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The School OF Applied Non-Destructive Examination. cc

Excerpts from our note books.


LIQUID PENETRANT TESTING

INTRODUCTION

History of Penetrant inspection.

The formulation and use of Penetrant liquids began in 1942, and may be attributed to Magnaflux, who developed the method for the critical examination of the non-magnetic materials during the second World War.

Although the oil and whiting (paraffin and chalk) method used for the inspection of railroad components was in use as early as the '30s, it was the demand for a more critical method of defect detection in aircraft parts that caused the development and advancement of the various Penetrant methods.

As technology never stands still, development and progress is still being made with advancements in the method causing different applications of material inspection to be classified under "specialized methods".

( The purpose of penetrant testing.
The general liquid Penetrant inspection method provides a means for the detection of surface breaking discontinuities* found in hard non-porous materials. 

Advantages of Penetrant testing;

· Fatigue cracks start / occur on the surface of the test piece – this is the most critical area and Penetrant inspection is a surface inspection method.

· It is a fairly inexpensive testing method compared to some others.

· The practical application is relatively easy and unskilled personnel can perform this method with reliable results.

Disadvantages of Penetrant testing;

· Because it is a surface inspection method, the test surface has to be clean.

· Surface flaws have to be open to the surface – no Penetrant can enter.

· Any contaminant inside flaws will prevent Penetrant from entering flaws results in unreliable results.

· It is a fairly slow testing method compared to others and results could take at least half an hour to produce.

Discontinuity – A interruption in the physical structure of a component.

LIQUID PENETRANT TESTING

INTRODUCTION

It must be appreciated that the defect finding capabilities of this method is influenced by the roughness or smoothness of the test surface.
During Penetrant testing use will be made of the latest generation materials, most of the base products are still of the Hydrocarbon* solvent family. However, care must be emphasized especially when using aerosols as propane or butane is used as propellants. 

These propellants are petroleum based and as such have a low flash point – able to ignite at low temperatures - making these products flammable, especially as the gases are heavier than air and concentrate in low lying pockets, in closed and confined spaces. 

Safety precautions.

· The base product is paraffin – flammable liquid.

· The propellant is propane / butane gas – flammable gas.

· When performing the inspection you cannot allow anybody near you to ... 

· Smoke

· Weld

· Grind

· Petroleum based materials are not kind to the skin. It is recommended to wear protective clothing.

· Dry powder and solvent based developers may present a dust nuisance or health hazard and as such should be used in well ventilated areas or the developer booths should be equipped with extraction facilities. 

· Most Penetrant inspection materials are not biodegradable. Consult the manufacturer before discarding these materials. 

When selecting a Penetrant method for a particular task it is necessary to keep in mind the following advantages and disadvantages of each system.

Remember that the most important consideration is sensitivity, bearing in mind that too sensitive a method could produce a high level of background and actually reduce the defect finding capability.

LIQUID PENETRANT TESTING

Water Washable Penetrant - Fluorescent

Advantages:

1. It is a fluorescent process and has all the advantages contributed by the extreme brilliance and See ability of indications - sensitive.
2. It is simple to use. 

3. It is rapid especially on small parts in production. Many parts can be handled as a unit (in baskets) and individual handling is required only on inspection.

4. It is economical as to cost of materials.

5. It is applicable on a wide variety of parts, size, shape, material and for locating a wide variety of defects.

6. It is good on rough surfaces and for finding defects in keyways and threads.
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Disadvantages:

1. It will not reliably find open shallow defects.

2. There is a danger of "over washing" - removing Penetrant from defects by prolong or over vigorous washing.

3. Complicated formulation makes the Penetrant susceptible to deterioration by contaminants especially water.

4. Sensitivity is affected by the presence of acids especially chromic acids, chromates and nitric acid – like visible contrast dye present in discontinuities from previous run.

5. Reprocessing of parts after the first inspection is not very reliable as all indications may not be reproduced on the second run. 

     When water washable Penetrants enter a crack the contained emulsifier, of course, also   

     enters. When attempting to clean out such a crack as with a vapor degreaser so that the   

            art can be reprocessed, the emulsifier tends to split away from the Penetrant and some 

             of it is not removed since it is not soluble in the degreaser solution
this then leaves a residue in the crack which interferes with the entrance of fresh Penetrant on a re-run.

6. If for any reason water is not available or cannot be used (as for instance inspecting a portion of an assembled engine or machine) the method is not always usable.

7.  In common with all fluorescent processes the inspection requires a black light and must usually be carried out in a darkened area, also needs electricity.

MAGNETIC PARTICLE INSPECTION.

INSPECTION BY ULTRAVIOLET RADIATION
Black light is the term applied to filtered ultraviolet radiation having a wave-length band shorter than the shortest wave-length in the visible spectrum. 

Black light, as with all short wave radiation, has the property of causing many chemicals to fluoresce. Black light, hence its name, is not visible to the eye and is produced by a high pressure mercury vapour arc lamp.

The terms luminescence, phosphorescence and fluorescence are used to refer to light produced at low temperatures, whereas incandescence refers to light produced by heat.

The term fluorescence is the property of emitting radiation in the form of longer visible light as the result of, and only during, the absorption of short wave radiation from some other source.

This process is called ionization. 

The difference here is that fluorescence ceases as soon as the radiation source is removed or cut off.

In our application, dyes are used which have the property of absorbing short wave radiation, black light, and re-emitting the energy in longer wave-lengths in the visible range. 
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MAGNETIC PARTICLE INSPECTION.
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MAGNETIC PARTICLE INSPECTION.
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MAGNETIC PARTICLE INSPECTION.

A few things you should know about Mercury vapor U.V. Lamps.

· Intensity at the inspection surface shall be at least 1000 micro watts per centimetre squared (µw / cm²) and is checked from the filter lens of the lamp, held at a distance of 381mm (15”) from the test surface. The intensity is measured using the appropriate UV light meter.

· A brand new high pressure Mercury vapour arc lamp produces +- 5 000 µw / cm² @ 381mm.

· It should be remembered that a mercury vapour lamp, if switch off, takes a while to re-start. 

· A hard bump to the side of the lamp will extinguish the arc and the lamp will take +-5min to restart.

· A further point to bear in mind is that each start of the lamp will result on a reduction of the working life of the lamp, so a lamp should be left switched on as far as is practical.

· Light emission does decrease in intensity as the lamp ages.
· These lamps operate at 110V. AC. Should you connect this “light bulb” itself to a 220V. AC output, without the regulating ballast transformer it will explode when switched on!
· The older generation lamps generate a lot of heat, enough to cause skin buns.
· These days there are more portable and less fragile units available that are fully battery operated with immediate push-button activation.

· High intensity lamps are also available that produce up to 50 000 µw / cm² @ 381mm! 
· The inspection area should be checked on a daily basis as to the cleanliness of the filter lenses. Filter glasses and bulbs accumulate dust and dirt and this also reduces emission intensity. 

· Any cracked lens should be replaced, not only because of the white light emission; but because of the harmful radiation emission.

MAGNETIC PARTICLE INSPECTION.

Inverse Square Law


Intensity 2   =   Distance 1 ²



Intensity 1
      Distance 2 ²

The intensity of all energy, including UV, decreases with distance as per the inverse square law:

The intensity falls by a factor of 4 if the original distance from the source is doubled. 
In other words, when you double the distance from the lamp, the intensity / brightness drops to ¼ of what it was at the original distance.

This is why it is important to keep the UV lamp at approximately 300 to 350mm from the test surface when carrying out the inspection.
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?Exercise:

1.
Calculate the intensity of a U.V. lamp at a distance of 400mm if this lamp produced an intensity of 3000 µw/cm² at 200mm.

……………………………………………………………………………………………………………….

……………………………………………………………………………………………………………….

……………………………………………………………………………………………………………….

2.
Calculate the minimum distance required for a U.V. lamp to produce an intensity of 

1000 µw/cm² if this lamp produced an intensity of 1500 µw/cm² at 400mm.

……………………………………………………………………………………………………………….

……………………………………………………………………………………………………………….

……………………………………………………………………………………………………………….

BASICS OF ULTRASONICS

SCREEN PRESENTATION.
‘A’ scope / scan.

Throughout this course we have, and shall be, discussing the ‘A’ scope presentation, where beam path distance is displayed on the time base of ‘X’ axis (horizontal) and defect echo amplitude on the ‘Y’ (vertical) axis of the screen display. 
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A few points to remember about A-scan display.

· The horizontal axis (x) displays the distance between the scanning surface and the back wall as a single one way trip traveled by the pulse. 

· The vertical axis (y) displays the equivalent area of the flaw struck by the pulse - bigger area = higher amplitude. 

· Ideal hand scanning speed 100 - 150 mm/s depending on the instrument display and the technician's reaction time.

· The initial impulse represents "zero" / the scanning surface when no delay is present.
If everything was perfect we would be able to find very small reflectors. 

But in reality we may not find these small reflectors as they could be obscured by background noise caused by system electronics or, more often, by the backscatter from the metallurgical structure of the test piece - referred to as "grass" or hash or noise.
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BASICS OF ULTRASONICS

        B – Scan.
Briefly, ‘B’ scan presentation provides a cross sectional picture or side view of the material.
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The screen display rotates or glides as the probe moves over the test surface.

On some displays the probe has no rotating sensor, then the probe movement has to be matched to the speed of the screen rotation.

One big disadvantage of Ultrasonic inspection is the inability to "see" what is behind a flaw. This is especially evident when using B - Scan.

The only way we can solve this problem is to scan the test piece from another position - if accessible.

C – Scan.
C-scan presents a plan / top view of the material.

A single probe or an array of fixed probes linked to a computer receiver may be utilized for the testing of steel plates during manufacture or in service. 

Each probe providing a line of signal readings over the length of the scan. Either the probes or the test piece can remain stationary. The one disadvantage of C-scan is no flaw depth indication.
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BASICS OF ULTRASONICS

        D – Scan.
A combination of C-Scan with 3-D display and flaw depth is called D-Scan.  Advanced systems can give thickness variations, like a corrosion map in different colors; different depths could be displayed as red, orange yellow, blue and green to indicate severity of material loss. 
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APPLICATION OF ULTRASONIC TESTING.
THINGS YOU HAVE TO KNOW ABOUT THICKNESS MEASUREMENTS.

· Testing very thin plate +- 2mm and thinner, the readings may be over read due to the V - path error, especially with large diameter probes on a thin test piece.

· Or no reading may be obtained due to the "dead zone" caused by the acoustic barrier 

+- 1.6mm.  On these thin materials you use a very small diameter twin crystal probe.


[image: image12]
· Always record the lowest reading. On some surfaces the reading may flash between a higher and a lower reading. 


Remember these instruments are basically a stopwatch measuring time difference between the transmitted and received pulses. A flashing reading may mean two interfaces at different depths reflecting equal amounts of sound. We are looking for material loss, remember.
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· Testing an irregular / corroded back wall may scatter pulses instead of reflecting it back to the probe. No reading may be possible.


In this case an A - scan instrument with single crystal probe may be advantageous.  


·  Wet corrosion on the back wall may yield a severe over reading caused by the 
     

       acoustic coupling between the liquid and the corrosion.  Sometimes a good hard knock  

       may dislodge enough corrosion to obtain a good reading.

· Obtaining a reliable reading from a severely corroded scanning surface is impossible. Using a higher viscosity couplant may help, you will probably see an over reading due to all that couplant.

      Or the surface condition will have to be improved, with the client's permission of course.
APPLICATION OF ULTRASONIC TESTING.
THINGS YOU HAVE TO KNOW ABOUT THICKNESS MEASUREMENTS.


Probe placement on curved surfaces.
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Very important.

If you cannot remember which direction to put the acoustic barrier then rotate the probe through 90 degrees and record the lowest reading.

REPORTING
In each case the location of the reading must be stored along with the thickness for use as a reference in further checks or for mapping out the test surface. 

The electronically stored readings may be downloaded into a database application or directly into a graphics program that will give a visual representation of the test area.

Most specifications or clients will give you a max allowable material loss.

Determine the percentage material loss.


Percentage material loss =  100%   -          Thickness reading              x 100%.
                    material original thickness
?Exercise: 
A test piece reads 46.8 mm on an A-scan instrument; the original thickness measured 55 mm.
Calculate the percentage material loss.

………………………………………………………………………………………………………………
………………………………………………………………………………………………………………

ULTRASONIC INSPECTION. PRACTICAL SESSION.

INSTRUMENT CHECKS

?Exercise 6.
         Horizontal Linearity Of The CRT  Display.
The linearity along the X axis – the time base – must be within 2% over the full range of the instrument.  Unless the CRT display is substantially linear accuracy of flaw location will be inferior and possibly outside acceptable limits for the Code or Specification.

This check is carried out using the V1 Block (or the V2 Block for short ranges). 

Very important.
Linearity should be checked over a range equal to or greater than the range to be selected for actual testing.  
It must be remembered that compensation for shear wave velocity should be made if linearity is to be checked with compression waves.

The time base is adjusted so that there are 10 back wall echoes over the range to be checked.  Adjust the first back wall echo, to 80% F S H and calibrate to known scale marks.

Bring each successive back wall echo to 80% F S H in turn, and note that the leading edge of each should occur at the appropriate scale marks.  Record any linearity error and calculate as a percentage. 

The linearity should be within ± 2%.  If not, it may, depend upon the specification and/or application be necessary to have the flaw detector serviced!

Frequency of check – At least once per week.


Echo         Cal                On                 Actual              Error calculation                                %

No:   A    echo   B       screen    C     screen      D          D – C / B x 100% =                           .                                  

1               25
                5                       5                                   0                                     0%                                          

2              50                   10                                                                                                       .                         

3               75                   15                                                                                                     .                             

4               100                  20                                                                                                   .
 5               125                 25                                                                                                   .
6               150                   30                                                                                                   .
7               175                  35                                                                                                    .
8               200                  40                                                                                                    .
9               225                   45                                                                                                   .
10             250                50                    50                                    0                                        .
Total / 10 = ………% error over 250 mm range. 



  Total                 .
APPLICATION OF ULTRASONIC INSPECTION.
WELDS
Gas Pores and Spherical Gas Holes in Welds.
A group or an area of porosity is displayed as numerous sharp peaks, the separation or lack of between peaks depending upon the extremes of the beam path distance.  A low amplitude response due to attenuation giving multiple signals on a wide time base. The signal can be maintained on an orbital scan.

Rotating the probe on its vertical axis causes the individual peaks to rise and fall rapidly and sequentially, the overall ‘impression’ remaining similar however until the beam is swinging across the edge of the porosity group.
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Slag Inclusions. 
These are displayed as sharp, clean echoes regardless of the axial direction from which the beam impinges.  Rotation and lateral movement of the probe shows a slow rise and fall of echo amplitude, due to the volumetric nature. Signal contains numerous half-cycles and has a rounded peak. Signal appears to roll on movement of probe.
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INDUSTRIAL RADIOGRAPHY

THE NATURE OF X RAYS AND GAMMA RAYS

X-rays and gamma rays are forms of electro-magnetic radiation, as are radio waves and visible light.   X- and gamma rays are however of extremely short wavelengths, equal to or less than one ten-thousandth of the wavelength of visible light.

They possess the ability to penetrate materials to an extent dependent upon their wavelength.  Both X- and gamma rays are ionizing radiation that is they can effect material, e.g. the cells of the human body through which they pass.

Properties of x-Rays and Gamma Rays

1.
x- and gamma-rays are invisible.

2.
x- and gamma-rays travel at the speed of light and in straight lines.

3.
x- and gamma-rays cannot be deflected by a prism or lens but can be bent by a crystalline grid.

4.
x- and gamma-rays pass through matter, and are partly absorbed during transmission. The degree of penetration depends on the kind of material and the energy of the x- or gamma-rays.

5.
x- and gamma-rays are ionizing energy; that is they liberate electrons in matter.

6.
x- and gamma-rays can damage or destroy living cells.

7.
x- and gamma-rays carry no electric charge.

The doses of radiation received over a period of time are largely cumulative in effect, and the damage caused to the body is not immediately apparent.  Thus there are legally prescribed limits to the quantity of x or gamma rays to which persons may be exposed.

X and gamma rays are undetectable by the human senses, and specialized equipment is generally necessary in order to detect and measure them.  Certain parts of the human body are more susceptible to the effects of ionizing radiation and it is essential, indeed a legal requirement that persons working with x or gamma rays are subjected to an initial medical examinations and blood cell counts.

Permissible Radiation Doses and Dose Rates

The maximum permissible dose of radiation for classified radiation workers may not exceed 20 mSv (2 RAD) per year, averaged over 5 years (100 mSv in 5 years), with a further provision that the effective dose may not exceed 50 mSv (5 RAD) in one year.  Barrier readings for classified workers are now set at 1 mR per hour or 10 (Sv per hour.

Non classified workers e.g. the public are restricted to 1 mSv per year, therefore the persons responsible for the operation of radiographic equipment must ensure that barriers and/or suitable warning signs are placed at the relevant positions and distances to exclude non-classified workers from radiation areas.  A barrier rate of 0.48 (Sv (0.048 mR) per hour is the permitted maximum.


No person under the age of 18 years may be involved in, or carry out radiation work.
INDUSTRIAL RADIOGRAPHY


Calculations.

1. Use the Specific output constant to calculate the intensity of a source.

example

Г = 5.5mSv / hr. Ci @ 1m. 

mSv = milli Sievert

hr     = hour

Ci     = Curie or Becquerel

m     = meter
Exercise:

Calculate the intensity of a source of radiation when Г = 135µSv / hr. Gbq  @ 1m and a 1295GBq source is used.
………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

2. Use the shielding formula to calculate the Intensity of a source of radiation behind a solid shield.

I n = I o x e- (µ x t) 


I n    = Intensity now / new

I o    = Intensity original

ex     = inverse Ln

µ      = Absorption coefficient ( per centimeter)

t       = Shield thickness (in centimeter)

Exercise:

Calculate the intensity of a source of radiation behind a solid shield when 

Г = 135µSv / hr. Gbq  @ 1m and a 1500GBq source is used, 1 meter away from a shield of concrete, 20cm thick.  µ = 0.101/cm.
………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

        INDUSTRIAL RADIOGRAPHY

FILM INTERPRETATION

CONDITIONS FOR SATISFACTORY VIEWING
We have so often seen outside inspectors (or worse have ourselves) go directly into a viewing room, turn off the light and immediately begin to look at radiographs, at the same time carrying on a conversation, whilst standing at the viewer.

· We are all aware of the blinded feeling when entering an already darkened room from daylight, and if viewing of radiographs is begun immediately, even gross defects are likely to remain unseen. At least 10 minutes acclimatization in the viewing room is advisable.

· Not always avoidable but nevertheless undesirable is the random viewing of widely different densities. The onset of fatigue is less rapid if the densities can be graded.

· The interpreter should be 'fresh' and sessions should be kept reasonably short (40 min). Occasional breaks, preferably whilst remaining in the darkened room, are to be recommended.

We can divide the factors affecting interpretation into three categories:

The interpreter - yourself.

1.
Acclimatization - at least 10 minutes acclimatization in the viewing room is advisable.

2.
Freedom from fatigue.

3.
Frequent rests.

4.
Consistent or graded average film densities.

5.
Only interpret what you can see, don’t guess, or assume.

6.
Do not hesitate to call for a visual or any other type of inspection to verify what you see.

7.
It takes a lot of work to produce the image on a radiograph, so be careful not to damage or even ruin the radiographs – no eating or drinking during interpretation.  

8.
Scratch marks on the finished radiograph can destroy its usefulness, be careful when handling radiographs.

9.
Do not hesitate to call for a re-shoot if you feel the quality of the radiograph can be improved.

Interpretation of radiographs in a dirty room next to a boiler making shop is quite commonly expected and encountered, often made worse by frequent opening and closing of the viewing room door, if in fact a door has been fitted at all!

Beams of stray light, issuing from doorways, windows and from the viewer itself should not be permitted to interfere with interpretation. Extraneous light reflection from a radiograph on the viewer is to be avoided.

The viewing room.

1.
A suitably darkened room preferably with subdued light.

2.
A quiet viewing room.

3.
Comfortable viewing conditions.

4.
Ensure that there is no other light source reflecting off of the radiograph.


If the viewer is not of the cold-light type, radiographs may be ruined by overheating when left on the viewer for more than a few seconds. Viewers should nonetheless be adequately cooled for comfortable interpretation, apart from protecting the films.

The viewer / light box.

1.
A viewer with adequate illumination.

2.
A viewer with masking facility.

3. A viewer with efficient cooling and venting.

THE INTERPRETATION PROCESS

There is a clearly defined procedure; one might almost call it a ritual, which should be followed.

First Stage
Check that the technique was correct, (film type, KV, method, screens)

Second Stage
Check that the necessary information is on the film (Part, Weld No., Casting No.)

Third Stage
Check the density and sensitivity against Code Requirements

Fourth Stage
Interpret and record gross defects / images

Fifth Stage
Interpret and record remaining images

Finally

Inform the person who initiates further action

The correct environment should be insisted upon by the interpreting inspector.
It should be noted that even if the first, second and/or third requirements are not fulfilled any gross defects sufficiently severe to necessitate remedial action, should be acted upon without incurring the delays and expense caused by requesting an immediate reshoot.

The basics of Eddy current Inspection.
Coil in air.
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Alternating current flowing through the coil will generate an expanding and retracting magnetic field encompassing adjacent coil windings – known as flux linkage.

This magnetic field will generate current flow in the adjacent coil windings, in the opposite direction to the inducing current flow – known as self induction.

This opposing current flow restricts the amount of inducing current flow – known as inductive reactance.

· No test piece to generate eddy currents in.

· Flux linkage between windings.

· Self induction in the coil

Self Induction depends on : Physical size of the coil – constant.





  Number of turns in the coil – constant.





  Current flow through the coil – constant.

· Inductive reactance takes place in the coil.
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The basics of Eddy current Inspection.

Coil on conductive material.

[image: image22]
· Eddy currents generated in the test piece.

· Magnetic field generated in the test piece by the eddy currents.

· This magnetic field in the test piece, opposes the magnetic field coming from the coil.

Comparable to adding another winding to the coil.

· Induction increases – known as mutual induction – this opposes the current flowing through the coil.

It appears as an increase in resistance due to an increase in the reverse current flow.
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· More resistance means less Inductive reactance due to a reduced inducing current flow.
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The basics of Eddy current Inspection.

Coil on conductive material finding a crack.
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· Weaker Eddy currents generated in the test piece.

· Weaker magnetic field generated in the test piece.

· Weaker opposition to the magnetic field coming from the coil.

Compared to removing a winding from the coil.

· Less windings in the coil means induction decreases – Less opposition to the current flowing through the coil.

It appears as a decrease in resistance.
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· Less resistance means more Inductive reactance.
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The basics of Eddy current Inspection.

Coil on a highly conductive material.
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· Very strong Eddy currents generated in the test piece.

· Very strong magnetic field generated by the eddy currents in the test piece.

· Very strong opposition to the magnetic field coming from the coil.

Compared to adding extra windings to the coil.

· More windings in the coil mean induction increases – More opposition to the current flowing through the coil.

It appears as an increase in resistance.
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· More resistance means less Inductive reactance.
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The basics of Eddy current Inspection.

Coil on a permeable material.
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Compared to copper.

· Very weak Eddy currents generated in the test piece – not very conductive.

· Stronger magnetic field generated in the test piece – magnetic domains are able to align.

· Bigger opposition to the magnetic field coming from the coil.

Compared to adding another winding to the coil. Plus adding an opposing magnetic field  – magnetic domains aligning.

· More windings in the coil plus a magnetic field from the test piece mean a major induction increase – more opposition to the current flowing through the coil.

It appears as an increase in resistance.
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· More resistance and in this case means more inductive reactance.
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The basics of Eddy current Inspection.

Inductive reactance.
                                         XL = 2.Π.F.L
· 2.Π  = radiant - constant.

· F = Frequency – cycles per second.

Increasing frequency   =     Induction increases

(In a complete eddy

Resistance increases

  current circuit with

Phase lag (angle) decreases

  with resistance)

XL decreases


· L =  Induction

Self Induction depends on: 

· Physical size of the coil – constant.

· Number of turns in the coil – constant.

· Current flow through the coil – constant.

Mutual induction depends on:


· The conductivity of the test piece – should remain constant BUT does not.

· The permeability of the test piece – should remain constant BUT does not.

· The distance between the test piece and the coil – should remain constant, this depends on you. Lift-off.

· Current flowing through the inducing coil – should remain constant but changes when conductivity, permeability, lift-off and flaws are encountered.
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Ionization.


Electrically stable atoms – positive charges in the nucleus equal the negative charges spinning around the outside.





U.V. energy has the ability to “move” or liberate electrons. These electrons are moved to                                    


                                          the next atom.





U.V.





Electrically unstable atoms.


Some of these atoms now have one or more negative charges short – positive ion.


Some of these atoms now have an extra negative charge – negative ion.
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Fluorescent dyes may be selected to emit light in various parts of the whole spectrum from red to blue. However, tests have proved that the eye finds a yellow-green light to be more "seeable" than reds or blues. 








Therefore the dyes that are generally used for fluorescent Penetrants are those that give off light in the yellow-green band.











Visible light – green yellow glow.





The force of attraction and repulsion between these atoms release energy in the form of white light. That nice green-yellow glow we know and love. 
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?Exercise:


Match the screen display with the flaw.


Take note of the beam width.








 9.





  10.





2.





Probe movement.





Test surface.























Back surface of test piece.





 Test piece with flaws





B - Scan screen display





Screen display rotation /  movement

















Test surface
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Back wall








Probe tray with fixed probes








                                         Lamination











		


                   Test piece movement
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A - Scan display – if we had a big enough beam to cover all the flaws at the same time.








C - Scan display 





B - Scan display 





Scan direction.





A, B & C - Scan display of a block with flat bottomed holes.  





       TD – Scan.





Time-Displacement scan. 


A-Scan images displayed one after another on screen. The screen display is slowed down so the echoes remain visible longer. We can see the flaw echoes displayed longer on screen


 (at the same time) without scanning all the flaws in the same instant. 





This allows us to see the echoes of a number of flaws on screen simultaneously, instead of individual echoes flashing up and down like we are used to.


The A-Scan display above is a good example. 
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  V - path error
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All the above factors will influence inductive reactance. XL.








Resistance; that should remain constant is influenced by induction.











