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Summary

This project investigates the detection and evaluation of
Imperfections in internal structures of castings and welded joints by x-ray
radiography. Optimum radiography conditions that lead to clear and high
contrast image on the radiograph were studied.

Equations derived earlier for finding the size and depth of defects
in castings were used in this project to test their applicability to a wide
range of geometrical parameters used in radiography.

The importance of non-destructive testing NDT in industry is
discussed. X-ray radiography being one of the NDT techniques, has some
privilege over other techniques. For example, welded joints sometimes
contain internal flaw or blowholes that may escape detection by other
NDT techniques but can not escape detection by x-rays.

Two kinds of samples are prepared for radiography. The first
sample is aluminum casting through which two different sizes of steel
spheres are included. This sample was radiographed from two opposite
sides and the x-ray films were analyzed.The second sample is steel plates
which are welded by arc welding and then radiographed by x-rays.
Imperfections in this sample such as incomplete root penetration,
undercut and porosity were detected by x-ray radiography.

Different conditions influencing the preparation and radiography of
the above samples were studied. The prepared welded sample was
radiographed three times for different high voltages (120,140,160) kV
respectively with an exposure time of (80) second. The best quality image
where the defects can be detected clearly if its size is (5%) of the
radiographed object using (120) kV and (140) kV. Moreover the results
show that the optimum film gradient was found at (140)kV and the




contrast is better than obtained with (120)kV while darkening image was
found at (160)kV.

In field of the aluminum casting, the two equations were derived
earlier proved their capabilities as a right method for identification each
of size and depth of such defects in castings and welded joints.
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Chapter One I ntroduction

Chapter One

1.1 Introduction

Not all industrial components that are nfaotured meet the required
specification. Defects of many types and sizes tayintroduced to a
component either in casting or welding during maxtifre and the nature
and size of many defects may influence the subseqerformance of the
component. Other defects, such as imperfectionaorosion may be
generated within a material during service. Itherefore necessary to have
reliable means for detecting the presence of defattthe manufacturing
stage and during the performance of that comporiaspection systems
(visual or nonvisual) using well-established phgkiprinciples have been
developed which will provide information on the ttyaof a component and
which will not alter or damage the components seamlies!.

Accordingly the benefits of inspection of manufaetlicomponent can be
divided into three categori€s

1. Increased productivity.

2. Increased serviceability.

3. Safety.

1.2 The Cause of Abnormalities in welded joints andastings
1. Inherent defects - introduced during the ingiedduction of the base or
raw material.

2. Processing defects - introduced during procgssithe material or part.
3. Service defects - introduced during the opegatiycle of the material or

part'?.
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1.3 Evaluation of arc Welds

Welding processes are widely used in the fabooatof nearly all
industrial components. Despite the best care tattenng design and
fabrication, many of the welded components faileesgly at the weld joint
and heat affected zones, drastically influencirg glerformance reliability.
Many failures are attributed to improper designwefd joint, bad preparing
the surfaces being welded, selection of base na#teand filler material,
welding processes, and operating parameters .Ornyetovaninimize the
failures of welded components is to apply non-desive testing (NDT)
procedures immediately after the fabrication to enakre that the welded
joint is defect-freé™.
Data on defect dimensions help fracture mechamicsssess the health of

welded componerit.

1.4 Defects in Welding

1.4.1 Surface Imperfection

1. Pitting refers to imperfections appearing oa $lurface of the parent
metals, usually in the form of small depressiord ancaused by corrosion
or the lifting of scale during rolling of plate nesial ™"

2. Weld spatters are imperfections appearing erstinface of the weld or
parent metals formed by globules of metal expadieding arc-welding. This
iIs an inherent property of some electrodes, but beagaused by excessive
welding current .Weld spatter can be dangerouseaadherence is generally
poor and so is liable to become detached duringcset®"".

3. Chipping, peening, or grinding marks are sw@faentations due to
chased cuts. They are caused by incomplete drees$itigg weld area. If a

grinding groove is narrow and of sufficient deptmiay be dangerous and



Chapter One I ntroduction

its radiographic appearance will probably be simitathat of an internal
weld defect§®7.

4. Under cutting is a groove or channel in thdasig of the plate along
the edge of the weld. It can occur when the eléetimeld at incorrect angle
with excessive current. This may materially redube joint strength
particularly®® ",

5. Incompletely filled groove is a continuous otermittent channel. It is
a butt weld face where the thickness of the thredéss than that of the
parent. It is caused by failure to fill up the erawith weld metdf® .

6. Excessive penetration is an excess of weld Impetéruding through
the root in a fusion butt weld. An excessive peat&n can be unacceptable
especially in pipe welds by causing an impedimeritutid flow 7.

7. Exposed inclusions or exposed porosities aag s other foreign
material entrapped during welding and appearingypan the weld surface,
giving a pit or pock mark at the surface of the dWf" .However, these
inclusions may not appear on the weld surface.

8. Overlap is an imperfection at the toe or roba aveld caused by an
over flow of weld metal on the surface of the pametals with out fusing
with the latter. It is caused when the welding had been used at incorrect

angle, the electrode has traveled too slowly, ercilrrent was too loWw® .

1.4.2 Internal Defects
1. Blowholes, voids, or gas bubbles are largetemsvresulting from gas
being entrapped in the weld. The term blowholes @aesed by damp
electrodes or too high a current or high speed lett®de or possible
lamination or corrosion of parent metal or greaspainted plate edges . A
blowhole will not seriously affect the mechanicabjperties of a weld unless

its size is excessive® 7!



Chapter One I ntroduction

2. Pipe is an elongated or tubular cavity in theldvmetals due to
entrapped gas. Capillary pipe is a fine pipe extendlong the junction of a
weld and parent metal. The cause of a pipe is gédpeimilar to that for a
blowhole, but it is frequently due to moisture imetelectrode coating.
Capillary pipes are normally due to faults in tkzegmt metaf>® .

3. Porosity: this occurs when gases are trappetedrsolidifying weld
metal. These may arise from dirt, particularly ailgrease, on the metal in
the vicinity of the weld. This can be avoided byfpaming the process in
completely dry conditior®® 1.

4. Incomplete root penetration is a lack of fusioithe root of weld or a
gap left by the failure of the weld metal to fifle root of a butt weld. It is
caused by the electrode held at an incorrect angtejarge in diameter,
travel too fast, an insufficient welding currenty an improper joint
preparation. Incomplete root penetration can foemosis defects, as the
unfused area permits stress concentration and mitigté cracking™®".

5. Lack of fusion describes the failure to fusgether adjacent layers of
weld metal or adjacent weld metal and parent. Téked results mainly
from the presence of slag, oxides, or other nonlireesaibstances, too low a
welding current, incomplete fusion and it can atse from too high
welding speed. The defect reduces the strengthegbint, and under cyclic
or shock loading it is seriotr "

6. Slag inclusions, and other nonmetallic inclasiomay be the result of
weld-metal contamination by substances on the said&the joint, or by the
atmosphere, but the usual source is the slag forlhedhe electrode
covering. The slag inclusions are often associatéll lack of penetration
and under cut that may occur in between weld r@wxurrence of large
irregular inclusions will reduce the strength afi@d. The presence of small

isolated inclusions may not affect the strengtiwelded structures, but may
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be considered adverse to design when included gh Ipressure pipe
runst>®71.

7. Cracks can occur in either the weld metal aepametals. In the
former they are classified as longitudinal or trarse. In the latter it is in
the parent plates with the origin in the heat-aédzone of the weld. Weld
metal cracks are caused by high localized strasst® joint arising from
the shrinkage of weld metal, or by resistance oveneent of the parent or
by vibration of the structure during welding. Thiere it is important that
each weld run is strong enough to withstand thenkage and to allow as

much freedom of movement as possibfe”.

1.5 Evaluation of Castings
Castings may contain certain imperfections whightgbute to a normal
quality variation. Such imperfections are takewl@fcts or flaws only when
they affect the appearance or the satisfactorytiomag of the castings and
the castings in turn do not come up to the qualitg inspection standards
being applied . Defective castings offer an evespnt problem to the
foundry industry. Defective castings account fa ttormally higher losses
incurred by the foundry industry. Casting defecats asually not accidents,
they occur because step in the manufacturing ayoés not get property
controlled. A defect may be the result of a singéarly defined cause or of
a combination of factors in which case necessagygntive measures are

more importanf.

1.6 Defects in Castings
There are several known defects introduced in #mirmgs as in the

following:
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1. Porosity or gas-holes are spherical holes ofing size, with bright
walls, distributed in the metal. The larger holead to be found in the
heavier sections (last to be solidified). The gasthe molten metal is
removed by keeping casting ladles and mould$drif

2. Blowholes are mainly found in two forms.

A-Elongated cavities with smooth walls. Found jostow the surface of the
topmost part of a casting. These are caused bwamed air and can be
avoided by venting the moufd®*”!

B- Rounded shape cavities with smooth bright watks caused by mould
gases coupled with insufficient permeability, orntneg. They can be
avoided by using less oil binder in the mould ansiging core is dfy °%

3. Inclusion these are material discontinuitiesnied by the inclusion of
oxides, dross, sand and slag in a casting. Theglwedo careless skimming
and pouring, to the use of a dirty ladle, and tdodlence. This can be
avoided by proper use of equipment and foundrytjmeic.

4. Hot tears are a discontinuity caused by fractfrthe metal during its
contraction as it cools during the early stagesras$olidification. They
appear as one or more dark spots, jagged anddmesdiographic films*2.

5. Shrinkage a casting defect that occurs durivgg rhiddle and later
stages of solidification of the cast metal. It i$oam of void and can be
distinguished from that of spongin&s'%.

6. Cracks are well defined and normally straigatéires; they are formed
after the metal has become completely solid. Higdnrhal stress is required
to cause fracture 3!

7. Cold shuts: these are discontinuities (a fofrlack of fusion) caused
by the failure of a stream of molten metal to umiiéh another stream of
metal, or with a solid metal section such as a ltaphey are linear in
appearance. With perhaps a curling of the moltehermould will appear as

a dark crescent or circfé.
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8. Unfused chaplet: a chaplet is often used tgeupa section of a
mould and where the molten metal is poured ingctreplets should fuse into
the casting. When unfused the chaplet will caus#isaontinuity in the
casting desigh.

9. Misplaced core: is an irregularity of wallgdkness. One wall thicker
than the other and can be detected by radiograatmnique”’.

10. Segregation: this discontinuity comprisesipaldr component of the
metal composition that have different solidificatitemperatures. And so
tend to be driven by solidifying metal and segregat particular area,
particularly the central zone of a casting. Thisyrappear as light or dark

area in radiographic film&*.

1.7 Diagnosis of Abnormalities

The diagnosis of abnormalities can be classifiéd twwo major groups.

1.7.1Destructive Tests (DT)

Tests are carried out to evaluate the specimardar to understand a
specimen's structural performance or material biehaunder different
loads. Also to find out how strong, flexible, ontplived a material is often
requires the ultimate sacrifice: the destructiorthef sample by equipments
designed to precisely measure its performance @ fdte of a force.
Mechanical techniques and some of chemical anarg@swide known of
(DT) technique¥.

1.7.2Non Destructive Tests (NDT)
During recent years the use of non-destructiveingsof material
components and assemblies has grown to a greattexbgether with a

similar growth in the use of mass-production megitt
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NDT refers to all the test methods which permitites or inspection of
material without impairing its future usefulné&$s

Non destructive evaluation NDE procedure plays @poirtant role in
materials processing, as well as in subsequentriaatéesting, product
design, manufacturing and quality control of mactifeed products. They
are also essential to the integrity of structulahents and complex system.
Accept or reject criteria should be based on ND#ical safety efficiency
and operational features of large scale structdepend on adequate NDE

capabilities'").

1.7.2.1 Visual Inspection

Visual inspection methods are intended to detduw¢ tsurface
discontinuities and may be carried out with nake® er by using a
magnifying glass.
Generally visual inspection is used to determinghghings as the surface,

shape or evidené®!,

1.7.2.2 Liquid Penetrates Inspection

Non-destructive method for finding discontinuitigsat is open to the
surface of solid and essentially non porous mdge¥id This inspection
depends mainly on a liquids penetrant (developeat penetrant). The
developer is effectively wetting the surface ofido$pecimen and the
penetrant must have the ability to enter extrerfialy surface defects. Red
Is the most commonly used color in dye penetramdisthis color is the most
readily seen by human é{le The technique is simple, low cost, portable,
and results easily interpreted. The limitationdho$ technique are that the
defect must be open to the surface and can notognipt porous materials
291 This technique is just for use to metal or allogtenials especially for

welded joints.
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1.7.2.3 Magnetic Particle Inspection

Magnetic particle inspection is sensitive methbdboating surface and
some sub-surface defect in ferromagnetic compoiiért.basic principle of
this method is that while magnetic flux line areisad to flow in a sample,
the local disturbance at flow is detected by usnagnetic powder either dry
or preferably as a suspension in a liduit?!!
The advantages of this method are fast, low ca$fpassible to obtain good
indication even if a sample contains contaminatintaterial. The
disadvantages of this method are restricted obfeagnetic materials and

restricted to surface or near surface flaws.

1.7.2.4 Eddy Current Inspection

Eddy current inspection is based on the princigle®lectromagnetic
induction and it is used for electrically conduetimaterial™®.
If a coil carrying an alternating current is plagegbroximity to a conductive
material, secondary or eddy current will be induedthin the material. The
induced currents will produce a magnetic field vithidgll be in opposition to
the primary magnetic field surrounding the coileTimpedance of a coil can
be determined by measuring the voltage across ddyEcurrent test
equipment, change in coil impedance can be indicatea meter or display
on the screen. The advantages of this techniquieiginespeed, low cost and
no contact required. It was used for inspecting ¢baductive material
only>*. The disadvantage of this technique are wide rarigearameters
which affected the eddy current responses and giyeests restricted to

surface breaking conditions and slightly subsurféss.

1.7.2.5 Ultrasonic Inspection
The imaging of materials discontinuities by ulbasd depends in part on

the difference in acoustic impedance of two adjacemterials. Most

-9-
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ultrasonic inspection is performed at frequenciestwben (1) and
(25) MHz!?* # The electrical pulse is applied to a piezo eledmaasducer
which converts electrical to mechanical energy atter wise is valid. The
ultrasonic energy levels through the material agpacific velocity that
depends on the physical properties of the matefiad amount of energy
reflected from or transmitted through an interface other type of
discontinuity, dependent on the properties of mfie). The advantage of
this technique is its capability for inspectiortloick section (up to 2meters),
low cost, and portable and can be used for gra#tyaf materials”. The
disadvantages of this technique are calibratiorckdorequired, also the
technique requires smooth surface, and no permaeeatd, but possible

with more complex computer based anal{féis

1.7.2.6 Radiography Inspection

Radiography is a well established NDT methodotmaining information
about discontinuity through out the specirfféh Radiography is performed
by placing photographic film mounted in light-tighdlder as close to object
as possible and then irradiating the assembly filmenopposite side with
either x-ray ory-ray** ?°! Radiography is a very useful NDT system; the
term radiography is a process in which an imag@raduced on film.
Radiography is capable of detecting any featur structure provided that
there are sufficient differences in thickness angity within the test piece.
Radiography method is generally used for the swfoksgletection of
internal flaws that are located beneath the sufface
The interaction of x-ray enables part to be inspeécby differential
attenuation of radiation intensity. The most feasurof radiography
technique are:
Detection of internal defects, surface defects, t@n used for many

materials, and the correctness of part assemilasthe other hand the

-10 -
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limitation of radiography technique is the maximomaterials thickness, and

on the smallest imperfection that can be detecyedtay

1.8 Production of X-rays
X-rays are produced when an energetic beam aftreles is suddenly
arrested by impinging upon a target. By thermiamgssion, electrons come
from electrically heated filament of tungsten, amd allowed to hit a block
of high atomic number material. Both of the filarhemd the target are
contained inside an evacuated glass tube. Therapeof x-rays, when
examined, is found to be composed of two parts wuéwo different
mechanisms. Fig.(1.1) shows the interaction betwadentrons and target

atoms in x-ray tube.

E E
sutface of target h hu,.-t ~ E \|/

e )@
Ml/(;@é M LK a
;

deflection

coatterad ¥ electron

electron ejected

Fig.(1.1) Interaction between electrons and targeitoms in x-ray tubd?”!

Electron — a — approaches the atom and will belleshedeflected and
slowed down. The target material gains energy, litgated up.
Electron — b — penetrates through the atom andoappes the nucleus. It

suffers a change in direction and large reductoitsispeed and energy. The

-11 -



Chapter One I ntroduction

energy lost by the electron is emitted as x-rayisThay is called
bremsstrahlung which means braking radiation ad¢led continuous x-ray.
Electron — ¢ — interacts with an individual electio the atom. The orbital
electron is removed from the shell. The resulisization of target atom.
The vacancy is filled from another shell and chimastic x-rays may be

emitted?®”.

1.8.1 Absorption and Attenuation of X-ray
When an x-ray beams of intensity (I) passes throagmaterial of
thickness (dx) it loses a part (dl) of its intepsit
di=-pnldx (1.1)

I =bexp (-umP X) s (1.2)
Um=p/ p i (1.3)

Wherep is the density of the material in g / tand p,, is termed as mass
absorption coefficient, in chi g which is independent of thickness (x). And
Is a function of the energy of the absorbed ragiaéind the atomic number
of the absorbing element.

W/ p)a Z"/E
where m is a number between 4 and5
n is a number between 2 and3

In the case of homogeneous material the above iequaill be™?!.

I=loexp (-_X) v, (1.4)

-12 -
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Where | , § are the emergent and incident intensities respegti
u: Linear absorption coefficient expressed in uoftsm*
X: is the thickness of the absorber in cm.

1.8.2 Geometric Unsharpness

Geometric unsharpness refers to the loss of dieimias a result of
geometric factors of the radiographic equipmentsetdp. It occurs because
the radiation does not originate from a single pbirt rather over an aréa.
Fig.(1.2) shows two sources of different sizes,gaths of the radiation from
each edge of the source to each edge of the feafutke sample, the
locations where this radiation will expose the figmd the density profile

across the film. Image (a), the radiation origisas a very small source.
Since all of the radiation originates from basig#éile same point, very little
geometric unsharpness is produced in the imagegdr(la , the source size
is larger and the different paths that the raysadfation can take from their

point of origin in the source causes the edgel@hbtch to be less defined.

-|— Source of

Radiaticn

v
B
N
TN
::; ==
nd " 2

Fig. (1.2) Schematic diagram showing geometric imagunsharpness
(Ug)

- 13-
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The three factors controlling unsharpness areceaize, source to object
distance, and object to film distan@8. The source size is obtained by
referencing manufacturer's specifications for aegix-ray or gamma ray
source. Industrial x-ray tubes often have focak smes of 1.5 mm squared.
As the source size decreases, the geometric umssa@lso decreases. For
a given source size, the unsharpness can be dedrégsincreasing the
source to object distance, but this comes with ducton in radiation
intensity. The object to detector distance is Uguapt as small as possible
to help minimize unsharpness. The area of varyegsiy at the edge of a
feature that results due to geometric factors llead¢ahe penumbra. The
penumbra is the gray area seen in fig. (1.2) (bfeCand standards used in
industrial radiography require that geometric umghass be limited. It is
difficult to measure it exactly in a radiograph. eféfore it is typically
calculated. The source size must be obtained frivea ¢quipment
manufacturer. Then the unsharpness can be caldulaiag measurements
made of the setup. The following formula is usedatculate the maximum

amount of unsharpnesisd) due to specimen thicknégs
UGS FXXIL oo, (1.5)

F = Source focal-spot size
L = Distance from the source to front surface ef diject
X = The thickness of the object

1.8.3 X-ray Film

It is constructed from a film base usually madeceliulose tri-acetate
which is relatively thick and transparent layereTiim base is surrounded
by two layers of emulsion and hence the film idechlouble-coated film. In
the emulsion layers all the changes occur whichltrés the production of

the visible pattern. The emulsion layers consistgefatin in which is
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suspended a very large number of tiny crystals ilokers bromide. The
emulsion layers are attached to the film base by then layers of gelatin
plus a solvent for cellulose tri-acetate. Finallypo super coating layers,
which consist of clear gelatin, cover the x-raynfirom both sides. When x-
rays penetrate the protective plastic cover of dassette, they cause the
intensifying screen to convert a few absorbed xyhgtons into a lot of
light photong®Y.

1.8.3.1 Development

During which the affected silver bromide crystaé aonverted into
opaque, black silver spots, whilst those which hawe been sufficiently
affected remain in their previous yellowish tramnsint staté".

1.8.3.2 Fixation

The unaffected AgBr crystals are dissolved awagying only the record
of the x-ray pattern in the form of black silveotpembedded in gelatin.
After fixation the film should be washed to remdke processing chemicals
as well as the products of the chemical reactiamndyrocessing. The final
step is to dry the filri*.

1.8.4 The "speed" of The Film

The exposure which is needed to produce a den3ityX) depends upon
a type of film. If a small exposure is needed, ttlenfilm is "fast” where as
if a large exposure is needed then the film iswWsloFig. (1.3) shows
characteristic curves of two films. Film (A) Taster than film (B), i.e., film
(A) needs a smaller exposure for the same optieakity as compared to
film (B) B,
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E: Exposure in roentgens
I: Intensity in roentgens/sec

t: Exposure time in sec

Relative Speed
= EB[EA

DEMSITY

1 al
EA E!
EXPOSURE (mR)

Fig. (1.3)The characteristic curves of two films. Fm (A) is ‘faster than

film (B), i.e., needs a smaller exposure for the sz density!*"

1.8.5 Radiographic Contrast

The density difference on a radiograph between raage and the
background is known as contrast.

The blackening of the x-ray film is measured byanmg of a quantity

which is known as optical density.

Optical density =1ogo (I/1)  evvvvveiiiiieen, a.7)
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Where (1) is intensity of visible light incident upon a simarea of the film

and (1) is the intensity of light transmitted frahat small area .
The contrast (C) is defined by

Where D and D are optical densities at two points. The minimum

detectable contrast that a human eye can seeoist® 9.

1.8.6 The Characteristic Curve

It reveals the behavior of the x-ray film with tlggiantity of x-ray
radiation striking it.
Fig. (1.4) shows the characteristic curve of amaxfiim from this figure the
fog level (ab) which is represented by the backgdolow density region is
always present and added to the density resultorg the exposure. Range
of visual densities is (0.25 to 2.5).
Also from the figure. (1.4) the straight line porti(cd) represents the most
important region of the film. In this range of espioes; the density is
proportional to the logarithm of the exposure. 8irthe eye responds to
contrasts (that is difference in density) it is or@ant to consider the
difference in density brought about by differenpesures.
Therefore, the physiological response of the eyédible light of different
intensities is logarithmic. The slopg) (measures the maximum density
difference resulting from two exposures.
Film (y) equals
Yy=(D— D)/ (logoEs— 0G0 E1)  vevvvvviiii, (1.9)

D, and DO are the densities which result from exposure plid g

respectively®!..
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DENSITY
e
I
0

E log E;fE, = log Ex—log E;

i Ei Ez :
0 1o
EXPOSURE (mR) (LOG SCALE)

(=]

P L
E

Fig. (1.4) The characteristic curve of an x-ray fiin !

1.8.7 Radiographic Sensitivity

The ability to detect a flaw in the specimen de&jsean the nature of the
flaw, its shape and orientation to the radiatioarheas well as on the film
selection, geometrical unsharpness, and film derSt Image quality
indicator (IQI) sensitivity is not directly a measwf flaw sensitivity. The
step, wire and holes types of penetrameter willgie¢ the same sensitivity
value when used under identical conditiBis The wire and hole (IQI) type
penetrameter consists of sets of wires arrangethareasing order of
diameters (0.032 to 3.2 miff). The hole (IQI) type penetrameter consists of
sets of holes arranged in increasing order of diersg0.1 to 6.3 mmj®.
The penetrameter shall be placed on the sourcedidiee object being
examined and should be placed so that the planteofpenetrameter is

normal to the radiation beam, and the (IQIl) sevisjtican be expressed as
follows %,
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Wire 1QI sensitivity = (Diameter of smallest detsale wire) / (Thickness of
specimen under wire) x 100 ............. (1.10)

Hole 1QI sensitivity = (Diameter of smallest detdae hole) / (Thickness of
specimen under hole) x 100 ............. (1.112)

1.9 Method of Identification of Foreign Materials in Casting or
Welding by Using X-ray Radiography

In order to calculate the size and depth of defacid voids in objects,
the following procedure was adopted. This involtasng two radiographs
from two opposite sides of the object on two ddferx-ray films. By the
analysis of x-ray films and the derivation of eqomtsuitable for the
experimental set up used, geometrical informatiooua the defects may be
obtained. Fig. (1.5) shows the parameters requiré@ measured in order to
find the depth (Y) and the radius (R) of the defaside the object.
If two separate radiographs are taken of the opfemi two opposite sides
as shown in fig. (1.5), then the actual values Yf &nd (R) could be

calculated by considering the geometrical relatmof the radiographic

parameter§®.
Y = (Re(L+X) = RLL) (Re+RL)  woveeeeeeeeene, (1.12)
R =R, Re CLEX)((L+X) (RARR)) oveeeereeeeenn. (1.13)

Special Case: If the defect is in the middle of theiographed block, then

the radii kand R on the radiographs are equal:

Rr=RL
Substitute this result in equation (1.12) we get.
Y=X2 oo, (1.14)

-19-



Chapter One

I ntroduction
Put R= R_in equation (1.13) we get.
R =R (2L+X) / (2(L+X))

£ nr 5| radiograph

N

.',.:_ _:',I

levale—2w —l

]
Ix; T —3 T3

Fig. (1.5) Experimental set-up for radiography showng the parameters
used in equation (1.12) and (1.13) to calculate (¥nd (R)*®

-20 -



Chapter One I ntroduction

1.10 Literature Review:

The art and science of Non-destructive testing N&E very old.
Probably one of the most famous and well known etemis that of
Archemedes. In performing a test to determine & #ing had been
defrauded by the silversmiths. Archemedes discavéne principle that
now bears his name.

In 1920, the non-destructive testing NDT has dgwedb from a
laboratory curiosity to non-destructive tool of guation. However, the real
revolution in NDT took place during world wHr The progress in materials
engineering in identifying new and improved matesriaubsequent to a
number of catastrophic failures in world wardike the brittle fractures of
liberty ships, necessitated the requirement to &est improve material
properties. This requirement resulted in a widegliaption of the existing
NDT methods and techniques and also paved the oragievelopment of
new methods and techniqu&%.0ne of the most NDT techniques widely
known is x-ray radiography.

X-ray was discovered by Rontgen in 1895.The esfatnient of the
radiography after the discovery, added a uniquesdsion to man search
for knowledge. The effect of radiography in the matfield has been
tremendous. No less dramatic, has been the imphoct-ray on the
engineering world where it is used as an inspedtbohheralded a new era
in NDT. Even up to the early 1950, industrial x-ray equeptwas mainly
modified medical equipment. In 1954, the descriptiportable x-ray
equipment has a very different meaning to thatoofay with equipment
weighing up to 120 k2.

In 1959 Hogarth published a paper on the use dddiegraphy for
examining defects in material as a common pradticenany years™. In
1960, American welding society published a manuwatamdiography which

Is used to same extent for examination of brazedgoAs a general rule,
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uniform thickness which is not too thick may be ioggaphed if an
exposure can be made straight through the 8int

In 1981 Huggins used 10 kV to 150 kV for radiodrgphe found that
the energy region below 150kV resulted in radiogsawhich are free from
scatter. This will not be so if the material beiragliographed is of low
atomic numbel®.

Development in radiography and Fluoroscopy in sidal field up to
1982 have been discussed by Steldrt

Segal and Trichter in 1988 used radiography asohtb estimate the
width and depth of cracks. They concluded thatdéeth of the crack can
not be determined without accurate information alboe angle of exposure
and the LSF (line spread function) of the radiogsapystem®.. In the
same year Adams and Gawléy used x-ray radiography technique for
inspection the composite (which contains steel nmesth bars and light
weight of fiber reinforced) and bonded joints. Thagncluded that their
design specifications of the composite used wileftolerate quite high
levels of porosity (5% would be typical) and thssrelatively simple to
detect by x-ray radiography.

Also, Bushlin and Notea in 1988 concentrate on ghely of typical
rectangular crack and then estimated its size filmenradiography. Their
interpretation is based on a description of theogr@phic image generation
by the theoretical modef&.

In 1990 Deutsch discussed inversion methods aiatadeveloping an
inexpensive film in projection x-ray radiographye lsed this method for
the evaluation of cylindrically symmetric objeét8.

In 2001 Jedran discussed Non destructive evaluaifoceramic \ metal
joined systems by using x-ray radiographic techaidde found that the x-
ray radiography technique is a suitable methodcimamic to metal lap
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joining system and best operation condition folay-radiographic system
must be determingdf’.

In 2001 Mahrok and Azeez found a practical metioochlculate the size
and depth of defects and voids in metals by thdyaisaof x-ray films and
the derivation of the equations suitable for theezimental set up uséd.

In 2003 Ayad studied the panoramic method of x#@jiography for
detection of welding defects in gas pipeline.Thehoe was used to detect
welding joints in pipes which are more than 10 exn diametéf®!.

In 2006 Peter Hayward presents the results obuariechniques used on
selected samples. The used samples contained etyvafiflaws and are
subjected to radiographic inspection using x-ray,92 and Se 75. He also
used different classes of film. He concluded thatdpplication and use of
Se75 for industrial radiography is applicable foees thicknesses over
(5mm). Also he found that the relative contrast S¥75 is improved
compared to 1r192. His results show that the typiealding flaws can be
detected using Se 7§.

In 2010 Mahrok et.al. present a study on radiogyagnd found that
when the radiographed sample is too thin, it iseeeary to estimate the
effect of the reradiated fluorescent radiationhas was found to contribute
significantly to the total transmitted intensitydainence to the contr&€t.
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1.11 Aim of the Work

The aim of this project is to study in depth the&ive variables that
play roles in detection and examination of fabedatvelded joints and
castings by x-ray radiography.

These variables are geometric image unsharpngss;alo density,
sensitivity of film and the correlation between thgh voltage and contrast.

Particularly the capabilities and limitatioofsthis technique in defecting
the type, size, depth and shape of the imperfestiwa also studied. Also the
identification of defects and abnormalities likety be encountered during

the manufacturing process or afterwards may becthetdy x-rays.
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Chapter Two
Experimental Part

2.1 Introduction

This chapter includes preparation of samples texaanined by x-
ray radiography technique where the industrial cisfein internal
structure of the object in the welded sample otimgss revealed in the

x-ray film. Also description of the instrumentsmgluded.

2.2 Samples Preparations
Three types of samples were prepared: namely: ptatds, steel

welded and casting of aluminum alloy.

2.2.1 Stedl Plates

X-ray interacts with any substance that it pas$eeugh. This
interaction enables different parts of substanceadnspected through
the differential attenuation of x-ray. During thasgage of x-ray through
the substance, their intensities are reduced expiailg. Many factors
affecting the reduction in x-ray as it passes tglothe substances. The
mathematical formula expressing this behavior isiaiqn (1.4).The
incident and transmitted intensities are propoeioto the exposure.
Accordingly by using different thicknesses of stpédtes, a different
value of the ratio (If) can be obtained. These are (15) plates of
(80x55x4 mm) in dimension and (2) plates of (55x45x1 Thnn
dimension from the same weld metal samples. Thdagsp were
arranged as steps with gradual increase in thiskinem (2-20 mm). Fig.

(2.1) illustrates these arrangements of the samples
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Fig. (2.1) A photograph illustrates steel plates

2.2.2 Casting Sample

In order to calculate the size and depth of defacid voids in
castings which may occur during production procassaluminum alloy
block was prepared that incorporates two differadti steel spheres. The
aluminum alloy liquid was obtained by heating alnam alloy pieces in
a furnace up to the aluminum melting point for (8ipute. Then liquid
aluminum alloy was poured in a rectangular moulasecst of natural sand
has dimension of (162x102x61 MmTwo steel spheres of (28.4 mm)
and (18.9 mm) in diameter were prepared as in(Bg2). They were
embedded inside the mold during pouring the alumimlioy liquid into
the mould. Fig. (2.3) illustrates the casting lfmainum alloy including

the steel spheres.
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Fig. (2.2) A photograph illustrates steel spheres

Fig. (2.3) A photograph illustrates casting sample of aluminum alloy
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2.2.3Welded Sample

Welded carbon-steel alloy by E7018 wire was used tfe
evaluation of weld defects that may be occurrethéwelding process.
Welded sample was steel plates of dimension (200x20mm). The
plate edges were processed (tapered) before welding butt weld
design. The later may take various geometrical $oas (V) or (K) or (X)
shape!” (V) shape was used in our investigation accordiogthe
requirement. The two plates after the geometricehtinent were
adequately cleaned, by a suitable known methodsukmg arc welding
from the side of the prepared edges as illustratéid. (2.4).

Fig. (2.4) A photograph illustrates steel welded sample
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2.3 Nondestructive Testing

X-ray radiography which is a nondestructive testingthod was
used for welding and casting evaluation. This methvas performed by
placing x-ray film inside light tight holder close weld region or casting,
and irradiating it from the other side. The x-rape lens must be aligned
to the area to be tested. According to the invegesre law, the distance
between the x-ray tube and the object must be meted carefully
because this distance is affected by the densitgkriess and allowable
tube voltages. The variation in the distance betwthe x-ray tube and
object must not exceed certain range where the anpsbss is not

allowable.

2.3.1 X-ray System
The x-ray equipment used is (RADIOFLEX) and it apdn made
for radiography. Fig. (2.5) illustrates this Xx-raystem. The main
characteristics of this system are as follows:
Tube voltage: variable up to 250 kV
Tube current: variable up to 5 mA
Anode material: Tungsten (W)
Focal Spot Size (F.S.S): 1.5 mm

Exposure time: variable up to 60 minute
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Fig. (2.5) A photograph illustratesthe x-ray system

2.3.2 X-ray Film

X-ray film type (AA400-KODAK) of USA product covedewith
(0.1mm) lead screen was used in this investigafidms type of x-ray
film is suitable for both automatic and manual @ssing. Exposed x-ray
films were processed manually in a dark room adogrtb ASTM-E94-
77?9 as follows:
1-The first step is the dilute process where edt¢heodeveloper and fixer
are diluted with distilled water by the ratio (1:4)
2- The second step is immersing the x-ray filmK©ODAK) developer
for (2) minutes at a temperature of°€5 Then the film was washed in
distilled water.
3- The third step is immersing the film in (KODAIMXer for one minute
at 25C. The film was then washed in fluid water.

4- The final step is to dry the film by suspendinig air.
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2.3.3 Optical X-ray Film Density

The optical density of x-ray film defined as a measof the
degree of blackening of x-ray film , is measuredeclly by using a
transmission densitometer (Grandville, Michigan)u$A product. Fig.
(2.6) shows the transmission densitometer usedigmwork. The x-ray
film is placed directly between the light sourcedathe sensitive
photodiode of the densitometer to measure therssson of light. Area
of x-ray film with high degree of blackening transsriess visible light as
compared to other areas of low degree of blackenihg densitometer
Is, therefore, programmed to give large digitadmeg for high degree of

blackening and vice versa.

Fig. (2.6) A photograph illustrates a transmission densitometer
(Grandvill,Michigan)used in thiswork
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2.3.4 Geometric | mage Unshar pness

Geometric image unsharpness of samples can be lataltu
according to equation (1.5%ince most radiation sources are too large to
be approximated by a point, the used x-ray tubefdza spot size (F) of
(1.5 mm) in diametei-rom these calculations one can find the best focal
to object distance (L) when U was proposed from (ASME-section
5. 1985) and it was found equal to (0.5 i)

2.3.5 Characteristic Curvesof X-ray Film
The characteristic curves for (KODAK) x-ray filmeaproduced as
follows.
a- Steel plates were placed close to the film m phth of x-ray
beam and were arranged in steps with increasimffriess. These
plates were radiographed three times with an expdsue of (80)
second for the following operating condition.
(120) kV: 5mA
(140) kV: 5mA
(160) kV: 5mA
Focal- Object Distance (F.O.D): 700mm
b- Since the exposure factor is directly propomiao (I/1,), hence
a measurement of (}jl was obtained according to equation (1.2)
and by using data ofi(/p) at different energies for all the elements
present in our sampf®, we obtained an indication for the
exposure (E).
c- The optical density (D) of the x-ray film was aseired and
plotted against logarithm of (E) which was calcethticcording to
equation (1.6).
d-The calculated film gradienf)(was achieved according to

equation (1.9). From these measurement and catmdathe most
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suitable x-ray tube voltage was determined fordhmples to be
radiographed.

2.3.6 Sensitivity Testsfor Radiography of Welded Sample
Penetrameter (DIN 62 FE) is commonly used as im@gaity

indicator (1QI). Fig. (2.7) shows these indicatarkich are used in this
work. Every indicator consists of seven wires gfitgl metal ranging in
diameter from (0.250 mm) to (1.00 mm). The peragateadiographic
sensitivity was calculated according to equatiad@LWire penetrameter
is placed close to the surface of the specimen fsade of the x-ray
source. The thinnest detectable wire on the radpmtg is taken as a

measure of the radiographic sensitivity.

Fig. (2.7) A photograph illustrates wire type penetrameter
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2.3.7 M easurement of Film Density

a- Steel Plates Samples
Optical films densities for different thicknessdssteel plates are
measured by using a transmission densitometer asaned in section
(2.3.3) at the following condition.
Tube Voltage: (120, 140, 160) kV.
Exposure Time: 80 second.
Focal- Object Distance (F.O.D): 700 mm.
Thickness ranging from (2-20 mm)
And the results are tabulated in table (3.2).

b- Welded Sample
Optical film densities at different voltages foetivelded sample of
thickness (5) mm are measured by using the samditmon mentioned

above. And the results are tabulated in table (3.3)

c- Casting Sample
Optical film densities for radiographic casting geaare taken at
the following condition:
Tube voltage: 70 kV.
Focal- Object Distance (F.O.D): 70 mm.
Exposure Time: 1 second.
Thickness of casting sample: (61mm)
And the results are tabulated in table (3.4). X{fibgs are processed as

mentioned in section (2.3.2).
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2.4 ldentification of Foreign Materials in Casting by Using
X-ray Radiography

This was performed by taking two radiographs frevo bpposite
sides of the casting mentioned in section (2.2r®) dustrated in fig.
(2.3). The first radiograph was taken from the trigide (R) of the
casting, and the second radiograph was taken fnenteft side (L) of the
casting. The Focal Object Distance (F.O.D) wasdigée (700 mm). The
above procedure was repeated at Focal Object ResténO.D) equals
(350 mm).Then the depth of the steel spheres (¥)thair actual radii
(R) could be calculated according to the equat{@r2) and (1.13). The
operating conditions for the x-ray system wereadiswWs:

Tube Voltage: 70 kV.

Exposure Time: 1sec.
Tube Current: 5 mA.
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Chapter Three

Results and Discussions
3.1 Introduction
This chapter covers the results obtained afteingsind analyzing
films. These results include the optimum conditadrx-ray energy and

geometry used to detect and identify the abnorrealéither in casting or

welding processes.

3.2Geometric | mage Unshar pness Result

(F.O.D) was taken as (700 mm) for the thicknessethe range
(X=5 - 61 mm). (F.O.D) was taken as (350 mm) fackhess (61 mm).
The geometric image unsharpnesg) (Lalues were calculated according
to the equation (1.5) and compared with allowablg {alues as shown
in table (3.1).The calculated {Wvalues are within the allowable limits of
(Ug) and in fact much lower than it.

From these calculations one can see that the prsdss () was
measured for (F.O.D) equals (350 mm) and (700 mmd)far thickness
(5 mm) and (61 mm) respectively. The above value$Fd.D) and
thickness were suitable to result in minimum valeésU,) and this

means that no loss in the quality and definitiotoibe expected
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Table (3.1) Calculated (Uy) values compar ed with allowable limits

Sample | Thickness| Focal Object | Calculated | Allowable
(mm) Distance (Ug) (mm) Limits of
(F.O.D)(mm) (Ug) (mm)
Welding
Sample 5 700 0.01 0.5
Casting
Sample 61 700 0.13 0.5
Casting
Sample 61 350 0.26 0.5

3.30ptical Density M easurements and Calculations

Optical densities were measured according to camdrhentioned
In section (2.3.7). The manual processing of tha And any possible
contamination may influence the optical density saeament, and this
will produce a deviation in the measured densitgt aray increase the
error. Therefore, the instruments concerning thengbal processing of
the x-ray film should be followed precisely. Thend#ometer used in this
study was first calibrated against standard abssridden the instrument
was used to measure the optical densities of trey Xims obtained in
this study after the subtraction of the backgrodedsity. Table (3.2)
shows estimated optical film density for steel @satWhile table (3.3)
shows estimated optical film density for welded plEanThe radiographic
contrast was calculated according to the equafid@).(Table (3.4) shows

the estimated optical film density for casting séamp
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Table (3.2) Estimated optical film density for steel plates

High voltage of x-ray | Steel platesthickness Optical film
tube (kV) (mm) density(D)
2 2.86
4 1.40
8 0.55
120 12 0.35
16 0.30
20 0.29
4 2.92
1.39
140 12 0.84
16 0.59
20 0.49
4 3.02
2.19
160 12 1.26
16 0.88
20 0.68
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Table (3.3) Estimated optical film densities for welded sample and

their radiographic contrast

Results and Discussions

High Welded Optical film density Contrast

voltage of x- sample (D) C=D;-D,
ray tube thickness
(kV) (mm)
D, D,

120 5 0.92 1.22 0.30

140 5 2.54 2.93 0.39

160 5

Table (3.4) Estimated optical film density for casting sample

High Diameter Optical film density (D) measured
voltage | of stedl
of x-ray | spheres
tube shadow | Atthe At X-direction At Y-direction
(kV) (mm)
center

30 0.34 0.43| 039 041 048 044 04 0.4 Q.42
70

20 0.43 0.47 0.49 0.46 0.45

3.4 Defect Interpretation for Welded Sample

Three types of defects were noticed, namelgomplete root

penetration, porosity and undercut. The observéectieare in agreement

in their

description

radiographic

appearanceth withe
(AS4749) P Typical picture of the radiographs for these defeate

shown in fig. (3.1) .The radiographic images takeni20kV and 140kV
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show these defects clearly, while the radiograghbriaat 160kV does not
show these defects because the voltage was toowhgth made the
majority of the photons to penetrate the samplén Witle differential
attenuation. This means that there is suitable woltage to radiograph a
particular metallic sample of known thickness apdsity.

In fact, the intensity of x-ray should be haeneous before
interacting with the radiographed object. Howewadter emerging from
the object the intensity is inhomogeneous due so@|diion and scattering
in different internal structures of the object. fiéfere, the image formed
on the radiograph is a shadow related to theserdiit intensities due to
different structures and appears on the radiogesplblack and bright
areas. Table (3.5) summarizes the observed defeatslded sampl&”

Table (3.5) A summary of the observed defects in welded sample

I mperfection Description Radiographic
Appearance
Failure of the weld | Dark intermitted bond
Incomplete root metal to extend into| with mostly straight
penetration the root area of a joint edges

A group of gas pores As a cluster of small
Porosity confined to a small | dark round indication

area of a weld

An irregular groove at As a dark irregular
Undercut the top edge (toe) of @band along the top edge
weld (toe) of the weld meta
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or EUIN

(A)

(B)

(©)

Fig. (3.1) Typical radiographsfor welded sample at different (kV)
A: 120kV B: 140kV C: 160kV
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3.4.1 Sensitivity Determination for Welded Sample

The thinnest wire detected of (0.25 mm) wamg (120) kV and
(140) kV, as shown in Fig. (3.1) (A) and (B). Howevwhen (160) kV is
used, none of the wires are detectable because tigh kV which made
the photons to penetrate the sample with smakdfitial attenuation.
The sensitivity was calculated using equation (Lafd listed in table
(3.6). It can be noticed from this table that aeyedt can be detected if
its size is (5%) of the radiographed object or masang (120) kV and
(140) kV.

Table (3.6) The percentage radiographic sensitivity at different tube

voltages
High voltage of x-ray | Thinnest detectable sensitivity
tube (kV) wire (mm)
120 0.25 5%
140 0.25 5%
S e s

3.4.2 Characteristic Curves of X-ray Film

Optical film densities for steel plates #dfetent energies, of x-ray

photons are presented in figs. (3.2 to 3.4).
Measured characteristic curves for the x-ray filndifferent voltages of
x-ray tube are presented in figs. (3.5 to 3.7). ®perating conditions of
the system for all experiments were mentioned ttice (2.3.5).Using
the logarithm of exposure instead of exposure hasa@dvantage to
compress the long exposure scale.

The film gradienty() represents the slope of characteristic curves for
optical density belonging to the thickness (4 mm)& mm). Fig. (3.8)
represents the relation between film gradient abe t/oltage. This curve
Is used to estimate the x-ray tube voltage. Masgaecher were used this

estimated curve for different industrial jo5%. The optimum film
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gradient ¢) was found at tube voltage of (140)kV. The readon
producing the characteristic curves and the filadggnts derived from
them is to find the suitable voltage for rangelotknesses of a material
to be radiographed.

3.5
.~ 3
<)
2 2.5 1
2]
o
a 27
£ —e— 120kV
T 1.5
©
g 1
o
@]

0.5

0 T T
0 10 20 30
Thickness (mm)

Fig. (3.2) Optical film density asa function of thickness at exposure
time (80) second and tube voltage (120) kV

3.5
.. 3
a
2 2.5
2]
o
a 27
S —e— 140kV
T 1.5
©
g 1
o
@]

0.5

0 T T
0 10 20 30
Thickness (mm)

Fig. (3.3) Optical film density asa function of thickness at exposure
time (80) second and tube voltage (140) kV
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Fig. (3.4) Optical film density asa function of thickness at exposure
time (80) second and tube voltage (160) kV
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Fig.(3.5) Characteristic curve of x-ray film at tube voltage (120) kV
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Fig.(3.6) Characteristic curve of x-ray film at tube voltage (140) kV
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Fig. (3.7) Characteristic curve of x-ray film at tube voltage (160) kV
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Fig.(3.8) Film gradient (y) at different tube voltages (kV)

3.4.3 Correlation between Characteristic Curves and Welded sample
Contrast at Different (kV) and Sensitivity

Sensitivity for welded sample achieved accordingatbole (3.6)
seems to have the same degree of delectability28) kV and (140) kV.
But from the characteristic curves and their filmdjent the results show
that the optimum film gradient was found at (14®) where thickness
ranges from (4-8 mm) corresponding to a welded $antpickness
(5 mm). This result agrees with a welded sampletrash (0.39) as
mentioned in table (3.3) .This contrast is bett@mtthose obtained with
(120) kV and while the film at (160) kV was foundrélening. However,
the use of more sensitive penetrameter may impiibee detection

sensitivity of defect in our welded sample.

- 46 -



Chapter Three Results and Discussions

3.5 Defects I nterpretation for Casting Sample

Two types of defects were noticed namely inclus{aich is
represented by two steel spheres embedded in alomgasting) and
segregation. The observed defects are in agreeimeéheir description
and radiographic appearance with the (AS388ypical radiographs
are shown in fig. (3.9) (A and B) for (F.O.D) equ&00 mm). The
radiographs shown in fig. (3.10) (A and B) are tak& the same casting
sample but for (F.O.D) equal (350 mm). Evaluatiafsdefects were
achieved after selecting the best radiographic enag condition
mentioned in section (2.4).
Table (3.7) summarizes the observed defects ifngasamplé®.

Table (3.7) A summary of the observed defects in casting sample

I mperfection Description Radiographic

Appearance

Any foreign materials | As a light or dark shapeg
trapped in the metal as itmage in a radiographs and
Inclusion solidifies may be difficult to

distinguish from a void

Particular components of As a dark area in a
the metal tend to be | radiograph, particularly

segregation | driven by solidifying the central zone

metal and segregate at

particular area
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4

(A)

(B)
Fig(3.9) Typical radiographsfor casting sample at two sides
A: for right side B: for left side (L=700mm)
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(B)
Fig. (3.10)Typical radiographsfor casting sample at two sides
(L=350mm) A: for right sde B: for left side
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3.5.1 Identification of Foreign Materials

Radiographic measurement of the shadows of foreigterials
and the measurement of the geometrical parametdhe @xperimental
system enabled us to calculate the actual sizéeseeé materials and their
depth inside the casting.
a- For (28.4 mm) in diameter steel sphere embeatdaldiminum casting.

The values obtained from the radiographs arehtrigadius
Rr=14.5 mm for side (R) as in fig. (3.9) (A) and ledidius R=15 mm
for side (L) as in fig. (3.9) (B). The (F.O.D) iss£E00 mm and the cast
thickness X=61 mm. While the values obtained frév@ tadiographs at
(F.O.D) L=350 mm are & 145 mm as in fig. (3.10) (A) and
R.=15.5 mm as in fig. (3.10) (B).By putting the vauabove in
equations (1.12) and (1.13), the radius (R) and dépth (Y) of the
foreign material were found. Table (3.8) represdéiméscalculated values

of radius (R) and depth (Y) for steel sphere.

Table (3.8) Representsthe calculated values of radius (R) and depth
(Y) for steel sphere

Focal Radius of Stedl Depth of Stedl Depth of Steel
Object Sphere (R) (mm) Sphere (Y) (mm) Sphere (mm) from
Distance| Calculated from from Side (L) Side (R)Calculated
(F.O.D) Radiographs Calculated from from Radiographs
(mm) Radiographs
700 14.1+0.4 18.1+0.4 42.910.4
350 13.8+0.4 17.8+0.4 43.2+0.4
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b- For (18.9 mm) in diameter steel sphere embeddedluminum
casting.

Let Ry be the radius of the steel sphere on radiograpwg®n the
aluminum casting is radiographed from the righeqd). And R be the
radius of the same steel sphere on radiograph (Enwhe aluminum
casting is radiographed from the left side (B). Mhalues obtained from
the radiographs aregR9.5 mm for side (R) fig. (3.9) (A), and RLO mm
for side (L) fig. (3.9) (B). The (F.O.D) is L=700 m and the cast
thickness X=61 mm.While the values obtained from thdiographs at
(F.O.D) L=350 mm are &9.5 mm as in fig. (3.10) (A) and_R10.5 mm
as in fig. (3.10) (B). By putting the values abomezquation (1.12) and
(1.13), the depth (Y) and the radius (R) of theefign material were

found. Table (3.9) represents the calculated vabfesadius (R) and

depth (Y) for steel sphere.

Table (3.8) Table (3.8) representsthe calculated values of radius (R)
and depth (Y) for steel sphere

Focal Radius of Stedl Depth of Stedl Depth of Steel
Object Sphere (R) (mm) Sphere(Y) (mm) Sphere (mm)
Distance| Calculated from from Side (L) from Side (R)
(F.O0.D) radiographs Calculated from Calculated from
(mm) radiographs radiographs
700 9.310.4 11.7£0.4 49.3+0.4
350 9.2+10.4 11.4+0.4 49.6+0.4
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The errors associated with (R) and (Y) in tabl&)and table (3.9)
are attributed to the errors related with the mesment of (R) and ().
The error related with (R and (R) are estimated to be equals to
(0.5 mm).

By substituting the errors above in the suitableatigns taken
from (Squires), the errors associated with (R) @f)din tables (3.8) and
(3.9) were obtainef?.

From tables (3.8) and (3.9), one can notice thgbad agreement is
obtained related with other researcher. (Mahrok Amdez¥” used a
solid clay sphere in their investigation and théyamed similar results
when calculated each of depth and radius. This snd@at the equations
for the radius and the depth are valid for largeat@mn in geometrical
parameters and when the density of the introducatgmal in casting is
higher or lower than the surrounding medium. Thegeaof (F.O.D)
tested in this investigation is rather limited, blikere is no reason why
these equations should not be applied for oth€.(». values commonly
used in radiography. The error associated withrieasured values of the

radii and depths of the spheres is also small.

c- In order to verify that the shadow on the radapdp belongs to a sphere
and not a disc, we measured the optical densith@shadow of the steel
spheres on the radiograph along x- and y- direcisnmentioned in
section (3.3) table (3.4). The results of the mesasent are shown in
figs. (3.11) and (3.12).

The figures show that the optical film density m&ses gradually from
the center of the shadow towards the edges aloagdy- direction. This
variation in optical density of the shadow is ipt@ted as being related to

a sphere. However, if there is no variation in cgdtdensity between the
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edges of the shadow and the center (i.e. flat;litheyefore the shadow on

the radiograph belongs to a disc and not a sphere.
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0.44 ~
0.42 ~
0.4 -

—e— X -direction
0.38 - . .
—=— Y-direction

0.36 -

Optical Film Density (D]

0.34
0.32 -

0- 3 T T T
0 10 20 30 40

Sphere Shadow Diameter(mm)

Fig.(3.11) Optical density variation of (30mm) in diameter of the
shadow of a sphere on a radiograph
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Optical Film Density(D)

0 5 10 15 20 25
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Fig. (3.12) Optical density variation of (20mm) in diameter of the

shadow of a sphere on a radiograph
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Chapter Four
Conclusions and Future Work

4.1 Conclusions

The main pointsin this article are.

1- In order to obtain aquality image the operating conditions such as tube
voltage (140) kV and focal object distance (700 mm) for thickness of
(5 mm) was determined for welded sample inspection.

2- The ultimate goal in radiography is high image sensitivity. This goal
was achieved at (120) kV and (140) kV where was found the sensitivity
(5%).

3- The formation of the image on the x-ray film depends on film type
(medium), exposure time (80) second and the distance between the object
and x-ray film (700 mm).

4-X-ray radiography technique can be used as a method for identification
and quantification of the type, size and depth of defects in welded joints
or castings. Also, the actual shape of the defects can be realized.

5- The two equations derived earlier to find the size and depths of defects
are valid whether these defects are higher or lower in density than the
surrounding medium. And there is no reason why these equations should

not be applied for other (F.O.D) values used in radiography.
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4.2 FutureWork

1-ldentification of defects and abnormalities in welded joints and casting
through magnifying these defects by keeping the x-ray film at different
distances from the radiographed object rather than putting it in contact
with the radiographed object may be tried.

2-Analysis of the radiograph by the aids of computer software to obtain

more information from the radiograph may also be tried.

3-Panoramic system of x-ray can be used with aids of motor to detect the

imperfection more quickly.

4-Sensitive detector joined with a computer may be used to reduce both

of time and cost.
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