be used. A big advantage with this is that one of the 
existing x-ray tubes can be used, instead of investing in a new. The saved money should 
then be used for investing in a more advanced detector.  

The fact that this technique is specified for each manufacturer, the support is an 
important issue. Therefore, the manufacturer should be one of the big ones at the 
market, to not risk the lack of support in a few years. It can out of this point of view be 
safer to buy a system with less resolution from a bigger company, than risking a lack of 
support.  

To make the costumers prefer the new system VAC should argue for the environmental 
advantages, the possibilities to save data and the time saving. It’s important to make 
sure that the image quality is comparable to analogue technique, so that the costumer 
looses that argument. It can, though be hard to find a system with a better resolution 
than analogue technique.  

No matter what system VAC chooses for their testing of butt welds, the writer wishes to 
comment the importance of image quality. Real time systems are therefore not the best 
method for this problem. It’s better to accept a few seconds exposure time per position 
to assure the image quality.  

A close cooperation should be established with SCeNDT, because these are the ones 
developing tomosynthesis. This part has big competence in high resolution x-ray and 
has no profit demands, and therefore they should be involved in the testing of the 

Detector 
X-Ray tube
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system. VAC can together with SCeNDT optimize a detector for the specific needs 
concerning the intermediate cases. 

When radiation source, object and detector control the quality of a digital image, the 
system performance can’t be guaranteed without testing. To recommend a system at this 
stage would therefore be pointless. Instead, a number of manufacturers should be 
contacted and be told about the problem. Thereafter the systems that were 
recommended should be compared by an impartial person with great competency in 
radiography.  

The detector and manipulator should be small enough to without difficulties pass the 
inside of the intermediate cases because of risk of geometrical unsharpness. Gaps at the 
butt weld will be filled up with SMD, and the penetrated thickness will then be about 60 
mm. A constant potential x-ray tube with a max voltage at about 400 kV is needed for 
such thicknesses. Such a tube has a big focus size which often leads to high geometrical 
unsharpness. This is why the distance between the object and detector has to be 
decreased. The great thicknesses also require a system with high resolution which leads 
to the importance of finding a fibre optic detector. 

6.3 Sector castings 
Discussions have been made at VAC whether one instead of buying the sectors tested, 
they can do the testing in their own. The testing should be on the whole sector casting 
and also sections of it, made by SMD. VAC´s desire is to make this in digital form.  

Because the butt welds are going to be tested in the intermediate cases, it would be 
desirable to x-ray the whole intermediate case in the same inspection moment. Now this 
can’t be done, because the short sides of the sectors have a thickness of 200-300 mm. 

Instead, VAC should investigate the possibilities to use the existing real time system for 
the sector castings. That is, before the sectors are welded together, their short sides or 
the whole sectors should be tested in the weld/x-ray-cabinet. By doing this, the SMD-
welds can be reached from different angles, which increases the possibilities to find 
defects. Below are some aspects to be considered if making such an investment.  

• The system has to be completed with a digital detector because the existing 
image intensifier emits too much noise at thicknesses over 10 mm.  

• Both the detector and the image processing software should be from the same 
manufacturer as the automatic cell, to decrease the cost both for the equipment 
and the installation.  

• The testing can with the recommended system be automated by programming 
the manipulator system. The inspection time for each part would be so short that 
this investment hardly would be motivated. The operator has to change object 
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often anyway. Because of the heaviest sector weights only 16 kg, one is always 
below the manipulators maximum weight at 50 kg. 

• To analyse defect areas tomosynthesis could be used.  

 

VAC should make sure that the system can handle inspection of other materials and 
thicknesses so that this can exclude the analogue testing as much as possible.  

For both systems the testing should be done with real objects and with defects in the 
same size as smallest accepted defects according to requirement specifications.  

6.4 New equipment 
The welded titan structures can not be compared with an old system, because they 
haven’t been tested on VAC before. Below the Hi-Rex system is the starting point of 
discussion, and the adjustments recommended is therefore based on the equipment at 
SCeNDT.  

The Hi-Rex system is adjusted to detect small defects in thick material, which makes an 
x-ray tube with lower voltage characteristic more accurate for VAC. The fibre optic x-
ray camera gives a resolution better than wanted, but the resolution specifications from 
VAC have to decide the quality of the detector. A constant potential x-ray tube on 320 
kV and with a focus size of 0.1-1 mm should be enough for the first butt weld string. 
One can slightly control the resolution by choosing the right scintillator and this has to 
be tested. The resolution can also be affected by changing the exposure time and the 
longer exposure time, the better accuracy.  

Because the control system is programmable, there is no problem atomizing these. 
When collected the objects coordinates a run schedule can be written. This takes time to 
program, but when this is done, there is a schedule that can be used for many variants of 
intermediate sections.  

A small problem with the x-ray camera is that one has to be careful when pointing it so 
that the rays always come in line with the fibres. This is programmed so that the plus 
angular always are corresponding to the minus angular for the camera angular. When 
flat detectors are used, there is a lack of resolution, but the above mentioned problem 
plays a smaller part.  

A 3-D reconstruction of the entire weld is unnecessary, but can be effective at defect 
analysis by using tomosynthesis. 

 

 



 Evaluation of digital X-ray as a non destructive testing method at Volvo Aero  
 

 44

6.5 Economical aspects 
A total of 56 employees are involved in the practical part of the non destructive testing 
at VAC. 10 of these work with x-ray.  The cost only of films is yearly 1,3 million SEK. 
Whether costs can be reduced is too early to tell. The better system that is bought the 
more of the analogue radiographing can be taken away. This leads to lessen of film 
usage and possibly even personal cost. This is something that VAC should investigate 
more.  

 



 Evaluation of digital X-ray as a non destructive testing method at Volvo Aero  
 

 45

7 References 
Mångård, Måns (2000). Optimised performance of industrial high resolution 
computerised tomography, doktorsavhandling, Linköpings tekniska högskola 
 
Karlströms, Magnus (1997). Tomosyntes, algoritmer och program. Department of 
Electrical Engineering, Linköpings Universitet, S581 83 Linköping 
 
Nationalencyklopedin (1993), Höganäs: BraBöcker 
 
Valentin, Jack (1987). En bok om strålning. Nordstedts 
 
Vännman, Kerstin (2002). Matematisk statistik. Lund: Studentlitteratur 
 
Hammar, Lars (1997). Teknisk beskrivning av ny röntgenteknik för provning av O2-
313, ”smidesringar”. SAQ Kontroll AB 
 
Blomqvist, Alexander SW5. In-sevice Inspection by X-Ray Tomosynthesis, A new 
Method for Sizing IGSCC, SAQ Kontroll AB 
 
Karlströms, Magnus 1.al. Crack Detection in Tubes using Filtered Linear 
Tomosynthesis. Department of Electrical Engineering, Linköping University, S581 83 
Linköping, Sweden 
 
Willems,P. 1 al. Image Quality comparison of Digital Radiographic Systems for NDT. 
Agfa NDT, Belgium 
 
Lempicki, A.1 al (2002). A new lutetia-based ceramic scintillator for X-ray imaging. 
Nuclear Instruments and Methods in Physics Research a 488, pp. 579-590 
 
Amendolia, S.R.1 al.(2001) Comparison of imaging properties of several digital 
radiographic systems.. Nuclear Instruments and Methods in Physics Research a 466, pp. 
95-98 
 
Image-Pro Plus version 3.0 for Windows Reference Guide, (1997) Media Cybernetics, 
L.P.) 
 
http://www.geinspectiontechnologies.com 2004-05-06 

http://www.asnt.org. 2004-03-29 

www.amershealth.com, 2004-04-20 

http://www.normankoren.com 2004-04-29 

http://www.ndt-ed.org 2004-05-01 

 
 


