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The definition of Non-destructive testing.
The testing of a material or component for flaws using physical means (energy) without impairing the usefulness of the material or component.

The objective of NDT is to ensure the reliability of components in their intended use and to prevent failure that could cause damage to other components or even loss of life.

As an NDT technician you are a service provider.

As a service provider you shall follow written and verbal instructions. You will be testing life critical equipment and that equipment may carry or involve your own family. When you miss a flaw, they may bear the brunt of your incompetence.

Your responsibility is to find flaws or fault with what other people manufactured. You are essentially the “speed cop” of industry.  Most companies only want a signed piece of paper that proves that they are not to blame when something goes wrong. But when something goes wrong and eventually it does. YOU will get the blame. Because you have been “certified competent” by your employer and his Level III, therefore the blame will be squarely placed on your shoulders.

As a Level II technician you may find yourself smack in the middle of a very, very expensive insurance claim and the subsequent court case. It will be even worse if somebody got injured or killed. The guy that signs reports without testing will be famous and loved by all. The technician who does find all the flaws will be hated by welders and workshop foremen. 
This decision is ultimately yours.
When in court, the whole case will revolve around whether you missed the flaw and if the inspection was performed correctly in the first place.

Looking for fame and fortune? Look somewhere else. 

Choosing a career in NDT is a life long commitment and should not be seen as job. 

A brief history of  S.A.N.D.E. 

The School of Applied Non-Destructive Examination. cc  was founded in 1981 by Eric Guest. We now have 4 fully qualified, permanent instructors presenting scheduled courses at our head office in Boksburg as well as away courses both nationally and internationally. Add - hoc instructors are used from time to time, when needed.

The founder:

Mr. E. Guest presented several papers on non-destructive examination – to the First African Conference on Non-destructive Examination at Nairobi in June, 1994, and to the Fall Conference of the American Society for Non-destructive Testing (ASNT) in Seattle in October, 1996.

· Held ASNT / ACCP / EN 473 / ISO Level 3 Certificates until mid 2008. Has now semi - retired after 52 years in NDT.

· Compiled and Presented courses in Ultrasonic examination, Radiography, Magnetic Particle Inspection, Liquid Penetrant Inspection and Eddy Current Inspection.

· Qualified as a Commercial Pilot in 1982. 

The rest of us:

Between them SANDE’s instructors have more than 50 years NDT experience in Aerospace and General industry and hold SNT – TC – 1A Level II’s in multi disciplines and ASNT  Level  III  in RT, MT and UT. 

· SANDE is responsible for maintaining the Southern African Chapter of ASNT. We are corporate members of ASNT as well as the South African Institute for Non-Destructive Testing (SAINT).

· SANDE holds SA Civil Aviation approval as an NDE Training Organization and is accredited by SA Qualifications Authority (SAQA). 

· SANDE presently educates more than 2000 students a year to ASNT Recommended Practice                SNT-TC-1A. Level  I & II  in MT, PT, UT, RT and ET.

· The staff at SANDE is committed to integrity and fairness. 

Challenge the question:

At SANDE we pride ourselves on the fairness of our exams. Should you, as a valued student, at any time feel that some of our exam questions are unfair, unclear or that there could be more than one correct answer, then please “challenge the question”. We are all human and mistakes do happen.


A “challenge” form will be provided with your General & Specific exam papers. Please feel free to comment on our exam questions should you feel the need to.

After reviewing your challenges and finding them valid, we will credit everybody who wrote that paper on the exam day with those questions. 

Appeal against exam results - Level II only.

Quality control of our Level II exam system – fairness and level of difficulty is done by students completing an Appeal form issued in the back of our Level II note books.

a. These appeals shall be evaluated by an individual appointed by the Chief Instructor. Once a valid appeal has been identified, corrective action would be to arrange a meeting with the candidate and or a representative of the candidate.

b. The most likely outcome of a successful appeal is a second re-examination of   

                   the same method and Level of exam paper.

      c.
      Corrective action on our side will ensure that the same situation is not repeated. 

Notable events in early industrial NDT.

· 1854 Hartford, Connecticut: a boiler at the Fales and Gray Car works explodes, killing 21 people and seriously injuring 50. Within a decade, the State of Connecticut passes a law requiring annual inspection (in this case visual) of boilers.

· 1895 Wilhelm Conrad Röntgen discovers what are now known as X-rays. In his first paper he discusses the possibility of flaw detection. 

· 1880 - 1920 The "Oil and Whiting" (Paraffin and Chalk powder) method of crack detection is    

       used in the railroad industry to find cracks in heavy steel parts.                                          

The part is soaked in thinned oil, and then painted with a white coating that dries to a powder. Oil seeping out from cracks turns the white powder brown, allowing the cracks to be seen. This was the precursor to modern liquid Penetrant materials. 

· 1924. H. H. Lester uses radiography to examine castings to be installed in a Boston Edison Company steam pressure power plant. 

· 1926 The first electromagnetic eddy current instrument is available to measure material thicknesses. 

· 1927 - 1928 Magnetic induction system to detect flaws in railroad track developed by           Dr. Elmer Sperry and H.C. Drake. 

· 1929 Magnetic particle methods and equipment pioneered (A.V. DeForest and F.B. Doane.) 

· 1930s Robert F. Mehl demonstrates radiographic imaging using gamma radiation from Radium, which can examine thicker components than the low-energy X-ray machines available at the time. 

· 1935 - 1940 Liquid Penetrant tests developed (Betz, Doane, and DeForest) 

· 1935 - 1940s Eddy current instruments developed (H.C. Knerr, C. Farrow, Theo Zuschlag, and Fr. F. Foerster). 

· 1940 - 1944 Ultrasonic test method developed in USA by Dr. Floyd Firestone. 

· 1950 J. Kaiser introduces acoustic emission as an NDT method. 

Popular terms used in NDT.

Indication.  

The response or evidence from an examination. (Bleed-out, Flux Leakage or a blip on screen ...) 

Interpretation.  

Determining if an indication is relevant or nonrelevant. Relevant indications shall be investigated. Nonrelevant indications are considered harmless. 

Flaw.  

A type of discontinuity that must be evaluated to see if it is rejectable. 

Evaluation. 

Determining if a flaw is rejectable in accordance with acceptance criteria.

Discontinuity.


Disruption in the physical structure of a component or material.

Defect.  

A discontinuity / flaw that is rejectable — does not meet acceptance criteria.                                             Defects are removed or repaired. 

NDT standards:

Laws and Regulations:

Laws and regulations are issued by the authorities and are normally written in general terms. In some cases NDT programs may be specified. 

Standards and Codes:

A standard is a document prepared by international or national standardization organizations. Examples are ISO (International Standardization Organization) and ANSI (American National Standards Institute). The term code may indicate the same level of recognition as a standard.  Examples are the ASME Pressure Vessel Code, EURO Norms (EN).

Guidelines and Recommendations:

Different international or national societies, organizations or bodies may issue guidelines, recommendations etc. concerning NDT. Guidelines are publications giving practical information on specific items like for instance ‘Ultrasonic Inspection of Weld Connections’.

Specification:

A specification is a precise statement of a set of requirements to be satisfied by a material, product, system or service.

ASME:

American Society of Mechanical Engineers has issued a ‘Boiler and Pressure Vessel

Code’ containing 11 sections. The relevant sections are:

􀂃 Section V, Non-destructive Examination, which describes in detail the performance of NDT.

􀂃 Section VIII ‘Pressure Vessels’ describing NDT and acceptance criteria for such vessels.

The ASME-code is extensively used throughout the world.

ASTM:

American Society for Testing and Materials Standards are often referred to for radiography of steel castings. Corresponding standards exist for castings of aluminium, magnesium …

IIW:

International Institute of Welding has established, as a recommendation, collections of

reference radiographs of welds in steel and aluminium. 

School Rules.

1. Courses are run from 08h00 to +- 15h00. Lunch time from +- 12h30 to 13h30.

2.      Tea times @ +-10h00 and 14h00, with +- hourly breaks during the day.

3. Mobile phones are not to be used during lectures. If your phone rings during class you  shall apologize by  

              buying every person in class a coke.

4. No eating and drinking allowed in the lecture rooms.

5. Cold drinks, crisps and chocolates can be purchased at reception.

6. Lunch may be ordered and paid for at reception before 11h00. For delivery at +- 12h30.

7. The coffee machine is available for all our students and guests, if you make a mess please clean it    

              up.  Report any problems to reception please.

8. Do not dump your unwanted cup of coffee into the dustbin or its minus 5% for housekeeping.

9. The “panic stations” are used by all our students and guests; please leave it in the condition you      

             would like to find it. Report any problems to reception please.

10. Do not dump your cigarette butts in the garden, use the containers provided or 

               it’s minus 5% for housekeeping.

11. Experience log books may be purchased at reception @ R. 200-00 each.

12. Scientific calculators may be purchased at reception @ R. 140-00 each.

13. Please use the allocated student parking. Read the writing on the wall ...

14. No speeding will be tolerated on our premises.  Pedestrians have the right of way.

15. No loud music played from your car or cell phone will be tolerated.

16. Exam results will be available on the Thursday following the exams @ 12.30 and can be  

               obtained telephonically when full payment have been received. We do not send out results.

17.     It is illegal for any student to possess a SANDE exam paper outside of the exam room.

18.     Extra classes are available @ R. 250/hour. Arrange with your instructor and pay at  

              reception. No exam results will be made available until full payment is received.

19.    Certificate reprints are charged at R. 300-00 each and shall read “Duplicate”.

20. Missing more than 20% of classes for whatever reason, will result forfeiting the exams and  

             a repeat of the course, however each case will be judged on it’s own merit.

Re-examination Rules.

1. Re-examination fee is R. 300-00 incl. VAT  per exam paper.

2. Re-examination need to be booked at reception. 

3. As per ASNT, no person can is to attempt a re-exam within 30 days of the original examination.

4. We strongly recommend a minimum of  30 days of verifiable practical experience, or a minimum of  8 hours verifiable additional training from a Level II or Level III individual before you book a re-exam.

5. Students that present themselves for a re-exam without their own stationary and calculator shall forfeit the exam and have to repeat the applicable course.

6. No re-examination shall be allowed until payment for re-examination papers have been made. 

7. The pass mark for re-examinations is 70% per paper and you still have to reach a composite of  240%.

8. Students, having passed all exam papers initially and attempting to make the composite grade of  240% shall re-write the General exam paper first.

9. Students, having failed the General exam in addition to other paper/s shall re-write the General exam paper first.

10. Only one re-examination in each failed paper is allowed. Failing the re-examination will result in repeating the applicable course. Make sure you are ready! 

11. Students that fail to attempt the re-exams within 6 months of the initial examination shall forfeit the exam and have to repeat the applicable course.

12. Students and their employers are welcome to discuss failed papers with their instructors, examiners or the Chief Instructor before attempting a re-exam; this has to be done by appointment only, arrange at reception.

13. Re-examination results will only be made available 2 working days following the exam due to papers being moderated. 


 :……………………………


Student Signature

The difference between  QUALIFICATION  and  CERTIFICATION.

NDT personnel, before they can perform an NDT task independently (without supervision), have to be qualified and certified competent in a particular NDT method by the employer. 

What this means and how it is gone about certifying a person is as follows:

· Firstly you have to have a school education, with mathematics and science, and preferably technical drawings.  You shouldn’t mind getting your hands dirty and there will probably be a lot of travelling involved. 

You also have to be medically fit, eye tests and blood cell count etc. for example when performing radiography.  This is standard practice for all NDT methods.

· Secondly you have to gain practical experience in the particular method. For example if you are looking at UT and RT, it is recommended that you have at least six month's of practical experience before attending the Level I course.

· Then, after your Level I course; you have to have at least another three month's of practical experience (for UT and RT) as a trainee before you may be authorized / certified competent as a Level I inspector - you may perform an NDT task independently.       This period differs with each method of NDT. 

· You may attend a Level II course in the particular method once you and your employer feel you are ready to take up a supervisory position. You will be responsible for training and supervising other NDT personnel. You will also accept responsibility for the actions of Level I and un-certified Level II technicians.

· But if you are going to be certified directly as a Level II inspector you will need at least six month's practical experience as a trainee, under direct supervision of a certified Level II or III. Recommended for MT & PT only.

            This period differs with each method of NDT. 

· Once you feel you are ready to take up a managerial position. You may attend a Level III “refresher” course in the particular method (you need more than 4 years of experience.) You will be responsible for training, supervising and certifying other NDT personnel. 

You will also accept responsibility for the actions of Level I and Level II technicians.

You will analyze codes, write procedures, approve technique sheets, etc.

The certificates:

Having successfully passed the general exam, which is attaining 70% for the exam you will be issued with a certificate as proof of theoretical training. This certificate never expires, like your matric certificate.

THIS IS YOUR QUALIFICATION CERTIFICATE. 

THIS CERTIFICATE DOES NOT GIVE YOU THE RIGHT TO CARRY OUT AN NDT INSPECTION INDEPENDENTLY; YOU ARE STILL A TRAINEE UNTIL THE COMPANY CERTIFIES YOU COMPETENT TO DO THE JOB. 

For certification of competency or authority to SNT - TC - 1A, you will write three exams.

The GENERAL (qualification exam as above), SPECIFIC and a PRACTICAL exam, a pass mark of 70% is required in each aspect BUT before you can be certified you need your general, specific and practical exams to make up a composite mark of no less than 80% aggregate. (Gen% + Spec% + Pract% ÷ 3 = more than 80%)
You also need the necessary on the job training and practical experience as deemed necessary by the company – your employer -  and the company's Level III, in accordance with the company's Written Practice. 

This Written practice covers the qualification and certification of NDE personnel employed by the company. It is drawn up by the company and approved by the company's Level III or an appointed Level III from an outside agency. 

· Remember you must retain your hours of experience if you wish to be certified and the best way to do this is to log your hours of experience in an appropriate log book which should be verified by your supervisor on a regular basis. 

· This log book is virtually your NDT CV and should be at hand at all times in the advent that your experience needs to be verified by a Level III or the client.

QUALIFICATION  and  CERTIFICATION continued.

In order for the employer to certify you competent to do the job independently he must ensure the following documentation is in place and available on file.

· Educational background.

· Proof of course training in the applicable method.

· Practical experience.

· Examination results, i.e. General, Specific and Practical.

· Physical capability, e.g. near vision acuity and colour perception, blood tests ...

· Ability to use the equipment correctly.

· Compliance to health and safety regulations.

· Ability to find flaws.

The completed certification document must be signed by the company representative and endorsed by the appointed Level III in order for the document to be valid.

Certification remains valid for a period of five years (SNT-TC-1A. 2006) and terminates when you leave the company. Recertification for the company will be by examination i.e. General, Specific and Practical , depending how this is stated in the company’s written practice. However, should you remain with the same company recertification for another five years can be done on the basis of continued satisfactory performance without examination. Of course this all depends on the how it is laid down in the company's written practice.

Should you have any questions in this regard, please do not hesitate to ask your instructor for assistance.
 Levels of responsibility.

A Level I individual is considered an operator and need to work under supervision.

A Level I technician shall be able to:

· Follow verbal and written instructions.

· Select the correct equipment as per the technique sheet.

· Calibrate or test the conformance of equipment to a technique sheet.

· Perform the inspection in accordance with the instructions.

· Differentiate between relevant and non-relevant indications.

· Locate flaws accurately.

· Flaw sizing can be performed with MT & PT inspection methods.

· Accept or reject test pieces when provided with such instructions.

· Compile a report on those flaws with references and datum points.

A Level II individual is considered a supervisor and will be called to court to testify when needed.

A Level II technician shall be able to do all of the above and:

· Analyze and translate procedures into a technique sheet for use by the Level I.

· Select a NDT technique for a test method to be used.

· Train and supervise trainees, Level I’s & uncertified Level II’s

· Perform and supervise inspections.

· Compile training programs for trainees, Level I’s & Level II’s. Have it approved by Level III.

· Compile exam papers for trainees Level I’s & Level II’s. Have it approved by Level III.

· Perform flaw sizing.

· Identify the flaws.

· Accept responsibility for work done by a Level I’s & uncertified Level II’s while under your supervision.

· Evaluate results and compile a report on those flaws with references and datum points.

NDT methods and techniques:

Methods of NDT:



Techniques within the method:
· Positive Material Identification (PMI) 

· Hardness testing (Brinell) (HT) 

· Magnetic resonance imaging (MRI) and NMR spectroscopy 

· Neutron radiography:

Film:



Single wall single image:






Radioscopy / Tomography:
Double wall single image:










Double wall double image:

· Acoustic emission:

Spontaneous emission static:

Spontaneous emission under load:

Generating acoustic emission:

· Thermography (infra-red):
Spontaneous infra-red emission:






Transmitting of applied infra-red:

· Visual inspection:

Normal:


Naked eye:


 



Dimensional checks:

Magnifiers:










Light sources:






Remote:


Borescope:

Optical microscopy:

                                              Video inspection:

· Magnetic particle inspection:
Visible contrast:


Wet ink:
Yokes:






Ultraviolet:


Dry powder:
Coil:










Bench:










Prods:

Cable wraps:










Permanent magnet:

· Ultrasonic inspection:

Contact:


Thickness measurement:




Compression probe:
             Time of flight diffraction:






Angle probe:


Surface inspection:






Surface probe:


Sub-surface inspection:










Phased array inspection:

Time of Flight Ultrasonic         
  determination of 3D Elastic   
  constants (TOF): 





Non contact:


Laser: 

E-Mats:





Resonance testing

                                                                Immersion testing:

Wheel transducers:





Bubbler: 
Water jet:

· Dye Penetrant inspection: 
Visible contrast:


Solvent removable:





Ultraviolet:


Water washable:










Post Emulsifiable:










Dual medium:

· Laser testing:


Profilometry:

Holography / Shearograohy: 

Methods of NDT:



Techniques within the method:


· Electro magnetic testing:
Eddy current testing:
Coating thickness measurement:









Conductivity measurement:









Rotary probe inspection:









Surface inspection:









Sub-surface inspection:





Magnetic flux leakage testing:






AC Field measurement:






Remote field testing:

Alternating Current potential drop measurement (ACPD) 
Direct Current potential drop measurement (DCPD) Barkhausen testing 
· Vibration analysis:

Spontaneous emission:






Generating emission:

· Radiographic inspection:
X-ray:



Single wall single image:






Isotope:


Double wall single image:






Radioscopy / Tomography:
Double wall double image:






Film:

· Leak testing:


Bubble test:





Pressure change measurement:





Halogen diode leak test:





Mass spectrometer test:

COMPARISON OF THE BIG FIVE NDT METHODS.

Dye Penetrants:

The Penetrant method basically relies on a colored (red) or fluorescent Penetrant of excellent wetting and penetrating capabilities, seeping into surface breaking discontinuities (cracks). After a dwell period the excess Penetrant is removed from the surface and an absorbent developer (chalk powder in a solvent suspension) is applied to the surface, this in turn draws out the Penetrant trapped in the discontinuities making a visible contrasting indication, e.g. red on white (under white light) or a fluorescent indication (under black light).

Magnetic Particle:

In Ferro-magnetic materials surface or sub-surface discontinuities lying more or less perpendicular to an induced magnetic flux fields causes a flux leakage field at the surface, which is made visible by Ferro-magnetic powders or inks being applied to the surface of the test specimen during the induction of the magnetic fields. The magnetic field is obtained by the use of permanent magnets, electro-magnetic yokes or current flow techniques.

Eddy Currents:

The eddy current method or electro magnetic induction test method is used when the test specimen is placed in a varying magnetic field of an alternating current primary coil, thus induces eddy currents (electrical current flowing in a circular pattern) into the specimen. These eddy currents produce, in turn, their own alternating magnetic field, the two magnetic fields oppose each other and bring about a balance which is upset when passed over a discontinuity or where there is any variable in the shape, conductivity, or permeability of the test object.

Radiography (X- and Gamma- radiation):

-Rays are generated whilst Gamma-rays emanate from radioactive nuclides, these X- and Gamma-rays penetrate solid materials and affect the silver halides of the photographic emulsions to a degree dependent on the thickness of the material penetrated. Discontinuities in the solids can be viewed on the radiographs as density variants.

Ultrasonic Testing:

Here a very high frequency sound wave (20KHz) - 10MHz) is directed into the test specimen by the a transducer using the Piezo electric effect. Either of two methods may be used for the detection of discontinuities:

i)
The energy is transmitted through the material from one transducer and received by a second, discontinuities will be indicated by a loss in received pulse energy.

ii)
The energy is reflected back to the same transmitting transducer, the time lapse between transmitted and returning pulse gives an indication of the depth (position) of the reflector.

COMPARISON OF THE BIG FIVE NDT METHODS.

	
	Dye Penetrant
	Magnetic Particle
	Eddy Current
	Radiography
	Ultrasonic

	Material
	Any type of non-porous material
	Ferrous based
	Electrically conductive
	Any type
	Any type

	Defect Type
	Surface
	Surface and sub-surface
	Surface and sub-surface
	Not laminations
	Any, primarily 90° to beam

	Penetration
	Surface
	AC surface to 2mm sub-surface 

HWAC DC to 8mm sub-surface
	Standard depth of penetration
	Approx 200mm of steel
	Approx 10m of steel



	Sensitivity
	Visual - good

Fluorescent - excellent
	Surface - fluorescent inks

Sub-surface - dry powders
	Excellent


	2% of material thickness
	Excellent



	Surface Preparation
	No surface contaminants
	Light surface coatings acceptable
	Light surface coating acceptable
	As is
	As machined, cast or forged

	Operator
	Trained
	Trained
	Well trained
	Well trained and registered
	Well trained

	Apparatus



	Cost
	Cheap
	Yokes - cheap

Benches - expensive
	Expensive
	Expensive as well as high running costs
	Expensive

	Transpor -

tation
	Portable - aerosols
	Portable - permanent magnets, other units require electrical power
	Portable - batteries
	Difficult and bulky, X-rays require electrical power. Easily damaged
	Portable - batteries

	Dangers
	Check flash points
	None
	None


	Radiation
	None

	Speed
	Dwell & development time
	Immediate
	Immediately after calibration
	Exposure time & film development
	Immediately after calibration

	Records
	Photographs
	Photographs
	Screen print out X/Y Plot
	Radiographs
	Screen printout X/Y plot


Certification schemes for NDT personnel.

Most standards specifying NDT will require certification of NDT operators. The aim of a certification system is to guarantee that the operator is experienced and has the necessary qualifications to perform NDT. Such a certificate may be limited to specific NDT methods and/or materials, welding or castings

It is the duty of the end user to verify that the operator has the necessary qualifications and a valid NDT certificate for the actual testing to be carried out.

Below some of the best known organizations and countries listed:

􀂃 ASNT: American Society for Non-Destructive Testing.

􀂃 CSWIP: Certification Scheme for Weldment Inspection Personnel, United Kingdom.

􀂃 EN 473: Qualification and Certification of Non-Destructive Personnel – General Principles.

􀂃 ISO 9712: Non-destructive testing – Qualification and Certification of Personnel’.

􀂃 PCN: Personnel Certification in Non-Destructive Testing United Kingdom.

American Society for Non-Destructive Testing ASNT.

(Reference document: SNT-TC. 1A)

The ASNT scheme for certification of NDT personnel is basically a system that may be adopted by a company when establishing an internal inspection system. The ASNT system has also been adopted by inspection companies and is often referred to by other certifying bodies. The ASNT model is therefore described in more detail below.

The ASNT-scheme has three levels:

A Level I

NDT operator shall be qualified, under the surveillance of a level II — NDT operator, to perform specific ND tests according to written instructions and to report the results.

A Level II

NDT operator shall be qualified to calibrate instruments and evaluate results with respect to applicable codes, standards and specifications. He shall be familiar with the scope and limitations of NDT methods and be capable of guiding level I NDT operators. He shall be able to prepare written instructions and to organize and report non-destructive tests.

A Level III

NDT engineer shall be competent to perform training and examination of level I and II NDT personnel. A level III NDT engineer will have several years’ experience in NDT and have a detailed knowledge of standards and specifications. He shall be able to designate NDT methods and techniques to be applied for a given NDT problem.

ASNT certificates are issued for level I and II for the following NDT-methods:

􀂃 Ultrasonic Testing,

􀂃 Radiographic Testing,

􀂃 Magnetic

􀂃 Particle Inspection,

􀂃 Liquid Penetrant Testing,

􀂃 Eddy Current Testing

􀂃 Leakage Testing.

NDT engineers at level III are approved as such by appointment issued either by ASNT or by the company.

ASNT Central Certification Program (ACCP)

This document establishes the system for central certification of non-destructive testing (NDT) personnel administered and maintained by the American Society for Non-destructive Testing (ASNT). The purpose of the ACCP is to provide independent, transportable NDT certification by

examination to promote national and international acceptance of NDT certification and reduce multiple audits of certification programs.

Categories of qualification are defined in terms of the skills and knowledge required in given method(s) to perform specified NDT activity(ies).

American Society for Non-Destructive Testing ASNT. Continued.

ACCP Professional Level III:

An ACCP Professional Level III shall have the skills and knowledge to establish techniques, to interpret codes, standards, and specifications, to designate the particular technique to be used, and to prepare or approve procedures and instructions. An ACCP Professional Level III shall also have general familiarity with other NDT methods. An ACCP Professional Level III shall be capable of conducting or directing the training and

examination of NDT personnel in the methods for which the ACCP Professional Level III is qualified. An ACCP Professional Level III shall have knowledge of materials, fabrication, and product technology in order to establish techniques and to assist in establishing acceptance criteria when none are otherwise available.

ACCP Level II:

An ACCP Level II shall have the skills and knowledge to set up and calibrate equipment, to conduct tests, and to interpret, evaluate, and document results in accordance with procedures approved by an ACCP Professional Level III or ASNT NDT Level III. 

An ACCP Level II shall be thoroughly familiar with the scope and limitations of the method to which certified and should be capable of directing the work of trainees and Level I personnel. An ACCP Level II shall be able to organize and report NDT results. An ACCP Level II shall be capable of developing an instruction in

conformance with a procedure.

ACCP Level I:

An ACCP Level I shall have the skills and knowledge to properly perform specific calibrations, specific tests, and with prior written approval of an ACCP Professional Level III or ASNT NDT Level III, perform specific interpretations and evaluations for acceptance or rejection and document the results in accordance with instructions. 

An ACCP Level I shall receive the necessary guidance or supervision from an ACCP Level

II or ACCP Professional Level III or ASNT NDT Level III.

Validity and Recertification

Certification shall be valid:

􀂃 for a period not to exceed five years, at which point recertification is required in order to maintain   

    certification; and

􀂃 when an individual performs work on a specific application and only if all examination(s) required for that work 

    have been successfully completed and endorsement issued accordingly.

Certification shall be invalid if the:

􀂃 Level III or employer finds evidence that the individual has violated the applicable code of ethics, 

   and

􀂃 individual does not satisfy the annual near-distance vision examination requirement.

􀂃 Employer authorization shall expire when employment is terminated.

Recertification

Recertification is required in order to:

􀂃 extend certification after the specified period of validity; and

􀂃 maintain certification after a significant interruption of continued satisfactory work activity in that NDT method   

    or sector for which certification is held.

Note

A significant interruption of continued satisfactory work activity occurs when the period of interruption is:

􀂃 Greater than the sum of an individual’s NDT experience at all levels of qualification in the method, or

􀂃 Less than the sum of an individual’s NDT experience at all levels of qualification, but greater than 12 of the 

    last 24 months, or 

􀂃 Less than the sum of an individual’s NDT experience at all levels of qualification, but greater than 36 of the 

    last 60 months.

visit ASNT homepage on the Internet for more information about certification http://www.asnt.org/certification/certification.htm
CSWIP-ISO-NDT.   Certification of Personnel Engaged in Non-Destructive Testing.

The CSWIP is a British certification system covering application on welding of the NDT methods. The document prescribes procedures by which personnel may be examined and, if successful, certified for ultrasonic testing, magnetic testing, liquid Penetrant testing, visual and optical testing, radiographic testing and/or radiographic

interpretation and eddy current testing as applied to welded joints, castings and / or wrought components.

The requirements for examination eligibility, examination format and the rules governing certificate validity and renewal are, as a minimum in compliance with ISO 9712 (1999) and EN 473 (1993).
The certification system comprises three parts:

􀂃 General (theory and practical common to all applications of a particular method of NDT)
􀂃 Sector specific (theory and practical for the method related to a specific application – in the present case this is welds made by conventional fusion welding processes, casings and/or wrought components)
􀂃 Job specific (practical related to the special needs of an individual employer) – the examination is conducted by the employer.  

General and sector specific examinations are conducted by, or under the control of, an Examining Body authorized by TWI Certification Ltd. The present requirements are intended to meet the majority of users’ needs for the practical non-destructive testing of welds, castings and wrought products and to provide industry with an assured minimum standard of proficiency. The majority of users of independent certification find the general and sector specific examinations sufficient for their needs, and do not require job specific examinations. The specialist user may add job specific examinations related to his/her own particular needs.
The examination is designed to test the candidate’s grasp of the subject and his/her understanding of the operations he/she performs. The examination procedure involves written and practical examinations.

Visit CSWIP’s homepage on Internet for more information about certification   http://www.twi.co.uk/.

NORDTEST: Scheme for Examination and Certification of Non Destructive Testing Personnel.
Doc Gen 010.

The NORDTEST scheme for examination and certification of non-destructive testing personnel is the main scheme for certification of NDT personnel in the Nordic countries. The NORDTEST scheme is meeting the requirements of European Standards EN 45013, EN 473 and international standard ISO 9712. 
EN 473 includes general requirements related to examination and certification. NORDTEST scheme provides more

detailed requirement to the technical content, principles for judgment or level of quality in the examination, which assure a uniform performance of examinations and certifications.
ISO 9712: Non-Destructive Testing – Qualification and Certification of Personnel.

This International standard establishes a system for the qualification and certification, by a central independent body of personnel to perform industrial non-destructive testing (NDT) using the NDT methods listed under EN 473 .
ISO 9712 has 3 levels of qualification as described under EN 473 and the certificates issued under this scheme has the same validity as certificates issued under EN 473, however this ISO standard has less specific requirement to practical examination compared to EN 473 and the NORDTEST scheme.

ISO 9712 is more or less equivalent to EN 473.

EN 473: Qualification and Certification of Non-Destructive Personnel — General Principles.
This certification standard covers proficiency in one or more of the following methods:
1. Acoustic emission testing

2. Eddy current testing

3. Leak testing ( hydraulic pressure tests excluded)

4. Magnetic particle testing

5. Penetrant testing

6. Radiographic testing

7. Ultrasonic testing

8. Visual testing
The system described in this standard can also apply to other NDT methods provided an approved program of certification exists. The certification body shall fulfil the requirements of EN 45013.

Levels of qualification

Level 1

An individual certificated to Level 1 has demonstrated competence to carry out NDT according to written instructions and under the supervision of level 2 or 3 personnel. Within the scope of the competence defined on the certificate, level 1 personnel may be authorized to:

􀂃 Set up NDT equipment.

􀂃 Perform the test.

􀂃 Record and classify the results of the tests in terms of written criteria.

􀂃 Report the results.

Level 1 certificated personnel shall not be responsible for the choice of test method or technique to be used, nor for the assessment of the test results.

Level 2

An individual certificated to Level 2 has demonstrated competence to perform non-destructive testing according to established or recognized procedures. Level 2 personnel may be authorized to:
􀂃 Select the NDT technique for the test method to be used.

􀂃 Define the limitations of application of the testing method.

􀂃 Translate NDT standards and specifications into NDT instructions.

􀂃 Set up and verify equipment settings.

􀂃 Perform and supervise tests.

􀂃 Interpret and evaluate results according to applicable standards, codes or specifications.

􀂃 Prepare written NDT instructions.

􀂃 Carry out and to supervise all level 1 duties.
Level 3

An individual certificated to Level 3 has demonstrated competence to perform and direct non destructive testing operations for which he is certificated. An individual certificated to level 3 may:
􀂃 Assume full responsibility for a test facility or examination centre and staff.

􀂃 Establish and validate NDT instructions and procedures.

􀂃 Interpret standards, codes, specifications and procedures.

􀂃 Designate the particular test methods, procedures and NDT instructions to be used.

􀂃 Carry out and to supervise all level 1 and 2 duties.
Validity

The maximum period of validity of the certificate is five years. The initial period of validity shall commence when all of the requirements for certification (training, experience, success in examination and satisfactory vision test) are fulfilled.
Certification shall become invalid:

􀂃 At the option of the certification body, e.g. after reviewing evidence of unethical behavior incompatible with the certification procedures If the individual becomes physically incapable of performing his duties based upon failure of the visual acuity examination taken annually under the responsibility of his employer 

􀂃 If a significant interruption takes place in the method for which the individual is certificated.

PCN: Personnel Certification in Non-Destructive Testing (PCN) United Kingdom –Scheme.

The PCN scheme, an internationally recognized scheme, for the certification competence of NDT personnel, is accredited as meeting the requirements of European Standards EN 45013, EN 473 and international standard ISO 9712.

Entry to PCN examinations require training and experience in accordance with published guidelines which are available free of charge on request from Customer Services, TWI Training & Examination Services.

The scheme offers three levels of certification specific to industry sectors and NDT methods. The scheme offers three levels of certification specific to industry sectors and NDT methods.
PCN certification is also available in a number of sectors:

􀂃 tube and pipe

􀂃 aerospace

􀂃 welds

􀂃 castings

􀂃 wrought products (forgings)

􀂃 general engineering products (includes welds, castings and wrought products)

􀂃 railway

TWI offers PCN examinations at permanent locations in the UK and overseas and periodically at additional locations according to demand. To be eligible for Level 1 and Level 2 examination, candidates must have successfully completed, prior to making application for examination, a PCN approved course of structured training to the relevant PCN syllabus and satisfy relevant work experience requirements in accordance with document 'PCN/GEN Issue 3'.
To successfully complete examinations the candidate shall obtain a grade of at least 70% in each examination part and an overall composite grade (N) of at least 80%.
Certificates

PCN certificates are valid for a period of 5 years and can be renewed by examination or documentation. For further information, please contact: mailto:trainexam@twi.co.uk
NDIS: Japanese Scheme for Certification of NDT Personnel.

NDIS 0601.

Latest document NDIS 0601 is almost corresponding to ISO 9712 with three level qualification as below.
Level 3 : Management level

Prepare or approve of specification and procedure Evaluation and judgment of inspection results.

For RT, UT, MT, PT, ET, SM

Level 2 : Senior level
Control of inspection process and prepare of test report Instruct to Level 1 operator.
For RT, UT, MT, MY, PT, PD, ET, SM.

Level 1 : NDI Operator level.

Inspection and prepare of inspection record.

For RT, UT, UM, MY, ME, MC, PD, PW, ET, SM

UM= Thickness measurement;  MY=Yoke type MT;  MC=Coil type MT;  PD=Normal PT;  PW=Water type PT

English version NDIS 0601is not available.
METALWORK DICTIONARY

Alloys
Combination of two or more metals and other substances. Divided into two sub-classes: ferrous alloys (e.g. special steels such as nickel steel, tungsten steel, chromium steel) and non-ferrous alloys (e.g. brass, bronze, duralumin, pewter).

Ferrous Metals 
Composed mainly of iron, with small additions of other metals or substances, e.g. cast iron, wrought iron, mild steel and carbon steel.

Non-Ferrous Metals
These contain little or no iron, e.g. copper, lead, tin, aluminium, zinc.

PROCESSES:

Annealing

Heat treating metal to produce its softest possible working state.

Where the metal is heated to a temperature high enough to allow the alloying atoms to move freely and to remove the effects of cold working and the formation of stress-free grain. 

Of course the temperature is well below that of the melt temperature. 

Annealing is actually a process of softening the material which in turn reduces the obstacles to electron flow thus increasing the conductivity of the metal.

Longer periods in turn would result in a higher conductivity

Solution heat treatment.

At temperatures slightly below the melting point we will have the maximum number of alloying atoms occupying lattice sites of the base metal. 

In other words we will have the maximum number of atoms forming up between the atoms of the base metal. 

Now as we lower the temperature the atoms of the differing alloy elements will diffuse together forming separate compounds or regions of a different lattice. If the metal is cooled rapidly the atoms do not have time to diffuse and are held in their original lattice position in the base metal lattice (Retained in solution). 

The idea behind solution heat treatment is that the alloying atoms held in solution will prevent dislocation movement in the base metal (The base metal has a resistance to plastic deformation). The base metal strength has increased, become harder. If the quench time is too slow or the temperature level is low the strength of the heat treated alloy is reduced.

The distortion and stresses established by substituting these alloying atoms for those of the base metal reduces the conductivity of the metal. The larger the number of these atoms the higher the reduction of the conductivity.

Bluing

Heat treating steel to improve its corrosion-resistance. The metal is heated to create a very thin oxide  

                             skin, then quenched in oil.

Casting
              Production of metal shapes by pouring molten metal into moulds.

Drawing
              Pulling ductile metals through holes in a plate, to reduce their cross-sectional areas, e.g. wire.

Extruding
Forcing materials through holes to produce bars, sections or tubes.

Forging
               Shaping hot metal by hammering.

Hardening
Producing maximum hardness in carbon steel by heating it to bright cherry red, then quenching it in   

                              water or brine. This process makes metal brittle and is usually followed by tempering.

Pressing
Forming sheet metal to shape with a press tool.

Spinning
Process in which a fast revolving sheet of ductile metal is forced over a wood or metal former. Much    

                             aluminium alloy kitchenware is produced in this way.

Tempering
Removing some of the brittleness and hardness from steel after it has been hardened. The tempering is done by heating the steel, then cooling it - temperatures and speed of cooling vary with the types of steel. Steel cannot be tempered without first being hardened.

METALWORK DICTIONARY

PROCESSES: Continued.

Precipitation 

The movement of atoms from one position to another) heat treatment or artificial 
ageing. 

If the material has been solution heat treated the properties of the material can be further modified by a precipitation or ageing treatment. 

During the precipitation process the material is heated to a temperature which will allow the alloy atoms to diffuse (move and come together) to form microscopic particles of a different composition and lattice structure within the metal. 

The number, size and distribution of these particles is controlled by the temperature and time of the process of precipitation.

The temperatures are much lower than those for solution heat treatment or annealing. The lower temperatures and shorter times favour the formation of the smaller particles, whereas, higher temperatures favour the formation of fewer but larger particles.

The precipitation or ageing process is designed to increase the yield strength of an alloy. The strength comes from the formation of the small particles of a different composition and lattice structure from that of the original lattice. 

These small particles actually set up obstacles to the movement causing plastic deformation. The greatest strength comes from particles of a specific size for a particular alloy. Most times this ageing process is carried out under conditions to provide a specific combination of strength, ductility and corrosion resistance.

Age-Hardening
A slow hardening process which takes place in certain alloys, particularly those of aluminium, when allowed to stand at room temperature after annealing. 

If you wish to work the metal after it has become age-hardened it must be re-annealed. Duralumin age-hardens in five days.

During the ageing process the removal of these foreign atoms from the base lattice removes much of the distortion of the electron distribution in the lattice. This action now favours electron movement through the metal and as such results in a higher conductivity. As increased amounts of foreign atoms are removed from solution and particle growth occurs during over-ageing the conductivity increases. Over-ageing causes the material to soften (look at annealing).

Brittleness
Liability to break under a sharp blow. Cast iron and heat-hardened high-carbon steels are extremely brittle. 

Conductivity
Capacity to transmit heat and electricity. Copper, silver and pure aluminium are good conductors.

Ductility
Ability to be stretched into fine wire without fracture, copper is highly ductile.

Elasticity 
Ability to regain original shape after deformation. Lead is very malleable but has little elasticity - it does not spring back when bent.

Fusibility

Property of becoming liquid when heated. Different metals have different melting points.

Hardness

Resistance to deformation, bending and cutting.

Malleability
Capacity to be rolled, hammered or beaten into a thin sheet without fracturing. 


Gold is the most malleable metal and can be beaten into leaf   1     inches thick.                                                                                                  

                                                                                                                                            25000







         

Tenacity or cohesion       Toughness or resistance to a pulling force - the opposite to ductility.

Work-hardening
Hardening of metal by being hammered or bent. The hardening causes the metal to become more brittle, and it must therefore be annealed to prevent it from cracking.

METALWORK DICTIONARY

TYPES OF METAL:

Cast Iron


Iron with about 4% of carbon and tiny amounts of silicon, manganese and phosphorous.

Properties

· Brittle, but with a very hard skin; breaks if struck hard or dropped. 

· Can be sawn, filed or drilled, but not easily brazed or welded.

· Rusts slowly if exposed to air - protect with paint, preferably bitumen.

Uses: Cylinder blocks, piston rings, vice bodies, fire grates.

Mild Steel
Iron with up to 0.1% carbon (almost pure iron).

Properties

· Easy metal to work - bends, files, saws and drills well.

· Can be soldered, brazed or welded.

· Rusts easily - protect with paint or indoors with clear lacquer.

Uses:  General purpose metal used in bar, rod, sheet, rolled section and angle forms; nuts, bolts, screws, tubing.

Stainless Steel
Steel with chromium and nickel.

Properties

· Resists corrosion, although this property can be destroyed by overheating.

· Tough and difficult to work.

· Can be soldered and brazed.

Uses:  Cutlery, washing machine tubs, furniture frames.

Brass
Copper with 20 - 40% zinc.

Properties

· Sheet brass is available in various stages of work-hardening, from soft to fully hard.

· It shapes and bends easily, but work-hardens and needs annealing for repeated working.

· Brass strip can be filed, sawn, drilled, bent and soldered easily.

· Treat decorative work in the same way as copper.

Uses:  Taps, water cocks, plumbing fittings, decorative work.

Aluminium
Pure metal.

Properties

· Lightweight and corrosion resistant.

· Can be bent, formed, filed or sawn easily, but soldered only with special materials.

· Polishes to a high finish and needs no protection indoors.

Uses :  Kitchen utensils, reflectors, foils, tubes, boxes.

Tin
Pure metal.

Properties

· Very soft and malleable.

· High resistance to corrosion.

Uses:  A base for alloys and a coating for mild steel, rarely used in pure state.

METALWORK DICTIONARY

TYPES OF METAL: Continued.

Plated Steel:
Mild steel coated with either tin (tin plate) or zinc (galvanized iron).


Properties

· Folds easily into boxes, cylinders and tubes.

· Can be soft soldered.

· Tin plate is only available in small sheets.

· Iron core rusts if the surface is scratched.

Uses:  Household utensils, baking tins, guttering, water tanks, ventilation pipes.

Wrought Iron:
Iron with 5% or more of silicate slag.

Properties

· Malleable, can be shaped or bent cold or hot.

· Readily sawn, chiselled, filed, drilled, brazed and soldered.

· Rusts in exposed positions - protect with paint, preserve indoors by waxing.

Uses:   Decorative work, such as screens and gates, chains.

Tool and Alloy Steel:
Composition varied by addition of different elements.

Properties

· Harder than mild steel - difficult to file and cut.

· Can be soldered and brazed, and hardened and tempered to produce a strong cutting edge.

· Rusts easily - protect with oil or grease, paint non-cutting parts.

Uses:  Saws, chisels, plane irons, scissors, knives, hammer heads, springs.

Copper:

Pure metal.

Properties

· Can be bent and shaped easily, but work-hardens and needs annealing if worked repeatedly.

· Saws, files, solders and brazes easily.

· Polishes well, although colour darkens on exposure to air - protect with clear lacquer.

Uses:  Hot water pipes, cooking utensils, electrical parts and decorative work.

Bronze:

Copper with 10% tin.

Properties

· Very resistant to corrosion.

· Can be filed, sawn, bent, chiselled, soldered, brazed or welded.

· Not a common metal for everyday use.

Uses:  Pump units, marine fittings, gears and bearings.

Duralumin:
Aluminium with copper and other metals.

Properties

· Nearly as strong as mild steel, but one-third its weight.

· Bends, folds and works well after annealing.

· Cannot be soldered by normal methods.

· Paint for exterior use.

Uses; Where high strength and light weight is important - shelving systems, chair legs, pulleys, bolts, rivets, cladding.

Lead:
Pure metal
Properties

· Heavy, soft and malleable.

· Cuts and works easily cold.

· Can be soft soldered.

· High resistance to corrosion by weather.

Uses:  Plumbing, flashings, container linings.

Zinc:
Pure metal.

Properties

· Fairly hard and brittle - has a 'grain' and bends more easily in one direction than another.

· Bends better if immersed in boiling water first.

· Can be soft soldered.

Uses:  Substitute for lead in flashings and linings. Perforated zinc for air vents, etc.
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